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MG PAU
1.Tinh cép thiét caa luan an

Cac hop chat quinone duoc tim thiy nhiéu trong tu nhién. Cac san
pham téng hop, ban tong hop va ty nhién cia nd chiém maot vi tri quan
trong trong nhiéu linh vuc héa hoc, sinh hoc do ¢é nhiéu hoat tinh sinh hoc
ly thi. Chang dugc cac nha hda hoc chi v boi kha ning gy doc té bao
thdng qua qué trinh alkyl hda protein hoic ADN va anh huong dén qué
trinh oxy héa khtr bing cac gbc semiquinone cua ching dudi dang chét
mang gdc ty do. Hoat tinh nay thac day cac qué trinh viém, oxy héa ADN
va gay chét té bao ung thu. Mot s6 loai thubc dua trén khung quinone nhu
doxorubicin va mitomycin C da duoc sir dung 1am sang dé hda tri ung thu.
Do d6, cac nha khoa hoc dang tiép tuc tim kiém, phét trién cac hop chét
méi dira trén khung quinone cd tiém ning chdng khdi u cao hon.

Cac hop chat di vong chira oxy va nito cua quinone chiém ti I& 16n
trong 16p chat nay, dién hinh 1a cac hop chit 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 [f]lindole-4,9-dione ... Cac bao cao khoa hoc cho thay
ching c6 nhiéu hoat tinh nhu khang nam, khang khuan, chéng viém, chéng
ung thu, chdng HIV, chdng sét rét, ky sinh tring ... Cac hop chat nay da
dugc tong hop thanh cdng tir nhiéu phuong phap khac nhau nhu phan @ng
domino, phan tng Michael, phan ung cong hop vong Diels-Alder, phan
uwng Claisen, phan ng xdc tac kim loai, phan (ng oxy héa khw, phan ng
coupling, ... Trong d6, phuong phap 4p dung phan @ng domino cho thay
nhiéu vu diém nhu gia ting d6 phuc tap cta cau trdc san pham do hinh
thanh nhiéu lién két méi, d6 chon loc 1ap thé cao, khong can phan lap cac
hop chit trung gian.

Chinh vi véy, chiing t6i da tién hanh dé tai luan an “Nghién citu tong
hop mét sé dan chat di vong quinone bang phdn ing domino va danh gid
hoat tinh sinh hoc cia cac chat tong hop dwoc” nham tong hop cac hop
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chat di vong quinone ¢ cau trdc mai chira di t6 oxy va nito, co tiém nang
hoat tinh sinh hoc 1am co s& cho cac nghién ctwu tiép theo. Pay 1a dé tai c6
¥ nghia khoa hoc va thuc tidén. Muc tiéu cua dé tai tap trung vao nghién ctu
téng hop mot s6 hop chat di vong méi c6 khung benzo[g]chromene-5,10-
dione, podophyllotoxin-naphthoquinone,  benzo[a]pyridazino  [3,4-C]
phenazine dya trén phan ung domino da thanh phan, dong thoi danh gia
hoat tinh sinh hoc caa mét s6 hop chét tong hop duoc théng qua kha ning
giy doc té bao ung thu.
2. Muc tiéu nghién ciru caa luén an

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

- Panh gia hoat tinh gy doc té bao ung thu cua cac hop chat téng hop
duoc.
3. N§i dung nghién ciu cia luan an

- Téng hop céac hop chit 3-benzoyl-4H-benzo[g]chromene-5,10-dione
tir phan tmg domino va xéac dinh cau tric héa hoc caa ching.

- Tong hop cac hop chat podophyllotoxin-naphthoquinone tir phan tng
domino va xac dinh cu trdc hda hoc cua ching.

- Tong hop cac hop chat N-arylated-dihydrobenzo[g]quinoline-5,10-
dione tir phan wng domino va xéac dinh ciu tric héa hoc cua ching.

- Tong hop cac hop chit benzo[a]pyridazino[3,4-c]phenazine tir phan
g domino va xac dinh cau tric héa hoc cia ching.

- Panh gia hoat tinh gay doc té bao ung thu cua mot sé hop chét tong
hop dugc trén cac dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549),
MCF7.
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CHUONG 1. TONG QUAN

Chuong 1 gdom 24 trang, trinh bay tong quan tai liéu vé cac hop chat
di vong quinone chira oxy va nito cac hoat tinh sinh hoc cua ching; phan
tng domino va céac cong trinh nghién ctru 4p dung phan tng domino trong
téng hop cac hop chat di vong quinone.

CHUONG 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

Chuong 2 gébm 49 trang, trinh bay chi tiét vé cic phwong phap
nghién ciru, quy trinh tong hop, tinh ché, hiéu suit phan ng, cac tinh chat
vét ly cia cac hop chit tong hop dugc nhu hinh thai, mau sic, nhiét do
néng chay va dir liéu chi tiét cac phd IR, *H NMR, *C NMR, HSQC,
HMBC va HRMS cua chdng.

CHUONG 3. KET QUA VA THAO LUAN

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

Dau tién, chung t6i di thuc hién phan ung tong hop hop chét 135a tir
phan tmg domino da thanh phan gitra 2-hydroxy-1,4-naphtho quinone (14),
4-metylbenzaldehyde (29a) va enaminone 133a (dwoc hinh thanh do su
ngung tu cua acetophenone (132) véi N,N-dimethyformamide dimethyl
acetal DMF-DMA (133) trong toluene ¢ trang thai hoi luu trong 1 gio) theo
so do 3.1.

(0] (@]
CHO ©)K/\N,CH3
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Sor d6 3.1. Tong hop hop chat 135a




Phan tmg duoc tién hanh trong thiét bi phan ng vi séng voi cac
dung moi khac nhau (CH3sCN, t-BuOH, EtOH, dioxane, toluene, AcOH) &
nhiét do tir 80 dén 120°C khi c¢d hoidc khdng c6 chit xuc téc. Két qua thuc
nghiém cho thiy, phan &ng tong hop hop chit 135a dat hiéu suét cao nhat
khi tién hanh & nhiét do 110°C véi dung moi acetic acid bang trong thiét bj
phan wng vi song.

Str dung diéu kién tdi wu trén, chung t6i da tién hanh téng hop duoc
23 dan xuét 3-benzoyl-4H-benzo[g]chromene-5,10-dione 135a-w Véi CAc
nhom thé aryl khac nhau (so d6 3.2, bang 3.2). Hiéu suat phan tng tong
hop cac hop chét dat tir 60 dén 88%. CAu tric cua céc hop chit tong hop
135a—w duoc khiang dinh biang cac phuwong phap phd hién dai IR, NMR va

HRMS.
O (0]
_~_.CHjy
N AcOH bang
O e O

Ie) 30-60 phuat

14 29 134 135a-w
So do 3.2. Tong hop cac hop chat 135a-w
Bang 3.2. Cac hop chat 135a-w
Hop Hiéu suat

STT . Ar- R
chit (%)
1 135a 4-MeCeH4 H 84%
2 135b 4-MeOC¢H4 H 63%
3 135¢ 2-FCg¢H,4 H 2%
4 135d 4-BrCeHs H 88%
5 135e 4-CF3CeH4 H 68%
6 135f 3-Me0O-4-OHCgHs H 66%
7 135¢g CeHs 4-Me 61%
8 135h 4-MeCgH4 4-Me 82%
9 135i 3-MeOC¢H4 4-Me 69%




10 | 135§ 4-CICsHs 4-Me 75%
11 | 135k 4-BrCoHs 4-Me 78%
12 | 135l CeHs 4F 60%
13 | 135m 4-MeCoHs 4F 83%
14 | 135n ”‘[jf:[:z} 4-F 73%
15 1350 2-naphthyl 4-F 65%
16 | 135p 3-BrCsH; 4F 75%
17 | 1359 4-BrCoHa 4F 78%
18 | 135r 4-NO2CsHj 4F 68%
19 | 135s CeHs 3-OH 63%
20 | 135t 4-MeCoHs 3-OH 77%
21 | 1354 2-FCoHs 3-OH 60%
22 | 135v 4-BrCoHs 3-OH 65%
23 | 135w 4-NO,CsHi 3-OH 64%

Trén phdé *H NMR cua hop chat 135d (hinh 3.2) xuét hién tin hiéu
singlet tai 5,40 ppm (1H, s, H-4) caa proton H-4 va tin hiéu singlet tai 7.51
ppm (1H, s, H-2) caa proton H-2 vong chromene. Cac cap tin hiéu ¢ vi tri 6y =
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 cua 4 proton vong naphthoquinone. Ngoai ra c6 tin hiéu
caa 9 proton cia hai vong thom xuét hién chong 14n nhau & ving truong thap
tir 7,58 dén 7,35 ppm.

Phd *C NMR cua hop hop chat 135d (hinh 3.3) xuét hién du tin
hiéu cua 26 nguyén tir carbon trong phén ta, trong d6 c6 cac tin hi¢u dac
trung cua 3 nguyén ti carbon carbonyl tai 193,1 ppm (C-11), 182,9 ppm
(C-5), 177,8 ppm (C-10). O trudng cao hon 1 tin hiéu ciia 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 cua cic nguyén ti carbon vong

naphthoquinone va vong thom xuét hién

tir 141,3 dén 120,3 ppm.

Két qua phan tich phé HMBC va
HSQC cua hop chat 135d dwoc trinh bay
trong bang 3.3 gidp khing dinh chinh
xé&c cong thic ciu tric du kién va quy
két day du cac tin hiéu proton va carbon.

Bang 3.3. Dit liéu phd NMR cua hop chat 135d

5 Twong tac trén phd
C (ppm) on (ppm) (mult,, J (Hz2)) HMBC
(H=>C)
150,1 7,51 (1H, s) 3, 10a, 11
120,3 - -
2,3, 44,5, 10a, 11
4 34,2 5,40 (1H, s)
1,26
4a 123,7 - -
5 182,9 - -
5a 131,7 - -
126,7 8,04-8,02 (1H, m) 58
134,7 7,75-7,74 (1H, m) 5a, 9
134,0 7,75-7,74 (1H, m) 6
126,6 8,16-8,15 (1H, m) 7,10
%9a 130,6 - -
10 177,8 - -
10a | 149,1 - -
11 193,1 - -
I 141,3 - -




2> | 1305 7,35 (1H, d, 8,4 Hz) 4,6
3> | 1319 7,42 (1H, d, 8,4 Hz) 14
4 | 1216 - -

5 | 1319 7,42 (1H, d, 8,4 Hz) 14
6 | 1305 7,35 (1H, d, 8,4 Hz) 2', 4
1 | 1375 - -

2 | 128,8 | 7,58 (1H, dd, 1,8 Hz, 8,4 Hz) 4" 6" 11
3 | 1286 7,44 (1H, d, 7,8 Hz) 1
4> | 1325 7,55 (1H, t, 7,2 Hz) 3,5
57 | 1286 7,44 (1H, d, 7,8 Hz) 17
6> | 1288 | 7,58 (1H, dd, 1,8 Hz, 8,4 Hz) 2" 4" 11

Trén phd khéi phan giai cao cua hop chat 135d tim thdy manh m/z
[M-H] 469,0097 va 471,0179 phu hop véi khéi lwong tinh toan theo ly
thuyét cho cong thirc phan tir [CasH14BrOs]” 1a 469,0075 va 471,0055. Cau
tric cua cac hop chit khac ciing duoc khiang dinh tuong tu.
3.2. Két qua tong hop cac din xuiat podophyllotoxin-naphthoquinone

Bang phan ang domino bon thanh phan di tir c4c nguyén liéu 2-
hydroxy-1,4-naphthoquinone (14) (1 mmol), benzaldehyde (1 mmol),
tetronic acid (136) (1 mmol), va amoni acetate (3,0 mmol) véi su hd trg cua
10 phan g vi song, chung t6i di tong hop thanh céng hop chat 11-phenyl-
4,11-dihydrobenzo[g]furo[3,4-b] quinoline-1,5,10(3H)-trione (137a) (So
dd 3.4).

o} CHO
HO
COl - O O
OH o” ~©
(0]
14 136

Sor d6 3.4. Tong hop hop chat 137a
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Dé xac dinh diéu kién tbi wu tong hop hop chat 137a, phan tng
dugc thuc hién trong cac dung méi hiru co khac nhau nhu ethanol, t-
buthanol, va acetic acid bang vdi sy cd mit cua zeolite hap thu nuéce, nhiét
d6 phan ung tir 80 dén130°C. Két qua cho thiy phan tng trong acetic acid
bang & 120°C cho hiéu suit tong hop san phiam 137a cao nhit (82%). Sir
dung cac diéu kién phan Ging trén, chung t6i di tién hanh tong hop thanh
cdng 9 dan xuat podophyllotoxin-naphthoquinone 137a-i véi cac nhom thé
aryl khac nhau. Céc san phiam dwoc ching minh ciu tric bang cac phuong
phép phd hién dai nhu IR, *H NMR, *C NMR va HRMS.

o) (0] Ar o)
HO
— CH;COOH ban
+ + Ar—CHO + NH,0Ac ————219 | Il ©
OH o” O MW, 120°C N
o 15-20 phut o H
14 136 137a-i

So do 3.5. Tong hop hop chét 137a-i tir phan tng domino bdn thanh phan
Bdng 3.4. Cac hop chit 137a-i

. Thoi gian | Hiéu suat
STT | Hop chat R .

phan wng (%)

1 137a 2-FCeH,4 15 78

2 137b 4-FCeH4 15 80

3 137c 4-BrCeHa 15 78

4 137d 4-CICeH4 15 81

5 137e 4-CF3CeH4 15 80

6 137f 4-MeOC¢H,4 20 85
3-OMe-4-

7 137g 20 79

OHCeHs
8 137h 1-naphthyl 20 79
137i 2-naphthyl 20 89
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Ngoai ra, ching toi da tién hanh thyc hién phan ang domino ba
thanh phan di tr cac nguyén liéu 2-amino-1,4-naphthoquinone (70),
tetronic acid (136) va aldehyde thom hoic di vong 29 nhu so d6 3.7 dé tong
hop céac dan xuét podophyllotoxin-naphthoquinone. Phan @ng sir dung xdc
tac p-toluenesulfonic acid trong dung moi acetic acid bang ¢ 120°C véi su

hd trg cua thiét bi phan (ng vi séng.

0 HO gl. ACOH o A o
__ O p-TsOH 20 mol%
+ + )L _— | 0
NH, o S0 A H MW, 120°C N
o 15-20 phat o H
70 136 29 137

So do 3.7. Téng hop hop chit 137j-x tir phan tng domino ba thanh phan
Bdng 3.6. C4c hop chat 137j-x

Con dwong 1l | Con dwong 2
ST Sﬁrj Ar Thoi | Higu | Thoi | Hiéu
T | pham gian | sudt | gian | suét
(phat) | (%) | (phat) | (%)
1 137j | 3-OMeCsH4 20 83 15 86
2 | 137k | 3-BrCeHs 15 79 15 83
3 1371 | 3-NO2CgH4 25 67 15 75
4 137m | CeHs 15 82 15 84
5 137n | 4-MeC¢H,4 20 88 15 88
6 1370 | 2-NO2CeH4 26 65 15 73
3-0x0-1,3-dihydro
7 137p 20 82 15 85
benzofuran-5-yl
137q | 2-F-4-MeOCgsH3 20 39 20 71
137r | 3-F-4-MeOCsH3 20 42 20 74
10 137s | 2,6-F>-4-MeOC¢H> 25 37 25 70
11 137t | 2-CF3-4-MeOC¢H3 20 36 20 73
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12 | 137u | 2-F-4-OHCgHs 20 17 20 72
4-(4- .

13 | 137v 25 vet 25 69
fluorophenoxy)CeH4

14 | 137x | 4-CF30CgH4 20 69 20 78

thanh phan dé tong hop cac hop chat podophyllotoxin-naphthoquinone theo
so dd 3.7 thuong cho hiéu suat cao va thoi gian phan tng ngan hon so voi

Két qua thuc nghiém cho thiy viéc st dung phan ung domino ba

st dung phan tng domino bbn thanh phén theo so db 3.5.

domino ba thanh phan theo qui trinh nhu so d6 3.7 dé téng hop thém 8 dan
xuit podophyllotoxin-naphthoquinone véi hiéu suat cao (79 — 89%) (bang
3.7). Cu trdc cua cac san pham téng hop duogc dic trung day da boi phd

Sau d6, nhdm nghién ciru cia ching tdi tiép tuc &p dung phan tng

IR, 'H NMR, *C NMR va HRMS.
Bdng 3.7. Cac hop chit 137aa-ah

STT San Ar Thoi gian Hiéu

pham phan&ng | suit

(phat) (%)"
1 137aa | 2-OHC¢Hs4 20 80
2 137ab | 4-OHCgH4 20 79
3 137ac | 4-NO,C¢Ha4 15 82
4 137ad | 4-CNCgH4 15 89
5 137ae | 3,4-(Me0O),CsHs 15 85
6 137af | 3,4,5-(MeQ);CgH> 15 86
7 137ag | pyridin-3-yl 15 81
8 137ah | 5-Br-pyridin-2-yl 15 83

Nhu vay, bang phan tmg domino da thanh phan, ching tdi da tong
hop thanh coéng 31 hop chat podophyllotoxin-naphthoquinone di tir cAc
nguyén liéu dau la 2-amino-1,4-naphthoquinone hoic 2-hydroxy-1,4-




naphthoquinone va amoni acetate, aldehyde cung vai tetronic acid trong
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dung moi acetic acid bang dudi su hd tro cia vi song.

3.3. Két qua téng hop cac din xudt N-arylated-dihydrobenzo[g]

guinoline-5,10-dione

V6i muyc tiéu gan thém nhom thé aryl vao nguyén tir nito cua
khung podophyllotoxin-naphthoquinone chung t6i di tién hanh tong hop 4-
(3-methoxyphenyl)-11-(p-tolyl)-4,11-dihydrobenzo[g]furo[3,4-b]quinoline
-1,5,10(3H)-trione (140a) bang phan tng domino ba thanh phan nhu so d6

O Q

+
Q H
MeO N
D, G
o) 0]

3.9.

OMe

H
¥
NH,

Bdng 3.8. Anh huéng cua dung mdi va xiic tac dén tong hop hop chat 140a

O
141

139a

So d6 3.9. Tong hop hop chat 140a

ST Dung Xuc tac (mol %) Thoi gian | Hiéu
T moi phan&ng | suét
(phat) (%)
1 CH3CN - 90 0
2 EtOH - 90 0
3 Toluene - 90 0
4 AcOH - 90 0
5 CH3CN TFA (10 mol%) 20 13
6 EtOH TFA (10 mol%) 20 17
7 | Toluene TFA (10 mol%) 20 Vét




12

AcOH TFA (10 mol%) 20 43

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

Phan tng duogc tién hanh trong cac dung méi hitu co va xdc tac
khéc nhau (bang 3.8) dé lua chon diéu kién phu hop 1a sir dung dung mdi
acetic acid bang voi 20 mol% p-TsOH xuc téc. Sau d6, ching t6i da tong
hop thanh céng 17 hop chét N-arylated-dihydrobenzo[g] quinoline-5,10-
dione 140a-q di tir cac nguyén liéu dau la 2-hydroxy-1,4-naphthoquinone,
aldehyde thom, aniline/dan xuét aniline va tetronic acid dudi su hd trg cua
vi song. Hiéu suit phan ung tdng hop cac hop chit dat 69-86%. CAu tric
cua cac hop chat tdng hop 140a—q duoc ching minh bang cac phuong phép
phd IR, *H NMR, **C NMR va HRMS.

Q 0 Ar
AcOH o

-TsOH 20 mol%
CO, UW
MW héi luu N
(0] o
139
14 a-c 140a-q @
Diéu kién phan Ung: R2

R? = OMe, H: MW, 120°C, 8 - 15 phut
R? = NO,: EtOH, MW, 90°C, 60 phut
R2

HO
ST
NH, 0”0

Sor d6 3.10. Tong hop hop chét 140a-q



13

Bang 3.9. Céc hop chat 140a-q

ST s;“tn Ar R2 Thoi gian | Higu suat
T | pham (phut) (%)
1 | 140a 4-MeCsHs | 3-OMe 20 83
2 | 140b 4-BrCeH, 3-OMe 60 85
3 | 140c 4-CFsCeHs | 3-OMe 60 69
4 | 140d CeHs 3-OMe 60 84
5 | 140e 4-MeCgHa 3-NO; 20 80
6 140f 4-BrCeHs 3-NO; 40 83
7 | 1409 4-CFsCeHs | 3-NO2 40 80
8 | 140h CeHs 3-NO; 40 86
9 140i 3-OMeCeH, | 3-NO: 40 78
10 | 140j 3-NO,C¢Hs | 3-NO; 60 81
11 | 140k 4-MeCsH4 H 40 79
12 | 1401 4-BrCsH4 H 40 81
13 | 140m | 4-CFsCsHq H 40 80
14 | 140n CeHs H 40 82
15 | 1400 | 3-OMeCsHq H 40 79
16 | 140p | 3-NO,CgHq H 40 82
17 | 140q 4-CICgH, H 40 81

34. Két qua tong hop ciac din xuit benzo[a]pyridazino[3,4-c]
phenazine

Ngoai ra, ching toi da tién hanh phan tng domino da thanh phan tir
2-hydroxy-1,4-naphthoquinone (14), aldehyde thom hodc di vong 29a-i,
methylhydrazine (132) va o-phenylenediamine (142) theo so d6 3.12 nham
tong hop hop chat di vong méi c¢é chaa gbe di vong cd gc phenazine va
pyridazine, 1a c4c tiéu don vi cau tric c6 trong nhiéu hop chat ¢ hoat tinh
sinh hoc. Hiéu suat cac phan &ng tong hop cac hop chat 143a-i sau khi tinh
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ché san pham dat tir 41 dén 63%. Cac hop chit nay duoc ching minh cau
tric bang cac phuong phap phé hién dai nhu IR, *H NMR, °C NMR va
HRMS.

o
OH+ A=CHO &\ N+ @[

o

14 29 141 142

So do 3.12. Téng hop céc hop chat 143a-i
Bang 3.11. Cac hop chit 143a-i
STT Hop chat R Hiéu suit (%)

1 143a CsHs 52

2 143b 4-CICgHa4 55

3 143c 3-BrCe¢Ha4 63

4 143d 4-BrCeHa 60

5 143e 4-NO,CgH4 48

6 143f 4-SO,(CH3)CeH4 41

7 143g 3-MeOCsHs 57

8 143h 4-MeOCgsH4 50

9 143i 2-naphthyl 45

Chung t6i cling d tién hanh phan ung tuong tu véi cac aldehyde
thom ¢6 nhom thé & vi tri ortho (Ar = 2-FCe¢Ha, 2-OMe CsHa, 2-NO,-5-
OHCgHs). Tuy nhién, phan wng cua cac aldehyde nay vai 2-hydroxy-1,4-
naphthoquinone (14), methylhydrazine (141) va o-phenylenediamine (142)
khdng hop chat 143. Diéu nay cd thé giai thich 1a do su can tré steric gita
nhom dugc thé caa aldehyde va nguyén tir nito trén 13i phenazine.

3.5. Két qua danh gia hoat tinh giy ddc té bao

Cac hop chat podophyllotoxin-naphthoquinone 137, N-arylated-

dihydrobenzo[g]quinoline-5,10-dione 140 va benzo[a]pyridazino[3,4-c]
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phenazine 143 duoc lya chon tién hanh danh gia hoat tinh gay doc té bao

dbi voi cac dong té bao ung thu ¢ ngudi gom thu ung thu biéu mé KB, ung
thu gan HepG2, ung thu phoi SK-Lu-1 hoic A549, ung thu viit MCF-7 va té
bao lanh Hek-293 vai chat ddi chimng ellipticine.
3.5.1. Két qud ddinh gid hoat tinh cia cac hgp chat N-arylated-

dihydrobenzo[g]quinoline-5,10-dione

Bang 3.13. Két qua danh gia gy doc té bao cua cac hop chit 140a-q

- H(_):p ICs0 (UM)
chat KB HepG2 A549 MCF7 Hek-293

1 | 140a >20 15,75+ 1,08 > 20 > 20 -

2 | 140b > 20 > 20 > 20 > 20 -

3 | 140c >20 >20 > 20 > 20 -

4 | 140d |14,97 £ 1,11| 2,22 £0,22 |11,26 + 0,65/ 9,21 + 0,33 | 3,87 £ 0,15

5 | 140e > 20 > 20 > 20 > 20 -

6 | 140f >20 > 20 > 20 > 20 -

7 | 1409 > 20 > 20 13,48 + 0,94 > 20 -

8 | 140h |17,22+1,08/12,91+ 1,08 6,13 + 0,32 |10,39 £ 0,47 -

9 | 140i > 20 1,23+£0,10 (16,17 £1,01| 1,98 £ 0,30 37,89 + 4,00
10 | 140j > 20 > 20 7,75+ 0,29 > 20 -

11 | 140k >20 > 20 > 20 > 20 -

12 | 1401 (11,03 +£1,79| 2,97 + 0,30 |11,25 £ 0,70| 9,23 £ 0,42 |10,15 + 0,58
13 | 140m (16,41 +1,03| 9,12+ 0,68 | 9,31 £0,72 | 8,30 £ 0,51 (15,13 + 1,00
14 | 140n | 8,79+0,36 | 0,95+0,12 | 9,08 +0,36 | 0,91 £ 0,12 (10,33 + 1,54
15 | 1400 (12,99 +0,62| 7,07 £0,33 12,32 +0,82(11,16 + 1,11|11,47 + 1,12
16 | 140p |5,79+0,22 | 0,63+£0,02 | 7,23+£0,32 0,81 £0,19 | 4,96 £ 0,36
17 | 140q > 20 > 20 > 20 > 20 -
Ellipticine | 1,33+ 0,20 | 1,42+0,20 | 2,55+ 0,20 | 2,35+ 0,20 | 4,16 + 0,22
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Két qua chi tiét dugc trinh bay trong bang 3.13 cho thay hop chat
140d, 140h, 140i va 1401-p c6 gia tri ICs tir thip dén trung binh di voi
cac dong té bao dugc danh gia (ICso < 18 pM) ngoai trir hop chét 140i
khong thé hién hoat dong dang ké dbi véi dong té bao KB. Céc hop chit
140i, 140n va 140p gay doc ddi véi céc té bao HepG2 va MCF-7 tuong tu
nhu ellipticine v6i 1Cso < 2 uM. Cac hop chat 140d va 140l thé hién hoat
tinh @c ché cao dbi véi dong té bao HepG2 véi ICs = 2,22 va 2,97 uM
tuong tng.

Ngoai ra, kha ning gay doc té bao cd chon loc cua cac hop chit nay
ciing duoc danh gia bang cach sir dung té bao phéi than lanh tinh (Hek-
293). Két qua cho thay cac hop chit tong hop dugc khong giy doc hodc c6
muc d6 doc hai trung binh déi véi Hek-293 voi gié tri 1Cso tir 3,87 dén
37,89 uM.

3.5.2. Két qud ddnh gid hogt tinh ciia cac hgp chdt benzo[a]pyridazino
[3,4-C]phenazine
Bang 3.1. Két qua danh gia gy doc té bao cua cac hop chit 143a-i

T H(_):p 1Cs0 (UM)
chat KB HepG2 Lu-1 MCF7 Hek-293

1 | 143a (19,41 +0,40/10,48 + 0,20(18,55 + 0,2522,04 £ 0,50, > 100

2 | 143b > 100 > 100 > 100 > 100 > 100

3 | 143c > 100 > 100 > 100 > 100 > 100

4 | 143d > 100 > 100 > 100 > 100 > 100

5 | 143e > 100 > 100 > 100 > 100 > 100

6 | 143f |62,48+1,8044,68+1,03)] >100 1[62,74+1,17, >100

7 | 143g |64,41+0,8036,32 +0,2755,96 + 1,0670,66 + 1,49, > 100

8 | 143h |16,70 £ 0,3414,62 + 0,15/18,25 + 0,2321,83 + 0,19 73,44 + 1,34
9 | 143i >100 |81,42+0,94| >100 > 100 > 100
Ellipticine |1,26 +0,05| 1,34+ 0,04 | 1,83 + 0,05 |2,48 + 0,05| 6,58 + 0,04
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Két qua thir nghiém gy doc t& bao ung thu cua cac dan xuét
benzo[a]pyridazino[3,4-c]phenazine 143a-i cho thay cac hop chat cd nhom
thé -Cl, -Br, -NO, (143b-e) khdng thé hién hoat tinh d6i véi ca bon dong té
bao ung thu, trong khi hop chét 143f c6 nhém -SO,CHs ciing chi thé hién
hoat tinh yéu dbi véi cac dong té bao KB, HepG2 va MCF7 vdi céc gia tri
ICso ndm trong khoang tir 44 dén 63 puM. Cac hop chat c6 nhém methoxy —
OCHs 6 vong aryl (143g-h) cho thiy hoat tinh wc ché cao hon so véi cac
hop chét 143b-f. Bac biét, hop chat 143h (Ar = 4-OMeCsHs) va hop chat
143a (Ar = C¢Hs) thé hién tac dung gay doc té bao tét trén ca bon dong té
bao duoc thir nghiém véi cc gia tri 1Csp nam trong khoang tir 10 dén 23
uM. Ngoai ra, két qua cho thiy cac hop chat 143a-i déu thé hién doc tinh
thip hon ddi véi cac té bao Hek-293.

3.5.3. Két qud ddnh gid hogt tinh ciia cac hgp chat podophyllotoxin-
naphthoquinone

Két qua cho thay hau hét cac hop chét nay déu thé hién hoat tinh
gdy doc dbi véi cac té bao ung thu duoc thir nghiém & nhiing ndng do khac
nhau, trong d6 ¢6 26/31 hop chat c6 hoat tinh manh véi gié tri 1Cso < 2,5
uM.

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

podophyllotoxin-naphthoquinone 137a-p

T | Hop ICs0 (UM)

T | chét KB HepG2 Lu-1 MCF7 | Hek-293
1 |137a | 1,19+0,01 | 0,42+0,01|0,28+0,01| >2,50 |10,30+0,10
2 | 137b | 2,16 +0,07 | 0,44+0,01|0,28+0,03| >2,50 | 535+0,21
3 | 137c | 2,14+0,11 | 1,50 +0,01{0,45+0,01| >2,50 | 8,27 +0,14
4 | 137d | 1,46 +0,01 |1,35+0,01|0,50+0,01| >250 | 589+0,12
51| 137e | 0,80+0,01 | 1,24+0,01{0,51+£0,01| >2,50 7,59 +0,17
6 | 137f | 0,88+0,02 | 2,06 +0,02(0,88+0,05| >2,50 | 8,17+ 0,04
7 |1379 | 1,90+0,02 | 0,41+£0,01|0,41£0,01| >2,550 1,41+0,01
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137h > 2,50 > 2,50 > 2,50 > 2,50 14,68 £ 0,12
137i > 2,50 1,68+0,07(1,02+0,05| >2,50 7,61 £0,05
10| 137j | 1,23+0,01 | 0,46 £0,01| <0,040 > 2,50 9,35+0,44
11| 137k | 1,71 +0,07 | <0,036 < 0,036 > 2,50 7,20 £ 0,05
12| 1371 | 1,16 £0,01 | <0,039 <0,039 [2,19+0,02| 1,47 +£0,04
13| 137m| 1,54 £ 0,01 < 0,044 <0,044 [198+0,04| 1,34£0,01
14 | 137n > 2,50 224+0,01(1,65+£0,03] >2,50 21,59 £0,40
15| 1370 | 2,34 £ 0,26 > 2,50 2,22 £0,04 > 2,50 9,95+0,01
16| 137p | 1,86 £0,02 | 0,47 £ 0,01 {0,08 £ 0,01 > 2,50 4,78 +£0,14
Ellipticine| 1,75+ 0,03 | 1,66 £ 0,03 | 1,54 £ 0,03|1,58 +0,03| 1,69+ 0,04
Bang 3.16. Két qua danh gia gay doc té bao cua cac hop chat 137g-x
T| Hop ICs0 (UM)
T| chat KB HepG2 A549 MCF7 | Hek-293
1| 137q |2,54+0,01 {3,13+£0,01 |4,42+0,01|2,65+0,01|{21,87 +0,01
2| 137r (2,36 +0,01 |3,24+0,01 (1,13+0,07|3,43+0,03|10,04+£0,10
3| 137s >5,00 >5,00 > 5,00 >5,00 [40,06£0,21
4| 137t >5,00 >5,00 > 5,00 >500 (21,91+0,26
5| 137u |1,86 £0,03 |>5,00 1,82+0,01(2,69+0,03{1,54+0,14
6| 137v |0,60+0,01 |1,05+0,03 >500 (2,12+0,04|3,68 0,02
7| 137x (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 chit 137aa-ah
T | Hop 1Cs0 (LM)
T | chét KB HepG2 A549 MCF7 Hek-293
1|137aa|0,57+0,02(0,63+0,02|0,43+0,01 |1,61+0,03 |2,03+0,06
2 | 137ab > 2,50 >250 |1,59+0,03 [2,23+0,06 (6,46 0,15
3 | 137ac > 2,50 >250 |1,12+0,04 > 2,50 7,17 £0,16
4 | 137ad > 2,50 >250 |2,03£0,05 > 2,50 > 20
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137ae

0,52+0,02

0,53+0,02

1,10 £ 0,02

2,28 £0,07

2,23+0,08

0,02+0,01

0,02+0,01

0,62 +0,02

0,12+0,03

0,03+0,01

137ag

0,62+0,01

> 2,50

0,61+0,02

1,96 + 0,04

1,81+ 0,05

5
6 | 137af
7
8

137ah

> 2,50

> 2,50

> 2,50

> 2,50

>20

Ellipticine

1,15+ 0,01

1,51 £ 0,05

1,60 + 0,02

1,82 +0,03

6,18 £ 0,11

Nhin chung céc hop chit podophyllotoxin-naphthoquinone 137a-
ah c6 kha ning rc ché gay doc té bao ddi véi dong té bao ung thu MCF7 it
hon so vé6i cac dong té bao ung thu khac véi 1Cs > 2,50 pM. Nhiéu hop
chit podophyllotoxin-naphthoquinone tong hop dwoc cho thay hoat tinh tc
ché cao hon so vdi hoat tinh cua ellipticine tham chiéu. Bic biét, cac hop
chit 137j (Ar = 3-MeOCgHa), 137k (Ar = 3-BrCeHa4), 1371 (Ar = 3-
NO2CsHs), 137m (Ar = CoHs) va 137af (Ar = 3,4,5-(MeO)sCeHz) duoc
phét hién 1a chat chéng ung thu manh nhét trong day chét véi ICs < 40 nM
chéng lai té bao HepG2, SK-Lu-1 hoic KB. Cac hop chit 137h (Ar = 1-
naphthyl), 137s (Ar = 2,6-F»-4-MeOCsH,), 137t (Ar = 2-CF3-4-MeOCsHs),
137ah (Ar = 5-Br-pyridin-2-yl) it gay doc té bao hon di véi ca 4 dong té
bao ung thu so véi cac chat tuong tu dugc téng hop khac véi 1Cs > 2,50
uM. Ngoai ra, tat ca cac hop chat 137a-ah (ngoai trir 137af) thé hién doc
tinh thap hoac trung binh di véi céc té bao Hek-293 véi gia tri 1Cso hon
1,08 uM dén > 20 pM.

Ngoai ra, dé 1am r& hon vé co ché tc dung cua céc hop chat gay
doc té bao manh 137j va 137k, chung t6i da tién hanh cac nghién ciru hoat
dong in vitro cta ching d6i voi su phat trién cia chu ky té bao, qua trinh
apoptosis va md phong docking. Két qua xéac nhan cac hop chat nay cé hoat
tinh chdng ting sinh thong qua viéc bat giir té bao & pha G2/M, gay ra
nhitng thay d6i dang ké vé hinh thai té bao nhu sy phan manh nhan va
ngung tu chat nhiém sac - nhitng dau hiéu néi bat cia qué trinh apoptosis
cua nhan té bao. Ngoai ra, cac hop chat 137j va 137k thé hién kha ning
kich hoat enzyme caspase-3/7 trong cac té bao ung thu & nguoi LU-1 cao
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gap 4-5 lan so véi chat dbi chung ellipticine. Thir nghiém vai kit Annexin
V va Pl/dead cell apoptosis®, cac hop chat 137j, k ¢ tac dung chéng ting
sinh théng qua viéc kich hoat qua trinh ty hay té bao cua cac té bao LU-1,
dac biét 1a trong giai doan apoptotic sem.

M6 phong docking bang phan mém BIOVIA Discovery Studio
Visualizer, cac hop chat 137j va 137k thé hién hoat dong nhu mot chét wc
ché tubulin ¢6 dién, trong tac twong tu colchicine véi cac phan ¢ vang 1 va
2 cia CBS nhung c6 i luc chdng lai muc tiéu tubulin thap hon.
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KET LUAN
1. Chung t6i d4 dwa ra quy trinh méi tong hop thanh cng 23 hop chat

3-benzoyl-4H-benzo[g]chromene-5,10-dione 135a-w tir phan ttng domino ba
thanh phan va dé& xuat co ché phan tmg tao thanh san pham tir 2-hydroxy-
1,4-naphthoquinone, arylenaminone va cac aldehyde, hiéu suat cac phan
ung dat 60 — 88%.

2. P4 dua ra quy trinh méi tong hop thanh céng 31 hop chat
podophyllotoxin-naphthoquinone 137a-x, 137aa-ah tir phan tmg domino da
thanh phan va dé xuat co ché phan tmg tao thanh san pham tir 2-hydroxy-
1,4-naphthoquinone hoac 2-amino-1,4-naphthoquinone, acid tetronic va cac
aldehyde, , hiéu suat cac phan tng dat 69 — 89%.

3. P4 dua ra quy trinh méi tdng hop thanh cong 17 hop chat N-
arylated-dihydrobenzo[g]quinoline-5,10-dione 140a—q tir phan ing domino
bén thanh phan va dé xuit co ché phan ung tao thanh san phdm tur 2-
hydroxy-1,4-naphthoquinone, aniline/dan xuét aniline, tetronic acid va céc
aldehyde, hiéu suat cac phan tmg dat 69 — 86%.

4.P3 dua ra quy trinh moi tong hop thanh cong 09 hop chét
benzo[a]pyridazino[3,4-c]phenazine 143a-i tir phan tmg domino bdn thanh
phan va dé xuat co ché phan &ng tao thanh san pham tir 2-hydroxy-1,4-
naphthoquinone, methyl hydrazine va o-phenylenediamine va céc
aldehyde, hiéu suét cac phan tmg dat 41 — 63%.

5. Pi danh gia hoat tinh gy doc té bao cua 57 hop chét tong hop duoc
trén céc dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549), MCF7.
Két qua cho thay 43/57 hop chat c6 kha ning gay doc té bao ung thu khao
sat, trong d6 25 hop chat thé hién hoat tinh manh véi gia tri 1Cs thip hon
chat chuan ellipticine trong phép thir dong thoi. Cac hop chat 137i, 137,
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137Kk, 1371, 137af c6 hoat tinh gay doc té bao ung thu t6t nhat véi 1Csp < 50
nM.

6. Bu6c dau dd chirmg minh co ché chong ung thu cia cac hop chat
podophyllotoxin-naphthoquinone 137j, 137k la bt giit pha G2/M cua chu
ky té bao, kich hoat enzyme caspase-3/7 va qua trinh apoptosis. Thém vao
d6, co ché we ché tubulin cua hai hop chit nay ciing di dwoc dé xuét théng
gua md phong docking phén ti.

NHUNG PONG GOP MO| CUA LUAN AN

1. P4 dua ra 4 quy trinh méi tdng hop thanh céng cac hop chét di vong
quinone tir phan tng domino da thanh phan.

2. b téng hop duoc 80 hop chét di vong quinone méi, chua thdy cong
bé trong cac tai lidu trude do, bao gdm:

- 23 hop chit 3-benzoyl-4H-benzo[g]chromene-5,10-dione 135a-w.

- 31 hop chit podophyllotoxin-naphthoquinone 137a-x, 137aa-ah.

- 17 hop chit N-arylated-dihydrobenzo[g]quinoline-5,10-dione 140a—q.
- 09 hop chit benzo[a]pyridazino[3,4-c]phenazine 143a-i.

3. Pi danh gia hoat tinh gy doc té bao cua 57 hop chét tong hop duoc
trén céc dong té bao ung thu: KB, HepG2, SK-Lu-1 (hoic A549), MCF7.
Két qua cho thay 43/57 hop chat c6 kha ning gay doc té bao ung thu khao
sat, trong d6 25 hop chat thé hién hoat tinh manh véi gia tri 1Cso thap hon
chat chuan ellipticine trong phép thir dong thoi. Cac hop chat 137i, 137j,
137k, 1371, 137af c6 hoat tinh gay doc té bao ung thu tot nhat véi 1Cso < 50
nM.

4. Buéc dau da chimg minh co ché chéng ung thu ciia cac hop chit
podophyllotoxin-naphthoquinone 137j, 137k la bat giir pha G2/M cua chu
ky té bao, kich hoat enzyme caspase-3/7 va qua trinh apoptosis. Thém vao
d6, co ché tc ché tubulin caa hai hop chat nay ciing da dugc dé xuat théng
qua mé phong docking phan t.
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