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LOI CAM POAN

T6i xin cam doan ludn an nay la céng trinh nghién cou cua minh dudi su
huéng dan khoa hoc ctia tip thé hudng dan. Céc két qua nghién ctru dugce cong )
chung véi cac tac gia khac da duoc sy nhét tri cua dong tac gia khi dua vao ludn 4n.
Céc sb licu, két qua duoc trinh bay trong lun 4n 14 hodn toan trung thuc va chua
timg duoc cong bd trong bit ki mét céng trinh nao khac ngoai cic cong trinh cong
bd ctia t6i va nhém nghién ctu. Céc tai liéu tham khio duoc trich din ddy du, trung
thue, rd rang. Ludn an dugc hoan thanh trong thoi gian td1 lam nghién ctu sinh tai
Hoc vién Khoa hoc va Coéng nghé, Vién Han lam Khoa hoc va Cong ngh¢ Viét

Nam.
Ha N¢i, ngay 10 thang 09 ndm 2023

Tac gia ludn an

e

NCS. Nguyén Thi Quynh Giang
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LOI CAM ON

Vi long biét on sdu sdc, em xin giri 161 cam on chan thanh t6i GS.TS.
Nguyén Vin Tuyén va PGS.TS. Ding Thi Tuyét Anh di giao d& ti va truc tiép
huéng dan, tan tim chi bao, gitp d& em trong sudt qua trinh hoc tdp va hoan thanh
ludn an.

Téi cling dugce giri 101 cdm on chan thanh dén TS. Lé Nhat Thuy Giang, TS.
Nguyén Ha Thanh, ThS. Hoang Thi Phuong, ThS. Nguyén Tuln Anh, cdc nghién
ctru vién phong Hoa sinh ing dung, cic cin by Vién Hoa hoc, TS Pham Thé Hai
(truong PH Duge Ha No6i) da gitup do toi vé mit thuc nghiém trong thoi gian thuc
hién luédn an.

Em xin cam on cac thiy c¢d khoa Héa hoc, Hoc vién Khoa hoc va Cong nghé
da giang day, huéng din em hoan thanh cic hoc phin va cdc chuyén dé trong
chuong trinh dao tao; cam on Ban Lanh dao, phong Dao tao, cac phong chire ning
cta Hoc vién Khoa hoc va Cong nghé da giup do em hoan thanh cac thu tyc trong
thoi gian hoc tdp va thuc hién lugn an.

Em ciing xin cam on Ban lanh dao Vién Hoa hoc da tao diéu kién thuan loi
vé thoi gian, cong viéc va thi tuc dé em hoc tip va nghién ctru.

Cubi ciing, toi xin giri 16i cAm on chan thanh dén gia dinh, ngudi than, ban
bé, ddng nghiép da ludn ddng hanh va gitp d& t6i v& moi mit trong sudt qué trinh
thue hi€n luén an.

Xin trén trong cam on!

Ha Néi, ngay 10 thang 09 nam 2023

Tac gid ludn an

et l——

Nguyén Thi Quynh Giang
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MO DPAU

Céc hop chat quinone 12 16p chat tr nhién dwgc phat hién nhiéu trong céc vi
sinh vat, thuc vat, ching cé cau tric va hoat tinh sinh hoc 1y tha nhu hoat tinh gay
doc té bao ung thu, chdng sét rét, khang khuan, khang sinh, khang nam,... Mot sb
loai thubc c6 cau tric dya trén khung quinone nhu doxorubicin va mitomycin C da
dugc sir dung trong 1am sang dé diéu tri bénh ung thu. Vi vay, l6p chat quinone
dugc cac nha khoa hoc quan tdm nghién cau nham tim kiém céc hop chat méi c6
hoat tinh sinh hoc cao, tng dung trong y duoc.

Cac hop chit di vong chira oxy va nito ctiia quinone chiém ti I 16n trong 16p
chat nay, dién hinh 1a cac hop chat khung naphtho[2,3-b]furan-4,9-dione,
naphtho[2,3-c]furan, naphtho[2,3-c]chromene-7,12-dione, aza-anthraquinone, benzo
[flindole-4,9-dione ... Cac bao céo khoa hoc cho thay ching cé nhiéu hoat tinh nhu
khang ndm, khang khuan, chéng viém, chéng ung thu, chéng HIV, chéng sot rét, ky
sinh trung ... Cac hop chat nay da duoc téng hop thanh cong tir nhiéu phuong phap
khac nhau nhu phan ung domino, phan tng Michael, phan &ng cong hop vong
Diels-Alder, phan tng Claisen, phan tng xuc tac kim loai, phan tng oxy hoéa khir,
phan tng coupling, ... Trong d6, phuong phap ap dung phan ¢ng domino cho thay
nhiéu wu diém nhu gia ting d6 phic tap cua cau trc san pham do hinh thanh nhiéu
lien két moi, 6 chon loc 1ap thé cao, khdng can phan lap cac hop chét trung gian.

Chinh vi vay, chlng tdi tién hanh dé tai luan an “Nghién cizu tong hop mét sé
ddn chdt di vong quinone bang phan ing domino va déanh gid hoat tinh sinh hoc
cua cac chdt tong hop dwec” nham tong hop céc hop chét di vong quinone c6 cau
trdc mai, ¢é tiém nang hoat tinh sinh hoc 1am co s& cho céc nghién ctu tiép theo.
Pay 1a huéng nghién ciru c¢6 y nghia khoa hoc va thuc tién. Dé tai tap trung vao
nghién ciru tng hop mot s6 hop chit di vong mai ¢d chira oxy va nito méi chta di
t5 oxy va nito c6 khung benzo[g]chromene-5,10-dione, podophyllotoxin-
naphthoquinone, benzo[a]pyridazino[3,4-c]phenazine tir phan (rng domino da thanh
phan, déng thoi danh gia hoat tinh sinh hoc ctia mot s6 hop chat tong hop duoc
thong qua kha niang gay doc té bao ung thu.

Muc tiéu nghién ciru

- Nghién ctu 4p dung phan tmg domino dé tong hop céc dan chat quinone
méi chira di t6 oxy va nito.

- Panh gia hoat tinh gay doc té bao ung thu ctia cac hop chat tong hop dugc.

Ngi dung nghién ciru

- Tong hop cac hop chat 3-benzoyl-4H-benzo[g]chromene-5,10-dione tir
phan ting domino va xac dinh cau tric hoa hoc cia ching.
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- Tong hop cac hop chat podophyllotoxin-naphthoquinone tir phan @ng
domino va xac dinh c4u trc hoa hoc cua ching.

- Tong hop cac hop chat N-arylated-dihydrobenzo[g]quinoline-5,10-dione tur
phan tmg domino va xac dinh ciu tric hoa hoc cia ching.

- Tong hop céac hop chat benzo[a]pyridazino[3,4-c]phenazine tir phan @ng
domino va xac dinh c4u trdc hoa hoc cua ching.

- Panh gia hoat tinh gdy doc té bao ung thu ctia mot s6 hop chat tong hop
dugc trén cac dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549), MCF-7.
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Chuwong 1: TONG QUAN
1.1. Tong quan vé phan &ng domino

Tong hop hitu co 14 mét trong nhitng mang quan trong nhat cua nganh hoa
hoc hitu co, 1a nén tang cia nganh cong nghiép hda chat va dugc pham. Viéc tong
hop cac hop chét hitu co dé st dung 1am thudc, héa chat cdng nghiép, vt liéu,
thudc nhudém, thudc bao vé thuc vat, ... 1a myc tiéu chinh trong ca nghién ctu co
ban va tng dung. Dé phat trién cdu tric phan tir cAc hop chét, cac nha hda hoc
thuong phai tién hanh phan ¢ng tong hop qua nhiéu buéc, mdi budc lai ¢ thé st
dung nhiéu loai dung méi, xuc tac khac nhau, didu ndy 1am giam hiéu suat phan tng
cling nhu gia ting thoi gian tong hop, gy tén kém vé mat kinh té va doc hai cho
moi truong. Mot cach tiép can tét ¢é khac phuc cac nhuoc diém nay 1a &p dung
“phan wng domino”, 13 mot qué trinh hinh thanh hai hay nhiéu lién két méi dién ra
trong cung mot diéu kién phan tng, trong do6 cac giai doan sau dién ra nhod cac hop
chat trung gian hinh thanh tir giai doan trude d6 [1].

Phan (ng domino c6 thé xay ra trén co sé nhiéu loai phan tng nhu phan tng
Michael, phan tng cong hop vong Diels-Alder, Claisen, phan tng xdc tac kim loai,
phan ng oxy héa khtr ... Phan tng domino ciing c6 thé dugc phan loai theo co ché
cta cac budc don 1é thanh /phan ung homo-domino (ddng co ché) hoic hetero-
domino (di co ché) [1].

Trén thé giGi c6 nhiéu cong trinh nghién ctu ung dung phan @ng domino
trong téng hop céac hop chat di vong cd cau tric lap thé phic tap. Cac wu diém noi
bat caa phan tng domino 12 hinh thanh nhiéu lién két méi nén 1am gia ting do phirc
tap cua ciu tric, dd chon loc 1ap thé cao, khéng can phan lap cac hop chit trung
gian [1].

1.2. Ap dung phan &ng domino trong tong hep mét sé hop chat di vong
quinone chira oxy

Céc nha khoa hoc dd phat hién duoc nhiéu hop chat di vong quinone chira
OXY VGi cac hoat tinh ly thd. Cau tric phan tir caa chung thudng duoc tao thanh tix
su két hop ciia naphothoquinone vai vong furan hoac pyran.

1.2.1. Tong hep céc hep chdt khung furonaphthoquinone

Dan xuat furonaphthoquinone la cac hop chat ma cau tric phan tir gom
khung napthoquinone két hop véi vong furan (chang han naphtho[2,3-b]furan-4,9-
dione, naphtho[2,3-c]furan, ...). Chling phan bé rong rai trong tu nhién va ¢ nhiéu
hoat tinh sinh hoc da dang. Chang han, cac hop chat furonaphthoquinone nhu 2-
acetylnaptho[2,3-b]furan-4,9-dione (1), 2-(1-hydroxyethyl)naphtho[2,3-b]furan-4,9-
dione (2) da dugc phén lap tr cac loai cdy Tabebuia cassinoides, Tabebuia
avellanedae va Crescentia cujete ¢ Nam My [2,3,4]. Chung c06 céc hoat tinh sinh
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hoc nhu khang bach cau, gay doc té bao ung thu KB, K562, P388 va chdng ky sinh
tring Trypanosoma cruzi [5]. Ching ciing da duoc sir dung trong cac bai thudc y
hoc ¢ truyén nhu Pau d’Arco, Ip’e Roxo, Lapacho va Taheebo & Bic va Nam My
dung dé chéng ung thu, khang ndm, khang khuan va chéng viém [6]. Cac hop chat
maturone (3) va maturinone (4) da duoc str dung dé diéu tri bénh tiéu duong va cac
bénh khac [7]. Diodantunezone (5) va 2-ethylfuronaphthoquinone (6) ciing thé hién
hoat tinh chéng lai cac té bao ung thu KB, K562, P388 [8].

R Ry O

0
N\ e a: Ry=R,=H \Me a: Ry=R,=H
o o) b: R1=H, R2=OH b: R1=H, R2=OH
¢c: R4=OH, R,=H O OH ¢: Ry=OH, R,=H
R, O R, O

2-acetylnaphtho[2,3-b]furan-4,9-dione (1) 2-(1-hydroxyethyl)naphtho[2,3-b]furan-4,9-dione (2)

Me O 0]
L LG
0] OH o OH
o] Me O
Maturone (3) Maturinone (4)
OR O O
MeO
| AN a R=H | N\ Me a R=H
b R= b R=
o R=Me R o R=OMe
0] OMe O
Diodantunezone (5) 2-Etyl furonaphthoquinione (6)

Hinh 1.1. Mot s6 hop chét naphtho[2,3-b]furan-4,9-dione

Cac hop chat furonaphthoquinone dang naphtho[2,3-c]furan-4,9-dione ciing
c6 nhiéu hoat tinh tét nhu khang vi sinh vat, khang sinh, chéng ung thu. Bién hinh
cho 16p chat nay 1a lactonamycin (7), mot hop chat hitu co phuc tap dugc phan lap
tir Streptomyces rishiriensis [9]. Lactonamycin c6 hoat tinh khang sinh manh, chéng
lai ca vi sinh vt khang methicillin va vancomycin. Ngoai ra, né con gy doc té bao
d6i véi nhiéu dong té bao ung thu khac nhau [10]. Nam 2003, tir Streptomyces
sanglieri, Hoeltzel A. di phan lap duoc lactonamycin Z (8), hop chit twong tu
lactonamycin nhung mang nhém a-2,6-dideoxyribohexose thay vi rhodinose. Mac
dU hoat tinh khang sinh chéng lai vi khuan gram duong tuong ddi yéu, nhung
lactonamycin Z lai ¢rc ché manh sy ting sinh cua té bao ung thu biéu md tuyén da
day [11].

Mot sé vi khuan khac ciing da duoc chang minh 13 tao ra cac dan xuat
naphtho[2,3-c]furan-4,9-dione. Vi du hop chit MS-444 (9), dwoc phan lap tir mot sb
loai Micromonospora, c6 kha ning tc ché kinase chudi &nh sdng myosin (mot
enzyme phosphoryl hoa tuong tac véi actin dé tao ra luc co bop trong cac soi co
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tron). Hop chat nay da duoc cip bang sang ché l1am chat Iam gidn mach, gidn phé
quan [12, 13]. Sau d6, MS-444 ciing duoc st dung trong mét loai thudc chéng HIV
[14] va dan xuit caa nd (hop chat (10)) dugc danh gia 1a chat wc ché mién dich va
chéng ngtra [15]. Ngoai ra, MS-444 ciing ¢6 kha ning Gc ché manh sy phat trién
cua khéi u ¢ dong vat c6 v [16].

Lactonamycin (7) R= o
OH
OH
Lactonamycin Z (8) R= O
OH
OH O OH O
- -
O @]
=
OH OH
MS-444 (9) (10)

Hinh 1.2. M6t s6 hgp chat naphtho[2,3-c]furan-4,9-dione
Trudc day, cic hop chat furanonapthoquinone dwogc tong hop bang phuwong
phap oxy héa demethyl hoa cac hop chat furanonaphthalene, vi du cac dan xuat caa
avicenol. Nam 2012, Klaus Miiller da sir dung xuc tac oxy hoa CAN (Ceric
ammonium nitrate) trong dung moi acetonitrile tao thanh cac dan xuat
furanonaphthoquinone (13) theo so d6 1.1 [17].

OMe O
N A CAN B R
= o) 0o MeCN,H,0 0 o)
OMe O
12 13

R = H, Et, i-Pr, Ph, 2-thyenyl,
2-furyl, 3-pyridyl, NEt,
So do 1.1. Tong hop naphtho[2,3-b]furan-4,9-dione bang phan ang oxy hoa
demethyl hoa

Cac hop chét furanonaphthoquinone ciing duoc tong hop dua trén phan ung
cong dong vong lién hoan géc st dung xtc tic CAN dé hinh thanh lién két C-C voi
cac olefine. Theo do, 2-hydroxy-1,4-naphthoquinone (lawsone) (14) phan tng véi
cyclodiene st dung xtc tic CAN trong MeCN cho san pham 1,2- hoic 1,4-
furanonaphthoquinone theo so d6 1.2 [18].



o ()
O‘ CAN, MeCN
o 0-5 °C, 30 phat

)
OH
] :
CAN, MeCN

o 0-5 °C, 30 phut

R =H, R = CHMe,,

H 0
COy™ 2o TS, e
Ra 4-Me-CgHy, 4-F-CgH,4

Mn(OAc)3, AcOH
0]

14 O 19
So do 1.2. Téng hop furanonaphthoquinone bang phan ¢ng phan &ng cong dong
vong lién hoan gbc

Xtc tac CAN ciing thic day qua trinh vong hda noi phan tir khi thuc hién
phan @ng gita hop chat 2-hydroxy-1,4-naphthoquinone (14) véi phenyl vinyl
sulfide va ethyl vinyl ether dé tao thanh dihydrofuranonaphthoquinone. Sau dé, cac
dihydrofuranonaphthoquinone c6 thé chuyén hoa thanh 1,2 va 1,4-furanonaphtho-
quinone nhu so d6 1.3 [19].

o5 ‘#g O

MeCN 0°C
CAN
Z O OEt o mCPBA
MeCN, 0°C CHZC|2
0 0
O p-TsOH = 0
SPh —— > + | /R
benzene //
22 O © O 2
23 R

So do 1.3. Tong hop furanonaphthoguinone bang phan @ng domino véi xic tac CAN
Niam 2007, Mohammad Bagher Teimouria va Hamid Reza Khavasi da tién
hanh phan ng one-pot gitra 2-hydroxy-1,4-naphthoquinone (14), aldehyde thom
(25) va isocyanide (26) trong dung mdi toluene dun hdi luu thu duoc cac dan xuat
naphtho[2,3-b]furan-4,9-dione (27) theo so d6 1.4 [20].



0] 0]
OH
O 0 ® toluene, A O R?
+ M+ c=NR, —— | )N
R1 H H
R1
14 © 25 26 27 ©
Co ché& phan ung:
0] ) (0] (0]
o0 ®
- - | st | LT
- p ? —N
X cbng déng vong
- H0 4+1 :
o} O R o R
14 L 28 _ L 29 ¢ _
0]
0 R?
|/ N,
H
R']
27 O

So do 1.4. Tong hop 2-amino-naphtho[2,3-b]furan-4,9-dione bang phan tng domino

Phan &ng cho hiéu suat cao va dugc danh gia tot vi phuong phap tién hanh
don gian cho phép tao ra vong naphthofuroquinone véi sy hinh thanh dong thoi cua
hai lién két C—C mai va mot lién két C-O trong mét phan ang. Phan tmg duoc khai
dau bang giai doan ngung tu Knoevenagel gitra 2-hydroxy-1,4-naphthoquinone 14
va aldehyde thom (25) dudi tac dung cua xuc tac EDDA tao thanh enone 28, tiép
theo 1a qué trinh cong dong vong [4+1] gitra enone 28 va isocyanide 26 thu duoc
hop chat trung gian iminolactone 29, sau d6 dong phan hoa chat trung gian
iminolactone tao thanh furanonaphthoguinone [20].

Str dung phan ung domino ba thanh phan gitra 2-hydroxy-1,4-naphtho
quinone (14), aldehyde thom (25) va mubi pyridinium bromide (30) véi sy c6 mat
clia ammonium acetate, dudi chiéu xa vi s6ng va str dung nude lam dung méi, J. C.
Menéndez va cac cong sy da téng hop thanh céng mot diy cac hop chat 2-
arylcarbonyl-3-aryl-4,9-dihydronaphtho[2,3-b]furan-4,9-dione (31). Quy trinh phan
g duoc md ta theo so d6 1.5 [21].

o CHO
98 @ @ :/
+
OH R mw,150°C
o]

14 25 30

So d6 1.5. Tong hop 2-arylcarbonyl-3-aryl-4,9-dihydronaphtho[2,3-b]furan-4,9-
dione bang phan &ng domino
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Sau d6, K. Gach va cac cong su di tong hop mot din xuat 3-
diethoxyphosphorylnaphtho[2,3-b]furan-4,9-dione (34) bang phan tng domino gitra
2,3-dichloro-1,4-naphthoquinone (32) va diethyl acylmethylphosphonate (33) theo so
d6 1.6 [22].

0 0 ©p(oEt),
O‘ Cl 9 0] K,CO4 R
+ (EtO),P > |O‘|
O
cl R (EJH3CN cl
5 60°C, 24 h o
32 33 H
O. B Os ]
0] A P(OEt), 0] P(OEt),
R
(L) LT
0 Cl
34c, R =H: 0] L 0] ]

ICso (MCF-7) = 2.34 uM 34
ICs0 (HL-60) = 6.35 uM

So do 1.6. Tong hop 3-diethoxyphosphorylnaphtho[2,3-b]furan-4,9-dione bang
phan tng domino

Cac hop chat naphthofuran-4,9-dione thu duoc cho thay hoat tinh gay doc té
bao cao trén ca ba dong té bao ung thu thir nghiém HL-60, NALM-6 va MCF-7 véi
gia tri 1Cso dudi 10 uM (sau 48 gio 1). Hop chat diethyl (2-(2-chlorophenyl)-4,9-
dioxo-4,9-dihydronaphtho[2,3-b]furan-3-yl)phosphonate da dugc tiép tuc thu
nghiém trén céc té bao HL-60 va MCF-7 dé danh gia thém vé tiém nang chdng ung
thu cua nd. Két qua cho thay hop chat nay da uc ché su ting sinh té bao, tao ra tén
thuong DNA va gy ra qué trinh chét theo chuong trinh (apoptosis).

Nam 2019, ciing tir nguyén liéu 2,3-dichloro-1,4-naphthoquinone (32), Ashraf
A. Aly va cac cong su da tong hop duoc cac hop chat naphthofuro[3,2-c]quinoline-
6,7,12-trione 36 theo so d6 1.7. Hau hét cac hop chat téng hop duoc déu thé hién
hoat tinh tc ché d6i véi it nhat mot dong té bao ung thu thir nghiém. Mat s6 hop
chat cho thay kha nang wc ché ERK1/2 trong thir nghiém kinase phong xa (in vitro
radioactive kinase assay) [23].

NaOEt/EtOH
OH
Q 9 hoac Pyridine
¢ R N hodc DMF
+ —_—
hoi luu
Cl N @]
o] R’
32 35

So do 1.7. Tong hop naphthofuro[3,2-cJquinoline-6,7,12-trione
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1.2.2. Téng hep céc heop chat khung pyranonaphthoquinone

Pyranonaphthoquinone 1a mot nhém 16n cac hop chat ma cau trdc phan tir
gom khung napthoquinone két hop véi vong pyran. Cac hop chit nay c6 nhiéu hoat
tinh sinh hoc rat 1y tha nhu khang khuan, khang nam, chéng sot rét, chong ung thu
nén dugc cac nha héa hoc quan tdm nghién curu.

Hop chat don gian nhat trong sd céc chat pyranonaphthoquinone Ia
pentalongin (37) duoc phan lap tir cdy Pentas longiflora va Pentas bussei [24] - cac
cay thudc co truyén va dugc ding rong réi tai Kenya dé chita bénh sét rét va bénh
ngoai da. Nghién ctu cho thay Pentalongin c6 hoat tinh khang sét rét, khang khuan
va Mycobacterium simiae [25, 26]. Tu cac bo phan cua cady Mitracarpus scaber,
Moulis va cac cong su di phan 1ap dugc mot hop chét diglycoside pentalogin
hydroquinone va goi tén Ia haronoside (38). Haronoside cho thdy hoat tinh khang
niam manh ddi véi Candida albicans va Trichophytum soudanense [27]. Psychorubrin
(39), duoc tach tir cay Psychotria rubra, c6 hoat tinh gay doc rat manh trén dong té
bao ung thu KB, hoat tinh chdng sét rét va chéng lai ki sinh trung Plasmodium
falciparum [28].

O-glucose (0]
‘+Q CC
=
OH
O-glucose (0]
Pentalonglnln (37) Haronoside (38) Psychorubrin (39)

Me Me

Rhlnacanthln 0O (42)

Me
0" "Me

a-Lapachone (40)

ﬂ-Lapgchone (41)
Hinh 1.3. Mt s6 hop chét pyranonaphthoquinone

a-Lapachone (40) va B-lapachone (41) dugc phén lap tor vo cdy Tabebuia
avellanedae (Bignoniaceae) va cac dan xuat cua né thé hién kha nang chéng ap xe,
chéng loét, chéng dong kinh, chéng ung thu, chdng thiéu mau, chéng viém, chong
s6t rét, sat trang, khang virus, diét khuan, diét nam, diét con tring [29]. Cac hop
chat naphthoquinone rhinacanthin (42) duoc phan lap tir ré cay Rhinacanthus nasutus
thé hién hoat dong tuwong d6i c6 chon loc chdng lai cac té bao ung thu khac nhau.
Ester cua rhinacanthin &c ché dang ké sy ting truong cua khéi u trén chuot [30].

Do cac hoat tinh sinh hoc ly thd, cac dan xuat pyranonaphthoquinone ciing
da thu hat duoc sy quan tdm cuia nhiéu nha nghién ctu. Pentalongin (37) va
psychorubrin (39) di duoc GS. Norbert De Kimpe va cong su tong hop thanh cong
vao nam 2004 theo quy trinh phan tmg nhu so d6 1.8 [31].
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OMe Cli. OMe OMe
S Rua MeCN, H,0O o)
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OMe nhiét o phong OMe 1@ OMe OH
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(0] 0] OMe
POy O‘ LT
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Pentalongin Psychorubrln 46

So do 1.8. Tong hop pentalongin va psychorubrin

Sau d6, GS. Norbert De Kimpe ciing di tién hanh cho 3-bromo-1,4-
naphthoquinone (47) phan ung vdi acid phenoxyacetic (48) khi c6 mat cua
amonium persulfate va xuc tac AgNO3 va nhan duoc 2-bromo-3-aryloxymethyl-1,4-
naphthoquinone (49). Nhém nghién ciu tiép tuc ap dung hé xc tac palladium cho
phan tng vong hoda noi phan tir caa 2-bromo-3-aryloxymethyl-1,4-naphthoquinone
dé tong hop khung céc dan xuat tetraxyclic pentalongin. Phan tng nay duoc tién
hanh nho xdc tac paladium (I1) acetate trong sy c6 mat cua triphenylphosphine va
kali carbonate, duogc dun hoi luu trong toluene va thu dugc 6H-naphtho[2,3-
cJchromene-7,12-dione (50) (so d6 1.9) [32].

R" O N R" O

HOOC O@RZ ,

I 5 D9 RaYa
Br AgNO3, (NH4)28208 Br

CH3CN, H,0, 80°C, 1 h 49 O

47 ©
IPd(OAC)z, PhsP, K,CO;
R" O

toluene, 80°C, 30’
sau d6 héi luu 1-2h

(] !O
50 ©

R2

So d6 1.9. Tong hop 6H-naphtho[2,3-c]chromene-7,12-dione bang xuc tac palladium

Céc dan xuat caa pentalongin c6 cac nhoém thé & carbon C-1 va C-3 c6 thé
duogc tong hop mot cach nhanh chéng qua phan (ng domino hai thanh phan tir 2-(1-
hydroxyalkyl)-1,4-naphthoquinone (51) va imine (52) hoic enamine (53). Bang
phuong phap nay, Kazuhiro Kobayashi va cac cong su da tong hop dugc cac hop
chat khang sinh pyranonaphthoquinone nhu (+)-eleutherin (54) va (+)-isoeleutherin
(55) (so d6 1.10) [33].
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O R ) 1. Toluene o R
OH NI/R argon, 25°C O‘ 0
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52 o
(0]
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54
R

=z
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So do 1.10. Téng hop céac dan xuat caa pentalongin bang phan ang domino

Nam 2010, Jitender M. Khurana da tién hanh phan tnmg ngung tu déng vong
gitra 2-hydroxy-1,4-naphthoquinone (14) véi aldehyde (25) va malonitrile (56) hoac
ethyl cyanoacetate (57) dé nhan dugc cac dan xuat 2-amino-4H-chromene-
naphthoquinone (58). Phan trng xay ra trong dung moi nudc véi sy ¢d mat cua xuc
tac DBU (so d6 1.11) [34].

(@] o) R1
2
R*  DBU/H,0 R
+ RicHo + ¢ |
OH CN A 0~ “NH,
o)
14 25 56 58 ©

So do 1.11. Téng hop 2-amino-4H-chromene-naphthoquinone
bang phan &ng domino
Tuong tu, Selvaraj Kanchithalaivan va cong su da tong hop cac dan xuat 1,4-
dihydropyrano[2,3-c]pyrazol-6-amine (60) tir phan tng domino gitta 2-hydroxy-
1,4-naphthoquinone (14), aldehyde thom 25 va (E)-N-methyl-1-(methylthio)-2-
nitroethen amine (59), phan ng xay ra ngay ca khi khéng str dung tdc nhéan base
[35].

0] R
i NO, NO,
£, - QX
O‘ + R-CHO + SI ,TIH A, 1h o N,Me
OH Me Me 0] H
140 25 59 60

So d 1.12. Téng hop 1,4-dihydropyrano[2,3-c]pyrazol-6-amine
bang phan &ng domino
Sau d6, nim 2014, Sreenivas Avula sir dung tac nhan chta di t§ lwu huynh
N, 3-diaryl-3-oxo-propanethioamide (62) lam nguyén liéu cho phan tng domino
téng hop cac 2H-pyranonaphthoquinone (63), str dung xtc tac Lewis acid InCls nhu
so d6 1.13. Phan tng trai qua cac giai doan ngung tu Knoevenagel, cong Michael va
dong vong ndi phan tir [36].
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So dé 1.13. Téng hop 2H-pyranonaphthoquinone bang phan ing domino
Ap dung phan &ng domino ba thanh phan gitra 2-hydroxy-1,4-naphthoquinone
(14), aldehyde (25) va hop chat 1,3-dicarbonyl vong (64) st dung dung dich ion
[bmim*][Br] vai vai tro vira la dung méi vira la xuc tac, Baixiang Du va céc cong su
da tong hop thanh cdng cac dan xuat 3,4-dihydro-12-phenyl-2H-benzo[b]xanthene-
1,6,11(12H)-trione (65). Quy trinh phan tmg dugc mo ta trong so d6 1.14 [37].

O o O R' ©
RS bmim +][B
+ _
O‘ + RM-CHO + [bmim +](Br-] ] R
OH R 90°C 0 2
0 0 5 R
14 25 64 65 RZ = H or CH,

So do 1.14. Téng hop 3,4-dihydro-12-phenyl-2H-benzo[b] xanthene-1,6,11(12H)-
trione bang phan @ng domino
Niam 2015, Xiaojin Zhang va cac cong su da tong hop mot s6 dan xuat 2H-
pyranonaphthoquinone (68) bang phan @ng lién hoan dang Tsuji-Trost gitra dan xuat
cua 2-hydroxy-1,4-naphthoquinone (66) va olefinic alcohol (67) vai xuc tac mudi
palladium [38].

o Pd(OAc), (10.0 mol %) o
OH Cu(OAc), (2.0 equiv) o R2
R OYO% NaOAc (2.0 equiv) R | R3
. -
>( O R2R3 THF 45°C =
66 © 67 68 O

So d6 1.15. Tong hop 2H-pyranonaphthoquinone bang phan &g domino
Gan day, vao nim 2020, Milad Afsharnezhad va cac cong su da tong hop céc
hop chit 2-(alkylamino)-3-nitro-4-(aryl)-4H-benzo[g] chromene-5,10-dione (70) tir
N-alkyl-1-(methylthio)-2-nitroethenamine (69), aldehyde thom (25) va 2-hydroxy-
1,4-naphthoquinone (14) trong CH3CN theo so d6 1.15 [39].
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So do 1.16. Téng hop 2-(alkylamino)-3-nitro-4-(aryl)-4H-benzo]
chromene-5,10-dione bang phan (g domino

1.3. Ap dung phan &ng domino trong téng hep mét sé hop chat di vong
qguinone chira nito

Cac nha khoa hoc da phat hién duoc trong tu nhién va tong hop nhiéu hop chat
di vong quinone chira nito véi cac hoat tinh 1y tha. Dién hinh cho céc hop chat di
vong quinone chira nito 1 aza-anthraquinone duoc tao thanh tir sy két hop cua ba
vong co ban: benzene, quinone va di vong nito.

1.3.1. Téng hep céc hep chdt khung 1-aza-anthraquinone
OH O

0
MeO N
|\
ii\(COOH :i/\( :i/\r\/

o)

Cleistopholine (72)

O  CHy
N__O
|/
OCH; OCH;
O CHj

CH,OH
Marcanine A (74a) Marcanine B (74b) Marcanine C (74c)
OH O H O H
N.__O
OCH3 OCH3 =
OH O CHj O
Marcanine D (74d) Marcanine E (74e) Kalasinamide (75)

Hinh 1.4. Mot s6 hop chét 1-aza-anthraquinone trong tu nhién

Hop chéat 1-aza-anthraquinone dau tién (71) dugc tim thdy vao nim 1961
trong soi nam cia Phoma terrestris, loai ndm gay ra “bénh thdi nhiin” cua hanh tay
[40]. O thuc vat bac cao hon, cac hop chat 1-aza-anthraquinone cé trong cac bo
phan cua cac cdy ho Na. Peter G. Waterman, Ilus Muhammad da phan lap dugc
cleistopholine (72) tir ré cay Cleistopholis patens & Ghana [41]. Cleistopholine thé
hién hoat tinh gay doc ddi voi Candida albicans va Cryptococcus neoformans (cac
loai nam Kky sinh tim thiy ¢ bénh nhan AIDS) va c6 tac dung gay doc té bao cao
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chéng lai t& bao ung thu budng trang CAOV-3 [42]. Cleistopholine ciing dugc tim
thay trong dich chiét tir Porcelia macrocarpa cing véi 6-methoxycleistopholine
(73). Hop chat nay thé hién hoat tinh khang nim cao tuong tu cleistopholine [43].

Tu vo than cay Goniothalamus marcanii, Soonthornchareonnon va cac cong
su da phan lap dugc cdc 1-azanaphthoquinone la marcanine A (74a), marcanine B
(74b), marcanine C (74c), marcanine D (74d) va marcanine E (74e). Cac hop chat
nay (trir marcanine E) déu c6 doc tinh té bao dang ké ddi véi cac dong té bao khdi u
& ngudi [44, 45]. Ichino va cong su con nhan thidy marcanine A (74a) c6 hoat tinh
chéng sét rét in vitro chdng lai chung Plasmodium falciparum Ki khang thubc [46].
Hop chit kalasinamide (75), dwgc phan lap tir loai Polyalthia suberosa vao nim
2000, c6 hoat tinh chdng HIV nhe [47]. Ngoai ra, thdng qua kha ning tao ra oxy
nguyen tt, kalasinamide (75) c6 thé dong vai trd bao vé cay trong chéng lai sy xam
nhap ctia ca&c mam bénh vi sinh vat, sau bi xam pham co hoc [48].

Nho cac hoat tinh sinh hoc Iy tha, cac hop chat 1-aza-anthraquinone da duoc
cac nha khoa hoc quan tam va nghién ciru tong hop. Nam 2010, L. Fang va cong sy
d3 nghién ctu tong hop thanh céng cac dan chat 1H-benzo[h]pyrazolo[3,4-
b]quinoline-5,10-dione (77) dua trén phan tng domino da thanh phan, st dung dung
moi nudc theo qui trinh phan tng dugce dua ra trong so d6 1.17 [49].

9 R CH,

o)
HsC

B . i

+ RCHO + NH, | N

OH N — /

~N I, HO NZ N

\ \
CGH5 CGH5

14 © 25 76 77 ©

So dé 1.17. Téng hop 1H-benzo[h]pyrazolo[3,4-b]quinoline-5,10-dione
bang phan &ng domino
Nam 2019, Chunhao Yang va cac cong su da su dung phuong phap one-pot
dé téng hop cac dan xuat 3-(2-hydroxybenzoyl)-1-aza-antraquinone (80) tir 3-
formylchromone (79) va 2-amino-1,4-naphthoquinone (78) theo so d6 1.18 [50].

78 O 79
So do 1.18. Téng hop 3-(2-hydroxybenzoyl)-1-aza-antraquinone
bang phan &ng domino
Gan day, niam 2023, nhom nghién ciru cia Umarani Nampally di st dung
SnCl; lam xudc tac cho phan Gng cong — dong vong Michael tir 2-amino-1,4-
naphthoquinone (78) va céac 2-benzylidenemalononitrile (81) dé tao thanh céc hop
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chat aza-anthraquinone 82 theo so d6 1.19. Phan ¢ng dién ra trong diéu kién ém diu
nhung thu duoc hiéu suat twong ddi tét [51].

O (0] Ar
R' R
| =
UL " core |
[0} NS
NH, CN EtO:I3-I,5r710 C N" O NH,
78 © 81 g2 ©
R'=CN, COOEt

So do 1.19. Tong hop 1-aza-antraquinone bang phan @ng domino

Cac hop chat benzo[g]quinoline-5,10-dione c6 cau tric twong tu cac hop
chat 1-aza-anthraquinone ciing thu hiit duwoc sy quan tdm nghién ctu cua cac nha
hoa hoc. Nam 2011, bang phan ung domino, Balasubramanian Devi va cong su da
tong hop thanh cong céac chat benzo[g]quinoline-5,10-dione (85), str dung bén thanh
phan bao gom 2-hydroxy-1,4-naphthoquinone (14), aldehyde thom 25, methyl/ethyl
acetoacetate (83) va ammonium acetate (84) trong ethanol. Phan ung duoc thuc
hién trong thiét bi vi song theo so do 1.20 [52].

]
o NH,OAc o R ,
OWO 84 COOR
+ R'CHO + ) > »
OH CH; OR EtOH, vi séng N~ "CHj
H
o) (0]
14 25 83 85

So d6 1.20. Tong hop cac chat benzo[g]quinoline-5,10-dione bang phan ang domino

Tién hanh twong tu, Chunmei Li va cac cong su di thuc hién thanh cong
phan wng one-pot ba thanh phan giita 2-hydroxy-1,4-naphthoquinone (14), aldehyde
thom 25, va (E)-3-amino-but-2-enoate (86) tao thanh dihydrobenzo[g]quinoline-
5,10-dione (87). Qua trinh phan rng Xay ra thong qua qua trinh ngung tu véi XUc tac
acid nhu so d6 1.21 [53].

0 O R' O
H,N OR? (C-SO4H OR?
(I oo » Mty oS08
OH Me O H,0, 80°C N~ “Me
o H
14 29 86 87

So d6 1.21. Téng hop cac chat benzo[g]quinoline-5,10-dione bang phan tng domino
Nim 2021, nhém nghién ctiru caa Lokman H. Choudhury tién hanh phan tng
domino tir 2-hydroxy-1,4-naphthoquinone (14), cinnamaldehyde (88) va 3-
aminopyrazole (89) trong méi trudng ethanol héi luu nhu mé ta trong so dd 1.22.
Phan ing xay ra nhanh chong khdng can x(c tac, hiéu suat cao va hinh thanh nhiéu
lien két méi trong cung mot phan ung tao thanh céc hop chéat lai styryl-
dihydropyridine-naphthoquinone-pyrazole (90) c¢é cau tric phuc tap [54].
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So dé 1.22. Téng hop céc chat lai styryl-dihydropyridine-naphthoquinone-pyrazole
bang phan tng domino

1.3.2. Téng hep céc hop chat khung 2-aza-anthraquinone

Trong tu nhién, céc chat 2-aza-anthraquinone twong déi it gap, chu yéu duoc
phét hién tir cac loai nAm. Hop chat bostrycoidin (91) la 2-aza-anthraquinone dau
tién duoc tach ra tir Fusarium bostrycoides vao nam 1953. Bostrycoidin da duoc
chang minh 14 c6 hoat tinh khang sinh in vitro dang ké chdng lai vi khuan
Mycobacterium tuberculosis — tdc nhan chinh gay nén bénh lao [55, 56]. Hop chat
9-O-methylbostrycoidin (92), duoc tach ra trong qua trinh nudi ciy chung Fusarium
moniliformate, thé hién hoat tinh khang vi khuan Gram (+) rat manh [57].
Scorpinone (93), mét hop chét ¢6 cau trac tuong tu, ciing da duoc xac dinh trong
soi nam caa mot loai ndm nhiét doi gidng Bispora vao nam 2001 [58].

OH O OMe O OMe O
(LI, WAL, AL
MeO = Me MeO = Me MeO = Me
OH O OH O o)
Bostrycoidin (91) 92 Scorpinone (93)

OH O 0
O, oo
HO ZSMe _
OH O 0
Tolypocladin (94) 95

Hinh 1.5. Mot s6 hop chét 2-aza-anthraquinone trong tu nhién
Nam 1990, Udo Grife va cac cong su da tach duoc tolypocladin (94) tir nAm
Tolypocladium inflatum [59]. Hop chat nay c6 kha ning tao phtc vai cac kim loai.
Tinh chit tao phirc vai kim loai cua I6p chat nay van con duogc tranh luan, nhung c6
thé khang dinh céc chat nay hoat dong nhu nhitng chat loai bo céc kim loai ning,
nghia 12 1am giam ndng d6 cua kim loai ning trong co thé. Ngoai ra, chat nay con
c6 hoat tinh kim ham hoat dong cua enzym cAMP phosphodiesterase [60]. Hop chét
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benz[g]isoquinolin-5,10-dione (95) tach duwgc tur Psychotria camponutans va
Mitracarpus scaber [61] da dugc phét hién cé hoat tinh chdng lai cac chung khang
Staphylococcus aureus, Plasmodium falciparum va Trypanosoma congolense [62,
63, 64].

Bén canh viéc phan 1ap tir thuc vat va ndm, cac hop chat 2-aza-anthraquinone
cling da duogc cac nha khoa hoc nghién cau tong hop. Nam 1980, nhd 4p dung phan
ting Diels - Alder, Cameron va cac cong su da tong hop duoc bostrycoidin (91) va
9-O-metyl bostrycoidin (92) tir nguyén liéu dau 1a 3-methylisoquinoline-5,8-dione
(96) theo so d6 1.23 [65].

0 OMe O
(MeO),CCH, , N,

MeO
~N
| _ acetone, 25°C O‘ — O‘

O 96 O (15%) 98 OMe O (g5%)
CH3CN , CH3COOH (xt)
as, 400w, 2h

OH O OMe O
LI = LIy
MeO = CH,Cl, , 78°C MeO
OH O OH O
bostrycoidin (91) 9-O-metylbostrycoidin (92)

So d@6 1.23. Tong hop bostrycoidin va 9-O-metyl bostrycoidin phan ung Diels - Alder
Sau d6, Khanapure va cong su di tong hop dugc mot s6 dan chat 2-
azaanthraquinone (101) bang phuong phép phthalide di tir nguyén liéu la hop chat
3-cyano-1(3H)-isobenzofuranone (99) (so d6 1.24). Trong phan ¢ng domino nay,
qua trinh tao vong phthalide xay ra song song v&i qué trinh cong Micheal va qué
trinh ngung tu Dieckmann [66].
OMe o OMe O  OMe

LDA O SN
[
7 OMe

OMe THF,-40°C
101 o

So do 1.24. Tong hqp 2-aza-anthraquinon bang phwong phéap phthalide

Nam 1999, dya trén gia thiét rang cac hop chat 2-aza-anthraquinone tu nhién
nhu bostrycoidin dwgc tong hop nhd s ngung tu ammonia vai chat ¢é cau trdc gan
gidng chira oxy duoc tach ra tir nAm Fusarium bostrycoidine, GS. Nguyén Vin
Tuyén va cac cong su di nghién ciru thanh cong phuong phap tdng hop cac hop
chat 3-alkyl va 3-aryl-2-aza-anthraquinone (105) tir cic hop chat 2-(2-oxo-2-
phenylethyl)-3-(phenoxymethyl)-1,4-naphthoquinone (102), qua nhiéu budc lién
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hoan nhu ngung tu Vi NHs, tach loai nhom phenoxy hoac brom, vong hda noi phan
tir, tautomer hoa thanh hydroxyquinone va cudi cung la oxy héa bai oxy khéng khi

[67, 68].
I @ & 17 i
sSeaasNseg = Nsge.
Ay e _ _
EtsN, CH3CN R R
O 102 40°C, 4h 104 © 105 O

So do 1.25. Tong hop cac chat 2-aza-anthraquinone
Gan day, nam 2020, Ikyon Kim va cac cong su da ap dung phan tng domino
trén co so phan ung cong Michael [4+2] dé tong hop thanh céng céc hop chat lai
quinone-indolizine (108) tir 1,4-naphthoquinone (106) va cac dan xuat pyrrole-2-
carboxaldehyde (107) theo so d6 1.26 [69].

Os A
o r

NN Y
EtOH 80°C
0]

108
So do 1.26. Tong hop cac chat benzo[g]pyrrolo[1,2-b]isoquinoline-6,11-dione bang
phan tng domino

Cac hop chét thu dugc cho thay cé tac dung chdng ung thu d6i voi té bao
ung thu biéu mo tuyén tién liét & ngudi (PC-3) va té bao ung thu biéu md tuyén vay
miéng (CAL-27). Pang chi y, hop chat 5-(4-chlorobenzoyl)pyrrolo[1,2-b]
isoquinoline-6,9-dione (108p) cho thiy tac dung @c ché kha nang song cua té bao
manh hon khoang 48 lan so vgi mitoxantrone, mét loai thudc anthraquinone chdng
ung thu [69].

1.3.3. Téng hep céc hep chdt khung benzo[f]indole-4,9-dione

Benzo[f]indole-4,9-dione (hay indolenaphthoquinone) la khung céu trdc quan
trong caa mot s6 hop chat thién nhién nhu Utahmycin B, Kinamycin A, Kinamycin
B, Kinamycin C va Kinamycin D. Cac hop chat Kinamycin (109) l1a I6p chat khang
sinh tu nhién dwoc tach chiét tir loai Streptomyceus murayamaceusis vao nhiing
nam 1970 [70]. Cac hop chat nay déu c6 ¢ kha ning khang khuan Gram (+) rat
manh [71]. Tuong ty nhu Kinamycin, cac hop chat Utahmycin (110) [72] va 3-
methyl-1H-benzo[f]indole-4,9-dione (111) dwoc tim thiy trong Streptomyces albus
va trong ca mot loai thuc vat ho Na (Goniothalamus tapis Mig) [73]. Cac san pham
t6ng hop va ban téng hop ¢6 ciu triic twong ty déu co hoat tinh sinh hoc 1y thi [74].
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Hinh 1.6. M6t s6 hop chat indolenaphthoquinone trong tu nhién
Nhiéu hop chét indolenaphthoquinone ciing da dwoc tong hop thanh céng
nho phan tng domino. Nam 2012, Yun Liu and Jin-Wei Sun da ap dung phan ng
ba thanh phan giira 1,4-naphthoquinone (106), acyl bromide (112) va dan xuat
pyridine (113) véi xtc tac Cu(ll) thdng qua viéc tao lién két Csp2-H kém theo déng
vong noi phan tr va oxy héa nhan dugc cac dan xuat benzo[f]pyrido[1,2-a]indole-
6,11-dione (114) [75].

0]
CuCl,
+ BI'CH2COR +
CH4CN
114

o)
106 112 113

So do 1.27. Tong hop cac chat benzo[f]pyrido[1,2-a]indole-6,11-dione diing xtc tac Cu

Sau d6, Shanshan Guo va cong su di s dung xtc tic Mn(Il) dé thuc day
phan tng domino gitta 2-hydroxy-1,4-naphthoquinone (14) véi vinyl azide (115) va
tong hop thanh cdng cac dan chat benzo[f]indole-4,9-dione (116) méi theo quy trinh
phan @ng & so do 1.28 [76].

o) ? q
Q N O
O‘ )Kﬁ Mn(OAG),.4H,0 |
+ R R > Y
OH 1 ? DMF Ry
N; Ik
ol
14 115 116

So do 1.28. Tong hop céc chat benzo[f]indole-4,9-dione dung xuc tac Mn
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Khi thay thé xdc tac bang mudi Ce(I11) véi su trg gilp caa song siéu am, Quang
H. Luu da tong hop thanh céng benzo[f]indole-4,9-dione 118 tir 1,4-naphthoquinone
vé6i a-aminoacetal (117) théng qua phan ng one-pot (So d6 1.29) [77].

o) O R
1) CeCly 7H,0 '

. R OCHj CH,CN, Siéu am | N
HN\)\OCHa) - Y

2) HySO,4, CH5CN
o}

94 117 118

So do 1.29. Tong hop cac chit benz[f]indole-4,9-dione diing xuc tac Ce

Nam 2016, bang viéc sir dung phan @ng domino L. Zhang va cong su da tong
hop thanh cbng 15 chat mai c6 khung benzo[f]indole-4,9-dione 121 ma khéng di tir cAc
chit co khung naphthoquinone ban dau [78]. Phan tng duoc thuc hién bing viéc st
dung methyleneindene-1,3-dione (119) phan ung véi tosylmethyl isocyanide (TosMIC)
(120) va xuc tac AgOAc. Qui trinh phan rmg duogc trinh bay trong so do 1.30.

0
R4 R AgOAc, K2CO3
="K O‘ O
Ts NC CH3CN
0]
119 120 121

So dé 1.30. Téng hop benzo[f]lindole-4,9-dione theo L. Zhang
Tuong ty, tir indane-1,3-dione (122), cac aldehyde thom (25) va TosMIC
(120), bang phan ng one-pot nhu so d6 1.31, Anjaiah Aitha va cac cong su da tong
hop duoc cac dan xuat benzo[f]indole-4,9-dione 123. Qua trinh phan tng duoc danh
gia tuong d6i don gian va cho hiéu suat cao (82 — 91%) [79].

0 Ar
o piperidine
(10 mol% TosMIC AN
+ Ar-CHO
1 ,4-dioxane A CuI Cs,CO4 H
o) 80°C dioxane o)
122 25 123

So do 1.31. Téng hop benzo[f]lindole-4,9-dione theo Anjaiah Aitha

1.3.4. Téng hgp mgt sé hep chdt di vong khac chiza nito

Nhiéu hop chét di vong khac chira nito thé hién céc hoat tinh sinh hoc Iy tha
nhu khang sinh phd rong [80], diét nam [81], chong sbt rét [82], wc ché enzyme
AChE [83], chng tram cam [84], chdng viém [85], chong dai thao duong, dic biét
la hoat tinh khang khuan [86] va chdng tang sinh trén céc té bao ung thu khac nhau.
Chang han PD 116,152 (124), phenazinenomycin (125) duoc phan lap tir cac chung
Streptomyces sp. ¢6 kha ning &c ché té bao ung thu bach cau trén chudt va té bao
ung thu biéu md tuyén rudt két & nguoi, ting ty 1& séng s6t cua chudt mac bénh
bach cau khi thir nghiém in vivo [87, 88]. Hop chat phenazine tong hop XR11576
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(126) c6 kha ning on dinh phicc hop phan cat Top | - DNA va &c ché hoat dong
ATPase cua hTopll, cho thay ching la chat ac ché kép cua topoisomerase | va Il
[89, 90]. M6t s6 loai thudc nhur olaparib (127), pipofezine (128) da dugc phé duyét
dé thir nghiém 1am sang dé diéu tri cac khdi u khac nhau théng qua viéc nham muc
tiéu cac kinase quan trong va cho hiéu qua dang ké [91].

Ny N

OH COOCH;, /

HsC N N H5CO X
— R N.

CHO OH

XR11576 (126)
PD 116,152 (124)

phenazinomycin (125)

O EH o lN\\N
— o P
|
O N/\NWA CHs bN\CH3
F

Pipofezine (128)
Olaparib (127) ©

Hinh 1.7. Mét s6 hop chat di vong khac chia nito

Nhiéu hop chat di vong chira nito va oxy da duoc cac nha khoa hoc quan tam
va nghién ctru tong hop thanh cong. Nam 2012, Jitender M. Khurana va cac cong su
da sir dung phan (ng domino bon thanh phan dé tong hop céc hop chat di vong
benzo[a]phenazine (132) tir 2-hydroxy-1,4-naphthoquinone (14), dan xuat cua o-
phenylenediamine 129, aldehyde thom (25) va céc hop chat 1,3-dicarbonyl vong 130
VGi su ¢ miat cia xdc tac p-TsOH trong PEG-400 ¢ 70°C nhu mé ta trong so d6
1.32 [92]. Phan ung domino da hinh thanh nhiéu lién két mgi nhu C—C, C=C, C-N,
C=N, C-0 trong mét phan &ng va tao thanh san pham c6 cau trdc Iy tha.

0] * + ArCHO + b
O‘ R:@:NHz p-TsOH, PEG-400 N’ N 131
+
0,
OH R NH, 70°C Q p-TsOH, PEG-400

70°C

R R R R
14 129 130 132

So do 1.32. Téng hop benzo[a]phenazine bang phan wng domino
Nhoém nghién ctru cta Razieh Mohebat da sir dung xdc tac axit p-
toluenesulfonic cho phan ung one-pot domino da thanh phan tir 2-hydroxy-1,4-
naphthoquinone (14), o-phenylenediamine (133) va cac aldehyde thom 25 trong dung
moi polyethylene glycol dé tong hop cac hop chat 11H-benzo[a]benzo[6,7]
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chromeno[2,3-c]phenazine-11,16(17H)-dione 135 nhu mé ta trong so do 1.33 [93].
Sau d6, Mohsen Nikoorazm va cac cong su da st dung phic guanine caa zirconium
(IV) trén nén hat nano MCM-41 bién tinh dé 1am xuc tac cho phan tng trén véi hiéu
Suat cao va thoi gian phan ang ngan hon [94].

OH
| + N Ar O
OH NH, Xdctac, /N N |
@[ dung moi 14 o ‘
NH»
5 @

134

So dé 1.33. Téng hop 11H-benzo[a]benzo[6,7]chromeno[2,3-c]phenazine-
11,16(17H)-dione bang phan (rng domino

Nam 2015, nhom nghién cttu ciia Mariateresa Giustiniano da st dung phan
ng domino ba thanh dé tong hop duoc cac hop chat furo[2,3-d]pyridazin-4(5H)-
one 139. Trong phan ung, hydrazonoyl chloride (136) da phan wng Véi
isocyanoacetamide (137) khi c6 mat cua triethylamine dé tao thanh 1,3-oxazol-2-
hydrazone, roi chat nay phan ung véi methylacetylene dicarboxylate (138) dé tao ra
san pham furo[2,3-d]pyridazin4(5H)-one 139 theo so d6 1.34 [95].

RZ
|
_NH o
)NI\ 136 1, TEA, DCM , 9 OMe
R!” “CI o} o nhiét dd phong, 20h R\N | N R
_ i \ \
' _ 2, toluen, N& o \R4
Me R? MeO OMe  hgi Iuu, 20h, one-pot 1
N 138 R 139
NC R4
o)
137

Sor do 1.34. Tong hop cac chat furo[2,3-d]pyridazin-4(5H)-one bang phan tng domino

Niam 2014, Inder Pal Singh va cac cong sy da tong hop thanh cong cac hop
chat 7-arylbenzo[c]acridine-5,6-dione 141, tir phan (ng domino ba thanh phan giira
2-hydroxy-1,4-naphthoquinone (14), aldehyde thom (25) va cac amine thom (140)
nhu so d6 1.35. Phan ¢ng st dung xdc tac p-toluene sulfonic acid [96].

@) NH,
p-TsOH
+ R-CHO + = -
CHCl3, héi luu, 6h
OH R2
@)
14 25 140

So db 1.35. Téng hop céc chit 7-arylbenzo[c]acridine-5,6-dione
bang phan &ng domino
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1.4. Tinh hinh nghién céu dé tai trong nwéc
Trong nhimg niam gan day, nhém nghién cttu ciia GS Nguyén Van Tuyén — Vién
Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam di c6 mot s6 cong trinh
nghién ciu &p dung phan g domino trong tong hop cac din xuét di vong quinone.
Nhiéu hop chét ¢d cau tric méi, thi vi da duoc tong hop va duoc danh gia hoat tinh gay
doc té bao. Két qua cho thay, cac hop chat thir nghiém déu co hoat tinh gay doc té bao &
cac mure do khac nhau. Diéu ndy khich Ié ching toi tiép tuc tién hanh cac nghién ciu sau
hon vé tong hop cac dan chét cua I6p chat nay, ddng thoi nghién cau hoat tinh sinh hoc
nhu khang khuan, khang ndm va gy doc trén cac dong té bao ung thu dé phét hién
nhitng chat mai ¢d hoat tinh sinh hoc trién vong ting dung trong y, duoc hoc.

Niam 2015, GS Nguyén Vian Tuyén va cic cong su ciing da tong hop thanh
cong mot sé hop chéat 2,3-dihydronaphtho[2,3-b]furan-4,9-dione 143 méi chira
khung naphthoquinone dwa trén phan wng domino ba thanh phan sir dung 2-
hydroxy-1,4-naphthoquinone (14), aldehyde thom (25) va mubi pyridine bromide
(142) trong dung moi tert-butanol va&i su c6 mat cua base triethylamine [97]. Quy
trinh phan tng duoc chi ra trong so d6 1.36.

0] 0] R
BN R?
0L, o - R Y (I
OH t- BuOH O ©

héi luu, 4h ')

14 25 142 143

So dé 1.36. Téng hop 2,3-dihydronaphtho[2,3-b]furan-4,9-dione
bang phan &ng domino
Tuong tu, nhém nghién ctu da 4p dung phan tng domino ba thanh phan tir 2-
amino-1,4-naphthoquinone (78), aldehyde thom (25) va mudi pyridine bromide
(142) voi triethylamine trong dung méi toluene tao thanh cac dan xuét 2-aryl-3-benzoyl-
1H-benzo[f]indole-4,9-dione 144 nhu so d6 1.37 [98].

(@]
(0] 0] R2

Et;N
9@ Q . R
NH, Toluene H

78 25 142 144
So do 1.37. Téng hop benzo[f]lindole-4,9-dione bang phan ttng domino
Mot s6 hop chit dihydropyranonaphthoquinone 146 chira nhdm chirc CFs ciing
da duoc nhom nghién cau tong hop bang phan ung domino giita 2-hydroxy-1,4-
naphthoquinone (14), aldehyde thom (25) va hop chat ethyl 4,4 4-trifluoroacetoacetate
(145) theo so d6 1.38 [97].
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So dé 1.38. Téng hop 3,4-dihydro-2H-benzo[g]chromene-5,10-dione
bang phan tng domino

Gan day, ap dung phan ung domino twong ty tir 2-hydroxy-1,4-
naphthoquinone (14), aldehyde vong thom (25) va malono-nitrile (147), nhom nghién
ctru da thu duoc cic dan xuit 1,4-pyranonaphthoquinone 148 [99]. Céc hop chat
nay co thé dé& dang chuyén hda thanh cac di vong méi c6 cau trac ly thi. Chang han
phan tng véi acetic anhydride/ sulfuric acid dam dac trong acetonitril tao thanh cac
hop chat chromeno[2,3-d]pyrimidine 149. Mot s6 hop chat thu duoc c6 hoat tinh
giy doc té bao dbi véi cac dong té bao ung thu KB, A549, MCF-7 va HepG-2
[100].

- O‘
(0]
O‘ . O DABCO CN . (CH3CO)20 (9) 149a, b e-k
OH Ar)J\H CH3CN O‘ conc.H,S0, -
o 82 °C, 20 min CH4CN

14 25 147 148

120 °C, 20 min

O 149c,d,l

So do 1.39. Tong hop 1,4-pyranonaphthoquinone va chromeno[2,3-d]pyrimidine
bang phan &ng domino

Ngoai ra, mot s6 dan xuét di vong chira nito chtra khung dihydropyridazino-1,2-
naphthoquinone 151 da duoc tong hop bang phan tng domino giita 2-hydroxy-1,4-
naphthoquinone (14), aldehyde (25) va methylhydrazine (150) trong diéu kién khong str
dung xuc tic (so do 1.40). 09 trong s6 16 dan xuit méi dugc tong hop thé hién hoat tinh
gdy doc té bao tot vai gid tri 1Cso dwdi 5 uM ddi véi ca hai té bao KB va Hep-G2 thir
nghiém, cao hon mot chit so véi thude chdng ung thu ellipticine. Bac biét, hop chét véi
nhém thé nitro dugc xac dinh 1a tac nhan trién vong véi gié tri 1Cso lan Iuot 12 0,56 va
0,77 uM twong Ging Véi hai dong té bao noi trén [101].
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i t-BuOH
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Ar H HoN Me
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151j, R = 4-NO,CgH,
IC59 (KB) = 0.56 pM
ICsp (Hep-G2) = 0.77 uM

So do 1.40. Tong hop benzo[flindole-4,9-dione bing phan ¢ng domino

Tt nhitng cac két qua nghién ciu tong quan cho thay, cac hop chat di vong
quinone cd nhiéu hoat tinh sinh hoc Iy tha, c6 nhiéu tiém ning tng dung trong y,
duoc hoc. Viéc tong hop cac hop chat nay bang phan tng domino c6 thé l1am gia
tang d6 phic tap caa cau tric, tao ra nhiéu hop chat ciu tric méi, ngoai ra phan ¢ng
khéng can phan 1ap cac hop chat trung gian, than thién véi méi truong do tranh sir
dung cac tic nhan dung moéi doc hai, qué trinh phan tng xay ra ém diu.

Tiép tuc huéng nghién ciru da trién khai thoi gian qua, trong luan an nay,
ching t6i nghién cau tong hop cac hop chat di vong quinone méi bang cac phan
ng domino da thanh phan khac nhau va dénh gia hoat tinh sinh hoc cua chiung dé
dinh hudng ung dung trong tuong lai.
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Chuwong 2: PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. Phwong phap nghién cttu, hda chat va thiét bj

2.1.1. Phwong phap nghién cuu

Thuc hién phan timg domino dé tong hop cac dan chit di vong quinone chira nito
va oxy. Cac phan tng dugc tién hanh tai Phong Hoa duoc, Vién Hoé hoc, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam. Da s cac phan tmg duoc thuc hién trong thiét bi vi
song (microwave).

Tién trinh phan ung duoc theo ddi bang sic ky ban mong trang sin TLC
Silica gel 60 Fas4 va hién thi dudi &nh sang UV & budce séng 254 nm va 365 nm.

Céc hop chét duoc tach va tinh ché bang phuong phép sac Ky cot, str dung cot sic
ky thuy tinh véi chat hap phu 12 silica gel ¢& hat 0,40-0,63 mm.

Phirong phdp xdc dinh cau tric: St dung cac phuong phap phd hong ngoai IR,
phé cong huang tir hat nhan NMR, phd khéi phan giai cao HRMS.

2.1.2. Hoa chdt, dung moi

Céc hda chat str dung déu I hda chat caa cac cdng ty hda chét thuong mai uy tin
nhu (Merck, Sigma Aldrich, AKSci, ...) véi d6 tinh khiét trén 98% nén duoc st dung
truc tiép ma khong phai tinh ché lai. Dung méi chay cot dung loai tinh khiét, khan déu
dugc cat moi trwdce khi sir dung. Bot silica gel cho sic ky cot sir dung loai silica gel
60 Merck (240-400 mesh), ban mong sic ky silica gel d¢ nhdm Art. 5554 DC -
Alufolien Kiesel 60 F2s4 (Merck).

2.1.2. Thiét bj

- Thiét bi phan ung vi séng

Pa s cac phan tmg duoc hd tro bang 10 phan ¢ng vi séng (microwave) Anton
Paar Monowave 400 tai phong Hoa dugc, Vién Hoa hoc, Vién Han I[am Khoa hoc va
Cong nghé Viét Nam.

- Pho hdng ngoai (IR)

Ph6 hong ngoai cua cac chat nghién cau duoc ghi trén may quang phé hdng
ngoai FT-IR Spectrum Two, hang Perkin Elmer, tai phong Hoéa duoc, Vién Hoa
hoc, Vién Han lam Khoa hoc va Céng nghé Viét Nam, do & dang ép vién véi KBr
ran.

- Phé cong huong tir hat nhan (NMR)

Ph6 *H NMR (500MHz va 600MHz) va 3C NMR (125MHz va 150 MHz) cua
cac chat nghién ctru duoc do trén may Bruker Avance Il véi dung méi CDCls va
DMSO-ds Vvéi tetramethylsilane 1a chat noi chuan, tai Trung tdm cac phuong phép
phd tng dung, Vién Hoé hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

- Pho khdi lugng phan giai cao (HRMS)
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Phd khéi cua cac chat nghién ctu dugc ghi trén may X500R QTOF, hing
SCIEX ¢ ché @6 ESI+ hoic ESI- tai phong Phong Nghién ctu phat trién duoc
pham, Vién Hod hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Xéac dinh nhiét do ndng chay

Nhiét d6 ndng chay cua céc chat tong hop duoc do trén may Buchi B-545 tai
phong Hoéa duoc, Vién Hod hoc, Vién Han 1dm Khoa hoc va Céng nghé Viét Nam.
2.2. Téng hep cac din xuit 3-benzoyl-4H-benzo[g]chromene-5,10-dione

Quy trinh téng hep chung: Quy trinh téng hop cac dan xuat 3-benzoyl-4H-
benzo[g]chromene-5,10-dione dugc tién hanh nhu sau:

- Tong hop céc hop chdt arylenaminone 154

Hon hop cac chat phan twng acetophenone 152 (3 mmol), N,N-
dimethylformamide dimethyl acetal (153) (3,6 mmol) trong dung méi toluene (10
ml) dugc cho vao binh phan tng glass vial G30 va duoc day nap kin. Binh phan
tmg duoc dit trong thiét bi phan @ng vi séng Anton Paar Monowave 400 va tién
hanh phan ung tai diéu kién nhiét d6 80°C trong thoi gian 1 gio. Két thuc phan ¢ng,
hdn hop dung dich trong binh phan tmg dwuoc dua vé nhiét d6 phong va tinh ché
bang sic ky cot silica gel vai hé dung méi rira giai MeOH/DCM/EtOAC (ti 1¢ 1/4/5
vé thé tich) thu duoc san pham 154a-i véi hiéu suat 60-70%.

- Tong hop céc hep chdt 3-benzoyl-4H-benzo[g] chromene-5,10-diones 155

HGn hop cac chat phan ¢ng 2-hydroxy-1,4-naphthoquinone (14) (0,5 mmol),
aldehyde 25 (0,5 mmol), arylenaminone 154 (0,5 mmol) trong dung méi acetic acid
bang (10 ml) duoc cho vao binh phan tng glass vial G30 va duoc day nap kin. Binh
phan tmg duoc dat trong thiét bi phan ung vi song Anton Paar Monowave 400 va
tién hanh phan &ng tai diéu kién nhiét 6 110°C trong thoi gian 30 dén 60 phat. Két
thic phan tng, binh phan tng dugc dua vé nhiét d6 phong va thém nudc cat (10
ml). H3n hop dung dich sau phan ng dugc chiét bang dichloromethane (3 1an, mdi
lan 20 ml). Dich chiét dichloromethane dugc lam khan bang Na2SO4 va loai bo dung
moi bang cat quay chan khong dudi ap suat thap thu duoc san pham thd. San pham
thd duoc tinh ché bang sac ky cot silica gel voi cac hé dung mai rira giai n-hexane —
ethyl acetate (i 1¢ 4 : 1 vé thé tich) thu duoc san pham 155a-w véi hiéu suat 60-88%.
Hop chét 3-benzoyl-4-(p-tolyl)-4H-benzo[g]chromene-5,10-dione (155a)
Chat ran mau vang, hiéu suat 84%, nhiét do nong chay
270-271°C.
IR (KBr) vma/cm™: 3097; 3057; 2919; 1681; 1662;
1641; 1605; 1511; 1444; 1359; 1320; 1297; 1239;
1198; 1171; 1132; 1057; 972; 927; 891; 733; 713; 696.
IH NMR (CDCls, 600 MHz): & = 8,14 (1H, dd, J = 3,6
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Hz, J=7,2 Hz); 8,03 (1H, dd, J =3,6 Hz, J =5,4 Hz); 7,72 (2H, dd, J =3,6 Hz, J =
5,4 Hz); 7,59 (2H, dd, J = 1,8 Hz, J = 7,8 Hz); 7,53 (1H, t, J = 7,2 Hz); 7,48 (1H, s,
H-2); 7,42 (2H, t, J = 7,8 Hz); 7,35 (2H, d, J = 8,4 Hz); 7,10 (2H, t, J = 7,8 HZ);
5,40 (1H, s, H-4); 2,25 (3H, s, CH3).
13C NMR (CDCls, 150 MHz): & = 193.4; 183,0; 178,0; 150,1; 149,0; 139,3; 137.7;
137,3; 134,5; 133,8; 132,4; 131,8; 130,6; 129,5 (2C); 128,9 (2C); 128,7 (2C); 128,5
(2C); 126,7; 126,5; 124,3; 120,8; 34,1; 21,1.
HRMS (ESI) m/z [M+H]* tinh toan C27H1904*: 407,1283, tim thay: 407,1293.
Hop chét 3-benzoyl-4-(4-bromophenyl)-4H-benzo[g]chromene-5,10-dione (155b)
Chét ran mau vang, hiéu suat 88%, nhiét d6 ndng chay 285-286°C.
IR (KBr) vmax/cm®: 3082; 2924; 1678; 1662; 1643; 1606; 1485; 1446; 1409; 1383;
1357; 1321; 1294; 1238; 1193; 1173; 1121; 1054;
1011, 968; 924; 843; 827, 789; 735; 716; 689.
S6 lieu phd NMR duoc trinh bay ¢ bang 3.3.
HRMS (ESI) m/z [M-H] tinh toan Ca2sH14BrOs-:
469,0075 va 471,0055, tim thdy: 469,0097 va
471,0179.
Hop chat 3-benzoyl-4-(2-fluorophenyl)-4H-benzo[g]chromene-5,10-dione (155¢)
Chét ran mau vang, hiéu suét 72%, nhiét d6 ndng chay 284-285°C.
IR (KBr) vmax/cm™: 3060; 2923; 1662; 1641; 1605; 1492; 1453; 1359; 1319; 1300;
1241; 1193; 1176; 1162; 1122; 1096; 1057; 973; 927; 846; 796; 758; 691.
'H NMR (CDCls, 600 MHz): 5 = 8,16-8,15 (1H, m);
8,03-8,02 (1H, m); 7,74-7,72 (2H, m); 7,60 (2H, dd, J
=1,2 Hz, J = 7,2 Hz); 7,56-7,52 (2H, m); 7,45 (1H, s,
H-2); 7,43 (2H, t, J = 7,8 Hz); 7,20-7,17 (1H, m); 7,10
(AH, dt, J = 1,2 Hz, J = 7,8 Hz); 7,01-6,98 (1H, m);
5,56 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): & = 193,2; 183,0; 177,8; 161,6 (CF, d, J = 246 Hz);
150,9, 149,6, 137,6, 134,6, 133,8, 132,4, 131,9 (d, J = 4,3 Hz); 131,7; 130,6; 129,5
(d, J =7,6 Hz); 128,9 (2C); 128,6 (2C); 128,5; 126,6 (d, J = 8,6 Hz); 124,3 (d, J =
4,6 Hz); 122,5; 118,9; 116,1 (d, J = 22,6 Hz); 30,6.
HRMS (ESI) m/z [M-H] tinh todn C26H14FO4": 409,0876, tim thay: 409,0895.
Hop chét 3-benzoyl-4-(4-methoxyphenyl)-4H-benzo[g]chromene-5,10-dione (155d)
Chat ran mau vang, hiéu suat 63%, nhiét do nong chay 258-259°C.
IR (KBr) vmax/cm: 3065; 2951; 2838; 1680; 1662; 1641; 1605; 1511; 1449; 1359;
1299; 1246; 1199; 1127; 1032; 973; 930; 908; 827; 715.
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!H NMR (CDCls, 600 MHz): § = 8,15-8,14 (1H, m);
8,04-8,02 (1H, m); 7,73 (2H, d, J = 10,8 Hz); 7,59 (2H,
d,J=78Hz); 752 (1H,t, J =78 Hz); 7,47 (1H, s, H-
2); 7,43 (2H, t, J = 7,8 Hz); 7,37 (2H, d, J = 10,8 H2z);
6,82 (2H, d, J = 10,8 Hz); 5,39 (1H, s, H-4); 3,73 (3H,
s, OCHs).
13C NMR (CDCls3, 150 MHz): & = 193,4; 183,1; 178,0; 158,9; 150,0; 148,9; 137,7;
134,6; 134,5; 133,8; 132,4; 131,8; 130,6; 129,9 (2C); 128,9 (2C); 128,5 (2C); 126,7;
126,5; 124,3; 120,9; 114,2 (2C); 55,2; 33,7.
HRMS (ESI) m/z [M-H] tinh toan C27H170s": 421,1076, tim thay: 421,1094.
Hop chat 3-benzoyl-4-(4-trifluoromethylphenyl)-4H-benzo[g]chromene-5,10-dione
(155e)
Chét ran mau vang, hiéu suat 68%, nhiét d6 ndng chay 257-258°C.
IR (KBr) vmax/cm™: 3066; 2923; 2852; 1689; 1664;
1639; 1608; 1446; 1419; 1362; 1327; 1300; 1238;
1203; 1168; 1132; 1111, 1068; 1019; 976; 930; 908;
837; 792; 765; 732; 716; 694.
!H NMR (CDCls, 600 MHz): 6 = 8,17-8,15 (1H, m);
8,04-8,02 (1H, m); 7,76-7,73 (2H, m); 7,60 (3H, t, J =
7,8 Hz); 7,58-7,54 (5H, m); 7,44 (2H, t, J = 7,8 Hz); 5,50 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): & = 193,0, 182,8, 177,7, 150,9, 1492, 146,0, 1374,
134,8, 134,0, 132,6, 131,6, 130,5, 129,8, 129,6, 129,2 (2C); 128,8 (2C); 128,7 (2C);
126,7 (d, J = 6,0 Hz); 125,8 (CF3, q, J = 270 Hz); 125,7 (q, J = 12,0 Hz); 123,5,
120,1, 34,6.
HRMS (ESI) m/z [M+H]* tinh toan Cz7H16Fs04*: 461,1001, tim thay: 461,1013.
Hop chit 3-benzoyl-4-(4-hydroxy-3-methoxyphenyl)-4H-benzo[g]chromene-5,10
-dione (155f)
Chat ran mau vang, hiéu suat 66%, nhiét do nong chay 238-240°C.
IR (KBr) vma/cm: 3096; 2929; 1663; 1641; 1+05;
1514; 1448; 1431; 1359; 1319; 1294: 1274; 1238;
1195; 1177; 1126; 1057; 1031; 970; 926; 794; 714.
'H NMR (CDCls, 600 MHz): § = 8,16-8,14 (1H, m);
8,05-8,03 (1H, m); 7,74-7,73 (2H, m); 7,60 (2H, d, J =
8,4 Hz); 7,54 (1H, t, J = 8,4 Hz); 7,47 (1H, s, H-2);
7,43 (2H, t, J = 8,4 Hz); 7,07 (1H, d, J = 1,8 Hz); 6,83-
6,81 (2H, m); 5,52 (1H, s); 5,35 (1H, s); 3,92 (3H, s, OCHj3).
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13C NMR (CDCls, 150 MHz): & = 193,6; 183,2; 178,0; 149,9; 148,8; 146,4; 145,0;
137,7; 134,6; 134,4; 133,8; 132,4; 131,8; 130,6; 128,9 (2C); 128,6 (2C); 126,7;
126,6; 124,2; 121,2; 120,9; 114,6; 112,1; 56,0; 34,1.
HRMS (ESI) m/z [M-H] tinh toan Co7H170¢: 437,1025, tim thay: 437,1039.
Hop chét 3-(4-methylbenzoyl)-4-phenyl-4H-benzo[g]chromene-5,10-dione (1550)
Chat ran mau vang, hiéu suat 61%, nhiét do nong chay 283-284°C.
IR (KBr) vmax/cm™: 3088; 1679; 1661; 1636; 1606; 1577; 1454; 1359; 1316; 1302;
1242; 1195; 1172; 1134, 1119; 1057; 973; 927, 832; 750; 723.
H NMR (CDCls, 600 MHz): 6 = 8,15 (1H, dd, J =
3,6 Hz, J =5,4 Hz); 8,02 (1H, dd, J = 3,6 Hz, J =
54 Hz); 7,72 (2H, dd, J = 3,6 Hz, J = 5,4 H2z);
7,51 (2H, d, J = 8,4 Hz); 7,48 (1H, s, H-2); 7,46
(2H, d, J=7,2Hz); 7,29 (2H, t, J = 7,8 Hz); 7,22
(2H,d, J=7,8 Hz); 7,17 (1H, t, J = 8,4 Hz); 5,44

(1H, s, H-4); 2,39 (3H, s, CH3).

13C NMR (CDCls, 150 MHz): & = 193,0; 183,0; 178,0; 149,5; 149,1; 143.3; 142,2;
134,9; 134,6; 133,8; 131,8; 130,6; 129,2 (2C); 129,1 (2C); 128,8 (2C); 128,7 (2C);
127,5; 126,7; 126,6; 124,2; 120,7; 34,7, 21,6.

HRMS (ESI) m/z [M+H]* tinh toan C7H1904": 407,1283, tim thay: 407,1298.

Hop chat 3-(4-methylbenzoyl)-4-(4-methylphenyl)-4H-benzo[g]chromene-5,10-
dione (155h)

Chat ran mau vang, hiéu suat 82%, nhiét do nong chay 320-321°C.

IR (KBr) vmax/cm™: 3102; 2919; 1681; 1660; 1639;
1603; 1510; 1356; 1314; 1300; 1241; 1197; 1134;
1121; 1058; 971; 926; 835; 811; 778; 749; 719.

'H NMR (CDCls, 600 MHz): 6 = 8,14 (1H, dd, J =
3,6 Hz,J=7,2 Hz); 8,02 (1H,dd, J=3,6 Hz,J=54
Hz); 7,72 (2H, dd, J = 3,6 Hz, J = 5,4 Hz); 7,51 (2H,
d, J =78 Hz); 7,47 (1H, s, H-2); 7,34 (2H, d, J =
8,4 Hz); 7,22 (2H, d, J = 8,4 Hz); 7,09 (2H, d, J = 7,8 Hz); 5,40 (1H, s, H-4); 2,39
(3H, s, H-7"); 2,25 (3H, s, H-7"").

13C NMR (CDCls, 150 MHz): & = 193,0; 183,1; 178,1; 149,4; 149,1; 143,2; 139,3;
137,2; 135,0; 134,5; 133,7; 131,9; 130,6; 129,5 (2C); 129,2 (2C); 129,1 (2C); 128,7
(2C); 126,7; 126,5; 124,3; 120,8; 34,3; 21,6; 21,1.

HRMS (ESI) m/z [M+H]* tinh toan CasH2104": 421,1440, tim thay: 421,1436.

Hop chit 3-(4-methylbenzoyl)-4-(3-methoxyphenyl)-4H-benzo[g]chromene-5,10
-dione (155i)
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Chét ran mau vang, hiéu suat 69%, nhiét &6 ndng chay 265-266°C.
IR (KBr) vmax/cm™: 3037; 2953; 1678; 1659; 1635;
1604; 1490; 1451; 1433; 1357; 1316; 1303; 1259;
1241; 1195; 1144; 1130; 1062; 1043; 972; 932;
868; 836; 779; 751; 720.
'H NMR (CDCls, 600 MHz): § = 8,16-8,14 (1H,
m); 8,04-8,03 (1H, m); 7,74-7,72 (2H, m); 7,52
(2H, d, J = 7,8 Hz); 7,47 (1H, s, H-2); 7,22 (2H, d, J = 7,8 Hz); 7,20 (1H, t, J = 7,8
Hz); 7,03 (1H, t, J = 7,8 Hz); 7,00 (1H, s); 6,72 (1H, dd, J = 2,4 Hz, J = 8,4 Hz);
5,42 (1H, s, H-4); 3,78 (3H, s, OCH3); 2,40 (3H, s, CH3).
13C NMR (CDCls, 150 MHz): 6 = 193,0; 183,0; 178,0; 159,8; 149,4; 149,1; 143,7;
143,3; 134,9; 134,5; 133,8; 131,8; 130,6; 129,6; 129,2 (2C); 129,1 (2C); 126,7;
126,6; 124,0; 121,2; 120,6; 114,8; 112,8; 55,2; 34,7; 21,6.
HRMS (ESI) m/z [M+H]* tinh todn CasH210s*: 437,1389, tim thay: 437,1414.
Hop chat 3-(4-methylbenzoyl)-4-(4-chlorophenyl)-4H-benzo[g]chromene-5,10-
dione (155j)
Chét ran mau vang, hiéu suét 75%, nhiét &6 ndng chay 293-294°C.
IR (KBr) vmax/cm™: 3105; 1682; 1659; 1638; 1603;
1487; 1406; 1357; 1336; 1300; 1238; 1196; 1132;
1119; 1097; 1057; 1019; 970; 927; 833; 820; 791;
755; 736; 717; 675; 641.
. 'H NMR (CDCls;, 600 MHz): 8,16-8,15 (1H, m);
CHs 804-8,02 (1H, m); 7,75-7,73 (2H, m); 7,51-7,50

(3H, m); 7,40 (2H, d, J = 8,4 Hz); 7,26-7,22 (4H,
m); 5,41 (1H, s, H-4); 2,40 (3H, s, CH3).
13C NMR (CDCls, 150 MHz): 6 = 192,8; 182.,9; 177,8; 149,8; 149,2; 143,5; 140,8;
134,7; 134,6; 133,9; 133,4; 131,7; 130,6; 130,2 (2C); 129,3 (2C); 129,0 (2C); 128,9
(2C); 126,7; 126,6; 123,7; 120,3; 34,2; 21,6.
HRMS (ESI) m/z [M+H]* tinh toan C27H1sCIO4*: 441,0894, tim thay: 441,0881.
Hop chéat 3-(4-methylbenzoyl)-4-(4-bromophenyl)-4H-benzo[g]chromene-5,10-
dione (155k)

Chét ran mau vang, hiéu suat 78%, nhiét do nong
chay 316-317°C.

IR (KBr) vmax/cm™: 3104; 2918; 1681; 1659; 1635;
1603; 1483; 1404; 1356; 1332; 1300; 1240; 1196;
1178; 1132; 1119; 1057; 1014; 970; 927; 833; 817;
791; 753; 733; 715.
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'H NMR (CDCls, 600 MHz): § = 8,16-8,14 (1H, m); 8,03-8,02 (1H, m); 7,75-7,73
(2H, m); 7,51-7,49 (3H, m); 7,41 (2H, d, J = 8,4 Hz); 7,34 (2H, d, J = 8,4 Hz); 7,23
(2H, d, J=7,8 Hz); 5,40 (1H, s, H-4); 2,40 (3H, s, CH3).
13C NMR (CDCls, 150 MHz): 6 = 192,8; 182,9; 177,8; 149,8; 149,2; 143,5; 141,3;
134,7; 134,6; 133,9; 131,9 (2C); 131,7; 130,6; 130,5 (2C); 129,3 (2C); 129,0 (2C);
126,7; 126,6; 123,6; 121,6; 120,2; 34,3; 21,6.
HRMS (ESI) m/z [M+Na]" tinh toan Cz7H1sBrO4Na*: 507,0208 va 509,0187, tim
thay: 507,0211 va 509,0064.
Hop chét 3-(4-fluorobenzoyl)-4-phenyl-4H-benzo[g]chromene-5,10-dione (155I)
Chét ran mau vang, hiéu suat 60%, nhiét d6 ndng chay 300-301°C.
IR (KBr) vmax/cm™: 3102; 1680; 1661; 1639; 1600; 1504; 1455; 1408; 1356; 1332;

' 1240; 1197; 1157; 1124; 1076; 1054; 973; 927; 849;
792; 724.
'H NMR (CDCls, 600 MHz): & = 8,15 (1H, dd, J =
3,6 Hz, J =7,2 Hz); 8,03 (1H, dd, J =3,6 Hz, J =54
Hz); 7,73 (2H, dd, J = 3,6 Hz, J = 7,2 Hz); 7,63 (2H,
dd, J =5,4 Hz, J = 8,4 Hz); 7,46 (1H, s, H-2); 7,45
(2H, d, J =9,6 Hz); 7,30 (2H, t,J =7,8 Hz); 7,19 (1H, t, J=7,2 HZ); 7,11 (2H, t, J
=9,6 Hz); 5,43 (1H, s, H-2).
13C NMR (CDCls, 150 MHz): § = 191,8; 182,9; 177.9; 165,4 (CF, d, J = 253,5 Hz);
149,6; 149,1; 142,1; 134,6; 133,9; 131,8; 131,4 (C2”°, C6”°, d, J = 9,0 Hz); 130,6,
128,8 (2C); 128,8 (2C); 127,6; 126,7; 126,6; 124,1; 120,8; 115,8 (C3”’, C5”°,d, J =
21,0 Hz); 34,7.
HRMS (ESI) m/z [M-H] tinh todn Cz6H14FO4": 409,0876, tim thay: 409,0896.
Hop chéat 3-(4-fluorobenzoyl)-4-(4-methylphenyl)-4H-benzo[g]chromene-5,10-
dione (155m)
Chat ran mau vang, hiéu suat 83%, nhiét do nong chay 313-314°C.
IR (KBr) vmax/cm™: 3108; 2919; 1682; 1661; 1640;
1598; 1503; 1407; 1355; 1330; 1304; 1239; 1228;
1198; 1171; 1154; 1132; 1122; 1054; 972; 928; 848;
780; 757.
'H NMR (CDCls, 600 MHz): & = 8,15 (1H, dd, J =
3,6 Hz, J = 5,4 Hz); 8,02 (1H,dd, J=3,6 Hz,J=7,2
Hz); 7,72 (2H, dd, J = 3,6 Hz, J = 5,4 HZz); 7,63 (2H,
dd, J=5,4 Hz, J = 8,4 Hz); 7,44 (1H, s, H-2); 7,33 (2H, d, J = 7,8 Hz); 7,10 (4H, t,
J=10,8 Hz); 5,38 (1H, s, H-4); 2,25 (3H, s, CH3).
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13C NMR (CDCls, 150 MHz): & = 191,9; 183,0; 178,0; 165,6 (CF; d; J = 253,5 Hz);
149,5; 148.,9; 139,2; 137,3; 134,6; 133,9; 133,8; 131,8; 131,4 (C2°, C6”°, d, J =
13,0 Hz); 130,6; 129,5 (2C); 128,6 (2C); 126,7; 126,6; 124,2; 120,8; 115,8 (C3”’;
C5;d; J=22,6 Hz); 34,3; 21,1.
HRMS (ESI) m/z [M-H]" tinh toan Co7H16FO4™: 423,1033, tim thay: 423,1048.
Hop chit 4-(benzo[d][1,3]dioxol-5-yI)-3-(4-fluorobenzoyl)-4H-benzo[g]chromene
-5,10-dione (155n)
Chat ran mau vang, hiéu suat 73%, nhiét d6 nong chay 312-313°C.
IR (KBr) vmax/cm™: 3101; 2893; 1681; 1660; 1638;
1596; 1500; 1475; 1405; 1357; 1305; 1257; 1227,
1197, 1154; 1122; 1038; 973; 932; 849; 786; 759;
716.
'H NMR (CDCls, 600 MHz): 6 = 816-8,15 (1H, m);
8,05-8,04 (1H, m); 7,75-7,73 (2H, m); 7,66-7,64 (2H,
m); 7,43 (1H, s, H-2); 7,12 (2H, t, J = 8,4 Hz); 6,94
(1H, d, J=1,8 Hz); 6,89 (1H, dd, J = 1,8 Hz, J = 8,4 Hz); 6,71 (1H, d, J = 7,8 Hz);
5,90 (1H, d,J=1,8 Hz); 5,88 (1H, d, J = 1,8 Hz); 5,33 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): § = 191,9; 183,0; 177,9; 165,2 (CF; d; J = 253,5 Hz);
149,4; 148,9; 148,0; 147,0; 136,1; 134,6; 133,9; 133,8; 131,8; 131,5; 131,4 (2C; d; J
= 9,0 Hz); 130,6; 126,7; 126,6; 124,0; 122,2; 120,7; 115,8 (2C, d, J = 22,6 Hz);
109,4; 108,5; 101,2; 34,3.
HRMS (ESI) m/z [M-H] tinh todn C27H14FOg": 453,0774, tim thay: 453,0787.
Hop chit 3-(4-fluorobenzoyl)-4-(naphthalen-2-yl)-4H-benzo[g]chromene-5,10-
dione (1550)
Chat ran mau vang, hiéu suat 65%, nhiét do nong chay 284-285°C.
IR (KBr) vma/cm™: 3092; 1677; 1659; 1640; 1601;
1506; 1408; 1357; 1332; 1300; 1238; 1195: 1173;
1158; 1133; 1122; 1061; 977; 928; 906; 848; 819;
784; 719.
'H NMR (CDCls, 600 MHz): & = 8,17-8,15 (1H, m);
8,00-7,98 (1H, m); 7,85 (1H, d, J =1,2 Hz); 7,79 (2H,
d,J=8,4Hz);7,75(1H,d,J=7,2Hz); 7,75 (1H, d, J
= 7,2 Hz); 7,73-7,71 (2H, m); 7,63-7,60 (3H, m); 7,51 (1H, s, H-2); 7,42 (2H,
double-quint, J =1,2 Hz, J = 6,6 Hz); 7,08 (2H, d, J = 8,4 Hz); 5,58 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): § = 191,8; 183,0; 178,0; 165,3 (CF; d; J = 253,5 Hz);
149,7; 149,0; 139,7; 134,6; 133,9; 133,8; 133,4; 132,7; 131,8; 131,4 (C2*’, C6”’, d,
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J =9,0 Hz); 131,3; 130,6; 128,6; 128,0; 127,8; 127,6; 126,7; 126,6; 126,3; 126,1;
124,0; 120,7; 115,8 (C3”’, C5”°, d, J = 21,0 Hz); 34,8.
HRMS (ESI) m/z [M-H] tinh todn CzoH16FO4": 459,1033, tim thay: 459,1045.
Hop chat 4-(3-bromophenyl)-3-(4-fluorobenzoyl)-4H-benzo[g]chromene-5,10-
dione (155p)
Chat ran mau vang, hiéu suat 75%, nhiét do nong chay 278-279°C.
IR (KBr) vmad/cm™: 3091; 1676; 1659; 1640; 1597;
1505; 1473; 1357; 1332; 1308; 1231; 1196; 1170;
1157; 1130; 1059; 972; 929; 853; 768; 737; 716.
'H NMR (CDCls, 600 MHz): & = 8,16 (1H, dd, J =
3,6 Hz, J =7,2 Hz); 8,04 (1H, dd, J=3,6 Hz, J=7,2
Hz); 7,76-7,74 (2H, m); 7,63 (2H, dd, J = 5,4 Hz, J =
8,4 Hz); 7,54 (1H, br, s); 7,50 (1H, s, H-2); 7,43 (1H, d, J = 7,8 Hz); 7,32 (1H, d, J
=8,4Hz); 7,17 (1H,t,J=7,8 Hz); 7,13 (2H, t, J = 7,8 Hz); 5,39 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): § = 191,5; 182,8; 177,7; 165,4 (CF, d, J = 253,3 Hz);
150,2; 149,1; 144,3; 134,7; 134,0; 133,7; 131,7; 131,6; 131,4 (C2’, C6’°,d, J =9,0
Hz); 130,8; 130,6; 130,3; 127,7; 126,8; 126,7; 123.4; 122,9; 120,2; 115,9 (C3”’;
C5”,d,J=22,6 Hz); 34,4.
HRMS (ESI) m/z [M+H]* tinh toan C2sH1sFBrO4*: 489,0138 va 491,0117, tim thay:
489,0165 va 491,0156.
Hop chat 4-(4-bromophenyl)-3-(4-fluorobenzoyl)-4H-benzo[g]chromene-5,10-
dione (155q)
Chat ran mau vang, hiéu suat 78%, nhiét do nong chay 291-292°C.
IR (KBr) vmax/cm™: 3105; 1681; 1660; 1638; 1597;
1506; 1484; 1405; 1357; 1332; 1305; 1241; 1197;
1154; 1132; 1122; 1097; 1016; 973; 930; 846; 765;
732; 716.
'H NMR (CDCls, 600 MHz): & = 8,16-8,15 (1H, m);
8,04-8,02 (1H, m); 7,75 (2H, dd, J=3,6 Hz, J = 7,2
Hz); 7,63-7,61 (2H, m); 7,48 (1H, s, H-2); 7,42 (2H,
d,J=8,4Hz); 7,33 (2H, d, J =8,4 Hz); 7,12 (2H, t, J = 8,4 Hz); 5,38 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): § = 191,6; 182,9; 177,7; 165,4 (CF, d, J = 253,5 Hz);
150,0; 149,1; 141,2; 134,7; 134,0; 133,6; 131,9; 131,7; 131,4 (C2”’,C6’°,d; J=9,0
Hz); 130,5; 130,5; 126,7; 126, 7; 123,6; 121,7; 120,2 115,9 (C3”*; C5°,d, J = 21,0
Hz); 34,3.
HRMS (ESI) m/z [M+H]* tinh todn CasH1sFBrO4*: 489,0138 va 491,0117, tim thay:
489,0027 va 491,0136.
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Hop chat 3-(4-fluorobenzoyl)-4-(4-nitrophenyl)-4H-benzo[g]chromene-5,10-
dione (155r)
Chat ran mau vang, hiéu suat 68%, nhiét do nong chay 278-279°C.
IR (KBr) vmax/cm™: 3088; 1661; 1642; 1606; 1522;
1405; 1356; 1303; 1238; 1192; 1173; 1157, 1122,
1057, 976; 924; 862; 835; 789; 716.
'H NMR (CDCls, 600 MHz): & = 8,18-8,16 (3H, m);
8,03-8,02 (1H, m); 7,78-7,76 (2H, m); 7,66-7,64-7,61
(4H, m); 7,56 (1H, s, H-2); 7,13 (2H, t, J = 10,8 Hz);
5,52 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): & = 191,3; 182,7; 177,4; 165,5 (CF; d; J = 253,5 Hz);
150,7; 149,3; 149,1; 147,2; 134,9; 134,2; 133,4; 133,37, 131,5; 131,3 (C2’; C6’’;
d; J = 9,0 Hz); 130,5; 129,8 (2C); 126,8; 126,8; 124,0 (2C); 122,9; 119,6; 116,0
(C3;,C5;d; J=22,5Hz); 34,8.
HRMS (ESI) m/z [M+H]* tinh toan C2sH1sFNOg*: 456,0833; tim thiy: 456,0885.
Hop chat 3-(3-hydroxybenzoyl)-4-phenyl-4H-benzo[g]chromene-5,10-dione (155s)
Chét ran mau vang, hiéu suét 63%.
'H NMR (DMSO-ds, 600 MHz): 6 = 9,78 (1H, s);
8,08-8,06 (1H, m); 7,94-7,92 (1H, m); 7,87-7,85
(2H, m); 7,76 (1H, s); 7,41 (2H, d, J = 7,2 Hz); 7,28
(3H,dt,J=18Hz,J=78Hz); 7,18 (1H,t,J=7,8
Hz); 7,02 (1H, td, J = 1,2 Hz, J = 7,8 Hz); 6,99-
6,97 (1H, m); 9,96 (1H, t, J = 1,8 Hz); 5,20 (1H, 3).
13C NMR (DMSO-dg, 125 MHz): § = 193,0; 183,0; 177,2; 159,3; 157.4; 150,3;
149,3; 142,6; 138,6; 134,7; 134,2; 131,2; 129,8; 128,7 (2C); 128,5 (2C); 127,1;
126,1; 125,9; 122,5; 119,7; 119,6; 119,4; 115,1; 34,2.
Hop chét 3-(3-hydroxybenzoyl)-4-(p-tolyl)-4H-benzo[g]chromene-5,10-dione (155t)
Chat ran mau vang, hiéu suat 77%, nhiét o nong chay 260-261°C.
IR (KBr) vmax/cm™: 3038; 1659; 1642; 1608; 1582;
1475; 1361; 1335; 1299; 1240; 1195; 1164; 1131;
1059; 984:; 926:; 809; 794: 776; 750; 719.
'H NMR (CDCls, 600 MHz): 6 = 8,14 (1H, dd, J =
3,6 Hz, J = 5,4 Hz); 8,02 (1H, dd, J = 3,6 Hz, J =
5,4 Hz); 7,72 (2H, dd, J = 3,6 Hz, J = 7,2 Hz); 7,51
(1H, s, H-2); 7,33 (2H, d, J = 7,8 Hz); 7,28 (1H, t, J
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=78 Hz); 7,13 (1H,d, J=7,2 Hz); 7,09 (2H, d, J = 7,8 Hz); 7,05 (1H,t, J = 2,4
Hz); 7,00 (1H, dd, J = 2,4 Hz, J = 8,4 Hz); 5,40 (1H, s, OH); 5,38 (1H, s, H-4); 2,25
(3H, s, CHa).
13C NMR (CDCls, 150 MHz): 6 = 192.,9; 183,0; 178,0; 155,9; 150,2; 148,9; 139,2;
139,1; 137,3; 134,5; 133,8; 130,6; 129,8; 129,5; 128,7 (2C); 126,7; 126,5; 124,3;
121,4; 120,7; 119,6; 115,5; 34,1; 21,1.
HRMS (ESI) m/z [M-H] tinh toan C27H170s": 421,1076, tim thay: 421,1097.
Hop chét 4-(2-fluorophenyl)-3-(3-hydroxybenzoyl)-4H-benzo[g]chromene-5,10-
dione (155u)
Chét ran mau vang, hiéu suét 60%.
'H NMR (DMSO-ds, 600 MHz): & = 9,79 (1H, s);
8,08-8,06 (1H, m); 7,93-7,91 (1H, m); 7,88-7,84 (2H,
m); 7,77 (1H, s); 7,46 (1H, t, J = 7,2 Hz); 7,28 (1H, t,
J =78 Hz); 7,24-7,21 (1H, m); 7,13-7,09 (2H, m);
7,00 (1H,d,J=7,8 Hz); 6,98 (1H, dd, J =18 Hz, J =
8,4 Hz); 6,95 (1H, t, J = 1,8 Hz); 5,41 (1H, s).
13C NMR (DMSO-ds, 125 MHz): & = 192,8; 182,8; 177,2; 160,0 (d, J = 250 Hz);
158,9; 157,4; 150,7; 149,6; 138,5; 134,7; 134,2; 131,2 (d; J = 16,3 Hz); 130,5;
129,8; 129,6 (d, J = 11,3 Hz); 129,2; 126,1; 125,9; 124,5; 121,6; 119,6 (d; J = 16,3
Hz); 118,2; 115,3 (d, J = 22,5 Hz); 115,1; 28,5.
Hop chit 4-(4-bromophenyl)-3-(3-hydroxybenzoyl)-4H-benzo[g]chromene-5,10
-dione (155v)
Chat ran mau vang, hiéu suat 65%, nhiét do nong chay 277-278°C.
IR (KBr) vmax/cm™*: 3078; 1660; 1609; 1583; 1485;
1447; 1407; 1359; 1298; 1235; 1194; 1165; 1130;
1057; 1011; 982; 924:; 906; 824; 790; 751; 732; 719.
'H NMR (CDCls, 600 MHz): § = 8,16-8,14 (1H, m);
8,03-8,02 (1H, m); 7,75-7,74 (2H, m); 7,54 (1H, s,
H-2); 7,42-7,40 (2H, m); 7,34-7,33 (2H, m); 7,30
(1H,t,J =78 Hz); 7,11 (1H, d, J = 7,8 Hz); 7,05-
7,04 (1H, m); 7,03-7,01 (1H, m); 5,52 (1H, s, OH); 5,38 (1H, s, H-4).
13C NMR (CDCls, 150 MHz): 6 = 189,3; 182.,9; 177,8; 156,0; 150,6; 149,1; 141,2;
138,9 (2C); 134,7; 134,0; 131,9; 131,7; 130,54; 130,5 (2C); 139,9; 126,7; 126,6;
123,6; 121,6; 121,2; 120,2; 119,7; 115,4; 34,1.
HRMS (ESI) m/z [M-H]" tinh toan CzsH14BrOs": 485,0025 va 487,0004, tim thay:
485,0042 va 487,0121.
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Hop chit 3-(3-hydroxybenzoyl)-4-(3-nitrophenyl)-4H-benzo[g]chromene-5,10-
dione (155w)
Chat ran mau vang, hiéu suat 64%, nhiét do nong chay 264-265°C.
IR (KBr) vmax/cm™: 3100; 1684; 1659; 1582; 1527;
1481; 1346; 1295; 1238; 1192; 1162; 1059; 982;
930; 854; 797, 753; 725.
'H NMR (CDCls, 600 MHz): 6 = 8,26 (1H, s); 8,18-
8,16 (1H, m); 8,06 (1H, d, J = 7,8 Hz); 8,03-8,01
(1H, m); 7,91 (1H, d, J = 7,8 Hz); 7,76 (2H, t, J =
4,2 Hz); 7,65 (1H, s, H-2); 7,49 (1H, t, J = 7,8 HZz); 7,31 (1H, t, J = 7,8 Hz); 7,12
(1H, d, J=7,8 Hz); 7,04-7,03 (2H, m); 5,53 (1H, s, H-4); 5,49 (1H, br.s, OH).
13C NMR (CDCls, 150 MHz): & = 193,4; 183,0; 177,7; 157,4; 151,7; 149,4; 148.6;
144 4; 138,4; 135,5; 135,0; 134,3; 131,6; 130,6; 129,9; 129,6; 126,9; 126,8; 123,5;
123,0; 122,7; 120,2; 119,6; 115,3; 34,6.
HRMS (ESI) m/z [M-H] tinh toan C26H1sNO7: 452,0770, tim thay: 452,0781.
2.3. Tong hep cac din xuat podophyllotoxin-naphthoquinone

Pé téng hop céc dan xuat podophyllotoxin-naphthoquinone, chung toi da sir
dung hai phwong phap: ap dung phan tng domino bdn thanh phan di tir nguyén liéu
dau 1a 2-hydroxy-1,4-naphthoquinone (14) va ap dung phan ang domino ba thanh
phan di tir nguyén liéu dau 1a 2-amino-1,4-naphthoquinone (78).

2.3.1. Tong hep cac ddn xudt podophyllotoxin-naphthoquinone tir 2-
hydroxy-1,4-naphthoquinone

Quy trinh téng hep chung: Hon hop cac chat phan ang 2-hydroxy-1,4-
naphthoquinone (14) (1 mmol), aldehyde thom 25 (1 mmol), tetronic acid (156) (1
mmol) va ammonium acetate (84) (3 mmol) trong dung mdi acetic acid bang (3 ml)

dugc cho vao binh phan tng glass vial G30 va dugc day nip kin. Binh phan tng
dugc dat trong thiét bi phan ang vi séng Anton Paar Monowave 400 va tién hanh
phan ung tai diéu kién nhiét do 120°C trong thoi gian 15-25 phit. Két thic phan
tng, binh phan tmg dugc dua vé nhiét dd phong va thém nude cat (20 ml). Hn hop
dung dich sau phan tng duoc chiét bang dichloromethane (3 1an, mdi lan 20 ml).
Dich chiét dichloromethane duoc 1am khan biang NaSO4 va loai bo dung méi bang
cat quay chan khong dudi &p suat thap thu duoc san pham thd. San pham tho dugc
tinh ché bang sac ky cot silica gel voi cac hé dung mdi rira giai n-heptane - ethyl
acetate (ti 1& 6: 4 vé thé tich) thu duoc san pham 157a-x véi hiéu suat 67-73%.



38

2.3.2. Tong hep cac ddn xudt podophyllotoxin-naphthoquinone tiz 2-amino-
1,4-naphthoquinone

Quy trinh téng hep chung: HAN hop cac chat phan ung 2-amino-1,4-
naphthoquinone (78) (1 mmol), aldehyde thom 25 (1 mmol), tetronic acid (156) (1
mmol) va xdc tac p-TsOH (0,02 mmol) trong dung méi acetic acid bang (3 ml)
dugc cho vao binh phan tng glass vial G30 va dugc day nip kin. Binh phan ¢ng
duoc dit trong thiét bi phan ¢ng vi séng Anton Paar Monowave 400 va tién hanh
phan tng tai diéu kién nhiét do 120°C trong thoi gian 15-25 phat. Két thic phan
tng, binh phan tmg dugc dua vé nhiét dé phong va thém nude cat (20 ml). Hn hop
dung dich sau phan &ng dugc chiét bang dichloromethane (3 lan, mdi lan 20 ml).
Dich chiét dichloromethane duoc 1am khan bing Na,SO4 va loai bo dung méi bang
cat quay chan khong dudi ap suat thap thu dwgc san pham thd. San pham thé duoc
tinh ché bang sac ky cot silica gel voi cac hé dung méi rira giai n-heptane - ethyl
acetate (ti 16 6: 4 vé thé tich) thu dugc san pham 157j-x, aa-ah véi hiéu suat 67-
73%.
Hop chat 11-(4-bromophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157a)
Chét ran mau do, hiéu suit 79%, nhiét d6 nong chay 315-
317°C.
IR (KBr) vmax/cm™: 3278; 2881; 1748; 1665; 1595; 1494;
1396; 1335; 1300; 1194; 1024, 825.
S6 lieu phé NMR dugc trinh bay ¢ bang 3.5.
HRMS (ESI) m/z [M-H]- tinh toan C21H11BrNO4: 419,9871
va 421,9851, tim thay: 419,9877 va 421,9857.
Hop chat 11-(4-fluorophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]Jquinoline-1,5,10
(3H)-trione (157b)
Chét ran mau do, hiéu suat 80%, nhiét d6 néng chay 325-326°C.
IR (KBr) vmax/cm™: 3435; 1729; 1664; 1502; 1399; 1336;
1271; 1219; 1156; 1027; 1006; 824.
'H NMR (DMSO-dg, 500 MHz): & = 10,64 (s, 1H, NH); 8,06
(d, 1H, J = 7,0 Hz): 7,89 (d, 1H, J = 8,0 Hz); 7,85-7,79 (m,
2H); 7,37-7,35 (m, 2H); 7,09-7,05 (m, 2H); 5,03 (s, 1H, H-
11); 4,97 (d, 1H, J = 16,5 Hz, H-3); 4,89 (d, 1H, J = 16,5 Hz,
H-3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,5; 171,1; 160,9 (d; J = 248,7 Hz;
CF); 156,0; 140,6; 139,5; 134,9; 133,4; 131,8; 130,2; 129,9; 129,87; 126,0; 125,7;
118,1; 114,9: 114,8; 101,8; 66,1 (C-3); 34,3 (C-11).
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HRMS (ESI) m/z [M-H]" tinh toan Co1H11FNOQ4": 360,0672, tim thay: 360,0686.
Hop chat 11-(2-fluorophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)
-trione (157c¢)

£, Chat ran mau dé cam, hiéu suit 78%, nhiét do nong chay
| 317-319°C.
IR (KBr) vmax/cm™: 3283; 1731; 1664; 1598; 1490; 1392;
1335; 1299; 1192; 1134, 1068; 1009; 933.
'H NMR (DMSO-ds, 500 MHz): 6 = 10,63 (s, 1H, NH);
8,06 (dd, 1H, J=7,0 Hz, J = 2,0 Hz); 7,87 (dd, 1H, J=7,0
Hz, J = 2,0 Hz); 7,85-7,79 (m, 2H); 7,34 (dt, 1H, J =7,5 Hz, J = 1,5 Hz); 7,23-7,19
(m, 1H); 7,11-7,07 (m, 2H); 5,27 (s, 1H, H-11); 4,95 (d, 1H, J = 16,5 Hz, H-3); 4,90
(d, 1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-ds, 125 MHz): § = 181,9; 179,5; 170,8; 159,0 (d, J = 248,7 Hz,
CF); 156,1; 139,8; 135,0; 133,4; 130,9; 130,1; 128,7; 128,6; 126,0; 125,7; 124,5;
117,8; 115,0; 114,9; 101,1; 66,1 (C-3); 28,7 (C-11).
HRMS (ESI) m/z [M+Na]* tinh toan Ca1H1,FNOsNa*: 384,0648, tim thiy: 384,0661.
Hop chat 11-(4-chlorophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)
-trione (157d)
Chét ran mau tim, hiéu suat 81%, nhiét &6 ndng chay 295-297°C.
IR (KBr) vmax/cm™: 3430; 1740; 1668; 1603; 1502; 1399;
1335; 1299; 1194; 1165; 1024; 1006; 982; 825.
'H NMR (DMSO-ds, 500 MHz): & = 10,66 (s, 1H, NH); 8,06
(dd, 1H,J=75Hz,J=15Hz); 7,89 (dd, 1H, J =75 Hz, J
= 1,5 Hz); 7,86-7,79 (m, 2H); 7,37-7,35 (m, 2H); 7,32-7,30
(m, 2H); 5,02 (s, 1H, H-11); 4,97 (d, 1H, J = 17,0 Hz, H-3);
4,90 (d, 1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-dg, 125 MHz): 6 = 182,1; 179,4; 171,0; 156,0; 143,3; 139,6;
134,9; 133,4; 131,8; 131,3; 130,3; 129,9 (2C); 128,1 (2C); 126,0; 125,7; 117,8;
101,6; 66,1 (C-3); 34,6 (C-11).
HRMS (ESI) m/z [M-H] tinh toan C21H1:CINO4": 376,0377, tim thay: 376,0386.
Hop chat 11-(4-trifluoromethylphenyl)-4,11-dihydrobenzo[g]furo[3,4-bJquinoline
-1,5,10(3H)-trione (157¢)
Chét ran mau tim, hiéu suat 81%, nhiét &6 ndng chay 300-301°C.
IR (KBr) vmax/cm™: 3268; 1759; 1716; 1665; 1596; 1499; 1397; 1327; 1302; 1197;
1160; 1119; 1026; 1006; 825.
'H NMR (DMSO-ds, 500 MHz): § = 10,71 (s, 1H, NH); 8,07 (dd, 1H, J = 7,0 Hz, J
=1,5Hz); 7,88 (dd, 1H, J = 6,5 Hz, J = 2,0 Hz); 7,86-7,80 (m, 2H); 7,62 (d, 2H, J =
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8,5 Hz); 7,58 (d, 2H, J = 8,5 Hz); 5,13 (s, 1H, H-11); 4,98
(d, 1H, J = 17,0 Hz, H-3); 4,91 (d, 1H, J = 17,0 Hz, H-3).
13C NMR (DMSO-ds, 125 MHz): § = 182,1; 179,4; 171,0;
156,3; 148,6; 139,9; 134,9; 133,4; 131,8; 130,3; 129,0 (2C);
127,4; 126,1 (q; J = 248 Hz; CF3); 126,0; 125,8; 125,1;
125,1; 117,5; 101,4; 66,2 (C-3); 35,3 (C-11).
HRMS (ESI) m/z [M-H]" tinh toan C22H1:FsNO4": 410,0640, tim thay: 410,0664.
Hop chét 11-(4-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157f)
Chat ran mau do, hiéu suat 85%, nhiét do nong chay 295-297°C.
IR (KBr) vmadcm™: 3441; 2926; 1725; 1666; 1596; 1492;
1397; 1333; 1301; 1257; 1195; 1159; 1027; 926; 835.
'H NMR (DMSO-dg, 500 MHz): § = 10,61 (s, 1H, NH); 8,05
(d, 1H, J =7,0 Hz); 7,88 (d, 1H, J = 7,0 Hz); 7,85-7,80 (m,
2H); 7,21 (d, 2H, J = 8,5 Hz); 6,80 (d, 2H, J = 8,5 Hz); 4,97
(d, 1H, J = 17,0 Hz, H-3); 4,95 (s, 1H, H-11); 4,88 (d, 1H, J
= 16,5 Hz, H-3); 3,68 (s, 3H, OCH3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,6; 171,1; 158,0; 155,7; 139,0;
136,8; 134,9; 133,3; 131,9; 130,2; 129,1 (2C); 125,9; 125,7; 118,6; 113,6 (2C);
102,1; 66,0 (C-3); 55,0 (CHs); 34,0 (C-11).
HRMS (ESI) m/z [M-H]" tinh toan C22H14NOs": 372,0872, tim thay: 372,0956.
Hop chit 11-(4-hydroxy-3-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinoline -1,5,10(3H)-trione (1579)
Chét ran mau tim, hiéu suat 79%, nhiét &6 ndng chay 290-293°C.
IR (KBr) vmax/cmt: 3365; 3241; 2978; 1724; 1662; 1592;
1513; 1492; 1395; 1347; 1275; 1197; 1146; 1072; 1015;
936; 810.
'H NMR (DMSO-ds, 500 MHz): & = 10,55 (s, 1H, NH);
8,79 (s, 1H); 8,06 (d, 1H, J =7,5 Hz); 7,91 (d, 1H, J = 8,0
Hz); 7,86-7,79 (m, 2H); 6,87 (s, 1H); 6,63 (s, 2H); 4,98 (d,
1H, J = 16,5 Hz, H-3); 4,90 (s, 1H, H-11); 4,88 (d, 1H, J =
16,5 Hz, H-3); 3,72 (s, 3H, OCHj).
13C NMR (DMSO-dg, 125 MHz): 6 = 182,2; 179,6; 171,2; 155,6; 147,2; 145,4;
138,9; 135,7; 134,9; 133,3; 131,9; 130,2; 125,9; 125,7; 120,4; 118,6; 115,2; 112,5;
102,2; 66,0 (C-3); 55,6 (CHs); 34,2 (C-11).
HRMS (ESI) m/z [M+Na]* tinh toan C22HisNOsNa*: 412,0797, tim thay: 412,0811.
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Hop chit 11-(naphthalen-1-yl)-4,11-dihydrobenzo[g]furo[3,4-b]Jquinoline-1,5,10
(3H)-trione (157h)
Chat ran mau do cam, hiéu suat 79%, nhiét d6 nong chay 290-292°C.
IR (KBr) vma/cm™: 3213; 2928; 1726; 1662; 1595; 1500;
1396; 1330; 1299; 1195; 1156; 1134; 1068; 1015; 929; 778,
723.
'H NMR (DMSO-ds, 500 MHz): & = 10,69 (s, 1H, NH);
8,70 (d, 1H); 8,08 (t, 1H, J = 4,5 Hz); 7,89 (d, 1H, J = 8,0
Hz); 7,80-7,73 (m, 4H); 7,64 (t, 1H, J = 7,5 Hz); 7,55 ({,
1H, J = 7,5 Hz); 7,42-7,36 (m, 2H); 5,85 (s, 1H, H-11);
4,98 (d, 1H, J = 16,5 Hz, H-3); 4,92 (d, 1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,6; 171,0; 155,4; 139,3; 134,9;
133,4; 132,8; 131,8; 130,5; 130,2; 127,9; 127,5; 127,1; 126,0; 125,9; 125,8; 125,7,
125,6; 124,5; 119,9; 103,1; 66,1; 35,2.
HRMS (ESI) m/z [M+Na]* tinh toan C2sH14NOsNa*: 416,0899, tim thay: 416,0906.
Hop chét 11-(naphthalen-2-yl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (1571)
Chat ran mau do, hiéu suit 78%; nhiét 6 nong chay 285-286°C.
IR (KBr) vmax/cm™: 3349; 1751; 1663; 1600; 1490; 1394;
1337; 1302; 1191, 1159; 1132; 1006; 935; 795; 774.
'H NMR (DMSO-ds, 500 MHz): & = 10,68 (s, 1H, NH);
8,09-8,07 (m, 1H); 7,87-7,83 (m, 3H); 7,82-7,79 (m, 4H);
7,55 (dd, 1H, J = 1,5 Hz, J = 8,5 Hz); 7,46-7,42 (m, 2H);
5,18 (s, 1H, H-11); 5,00 (d, 1H, J = 16,5 Hz, H-3); 4,92 (d,
1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-dg, 125 MHz): § = 182,2; 179,6; 171,1; 155,9; 142,0; 139,5;
134,9; 133,4; 132,9; 131,9; 131,85; 1303; 127,7; 127,7; 127,3; 126,8; 126,5; 126,0
(2C); 125,7; 118,2; 101,9; 66,1; 35,3.
HRMS (ESI) m/z [M+Na]* tinh toan CzsHi1sNOsNa*: 416,0899, tim thay: 416,0925.
Hop chat 11-(3-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157j)

Chét ran mau do, hiéu suat 86%, nhiét do nong chay 290-
293°C.

o IR (KBr) vmacm™: 3326; 2924; 1729; 1660; 1591; 1491;
1396; 1333; 1256; 1191; 1012; 767; 721.

N 'H NMR (DMSO-ds, 500 MHz): & = 10,61 (s, 1H, NH);
o 8,06 (dd, 1H,J=2,0 Hz, J = 7,0 Hz); 7,90 (dd, 1H, J =15
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Hz, J = 7,5 Hz); 7,86-7,79 (m, 2H); 7,17 (t, 1H, J = 8,0 Hz); 6,87 (d, 1H, J =75
Hz); 6,85 (t, 1H, J = 2,0 Hz); 6,74 (dd, 1H, J =2,5Hz, J = 8,0 Hz); 4,98 (d, 1H, J =
17,0 Hz, H-3); 4,98 (s, 1H, H-11); 4,88 (d, 1H, J = 17,0 Hz, H-3); 3,70 (s, 3H,
OCHy3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,5; 171,1; 159,1; 155,9; 145,8;
139,4; 134,9; 133,4; 131,8; 130,2; 129,3; 126,0; 125,7; 120,3; 118,2; 114,3; 111,5;
101,9; 66,0 (C-3); 55,9 (CHs); 34,9 (C-11).
HRMS (ESI) m/z [M-H] tinh toan C22H14NOs: 372,0872, tim thay: 372,0892.
Hop chét 11-(3-bromophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157k)
Chét ran mau tim, hiéu suat 83%, nhiét d6 ndng chay 328-329°C.
'H NMR (DMSO-ds, 500 MHz): § = 10,67 (s, 1H, NH);
8,07 (d, 1H, J = 7,0 Hz); 7,90 (d, 1H, J = 7,5 Hz); 7,83
(quint, 2H, J=7,5Hz); 7,52 (t, 1H, J = 2,0 Hz); 7,36 (t, 2H,
J =75 Hz); 7,23 (t, 1H, J = 8,0 Hz); 5,02 (s, 1H, H-11);
5,00 (d, 1H, J = 16,5 Hz, H-3); 4,90 (d, 1H, J = 16,5 Hz, H-
3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,4; 171,0; 156,2; 146,9; 139,8;
134,9; 133,4; 131,8; 130,7; 130,4; 129,6; 127,3; 126,0; 125,7; 121,6; 117,5; 101,5;
66,1 (C-3); 35,1 (C-11).
Hop chét 11-(3-nitrophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)
-trione (1571)

Chét ran mau d6, hiéu suat 75%, nhiét do noéng chay 283-
285°C.

IR (KBr) vmax/cm™t: 3441; 2924; 2854; 1742; 1663; 1632;
1596; 1525; 1494; 1473; 1396; 1348; 1243;: 1194; 1133;
1009; 893.

'H NMR (DMSO-ds, 500 MHz): & = 10,74 (s, 1H, NH); 8,17
(t, 1H, J = 2,0 Hz); 8,08 (dd, 1H, J = 2,5 Hz, J = 6,5 Hz); 8,06-8,03 (m, 1H); 7,89-
7,88 (m, 1H); 7,85-7,80 (m, 3H); 7,58 (t, 1H, J = 8,0 Hz); 5,22 (s, 1H, H-11); 5,01
(d, 1H, J = 16,5 Hz, H-3); 4,93 (d, 1H, J = 17,0 Hz, H-3).

HRMS (ESI) m/z [M-H]- tinh toan C21H11N2Og": 387,0617, tim thay: 387,0624.

Hop chét 11-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)-trione
(157m)

Chat ran mau do, hiéu suat 84%, nhiét do ndng chay 329-334°C.

IR (KBr) vmax/cmt: 3344; 1744; 1664; 1632; 1601; 1493; 1396; 1335; 1302; 1240;
1193; 1162; 1132; 1065; 1026; 1002; 936.
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'H NMR (DMSO-ds, 500 MHz): § = 10,62 (s, 1H, NH); 8,06
(d, 1H, J = 7,0 Hz); 7,89 (dd, 1H, J = 7,0 Hz, J = 2,0 Hz);
7,82 (double-quint, 2H, J = 7,5 Hz, J = 1,5 Hz); 7,33-7,31
(m, 2H); 7,26 (t, 2H, J = 7,5 Hz); 7,15 (t, 1H, J = 7,5 HZ);
5,01 (s, 1H, H-11); 4,98 (d, 1H, J = 16,5 Hz, H-3); 4,89 (d,
1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,5; 171,1; 155,9; 144,4; 139,4;
134,9; 133,4; 131,8; 130,2; 128,2 (2C); 128,0 (2C); 126,6; 126,0; 125,7; 118,3;
102,0; 66,0; 34,9.
HRMS (ESI) m/z [M-H] tinh toan C21H12NO4™: 342,0766, tim thiy: 342,0773.
Hop chat 11-(4-methylphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157n)
Chat ran mau do, hiéu suat 88%, nhiét do nong chay 320-322°C.
IR (KBr) vmadecm™: 3281; 2955; 1744; 1663; 1593; 1494;
1393; 1334; 1298; 1192; 1156; 1003; 926; 821; 722.
'H NMR (DMSO-dg, 500 MHz): & = 10,58 (s, 1H, NH); 8,05
(dd, 1H,J=15Hz,J=7,5Hz); 7,88 (1H, dd, J =15 Hz,J
= 7,5 Hz); 7,82 (doule-quint, 2H, J = 1,5 Hz, J = 7,5 Hz);
7,19 (d, 2H, J = 8,0 Hz); 7,05 (d, 2H, J = 8,0 Hz); 4,96 (d,
1H, J = 16,5 Hz, H-3); 4,96 (s, 1H, H-11); 4,88 (d, 1H, J = 16,5 Hz, H-3); 2,21 (s,
3H, CHy).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,5; 171,1; 155,8; 141,5; 139,2;
135,8; 134,9; 133,3; 131,9; 130,2; 128,8 (2C); 127,9 (2C); 125,9; 125,7; 118,5;
102,1; 66,0 (C-3); 34,5 (C-11); 20,5 (CHsa).
HRMS (ESI) m/z [M-H]" tinh toan C22H14NO4": 356,0923, tim thay: 356,0927.
Hop chét 11-(2-nitrophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)
-trione (1570)
Chat ran mau do, hiéu suat 73%, nhiét do nong chay 289-292°C.

A IR (KBr) vmax/cm™: 3358; 2925; 2854; 1729; 1667; 1623;
‘NOZ 1588; 1526; 1461; 1413; 1349; 1277; 1196; 1110; 1022.
o H NMR (DMSO-ds, 500 MHz): § = 10,70 (s, 1H, NH);
o 8,06 (d, 1H, J=6,0 Hz); 7,89 (d, 1H, J = 8,5 Hz); 7,85-7,79
(m, 3H); 7,60-7,59 (m, 2H); 7,43-7,39 (m, 1H); 5,99 (s, 1H,
H-11); 4,98 (d, 1H, J = 16,5 Hz, H-3); 4,93 (d, 1H, J = 17,0

Hz, H-3).
HRMS (ESI) m/z [M-H]- tinh toan C21H11N2Og": 387,0617, tim thay: 387,0639.
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Hop chit 11-(benzo[d][1,3]dioxol-5-yI)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline -
1,5,10(3H)-trione (157p)
Chét ran mau do cam, hiéu suit 85%, nhiét do nong chay 295-296°C.
IR (KBr) vma/cm™: 3234; 1721; 1662; 1594; 1499; 1439;
1400; 1331; 1297; 1233; 1193; 1137, 1071; 1033; 1014,
933; 786.
'H NMR (DMSO-ds, 500 MHz): & = 10,59 (s, 1H, NH);
8,05 (d, 1H, J=7,0 Hz); 7,90 (d, 1H, J = 7,5 Hz); 7,85-7,78
(m, 2H); 6,78 (s, 1H); 6,77 (s, 2H); 5,93 (d, 2H, J = 3,0 Hz,
OCH;0); 4,97 (d, 1H, J = 16,5 Hz, H-3); 4,92 (s, 1H, H-11);
4,87 (d, 1H, J = 16,5 Hz, H-3).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,5; 171,1; 155,7; 147,2; 145,9;
139,2; 138,6; 134,8; 133,3; 131,9; 130,3; 125,9; 125,7; 121,3; 118,3; 108,6; 107,9;
102,0; 100,8; 66,0; 34,6.
HRMS (ESI) m/z [M+Na]* tinh toan C22H1sNOsNa*: 410,0641, tim thay: 410,0638.
Hop chat  11-(2-fluoro-4-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10 (3H)-trione (157q)
Chét ran mau cam, hiéu suat 71%, nhiét dé6 ndng chay 260°C.
IR (KBr) vmax/cm™: 3356; 3168; 3068; 2960; 2837; 1741;
1671; 1657; 1623; 1589; 1495; 1396; 1336; 1299; 1238;
1196; 1151; 1100; 1028; 1008; 950; 930; 826; 790; 722.
O H NMR (DMSO-ds, 600 MHz): § = 10,61 (1H, s, -NH);
O 8,05(1H,dd,J=1,2Hz,J=7,2Hz H-6); 7,87 (1H, dd, J =
1,2 Hz, J = 7,2 Hz, H-9); 7,85-7,78 (2H, m, H-8, H-7); 7,20
(1H, t, J = 8,4 Hz); 6,70 (1H, dd, J = 2,4 Hz, J = 12,0 Hz);
6,65 (1H, dd, J = 2,4 Hz, J = 8,4 Hz); 5,18 (1H, s, H-11); 4,94 (1H, d, J = 16,8 Hz,
H-3a); 4,90 (1H, d, J = 16,8 Hz, H-3b); 3,70 (3H, s, OCHy).
13C NMR (DMSO-ds, 150 MHz) ¢ = 181,9 (C-10); 179,5 (C-5); 170,8 (C-1); 159,7
(1C, d, J =245 Hz, C-2); 159,3 (1C, d, J = 11,25 Hz, C-4'); 155,9 (C-3a); 139,5 (C-
4a); 134,9; 133,3; 131,8; 131,1 (1C, d, J = 5,0 Hz); 130,1; 125,9; 125,7; 123,8 (1C,
d, J = 15,0 Hz); 117,9; 110,4; 101,2; 100,9 (1C; d; J = 26,3 Hz); 66,0 (C-3); 55,4
(OCHy); 28,2 (C-11).
HRMS (ESI) m/z [M + H]* tinh todn C22H1sFNOs*: 392,0929, tim thay: 392,0938.
Hop chat  11-(3-fluoro-4-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10 (3H)-trione (157r)
Chét ran mau cam, hiéu suat 74%, nhiét &6 ndng chay 278°C.
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IR (KBr) vma/cm®: 3348; 3196; 3067; 2969; 2938; 2876;
2840; 1742; 1664; 1633; 1591; 1491; 1396; 1337; 1304;
1287; 1272; 1236; 1193; 1135; 1115; 1068; 1027; 1007; 954,
779; 758; 725; 679.
'H NMR (DMSO-ds, 600 MHz): 6 = 8,06 (1H, dd, J = 1,2
Hz, J=7,8Hz); 790 (1H, dd, J =12 Hz, J =7,8 Hz); 7,84
(1H,td,J=12Hz,J=72Hz); 7,81 (1H,td, J=12Hz, J =
7,2 Hz); 7,15 (1H, dd, J = 1,8 Hz, J = 12,0 Hz); 7,09 (1H, dd, J =18 Hz, J =84
Hz); 7,04 (1H, t, J = 8,4 Hz); 4,99 (1H, d, J = 16,2 Hz); 4,97 (1H, s); 4,90 (1H, dd, J
=1,2Hz, J= 16,2 Hz); 3,77 (3H, s).
13C NMR (DMSO-ds, 150 MHz) 6 = 182,2; 179,5; 171,2; 155,9; 151,3 (1C, d, J =
2445 Hz); 1459 (1C, d, J = 10,5 Hz); 139,4; 137,5 (1C, d, J = 6,0 Hz); 134,9;
133,4; 131,9; 130,3; 126,0; 125,8; 124,2 (1C, d, J = 3,0 Hz); 117,9; 115,6 (1C, d, J
= 18,0 Hz); 113,6; 101,7; 66,1; 56,0; 34,2.
HRMS (ESI) m/z [M + H]* tinh todn C22H1sFNOs*: 392,0929, tim thay: 392,0945,
Hop chat 11-(2,6-difluoro-4-methoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10(3H)-trione (157s).
Chat ran mau cam, hiéu suat 70%, nhiét d6 néng chay 272°C.

OMe IR (KBr) vma/cm™: 3367; 3065; 2963; 2844; 1740; 1672;
' 1635; 1588; 1496; 1441; 1397; 1336; 1299; 1197; 1140;
1066; 1021; 1006; 953; 930; 833; 790; 721; 580; 537.
'H NMR (DMSO-ds, 600 MHz): 6 = 10,69 (1H, s); 8,05 (1H,
dd,J=12Hz,J=78Hz); 7,89 (1H,dd,J=12Hz,J=78
Hz); 7,84 (1H,td, J = 1,2 Hz,J=7,2 Hz); 7,81 (1H, td, J =
1,2 Hz, J = 7,2 Hz); 6,62 (2H, d, J = 10,8 Hz); 5,33 (1H, s); 4,94 (1H, d, J = 16,2
Hz); 4,90 (1H, dd, J = 0,6 Hz, J = 16,2 Hz); 3,73 (3H, s).
13C NMR (DMSO-ds, 150MHz) 6 = 181,8; 179,4; 170,8; 161,0 (2C; d; J = 245 Hz);
159,6; 156,7; 139,8; 135,1; 133,4; 131,6; 129,9; 126,0; 125,7; 116,7; 111,3; 99,4;
98,1 (2C; d; J = 28,75 Hz); 66,0; 55,9; 24,4.
HRMS (ESI) m/z [M + H]* tinh todn C22H14F.NOs*: 410,0835, tim thay: 410,0853.
Hop chat 11-(4-methoxy-2-(trifluoromethyl)phenyl)-4,11-dihydrobenzo[g]furo
[3,4-b]quinolin-1,5,10(3H)-trione (157t)
Chét ran mau cam, hiéu suat 73%, nhiét do néng chay 282 °C.
IR (KBr) vmax/cm: 3067; 2953; 2841; 2263; 2131; 1749; 1669; 1591; 1497; 1396;
1299; 1241; 1196; 1155; 1115; 1026; 1004; 930; 889; 825; 721; 663; 587.
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'H NMR (DMSO-ds, 600 MHz): ¢ = 10,63 (1H, s); 8,07 —
8,05 (1H, m); 7,86 — 7,79 (3H, m); 7,41 (1H, d, J = 8,4 H2);
7,09 — 7,06 (2H, m); 5,37 (1H, s); 4,92 (1H, d, J = 16,2 Hz);
4,87 (1H, d, J = 16,2 Hz); 3,76 (3H, s).
13C NMR (DMSO-ds, 150 MHz) § = 181,8; 179,6; 170,3;
157,56; 155,6; 139,5; 136,1; 134,9; 133,3; 133,0; 131,8;
130,1; 127,5; 126,3 (1C; d; J = 248 Hz; CF3); 125,9; 125,8;
118,8; 118,1; 111,0; 101,8; 65,7; 55,4; 31,0.
HRMS (ESI) m/z [M + H]* tinh todn C2sH1sFsNOs*: 442,0897, tim thay: 442,0886.
Hop chat  11-(2-fluoro-4-hydroxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10(3H)-trione (157u)
Chat ran mau cam, hiéu suat 72%, nhiét d6 néng chay 220°C.
IR (KBr) vmax/cm™: 33272; 3127; 3045; 2955; 2925; 1729;
1665; 1619; 1594; 1496; 1400; 1332; 1297; 1196; 1154;
1074; 1015; 1001; 964; 932; 879; 787; 718; 672; 583; 541.
'H NMR (DMSO-ds, 600 MHz): 6 = 10,57 (1H, s); 9,76
(1H, s); 8,04 (1H, dd, J = 1,2 Hz, J = 7,8 Hz); 7,86 (1H, dd,
J=12Hz,J=78Hz),; 781 (1H,td, J =12 Hz,J =72
Hz); 7,78 (1H, td, J = 1,2 Hz, J = 7,2 Hz); 7,06 (1H, t, J = 8,4 HZz); 6,48 (1H, dd, J
= 2,4 Hz, J = 8,4 Hz); 6,43 (1H, dd, J = 2,4 Hz, J = 12,0 Hz); 5,10 (1H, s); 4,92
(1H, d, J = 16,8 Hz); 4,86 (1H, d, J = 16,8 Hz).
13C NMR (DMSO-ds, 125 MHz) 6 = 182,0; 179,7; 171,0; 159,8 (1C, d, J = 245 Hz);
157,7 (1C, d, J = 12,5 Hz); 155,9; 139,4; 135,0; 133,4; 131,9; 131,2 (1C, d, J = 6,25
Hz); 130,1; 126,0; 125,8; 122,4 (1C, d, J = 13,75 Hz); 118,2; 111,6; 102,1 (1C, d, J
=25 Hz); 101,4; 66,1; 28,2.
HRMS (ESI) m/z [M + H]* tinh todn C21H13FNOs*: 378,0773, tim thay: 378,0791.
Hop chiat  11-(4-(4-fluorophenoxy)phenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10(3H)-trione (157v)
Chét ran mau cam, hiéu suat 69%, nhiét d6 ndng chay 275°C.
IR (KBr) vmax/cm™*: 3304; 3070; 3036; 2934; 1751; 1722;
1666; 1596; 1493; 1395; 1332; 1298; 1247; 1212; 1026;
1004; 927; 863; 831; 802; 757; 719; 595; 520:; 496.
'H NMR (DMSO-ds, 600 MHz): § = 10,62 (1H, s); 8,05
(1H, dd, J = 1,2 Hz, J = 7,2 Hz); 7,90 (1H, dd, J = 1,2
Hz, J = 7,2 Hz); 7,84 (1H, td, J = 1,2 Hz, J = 7,2 H2z);
7,80 (1H,td, J=1,2 Hz, J=7,2 Hz); 7,33 - 7,30 (2H, m);
7,20 — 7,16 (2H, m); 7,03 — 7,00 (2H, m); 6,87 — 6,84
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(2H, m); 4,99 (1H, s); 4,98 (1H, d, J = 16,8 Hz); 4,89 (1H, dd, J = 0,6 Hz, J = 16,8
Hz).
13C NMR (DMSO-dg, 150 MHz) § = 182,1; 179,5; 171,1; 158,2 (1C, d, J = 237,5
Hz); 155,9 (2C); 152,3 (1C, d, J = 2,5 Hz); 139,4; 139,3; 134,9; 133,4; 131,8;
130,2; 129,6 (2C); 126,0; 125,7; 120,8 (2C, d, J = 8,8 Hz); 118,3; 117,6 (2C); 116,5
(2C, d, J = 23,8 Hz); 102,0; 66,1; 34,2.
Hop chat 11-(4-(trifluoromethoxy)phenyl)-4,11-dihydrobenzo[g]furo[3,4-b]
quinolin-1,5,10(3H)-trione (157x)
Chat ran mau cam, hiéu suat 78%, nhiét d6 nong chay 222°C.
IR (KBr) vmaxcm™: 3427; 3119; 3072; 3042; 2960; 2883;
1754; 1667; 1634; 1595; 1497; 1396; 1334; 1301; 1253;
1220; 1191; 1132; 1052; 1026; 1002; 932; 822; 790; 723;
679; 628; 592; 572.
'H NMR (DMSO-ds, 600 MHz): 6 = 10,68 (1H, s); 8,06
(1H,dd, J=1,8Hz,J=7,2Hz); 7,88 (1H, dd, J =1,8 Hz, J
=72Hz); 783 (1H,td, J =18 Hz,J =72 Hz); 7,80 (1H, td, J =18 Hz,J=7,2
Hz); 7,48 — 7,45 (2H, m); 7,25 (2H, d, J = 8,4 Hz); 5,06 (1H, s); 4,98 (1H, d, J =
16,8 Hz); 4,90 (1H, dd, J = 0,6 Hz, J = 16,8 Hz).
13C NMR (DMSO-ds, 150 MHz) 6 = 182,1; 179,4; 171,1; 156,1; 147,0; 143,6;
139,7; 134,9; 133,4; 131,8; 130,3; 129,9 (2C); 126,0; 125,8; 120,0 (1C, d, J = 255,0
Hz, CFs3); 120,7 (2C); 117,7; 101,6; 66,2; 34,6.
HRMS (ESI) m/z [M + H]* tinh toan C2,H13FsNOs*: 428,0741, tim thay: 428,0767.
Hop chat 11-(2-hydroxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione (157aa)
Chét ran mau dé cam, hiéu suat 80%, nhiét d6 néng chay 311 - 312°C.
IR (KBr) vma/cm™: 3117; 2920; 2850; 1723; 1661; 1584;
1508; 1401; 1354; 1337; 1305; 1275; 1250; 1203; 1166;
1134; 1072; 1017; 925; 867; 758; 719; 697.
'H NMR (DMSO-ds, 600 MHz): 6 = 10,52 (s, 1H, NH); 9,30
(s, 1H, OH); 8,04 (dd, 1H, J=0,6 Hz, J = 7,8 Hz); 7,86 (dd,
1H,J=0,6 Hz,J=78Hz); 7,82 (td, 1H,J=12Hz,J=7,2
Hz); 7,78 (td, 1H, J = 1,2 Hz, J = 7,2 Hz); 7,14 (dd, 1H, J = 1,2 Hz, J = 7,8 H2);
6,96 (td, 1H, J =1,2 Hz, J =7,8 Hz); 6,70 — 6,66 (m, 2H); 5,20 (s, 1H); 4,87 (t, 2H,
J =16,8 Hz).
13C NMR (DMSO-dg, 150 MHz): § = 182,0; 179,8; 171,2; 156,1; 155,0; 139,7;
134,9; 133,3; 131,9; 130,6; 130,5; 130,0; 127,7; 125,9; 125,7; 118,9; 118,7; 115,7;
101,4; 65,8; 30,7.
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HRMS (ESI) m/z [M+Na]* tinh toan C2:H1sNNaOs*: 382,0686, tim thay: 382,0671.
Hop chat 11-(4-Hydroxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10 (3H)-trione (157ab)

Chét ran mau cam, hiéu suat 79%, nhiét do néng chay 304 - 305°C.

IR (KBr) vma/cm®: 3227; 2932; 1726; 1663; 1595; 1493;
1473; 1398; 1351; 1334; 1300; 1245; 1195; 1160; 1135;
1074, 1015; 927, 803; 788; 724, 693; 669; 606; 584.

'H NMR (DMSO-ds, 600 MHz): 6 = 11,39 (s, 1H, NH);
10,08 (s, 1H, OH); 8,87 (d, 1H, J = 7,2 Hz); 8,71 (d, 1H, J =
7,2 Hz); 8,66 (t, 1H, J = 7,2 Hz); 8,60 (t, 1H, J = 7,2 H2);
7,91 (d, 2H, J = 8,4 Hz); 7,46 (d, 2H, J = 8,4 Hz); 5,79 (d,
1H, J = 16,8 Hz); 5,70 (s, 1H); 5,70 (d, 1H, J = 16,8 Hz).

13C NMR (DMSO-dg, 150 MHz): § = 182,2; 179,6; 171,2; 156,1; 155,6; 138,9;
135,2; 134,9; 133,3; 131,9; 130,2; 129,0; 128,0; 125,9; 125,7; 118,8; 114,9; 102,3;
66,0; 33,9; 30,7.

HRMS (ESI) m/z [M-H]" tinh toan C21H12NOs": 358,0720, tim thay: 358,0618.

Hop chat 11-(4-nitrophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (157ac)

Chét rin mau cam d9, hiéu suit 82%, nhiét dé noéng chay 305 - 306°C.

IR (KBr) vmad/cm™: 3258; 3017; 2932; 1758; 1716; 1666;
1595; 1514; 1493; 1395; 1343; 1300; 1256; 1194; 1157,
1131; 1029; 1009; 933; 858; 834; 797; 726.

'H NMR (DMSO-ds, 600 MHz): 6 = 10,74 (s, 1H, NH); 8,14
— 8,11 (m, 2H); 8,09 — 8,06 (m, 1H); 7,87 (dd, 1H, J =24
Hz, J = 6,6 Hz); 7,86 — 7,80 (m, 2H); 7,67 — 7,63 (m, 2H);
5,18 (s, 1H); 4,98 (d, 1H, J = 16,8 Hz); 4,92 (d, 1H, J =12

Hz, J = 16,8 Hz).

13C NMR (DMSO-ds, 125 MHz): 6 = 182,0; 179,4; 170,9; 156,4; 151,3; 146,3;
140,1; 135,0; 133,5; 131,8; 130,3; 129,5 (2C); 126,1; 125,8; 123,4 (2C); 117,2;
101,1; 66,3; 35,5.

HRMS (ESI) m/z [M-H]" tinh toan Co1H11N2Og": 387,0622, tim thay: 387,0513.

Hop chat 4-(1,5,10-trioxo-1,3,4,5,10,11-hexahydrobenzo[g]furo[3,4-b]quinolin-
11-yl)benzonitrile (157ad)

Chét ran mau cam, hiéu suat 89%, nhiét d6 néng chay 306 - 307°C.

IR (KBr) vmax/cmt: 3449; 3291; 2227; 1775; 1755; 1665; 1594; 1498; 1438; 1395;
1335; 1299; 1194:; 1160; 1134; 1110; 1022; 932; 843; 794; 724; 618.
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'H NMR (DMSO-ds, 600 MHz): 6 = 10,72 (s, 1H, NH);
8,07 (dd, 1H,J=1,8 Hz, J =7,2 Hz); 7,88 (dd, 1H,J=1,2
Hz, J =7,2 Hz); 7,82 (double-quint, 2H, J =18 Hz,J=7,2
Hz); 8,60 (t, 1H, J =7,2 Hz); 7,91 (d, 2H, J = 8,4 HZz); 7,75
— 7,72 (m, 2H); 7,58 — 7,56 (m, 2H); 5,11 (s, 1H); 4,98 (d,
1H, J =16,8 Hz); 4,91 (dd, 1H, J = 1,2 Hz, J = 16,8 Hz).
13C NMR (DMSO-dg, 125 MHz): § = 182,1; 179,4; 171,1; 156,4; 149,4; 140,1;
135,0; 133,5; 132,2 (2C); 131,8; 130,4; 129,3 (2C); 126,1; 125,8; 118,8; 117,3;
109,5; 101,2; 66,3; 35,6.
Hop chit 11-(3,4-dimethoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione (157ae)
Chét ran mau cam, hiéu suat 85%, nhiét d6 néng chay 288 - 289°C.
IR (KBr) vmax/cm™: 3196; 3077; 2984; 2937; 2833; 1722;
1660; 1593; 1509; 1397; 1338; 1299; 1268; 1244; 1194;
1143; 1069; 1027; 1015; 939; 725; 672.
'H NMR (DMSO-ds, 600 MHz): § = 10,57 (s, 1H, NH);
8,04 (dd, 1H,J=18Hz,J=7,2 Hz); 7,88 (dd, 1H, J=1,2
Hz, J =72 Hz); 7,84 — 7,77 (m, 2H); 6,90 (d, 1H, J = 1,8
Hz); 6,80 (d, 1H, J = 8,4 Hz); 6,75 (dd, 1H, J =18 Hz, J =
8,4 Hz); 4,98 (d, 1H, J = 16,8 Hz); 4,92 (s, 1H); 4,87 (dd, 1H, J = 0,6 Hz, J = 16,8
Hz); 3,71 (s, 3H, OCHy); 3,67 (s, 3H, OCH5).
13C NMR (DMSO-ds, 150 MHz): 6 = 182,1; 179,6; 171,2; 155,6; 148,4; 147,7;
139,1; 137,2; 134,9; 133,3; 131,9; 130,2; 125,9; 125,7; 120,1; 118,4; 112,1; 111,8;
102,1; 66,0; 55,5; 55,5; 34,4.
HRMS (ESI) m/z [M-H]" tinh toan C23H1sNOg: 402,0983, tim thay: 402,0706.
Hop chat 11-(3,4,5-trimethoxyphenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline -
1,5,10 (3H)-trione (157af)
Chét ran mau dé cam, hiéu suat 86%, nhiét do nong chay 310 - 311°C.
IR (KBr) vmaxcm™: 3230; 3065; 3019; 2949; 2845; 1736;
1666; 1639; 1593; 1495; 1469; 1425; 1396; 1343; 1329;
1300; 1237; 1195; 1158; 1123; 1066; 1032; 1008; 933; 788;
737; 686.
'H NMR (DMSO-ds, 600 MHz): ¢ = 10,59 (s, 1H, NH);
8,06 (dd, 1H,J=1,2Hz, J=7,2 Hz); 7,92 (dd, 1H,J=1,2
Hz, J=7,2Hz); 784 — 7,77 (dd, 1H, J =18 Hz, J = 7,2
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Hz); 7,81 (dd, 1H, J = 1,2 Hz, J = 7,2 Hz); 6,56 (s, 2H); 4,99 (d, 1H, J = 16,8 Hz);
4,95 (s, 1H); 4,89 (dd, 1H, J = 0,6 Hz, J = 16,8 Hz); 3,70 (s, 6H, 2 OCHj3); 3,59 (s,
3H, OCHs).
13C NMR (DMSO-ds, 150 MHz): § = 182,3; 179,6; 171,3; 155,9; 152,7 (2C); 140,1;
139,5; 136,4; 134,9; 133,4; 131,9; 130,4; 126,0; 125,8; 118,0; 105,6 (2C); 101,9;
66,1; 59,9; 55,9 (2C); 35,2.
Hop chat 11-(pyridin-3-yl))-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)-
trione (157ag)
Chat ran mau do cam, hiéu suat 81%, nhiét d6 nong chay 210 - 212°C.
IR (KBr) vma/cm®: 3438; 2926; 1749; 1666; 1639; 1592;
1502; 1433; 1395; 1335; 1300; 1191; 1132; 1024, 1003; 928;
846; 788; 729; 640.
'H NMR (DMSO-dg, 600 MHz): 6 = 10,70 (s, 1H, NH); 8,06
(d, 1H, J = 2,4 Hz); 8,37 (dd, 1H, J = 1,2 Hz, J = 4,8 Hz);
8,08 — 8,05 (m, 1H); 7,81 (dd, 1H, J = 1,8 Hz, J = 7,8 Hz);
7,82 (double-quint, 2H, J = 1,8 Hz, J = 7,8 Hz); 7,75 (dt, 1H, J =18 Hz, J = 7,8
Hz); 7,30 (ddd, 1H, J = 0,6 Hz, J = 4,8 Hz, J = 7,8 Hz); 5,07 (s, 1H); 5,99 (d, 1H, J
= 16,8 Hz); 4,91 (dd, 1H, J = 1,2 Hz, J = 16,8 Hz).
13C NMR (DMSO-dg, 150 MHz): § = 182,0; 179,4; 171,0; 156,4; 149,0; 147,6;
140,0; 139,7; 135,8; 134,9; 133,4; 131,8; 130,3; 126,0; 125,7; 123,6; 117,3; 101,2;
66,2; 33,1.
HRMS (ESI) m/z [M+H]* tinh toan C20H13N204*: 345,0870, tim thay: 345,0832.
Hop chat 11-(5-bromopyridin-2-yl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione (157ah)
Chét ran mau dé cam, hiéu suat 83%, nhiét do nong chay 274 - 275°C.
IR (KBr) vmax/cm™: 3065; 2925; 2856; 1740; 1669; 1636;
1601; 1497; 1473; 1395; 1333; 1299; 1190; 1160; 1131;
1095; 1008; 933; 858; 801; 756; 725; 669; 620.
'H NMR (DMSO-ds, 600 MHz): 6 = 10,66 (s, 1H, NH); 8,52
(dd, 1H,J =0,6 Hz, J = 2,4 Hz); 8,07 (dd, 1H, J = 1,2 Hz, J
= 6,6 Hz); 7,99 (dd, 1H, J = 2,4 Hz, J = 8,4 Hz); 7,87 (id,
1H,J=12Hz,J=7,2Hz); 7,84 (dd, 1H,J=12Hz,J=7,2
Hz); 7,82 (td, 1H, J = 1,8 Hz, J = 7,2 Hz); 7,53 (d, 1H, J = 7,8 Hz); 5,21 (s, 1H);
4,95 (d, 1H, J = 16,8 Hz); 4,91 (dd, 1H, J = 1,2 Hz, J = 16,8 H2).
13C NMR (DMSO-ds, 125 MHz): 6 = 182,2; 179,6; 171,2; 160,5; 156,6; 149,9;
139,8; 138,9; 135,2; 133,6; 131,7; 130,1; 126,2; 125,9; 124,9; 118,5; 118,2; 100,7;
66,3; 37,4.
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HRMS (ESI) m/z [M+H]* tinh todn Cz0H12BrN2O4*: 422,9975 va 424,9955, tim
thay: 422,9925 va 424,9915.
2.4. Tong hep cac din xuit N-arylated-dihydrobenzo[g]quinoline-5,10-dione
Quy trinh téng hep chung: Quy trinh tong hop cac dan xuat N-arylated-
dihydrobenzo[g]quinoline-5,10-dione duoc tién hanh nhu sau:
- Téng hop hop chdt 4-(arylamino)furan-2(5H)-one 159a-c:
HGon hop cé&c chat phan tng 3-methoxyaniline/3-nitroaniline/aniline (158a-c) (10
mmol) va tetronic acid (156) (5 mmol) trong dung méi EtOH duoc cho vao binh
phan tng glass vial G30 va dugc day nap kin. Binh phan tng duoc dit trong thiét bi
phan ng vi séng Anton Paar Monowave 400 va tién hanh phan @ng tai diéu kién
nhiét d6 90°C trong thoi gian 8-60 phat. Két thic phan ¢ng, binh phan tmg duoc
dua vé nhiét d6 phong va thém nudc cat (20 ml). Hon hop dung dich sau phan ¢ng
dugc chiét bang dichloromethane (3 1an, mdi 1an 20 ml). Dich chiét dichloromethane
duoc 1am khan biang Na2SO4 va loai bo dung mdi bang cat quay chan khéng dudi &p
suat thap thu dugc san pham thd. San pham thé duoc tinh ché bang sic ky cot silica
gel vai cac hé dung mdi rua giai dichloromethane — ethyl acetate (ti 16 4 : 1 vé thé
tich) thu duoc san pham 159a-c véi higu suat 77-82%.
Hop chat 4-((3-methoxyphenyl)amino)furan-2(5H)-one (159a)
Chét ran mau trang, hiéu suat 82 %, nhiét do nong chay 165 - 167°C.
MeO IR (KBr) vma/cmt: 3278; 3210; 3099; 1804; 1714; 1628;
1596; 1566; 1491; 1466; 1438; 1357; 1309; 1274; 1149;
ONH\ 1051; 900; 770; 751.
@o IH NMR (CDCls, 600MHz) & = 7,81 (1H, s, NH); 7,26 (1H, t,
J=7,8Hz); 6,74 (1H, dd, J = 1,8 Hz, J = 7,8 Hz); 6,71 (1H, t,
J =24 Hz),; 6,68 (1H, dd, J = 2,4 Hz, J = 8,4 Hz); 5,31 (1H, s); 4,88 (2H, s); 3,8
(3H, 9).
Hop chét 4-((3-nitrophenyl)amino)furan-2(5H)-one (159b)
Chat ran mau vang, hiéu suat 77 %, nhiét d6 nong chay 250 -

G 251°C.
GNH IR (KBr) vmadcm™: 3457; 3265; 1708; 1631; 1602; 1552;
B 1538; 1484; 1347; 1331; 1167; 1046; 960; 904; 887; 823; 790;
" 738;670.

'H NMR (CDCls, 600MHz) & = 9,56 (1H, s); 7,99 — 7,94 (2H, m); 7,59 — 7,54 (1H,
m); 7,50 — 7,47 (1H, m); 5,42 (1H, s); 4,86 (2H, s).

Hop chét 4-(phenylamino)furan-2(5H)-one (159c)

Chat ran mau trang, hiéu suat 80 %, nhiét d6 ndng chay 249 - 250°C.
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QNH IR (KBr) vmax/cm™: 3262; 3204; 3141; 3071; 1692; 1610; 1586;
_ 1564; 1496; 1452; 1332; 1270; 1168; 1043; 948; 910; 761.

@ IH NMR (CDCls, 600MHz) & = 7,39 (2H, dt, J = 1,2, 7,8 Hz);
7,17 (1H, t, J = 7,8 Hz); 7,15 — 7,12 (2H, m); 6,52 (1H, s); 5,32
(1H, s); 4,86 (2H, s).
- Tong hop hep chdt 160a-q:
Hon hop aldehyde thom 25 (1 mmol), 4-(arylamino)furan-2(5H)-one 159 (1 mmol)
and p-toluenesulfonic acid (0,2 mmol) dugc thém vao binh phan ung glass vial G30
cé chata 2-hydroxy-1,4-naphthoquinone (14) (1 mmol) trong dung mdi AcOH (2
ml) va dugc day nap kin. Binh phan tng duogc dit trong thiét bi phan @ng vi séng
Anton Paar Monowave 400 va tién hanh phan tng tai diéu kién nhiét do 120°C
trong thoi gian 20 — 60 phat. Két thic phan ang, binh phan tmg duoc dua vé nhiét
d6 phong va thém nudc cat (20 ml). Hon hop dung dich sau phan tng duoc chiét
bang dichloromethane (3 1an, mdi lan 20 ml). Dich chiét ethyl acetate duoc lam
khan bang Na2SO; va loai bé dung mdi bang cat quay chan khong dudi &p suat thap
thu duoc san pham thd. San pham thé duoc tinh ché bang sic ky cot silica gel Voi
cac hé dung méi rira giai dichloromethane — ethyl acetate (ti 18 4 : 1 vé thé tich) thu
duoc san pham 160a-q véi hiéu suit 69-86%.
Hop chat 4-(3-methoxyphenyl)-11-(p-tolyl)-4,11-dihydrobenzo[g]furo[3,4-b]
guinoline-1,5,10(3H)-trione (160a)
Chét ran mau cam do, hiéu suit 83%, nhiét d6 ndng chay
240-242°C kem phén huy.
IR (KBr) vmax/cm™: 3071; 2948; 2840; 1754; 1673; 1639;
1603; 1590; 1548; 1490; 1449; 1407; 1350; 1325; 1271;
1230; 1189; 1167; 1133; 1035; 994; 956; 916; 778; 717;
620.
S6 lieu phé NMR dugc trinh bay ¢ bang 3.10.
HRMS (ESI) m/z [M+Na]* tinh toan CuH21NOsNa*:
486,1312, tim thay: 486,1319.
Hop chat 11-(4-bromophenyl)-4-(3-methoxyphenyl)-4,11-dihydrobenzo[g]furo
[3,4-b]quinoline-1,5,10(3H)-trione (160b)
Chat ran mau cam, hiéu suat 85%, nhiét d6 nong chay 247-249°C kém phan huy.
IR (KBr) vmax/cm: 3068; 2944; 2893; 1746; 1668; 1646; 1612; 1589; 1555; 1487;
1412; 1404; 1352; 1337; 1268; 1222: 1190; 1164; 1134; 1064; 1023; 987; 953; 844;
826; 789; 723; 703.
IH NMR (DMSO-ds, 600MHz) ¢ = 790 — 7,87 (1H, m); 7,80 (2H, t, J = 7,8 Hz);
7,76 (1H, td, J = 1,2, 7,8 Hz); 7,51 (2H, dt, J = 1,8, 8,4 Hz); 7,43 (2H, d, J = 9,0

(0} O
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Hz); 7,39 (1H, t, J = 7,8 Hz); 7,16 (1H, brs); 7,09 (1H, d, J
= 7,8 Hz); 7,02 (1H, ddd, J = 0,6 Hz, J = 3,0 Hz, J = 8,4
Hz); 5,13 (1H, s); 4,77 (1H, d, J = 16,2 Hz); 4,64 (1H, d, J =
16,2 Hz); 3,79 (3H, s, OCH5).

13C NMR (DMSO-ds, 150 MHz) ¢ = 182,4 (C10); 179,1
(C5); 170,8 (C1); 160,0; 158,2; 137,9; 141,5; 141,0; 134,4;
133,8; 131,5; 131,3 (2C); 131,0; 130,5 (2C); 130,2; 126,2;
125,4; 123,1; 120,2; 118,4; 114,1; 112,1; 102,9 (Cl11a); 66,2

(C3); 55,5; 34,7 (C11).

HRMS (ESI) m/z [M+Na]* tinh toan C2sH1sBrN2NaOs*: 550,0261 va 552,0241, tim
thay: 550,0330 va 552,0302.

Hop chat 4-(3-methoxyphenyl)-11-(4-(trifluoromethyl)phenyl)-4,11-dihydro
benzo[g]furo[3,4-b]quinoline-1,5,10(3H)-trione (160c)

Chét ran mau cam nau, hiéu suit 69%, nhiét dé6 nong chay
207-209°C kem phan huy.

IR (KBr) vmax/cm®: 3062; 2948; 2893; 1746; 1669; 1639;
1611; 1591; 1557; 1490; 1411; 1325; 1288; 1269; 1222;
1192; 1160; 1128; 1110; 1065; 1022; 996; 947; 839; 770;
717; 704; 620.

'H NMR (DMSO-ds, 600MHz) 5 = 7,88 (1H, dd, J = 1,2
Hz,J=7,8Hz); 7,81 (2H, td, J = 1,2 Hz, J = 6,6 Hz); 7,77
(AH, qd, J =1,2 Hz, J =7,8 Hz); 7,72 (2H, d, J = 8,4 Hz);
7,69 (2H, d, J =8,4 Hz); 7,40 (1H,t,J =7,8 Hz); 7,18 (1H, s); 7,11 (1H,d, J =5,4
Hz); 7,03 (1H, dd, J = 1,8 Hz, J = 8,4 Hz); 5,25 (1H, s); 4,89 (1H, d, J = 16,2 Hz);
4,65 (1H, d, J = 16,2 Hz); 3,80 (3H, s).

13C NMR (DMSO-ds, 150 MHz) ¢ = 182,4 (C10); 179,1 (C5); 170,8 (C1); 160,0;
158,5; 147,9; 141,4; 141,3; 134,4; 133,9; 131,6; 131,0; 130,2; 129,2 (2CH); 127,6
(g, J =31,5Hz 1C); 126,3; 125,4; 125,3 (q, J = 3,0 Hz, 2C); 124,2 (g, J = 270 Hz,
1C, CFs); 122,9; 118,4; 114,1; 112,1; 102,8 (C11la); 66,3 (C3); 55,5 (OCHs3); 35,0
(C11).

HRMS (ESI) m/z [M+Na]* tinh todn CogHisFsNNaOs*: 540,1030, tim thy:
540,1074.

Hop chiat 4-(3-methoxyphenyl)-11-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]
quinoline-1,5,10(3H)-trione (160d)

Chat rin mau cam do6, hiéu suat 84%, nhiét d6 nong chay 225-227°C kém phan huy.
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IR (KBr) vmax/cmt: 3064; 2936; 2837; 1745; 1670; 1643; 1591; 1551; 1489; 1452;
1407; 1351; 1334; 1307; 1275; 1224; 1194; 1167; 1133; 1028; 997; 951, 913; 839;
793; 765; 751, 721; 704; 677; 618.
'H NMR (DMSO-ds, 600MHz) 6 = 7,9 (1H, dd, J = 1,2 Hz,
J=78Hz); 780 (2H, td, J = 1,2 Hz, J = 7,8 Hz); 7,78 -
7,74 (1H, m); 7,46 (2H, d, J=7,8 Hz); 7,39 (1H,t,J=7,8
Hz); 7,32 (2H, t,J = 7,8 Hz); 7,21 (1H,t,J = 7,8 Hz); 7,16
(1H, s); 7,08 (1H, d, J = 7,8 Hz); 7,02 (1H, dd, J = 1,8 Hz,
J = 8,4 Hz); 5,13 (1H, s); 4,77 (1H, d, J = 16,2 Hz); 4,65
(1H, d, J = 16,2 Hz); 3,79 (3H, 3).
13C NMR (DMSO-dg, 150 MHz) 6 = 182,5 (C10); 179,3
(C5); 170,9 (C1); 160,1; 158,1; 143,6; 141,6; 140,9; 134,5; 133,9; 131,5; 131,1;
130,3; 128,5 (2CH); 128,2 (2CH); 127,0; 126,3; 125,4; 123,8; 118,4; 114,1; 112,1;
103,5 (Cl11a); 66,2 (C3); 55,5 (OCHzs); 34,9 (C11).
HRMS (ESI) m/z [M+Na]* tinh toan CasH1sNNaOs*: 472,1155, tim thay: 472,1202.
Hop chat 4-(3-nitrophenyl)-11-(p-tolyl)-4,11-dihydrobenzo[g]furo[3,4-b] quinoline
-1,5,10(3H)-trione (160e)
Chét ran mau cam, hiéu suat 80%, nhiét do néng chay 278-280°C kém phan huy.
IR (KBr) vmax/cm™: 3074; 2929; 2863; 1762; 1745; 1675;
1633; 1590; 1552; 1529; 1512; 1479; 1408; 1351; 1337;
1266; 1170; 1081; 1034; 1026; 993; 956; 778; 714; 674.
'H NMR (CDCls, 600MHz) 6 = 8,38 (1H, dt, J = 1,2, 8,4
Hz); 8,16 (1H, t, J = 1,8 Hz); 8,01 (1H, dd, J = 0,6 Hz, J =
7,8 Hz); 7,82 (1H, dd, J=0,6 Hz, J=7,8 Hz); 7,76 (1H, t, J
=8,4Hz); 7,71 (1H, td, J=1,2 Hz, J = 7,8 HZz); 7,67 — 7,63

* 7 #NO,  (2H, m); 7,34 (2H, d, J = 7,8 Hz); 7,16 (2H, d, J = 7,8 Hz);
5,37 (1H, s); 4,55 (1H, dd, J = 1,2 Hz, J = 16,2 Hz); 4,44 (1H, d, J = 16,2 Hz); 2,30
(3H, s, CHa).
13C NMR (CDClIs, 150 MHz) § = 182,5 (C10); 179,8 (C5); 170,3 (C1); 155,7;
149,2; 141,8; 139,7; 139,6; 137,5; 134,7; 133,7; 132,3; 131,6; 131,1; 131,0; 129,7
(2C); 127,9 (2C); 126,6; 126,5 (2C); 123,8; 121,6; 106,5 (Cl1a); 65,7 (C3); 34,8
(C11); 21,1 (CHa).
Hop chét 11-(4-bromophenyl)-4-(3-nitrophenyl)-4,11-dihydrobenzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione (160f)
Chat ran mau cam, hiéu suat 83%, nhiét d6 nong chay 262-264°C kém phan huy.
IR (KBr) vmax/cm™: 3075; 2929; 2857; 1761; 1751; 1674; 1590; 1554; 1529; 483;
1410; 1351; 1265; 1191; 1171; 993; 783; 722.
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'H NMR (DMSO-ds, 600MHz) ¢ = 8,59 (1H, s); 8,33 (1H,
dd,J=1,8 Hz, J =7,8 Hz); 8,06 (1H, d, J = 6,6 Hz); 7,89
(1H, dd, J =2,4 Hz, J =7,8 Hz); 7,84 - 7,75 (4H, m); 7,76
(1H,t, J = 8,4 Hz); 7,51 (4H, s); 5,15 (1H, s); 4,77 (1H, dd,
J=16,2 Hz); 4,65 (1H, d, J = 16,2 Hz).
13C NMR (DMSO-ds, 150 MHz) ¢ = 182,5 (C10); 179,2
(C5); 170,7 (C1); 157,7; 148,4; 142,8; 141,3; 140,6; 134,5;
® SN0, 133,9; 133,6; 131,4; 131,2 (2C); 130,9; 130,7 (3C); 126,3;

125,4; 123,2; 123,0; 122,4; 120,2 (CH); 103,1 (C11a); 66,1

(C3); 34,7 (C11).

HRMS (ESI) m/z [M+Na]* tinh toan C27H1sBrN2NaOe*: 565,0006 va 566,9986, tim

thay: 565,0019 va 567,0007.

Hop chat 4-(3-nitrophenyl)-11-(4-(trifluoromethyl)phenyl)-4,11-dihydrobenzo
[g]furo[3,4-b]quinolone-1,5,10(3H)-trione (160g)

Chét ran mau cam, hiéu suat 80%, nhiét do néng chay 281-283°C kém phan huy.

IR (KBr) vmax/cm™: 3086; 2941; 2869; 1754; 1673; 1648;

1593; 1560; 1532; 1408; 1352; 1325; 1264; 1171; 1113;

1065; 998; 790; 721; 702; 607.

'H NMR (DMSO-ds, 600MHz) ¢ = 8,60 (1H, brs); 8,30 (1H,

dd, J = 0,6 Hz, J = 8,4 Hz); 8,07 (2H, d, J = 6,6 Hz); 7,89

(1H,dd, J =12 Hz,J =78 Hz); 7,82 (2H, t, J = 7,8 Hz);
@j 7,80 — 7,76 (4H, m); 7,69 (2H, d, J = 8,4 Hz); 5,27 (1H, s);

s N~">No, 4,78 (1H,d,J=16,2 Hz); 4,65 (1H, d, J = 16,2 Hz).

13C NMR (DMSO-ds, 150 MHz) § = 182,5 (C10); 179,2

(C5); 170,7 (C1); 158,0 (C3a); 148,4 (C4a); 124,8 (C3-PhNOy2); 141,2 (C1-PhCFs);

140,9 (C1-PhNO2); 134,5(CH); 133,9; 133,6; 131,4; 130,9; 130,7 (CH); 129,3

(2CH); 127,6 (q, J = 31,5 Hz, 1C); 126,3 (CH); 125,4 (CH); 125,2 (g, J = 3,0 Hz,

2C); 123,3 (CH); 124,3 (g, J = 270 Hz, 1C, CFs); 122,7; 122,4; 102,9 (C11a); 66,2

(C3); 35,3 (C11).

HRMS (ESI) m/z [M+Na]* tinh toa4n CozsHisFsN2NaOs*: 555,0775, tim thiy:

555,0822.

Hop chét 4-(3-nitrophenyl)-11-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]quinoline

-1,5,10(3H)-trione (160h)

Chat ran mau cam, hiéu suat 86%, nhiét d6 nong chay 277-279°C kém phan huy.

IR (KBr) vmax/cm™: 3068; 2929; 2857; 1745; 1671; 1645; 1592; 1560; 1530; 1451;

1406; 1351; 1334; 1282; 1261; 1192; 1168; 1125; 1037; 999; 954:; 753; 720; 704.
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'H NMR (DMSO-ds, 600MHz) 6 = 8,58 (1H, s); 8,33 (1H,
dd, J =2,4 Hz, J = 8,4 Hz); 8,06 (1H, d, J = 7,8 Hz); 7,90
(1H, d, J = 8,4 Hz); 7,83 — 7,75 (4H, m); 7,52 (2H, d, J =
7,8 Hz); 7,33 (2H, t, J = 7,8 Hz); 7,22 (1H, t, J = 7,8 Hz);
5,15 (1H, s); 4,78 (1H, d, J = 16,2 Hz); 4,66 (1H, d, J =
16,2 Hz).
13C NMR (DMSO-ds, 150 MHz) 6 = 182,5 (C10); 179,3
(C5); 170,8 (C1); 157,6; 148,4; 143,5; 141,4; 140,4; 134,5;
133,8; 133,6; 131,4; 131,0; 130,7; 128,4 (2CH); 128,4 (2CH); 126,9; 126,2; 125,4;
123,7;123,2; 122,3; 103,6 (C11a); 66,0 (C3); 35,0 (C11).
Hop chat 11-(3-methoxyphenyl)-4-(3-nitrophenyl)-4,11-dihydrobenzo[g]furo
[3,4-b]quinoline-1,5,10(3H)-trione (160i)
Chat rin mau cam do6, hiéu suat 78%, nhiét d6 nong chay 231-233°C kém phan huy.
IR (KBr) vma/cm™: 3093; 2929; 2833; 1749; 1672; 1636;
1588; 1548; 1522; 1486; 1434; 1406; 1351; 1313; 1265;
1181; 1149; 1050; 1031; 1002; 774; 752; 698.
'H NMR (DMSO-ds, 600MHz) 6 = 8,56 (1H, s); 8,32 (1H,
dd, J =24 Hz, J=8,4 Hz); 8,05 (1H, d, J = 7,2 Hz); 7,91
(1H, dd, J =18 Hz,J = 7,2 Hz); 7,83 — 7,75 (4H, m); 7,24

TN2No, (1H,d,J=7,2 Hz); 7,03 (1H, s); 6,80 (1H, dd, J = 2,4 Hz, J

=8,4 Hz); 5,12 (1H, s); 4,80 (1H, d, J = 16,2 Hz); 4,66 (1H,

d, J=16,2 Hz); 3,75 (3H, s).
13C NMR (DMSO-ds, 150 MHz) ¢ = 182,5 (C10); 179,3 (C5); 170,8 (C1); 159,3;
157,6; 148,4; 144,9; 141,4; 140,5; 134,5; 133,8; 133,5; 131,5; 131,0; 130,7; 129,4;
126,3; 125,4; 123,6; 123,1; 122,2; 120,7; 114,5; 112,0; 103,7 (Cl1a); 66,1 (C3);
55,0 (OCHs); 34,9 (C11).
Hop chit 4,11-bis(3-nitrophenyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione (160j)
Chat ran mau cam nau, hiéu suat 81%, nhiét &6 nong chay 229-231°C kém phan hay.
IR (KBr) vmax/cm™: 3086; 2929; 2863; 1746; 1673; 1648;
1592; 1563; 1528; 1479; 1406; 1349; 1282; 1263; 1175;
1037; 999; 808; 791; 720; 699.
'H NMR (DMSO-ds, 600MHz) ¢ = 8,63 (1H, brs); 8,36 (1H,
s); 8,34 (1H, ddd, J=0,6 Hz, J =1,2 Hz, J = 8,4 Hz); 8,10 —
8,07 (2H, m); 8,05 (1H, d, J =7,8 Hz); 7,89 (1H, dd, J = 1,2
Hz, J =78 Hz); 7,84 — 7,75 (4H, m); 7,64 (1H,t,J =7,8
Hz); 5,35 (1H, s); 4,80 (1H, dd, J = 1,2 Hz, J = 16,2 Hz);
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4,67 (1H, d, J = 16,2 Hz).
13C NMR (DMSO-ds, 150 MHz) ¢ = 182,5 (C10); 179,2 (C5); 170,7 (C1); 158,2
(C3a); 148,4 (C4a); 147,8 (C3-NPhNO); 145,4 (C1-PhNO>); 141,2 (C1-NPhNOy);
141,1 (C3-PhNOy); 135,3; 134,5; 133,9 (C8); 133,6; 131,5 (C9a); 130,9 (Cha);
130,7; 129,9; 126,3; 125,4; 123,3; 123,0 (2C); 122,5; 122,1; 102,8 (Clla); 66,3
(C3); 35,3 (C11).
HRMS (ESI) m/z [M+Na]* tinh toan C27H1sN3NaOs*: 532,0752, tim thay: 532,0808.
Hop chit 4-phenyl-11-(p-tolyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10
(3H)-trione (160k)
Chat ran mau cam nau, hiéu suat 79%, nhiét d6 nong chay 198-200°C kém phan hay.
IR (KBr) vmax/cm™: 3062; 2923; 2863; 1751; 1660; 1627;
1594; 1512; 1489; 1452; 1403; 1349; 1279; 1240; 1213;
1155; 1086; 1024; 1004, 820; 767; 723; 698.
'H NMR (DMSO-ds, 600MHz) 6 = 7,87 (1H, dd, J = 1,2 Hz,
J=78Hz);761(2H,d J=72Hz),;751((2H,tJ=78
Hz); 7,44 (1H,t,J =78 Hz); 7,41 (1H, td, J = 0,6 Hz, J =
7,2 Hz); 7,34-7,29 (3H, m); 7,10 (2H, d, J = 7,8 Hz); 7,02
T (1H, d, J = 7,2 Hz); 4,98 (1H, d, J = 16,2 Hz); 4,91 (1H, 3);
4,79 (1H, dd, J =1,2 Hz, J = 16,2 Hz); 2,23 (3H, s, CH3).
13C NMR (DMSO-ds, 150 MHz) 6 = 178,6 (C10); 178, 6 (C5); 170,7 (C1); 158,3;
147,9; 141,1; 140,0; 135,9; 133,2; 131,2; 131,0; 130,2 (2C); 129,8; 128,8 (2C);
128,7; 128,5; 128,2; 127,9 (2C); 126,5 (2C); 119,8; 106,1 (Cl1a); 67,0 (C3); 34,2
(C11); 20,5 (CHa).
Hop  chat  11-(4-bromophenyl)-4-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]
quinoline-1,5,10 (3H)-trione (160I)
Chat rin mau cam do, hiéu suat 81%, nhiét d6 nong chay 231-233°C kém phan huy.
IR (KBr) vma/cm™: 3062; 2922; 2851; 1754; 1685; 1639;
1590; 1523; 1485; 1449; 1396; 1356; 1300; 1280; 1261;
1193; 1083; 1071; 1026; 1009; 903; 842; 767; 727; 702.
'H NMR (CDCls, 600MHz) 6 = 8,03 (1H, dd, J=1,2 Hz, J =
7,8 Hz); 7,54-7,51 (2H, m); 7,50-7,47 (1H, m); 7,41 (2H, dt, J
=1,8Hz,J=8,4Hz); 7,36 (1H, td, J = 1,2 Hz, J = 7,8 H2z);
7,31 (2H, dt, J = 1,8 Hz, J = 8,4 Hz); 7,28 (2H, d, J = 18,6
TN Hz): 7,21 (1H, dt, J = 1,8 Hz, J = 8,4 Hz); 7,02 (1H, dd, J =
0,6 Hz,J=7,8Hz); 5,18 (1H, d, J = 1,2 Hz); 4,73 (1H, d, J = 16,2 Hz); 4,56 (1H, dd,
J=1,8Hz,J=16,2 Hz).
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13C NMR (CDCls, 150 MHz) 6 = 179,0 (C10); 178,8 (C5); 170,3 (C1); 157,3; 148,0;
141,2; 141,0; 133,7; 131,8 (2C); 131,1; 130,9 (2C); 130,8; 130,3; 129,9; 129,9 (2C);
129,5; 128,3; 126,1 (2C); 121,5; 120,4; 107,8 (C11a); 66,9 (C3); 34,5 (C11).
HRMS (ESI) m/z [M+Na]* tinh toan C27H1sBrNNaO4*: 520,0155 va 522,0135; tim
thay: 520,0183 va 522,0150
Hop chat 4-phenyl-11-(4-(trifluoromethyl)phenyl)-4,11-dihydrobenzo[g]furo
[3,4-b]quinoline-1,5,10(3H)-trione (140m)
Chat rin mau cam do, hiéu suat 80%, nhiét d6 nong chay 198-200°C kém phan huy.
IR (KBr) vmax/cm™: 3062; 2935; 2863; 1757; 1683; 1645;
1591; 1536; 1489; 1398; 1355; 1324; 1282; 1192; 1165;
1121; 1066; 1018; 901; 841; 768; 732; 696.
H NMR (CDCls, 600MHz) 6 = 8,03 (1H, dd, J =12 Hz, J =
7,8 Hz); 7,58-7,49 (7TH, m); 7,37 (1H, td, J = 0,6 Hz, J = 7,8
Hz); 7,31 (2H, d, J=7,8 Hz); 7,23 (1H, td,J =18 Hz, J=8,4
Hz); 7,04 (1H, d, J = 8,4 Hz); 5,29 (1H, s); 4,74 (1H, d, J =
16,2 Hz); 4,58 (1H, dd, J = 1,2 Hz, J = 16,2 Hz).
13C NMR (CDClIs, 150 MHz) 6 = 178,94 (C10); 178,70 (C5); 170,24 (C1); 157,52;
148,27; 145,66; 141,16; 133,69; 131,14; 130,95 (2C); 130,68; 130,36; 130,00;
129,65 (q, J = 31,5 Hz, 1C); 129,54; 128,56 (2C); 128,36; 126,11 (2C); 125,70 (q, J
=4,5Hz, 2C); 124,30 (q, J = 270 Hz, 1C, CFs); 120,06; 107,59 (C11la); 67,00 (C3);
34,92 (C11).
HRMS (ESI) m/z [M+Na]* tinh toan CasH16FsNNaO4*: 510,0924, tim thay: 510,0935.
Hop chat 4,11-diphenyl-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)-
trione (160n)
Chat rin mau cam do6, hiéu suat 82%, nhiét d6 nong chay 214-216°C kém phan huy.
IR (KBr) vmax/cm™: 3060; 2923; 2875; 1755; 1682; 1644;
1591; 1579; 1522; 1488; 1453; 1398; 1358; 1297; 1280;
1258; 1192; 1086; 1026; 1004; 903; 768; 735; 718; 700.
'H NMR (CDCls, 600MHz) 6 = 8,02 (1H, dd, J = 1,2 Hz, J
=7,8Hz); 7,52 (2H, t, J = 7,2 Hz); 7,49-7,46 (1H, m); 7,43
(2H,d,J=7,2Hz); 7,35 (1H, t, J = 7,8 Hz); 7,31 (2H, d, J
=8,4 Hz); 7,28 (2H, t, J = 7,8 Hz); 7,23-7,18 (2H, m); 7,02
(1H, d, J=7,8 Hz); 5,23 (1H, s); 4,72 (1H, d, J = 15,6 Hz);
4,59 (1H, dd, J = 1,2 Hz, J = 15,6 Hz).
13C NMR (CDCls, 150 MHz) § = 179,1 (C10); 178,9 (C5); 170,4 (C1); 157,2;
147,7; 141,9; 141,4; 133,6; 131,2; 131,0; 130,8 (2C); 130,1; 129,9; 129,3; 128,7
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(2C); 128,3; 128,1 (2C); 127,4; 126,1 (2C); 121,1; 108,4 (Clla); 66,9 (C3); 34,8
(C11).
HRMS (ESI) m/z [M+Na]" tinh toan Ca7H17FsNNaO4*: 442,1050, tim thay: 442,1060.
Hop chit 11-(3-methoxyphenyl)-4-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]
quinoline-1,5,10 (3H)-trione (1600)
Chat rin mau cam do6, hiéu suat 79%, nhiét d6 nong chay 185-187°C kém phan huy.
IR (KBr) vmax/cm®: 3068; 2927; 2869; 1758; 1681; 1639;
1591; 1540; 1487; 1451; 1433; 1395; 1356; 1294; 1276;
1257, 1190; 1084; 1024, 902; 767; 732; 699.
'H NMR (CDCls, 600MHz) 6 = 8,03 (1H, dd, J=1,2 Hz, J
=7,8Hz); 7,52 (2H, t, J = 7,8 Hz); 7,49-7,46 (1H, m); 7,34
(1H,td, J=1,2 Hz, J = 7,8 Hz); 7,30 (2H, d, J = 7,8 Hz);
5" 3" 7,28 (2H, m); 7,03-7,00 (3H, m); 6,75 (1H, dd, J=1,2 Hz, J
= 8,4 Hz); 5,21 (1H, d, J = 1,2 Hz); 4,73 (1H, d, J = 16,2
Hz); 4,57 (1H, dd, J = 1,8 Hz, J = 16,2 Hz); 3,79 (3H, s).
13C NMR (CDCls, 150 MHz) § = 179,1 (C10); 178,9 (C5); 170,5 (C1); 159,8;
157,1; 147,7; 143,5; 141,4; 133,6; 131,1; 131,0; 130,8 (2C); 130,1; 129,9; 129,6;
129,3; 128,3; 126,2 (2C); 120,9; 120,4; 114,4 112,7; 108,3 (C11la); 66,9 (C3); 55,3
(OCHy); 34,7 (C11).
HRMS (ESI) m/z [M+H]* tinh toan C2sH20NOs*: 450,1336, tim thay: 450,1342.
Hop chat 11-(3-nitrophenyl)-4-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione (160p)
Chat ran mau cam, hiéu suat 82%, nhiét d6 nong chay 240-242°C kém phan huy.
IR (KBr) vmax/cm™: 3056; 2953; 2923; 2851; 1750; 1681;
1589; 1557; 1527; 1485; 1401; 1348; 1278; 1258; 1197,
1085; 1032; 769; 733; 720; 698.
'H NMR (DMSO-ds, 600MHz) 6 = 8,27 (1H, t, J = 1,8 Hz);
8,07 (1H, dd, J =12 Hz,J=7,8 Hz); 7,92 (1H, dt, J = 1,2
Hz, J=7,8 Hz); 7,89 (1H, dd, J = 1,2 Hz, J = 7,2 Hz); 7,66
(2H, d,J=7,2 Hz); 7,62 (1H, t, J = 7,8 Hz); 7,53 (2H, t, J =
4" 72Hz); 7,46 (1H,t,J =72 Hz); 7,43 (1H,td, J=1,2 Hz, J =
7,2 Hz); 7,33 (1H, td, J =1,2 Hz, J = 7,8 HZz); 7,07 (1H, d, J = 7,2 Hz); 5,14 (1H, s);
4,99 (1H, d, J=16,8 Hz); 4,89 (1H, dd, J = 1,8 Hz, J = 16,2 Hz).
13C NMR (DMSO-dg, 150 MHz) 6 = 178,4(C10); 178,2 (C5); 170,6 (C1); 159,2;
148,5; 147,8; 144,6; 141,2; 135,0; 133,1; 131,6; 130,8; 130,3 (2C); 130,0; 129,7;
128,8; 128,5; 128,4; 126,4 (2C); 122,9; 121,9; 119,1; 105,3 (C11la); 67,3 (C3); 35,0
(C11).
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HRMS (ESI) m/z [M+H]* tinh toan C27H17N20s*: 465,1082, tim thay: 465,1087.
Hop chat  11-(4-chlorophenyl)-4-phenyl-4,11-dihydrobenzo[g]furo[3,4-b]
quinoline-1,5,10(3H)-trione (160q)
Chat ran mau cam nau, hiéu suat 81%, nhiét &6 nong chay 165-167°C kém phan hay.
IR (KBr) vma/cm™: 3062; 2941; 2881; 1754; 1671; 1636;
1591; 1489; 1400; 1355; 1282; 1242; 1195; 1137; 1089;
1014; 968; 913; 824; 763; 723; 698.
'H NMR (DMSO-ds, 600MHz) 6 = 7,87 (1H, dd, J = 1,2 Hz,
J=78Hz);762(2H,d,J=7,8 Hz); 7,51 (2H, t, J = 1,2 Hz,
J=78Hz); 7,46 (2H, d, J = 8,4 Hz); 7,42 (1H, td, J = 1,2
Hz,J=7,8Hz); 7,35 (2H, dd, J = 1,8 Hz, J = 8,4 Hz); 7,31
g (1H, td, J = 1,2 Hz, J = 7,8 Hz); 7,02 (1H, d, J = 7,8 H2);
4,97 (1H, d, J=16,2 Hz); 4,80 (1H, dd, J = 1,2 Hz, J = 16,2 Hz).
13C NMR (DMSO-ds, 150 MHz) ¢ = 178,5 (C10); 178,5 (C5); 170,7 (C1); 158,6;
148,2; 141,8; 141,1; 133,2; 131,5; 131,3; 130,9; 130,3 (2C); 130,1 (2C); 129,9;
128,8; 128,5; 128,3; 128,2 (2C); 126,5 (2C); 119,1; 105,5 (Cl1la); 67,1 (C3); 34,3
(C11).
HRMS (ESI) m/z [M+H]* tinh toan C27H17CINO4*: 454,0841, tim thiy: 454,0855.
2.5. Tong hop cac din xuat benzo[a]pyridazino[3,4-c]phenazine

Quy trinh téng hep chung: HAn hop cac chat phan ung 2-hydroxy-1,4-
naphthoquinone (14) (1 mmol), aldehyde thom 25 (1 mmol), methylhydrazine (150)
(1,2 mmol) trong dung moi toluen (10 ml) dwoc cho vao binh phan tng glass vial
G30 va duoc day nap kin. Binh phan ung duoc dit trong thiét bi phan tng vi séng
Anton Paar Monowave 400 va tién hanh phan tGng tai diéu kién nhiét do 110°C
trong thoi gian 30 — 40 phut. Hon hop phan tng sau d6 duoc dua vé nhiét d6 phong
va thém o-phenylenediamine (133) (2 mmol), rdi tiép tuc phan tng véi su hd tro
cua vi séng & nhiét d6 110°C va duy tri trong 2 — 3 gio. Két thlic phan ¢ng, binh
phan tng dugc dua vé nhiét &6 phong va thém nudc cat (20 ml). Hn hop dung dich
sau phan tung duoc chiét bang ethyl acetate (3 1an, méi lan 20 ml). Dich chiét ethyl
acetate duoc 1am khan bang Na»SO4 va loai bo dung mdi bang cat quay chan khdng
dudi ap suat thap thu duoc san pham thd. San pham thd dugc tinh ché bang sic ky

cot silica gel véi cac hé dung madi rira giai n-hexane/EtOAc (ti 1¢ 4:1 - 5:1 vé thé
tich) thu dwoc san pham 161a-i véi hiéu suat 41-63%.

Hop chat 1,2-bis(3-bromophenyl)-4-methyl-1,4-dihydrobenzo[a]pyridazino[3,4-c]
phenazine (161a)

Chat ran mau do, hiéu suat 63%, nhiét do nong chay 260-263°C.
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IR (KBr) vmax/cm™: 2924; 2853; 1733; 1526; 1496; 1471;
1423; 1384; 1330; 1261; 1173; 1028; 994, 962; 763; 708;
681.
S6 liéu phd NMR duoc trinh bay ¢ bang 3.12.
HRMS (ESI) m/z [M+H]" tinh toan CsziH21BroNs*:
607,0133 va 609,0113, tim thay: 607,0105 va 609,0104.

Hop chéat 4-methyl-1,2-diphenyl-1,4-dihydrobenzo[a]pyridazino[3,4-c]phenazine
(161b)

Chét ran mau do, hiéu suat 52%, nhiét ¢6 néng chay 251-
254°C.

IR (KBr) vmax/cm™: 3058; 2924; 2854; 1719; 1584; 1558;
1526; 1494; 1449; 1423; 1348; 1266; 1185; 1141; 1078;
1027, 962; 878; 761, 696, 646.

ﬁ 'H NMR (CDCls, 500 MHz): 6 = 9,45 (1H, dd, J = 2,0 Hz,
10 12 J=7,5Hz); 8,34-8,30 (2H, m); 8,26 (1H, dd, J =1,0 Hz, J
= 8,5 Hz); 8,04 (2H, dd, J = 1,5 Hz, J = 8,5 Hz); 7,82 (1H,
t, J = 8,0 Hz); 7,78-7,73 (3H, m); 7,60 (2H, d, J = 7,5 Hz); 7,43-7,36 (3H, m); 7,17
(2H,t,J=7,5Hz); 7,07 (1H, t, J = 7,5 Hz); 6,87 (1H, s, H-1); 4,15 (3H, s, H-15).
13C NMR (CDCls, 125 MHz): 6 = 142,8; 142,4; 142,3; 141,4; 140,4; 138,2; 136,1;
131,7; 129,7; 129,6; 129,3; 129,1; 128,9; 128,6 (2C); 128,5 (2C); 128,4; 128,0 (2C);
127,6; 127,4; 126,9 (2C); 126,7; 126,4; 124,9; 113,3; 45,3; 37,3.

HRMS (ESI) m/z [M+H]* tinh toan Cs1H23N4*: 451,1923, tim thay: 451,1924.

Hop chit 1,2-bis(4-chlorophenyl)-4-methyl-1,4-dihydrobenzo[a]pyridazino[3,4-c]
phenazine (161c)

Chat ran mau do, hiéu suat 55%, nhiét do nong chay 286-288°C.

IR (KBr) vmax/cm®: 2958; 2925; 1732; 1621; 1579; 1525;
1488; 1408; 1348; 1329; 1263; 1180; 1089:; 1043; 1013;
962; 851; 820. 760.

'H NMR (CDCls, 500 MHz): § = 9,47-9,45 (1H, m); 8,33-
8,31 (1H, m); 8,28 (2H, d, J = 9,5 Hz); 7,95 (2H, d, J =
8,5 Hz); 7,84 (1H, d, J = 8,5 Hz); 7,79-7,75 (3H, m); 7,51
(2H, d, J = 8,5 Hz); 7,38 (2H, d, J = 8,5 Hz); 7,14 (2H,
dd,J=2,0Hz,J=6,5Hz); 6,77 (1H, s); 4,14 (3H, s).
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13C NMR (CDCls, 125 MHz): & = 145,8; 142,7; 142,1; 141,3; 140,6; 140,5; 138,1;
135,4; 134,3; 132,7; 131,7; 129,9; 129,6; 129,4 (2C); 129,2; 128,8 (2C); 128,7 (2C);
128,6; 128,0 (2C); 127,7; 127,2; 126,5; 124,9; 112,6; 45,6; 36,6.
HRMS (ESI) m/z [M+H]* tinh todn CaiH21CloN4*: 519,1143, tim thay: 519,1151.
Hop chat 1,2-bis(4-bromophenyl)-4-methyl-1,4-dihydrobenzo[a]pyridazino[3,4-c]
phenazine (161d)
Chat ran mau do, hiéu suat 60%, nhiét do ndng chay 264-266°C.
IR (KBr) vmax/cm™: 3055; 2924; 1714; 1582; 1526; 1493;
1417; 1332; 1264; 1179; 1072; 1044; 1007; 960; 904;
833; 761; 732; 634.
!H NMR (CDCI3, 500 MHz): § = 9,45 (1H, d, J = 9,0
Hz); 8,32-8,30 (3H, m); 7,88 (2H, dd, J =2,0Hz,J=7,0
Hz); 7,83 (1H, t, J = 8,0 Hz); 7,79-7,76 (3H, m); 7,54
(2H, dd, J = 2,0 Hz, J = 6,5 Hz); 7,45 (2H, dd, J = 2,0
Hz, J = 6,5 Hz); 7,29 (2H, dd, J = 2,0 Hz, J = 7,0 H2z);
6,75 (1H, s, H-1); 4,14 (3H, s, H-15).
13C NMR (CDCls, 125 MHz): & = 145,7; 142,7; 142,0; 141,3; 141,1; 140,5; 138,1;
134,7; 131,74 (2C); 131,72; 131,7 (2C); 129,9; 129,8 (2C); 129,6; 129,2; 128,7;
128,6; 128,2 (2C); 127,7; 127,1; 126,5; 124,9; 123,8; 120,8; 112,5; 45,6, 36,6.
HRMS (ESI) m/z [M-H]" tinh toan CaiH1sBrN4: 604,9976 va 606,9956, tim thay:
604,9982 va 606,9971.
Hop chat 4-methyl-1,2-bis(4-nitrophenyl)-1,4-dihydrobenzo[a]pyridazino[3,4-c]
phenazine (161e)
Chét ran mau do, hiéu suat 48%, nhiét d6 ndng chay 247-250°C.
IR (KBr) vmax/cm™: 2922; 2852; 1732; 1589; 1518;
1462; 1419; 1381; 1342; 1262; 1024; 853; 750.
'H NMR (CDCls, 600 MHz): § = 9,50-9,49 (1H, m);
8,38-8,36 (1H, m); 8,33 (1H, d, J = 8,4 Hz); 8,31 (1H,
d, J=8,4 Hz); 8,28 (2H, d, J = 9,0 Hz); 8,18 (2H, d, J
= 9,0 Hz); 8,06 (2H, d, J = 9,0 Hz); 7,89 (1H, td, J =
8,4Hz,J=18Hz);7,77 (2H, d, J = 9,0 Hz); 6,99 (1H,
s, H-1); 4,26 (3H, s, H-15).
13C NMR (CDCls, 150 MHz): & = 148,8; 148,1; 142,6; 141,5; 141,3; 140,8; 131,9;
130,3; 129,7; 129,3; 129,1; 128,9 (2C); 128,7; 128,1; 127,1 (2C); 126,7; 126,6;
126,5; 124,9; 124,1 (2C); 123,9 (2C); 111,8; 46,3; 36,9.
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Hop chit  4-methyl-1,2-bis(4-(methylsulfonyl)phenyl)-1,4-dihydrobenzo[a]
pyridazino[3,4-c]phenazine (161f)
 _so,cH, Chatran mau do, higu suat 41%, nhiét d6 néng chay
230-232°C.
IR (KBr) vmax/cm™: 2923; 1731; 1576; 1525; 1495;
1446; 1410; 1302; 1148; 1088; 1046; 1024; 956;
4780,CH;  847; 771; 696.

9Nﬁ13 IH NMR (CDCls, 600 MHz): 9,49-9,48 (1H, m);

0 12 8,37-8,36 (1H, m); 8,33 (1H, d, J = 8,4 Hz); 8,30

(1H, d, J = 8,4 Hz); 8,21 (2H, d, J = 8,4 Hz); 8,04

(1H,d, J=7,2 Hz); 7,99 (2H, d, J = 8,4 Hz); 7,88 (1H, t, J = 7,2 HZz); 7,83-7,79
(4H, m); 7,76 (2H, d, J = 8,4 Hz); 6,96 (1H, s, H-1); 4,23 (3H, s, H-15); 3,07 (3H, s,
SO2CHs); 2,90 (3H, s, SO3CHs3).
13C NMR (CDCls, 150 MHz): & = 147,8; 143,2; 142,6; 141,6; 141,3; 140,7; 140,68;
1 40,65; 139,2; 138,0; 131,9; 130,4; 130,2; 129,7; 129,3; 129,1; 129,03; 129,0 (2C);
128,7; 128,1; 127,9 (2C); 127,7 (2C); 127,2 (2C); 126,6; 126,55; 125,0; 123,1;
111,8; 46,2; 44,6; 44,4; 37,0.
HRMS (ESI) m/z [M-H]" tinh todn: CssH2sN4S,047: 605,1317, tim thiy: 605,1310.
Hop chat 1,2-bis(3-methoxyphenyl)-4-methyl-1,4-dihydrobenzo[a]pyridazino
[3,4-c]phenazine (161Q)

Chét ran mau do, hiéu suat 57%, nhiét d6 néng chay
182-185°C.

IR (KBr) vmax/cm™: 2931; 1721; 1598; 1525; 1489;
1453; 1427; 1384; 1337; 1289; 1258; 1165; 1140;
1043; 875; 761; 735; 693.

'H NMR (CDCls, 600 MHz): 6 = 9,45 (1H, dd, J = 1,2
Hz, J = 7,2 Hz); 8,33-8,30 (2H, m); 8,27 (1H, dd, J =
1,2 Hz, J = 8,4 Hz); 7,78-7,73 (3H, m); 7,62-7,61 (2H,
m); 7,32 (1H, t, J = 8,4 Hz); 7,27 (1H, t, J = 1,8 Hz); 7,16 (1H, d, J = 7,8 HZz); 7,08
(1H, t, J = 6,5 Hz); 6,94 (1H, dd, J = 2,4 Hz, J = 7,8 HZ); 6,81 (1H, s, H-1); 6,62
(1H,d, J=7,8 Hz); 4,16 (3H, s, H-15); 3,86 (3H, s, OCHj3); 3,67 (3H, s, OCHj3).

13C NMR (CDCls, 150 MHz): 6 = 159,7; 159,6; 147,6; 143,8; 142,8; 142,4; 141,4;
140,4; 138,1; 137,5; 131,7; 129,7; 129,6; 129,5; 129,4; 129,1; 128,8; 128,4; 127,5;
127,4; 126,4; 124,9; 120,3; 119,6; 115,3; 114,0; 113,3; 112,2; 112,0; 55,4; 55,0;
45,3; 37,5.

HRMS (ESI) m/z [M+H]* tinh toan: CasH27N4O2: 511,2134, tim thay: 511,2140.
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Hop chat 1,2-bis(4-methoxyphenyl)-4-methyl-1,4-dihydrobenzo[a]pyridazino
[3,4-c]phenazine (161h)
Chét ran mau do, hiéu suat 50%, nhiét d6 nong chay
245-248°C.
IR (KBr) vmad/cm?: 2957; 2925; 2856; 1728; 1606;
1579; 1509; 1462; 1423; 1383; 1253; 1175; 1115;

3 _OCH;

4 1 §7470CH, 1028; 960; 834, 801; 759; 677.
9N£ij‘13 'H NMR (CDCls, 500 MHz): & = 9,45-9,43 (1H, m);
10 12 8,32-8,29 (2H, m); 8,26 (1H, d, J = 8,0 Hz); 7,99 (2H,

d, J=9,0Hz); 7,81 (1H, t, J = 8,5 Hz); 7,76-7,73 (3H,
m); 7,52 (2H, d, J = 9,0 Hz); 6,93 (2H, d, J = 9,0 Hz); 6,76 (1H, s, H-1); 6,71 (2H,
d, J=9,0Hz); 4,12 (3H, s, H-15); 3,83 (3H, s, OCH3); 3,65 (3H, s, OCH3).
13C NMR (CDCls, 125 MHz): & = 148,1; 142.8; 142,5; 141,4; 140,3; 138.,2; 134,6;
131,6; 130,9; 129,6; 129,5; 129,1 (2C); 128,8 (2C); 128,75; 128,4 (2C); 128,2;
127,7;127,3; 126,4; 124,9; 113,9 (2C); 113,86 (2C); 113,4; 55,4; 55,1; 45,3; 37,4.
HRMS (ESI) m/z [M-H] tinh toan: CssH2sN402: 509,1978, tim thay: 509,1965.
Hop chat 4-methyl-1,2-di(naphthalen-2-yl)-1,4-dihydrobenzo[a]pyridazino[3,4-
c]phenazine (161i)
Chét rin mau do, hiéu suat 45%, nhiét do néng chay
170-173°C.
IR (KBr) vmadcm™: 3053; 2923; 1711; 1591; 1523;
1495; 1470; 1409; 1350; 1323; 1262; 1196; 1122;
1086; 1026; 950; 857; 814; 746.
'H NMR (CDCls, 500 MHz): § = 9,46 (1H, dd, J = 2,0
_yza Hz, J =75 Hz); 8,49 (1H, s); 8,41 (1H, dd, J = 1,0 Hz,
f@m J=8,5Hz); 8,34 (1H, dd, J =2,5Hz, J =7,0 Hz); 8,30
R (1H, dd, J = 2,0 Hz, J = 9,0 Hz); 8,27 (1H, dd, J = 1,0
Hz, J = 8,5 Hz); 8,00 (1H, s); 7,92-7,87 (2H, m); 7,85-7,79 (3H, m); 7,78-7,74 (3H,
m); 7,68 (1H, d, J = 7,5 Hz); 7,65 (2H, d, J = 8,5 Hz); 7,48-7,45 (2H, m); 7,32 (2H,
quint-double, J =6,5Hz, J = 1,5 Hz); 7,18 (1H, s, H-1); 4,24 (3H, s, H-15).
13C NMR (CDCls, 125 MHz): 6 = 147,5; 142.,9; 142,5; 141,4; 140,5; 139,7; 138,3;
133,8; 133,5; 133,5; 133,2; 132,4; 131,7; 129,8; 129,6; 129,1; 128,9; 128,8; 128,4;
128,3; 128,1; 127,8; 127,6; 127,5; 127,48; 127,4; 126,7; 126,65; 126,5; 126,47;
126,3; 125,9; 125,6; 124,9; 124,3; 113,2; 45,5; 37,4; 30,9.
HRMS (ESI) m/z [M-H] tinh todn: CssH2sNa4: 549,2079; tim thiy: 549,2153.
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2.6. Panh gia hoat tinh giy déc té bao ung thu cia cac hep chat téng hop dwoc

Hoat tinh sinh hoc cua céc hop chat dugc nghién ctu bang cac phuong phap
danh gia hoat tinh hién dai tai phong Hdéa sinh ng dung, Vién Hodé hoc, Vién Han
I[am Khoa hoc va Céng nghé Viét Nam, md phong docking phén tir duoc thuc hién
tai truong Pai hoc Dugc Ha Noi.

2.6.1. Pdnh gid hoat tinh gdy djc té bao ung thw

s Nguyén li

Hoat tinh gay doc té bao duoc danh gia bang trén phuong phap MTT dugc
mo ta lan dau tién bai tAc gia Tim Mosmann vao nim 1983 [102]. Pay 1a phuong
phap danh gia kha ning séng sot cua té bao qua kha ning khir MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide — mau vang) thanh mot
phirc hop formazan (mau tim) bai hoat dong cua enzym dehydrogenase trong ty thé.
San pham formazan duoc hoa tan bang DMSO va do mat d6 quang (OD) ¢ budc
s6ng 540 nm [103]. Gia trj thé hién hoat tinh 1a ICso (The half-maximal inhibitory
concentration — ndng d6 chat thir tc ché 50% sy phat trién caa té bao).

% Chuan bi thi nghiém

Céc dong té bao c6 ngudn gdc tir Bao tang gidng chuan Hoa ky (ATCC) bao
gom: té bao ung thu biéu mé KB (CCL - 17™), ung thu gan HepG2 (HB - 8065™),
ung thu phdi SK-Lu-1 (HTB - 57™) hoic A549 (CCL - 185™), ung thu va MCF-7
(HTB - 22™) va té bao lanh Hek-293 (ATCC® CRL - 1573™).

Céc dong té bao duoc luu giir trong nito 16ng, hoat hda va duy tri trong cac
moi truong dinh dudng nhu DMEM (Dulbecco’s modified Eagle’s medium) hoac
MEME (Minimum essential medium with Eagle's salt) c6 bo sung 7 - 10% FBS
(Fetal bovine serum) va mot sb thanh phan thiét yéu khac. Té bao duoc nudi trong
cac diéu kién tiéu chuan (5% CO2, do am 98%, nhiét o6 37°C, vo triing tuyét dbi).
Té bao phét trién ¢ pha log sé dugc sir dung dé thir doc tinh.

Mau thir dugc hoa tan bang dung méi DMSO véi nong do ban dau la 20
mg/ml. Tién hanh pha lodng 2 budc trén dia 96 giéng thanh 5 day nong do tir cao
xudng thap lan luot 1a 2564, 640, 160, 40 va 10 pg/ml. Nong do chét thir trong dia
thir nghiém tuong tng la 128, 32, 8, 2 va 0.5 ug/ml. Chat tham chiéu Ellipticine pha
trong DMSO vai nong d6 0.01 mM [104].

< Tién hanh thi nghiém

- Trypsin hoa té bao thi nghiém dé lam roi té bao va dém trong budng dém té
bao. Tiép do, pha té bao bang méi trudng sach va diéu chinh mat d6 cho phi hop
véi thi nghiém (khoang 1-3x10*té bao/ml tdy theo tirng dong té bao).
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- Lay vao mdi giéng 10 pl chat thir da chuan bi & trén va 190 pl dung dich té
bao. Péi ching dwong cua thi nghiém 13 méi trudng ¢ chaa té bao, dbi chitng &m
chi c6 méi trudng nudi cay.
- Pia thi nghiém duoc u ¢ diéu kién tiéu chuan.
- Sau 72 gio mdi giéng thi nghiém duoc tiép tuc o véi 10 pl MTT (5 mg/ml)
trong 4h. Sau khi loai bo méi trudng, tinh thé formaran dugc hoa tan bang 100
DMSO 100%.
- Két qua thi nghiém dugc xac dinh bang gia tri OD do ¢ budc séng 540 nm
trén may quang pho Biotek. Thi nghiém duoc lap lai 3 lan.
% Xirly két qud thyeec nghiém
Gia tri ICso duoc xac dinh thong qua gia tri % ¢ ché té bao phat trién va
phan mém may tinh Rawdata.
% rc ché té bao = (ODching (+) — ODmiu thi)/( ODehing (+)— ODehing (-)) X 100%
(High,;0, - 50) x (High

- LOWConc)

Conc

Conc ~

High 0. - LOW 0100
(Trong d6, Highcone/LOWconc: Chat thir & nong do cao/chat thir thap ¢ nong do thap;
Highinhee/ LOWinnos: % e ché & ndng d6 cao/% tc ché & nong do thap ).

2.6.2. Pdanh gid hogt tinh kich hoat caspase-3/7

Apo-ONE®Homogenous Caspase-3/7 Kit (Promega, Hoa Ky) da dugc sur
dung dé danh gia kha niang kich hoat enzym caspase-3/7 trong té bao ung thu phoi
SK-LU-1 & nguoi caa cac hop chat 157j, k.

50 L té bao SK-Lu-1 duoc cho vao dia 96 giéng véi nong do té bao la
2x10°té bao/giéng, sau d6 bo sung 50 pL hop chat 157j, k ¢ cac nong do khéac nhau
vao cac giéng. Ellipticine (1,3 pM) va vincristine (4 pM) duoc st dung 1am chat doi
ching dwong, mau trang dugc bd sung thém dung méi. Cac hdn hop dugc u trong
moi truong ¢6 5% CO2 & 37°C trong 5 gio. Tiép theo, dung pipet hat 100 ul thude
thir Apo-ONE®Caspase-3/7 vao tung giéng, sir dung may lic dia dé tron nhe céc
thanh phan trong giéng véi téc d6 350 vong/phit trong 30 gidy, sau d6 giir dia O
nhiét ¢6 phong trong thoi gian 1 dén 18 gio. Str dung dau doc vi ban Tecan GENios
Pro dé do cudng do huynh quang (RFU) ¢ dai budc song kich thich (485 + 20 nm)
va budc song phat xa (530 + 25 nm).

Kha ning kich hoat enzyme caspase 3 va 7 ciia mau dugc danh gia thong qua
cong thuec:

Hoat tinh caspase (RFU) = Gi4 tri RFU cua mau thir - Gia tri RFU ctua mau tring

2.6.3. Nhugém nhan té bao bang Hoechst 33342

Thudc nhuém Hoechst 33342 mua tir Sigma dugc hoa tan trong DMSO &
nong d6 10 mg/ml va duoc bao quan & -20°C trong noi toi.
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190 ml té bao ung thu phdi & ngudi SK-Lu-1 & phoi ngudi dugc nudi cay
trong dia 96 giéng ¢ 37°C trong 24 gid va sau d6 duoc u véi cac hop chat 157j, k &
cac ndng d6 khac nhau. Ellipticine 1,3 (UM) va Vincristine (0,4 pM va 4,0 pM)
duoc sir dung lam ddi chimg; DMSO 0,5% dugc st dung lam dbi ching am. Sau 24
gid U, c4c té bao duoc cb dinh bang formaldehyde 4%. Sau 30 phdt, c4c té bao duoc
ria lai bang PBS va nhuém bang Hoechst 33342 (0,5 pg/ml) trong 10 phut. Céc té
bao dugc quan séat bang kinh hién vi huynh quang & budc séng 350 nm va 461 nm.
Cac té bao chét theo chuong trinh (apoptosis cell) duoc dinh nghia 1a cac té bao c6
nhan sang hon (brighter nuclei) hoac nhan bi phan manh.

2.6.4. Phan tich apoptosis bang Annexin V-PlI

Kit Annexin V va Pl/dead cell apoptosis® tir Invitrogen di duoc st dung dé
danh gia anh huong cua cac hop chat 157j, k ddi véi ty 1é té bao chét theo chuong
trinh trong céc té bao ung thu & ngudi SK-Lu-1.

Té bao ung thu phdi SK-Lu-1 duwoc nudi ciy trong binh 25 cm? (Corning,
Hoa Ky) véi mat do 3 x 10° té bao duoc u véi cAc mau thir & cac ndng do khéc
nhau, DMSO 0,5%, ellipticine 1,3 uM, vincristine 0,4 uM va 4 uM trong 24 gi¢ sau
d6 duoc chuyén vao cac éng falcon. Sau khi ly tdm, té bao duoc rira bang PBS lanh.
Té bao da rira sach duogc ly tam lai, loai bo phan ndi phia trén, tao huyén phu lai
trong 100 pl dung dich 1X annexin-binding buffer, rdi thém 5 ul dung dich FITC
annexin V va 1 pl propidium iodide (PI) 100 pg/ml. Viéc u cac té bao duogc thuc
hién trong 15 phut ¢ nhiét @6 phong. Sau do, thém 400 pl dung dich 1X annexin-
binding buffer. Cac té bao nhuém mau dugc phan tich bang hé théng té bao dong
chay Novocyte.

2.6.5. Phan tich chu ky té bao

Té bao ung thu phdi SK-Lu-1 duoc nudi ciy trong binh 25 cm? (Corning,
Hoa Ky) vai mat o 3 x 10°té bao, duoc u véi cac mau thir nghiém o 0,08 uM, 0,16
UM va 0,32 uM, DMSO 0,05% (dbi chizng am) va Ellipticine 1,3 pM, Vincristine
0,4 uM va 4 pM (d6i ching duong) trong 24 gio. Sau dé, rira cac té bao thu duoc
bang dung dich dém phosphate (PBS) 2 lan, r6i ¢6 dinh bang ethanol 70% lanh &
-20°C trong 2 gio, ly tam vai tée do thap 2000 vong/pht trong 5 phit. Céc té bao
da xur ly dugc rua sach, sau do6 pha loang véi 0,45 ml PBS, u voi RNase A (1
mg/ml) ¢ 37°C trong 15 phat, nhuém véi 25 ul propidium iodide (PI) (1 mg/ml)
trong 30 phut va pha lodng véi 500 pl PBS. Dong té bao hoc Novocyte (ACEA
Bioscatics, San Diego, CA, Hoa Ky) véi dit liéu duoc phan tich va béo cdo bai phan
mém NovoExpress cua ACEA’s di dugc sir dung dé phan tich cho qué trinh chét
theo chuwong trinh ctia C4c mau.
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2.6.6. Nghién crru docking phéan ti

Phuong phap docking da dugc thuc hién dé danh gia co ché wc ché sy tring
hop tubulin cua cac hop chat 157j, k. Cac cau trdc tinh thé cua phac hop tubulin-
colchicine (ID PDB: 402B) [105, 106] da duoc truy xuat tir Ngan hang Di liéu
Protein (https://www.rcsb.org/). Céc ciu tric phéi tir duoc xay dung theo hinh dang
3D biang MOE 2015.10. Tt ca cac quy trinh docking dugc thuc hién theo cling mot
quy trinh dd bao cao trudc do [107, 108]. Di vaéi cac md phong docking tubulin,
c4c di vong al/p1 dugc giit lai va tao proton bang MOE. Tui lién két dwoc tap trung
vao vi tri lién két colchicine nam & dimer-tubulin. Phan giao dién dwgc xac dinh
theo gia thuyét ba viing caa Massaroti [109]. Colchicine di dwgc st dung lam chat
dbi chirng cho céac thtr nghiém docking nay. Lap thé caa cac mé hinh docking dugc
hién thi truc quan bang céch sir dung phian mém BIOVIA Discovery Studio
Visualizer (DSV) 2020.
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Chuwong 3: KET QUA VA THAO LUAN

3.1. Két qua tong hop cac dian xuit 3-benzoyl-4H-benzo[g]chromene-5,10-
dione

Tu két qua nghién ctu tong quan di cho thdy, cac hop chat
pyranonaphthoquinone duoc tim thiy nhiéu trong tu nhién véi nhiéu hoat tinh sinh
hoc 1y tha nhu chéng ung thu, khang khuan, khang nim, chéng sbt rét, ... Do do,
viéc tong hop cac hop chat pyranonapthoquinone rat can thiét va cuén hit ching toi
nghién ciru tong hop 16p chat nay. Ching t6i di tién hanh tong hop cac hop chat di
vong pyranonaphthoquinone c6 khung 4H-benzo[g]chromene thong qua cac phan
tng domino ba thanh phan tir 2-hydroxy-1,4-naphthoquinone, aldehyde thom va
arylenaminone nham tim ra cac hop chat hitu co ¢ cau tric méi va cé hoat tinh
sinh hoc.

Pé xac dinh diéu kién t6i uvu cho phan @ng tong hop hop chét 155a, ching toi
da thuc hién phan ung cuaa 2-hydroxy-1,4-naphthoquinone (14), 4-
metylbenzaldehyde (25a) va enaminone 154a (dugc hinh thanh do su ngung tu cia
acetophenone (152) vai N,N-dimethyformamide dimethyl acetal DMF-DMA (153)
trong toluene ¢ trang thai hoi luu trong 1 gio) trong 10 phan tng vi séng vai cac
dung méi khac nhau (CH3CN, t-BuOH, EtOH, dioxane, toluene, AcOH) & nhiét do
80 dén 120°C khi c6 hoac khdng co chat xuc tac. Két qua chi tiét duoc trinh bay &
bang 3.1.

0 0
* CHO ©MN/CH3
Cl, T e
OH Me CH3 xuc tac,
0 25a
14

dung moi
154a

|

_CH
CH, * HsCO™ "N 3
CH,
152 153

So do 3.1. Tong hop hop chat 155a
Két qua thyc nghiém cho thay phan tng khong dién ra néu khéng cé chat xc
tdc. Phan ang gitra 2-hydroxy-1,4-naphthoquinone (14), 4-methylbenzaldehyde
(25a) va enaminone 154a trong ethanol & nhiét d6 hoi luu sir dung 20 mol% DMAP
hodc EtsN lam xuc tac dan dén su hinh thanh hop chét 3,3'-(4 -metylphenyl)bis(2-
hydroxynaphthalene-1,4-dione) thay vi hop chat mong muén 155a. Khi thay thé
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DMAP bing acetic acid bang, chung t6i thu duoc hop chat mong muén 3-benzoyl-
4-(p-tolyl)-4H-benzo[g]chromene-5,10-dione 155a vai hiéu suat phan lap dat tir 25
dén 41%.
Bang 3.1. Anh huong caa diéu kién phan g dén hiéu suat tong hop hop chét 155a

STT Dung moi Xuc tac Nhiét @9 (°C) | Hiéu suat (%) P

1 EtOH - Hoi luu 0

2 EtOH DMAP (20 mol%) Hoi luu 0

3 EtOH EtsN (20 mol%) Hoi lru 0

4 EtOH AcOH (20 mol%) Hoi lru dang vét

5 t-BuOH | AcOH (20 mol%) Hoi luu 25

6 CH3:CN | AcOH (20 mol%) Hoi luu 31

7 Dioxane | AcOH (20 mol%) Hoi luu 38

8 Toluene AcOH (20 mol%) Hoi luu 41

9 AcOH - 100 59

10 AcOH - 110 84

11 AcOH - 120 67

12 AcOH - 110 38P
2 Piéu kién phan ung: 14 (0,5 mmol), 25a (0,5 mmol), 154a (0,5 mmol), dung mdi (10 ml), MW,
40 phat.

®Pun hoi luu 1 h.

Chung t6i tién hanh phan ung s dung xtic tac acetic acid bang trong cac
dung moi khac nhau (EtOH, t-BuOH, CHsCN, dioxane, toluene, acetic acid bang).
Két qua cho thay, viéc dung acetic acid bang 1am dung mdi cho hiéu suat phan ung
cao hon so véi cac dung moi hitu co khac. Do d6, chung t6i tiép tuc tién hanh cac
phan ung véi dung mdi acetic acid biang & cac nhiét do khéac nhau. Két qua cho thay
hiéu suat phan tng ting dang ké khi nhiét d6 phan ng trén 100°C va dat cao nhat
(84%) & 110°C. Viéc ting thém nhiét d6 phan ung dan dén hiéu suat tong hop hop
chat 155a giam (67%) c6 thé do tao thanh hdn hop nhiéu san pham. Chung t6i ciing
da tién hanh phan tng trong cac diéu kién gia nhiét thong thuong (khdng cé vi
song) va thu duoc hop chat 155a véi hiéu suat 38%. Tur cac két qua trén, ching toi
lya chon diéu kién phan wng t6i wu cho phan ung tong hop hop chat 155 Ia tién
hanh phan wng trong thiét bi phan ang vi séng & nhiét do 110°C voi dung moi acetic
acid bang.

Str dung cac diéu kién téi uu trén, ching toi di tién hanh tong hop duoc 23
dan xuat 3-benzoyl-4H-benzo[g]chromene-5,10-dione 155a-w véi cac nhom thé
aryl khac nhau (So d6 3.2, Bang 3.2). Hiéu sut phan ang tong hop céac hop chat dat
tir 60 dén 88%. Cau trlic cua cac hop chit tong hop 155a-w duoc ching minh bang
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céc phuong phap phd hién dai IR, 'H NMR, 3C NMR, HMBC, HSQC va HRMS.
Nhin chung, hiéu suat caa cac phan tng tong hop khdng phu thugc nhiéu vao ban
chat cia cac nhom thé hat hodc day dién tir cia cac aldehyde thom.

0 0
_CH
= N 3 AcOH bang
+ Ar—CHO + R w \
CH;  Mw, "MW, 110°C
OH
o 30-60 phut
14 25 154 155

So do 3.2. Tong hop cac hop chit 155
Bang 3.2. Cé4c hop chat 155a-w

STT | Hop chat Ar R Hiéu suat (%)
1 155a 4-MeCeHa H 84%
2 155b 4-BrCeHa H 88%
3 155¢ 2-FCgHa H 72%
4 155d 4-OMeCgHa4 H 63%
5 155 4-CF3CeH4 H 68%
6 155f 3-OMe-4-OHCgH3 H 66%
7 1559 CeHs 4-Me 61%
8 155h 4-MeCgHa 4-Me 82%
9 155i 3-OMeCgHa4 4-Me 69%
10 155j 4-CICsH4 4-Me 75%
11 155k 4-BrCeHa 4-Me 78%
12 155l CeHs 4-F 60%
13 155m 4-MeCeHa 4-F 83%
14 155n @Z) 4-F 73%
15 1550 2-naphthyl 4-F 65%
16 155p 3-BrCsHa 4-F 75%
17 155q 4-BrCeHa 4-F 78%
18 155r 4-NO2CgH4 4-F 68%
19 155s CsHs 3-OH 63%
20 155t 4-MeCgHa 3-OH 77%
21 155u 2-FCgHa 3-OH 60%
22 155v 4-BrCeHa 3-OH 65%
23 155w 3-NO2CeHs4 3-OH 64%
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Hinh 3.1. Phé IR cua hop chat 155b
Trén pho IR cua hop chat 155b (hinh 3.1) xuét hién tin hiéu hap thu manh tai
1662 cm? dic trung cho dao dong héa tri cia nhém carbonyl C=0. Ngoai ra trén
phd IR con xuat hién cac dao dong cua lién két C=C vong thom tai 1606 va 1485
cmL, dao dong bién dang cua lién két C-Br hap thu tai 554 cm™.
HP244.37-CDC13-1H
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Hinh 3.2. Phd 'H NMR cua hop chét 155b
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Trén pho 'H NMR cua hop chat 155b (hinh 3.2) xuét hién tin hiéu singlet tai
5,40 ppm (1H, s, H-4) cua proton H-4 va tin hiéu singlet tai 7.51 ppm (1H, s, H-2)
cua proton H-2 vong chromene. C&c cap tin hiéu ¢ vi tri 61 = 8,16 — 8,15 ppm (1H,
m, H-9), 8,04 — 8,02 ppm (1H, m, H-6), 7,75 - 7,74 ppm (2H, m, H-7, H-8) la cia 4
proton vong naphthoquinone. Ngoai ra c6 tin hiéu cia 9 proton ctua hai vong thom
Xuat hién chong lan nhau & ving trudng thap tir 7,58 dén 7,35 ppm.

Phé 3C NMR cua hop hop chat 155b (hinh 3.3) xuét hién du tin hiéu cua 26
nguyén tir carbon trong phan tir, trong d6 cé cac tin hi¢u dac trung cua 3 nguyén tir
carbon carbonyl tai 193,1 ppm (C-11), 182,9 ppm (C-5), 177,8 ppm (C-10). O
truong cao hon 13 tin hiéu cua cac nguyén tir carbon lién két véi nguyén tir oxy
trong vong chromene tai 150,5 ppm (C-2) va 149,1 ppm (C-10a). Nguyén tir carbon
no C-4 cho tin hiéu dac trung tai 34,2 ppm, cac tin hiéu con lai cia cac nguyén ti
carbon vong naphthoquinone va vong thom xuat hién tir 141,3 dén 120,3 ppm.

HP244.37-CDC13-C13CPD .?.Q.
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Hinh 3.3. Ph6 3C NMR cua hop chat 155b
Két qua phan tich phd HMBC va HSQC cua hop chat 155b dugc trinh bay
trong bang 3.3 gitp khang dinh chinh xac cong thic cau tric du kién va quy két day
du cac tin hiéu proton va carbon. Céc tuong tac chinh trong phé HMBC ciing duoc
biéu dién trong hinh 3.4.
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7N
HMBC H C

Hinh 3.4. Cau tric hda hoc ctia hop chat 155b va cac twong tac chinh trong phd HMBC
Bang 3.3. Dir liéu phé NMR cua hop chat 155b

Twong tac trén

C dc (ppm) o1 (ppm); mult. phé HMBC
(H> Q)
2 150,1 7,51 (1H, s) 3, 10a, 11
3 120,3 - -
2,3,4a,5, 104, 11,
4 34,2 5,40 (1H, 5)
12,6

4a 123,7 - -

5 182,9 - -

5a 131,7 - -

6 126,7 8,04-8,02 (1H, m) 5,8

7 134,7 7,75-7,74 (1H, m) 5a, 9

8 134,0 7,75-7,74 (1H, m) 6

9 126,6 8,16-8,15 (1H, m) 7,10
9a 130,6 - -

10 1778 - -
10a 149,1 - -

11 193,1 - -

I 141,3 - -

» 1305 7,35 (1H, d, J = 8.4 Hz) 4,6
3’ 1319 7,42 (1H,d, J=8,4 Hz) 1,4
4 121,6 - -

5 1319 7,42 (1H,d, J=8,4 Hz) 1'4

6 130,5 7,35 (1H, d, J = 8,4 Hz) 2 4

1”

137,5
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27 128,8 7,58 (1H, dd, J = 1,8 Hz, J = 8,4 Hz) 4" 6" 11
37 128,6 7,44 (1H,d, J=7,8 Hz) 1
47 1325 7,55 (1H, t, J = 7,2 Hz) 35
57 128,6 7,44 (1H,d, J = 7,8 Hz) 1

6" 128,8 7,58 (1H, dd, J = 1,8 Hz, J = 8,4 Hz) 2" 4" 11
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Hinh 3.5. Phé HMBC cua hop chat 155b
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Hinh 3.6. Pho HSQC cua hop chat 155b
Trén pho khdi phan giai cao caa hop chat 155b (hinh 3.7) tim thiy manh m/z
[M-H] 469,0097 va 471,0179 phi hop véi khéi lugng tinh toan theo ly thuyét cho
cong thirc phan tir [Ca6H14BrO4] 12 469,0075 va 471,0055. Nhu vay cac dit liéu phd
IR, NMR va HRMS di chitng minh ciu tric caa hop chat 155b 1a chinh xac. Cau
trdc cua cac hop chat khac ciing dugc khang dinh twong tu.

Spectrum from 20210407 Duy wiliZ (sample 40) - 7. Experiment 1. -IDA T ) from 0.353 min
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Hinh 3.7. Phé HRMS cua hop chat 155b



7

o P o Ar
H™ ™0 HY ~
My, — "
A
OH o) H20
o) o
14
Ar O Ar
WA L
L e LI
0~ "‘N-CHs 07 N-CHy
H
0 CHj, O H ¢h,
165 164

(0] Ar O (0] Ar O
7 - .
LMo Fp U r—— L LT e
O - HoN(CH3), 0
O HsC.{-CHs o

166 N 155
So db 3.3. Co ché d& xuat hinh thanh hop chat 155

Co ché hinh thanh san pham 155 duoc dé xuit theo so dd 3.3. Dau tién xay
ra qua trinh ngung tu Knoevenagel cta 2-hydroxy-1,4-naphthoquinone (14) véi
aldehyde 25 rdi khir nuée tao thanh 1,2,4-naphthalenetrione 162. O budc tiép theo,
phan wng cong Michael gitra 1,2,4-naphthalenetrione 162 véi arylenaminone 154 da
tao ra hop chat trung gian 163, chat trung gian nay trai qua qua trinh chuyén vi noi
phan tir dé tao thanh hop chét trung gian 164. Sau do, hop chat 165 chuyén proton
va loai bo amine dé tao ra oxonium 166. Cudi cung, hop chat oxonium 166 khu
proton va dong phan hoa lién két doi tao thanh hop chat cudi cung 155.

Nhu vay, bang phan tng domino ba thanh phan, chung toi da tong hop thanh
cong 23 hop chat 3-benzoyl-4H-benzo[g]chromene-5,10-dione 155a-w méi di tir
cac nguyén liu dau la 2-hydroxy-1,4-naphthoquinone 14, aldehyde 25 va
arylenaminone 154 trong acetic acid bang vé&i sy hd trg cua vi song. Hiéu suat phan
g tong hop céc hop chat dat 60-88%.

3.2. Két qua téng hep cac dan xuat podophyllotoxin-naphthoquinone

Podophyllotoxin (Hinh 3.8) la mét lignan tu nhién duoc phén lap tir cic loai
thudc chi Podophyllum (ho Berberidaceae). Phan tir podophyllotoxin c6 chta goc
y-butyrolactone, mot cau trdc gap duoc trong nhiéu hop chat thién nhién cé hoat
tinh sinh hoc [110, 111, 112]. Podophyllotoxin cé kha nang chéng lai ung thu di cin
phdi do tc ché topoisomerase 11 thdng qua viéc thuc day sy dut gay soi DNA [113].
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Mic di ¢6 hoat tinh chéng ung thu cao nhung podophyllotoxin khong duoc sir dung
dé diéu tri 1am sang do c6 nhiéu doc tinh nhu gy doc véi té bao tay xuong, rung
toc, gay doc cho duong tiéu hda, khang thuc va gay bénh ung thu thir phat [114].
Mot s6 dan xuat ban tong hop ciia podophyllotoxin, nhu etoposide (167), teniposide
(168) va epotophos (169) la c4c chat chdng khéi u dang duoc sir dung trén 1am sang
dé diéu tri cac bénh khac nhau, tuy nhién ching ciing c¢6 nhiéu tac dung phu [115].
Chinh vi vay, viéc nghién ctu phat trién cac dan xuat moi cta hop chat
podophyllotoxin déng mat vai trd vo cing quan trong trong viéc tim kiém thém céc
tac nhan chng ung thu tiém ning.

<O @

A D O

0 - \<
(0]

MeO OMe
OMe
Podophyllotoxin 4-aza-podophyllotoxin-naphthoquinone

ko % M % o %
e Meo% Mw%me

Etoposide (167) Teniposide (168) Etopophos (169) OH

Hinh 3.8. Podophyllotoxin va cac dan xuét ban tong hop tiéu biéu cua
podophyllotoxin

4-Aza-podophyllotoxin 1a cac dan xuat cua hop chat podophyllotoxin voi
nguyén t carbon & vi tri C-2 dugc thay thé bang nguyén t6 nito, ching thé hién
nhiéu hoat tinh sinh hoc dang chii y nhu wc ché su phét trién caa té bao ung thu, tc
ché quéa trinh polyme héa tubulin va gay ra qua trinh apoptosis va pha mach [116,
117, 118]. Nhiéu nha khoa hoc trén thé gii da nghién ciru tong hop va danh gia
hoat tinh cua céac hop chat di vong aza-podophyllotoxin cé chtra cac khung di vong
nham muc dich tim kiém céc hop chat mai c6 hoat tinh sinh hoc. Do d6, nhém
nghién ctu cua ching t6i da tap trung vao tong hop cac hop chat di vong 4-aza-
podophyllotoxin-naphthoquinone cé chira nhém thé khéac nhau tai vong E.
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Bang phan tng domino bén thanh phan di tir cac nguyén liéu 2-hydroxy-1,4 -
naphthoquinone (14) (1 mmol), 4-brombenzaldehyde (1 mmol), tetronic acid (156)
(1 mmol), va ammonium acetate (84) (3,0 mmol) véi su hd tro cua 10 phan tng vi
song, chung t6i da tong hop thanh cong hop chat 11-(4-bromophenyl)-4,11-
dihydrobenzo[g]furo[3,4-b] quinoline-1,5,10(3H)-trione (157a) (So db 3.4).

Br
14 25a 156 84

So do 3.4. Tong hop hop chit 157a

HP02.143 .4Br-DMSO-1H

TOMANCNA AN WDT ™M™

i B T o

T
1 i Vi
d_)i.’t W e
50 7AS 7.40 7.36 7.30 ) 570 ‘79
. - ClEI -
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1 T “ A
2 1 10 9 8 71 & 5 4 3 2 1 0 pm

AL )L
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Hinh 3.9. Ph6 'H NMR cua hop chat 157a
Trén phd 'H-NMR cua hop chat 157a (hinh 3.9) xuét hién day du céc tin hiéu
dic trung cho do chuyén dich hoa hoc cua cac proton c6 mat trong phan tir: tin hiéu
singlet caa nguyén t& proton NH tai vi tri o4 10,65 ppm, cac proton cua vong
naphthoquinone tai vi tri on 8,06 (d, 1H, J = 7,0 Hz, H-6), 7,89 (dd, 1H, J = 7,0 Hz,
J=1,5Hz, H-9), 7,84 (t, 1H, J = 7,5 Hz, H-8), 7,81 (t, 1H, J = 7,5 Hz, H-7). Ngoai
ra, trén phd xuét hién cac tin hiéu cong huong dang AB tai 7,44 (2H, d, J = 8,5 Hz,
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H-3’, H-5") va 7,30 ppm (2H, d, J = 8,5 Hz, H-2’, H-6") dac trung cho nhan thom
thé brom & vi tri para va tin hiéu singlet cua proton cta vong dihydropyrindine tai
vi tri 5,01 (s, 1H, H-11). Hai proton CH. cua vong gamalactone cho tin hiéu tai vi
tri 81 4,97 (d, 1H, J = 17,0 Hz, H-3), 4,89 (d, 1H, J = 17,0 Hz, H-3).

HP02.143.4Br-DMSO-C13CPD

Hinh 3.10. Ph6 3C NMR cua hop chat 157a

Phd 3C NMR cua hop hop chat 157a (hinh 3.10) ¢d tin hiéu cua 21 nguyén tir
carbon trong phéan ti, trong d6 co6 cac tin hiéu dac trung cua 3 nguyén tu C carbonyl
tai 6¢ 182,0 ppm (C-10), 179,4 ppm (C-5), 171,0 ppm (C-1). Nguyén tu carbon no
trong vong dihydropyrindine cho tin hiéu tai 34,7 ppm (C-11), nguyén tu carbon no
trong vong gamalactone cho tin hiéu tai 66,1 ppm (C-3). Céc tin hiéu con lai cua
C4C nguyén tir carbon vong thom va khong no xuét hién tir 156,0 dén 101,5 ppm.

Két qua phan tich phé HMBC va HSQC dugc trinh bay trong bang 3.5 gilp
khiang dinh chinh x&c cong thirc cu trdc du kién va quy két day du cac tin hiéu
proton va carbon trén phd NMR. Céc twong tac chinh trong phé HMBC ciing duoc
biéu dién trong hinh 3.11.



Hinh 3.11. Cau trdc héa hoc cua hop chat 157a va cac twong tac chinh trong phd

81

HMBC

VR
HMBC H C

Bang 3.4. Dit liéu phd NMR cua hop chat 157a

Twong tac chinh

C | éc (ppm) dn (ppm); mult, trén phé HMBC
(H>C)
1 171,0 -
4,97 (d, J=17,0 Hz)
3 66,1 1,33, 11a
4,89 (d, J = 17,0 Hz)
3a 156,0 -
da 139,6 -
5 179,4 -
5a 130,2 -
6 126,0 8,06 (d, J = 7,0 Hz) 5,8, 9
7 1334 781 (t,J=75Hz,J=15H2) 5a, 9
8 1349 784 (t,J=75Hz,J=15H2) 6, 9a
9 125,7 7,89 (d, J=7,0 Hz) 5a,7, 10
%9a 131,8 -
10 182,0 -
10a 117,8 -
11 34,7 5,01 (S) r,2.¢
3a, 44, 10, 10a, 11a
11a 101,5 -
I 143,7 -
4 119,8 -
2°,6° | 1303 7,30 (2H, d, J = 8,5 Hz) 4,11
3,5 | 131,0 7,44 (2H,d, J=8,5 Hz) 1’
10,65 (NH) 3,3a,4a, 5,11
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Hinh 3.12. Phé HSQC cua hop chat 157a
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Hinh 3.13. Phé HMBC cua hop chat 157a



83

(Spectrum from 20201023-Duy.wifl2 (sample 2) - 14312, Experiment 1, -IDA TOF MS (20 - 2000) from 0.147 min
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Hinh 3.14. Phoé HRMS cua hop chat 157a

Trén pho khéi phan giai cao cia hop chat 157a (hinh 3.14) tim thay manh

ion c6 m/z [M-H] 419,9877 va 421,9857 phu hop véi khéi lugng tinh toan theo ly
thuyét cho cong thic phan tor [CaH11BrNO4]™ 14 419,9871 va 421,9851. Nhu vay
c4c dir liu pho NMR va HRMS da chang minh cau tric cua hop chat 157a la chinh

Xac.
o
o) N H, OAc /C/(O
)J\ NH,OAc HO
—_—

H™ Ar H)J\Ar 156 \
25 170 NH,OAc
(@] Ar
HY 0 /
~ 0 ;
OH —— NH, - ACOH
-H,0 o
i % © T
(0] 7 ~ / o
S :
— N H,N
OH o A o) 173
170 r
o} . Y A 0
14 ’qCO/Y NH, 162
0 - NH3
(0]
171

o A g o A g o ArQ 0 ArHO
o /o
@ﬁiﬂo~@¢(ﬁo~®$§¢=
- H,0
o) o OH 0 o)
157 176 175 174

So 6 3.5. Co ché dé xuat hinh thanh hop chat 157 tir phan ting domino bon thanh phan
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Pé xac dinh diéu kién téi wu tong hop hop chat 157, phan tng tong hop dugc
thuc hién trong cac dung mdi hiru co khac nhau nhu ethanol, t-buthanol, va acetic
acid bang véi su c6 mat cua zeolite hap thy nudc véi nhiét do phan tng tir 80 dén
130°C. Két qua cho thay phan ng tién hanh trong acetic acid bang & 120°C, 15 - 20
pht cho hiéu suat tong hop san pham 157 cao nhit.

Str dung cac diéu kién phan tng duoc toi uu hoa nhu trén, ching t6i da tién
hanh tong hop 9 din chat podophyllotoxin-naphthoquinone 157a-i véi 09 nhém thé
aryl khac nhau (So do 3.6, Bang 3.5). Cac hop chat 157a-i tong hop duoc ching
minh cau trdc bang cac phuong phap phd hién dai nhu IR, 'H NMR, °C NMR,
HRMS.

0 O Ar
HO 0
O‘ + Ar—CHO + 21 + NH,0Ac -SHsCOOH bang )
OH 0”0 MW, 120°C N
0 15-20 phut 0 H
14 25 156 84 157

Sordo 3.6. Tong hop cac hop chat 157 tir phan ang domino bon thanh phan
Bang 3.5. Céc hop chat 157a-i

STT | Hop chit Ar Thot gian ?hén Hiéu suat (%)
ung (phut)
1 157a 4-BrCsHs 15 78
2 157b 4-FCeH4 15 80
3 157c¢ 2-FCsH4 15 78
4 157d 4-ClICeHa4 15 81
5 157e 4-CF3CeH4 15 80
6 157f 4-OMeCsH4 20 85
7 1579 3-OMe-4-OHCsH3 20 79
8 157h 1-naphthyl 20 79
9 157i 2-naphthyl 20 89

Ngoai ra, chiing t6i di tién hanh thyc hién phan tng domino ba thanh phan di
tr cac nguyén liéu 2-amino-1,4-naphthoquinone (78), tetronic acid (156) va
aldehyde thom hodc di vong 25 nhu so d6 3.7 dé tong hop céc dan xuat
podophyllotoxin-naphthoquinone 157. Phan ng sir dung xUc tac p-toluenesulfonic
acid trong dung mdi acetic acid bang ¢ 120°C véi sy hd trg cua thiét bi phan ¢ng vi
song.
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So do 3.7. Tong hop hop chat 157 tir phan tng domino ba thanh phan

Két qua thuc nghiém dugc trinh bay & bang 3.6 cho thay viéc sir dung phan
ttng domino ba thanh phan dé tong hop cac hop chiat podophyllotoxin-
naphthoquinone theo so d6 3.7 thuong cho hiéu suat cao va thoi gian phan &ng ngan
hon so vdéi sir dung phan tng domino bén thanh phan theo so db 3.5.
Bang 3.6. Céc hop chat 157j-x

Con dwong 1 Con dwong 2
(so dd 3.5) (so d6 3.7)
San - -
STT < Ar Thoi Hiéu Thoi Hiéu
pham ; ;
gian suat gian suat
(phdt) | (%) | (Phat) | (%)
1 157j | 3-OMeCeH4 20 83 15 86
2 157k | 3-BrCeHs4 15 79 15 83
3 1571 | 3-NO2CeH4 25 67 15 75
4 157m | CeHs 15 82 15 84
5 157n | 4-MeCsH4 20 88 15 88
6 1570 | 2-NO2CeH4 26 65 15 73
3-0x0-1,3-dihydro
7 157p 20 82 15 85
benzofuran-5-yl
8 157q | 2-F-4-OMeCsHs 20 39 20 71
9 157r | 3-F-4-OMeCsHs3 20 42 20 74
10 157s | 2,6-F2-4-OMeCsH: 25 37 25 70
11 157t | 2-CF3-4-OMeCesH3 20 36 20 73
12 157u | 2-F-4-OHCesHs3 20 17 20 72
4-(4- .
13 157v 25 vet 25 69
fluorophenoxy)CeHa
14 157x | 4-OCF3CsH4 20 69 20 78

Co ché hinh thanh san pham 157 tir phan @ng domino ba thanh phan duoc dé
XUt theo so d6 3.8. Qua trinh bt dau bang phan ung ngung tu Knoevenagel cua 2-
amino-1,4-naphthoquinone (78) véi cac aldehyde 25, sau do 1a qua trinh tach nudc
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ndi phan tir dé tao ra hop chat trung gian 179. Tiép theo 1a phan (ng cong Michael
gitra hop chat 180 véi tetronic acid (156) tao ra hop chat trung gian 181. Cudi cung
hop chit 181 dong vong ndi phan tir va tach nudc tao thanh san pham
podophylIotoxin—naphthoquinone 157.
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Sor do6 3.8. Co ché dé xuat hinh thanh hop chat 157 tir phan ng domino ba thanh phan

Sau d6, nhém nghién ciru cua ching t6i tiép tuc 4p dung phan tng domino ba
thanh phan theo qui trinh nhu so do 3.7 dé tong hop thém 8 din xuat
podophyllotoxin-naphthoquinone 157aa-ah véi hiéu suit cao (79 — 89%) (bang
3.7). Céu trlic cua cac san pham tong hop duoc dic trung day da boi pho IR, *H
NMR, 3C NMR va HRMS.

Bang 3.7. Céc hop chat 157aa-ah

STT | San pham Ar Thoi gian phan | Hiéu suat
rng (phat) (%)°
1 157aa | 2-OHCgH4 20 80
2 157ab 4-OHCsH4 20 79
3 157ac 4-NO2CeH4 15 82
4 157ad 4-CNCeHas 15 89
5 157ae | 3,4-(OMe),CsH3 15 85
6 157af | 3,4,5-(OMe)sCsHs 15 86
7 157ag pyridin-3-yl 15 81
8 157ah | 5-Br-pyridin-2-yl 15 83
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Nhu vay, bang phan tng domino da thanh phéan, ching t6i da tong hop thanh
cng 31 hop chat podophyllotoxin-naphthoquinone 157 di tir cAc nguyén liéu dau 1a 2-
hydroxy-1,4-naphthoquinone (14) va ammonium acetate (84) hoac 2-amino-1,4-
naphthoquinone (78) vai aldehyde 25 va tetronic acid (156) trong dung moi acetic
acid bang dudi su hd trg cua vi song. Nhin chung hiéu suat cua cac phan tng tong
hop khéng phu thudc nhiéu vao ban chét cia cac aldehyde va cac nhém day hoac
hut dién tir. Hiéu suat phan tng dao dong trong khoang 69 dén 89%.

3.3. Két qua tong hop cac din xuat N-arylated-dihydrobenzo[g]quinoline-5,10-
dione

Pé tiép ndi nhitng mdi quan tdm dbi véi viéc phat trién cac hop chat co hoat
tinh sinh hoc méi va cac phan wng domino, ching t6i tién hanh tong hop cac hop
chat dihydrobenzo[g]quinoline-5,10-dione mé&i mang vong y-butyrolactone véi cac
nhom thé aryl khac nhau & nguyén tir nito thong qua phan mg domino da thanh
phan.

Chung t6i d3 tién hanh thtr nghiém qué trinh tong hop 4-(3-methoxyphenyl)-11-
(p-tolyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline-1,5,10(3H)-trione  (160a) bang
phan tng domino ba thanh phan nhu so d6 3.9 véi su hd trg cua vi séng tir 1,4-
naphthoquinone (14), 4-methylbenzaldehyde (25) va 4-((3-methoxyphenyl)amino)
furan-2(5H)-one (159a) (duoc tao thanh boi phan tng gitra 3-methoxyaniline (158a) va
tetronic acid (156).

@) CHO

)

N
OMe HO oo H

NH, O O ©
158a 156 159a

Sor do 3.9. Tong hop hop chét 160a

Ban dau, phan tng nay duoc nghién ctu trong cac dung méi hiru co khac
nhau nhu acetic acid (AcOH), acetonitrile (CH3CN), ethanol (EtOH) va toluene hoi
Iru trong 90 phit, tuy nhién, khong thu duoc san pham mong muén (Bang 3.8). Sau
d6, chiing t6i tiép tuc tién hanh mét loat céc phan tng thir nghiém véi sy c6 mit cua
10 mol% cua trifluoroacetic acid (TFA) hoac p-toluenesulfonic acid (p-TsOH) trong
mot s6 dung méi hitu co duoc tién hanh hdi luu trong 20 phut.

Két qua cho thay cac phan ung két hop acetic acid 1am dung mdi va mét acid
Bronsted khac 1am chat xc tac cho hiéu suat phan ung ting dang ké. Trong sb hai
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chat xuc tac acid dugc thar nghiém, p-TsOH t6 ra hiéu qua hon vi thu dugc san
pham mong muébn véi hiéu suat cao hon. Pé téi vu hoa cac diéu kién phan ang,
ching téi thir nghiém xéc dinh lugng chat xdc tac phd hop. Khi sir dung 10 mol% p-
TsOH, chling toi thu dugc hop chat 160a vai hiéu suat 57%. Khi phan tram chat x(c
tac dugc ting 1én 20 mol%, hiéu suit tong hop 160a di ting 1én dén 83%. Tuy
nhién, néu tiép tuc tang lugng chat xuc tac 18n 30 mol% thi khong thay su cai thién
dang ké vé hiéu suat phan tng. Do d6, 20 mol% p-TsOH 14 luong xuc tac du cho
phan &ng higu qua.

Bdng 3.8. Anh huong cua dung méi va xtic tac dén hiéu suat tong hop hop chat 160a

STT Dung moi Xuc tac (mol %) | Thai gian phan | Hiéu suat (%)
wng (phat)
1 CHsCN - 90 0
2 EtOH - 90 0
3 Toluene - 90 0
4 AcOH - 90 0
5 CHsCN TFA (10 mol%) 20 13
6 EtOH TFA (10 mol%) 20 17
7 Toluene TFA (10 mol%) 20 vét
8 AcOH TFA (10 mol%) 20 43
9 CHsCN p-TsOH (10 mol%) 20 14
10 EtOH p-TsOH (10 mol%) 20 20
11 Toluene p-TsOH (10 mol%) 20 11
12 AcOH p-TsOH (10 mol%) 20 57
13 AcOH p-TsOH (20 mol%) 20 83
14 AcOH p-TsOH (30 mol%) 20 83

Str dung cac diéu kién phan tng duoc ti wu hoa (AcOH, p-TsOH 20 mol%),
chung t6i da tién hanh tong hop cac dan xuat 1,4-naphthoquinone-1,4-(arylamino)
furan-2(5H)-one (159a-c) tir cac dan xuét aniline va cac aldehyde thom mang nhom
thé khac nhau (So d6 1.10). Két qua chi tiét cac phan tng duoc trinh bay trong bang
3.9 cho thiy céc hop chat 160a-q da duoc tao ra véi hiéu suit cao (69-86%) trong
thoi gian 20-60 phit. CAu tric cua cac hop chét tong hop 160a—q duoc chirng minh
bang cac phuong phap pho hién dai nhu IR, *H NMR, C NMR, HSQC, HMBC va
HRMS.
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So do 3.10. Tong hop cac hop chat 160
Bang 3.9. Céc hop chat 160a-q

STT | san phim Ar m? Thoi g,;ian Hiéu suat

(phat) (%)
1 160a 4-MeCsHas 3-OMe 20 83
2 160b 4-BrCeHs 3-OMe 60 85
3 160c 4-CF3CeHa 3-OMe 60 69
4 160d CsHs 3-OMe 60 84
5 160e 4-MeCsHa 3-NO2 20 80
6 160f 4-BrCeHs 3-NO2 40 83
7 160g 4-CF3CeHa 3-NO2 40 80
8 160h CeHs 3-NO2 40 86
9 160i 3-OMeCeHa4 3-NO2 40 78
10 160j 3-NO,CsHs 3-NO; 60 81
11 160k 4-MeCsHa H 40 79
12 160l 4-BrCsHa H 40 81
13 160m 4-CF3CeHa H 40 80
14 160n CeHs H 40 82
15 1600 3-OMeCeHa4 H 40 79
16 160p 3-NO2CeHa4 H 40 82
17 160q 4-CICsH4 H 40 81




90

Trén pho 'H-NMR cuia hop chit 160a (hinh 3.15) xuét hién day du cac tin hiéu
caa cac proton co mit trong phan tir. Phd do cho thay céc tin hiéu dic trung twong tng
Vai 5 proton thom ctia vong 1,4-dihydrobenzo[g]quinoline-5,10-dione tai o+ = 7,99 ppm
(1H, dd, J=1,2 Hz, 7,8 Hz, H-9), 7,86 ppm (1H, dd, J = 0,6 Hz, 7,8 Hz, H-6), 7,67 ppm
(1H,td, J=1,2 Hz, 7,8 Hz, H-7), 7,62 ppm (1H, td, J = 1,8 Hz, 7,8 Hz, H-8), 5,33 ppm
(1H, d, J = 0,6 Hz, H-11). Cac proton cua nhom 3-methoxyphenyl cong huong tai o =
7,43 ppm (1H, t, J = 8,4 Hz, H-5"), 7,03 ppm (1H, dd, J = 1,2 Hz, 8,4 Hz, H-4"), 6,87
ppm (1H, dd, J = 1,2 Hz, 7,8 Hz, H-6"), 6,80 ppm (1H, t, J = 1,8 Hz, 4,2 Hz, H-2'), 3,86
ppm (3H, s, OCHz) va 7 proton p-tolyl tai on = 7,35 ppm (2H, d, J = 7,8 Hz, H-2', H-6"),
7,14 ppm (2H, d, J = 7,8 Hz, H-3', H-5"), 2,29 ppm (3H, s, CH3). Ngoai ra, cac tin hiéu 2
proton cua cip doi ¢ 4,55 ppm va cap doi o 4,46 ppm véi hang sé ghép doi J = 16,2 Hz
duogc xac dinh 14 2 proton methylene cta vong y-butyrolactone.

HP244.93-CDC13-1H

LG CH
6 | .

SEEEERETRE [ EEE B
Hinh 3.15. Phé *H NMR cua hop chét 160a
Pho 3C NMR cuaa hop hop chat 160a (hinh 3.16) xuat hién tin hiéu caa 29
nguyén tir carbon trong phan tir, trong d6 c6 cac tin hiéu dac trung cua 3 nguyén tir
carbon carbonyl tai o6c 182,7 ppm (C-10), 179,8 ppm (C-5), 170,9 ppm (C-1).
Nguyén tur carbon no trong vong dihydropyrindine cong huong tai 6c 34,7 ppm (C-
11), nguyén tir carbon CH> trong vong gamalactone cho tin hiéu cong hudng tai
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66,1 ppm (C-3). Ngoai ra trén phd C NMR c6 cac tin hiéu cong huéng & truong
cao tai 55,6 ppm cua carbon nhom methoxy (OCHzs) va tai 21,1 ppm la cua carbon
nhom methyl (CHz). C&c tin hiéu con lai cua cac nguyén tir carbon vong thom va
khéng no xuat hién cong huong tir 160,8 ppm dén 105,4 ppm.
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Hinh 3.16. Ph6 3C NMR cua hop chat 160a
Két qua phan tich phd HMBC va HSQC duoc trinh bay trong bang 3.10 gilp
khiang dinh chinh x&c cong thicc cu trdc du kién va quy két day du cac tin hiéu
proton va carbon trén phd NMR. Céc twong tac chinh trong phd HMBC ciing duoc
biéu dién trong hinh 3.17.

Hinh 3.17. Cau trdc héa hoc cua hop chat 160a va cac twong tac chinh trong phd
HMBC
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Bang 3.10. Dix liéu phd NMR cua hop chat 160a

dc Twong tic trén phd HMBC
C on (ppm); mult,
(Ppm) (H>C)
1 170,9 -
4,55 (1H, dd, J = 16,2 Hz, H%3)
3 66,1 1, 3a, 11a
4,46 (1H, d, J = 16,2 Hz, H"3)
3a 157,0 -
4a 140,4 -
5 179,8 -
5a 1315 -
6 126,5 | 7,86 (1H,dd,J=0,6 Hz, 7,8 Hz) 5,8,9
7 134,3 7,67 (1H,td,J=1,2Hz, 7,8 Hz)
8 1334 | 7,62 (1H,td, J=1,8 Hz, 7,8 Hz)
9 126,3 | 7,99 (1H, dd,J = 1,2 Hz, 7,8 Hz) 8,10
9a 131,7 -
10 182,7 -
10a | 1256 -
11 34,7 533 (1H,d,J=0,6 Hz) 1, 10, 3a, 4a, 10a, 11a, 1°, 2
11a | 1054 -
I 140,2 -
4 137,2 -
2,6 | 1280 7,35 (2H,d, J=7,8 Hz) 2°.4,6
3,5 | 1295 7,14 (2H,d,J =7,8 Hz) 1,35
1 1417 -
2”7 1124 | 6,80 (1H,t,J=1,8 Hz, 4,2 Hz)
3” 160,8 -
4 113,9 | 7,03 (1H, dd,J = 1,2 Hz, 8,4 Hz)
57 130,8 743 (1H,t,J=8,4 Hz) 1,37
6’ 118,2 | 6,87 (1H,dd,J=1,2Hz, 7,8 Hz)
OCHs | 55,6 3,86 (3H, s, OCHa) 37
CH3 21,1 2,29 (3H, s, CHy)
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Hinh 3.18. Phé HMBC cua hop chét 160a
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Hinh 3.19. Phd HSQC cua hop chat 160a
Trén pho khéi phan giai cao cua hop chat 160a (hinh 3.20) tim thidy manh
m/z [M+Na]* 486,1319 phu hop véi khéi luong tinh toan theo ly thuyét cho cong
thic phan tir [CasHaaNOsNa]* 13 486,1312. Nhu vy céc dit lidu phé NMR va
HRMS di ching minh cau trdc cua hop chat 160a 1a chinh xé&c. CAu tric cua cac
hop chét khac ciing dugc khang dinh twong tu.

Spectrum from 20220224Binh. wiff2 (sample 12) - HF244.93, Experiment 1, +[DATOF MS (100 - 2000) from 0.722 min
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Hinh 3.20. Phé HRMS cua hop chat 160a
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So dé 3.11. Co ché dé xuat hinh thanh hop chat 160

Co ché hinh thanh san pham N-arylated-dihydrobenzo[g]quinoline-5,10-
dione 160 duoc dé xuat theo so dd 3.11. Dau tién, hop chat 1,2,4-naphthalentrione
162 thu dugc thong qua qua trinh ngung tu Knoevenagel cia 2-hydroxy-1,4-
naphthoquinone (14) véi aldehyde 25 rdi khir nuge. O budc tiép theo, phan @ng
cong Michael giira 4-(arylamino)furan-2(5H)-one 159 vai hop chat trung gian 184
d3 tao ra hop chat trung gian 185. Cudi cung hop chat 185 chuyén vi hydro [1,3],
dong vong ndi phan tir va khir nudc tao thanh san pham cudi ciing 160.

Nhu vay, chang t6i da tong hop thanh cong 17 hop chat N-arylated-
dihydrobenzo[g]quinoline-5,10-dione 160a-q m&i di tir cac nguyén lidu dau la 2-
hydroxy-1,4-naphthoquinone (14), aldehyde thom 25, aniline/dan xuat aniline 158
va tetronic acid 156 véi su hd tro cua vi song. Hiéu suat phan ang tong hop céc hop
chat dat 69-86%. Nhin chung ban chat cac nhom thé khong anh huong nhiéu dén
hiéu suat caia phan ang tong hop hop chat 160.

3.4. Két qua téng hop cac din xuit benzo[a]pyridazino[3,4-c]phenazine

Phenazine 1a mot nhdm hop chat di vong nito quan trong véi nhiéu hoat tinh
sinh hoc 1y thu nhu khang sinh pho rong, diét nAm va chdng sét rét, irc ché enzyme
AChE, chéng tram cam, chdng viém, chong dai thao duong va khang khuan [80-
86]. Cac hop chat phenazine con c6 kha ning ¢ ché té bao ung thu, Gc ché bénh
bach cau va cac khdi u ran nho kha nang on dinh phirc hop phéan cit Top | - DNA
va uc ché hoat dong ATPase cua hTopll [87-90]. Bén canh d6, pyridazine 13 mot
nhém quan trong cta cac hop chat da vong aza, thuong la tiéu don vi cau tric cua
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nhiéu hop chét ¢ hoat tinh sinh hoc va duoc pham. Trong nhitng nim gan day, hé
thdng vong pyridazine da thu hiit duoc sy quan tim déng ké cua cac nha khoa hoc
do tinh 6n dinh cau tric, hoat tinh dugc 1y va c4c (ng dung c6 loi khéac caa ching.
Mic du di vong c6 goc phenazine va pyridazine rat dugc quan tim, nhung viéc két
hop hai cau tric phenazine va pyridazine chua dwoc nghién ciru nhiéu [119]. Do do,
ching t6i tién hanh phan tmg domino da thanh phan dé tong hop cac hop chat moi
c6 chira khung benzo[a]pyridazino[3,4-c]phenazine va danh gia hoat tinh gdy doc té
bao ung thu cua chung.

S “
O Phenazipg - Pyridazine
Qeth&p

Phenazine Benzo[a]phenazine . >

B
N

Pyridazine

Hinh 3.21. Cau trdc muc tiéu két hop khung phenazine va pyridazine

Chung toi da tién hanh phan (ng domino bon thanh phan dé tong hop cac
hop chat du kién 161a-i tir cac hop chat don gian va sin cd, bao gom 2-hydroxy-
1,4-naphthoquinone (14), aldehyde thom hoac di vong 25a-i, methylhydrazine (150)
va o-phenylenediamine (133) theo so do 3.12. Pau tién, 2-hydroxy-1,4-
naphthoquinone (14), aldehyde 25 va methylhydrazine (150) phan &ng véi nhau
trong dung méi toluen tao thanh cac hop chat benzo[h]cinnolin-5,6-dione 151. Thuc
nghiém cho thay néu khi c6 sy hd tro cia vi séng, phan ¢ng dién ra nhanh hon. Khi
dun hoi Ivu bang bép tir & nhiét d6 110°C, phan tng két thic sau khoang 4 gio. Con
néu tién hanh phan tng trong thiét bi phan ang vi song, thoi gian phan &ng chi can
30 — 40 phut. Sau d6, chiing toi tiép tuc cho thém o-phenylenediamine (133) roi tiép
tuc phan @ng & nhiét d6 110°C trong thiét bi phan tng vi séng va duy tri trong 2 — 3
gio. Hon hop dung dich sau phan ung dugc dua vé nhiét do phong roi chiét bang
ethyl acetate va tinh ché bang sac ky cot thu duoc san pham 161. Hiéu suét cac phan
g sau khi tinh ché san pham dat tir 41 dén 63%. Nhin chung hiéu suat cta céc
phan tng khdng phu thudc nhiéu vao ban chat caa cac aldehyde. Két qua téng hop
cac hop chat 161a-i dugc dua ra trong bang 3.11.
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So do 3.12. Tong hop cac hop chat 161
Bang 3.11. Céc hop chat 161a-i

STT Hop chat Ar Hiéu suat (%)
1 161a 3-BrCe¢Hs 63
1 161b CeHs 52
3 161c 4-ClICeHas 55
4 161d 4-BrCsH4 60
5 161e 4-NO2CsH4 48
6 161f 4-505(CH3)CeHa 41
7 161g 3-OMeCeHa 57
8 161h 4-OMeCeHa4 50
9 161i 2-naphthyl 45

Chung t0i ciing di tién hanh phan ung twong tu Véi cac aldehyde thom co
nhom thé & vi tri ortho (Ar = 2-FCgHa, 2-OMeCgHa, 2-NO,-5-OHCgHs). Tuy nhién,
phan tng cua cac aldehyde nay vai 2-hydroxy-1,4-naphthoquinone (14),
methylhydrazine (150) va o-phenylenediamine (133) lai thu duoc san pham chinh Ia
dihydrobenzo[h]cinnoline-5,6-dione thay vi hop chat 161. Biéu nay c6 thé giai thich
la do su can trg steric gitta nhom dugc thé cua aldehyde va nguyén tir nito trén 16
phenazine. Cac hop chat 161a-i tong hop dugc ching minh ciu tric bang cac
phuong phap pho hién dai nhu IR, NMR va HRMS.

Trén pho 'H NMR cua hop chat 161a (hinh 3.22) xuat hién tin hiéu singlet
tai 6 4,16 ppm dac trung cho 3 proton cia nhom methyl (CHsz-N) va tin hi¢u
singlet tai 61 6,74 ppm dac trung cua proton H-1. Ngoai ra co tin hiéu cua 16 proton
ctia vong naphthoquinone, vong phenazine va hai vong thom xuét hién chong lan
nhau & ving trudng thap tir 84 9,44 ppm dén 7,05 ppm.
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Phé 13C NMR cua hop hop chat 161a (hinh 3.23) xuat hién du tin hiéu cua
31 nguyén ti carbon, trong do co6 cac tin hi¢u dac trung cho nguyén tir carbon no &
vi tri C-1 tai 36,9 ppm (C-1) va nhém methyl tai 45,6 ppm (N-CHs). C4c nguyén tu
carbon lién két truc tiép véi cac nguyén tir nito trong vong phenazine va pyridazine
c6 do dich chuyén trong khoang 144,1 dén 138,0 ppm. Két qua phan tich pho
HMBC va HSQC dugc trinh bay trong bang 3.12 gidp khang dinh chinh xéac ciu
trdc dy kién va quy két day du cac tin hiéu proton va carbon trén phé NMR. Céc
tuong tac chinh trong phd HMBC ciing dugc biéu dién trong hinh 3.24.

Hinh 3.24. Cau trdc hoa hoc cua hop chat 161a va cac tuong tac chinh
trong phé6 HMBC
Bang 3.12. Dixt liéu pho NMR cua hop chat 161a

Twong tac
C oc (ppm) o1 (ppm); mult, chinh trén pho
HMBC
(H->C)
1 36,9 6,74 (1H, s, H-1) 2,1°,2°,6°, 4a,
14a, 14b
2 1441 -
4a 138,0 -
4b 145,0 -
5 124,9 8,32-8,29 (2H, m)
125,3 7,90 (1H, d, J = 8,0) 4b, 6
7 132,2 7,51 (2H, t, J = 8,5 Hz)
8 129,6 8,22 (1H, t, J = 2,0 Hz) 4b, 5, 6
8a 131,7 -
8b 141,9 -
%9a 141,2 -
10 129,6 8,26 (1H, d, J = 8,0 Hz)




wdd 0°L

100

11 129,1 7,78-7,74 (3H, m)
12 129,9 7,83 (1H,t, J = 8,0 H2)
13 126,5 9,44-9,42 (1H, m) 93, 11
13a 1427 -
14a 1419 -
14b 112,5 -
15 45,6 4,16 (3H, s, H-15) 4b, 4a, 5
I’ 140,6 -
2’ 131,2 7,72 (1H,t,J =2,0 Hz)
3 122,8 -
4 130,0 7,20 (1H, d, J = 8,5 Hz)
5 128,6 7,78-7,74 (3H, m)
6’ 126,7 7,51 (2H,t,J =8,5Hz)
1 137,8 -
27 130,2 7,05 (1H, t, J = 8,0 Hz)
3”7 1229 -
4 127,7 7,78-7,74 (3H, m)
5” 130,0 7,29 (1H,t,J =8,0 Hz) 1,37
6 128,8 8,32-8,29 (2H, m)
C-2 c2 6" c-13 C6,_
————————————————————— H-13
; @@- @ = H-5,H-6"
‘. ok - - H-6
— | —— H-2’
B - = H-7,H-6
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Hinh 3.25. Ph HSQC cua hop chét 161a
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Hinh 3.26. Phd HMBC cua hop chat 161a
Trén phé khéi phan giai cao cua hop chat 161a (hinh 3.27) ¢c6 manh m/z
[M+H]* 609,0104 phu hop véi khéi lwong tinh toan theo ly thuyét cho cong thuc
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phan tir [Ca1H21BraNs]* 1a 609,0107. Nhu vay cac dir liéu phd NMR va HRMS da
ching minh céu tric cua hop chat 161a Ia chinh xac. Cau tric cua céc hop chat
khac ciing duoc khang dinh tuong tu.

Spectrum from 202102071 Duy willZ (sample 3) - GG0Z. 174, Expeniment 1. +IDA TOF M5 (20 - 2000) from 0,385 min
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So do 3.13. Co ché dé xuat hinh thanh hop chat 161

Co ché hinh thanh san pham 161 dugc dé xuat theo so do 3.13. Pau tién xay
ra qua trinh ngung tu Knoevenagel tao thanh hop chét 1,2,4-naphthalenetrione 162
tur 2-hydroxy-1,4-naphthoquinone (14) va aldehyde 25. Song song véi qua trinh nay
Ia su tao thanh hydrazone 190 tir methylhydrazine (150) va aldehyde 25 sau khi tach
nudc. Hop chat 162 dong vai tro nhu tac nhan electrophile trong phan ng cong
Michael vai hop chat 190 cho san pham trung gian 191. Nguyén tir carbon C-4
trong hop chat 191 dé& dang nhan cip electron tir nhém amine (-NH-) dé tao thanh
san pham trung gian 193 va tiép tuc chuyén thanh hop chat 194 théng qua qua trinh
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loai nuéc. Cudi cing, cac hop chat 194 phan wng véi o-phenylenediamine (133), roi
loai nudce tao thanh san pham 161.

Nhu vay, biang phan @ng domino bén thanh phan, chung t6i di tong hop
thanh cong 9 hop chat benzo[a]pyridazino[3,4-c]phenazine 161a-i méi di tir cac
nguyén liéu dau 1a 2-hydroxy-1,4-naphthoquinone (14), aldehyde 25,
methylhydrazine (150) va o-phenylenediamine (133) trong dung mdi toluene. Hiéu
suat phan g tong hop céc hop chat dat 41-60%.

3.5. Két qua danh gia hoat tinh gay doc té bao

Nhu da nghién ctu trong phan tong quan, cac hop chat di vong quinone
thuong ¢ ¢d hoat tinh sinh hoc 1y tha nhu khang viém, khang khuan, khang nam,
khang vi rat va dic biét 1a hoat tinh chong ung thu. Do d6, chung toi da tién hanh
khao sat hoat tinh sinh hoc cua cac hop chat duoc téng hop. Cac hop chit
podophyllotoxin-naphthoquinone 157, N-arylated-dihydrobenzo[g]quinoline-5,10-
dione 160 va benzo[a]pyridazino[3,4-c]phenazine 161 duoc lya chon tién hanh the
hoat tinh gay doc té bao in vitro d6i véi cac dong té bao ung thu & ngudi gom ung
thu biéu md KB, ung thu gan HepG2, ung thu phoi SK-Lu-1 hodc A549, ung thu va
MCF-7 va té bao lanh Hek-293 vai chat chuan ellipticine.

35.1. Két qud ddnh gid hoat tinh cia cac hgp chdt N-arylated-
dihydrobenzo[g]quinoline-5,10-dione

Hoat tinh gay doc té bao cua cac N-arylated-dihydrobenzo[g]quinoline-5,10-
dione 160a-g mang vong y-butyrolactone méi duoc tong hop ciing duoc danh gia in
vitro d6i voi bén dong té bao ung thu bao gdm ung thu biéu mé KB, ung thu gan
HepG-2, ung thu phdi A549 va ung thu va MCF-7. Két qua chi tiét duoc trinh bay
trong bang 3.13 cho thay hop chat 160d, 160h, 160i va 160I-p c6 gia tri 1Cso tir thap
dén trung binh ddi voi cac dong té bao dugce danh gia (ICso < 18 uM) ngoai trir hop
chat 160i khong thé hién hoat dong dang ké déi véi dong té bao KB. Cac hop chat
160i, 160n va 160p gay doc doi véi cac té bao HepG2 va MCF-7 tuwong ty nhu
ellipticine véi 1Cso < 2 uM. Cac hop chat 160d va 160l thé hién hoat tinh ¢ ché cao
d6i véi dong té bao HepG2 véi ICso = 2,22 va 2,97 uM tuong Gng.

Panh gia so bd vé mbi quan hé cau tric — hoat tinh (SAR) cua cac hop chat
duoc tong hop 160a-p cho thiy viéc dua cac nhom thé R? 13 methoxy va nitro tai vi
tri C-3 vao nhdm N-aryl lam giam dang ké hoat tinh gay doc té bao. Hon nira, viéc
dua cac nhom thé R* 1a goc aryl da lam tang déng ké hoat tinh gay doc té bao cua cac
hop chat thu duoc trén dbi véi cac dong té bao ung thu dugc nghién cau. Ngoai ra,
kha niang gay doc té bao co chon loc cua cac hop chat nay ciing duoc danh gia bang
cach st dung té bao phdi than lanh tinh (Hek-293). Két qua cho thay cac hop chat
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t6ng hop duoc khong giy doc hoic co6 mirc d6 doc hai trung binh d6i véi Hek-293
VGi gia tri ICso tir 3,87 dén 37,89 uM.

Bang 3.13. Két qua danh gia gay doc té bao cua cac hop chat N-arylated-
dihydrobenzo[g]quinoline-5,10-dione 160a-q

1| P Ar | R ICso (UM)
chat KB HepG2 A549 MCF-7 Hek-293
1 | 160a | 4-Me | 3-OMe > 20 15,75+ 1,08 > 20 > 20 -
2 |160b | 4-Br | 3-OMe > 20 > 20 > 20 > 20 -
3 | 160c | 4-CFs | 3-OMe > 20 > 20 > 20 > 20 -
4 | 160d H 3-OMe (14,97 +1,11| 2,22+ 0,22 11,26 +0,65| 9,21+ 0,33 | 3,87 £ 0,15
5 | 160e | 4-Me | 3-NO2 > 20 > 20 > 20 > 20 -
6 | 160f | 4-Br | 3-NO2 > 20 > 20 > 20 > 20 -
7 | 160g | 4-CF3 | 3-NO2 > 20 > 20 13,48 £ 0,94 > 20 -
8 | 160h H 3-NO2 |17,22+1,08/12,91+1,08| 6,13+0,32 | 10,39 + 0,47 -
9 | 160i | 3-OMe | 3-NO2 > 20 1,23+0,10 16,17 +1,01| 1,98 + 0,30 |37,89 £ 4,00
10 | 160j | 3-NO2 | 3-NO2 > 20 > 20 7,75+ 0,29 > 20 -
11 | 160k | 4-Me H > 20 > 20 > 20 > 20 -
12 | 1601 | 4-Br H [11,03+1,79| 2,97 £0,30 |11,25+0,70| 9,23+ 0,42 [10,15 + 0,58
13 |160m | 4-CF3 H |16,41+1,03|9,12+0,68 | 9,31+0,72 | 8,30+0,51 (15,13 +1,00
14 | 160n H H 8,79+0,36 | 0,95+0,12 | 9,08+0,36 | 0,91+0,12 |10,33+1,54
15 | 1600 | 3-OMe H [12,99+0,62| 7,07+£0,33 |12,32+0,82| 11,16 + 1,11 [11,47 + 1,12
16 | 160p | 3-NO2 H 579+0,22 | 0,63+0,02 | 7,23+0,32 | 0,81+0,19 | 4,96 + 0,36
17 | 160q | 4-Cl H > 20 > 20 > 20 > 20 -
Ellipticine 1,33+0,20 | 1,42+0,20 | 255+0,20 | 2,35+0,20 | 4,16 £ 0,22
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3.5.2. Két qud ddnh gid hoat tinh ciia cac hep chat benzo[a]pyridazino

Két qua thir nghiém giy doc té bao ung thu cua céc dan xuat

benzo[a]pyridazino[3,4-c]phenazine 161a-i duoc trinh bay chi tiét trong cac bang
3.14 cho thiy cac hop chat c6 nhom thé -Cl, -Br, -NO; (161a, ¢, d, e) khdng thé
hién hoat tinh d4i véi ca bon dong té bao ung thu, trong khi hop chat 161f ¢6 nhém
-SO,CHj3 ciing chi thé hién hoat tinh yéu d6i véi cac dong té bao KB, HepG2 va
MCF-7 véi c4c gia tri 1Cso nam trong khoang tir 44 dén 63 pM. Cac hop chét c6
nhém methoxy —OCH3s & vong aryl (161g-h) cho thay hoat tinh ¢ ché cao hon so
véi cac hop chat 161a-f. Bic biét, hop chat 161h (Ar = 4-OMeCgHs) va hop chat
161b (Ar = CsHs) thé hién tac dung giy doc té bao tét trén ca bén dong té bao duoc
thir nghiém véi cac gia tri ICso nam trong khoang tir 10 dén 23 pM.

Bang 3.14. Két qua danh gia gay doc té bao cua cac hop chat

HaC Ny

benzo[a]pyridazino[3,4-c] phenazine 161a-i

161
7| Hop A ICs0 (ULM)
chét KB HepG2 | SK-Lu-1 | MCF-7 | Hek-293
1 | 161a | 3-BrCsHq > 100 > 100 > 100 > 100 > 100
2 |161b| CeHs |19,41+0,40 | 10,48 +0,20 | 18,55+ 0,25 [ 22,04 0,50 | > 100
3 | 161c | 4-CICsHq > 100 > 100 > 100 > 100 > 100
4 | 161d | 4-BrCeHa > 100 > 100 > 100 > 100 > 100
5 | 161e | 4-NOsCeHs | > 100 > 100 > 100 > 100 > 100
6 | 161f | 59 |6248+180|446841,03| >100 |6274%117| >100
(CH3)CeHa

7 | 161g | 3-OMeCeHs | 64,41 + 0,80 | 36,32 +0,27 | 55,96 + 1,06 | 70,66 £ 1,49 | > 100
8 | 161h | 4-OMeCeHs | 16,70 + 0,34 | 14,62 +0,15 | 18,25 + 0,23 | 21,83 + 0,19 | 73,44 + 1,34
9 | 161i | 2-naphthyl >100 | 81,42+£094| >100 > 100 > 100

Ellipticine 1,26+0,05 | 1,34+0,04 | 1,83+0,05 | 2,48 £0,05 | 6,58 +0,04

Ngoai ra, kha ning gy doc té bao ¢ chon loc cua cac hop chat nay ciing duoc
danh gia bang cach sir dung té bao phoi than lanh tinh (Hek-293). Két qua cho thay tat ca
cac hop chat 161a-i thé hién doc tinh thap di véi cac té bao Hek-293.
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3.5.3. Két qud ddnh gia hogt tinh ciia cac hep chdt podophyllotoxin-
naphthoquinone
Cac hop chat podophyllotoxin-naphthoquinone nhém nghién céu tong hop

cling dugc danh gia vé kha ning gay doc té bao ddi véi cac dong té bao tuong tu.
Két qua chi tiét duoc trinh bay ¢ cac bang 3.15, 1.16 va 1.17 cho thay hau hét cac
hop chit nay déu thé hién hoat tinh gay doc ddi véi cac té bao ung thu duoc thir
nghiém ¢ nhitng néng d6 khac nhau, trong d6 c6 26/31 hop chét c¢d hoat tinh manh
Véi gia tri 1ICso < 2,5 uM.

naphthoquinone 157a-p

Bang 3.15. Két qua danh gia gay doc té bao cua cac hop chat podophyllotoxin-

@]
| o
N
(0] H 157
1| HoP Ar Cs0 (M)
chét KB HepG2 | SK-Lu-1 | MCF-7 | Hek-293
1|157a| 4-BrCeHs |2,14+0,11|1,50+0,01|0,45+001| >250 |827+0,14
2 | 157b | 4-FCeHs |2,16+0,07|0,44+0,01]0,28+0,03| >250 |535+021
3| 157c | 2-FCeHs |1,1940,01(0,42+0,01|0,28+0,01| >250 [10,30+0,10
4| 157d | 4-CICeHs |1,46+0,01|1,35+0,01|050+0,01| >250 |589+0,12
5 | 157e | 4-CFsCsHs | 0,80 20,01 |1,24 +0,01] 0,51 £0,01| >250 |7,59+0,17
6 | 157f | 4-OMeCsHa4 | 0,88 20,02 [2,06 + 0,02 0,88£0,05| >250 |8,17+0,04
7 | 1579 SOMe-d- 1 904002 /041£0,01| 041£001| >250 | 1.41+001
OHCeHs3
8 [ 157h | 1-naphthyl | >2,50 > 2,50 > 2,50 >250 |14,68+0,12
9 | 157i | 2-naphthyl | >250 [1,68+0,07|1,02+005| >250 |7,61+0,05
10 | 157j | 3-OMeCeHa | 1,23 £0,01 |0,46+0,01| < 0,040 >250 | 9,35+0,44
11| 157k | 3-BrCeHs |1,71+0,07| <0,036 | <0,036 >250 | 7,20+0,05
12 | 1571 | 3-NO2CeHa | 1,16 £0,01| <0,039 | <0039 [219%0,02| 1,47 +0,04
13[157m| CeHs | 154+001| <0044 | <0044 |1,98+0,04]1,3420,01
14| 157n | 4-MeCeHs | >250 |2,24+0,01|165+003| >250 |21,59+2 0,40
15 | 1570 | 2-NO2CeHas | 2,34 £0,26| >250 |2,22+004| >250 |995+0,01
3-0x0-1,3-
16 | 157p dgg’ggo 1,86 +0,02 |0,47 +0,01| 0,08+0,01 | >2,50 |4,78+0,14
furan-5-yl

Ellipticine 1,75+ 0,03 | 1,66 + 0,03 | 1,54+ 0,03 | 1,58 + 0,03 | 1,69 + 0,04
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Bang 3.16. Két qua danh gia gay doc té bao cua cac hop chat

podophyllotoxin-naphthoquinone 157q-x

Hop I1Cs0 (LM)
TT p Ar
chat KB HepG2 Ab549 MCF-7 Hek-293
2-F-4-
1 | 157q 254+0,01 (3,13+£0,01 |442+0,01 (2,65%+0,01|21,87 +0,01
OMeCeH3
3-F-4-
2 | 157r 2,36 +£0,01 (3,24+0,01 |1,13+0,07 |3,43+0,03|10,04 +0,10
OMeCeH3
2,6-F2-4-
3 | 157s > 5,00 > 5,00 > 5,00 >5,00 |40,06 0,21
OMeCgH>
2-CF3-4-
4 | 157t > 5,00 > 5,00 > 5,00 >500 (21,91+0,26
OMeCeHs
5 | 157u | 2-F-4-OHC¢H3 |1,86 + 0,03 >500 |1,82+0,01 |2,69+0,03/1,54+0,14
4-(4-fluoro
6 | 157v 0,60+0,01 [1,05+0,03 >500 |2,12+0,04 (3,68 +0,02
phenoxy)CeHa
7 | 157x 4-OCF3CeHs (1,11 +0,01 |1,11+£0,03 |1,39+£0,10 |2,59+0,03|1,08 £0,01
Ellipticine 1,53+0,04 |1,50+0,03 1,58 +0,03 |1,83+0,07 (6,33 +0,04
Bang 3.17. Két qua danh gia gay doc té bao cua cac hop chat
podophyllotoxin-naphthoquinone 157aa-ah
He 1Cs0 (UM
TT ,;p Ar (M)
chat KB HepG2 A549 MCF-7 Hek-293
1 | 157aa | 2-OHCe¢Hs | 0,57 £0,02 | 0,63+0,02 | 0,43+£0,01 | 1,61+0,03 | 2,03 +£0,06
2 | 157ab | 4-OHCeHs | 4,04+0,01 | 755+0,02 | 1,59+0,03 | 2,23 +0,06 | 6,46 + 0,15
3 | 157ac | 4-NO2CeHs | 2,76 +£0,09 | 5557+0,19 | 1,12+0,04 | 2,95+0,09 | 7,17 £ 0,16
4 | 157ad | 4-CNCeHs | 4,15+0,12 118,84 +0,49| 2,03+0,05 | 16,27 £0,41 > 20
3,4-
5 | 157ae 0,52+0,02 | 0,53+£0,02 | 1,10+£0,02 | 2,28 +0,07 | 2,23 + 0,08
(OMe)2CeH3
3,4,5-
6 | 157af 0,02+0,01 | 0,02+0,01 | 0,62+£0,02 | 0,12+0,03 | 0,03+0,01
(OMe)3CsH>
7 | 157ag | pyridin-3-yl | 0,62 +0,01 |23,23+0,42| 0,61+0,02 | 1,96 +0,04 | 1,81 + 0,05
5-Br-pyridin-
8 | 157ah 2y 33,08 +£ 1,00 > 50 15,97 £0,52| 13,70+ 0,41 >20
Ellipticine 1,15+0,01 |1,51+0,05 [160+0,02 |1,82+0,03 (6,18 +0,11
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Két qua tha nghiém cho thdy, nhiéu hop chat podophyllotoxin-
naphthoquinone 157 tong hop dugc cho thay hoat tinh ac ché té bao ung thu cao
hon so véi hoat tinh cua ellipticine tham chiéu. Bac biét, cac hop chat 157j (Ar = 3-
OMeCsHa4), 157k (Ar = 3-BrCsHa), 1571 (Ar = 3-NO2CsHa), 157m (Ar = CeHs) va
157af (Ar = 3,4,5-(OMe)sCsH2) duoc phat hién l1a chat chéng ung thu manh nhat
trong day chat véi ICso < 40 nM chédng lai té bao HepG2, SK-Lu-1 hoic KB. Cac
hop chat 157h (Ar = 1-naphthyl), 157s (Ar = 2,6-F2-4-OMeCsHy), 157t (Ar = 2-
CF3-4-OMeCgHs), 157ah (Ar = 5-Br-pyridin-2-yl) it gdy doc té bao hon d6i véi ca
4 dong té bao ung thu so véi Cac chat twong tu duoc tong hop khac véi 1Cso > 2,50
uM. Nhin chung, cac hop chat 157a-x, 157aa-ah c6 kha ning giy doc té bao doi
v6i dong té bao ung thu MCF-7 yéu hon so voi cac dong té bao ung thu khac.
Ngoai ra, kha nang gay doc té bao c6 chon loc cua cac hop chat nay ciing duoc danh
gia bang cach st dung té bao phéi than lanh tinh (Hek-293). Két qua cho thay tat ca
cac hop chit 157a-x, 157aa-ah (ngoai trir 157af) thé hién doc tinh thap d6i véi cac
té bao Hek-293 véi gia tri 1Cso nam trong khoang tir 1,08 pM dén > 20 uM. Danh
gia so bd vé méi quan hé cau triic — hoat dong (SAR) cua cac hop chat téng hop
157a-x, 157aa-ah nay cho thy viéc dua géc naphthoquinone vao vong B va giir
vong y-butylrolactone D cuia khung 4-aza-podophyllotoxin da cai thién déng ké céc
dic tinh chong ung thu nhung khéng quan sat thiy anh hudng 16n cua cac nhém
aryl d6i véi hoat tinh gy doc té bao cua hop chat. Su thay d6i cac nhom thé trén
cac gbc aryl ciing nhu cac di vong khong 1am thay d6i dang ké hoat tinh gay doc té
bao cua cac hop chat thu duoc trén cac dong té bao nghién cuu.

Qua két qua thir nghiém danh gia hoat tinh gay doc té bao cua 3 day hop chat
podophyllotoxin-naphthoquinone 157, N-arylated-dihydrobenzo[g]quinoline-5,10-
dione 160 va benzo[a]pyridazino[3,4-c]phenazine 161 cho thay, nhin chung cé4c hop
chat c6 chira khung podophylotoxin-naphthoquinone véi vong y-butylrolactone c6
kha ning gay doc té bao tbt, dac biét 1a cac hop chat c6 chira nhom thé & vi tri meta
thuoc vong aryl. Cac hop chat benzo[a]pyridazino[3,4-c]phenazine 161 c6 hoat tinh
gy doc té bao yéu hon, chi & mirc trung binh. Khi thay thé nguyén ti hydro gan voi
nguyén tir nito ctia cac hop chat podophylotoxin-naphthoquinone 157 bang cac
nhom thé aryl tao thanh cac hop chat N-arylated-dihydrobenzo[g]quinoline-5,10-
dione 160 thi hoat tinh gay doc té bao giam di.

Céc hop chat 157i, 157j, 157k, 1571 va 157af c6 hoat tinh gay doc té bao ung
thu t6t nhat véi gia tri 1Cso d6i voi mot s6 dong té bao ung thu nhé hon 50 nM. Cu
trdc phan tir va hoat tinh gy doc té bao cua cac hop chat nay dugce dua ra trong
hinh 3.28.
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157§ 157k
IC5y (Lu-1) < 0,04 pM IC5( (Lu-1, HepG2) < 0,036 uM

NO,

1571 157m 157af
ICs (Lu-1, HepG2) < 0,039 yM  ICsg (Lu-1, HepG2) < 0,044 uM  ICs (Lu-1, HepG2) < 0,02 uM
Hinh 3.28. Cau trdc phan tir va hoat tinh gay doc té bao ciia mot s6 hop chat 157

Pé 1am rd hon vé co ché tac dung caa cac hop chat gay doc té bao manh, hai
hop chat podophyllotoxin-naphthoquinone 157j va 157k da dugc nghién ciu thém
vé anh huéng cua ching dén qua trinh apoptosis va kha niang @c ché sy tring hop
tubulin. Céc thi nghiém dugc thuc hién tai phong thi nghiém Hoa sinh hitu co, Vién
Hoba hoc, m6 phong docking dugc thuc hién tai truong Pai hoc Dugc Ha Noi.

Apoptosis 1a mot qua trinh chét theo chwong trinh cua té bao duoc lap trinh
xay ra trong céc sinh vat da bao. Sy &c ché apoptosis lam giam téc do chét cua té
bao c6 thé dan dén nhiéu loai bénh nhu ung thu, bénh ty mién dich, bénh sung viém
va bénh do nhiém virdt, ... Do vay nhiéu nha khoa hoc hién nay ciing dang nghién
ctru theo hudng sang loc cac hoat chét c6 kha ning diéu tri ung thu theo co ché cam
ung va kich hoat qua trinh apoptosis.

Sy bit giir phan bao cua céc té bao khdi u bang cac tdc nhan nhim muc tiéu
tubulin thuong lién quan dén qué trinh apoptosis cua té bao. Vi cac hop chat 157j, k
c6 thé gay ra su bt gitr té bao tai pha G2/M mot cach hiéu qua, nén ching tdi tiép
tuc danh gia tac dung caa chiing ddi véi qua trinh apoptosis thong qua cac ky thuat
phan tich khac nhau, bao gdm déanh gi& hoat tinh kich hoat enzyme caspase-3/7,
danh gia hinh thai té bao va phan tich apoptosis bang k§ thuat flow cytometry st
dung Annexin-V/PI.

s Danh gid hogt tinh kich hoat enzyme caspase-3/7

Caspase-3/7 1a mot enzyme thuéc ho caspase can thiét cho qué trinh
apoptosis cua té bao, vi co chat ciia nd c6 thé diéu chinh cac thay ddi hinh théi quan
trong trong qué trinh tu hay nhu thodi hoéa DNA, ngung tu chat nhiém sic va chay
méu mang [120]. Kich hoat dugc enzyme caspase-3/7 s& dan tGi té bao chét, day la
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mot trong cac co ché chinh caa cac hop chat diéu tri ung thu hién nay. Do do,
caspase-3/7 la chat danh dau can thiét dé danh gia sy anh huéng cua cac hop chat
duoc thir nghiém dén qua trinh apoptosis té bao.

Do cac hop chit 157j, k gay ra su phan manh nhan va ngung tu chat nhiém
sic nén tac dung cua cac hop chat nay ddi véi viéc kich hoat caspase-3/7 trong cac
té bao ung thu & nguoi Lu-1 di dugce danh gia ¢ cac nong do khac nhau 1 0,08 pM,
0,16 uM va 0,32 uM (Hinh 3.29) va so sanh vai Ellipticine va Vincristine.
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Hinh 3.29. Anh huong cua céc hop chat 157j, k dén su kich hoat caspase-3/7

Két qua thuc nghiém cho thay viéc str dung cac hop chat nay vai cac nong do
khéc nhau dan dén sy thay dbi do kich hoat caspase. Pang chu y 1a céc hop chat
157j, k thé hién kha ning kich hoat caspase-3/7 cao gap 4-5 lan so véi Ellipticine
(1,3 pM). biéu d6 khang dinh rang céc hop chit nay hoat hda enzyme caspase dan
dén kich hoat qua trinh apoptosis cua té bao ung thu ngudi SK-Lu-1 va wc ché ting
sinh té bao.

% Pdanh gia hinh thai té bao

Céac té bao duoc nhudém bang thubc nhuom Hoechst sau d6 duoc quan sat
bang kinh hién vi huynh quang dé phan biét céac té bao song, té bao hoai tir, té bao
apoptosis sém va muon. Cac té bao khoe manh thuong c6 dang hinh cau va DNA
phan bb déu, con cac té bao apoptosis thudng c6 su ngung tu chat nhiém sic va su
phan manh nhan.



Hinh 3.30. Anh hlen vi quang hoc vé nhiing thay d01 theo chuong trinh ty huy trong
cac té bao Lu-1 duoc Xt ly

Két qua anh hién vi quang hoc & hinh 3.30 cho thay cc hat nhan chu yéu bi
phan manh va nhuém mau dam hon do su ngung tu cua chat nhiém sic. Diéu nay
ching té cac hop chat 157j, k gy ra nhiing thay d6i dang ké vé hinh thai té bao bao
gom su phan manh nhén va ngung tu chat nhidm sic - nhitng dau hiéu ndi bat cua
qua trinh apoptosis ctia nhan té bao [121, 122].

% Phan tich apoptosis bang ky thudt flow cytometry siz dung Annexin-V/PI

Annexin V 1a mot protein lién két phospholipid phu thugc Ca®*, ¢6 &i luc cao
vé6i phosphatidylserine (PS — mang phospholipid) va lién két voi cac té bao c6 PS
boc 16 ra ngoai. Annexin V c6 thé lién hop véi cac fluorophore hoic biotin, viéc
lien hop nay cd thé cung cap tin hiéu dé phan tich cac té bao dang trai qua qua trinh
apoptosis. Su hinh thanh lién hop bén ngoai PS xay ra tai giai doan sém hon cua
qua trinh apoptosis, nén phuong phap nhuém Annexin V c6 thé xac dinh dugc qué
trinh apoptosis & giai doan sém hon so véi cac thir nghiém duya trén nhiing thay doi
¢ nhan nhu phan manh DNA. Do do, str dung kit Annexin V va Pl/dead cell
apoptosis® cd thé danh gia duoc sy anh huéng cua hop chat 157j, k ¢ cac nong do
khéc nhau dén ty 1é apoptosis trong té bao ung thu Lu-1 & nguoi. CAc té bao dugc
xtr ly bang cac mau c6 nong do khac nhau (0,08 pM, 0,16 pM, 0,32 pM), déi ching



112

am va d6i chimg duong (Ellipticine 1,3 pM, Vincristine 0,4 uM va 4 uM), sau d6
thu hoach va nhuém bing Annexin-V/PI trong 24 gio.
Két qua chi tiét duoc trinh bay trong hinh 3.31 va bang 3.18 cho thay ca hai hop
chat 157j, k déu gay ra su gia ting ty 1é té bao apoptosis theo su ting ndng do chat thir
nghiém. Chang han, c4c té bao duoc xtr Iy bang hop chat 157K vai céc nong do 0,08 UM,
0,16 pM va 0,32 pM co ti 1é cua cac té bao apoptosis lan luot 12 8,04%, 11,87% va
21,10%. Ti I8 nay & chat d6i chiing chi 13 1,96%. Mét ty 16 nho cac té bao chét théng qua
con dudng hoai tir ¢ thé 1a cac té bao chét trong giai doan cudi ciia qué trinh apoptosis

[123]
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Hinh 3.31. Phan tich cam tng apoptosis trong cac té bao Lu-1.
(Cdc giai doan té bao khac nhau: té bao séng (Q3), apoptosis sém (Q4), apoptosis
mugn (Q2) va té bao hogi tir (Q1))
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Bang 3.18. Ty & té bao apoptosis

. %tébao | % té bao f xx

x % te bao _ _ % tong so te

Mau L apoptosis apoptosis . _

hoai tir ] ) bao apoptosis

sém mudn

157j (0,08 pM) 0,59 1,30 0,82 2,12
157j (0,16 pM) 2,64 7,23 2,40 9,63
157j (0,32 pM) 4,68 11,59 4,25 15,84
157k (0,08 uM) 1,75 6,05 1,99 8,04
157k (0,16 puM) 2,84 8,48 3,39 11,87
157k (0,32 uM) 4,82 14,00 7,10 21,10
Déi chung 0,94 1,11 0,85 1,96
Ellipticine (1,3 uM) 3,00 28,22 25,71 53,93
Vincristin (0,4 uM) 4,15 15,13 3,66 18,79
Vincristin (4,0 uM) 3,62 19,93 4,71 24,64

Nhu vay, cac két qua danh gia hoat tinh kich hoat enzyme caspase-3/7, danh
gia hinh théi té bao va phan tich apoptosis di cho thay rang cac hop chat 157j, k c6
kha nang kich hoat qué trinh apoptosis cia té bao ung thu ngudi Lu-1 din dén tc ché
tang sinh té bao.

Ngoai ra, nhu da biét, cac hop chat podophyllotoxin c6 hoat tinh chéng ung thur
theo co ché wc ché sy tring hop tubulin. Do vay, chung t6i d danh gia anh hudng cua
hai hop chat 157j va 157k dén chu ky té bao va mé phong docking phan tir dé danh gia
kha nang wc ché sy tring hop tubulin ciia 16p chat nay.

% Phan tich chu ky té bao

Tubulin 12 protein heterodimeric pho bién trong tit ca céac té bao nhan thyc.
Tubulin va dang polyme cua n6 la microtubule (vi dng) cé vai trd quan trong trong
viéc duy tri hinh thai té bao, van chuyén noi bao va xay dung céc thoi phan bao
trong qué trinh phan chia té bao. Nhiéu loai thuéc chong ung thu nhu vincristine,
colchicine, taxol, ... lién két ddc hiéu véi tubulin, Gc ché sy két hop cua tubulin vao
microtubule, do d6 ngin chin qué trinh phan chia té bao, uc ché su phat trién cua
khdi u. Cac két qua nghién ctiru cho thay, hau hét cac hop chat 1am mat 6n dinh vi
dng gay ra su ngirng phan bao & giai doan G2/M cua chu ky té bao [124].

Do cé4c hop chat 157j, k thé hién hiéu qua su chdng ting sinh trén cac té bao
ung thu phdi Lu-1 & ngudi (ICso < 40 nM) nén anh huong cua chung ddi véi chu ky
té bao di duoc danh gia bing cach theo ddi sy phan bd cua cac té bao trén cac giai
doan riéng biét bao gom pha G0/G1, pha S va pha G2/M. Ellipticine va vincristine,




Hinh 3.32. Anh huong ctia hop chat 157, k dén chu ky té bao trong cac té bao LU-1

Compound 157 (0.08 yM)/E1/E2/R3
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cac chat chdng ung thu hién dang duoc sir dung 1am sang, duoc st dung lam cac doi
chtng duong [125, 126]. Céc té bao duoc xu ly bang cac mau c6 ndng do khac nhau
(0,08 uM, 0,16 pM, 0,32 pM), dbi chimg am (DMSO 0,05%) va ddi ching duong
(Ellipticine 1,3 uM, Vincristine 0,4 uM va 4 uM) trong 24 gio.

Compound 157j (0.16 pM)/ E1/E2/R3

Compound 157j (0.32 pM)/E1/E2/R3
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Bang 3.19. Ty Ié té bao theo pha cuia cac hop chét duoc thir nghiém trong té bao LU-1

MiL Ty Ié té bao theo pha (%)
%G0/G1 %S % G2/M
157j (0,08 uM) 47,91 30,45 20,58
157j (0,16 pM) 0,58 5,78 82,17
157j (0,32 uM) 0,28 4,05 84,70
157k (0,08 uM) 55,54 30,79 11,86
157k (0,16 puM) 0,00 21,55 69,20
157k (0,32 uM) 0,03 5,10 91,67
Péi chang am 66,74 25,64 6,98
Ellipticine (1,3 uM ) 10,09 12,52 71,29
Vincristine (0,4 uM) 52,28 38,19 6,72
Vincristine (4,0 uM) 0,07 13,93 82,57

Két qua duoc trinh bay & hinh 3.32 va bang 3.19 cho thay ca hai hop chat duoc
thir nghiém 157j va 157k déu gia tang su bt giit té bao & pha G2/M trong cac té bao Lu-
1 theo sy tang nong d chéat nghién ctru tuong tu ellipticine va vincristine. Sir dung cac
hop chat 157j, K véi ndng d6 0,16 pM va 0,32 pM gay ra su gia ting dang ké sy tich liy
té bao trong pha G2/M, kém theo su giam manh cua cic té bao ¢ pha G1 va pha S.
Nhirng két qua nay chi ra rang cac hop chét duoc thir nghiém c6 hoat tinh chéng ting
sinh thdng qua viéc bit gt té bao & pha G2/M, day 1a dic diém noi bat cia cac hop chat
tic ché sy triing hop tubulin [127].

% M0 phong docking phéan ti

Pé lam 6 hon co ché tac dung cua cac hop chét 157j, k, ching t6i da tién
hanh mé phong docking phan tir va tinh toan ning luong lién két ciia cac hop chat
nay vai tubulin. Cac phuong phap nay da duoc su dung rong réi trong cac nghién
ctru Vé cau trdc cua tubulin khi cac di vong dwoc lap rap lap di lap lai boi cac
monome a- va B-tubulin vai ca kich thudc ~ 50kDa va twong dong trinh tu ¢6 hon
40% ban sic [128, 129]. C4c tac nhan (e ché tubulin nhu colchicine thuong lién két
VGi céc tiép xc bén cua cé4c tiéu don vi of lién ké din tgi thuc day su mat té hop
microtubule. Theo Massaroti va cac cong su, vi tri gan két colchicine (CBS -
colchicine-binding site) 1a mot tdi lién két bao gém ba ving (Hinh 3.33): (i) ving 1
nim & tiéu don vi o va duoc bao quanh badi cac amino acid Asnl01la, Serl78a,
Vall81a..., (ii) ving 2 1a mot tui lién két ky nuéc cha yéu nam & tiéu don vi p va
duoc bao quanh bai Cys241b, Leu248b, Ala250b, Leu255b, Ala316b, Lys352b, v.v.
va (iii) viing 3 nam sau hon trong tiéu don vi p dugc hinh thanh bai lle4b, Asn167b,
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Phe169b, Tyr202b, Val238b. Trong sé do, ving 2 1a viing chira hau hét cac cau tric
cua phéi tir thuong c6 it nhat hai hé thom riéng biét [121].

—=3 a-Tubulin
Asn101a, Ser178a,
Zone 1 Vall81a, Met259a

m Cys241b, Leu248b,
Ala250b, Asp251b,
‘< 5 = Leu255b, Met259b,

Ar ) Zone 2
Ala316b, Val318b,
Asn350b, Lys352b,

Zone 3 lle378b
\ lledb, Asn167b,
Phe169b, Glu200b,

: Tyr202b, Val238b
B-Tubulin

Colchicine Cpd. 157j Cpd. 157k

Hinh 3.33. Cau trdc ba viing cua vi tri gan két colchicine (CBS) va cac tuong tac
gan két cua Colchicine, 157j va 157k véi tubulin.

Pé xac thuc quy trinh docking, trudc tién ching toi di gan colchicine vao
CBS cua phic 402B va so sanh cac ché do lién két vai phoi tir ciing tinh thé. Két
qua cho thay, colchicine duoc gan c6 muc do tring lap cao vai phéi tir gbe véi do
léch binh phuong trung binh gbc (RMSD) 14 0,57A. Céc tuong tac duoc sap xép lai
trong vi tri hoat dong ciing twong tu nhu phdi tr ban dau, bao gom lién két hydro
gitra vong methoxytropone véi Alal80a va Vall8la ¢ vung 1, twong tac ky nudc
véi Leu248b, Ala250b, Leu255b, Met259b va Ala316b & ving 2. Ai luc lién két cua
Colchicine 1a -9,4 kcal/mol. Céc két qua thu duoc di chirng minh tinh phi hop cua
quy trinh docking duoc ap dung.

Céc budc tiép theo 1a gan hai hop chat 157j, k vao CBS cua tubulin. Két qua
cho thay rang lién két pi-alkyl 13 twong tac chinh giita cac phdi tir va myc tiéu. Pac
biét, ca hai hop chat nay di hinh thanh nhiéu twong tac ky nuéc voi Cys241b,
Leu248b, Ala250b, Leu255b ¢ vung 2 va Asnl0la ¢ vung 1 (Hinh 3.33). Ngoai ra,
nhém C=0 trong vong lactone ciing tao ra dugc lién két hydro véi Leu255b. Nhiing
két qua thu dugc phu hop véi cac phwong phéap tinh toan DFT va MEP mapping
khac khi cho thiy vai trd cua hop chat thom giau dién tir di véi cac tuong tac lién
két hydro cua protein [130, 131, 132]. Ai luc lién két cua 157j va 157k véi tubulin
lan luot 14 -7,8 va -7,1 kcal/mol.
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Nhu vay, cac hop chat 157j va 157k c6 co ché hoat dong nhu mot chat Gc
ché tubulin c6 dién, twong tac tuong tu véi cac phan ¢ ving 1 va 2 ctia CBS va c6 &i
lyc lién két vai tubulin gan twong duong Vvéi colchicine.
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KET LUAN

Véi muc tiéu nghién ctu tong hop mot sé dan chat di vong quinone bang
phan rng domino va danh gia hoat tinh sinh hoc cta chdng, luan an da thu duoc
nhitng két qua sau:

1. D3 dua ra cac quy trinh tong hop 4 khung di vong quinone méi tir phan
tmg domino da thanh phan, téng hop thanh cong 80 hop chat di vong quinone méi,
chua thay c6ng bd trong cac tai liéu trude do, bao gdm:

- 23 hop chat 3-benzoyl-4H-benzo[g]chromene-5,10-dione 155a-w (hiéu suét tong
hop dat 60 — 88%)

- 31 hop chit podophyllotoxin-naphthoquinone 157a-x, 157aa-ah (hiéu suat tong
hop dat 69 — 89%)

- 17 hop chét N-arylated-dihydrobenzo[g]quinoline-5,10-dione 160a—q (hiéu suat
tong hop dat 69 — 86%)

- 09 hop chét benzo[a]pyridazino[3,4-c]phenazine 161a-i (hiéu suat téng hop dat
41 — 63%)

2. Pa danh gia hoat tinh gy doc té bao cua 57 hop chat tong hop duogc trén
cac dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549), MCF-7. Két qua cho
thiy 43/57 hop chat c6 kha ning gy doc té bao ung thu khao sat, trong d6 25 hop
chat thé hién hoat tinh manh v&i gia tri 1Cso thap hon so véi chat chuan ellipticine
trong phép thir dong thoi. Cac hop chat podophyllotoxin-naphthoquinone 157i,
157j, 157k, 1571 va 157af c6 hoat tinh gay doc té bao ung thu tét nhat véi 1Cso < 50
nM.

3. Qua nghién ctu hoat tinh kich hoat caspase-3/7, danh gia hinh thai té bao,
phan tich apoptosis di chung minh dwgc cac hop chat podophyllotoxin-
naphthoquinone 157j, 157k c6 kha ning kich hoat qué trinh apoptosis cua té bao
ung thu ngudi Lu-1 din dén tc ché tang sinh té bao. Ngoai ra, nghién ciu chu ky té
bao va docking phan tir budc dau chimg minh dugc céc hop chat 157j, 157K ciing
c6 hoat tinh tc ché su trung hop tubulin.
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NHUNG PONG GOP MOI CUA LUAN AN

1. P4 dua ra 4 quy trinh mé6i dé téng hop thanh cong cac hop chét di vong
quinone tir phan tmg domino da thanh phan.

2. ba tong hop dugc 80 hop chit di vong quinone mdi, chua thiy cong bd
trong céc tai liéu trude do, bao gom:

- 23 hop chét 3-benzoyl-4H-benzo[g]chromene-5,10-dione 155a-w.

- 31 hop chit podophyllotoxin-naphthoquinone 157a-x, 157aa-ah.

- 17 hop chit N-arylated-dihydrobenzo[g]quinoline-5,10-dione 160a—q.

- 09 hop chét benzo[a]pyridazino[3,4-c]phenazine 161a-i.

3. Pa danh gia hoat tinh gdy doc té bao cua 57 hop chat tong hop dugc trén
cac dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549), MCF-7. Két qua cho
thiy 43/57 hop chat c6 kha ning gy doc té bao ung thu khao sat, trong d6 25 hop
chat thé hién hoat tinh manh v&i gia tri 1Cso thap hon so véi chat chuan ellipticine
trong phép thir dong thoi. Céac hop chat podophyllotoxin-naphthoquinone 157i,
157j, 157k, 1571 va 157af c6 hoat tinh gay doc té bao ung thu tét nhat véi 1Cso < 50
nM.

4. Qua nghién ctru hoat tinh kich hoat caspase-3/7, danh gia hinh thai té bao,
phan tich apoptosis dd chimg minh duoc cac hop chat podophyllotoxin-
naphthoquinone 157j, 157k c6 kha ning kich hoat qué trinh apoptosis cua té bao
ung thu ngudi Lu-1 din dén tc ché tang sinh té bao. Ngoai ra, nghién ciu chu ky té
bao va docking phan tir budc dau chimg minh dugc céc hop chat 157j, 157K ciing
c6 hoat tinh ¢ ché su tring hop tubulin.
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