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LOI CAM DOAN

T6i xin cam doan luan an: " Ung dung phan tng Domino vao tong hop cic
dan xuit Podophyllotoxin, pyrimidine va danh gia hoat tinh sinh hoc cua cac chét
tong hop dugc" 1a cong trinh nghién ctru ctia chinh minh dudi sy huéng dan khoa hoc
cta tap thé gido vién hudng dan. Ludn 4n st dung thong tin trich din tir nhiéu ngudn
tham khao khac nhau va cac thong tin trich dan duoc ghi rd ngudn gbe. Céac két qua
nghién ctru cua t6i duogc cong bd chung véi cac tac gia khac da duoc sy nhit tri cia
ddng tac gia khi dua vao luan an. Cac sb liéu, két qua dugc trinh bay trong ludn an 1a
hoan toan trung thuc va chua tirng dugc cong b trong bat ky mot cong trinh nao khac
ngoai cac cong trinh cong bé cuia tac gia. Luan an duoc hoan thanh trong thoi gian toi
lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc

va Cong ngh¢ Viét Nam.

Ha Noi, ngay 21 thang 5 nam 2025

Tac gid luan an

f,(V

NCS. Tran Vin Két
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LOI CAM ON

Vi 1ong biét on sau sic va chan thanh, du tién em xin gt 101 cam on t&i Tap
thé can bo hudng dan GS.TS. Nguyén Vin Tuyén - Hoc vién KH&CN, Vién Han 1am
Khoa hoc va Cong nghé¢ Vi¢t Nam, TS. Vi Ngoc Doan - Hoc vién Ky thuat quan su,
B6 Qudc phong; da trire tiép giao dé tai va hudng dan, chi bao, giup d& em trong thoi
gian hoc tap va thuc hién cac ndi dung cia luan an.

T6i ciing xin duoc gui 11 cam on dén cac can bo, nghién ctru vién cia Phong
Hoa dugc, Phong Hoa sinh, Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam; cac can b0, gido vién B mon Phong Hoa, Khoa Hoa - Ly k¥ thuat, Hoc
vién K¥ thuat quan sy da quan tam, tao moi diéu kién tdt nhat cho ca nhén toi trong
qua trinh hoc tap va nghién ctru.

Xin dugc chan thanh cam on Ban 1anh dao, cac can b, gido vién cua Hoc vién
Khoa hoc va Cong ngh¢, Ban lanh dao, cac can bd phu trach dao tao cia Vién Hoa
hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam da gitp do, tao diéu kién vé
thoi gian, thu tuc trong qua trinh hoc tap tai Hoc vién.

Cudi cing, xin dugc gui 10i cam on chan thanh va sau sic dén gia dinh, ban
bé va ddng nghiép da ludén ung ho, cd vil, dong vién, ddng hanh cing t6i trong sudt
qua trinh hoc tap va nghién ctru.

Xin tran trong cam on!

Ha Noi, ngay 21 thdng 5 nam 2025

Tac gia ludn an

gezV

Tran Vin Két
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MO DAU

Thdng ké ctia Bo Y té dd ghi nhan: cac bénh khong 1ay nhiém 1a nguyén nhan
cua hon 70% céc trudong hop tr vong, trong d6 ung thu la nguyén nhan tr vong hang
dau va truc tiép gy ra ganh ning bénh tat 16n, chiém 18,8% tong sd ndm sdng bi mat
do bénh tat (béo cao Tai Hoi nghi phong, chdng ung thu 1an thir 5 nim 2023 do B6 Y
té t6 churc tai Da Nang). Trong cac phuong phap diéu tri ung thu, hod tri ludn 1a lya
chon hiéu qua, do phwong phéap nay c6 kha ning gitip 1am cham sy phat trién ctia khbi
u, giam nhe cac triéu ching ctia bénh ciing nhu kiém soét tot tinh trang bénh 1y [1].
Tuy nhién phuong phap diéu tri ndy ciing c6 nhitng han ché, nhat 1a di voi nhitng
bénh nhin ung thu giai doan cubi khi strc dé khang cta co thé giam din téi cc tac
dong ti€u cuc, anh huong truc tiép tGi chat luong cude séng cua bénh nhan [2]. Do d6
doi hoi cac nha khoa hoc can tiép tuc nghién ctu, thir nghiém céc loai thudc méi co
doc tinh thap, chon loc nham dép mg t6t nhat cho qua trinh diéu trj ung thu.

Cac hop chét c6 cau triic di vong chiém hon 85% trong sé cac loai thudc co
hoat tinh chéng ung thu, trong d6 hop chét di vong chira nitrogen chiém ty 1¢ 16n, do
ching 1 nhing 16p chat pho bién, duoc tim thdy nhiéu trong tw nhién va trong tong
hop. Hon nita voi sy xudt hién cia cac nguyén tir nitrogen trong ciu triic phan tir cho
phép cac hop chét nay tuong tic tot hon véi cac dai phan tir nhu enzym, protein va
DNA, diéu nay dong vai tro quan trong giup cai thién dang ké cac tinh chat dugc 1y
cua chang [3].

Cac hop chat 4-azapodophyllotoxin 1a cdc din xuat ma & d6 mot nguyén tir
nitrogen di thay thé mot nguyén tir carbon ctia khung podophyllotoxin, ching dugc
cac nha khoa hoc quan tam nghién ciru do c6 kha nang e ché sy phat trién ciia nhiéu
dong té bao ung thu thong qua cac co ché nhu: giy ra qua trinh apoptosis, nging chu
ky t& bao & pha G2/M, tic ché qua trinh polymer ho4 tubulin [4-6], dic biét co doc
tinh giam va it tac dung phu hon so véi podophyllotoxin ban dau [7]. Bén canh d6
cac dan xuat chira khung pyrano[2,3-d]pyrrimidine 1a cac di vong ctia nitrogen dugc
biét dén voi nhiéu hoat tinh sinh hoc néi tréi nhu: kha niang chdng ung thu, khang
lao, khang khuan, khang ndm va dic biét 1a kha ning chéng oxi hoa manh, trc ché
nhiéu loai enzym khac nhau, bao gdm a-amylase, a-glucosidase, xanthine oxidase,
AChE [8, 9].

Trong sb cac phuong phap tong hop xanh, than thién véi méi truong dang
dugc ap dung trong nghién ctru, tong hop cac hop chét hitu co hién nay, phwong phap
tong hop bang phan tng domino c¢6 nhiéu wu diém vuot troi nhu: ting tinh chon loc

va do phuc tap cua san pham, giam cac budc tong hop trung gian, giup cai thién hiéu



2

suat ctia phan tng, str dung it dung méi, hoa chat...[10]

Xuat phat tir nhitng 1y do trén, t6i da lya chon dé tai “Ung dung phdn trng
domino vao tong hop cdc din xudt podophyllotoxin, pyrimidine va danh gid hoat
tinh sinh hoc ciia cdc chit téng hop dwoc’ 1am noi dung nghién ciru trong thoi gian
hoc nghién ctru sinh, nhdm muyc dich nghién ctru, tong hop, thir nghiém tim ra cac
dan xuat méi cta podophyllotoxin, pyrimidine c6 tiém ning vé hoat tinh sinh hoc.
Pé tai dugc danh gia c6 y nghia khoa hoc va thyc tién cao, thiét thuc, pht hop véi
nang lyc va diéu kién nghién ctru tai Viét Nam. NOi dung cua ludn an s€ tap trung
nghién ctru, khao sat, ap dung phan tng domino, két hop cung phan tmg click trong
cac diéu kién khac nhau dé tong hop cac din xuit méi c6 chtra di vong nitrogen; tién
hanh danh gi, thir nghiém hoat tinh sinh hoc ddi véi cac chat tong hop dugc, két hop
nghién ciru docking phan tir nham xac 1ap co ché giy ra hoat tinh sinh hoc ctia céac
16p chat nay

Muc tiéu ludn an

1. Str dung phan tng domino:

Nghién ctu tong hop va xic dinh cdu tric cic dan xuit cua 4-
azapodophyllotoxin chira cac di vong

Tong hop va xéac dinh cau tric ciia cac dan xuat podophyllotoxin-isatin

Nghién ctru, khao sat, tong hop cac dan chit cua indole-pyrano[2,3-
d]pyrimidine

2. Ap dung phan ng domino két hop vé&i phan tng click tong hop cac dan
xuat ciia podophyllotoxin-isatin-AZT, podophyllotoxin-isatin-Erlotinib

3. Thir nghiém hoat tinh gdy doc té bao ung thu, hoat tinh @rc ché enzyme a-
glucosidase va enzym acetylcholinesterase ctia cac hop chét tong hop dugc.

4. Tién hanh phén tich chu ky té bao va danh gia (rc ché qua trinh apoptosis

5. Nghién curu docking phan tir, dy doan tinh chat dugc dong hoc ctia mot sb

hop chét tiéu biéu, co hoat tinh tc ché ting sinh manh mot sé dong té bao ung thu.
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Chuong 1. TONG QUAN

1.1. Quinoline quinone, din xuét va tong hop

Khung quinoline (1) hay con cé tén goi khac la 1-aza-naphthalene hoac
benzo[b]pyridine, ciu trac gdbm hai vong benzen va pyridine dwgc hop nhét ¢ hai
nguyén tir carbon 14n can, tao thanh cAu truc vong kép [11]. Hoat tinh sinh hoc cia
cac din xuit chira khung quinoline kha phong phu va da dang nhu: kha ning khang
khuén, ché)ng lao, sdt rét, khang nim - vi sinh vat va chéng HIV... [12-14]. Dac biét
cac hop chat chtra khung quinoline déng vai trd quan trong trong phét trién céc
loai thudc chéng ung thu do cac din xuét nay c6 kha ning trc ché su ting trudng kich
thudc cua khdi u thong qua qué trinh trc ché enzym topoisomerase, protein kinase,
ngan chin sy hinh thanh cic mach mau dan téi khéi u hodc diéu chinh kha ning dap
ng cta thy thé hat nhan; tiéu biéu nhu céc loai thubc dang dugc sir dung trong diéu
tri 1am sang gébm: Camptothecin (2), Laventinib (3) va Tipifanib (4), (So d6 1.1) [15].

/
N

Quinoline (1)

Tiifani
ipifanib (4) cl H H
N\”/N\
0
0 (0
H2N N
Camptothecin (2) °H © HiC. “

Laventinib (3)
So dé 1.1. Quinoline va cdc thudc chita ung thuw c¢é chira khung quinoline

1.1.1. Hoat tinh sinh hoc ciia Iép chit quinolinequinone

Céc dan xuat ciia quinolinedione tir lau di duoc biét dén va sir dung rong rai
1am nguyén liéu trong cac nganh cong nghiép duoc pham, hoa chit nong nghiép va
thudc nhudm. .. Trong s6 d6 quinolinequione hay quinoline-5,8-dione dwoc danh gia
13 6n dinh va pho bién nhat, xuat hién nhiéu trong ty nhién va téng hop, so véi cic
ddng phan khac cia quinolinedione nhu: quinoline-5,6-dione hay quinoline-5,7-
dione [16]. So véi cac hop chét chira khung quinoline, cac loai thudc chira khung
quinolinequinone thé hién hoat tinh sinh hoc vuot troi do duge bd sung thém cac di
t6 oxi, c6 kha ning twong tic vé mit hoa hoc va sinh hoc véi cac protein muc tiéu
thong qua cac lién két hydro, nhd d6 giup cai thién kha ning chon loc va ning cao

hiéu lyc, hiéu qua cua thude [17].



Quino.line_quin_one X=N, Y=CH, quinoline-5,6-dione
(5,8-quinolinedione) X=CH, Y=N, quinoline-7,8-dione

OH O OH OH O OH
Me A\ COOH
L
MeO N™ "OH
OH O OH Bu O
Cynodotin (5) Quinolinequinone

(1-aza-anthraquinone (6))
So d6 1.2. Khung quinolinequinone va dan xudt 1-aza-anthraquinone
Niam 1940 Kogl va cac cong su 1an dau tién cong bd phan lap duoc hai chat
mau tir soi nAm Phoma terrestris Hansen (soi ndm gy ra bénh ré hong ¢ hanh tay)
trong d6 c6 mot hop chit anthraquinone di biét trudc dé 13 Cynodontin (5), (So dd
1.2) chéat thr hai ¢6 chtra khung quinolinequinone (6) mau cam trong tng véi cong
thire C1oH17NOs duge nhom cuia Kogl dé xudt 12 hop chat 1-aza-anthraquinone va day

dugc coi 1 cong bd dau tién vé 16p chat dang nay [18].

Streptonigrin (7) Ascidiathiazones A (10) Ascidiathiazones B (11)
So do 1.3. Céc quinolinequinone dwoc phén ldp tir ty nhién

Pén nam 1957 quinolinequinone tiép theo 1a 7-aminoquinone (Streptonigrin
7), (So do 1.3) duogc phan lap tir mét loai xa khuan c6 trong dét c6 tén Streptomyces.
Alkaloid nay ciing duwgc tim thdy trong cac dongvi khuadn nhu:
Actinomyces, Streptomyces rufochromogenes va Streptomyces echinatus [19, 20]. Gan
day mot loat cac dan xuét ¢ chira khung quinolinequinoe ciing di dwgc phat hién va
phan 1ap nhu Lavendamycin (8) va Streptonigron (9), dugoc phan lap tur

loai Streptomyces [21, 22]. Hai hop chit khac cua quinolinequinone c6 tén la
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Ascidiathiazones A (10) va B (11) da dugc phan 1ap tr lodi Ascidian aplidium cua
New Zealand vao nam 2005 [23-25].

Hoat tinh sinh hoc ctia cac quinolinequinone nay da dang va phong phti nhu:
kha ning chéng ung thu, khang khuan, khang virus, chdng sét rét va chéng viém,
chéng HIV, khang vi khuén lao [16, 26]. Tuy nhién cic nghién ctru in vitro va tién
1am sang cho thay ching c6 doc tinh cao, do d6 cac nghién ctru thir nghiém lam sang
cho thudc chong ung thu da phai ding lai ¢ giai doan I1 [17].

Trong cac nghién ctru sdu rong hon vé hoat tinh sinh hoc cta cac dan xuét
quinolinequinone, cu thé 14 1-aza anthraquinone cho thay: cac dan xuat nay con dugc
phan 1ap, tach chiét tir cac bod phan cua cac cay thudc ho mang cau, xiém (ho
Annonaceae) phan bd rong rii & cac nudc Pong Nam A va déu cho thay hoat tinh gay
doc té bao khébi u & nguoi trén cac hop chét thudc dong Macanine A, B, C,D va E, So
dd 1.4 [27)].

Q H
N._O
| o
OCH; OCHs
O CH,

CH,OH
Marcanine A (12) Marcanine B (13) Marcanine C (14)
H OH O | Hj OH O | Hj
N
2 OCH3 OCH3 OCH3
OH O Hj COOH
Marcanine D (15) Marcanine E (16) Marcanine G (17)

So do 1.4. Cdac dong Marcanine dwoc phdn ldp tir cdc cdy ho mang cau, xiém

Pén nim 2018, nhém ciia Soonthornchareonnon da chiét xuat va phan lap
dugc Marcanine G va tién hanh danh gia doc tinh gay doc té bao dugc thiét lap trén
xét nghiém SRB sir dung doxorubicin lam dbi ching duong tinh. Marcanine G duoc
coi 12 hop chat hoat dong manh nhét, cho thay gié tri ICso 1an luot 1a 14,87 va 15,18 uM
d6i v6i té bao ung thu phdi (A549) va ung thu va & ngudi (MCF-7) [28].

Ngoai kha ning chong khdi u cua cac 16p chit thudc dong Marcanine da duoc
cong bd rong rai. Cac nha khoa hoc tiép tuc tim kiém va phan lap duoc Cleistopholine
(So d6 1.5), mot loai azaanthraquinone tir 1& cay Cleistopholis patens & Ghana [29].
Cleistopholine cho thiy hoat tinh gay doc dbi voi Candida albicans va Cryptococcus
neoformans, cac loai nim ky sinh trén bénh nhan AIDS, dic biét alkaloid nay 1a tac
nhan trc ché qua trinh apoptosis trong ung thu budng trimg & ngudi (CAOV-3) [30].
Cleistopholine ciing dugc tim thiy trong dich chiét tir Porcelia macrocarpa cung voi

6-methoxycleistopholine [31].



o 0 OCHjs CHj
A X N
B » |
N MeO N Hs;CO N~ ~O
S o HCO  OCH,"
Cleistopholine (20) (21) (22)

So do 1.5. Cleitopholine va cdc dan xudt dwoc phan Idp tir Porcelia macrocarpa
1.1.2. Téng hop cdc dén xudt ciia quinolinequinone bang phdn teng domino

Quy trinh tong hop cac hop chit quinolinequinone c6 cau tric twong tu 1-aza-
anthraquione d duoc biét dén thong qua cac con dudng khac nhau nhu st dung phan
g Diels -Alder, phan mg Friedel - Crafts, phan ing cong Michael két hop véi qua
trinh mo rong vong hay qua trinh vong hoa gbc 6- exo-trig clia enamine thay
thé N- (2-alkenylaryl). Mic du cac phuong phap nay ¢ nhiéu tién loi, nhung viéc st
dung céc tac nhan kim loai doc hai va kha nang chon loc kém cung véi hiéu suét thép,
doi hoi can tim kiém cac phwong phap tong hop méi hiéu qua hon [32].

Phén mg domino dugc biét dén 1an dau tién vao nam 1996 xuét phat tir nhitng
nghién curu cua Tietze va cac cong su, day la loai phan trng xdy ra lién tyc trong cung
mot diéu kién nhat dinh, & 6 cac nhom chitc méi duoc hinh thanh tir két qua cia cac
phan g trudc d6 theo dang chudi cho dén khi hinh thanh san pham dich, chudi méi
dimg lai. Trong phan ng domino, cac phan tng thanh phan duoc két hop v4i nhau
mot cach da dang va lién hoan nhu cong hop, dong vong, mé vong, oxi hod khur,
ngung tu...do d6 san pham thu duoc s& co cau trac phirc tap nhit dinh, tir d6 1am
phong phu hon so véi cac phuong phap téng hop truyén théng. Hon nita phan tmg
domino con gdp phan tdi wu hoa cac diéu kién phan tng théng qua viée sir dung it
hon lwong dung méi, hod chit; rat ngin thoi gian do khéng can phai tinh ché, loai bo

cac hop chét trung gian [33].

I NH,
(@] o N\N\ O R CHs
CeHs
+ RCHO N
2, Hao \
o R = Aryl O CeHs
(23) (24) vy (26)

So do 1.6. Tong hop cdc dan chat benzo[h]pyrazolo[3,4-b] quinoline-5,10-dione
Nam 2010 Fang va nhom nghién ctru sir dung phuong phép téng hop green, voi
xuc tac 1a I trong dung méi nude (So d6 1.6) da tong hop thanh cong dan xuit
benzo[h]pyrazolo[3,4-b] quinoline-5,10-dione (26) bang phan tng domino 3 thanh
phan gom: 2-hydroxyl- 1,4-naphthoquinone (23), aldehyde thom (24) va amine (25) c6

chtra vong pyrazolo; phan tng c6 hiéu suit cao, than thién v6i voi méi truong [34].
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Tuong ty cac dan xuit ctia benzo[g]quinoline-5,10-dione (29) ciing dugc
Balasubramanian Devi va cc cong su béo cdo tong hop thanh cong thong qua phan
rng domino 4 thanh phan gém: 2-hydroxy-1,4-naphthoquinone (23); aldehyde thom
(24); methyl/ethyl acetoacetate (27) va ammonium acetate (29) trong thiét bi
microware v6i dung mdi 13 ethanol (So d6 1.7) [35].

O 0 H
OH N CH
o) 0 NH4OAc (29) 3

(LT om0+ OY0F - )
OR, OR, EtOH, mw COOR;
O
R = Me, Et © R
(23) (24) (27) (29)

So do 1.7. Tong hop cdc dan xudt benzo[g]quinoline-5,10-dione
Nhom nghién ctru nay ciing di sir dung hop chét L-proline 1am xuc tac cho
phan tng tong hop cac din xudt 2H-benzo[g]pyrazolo[3,4-b] quinoline-
5,10(4H,11H)-dione (32) tir 2-hydroxy-1,4-naphthoquinone (23), aldehyde (30) va
aminopyrazole (31). Qua trinh phan tmg dugc biéu dién theo So dd 1.8.

@]
L-proline H
OH (20 mol%) /N\NH
R/CHO + , > ~
Ethanol, Reflux
9] R'I R2
(30) (23) (31) R1 = HetAr, HalAr (32)

R, = H, CHs
So do 1.8. Tong hop cdc chdt benzo[g]quinoline-5,10-dione ding xiic tac L-proline
Biang cach thay d6i dan xudt amin c6 chira lién két d6i chua bdo hoa ¢ vi tri
carbon s 2, Chunmei Li va cic cong sy di tong hop thanh cong hop chat
dihydrobenzo[g]quinoline-5,10-dione (35) tr 2-hydroxy-1,4-naphthoquinone (23),
aldehyde thom (33) va (E)-3-amino-but-2-enoate (34) theo so dd phan tng 1.9 [36].

O Ar O
HoN OR  C-SOsH OR
DU R sl [ ]
OH Me O H,0, 80 °C H Me
(23) (33) (34) R = Me, Et (35)

So do 1.9. Tong hop cdc dan xudt ciia benzo[g]quinoline-5,10-dione

Str dung xtic tac 1a mubi SnCl, Nampally va cic cong su di tong hop thanh
cong cac din xuat ciia quionolinequinone tir 2-amino-1,4-naphthoquione (36) va 2-
benzylidenemalononitrile (37) thong qua phan tng cong Michael két hop qué trinh
dong vong noi phan tir (So' @6 1.10). Qua trinh phan ung xay ra ém diu trong dung
moi EtOH & nhiét ¢ 70 °C, san pham thu dugc co hiéu suat tbt, dé phan lap [37].



0 O Ar .
R SnCl, X
O‘ ’ Ar%CN B1OH, 70°C | N~ > NH
NH, 3-5h 2
o) @)
R4 =CN, COOEt
(36) (37) Ar = Aromatic, Het (38)

So dé 1.10. Stk dung phdn ving domino tong hop cdc dan xudt 1-aza-anthraquionone

1. 1. 3. St dung phén ikng domino tong hop I6p chit 4-aza-podophyllotoxin

(42)
Me H (rc ché qua trinh polyme hoa tubulin va !
(43) gay ra apoptosis & t& bao A549 {ic ché& qua trinh polyme hoa tubulin va
R2 = 3.4,5-(OMe)s, 3-Br gay ra apoptosis 6 t& bao A549
. D Pyrimidine-
3 Pyrazole- )
gay ra apoptosis d té€ bao Jurkat podophylotoxin Indole- podophyliotoxin
hybrids podophyliotoxin hybrids
hybrids P
. OH :
e : :
:< A @ DO E
Quinoline- Y B l\< :
podophyllotoxin o i o
hybrids ; /@\ :
! MeO OMe !
R' H : ;
(“44) " 4-Aza-podoph I:::)c)txins S QQ)"QM? """" :
R3=Cl, CH, & podophy Podophyllotoxin
Anti cancer
OMe
MeO O OMe
7S 0
N
L Ik
N
H
(48)
H (ic ché& qua trinh polyme hoa
ICsp = 14.56 uM (HepG2) (47) tubulin, gay ra apoptosis
ICs0= 27 uM (Hela) R'=4-Me 0 t& bao A549
ICso = 25.68 nM (MCF7)
R = OMe, Br, NO,, H R'=3-NO,
ICsp < 0.04 uM (HepG2,SK-Lu-1) ICs0 = 25.98 nM (SW1116)

So do 1.11. Cau triic ciia podophyllotoxin va I6p chdt 4-aza-podophyllotoxin

L&p chit 4-aza-podophyllotoxin (40) 1 cac dan xuat ctia podophyllotoxin (39),
trong d6 nguyén tir carbon & vi tri sb 4, duoc thay thé bang di t6 nitrogen. Tir chd
podophyllotoxin c6 4 nguyén tir carbon bat ddi trén vong C va hai vong thom véi hé
thong 1,2-cis-2,3-trans tuong mg, sau khi chuyén hoa thanh cac dan xuét 4-aza-
podophyllotoxin chi con xuét hién mot trung tim bat ddi ctia nguyén tir carbon tai vi
tri carbon C1. Pic biét khi thay thé cac vong A, B cta 16p chét nay bang cac di vong
nhu: pyrimidine, indole, pyrazole, quinoline, anthraquinone hay benzothiazole... theo

So d6 1.11, da lam gia ting dang ké hoat tinh chéng ung thu thong qua cic co ché: tc
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ché qua trinh polyme hod tubulin, ngan chin chu ky té bao tai pha G2/M, trc ché qua
trinh apoptosis phu thudc caspase-3 hay @rc ché sy hinh thanh vi dng va tic dong giy
rdi loan mach mau. ..[4-6, 38-40].

Niam 2002 Giorgi-Renault va cac dong nghiép da tong hop thanh cong cac din
xuat twong tu 4-azapodophyllotoxin (52) véi hiéu suét cao (So d6 1.12) [41]. Pic biét
nghién ciru ciing chi ra rang khi thay d6i nhém methylenedioxy trén vong A, B déu
khong anh huéng dén hoat tinh chéng ung thu ctia cac dan xuat thu dugc [38, 39]

H o) OMe
’ 49 - ° —_—
(49) (51) Ethanol
MeO OMe
oM
© R=H,CHy "
(50) (52)

So do 1.12. Tong hop 4-azaphodophyllotoxin theo Takeya va Giorgi
Phan trng Husson-3CR (So d6 1.13) duoc tmg dung thanh coéng vao viéc tong
hop cac hop chat 4-aza-2,3-didehydropodophyllotoxin (55) [41]. Dya trén phan tmg
Husson-3CR, khoang 40 dan xuit 4-aza-2,3-didehydropodophyllotoxin di dugc tong
hop thanh cong [42].

2
2 oo ;
NHR N
on 12241
CHO 51 i O
(53) R3©/ 1) R, = oxazole, OMe R3
R2 = H, OMe
R3 = OMe (55)

(54)
So do 1.13. Tong hop cdc hop chdt 4-aza- theo phan iing Husson-3CR

H._0 o
@]
AcOH glacial/DMF
+ 2 + B ————_
N,Ar 2 O mw
H 0]
O

(56) (57) (1) Ar = Aromatic \
Ar (58)
So do 1.14. Tong hop cdc hop chdt 4-aza-podophyllotoxin — acridinedione
Niam 2009, Wang va cong su da tong hop thanh cong hop chét kép c6 chira

hai khung furo [3,4-b]quinoline va acridinedione (58) bang phan tmg domino ba
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thanh phan giita aldehyde thom voi N-aryl-enaminon va cac hop chat cyclic-1,3-
dicarbonyl (acid tetronic (51) hodc cyclohexan-1,3-dione) trong dung mdi hdn hop
ctia acid acetic bang va N, N-dimethylamide dudi chiéu xa vi song khong c6 chat xtic
tac (So dd 1.14). Phuong phap nay c6 wu diém hiéu suat tét, quy trinh thuc hién don
gian [43].

H3C

CH
N=( 3 0 =N Ao

S AcOH glacial S
+ Ar—CHO + || © |l ©
(o]

H
(59) (60) (51) (61)

So dé 1.15. Tong hop cdc dan xudt thiazolo[4,5-f]quinolin-9(6H)-one
Mot loat cac dan xudt thiazolo[4,5-f]quinolin-9(6H)-one (61) ciing da duoc tong

hop bang phan tng domino giita aldehyde, tetronic acid (51) va cac dan xuét 2-
methylbenzo[d]thiazole-5-amine (59) trong dung moi acetic acid bang ¢ diéu kién vi
song, theo So dd 1.15. Cac hop chit nay thé hién hoat tinh gay doc té bao trén céc
dong té bao ung thur biéu mo hic t6 4c tinh M 14, dong té bao ung thu biéu mé tuyén
vl MCF-7 va dong té bao ung thu biéu mo rudt két SW1116 [44].

JNHZ N J:«/ Et3N
Me HO EtOH
Me

reflux R2 (64)
(62) (63) (51) R1, Ry = H, Alkyl, Ar, ArHet

N
H

So do 1.16. Tong hop cdc hop chat tetracyclic dihydropyridopyrazole
Khi thay thé nhom benzo[d]thiazole bing cac di vong chtra nitrogen nhu

pyrimidine, indole nhan dugc cic dan xuat furo[3,4-b]pyrrolo[2,3-f]quinolin-9-one
hozc furo[3,4-b]pyrazolo[3,4-f]quinoline-9-one c6 kha ning trc ché tubulin twong tu
podophyllotoxin ngoai trir sy gian doan cua to chirc vi 6ng bén trong té bao. Hon nira,
phan tich cho thiy cic hop chét furo[3,4-b]pyrrolo[2,3-f]quinolin-9-one hoic
furo[3,4-b]pyrazolo[3,4-f]quinoline-9-one dirng chu ky té bao tai pha G2/M, dan dén
qua trinh apoptosis phu thudc caspase-3 [6]. Trong khi do, khi dua vong pyrazole vao
thay thé cho vong B cia podophyllotoxin nhin duoc cic din xuit tetracyclic
dihydropyridopyrazole (64) (So dd 1.16) c6 kha ning trc ché mot sé dong té bao ung
thu Hela, MCF-7/AZ, Jurkat & ndng do 50 uM [5]. Cac hop chét di vong nay gy ra
qua trinh apoptosis ctia té bao Jurkat trong vong 24 gid.

Ap dung phan ng domino nhém nghién ctru ctia GS Nguyén Van Tuyén va
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cong sy d tong hop thanh cong 16 din xuat cua 4-aza- podophyllotoxin ¢ kha ning
trc ché cac dong té bao ung thu, tiéu biéu nhu cac hop chat (67a, d, h va k) co gié tri
ICso ¢& nM ddi v6i dong té bao ung thu HepG2, Lu-1 (So d6 1. 17) [45].

o) O Ar 1)
HO, AcOH glacial
O‘ + Z:\A\ + Ar—CHO + NH,OAc - | || o
OH o (@] MW, 120. C H
0 15-20 min o)
(23) (51) (66a-p) (29) (67a-p)

IC50(HepG2, Lu-1) < 40 nM
So do 1.17. Sir dung phdn g domino téng hop cdc dan xudt podophyllotoxin
Nam 2010, 1an dau tién L-proline duoc sir dung 1am xiic tic cho phan ng tong
hop 4-aza-podophyllotoxin [46] v&i hiéu sudt dat trén 90%. Xuc tac L-proline ciing
dugc ap dung cho phan tmg tong hop cac hop chét lai p-naphthoquinone-4-aza-
podophyllotoxin (70) theo So d6 1.18.

R O
O _ L-Proline O
( + R-CHO + {
@) NH, OH EtOH @) N
reflux H 0

(68) (69) (23) (70)
So do 1.18. Tong hop 4-aza-podophyllotoxin sir dung xiic tac L-proline
Nhu vay c6 thé khang dinh, cac dan xuit 4-aza-podophyllotoxin chi yéu duoc
tong hop bang phan tmg domino ba thanh phan giira aldehyde thom, tetronic acid va
cac amine khéac nhau st dung dung moi ethanol hoac acetic acid, tuy nhién hi¢u suét
phan trng cao nhat chi khoang 80-85%, mot s it dat khoang 90%. Cac hop chat hybrid
giita naphthoquinone va podophyllotoxin cho gié tri ¢ ché cac dong té bao ung thu
trong khoang ICso tir: 20-200 uM. Diéu nay cho thay, viéc thay thé vong y-lactone
(vong D) trong cau tric ciia podophyllotoxin lam giam hoat tinh ciia cic chat tong
hop duoc, do d6 trong cac nghién ctiru hau hét khong dé cap dén kha ning bién d6i
hoic thay thé vong y-lactone [46].
1.2. Tong hop cic din xuit ciia pyrano pyrimidine bang phin mg domino
Pyrano pyrimidine 12 mot 16p hop chat di vong bao gdm mét vong pyrimidin
v6i hai nguyén tir nitrogen & cac vi tri s6 1 va s6 3 ctia vong uracil, hop nhat véi mot
vong pyran c6 mdt nguyén tir oxy. Nhiéu dong phan khic nhau cta 16p chét nay da
dugc tim thay, nhung phd bién hon ca 1a bén khung chinh bao gém: 5H-pyrano[2,3-
dJpyrimidine, 8H-pyrano[3,2-d]pyrimidine, 8H-pyrano[3,4-d]pyrimidine va S5SH-
pyrano[4,3-d]pyrimidine [47].
Trong d6 SH-pyrano[2,3-d]pyrimidine chira duyng nhiéu hoat tinh sinh hoc
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vuot trdi nhu: kha nang chéng lai vi khuan lao H37Rv, khéang khuan, chéng khéi u,
khang vi sinh, chéng viém, chong oxy hoa, chéng dai thao dudng, trc ché phosphatase

tyrosine, chong tang huyét ap, (rc ché AChE, khang virus va chong sbt rét [47, 48]

PP W
0~ °N 0
5H-pyrano[2,3-d]pyrimidine 8H-pyrano[3,2-d]pyrimidine
= N\W = SN
o} _N o) /)
N
5H-pyrano[4,3-d]pyrimidine 8H-pyrano[3,4-d]pyrimidine

Phuong phap tiép can chung dé tong hop cac hop chat di vong chira bd khung
pyrano[2.3-d Jpyrimidine d6 1a s dung cac phan tng da thanh phan cua acid
barbituric (73), malononitrile (81) va céc aldehyde thom trong moi trudng bazo [49-
51]. Phan 16n cac nghién ctru tap trung vao viéc téi uvu hod cac diéu kién phan tng,
rt ngan thoi gian, lua chon cac chat xuc tac phi hop, san pham thu duoc dé tinh ché,
chon loc, str dung cac loai dung moéi than thién v6i méi trudng. ... Con dudng tong
hop cac dan xuat chira khung pyrano[2,3- d Jpyrimidine thuong st dung cac phan
ung tao hé hai vong, ba vong, da vong hodc tao h¢ vong spiro; trong do st dung
phuong phap dong vong pyran dya trén cac phan ing nhu: ngung tu Knoevenagel,
phan tmg cong Michael va ngung ty, déng vong ndi phan tir 1a pho bién va cho cho

thdy hiéu qua cao nhét [52].

Ox R
O 0
R . CN/\H/OEt . HN)i SbCls/nano-sawdust HN | | CO,Et
o PN H,O: EtOH, rt PY
HO™ N 0 07 N7 07 NH,
H H
(71) (72) (73) R =H, 3-Cl, 4-Cl, 3-NOz, 4-NOz, (7,

4-Me, 4-MeO, 3-OH, 4-OH
So do 1.19. Tong hop cdce dan xudt cua Tetrahydro-2H -pyranopyrimidine.

Oftadeh va cac cong sy di tién hanh tong hop thanh céng 10 san pham véi
hiéu suat tdt tir 92 - 98% trong d6 c6 chira hai vong uracil va pyran bang phan tng
domino 3 thanh phan bao gém etyl cyanoacetat (72), acid barbituric (73) va céc
aldehyde thom (71) str dung xtic tac 1a cac hat nano SbCls phan tan trong mun cua
theo so d6 1.19 [53].

Khi thay thé acid barbituric bang acid N, N -diaryl-thiobarbituric (77) va etyl
cyanoacetat (72) bang malononitrile (81), sir dung xtic tac 13 ethanol/TEA (So dd
1.20); Abd-Elaziz va céc cong su da thu dugc cac dan xuit cua tetrahydro-2H-
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pyranopyrimidine véi nhiéu hoat tinh sinh hoc noi tréi. Cu thé khang khuan manh d6i
v6icac dong vi khuan Bacillus pumilis, Streptococcus faecalis va Enterobacter
cloacae, hoat tinh khang nam dbi v6i cac loai nam Candida albicans va Aspergillus
niger. Ngoai ra, cic dan xuit ndy thé hién hoat tinh gy doc té bao manh trén cac
dong té bao ung thu rudt két (Caco -2) ciing véi ty 18 phan trim kha ning séng cia té
bao thip nhat & ndong d6 mau cao hon khi ap dung xét nghiém MTT [54].

0)

N
O
Ar X
N X _EtOH/TEA >N )
41\ reflex 6h %\
S N O” 'NH,
Ar
(75) (76) (77) (78)

So dé 1.20. Tong hop cdc dan xudt ciia hexahydro- pyranopyrimidine.

Bang cach khong can sir dung acid barbituric hodc thiobarbituric, nim 2023
Bahrami va nhém nghién ciru da sir dung phan ing domino 4 thanh phan bao gom:
malononitrile (81), aryl aldehyde (80), carbon tetrachloride (80a) va acetophenone
(79), st dung xuc tdc CAN & nhi¢t do phong tao dé tao ra cac dan xuit hai vong cua
pyranopyrimidine (82) theo So dd 1.21 [55].

X
N“ °N
j\ . )O]\ . NC> + cgp,  SAN(10% mon |
A" “CH; Ar” H NG Y e A
' ™
(79) (80) (81) (80a) Ar Ar
HTPB: hexyltriphenylphosphonium bromide (82)

CAN: ceric ammonium nitrat
So do 1.21. Tong hop hé 2 vong trong diéu kién sir dung xiic tac CAN

Co ché cua phan Gng nay duoc thuc hién bang cach kich hoat ban dau nhom
methylene linh dong trén acetophenone va aryl aldehyde boi xic tac CAN, sau do
tién hanh ngung tu Knoeveangel dé tao ra cac hop chit trung gian arylidene, chit
trung gian dugc hinh thanh tuong tac voi malononitrile, vong pyran ndi phan tir va
phan {mg voi carbon tetraclorua tao ra chét trung gian chaa dichloro. Cubi cing tao
thanh san pham thong qua qua trinh loai bo HCI.

Niam 2020, Hasaninezhad va nhém nghién ctru dd bao cao qua trinh tong hop
cac din xuét cua dihydropyrano-pyrimidine-dione hai vong thong qua phan tmg cia
curcumin véi cac aldehyde thom va acid barbituric (73) bang phan tmg domino (So
dd 1.22) [56]. Cac phan trng dugc phat trién bang cach sir dung borax 1am xuc tac voi
10% mol trong ethanol. Cac san phém thu duoc thé hién hoat tinh chon loc ddi véi
bénh dai thio dudng théng qua thir nghiém tc ché enzym o-Glucoside, so voi

curcumin ban dau.
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R
o |
] ° NH
OH . M . ] BoRAX@kmo) Y
O)\N o A EtOH, refux  HO o
: (84)
HO
(73) R=3-NOy, 3-F,3-Br,3-CHs, 3-CN O (85)

So do 1.22. Tong hop dihydropyrano[2,3- dlpyrimidine-dione
Nham tao ra cac din xuét ciia pyrano-pyrimidine c¢6 chtra nhiéu hon 2 di vong
pyran va pyrimidine ban dau, cac nghién ciru tap trung lua chon, thay thé cac hop
chat dicarbonyl bang cac chat c6 ai luc tuong ty, phan ing xay ra qua 2 hodc 3 budc
khac nhau. Poola va nhom nghién ctru da tong hop duoc cac din xudt cua 5H -

chromenopyrimidinol (89) bang cach két hop giita phan ing domino 3 thanh phan va

phan g ngung tu, déng vong st dung hé xuc tic nano CuO-Ag (So dd 1.23) [57]
Ar  NH,

CN Nano CuO-Ag
0 DBU 50° CH3COONH4
EtOH CH(OEt
M o :1 éoo % HO
(86) (81) (87) (88) (89)

Ar

So dé 1.23. Tong hop dan xudt SH -chromenopyrimidinol

)C\N OH R R
Ox <CN DBU | HC?Z “CN @\(79) @ CN

’ OH cH< CN
R NC R CN O + N
HO Y

@)  (81) L H i

L HO

— lecIization

€
NH; R

N

N, Cy — )
" N=H . Cen
C,)I -CH )
HO 0 HO 0" ONT o .

NH,

H/Nano CuO-Ag N//CH

” Nano CuO-Ag
(82) (93) (89)

So do 1.24. Co ché hinh thanh san pham 5H -chromenopyrimidinol
Co ché hinh thanh san pham (So d6 1.24) dugc giai thich nhu sau: dau tién,
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cac dan xuit ciia pyran nhan dugc thong qua phan ng domino ba thanh phan, trai
qua lan luot cac phan img ngung tu Knoevenagel, cong hop Michael, déng vong noi
phan tir; tir ba nguyén liéu ban dau gém: cac aldehyde thom (86), malanonitrile (81)
va resorcinol (87); voi su ¢d mat cua xuc tac DBU (1,8-Diazabicyclo[5.4.0]Jundec-7-
ene) trong dung mdi 1a ethanol & 50 °C. Tiép theo cic din xuat clia pyran ndy dugc
vong hoa véi sy tham gia cua triethyl orthoformate (CH(OEt);), amoni acetate
(CH;COONHy3) va chét xtic tic nano CuO - Ag (4 mol %), san pham cudi két tinh dé
dang ma khong can phai phan 1ap.

1.3. Isatin, d4n xuit va hoat tinh sinh hoc

1.3.1. Hoat tinh chong ung thw ciia cdc din xuét chiva khung indole

Trong tu nhién, cic hop chat di vong chira nitrogen phan b rong rdi va xuat
hién trong nhiéu bo khung cua cac hop hop chat khac nhau nhu: alkaloid, vitamin,
hormone, thuéc nhuém, khang sinh, thudc diét co va duoc pham. Trong d6 cic
alkaloid duoc cac nha khoa hoc quan tam vi chiing thé hién nhiéu dic tinh sinh hoc
ndi trdi, tiéu biéu nhu: morphin, isatin, caffeine, nicotine, thiamin va atropin...[58].

Khung indole dugc tao thanh tir mot vong pyrrole lién két voi mot vong benzen
va phan tir c6 tinh bazo yéu, né dugc biét dén v4i ban chat thom do su dich chuyén
ctia mudi electron 7 trong phén tir. Indole ¢ thé ton tai ¢ ba dang tautomer la: 1H -
indole, 2H -indole va 3H -indole, chung khac nhau ¢ vi tri cia nguyén tir hydro trong
cAu tric (So d6 1.25). Cac tautomer nay c6 thé anh hudng dén kha ning phan tng
hoa hoc va twong tac sinh hoc cua cac dan xuét chira indole [59].

N N N
1H-indole 3H-indole 2H-indole

So do 1.25. Cdc dang tautomer cua indole.

Céac din xuit chira khung indole 1 nhiing tdc nhan chéng ung thu tiém ning
do ching c6 kha nang tdc dong 1én cac muc ti€u sinh hoc quan trong khac nhau nhu:
chat trc ché qua trinh trung hop tubulin, e ché protein kinase, histone deacetylase
(HDAC), Carbonic Anhydrase IX va XII...[60].

Isatin (hay 1H -indole-2,3-dione) (94) 1a mot dan xuit cia indole xuét hién &
nhiéu loai thuc vat nhu: Isatis tinctoria, Couroupita guianensis Aubl, Melochia
tomentosa  Boronia koniamboensis va Melochia tomentosa, c¢b trong
nam Streptomyces albus [61, 62]. O dong vat cac dan xut cua isatin c6 mit trong
dich tiét tai tuyén mang tai cua éch Bufo, hay & dong vét than mém Dicathais orbita
[63]. Trén ngudi, né duoc xac dinh 13 chit chuyén hoa cua tryptophan hoic
epinephrine va phan b chi yéu trong hé than kinh trung wong (CNS), ¢ cic md ngoai
vi cling nhu dich tiét cua co thé [64].
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V& mit hoa hoc, isatin c6 chitra ba trung tdm hoat dong tuong tring vdi ba nhom
chtrc bao gém: cac phan ing thé xay ra trén vong benzen tai cac vi tri C-5, C-6, C-7;
tuong tac cua nhom carbonyl tai vi tri C-3 (ddc trung cho phan ung cong nucleophil,
spiro, phan itng m¢ vong, phan ing Friedel-Crafts, phan ting tu Aldol, phan tng oxi
hoa...); trén nguyén tir nitrogen nhu phan tng thé hydro, N-alkyl, N-aryl va N-acyl...
riéng tai vi tri C-2 do kém hoat dong vé mit hoa hoc do d6 chi co thé tham gia phan
ng khu khi ¢6 cic nhom thé hut electron trén vong benzen hodc trén nguyén tir

nitrogen, dé tao thanh cac hop chét ciia indigo, indiribine va spiro [65-67].

H
H N
N oH
0
F H F \_ N
\ N \ | H
\ / H N\/\
N O N
g Q
NN
Isatin (94) Sunitinib (95) & Toceranib (96)

So d6 1.26. Isatin va cdc thuoc chong ung thuw chira khung isatin

Hoat tinh sinh hoc cta isatin va cac dan xuét rit da dang va phong pht nhu
kha ning chéng ung thu, khang khuédn, khang nim, &rc ché tiéu duong, chdng co git,
HIV, chdng sbt rét, chdng viém, giam dau va chéng lo au, tram cam...[68-71]. Dic
biét kha nang chéng ung thu cta 16p chit nay duoc cac nha khoa hoc chu ¥ quan tAm
boi chung c6 kha niang e ché nhiéu loai enzym chuyén hod nhu: histone deacetylase
(HDAC), carbonic anhydrase, tyrosine kinase ciing nhu e ché qua trinh trang hop
tubulin trong cac t6 chirc séng cua té bao ung thu [62].

Hién nay c6 2 dan xuét cta isatin da dugc Cuc Quan ly Thuc phém va Duoc
pham Hoa Ky (FDA) chip thuan dua vao str dung trong diéu tri 1am sang chdng lai
khéi u: Sunitinib (95) diéu tri khdi u mé dém dudng tiéu hoa va ung thu biéu mé té
bao than con Toceranib (96), mot hop chit twong ty nhu Sunitinib, dd dwgc FDA
chép thuan dé diéu tri khéi u té bao nhé tir ndm 2009 [72]. Hién nay nhiéu loai thudc
chtra khung isatin tiép tuc dugc nghién ctru, phat trién, sang loc, dua vao thir nghiém
trén 1am sang vé kha ning trc ché té bao khdi u nhu: Nintedanib, Orantinib, Semaxinib
[73] Methisazone, Hesperadin, Indolidan, Adibendan [74]. Két qua nghién ctru cho
thay cac dan xuat cla isatin c6 kha nang lam cham, ngin chin sy phat trién ciia khoi
u thong qua qua trinh {rc ché su phat trién, tang sinh, di cu ctia cac dong té bao ung
thu voi nhiéu co ché phong phu va da dang. Tuy nhién cic dan xuét ndy ciing xuat
hién nhiéu tic dung phu nhu: gay tang huyét 4p, non mira, tiéu chay, bénh tay - chan
- miéng va dic biét 1a kha ning suy giam bach ciu trung tinh [73, 75]. Do d6 huéng

nghién ctru lai tao isatin v6i cac dugc chat co san kha ning chong ung thu nhu: imin,
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azol, quinoline, quinazolin, sulfonamid, coumarin...dugc cac nha nghién ctru quan
tam, phat trién nham tao ra cac hop chat méi c6 cau tric da dang, phirc tap, twong
tac chon loc va it doc tinh hon [75].

1.3.2. Tong hop cdc din xudt chiva khung indole bang phén irng domino

Lai hoa phan tir (hybird) d6 1a su ghép ndi, két hop hai hodc nhiéu dugc chat
¢ cac dic tinh sinh hoc ndi trdi lai v6i nhau tao thanh phan tr 16n, c¢6 nhitng hoat
tinh sinh hoc wu viét hon, bang cach tao ra cac cau ndi lién két hodc tich hop cac
khung chira di vong véi nhau [76]. Phuong phap nay mang lai nhiing loi thé to 16m so
v6i liéu phap két hop tron 1an thong thudng nhu: cai thién duge dong hoc va dugce
luc hoc, gidm tadc dung phu cta tuong tac thudc, 1am gidm hién tuong khang thudc,
tang cuong hiu luc, hiéu qua cua thude va giam ddc tinh [16, 74].

1.3.2.1. Tong hop cdc dan xudt ciia isatin véi cau lién két 1,2,3-triazole

Triazole c¢6 cong thic héa hoc CoH3N3, bao gdom mot vong di vong cé ba
nguyén tu nitrogen va hai nguyén tur carbon, nd con cd tén goi khéc 1a pyrrodiazole.
Hop chit ndy c6 tinh thom vi tit ca cac nguyén tir ciia né déu ¢ trang thai lai hoa sp?
va cac electron 7 con lai & trang thai linh hoat, khong ¢ dinh. Chung dugc tong hop
cha yéu thong qua phuong phap Huisgen bang cach dong vong 1,3-dipolar gitta cac
azide hitu co v6i alkyne, nhat 1a khi c6 mit cta xtc tac Cu(I), diéu nay giai thich vi
sa0 16p chat nay khong ton tai trong ty nhién. Chung c6 2 dang déng phan 1a 1H-
1,2,3-triazole hoac 1H-1,2,4-triazole [77, 78].

H H

N N

1 12
1H-1,2,3 triazole 1H-1,2,4 triazole

1,2,3-triazoles thuong dugc st dung lam tién chat vi chiing 6n dinh trong
nhiéu phan ng héa hoc nhur phan @ng oxy héa khtr, phan tng thity phan acid-bazo,
kho bi phan huy khi gap d6 am, anh sang...[79], ngoai ra ching c6 kha ning hinh
thanh lién két hydro dé dang va c6 mé men ludng cuc vira phai, dé tong hop, dic biét
ching c6 kha ning lién két tot véi mot sé muc tiéu sinh hoc nhu: dihydrofolate
reductase, DNA gyrase, sterol 14a-demethylase va DNA polymerase; diéu nay cho
thy tiém ning sinh hoc vo cling ndi troi cua cac 16p chat dang nay [80, 81].

V&i mong mudn tao ra cac hop chat cé it tic dung phuy, khic phuyc tinh trang
khang thudc, giam doc tinh so véi thudc gdc ban dau. Nhiéu bao cdo cho thay viéc
tao ra cac hop chét hybrid giita isatin véi cac thuc thé chong khéi u khac qua cau lién
két 1,2,3-triazole da gop phan gidi quyét duoc nhitng yéu ciu trén.

Nam 2016, Nagarsenkar va cong su da tong hop thanh céng cic hop chét

hybrid giita isatin v6i 3-benzylidene thong qua cau ndi lién két vong 1,2,3-triazole.
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San pham thu dugc qua 4 budc tong hop khac nhau tir cac nguyén liéu co ban ban
dau theo So d6 1.27. Két qua thir nghiém cho thay, gia tri trc ché dbi véi dong té bao
ung thu tién luyét tuyén (DU145) ctia hop chat (1051) twong tmg véi gia tri ICso 1a
3,7 uM, dong thoi hop chéit nay an toan voi cac té bao tuyén tién liét binh thuong
(RWPE-1) trong cung diéu kién thir nghiém, ngodi ra né con cho thay kha ning lam
ngimg chu ky té bao & pha G2/M va giy ra su sup d6 ctia dién thé mang ty thé trén
dong té bao thir nghiém DU145 [82].

R R
(98) g

N.

acetone/H,0 (1:1) (101) | R o N

b . LN N (104a-l) b
o to Towon e b A

(100) t-butanol/warter piperidine, o)
/© Br/\\\ (1:1) 40°.8h O ethanol, reflux, 3-4 h
HO

K:CO3 =~ O J

(99) (102)

CHO  Rr-H ome HN

(103) R4 = H, 5-Cl, 5-Br, 6-Cl, 6-Br, 5-F
5-NO,, 5-Acetyl, 5-benzoyl

So dé 1.27. Téng hop cdc hop chdt hybrid cia isatin 3-benzylidene-1,2,3-triazole
Trong nd luc tim kiém cac hop chét c6 kha niang khang tubulin manh, chong

lai cac bénh ung thu. Nam 2017, Sing va nhom nghién ctru dd phét trién 16p chét
hybrid giira isatin va coumarin thong qua cau nbi 1 1,2,3-triazole bang phan tng
click. Cac 16p chit nay c6 kha ning trc ché sy tring hop dbi véi tubulin & gia tri ICso
t6t nhét 1 1.06 pM. Cac nghién ctru vé twong tac ctia cau tric dén hoat tinh sinh hoc
(SAR) ciing chi ra rang: anh hudng cta cac nhom thé & vi tri s6 C-5 ciing nhu do dai
day alkane trong ciu két ndi isatin-1,2,3-triazole, tic dong truc tiép dén hoat dong
chdng ting sinh cta cac dan xudt, chiéu dai cia mach alkane s& lam ting d6 gidn cach
va trong tac cia nhom thé halogen trén isatin chinh 1a diéu kién tién quyét dé gia ting
hoat tinh chdng ung thu ddi v6i cac hybrid dang nay (So do 1.28) [83, 84].
R 7 R 7 R 7 R P

mo Dibromalkane mo NaN 0 - mo

N K,CO4/DMF N DMF N N

H /Sg\ /S“\ /;@\
(106) 2 (108) 2 Sodium ascorbate 2

(107) ©  Br N, |Sodium ascorbate N-
/\ CuSO4 DMF \ ||
OH 07 X
L o @fl\
X X 0O
oNo  KeCOyDMF N6 - @Z/i
(109) (110)

111) 0 Yo

So do 1.28. Tong hop hybrid isatin va coumarin bang phan vmg click
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Qua trinh thiét ké, lai hoa tryc tiép giira isatin voi hydrazone thong qua cau
két ndi 1,2,3-triazole dd gitip Anena va cac cong su thu duoc 16p chit co kha ning trc
ché protein kinase diéu hoa ai luc vi dng 4 (MARK4), day 1a mot trong nhitng kinase
thuong xuét hién qua mirc & cac to chirc té bao ung thu, do d6 tc ché protenin nay sé
g6p phan giam thiéu sy phét trién va di can cia khdi u [85, 86]. Két qua nghién ciu,
thir nghiém cho thay: 16p chat méi nay c6 ai lyc lién két véi albumin, vi vay n6 dé
dang dugc van chuyén & trong hé thong huyét thanh va xuat hién tiém ning trc ché
d6i véi enzym thir nghiém & néng do thap (< 1 uM), ddng thoi ching con gay ra quéa
trinh apoptosis & céc té bao ung thu thir nghiém MCF-7, MDA-MB-435 va HepG2
v6i cac gia tri ICso 1an luot 1 6.22, 9.94 va 8.14 pM. Cau ndi hydrazone duoc hinh
thanh thong qua qué trinh ngung tu giira hydrazin vdi isatin trong ethanol theo So d6
1.29. [87].

O
MeO DMF  MeO CuS0L51h0
(112) (113) sodium ascorbate
0]
o)
/\QLNHN ©f<FO
R O R L
N © N ethanol
H
MeO
(116) (115)

MeO
So dé 1.29. Tong hop hybrid isatin-hydrazone-1,2,3 triazole.

Trén co s& cua phan tng click, vong 5 canh cuia 1,2,3-triazole dé dang duoc
tao ra v6i sy tham gia cua xtc tic Cu(I) cho san pham dong thé chon loc 1,4. Nhiéu
hop chét hybrid giira isatin va cac hop chat di vong khac mang hoat tinh chdng ung
thu da duoc cac nha hoa hoc tong hop thanh cong, trong d6 1,2,3-triazole dong vai
tro 1a cau ndi, co thé ké dén nhu: quinoline, thiosemicarbazone, nitroimidazone,
dihydroartermisinin, curcumin, uracil... [88]

1.3.2.2. Tong hop cdc dan xudt chita khung Indole

Khung indole 1a mot trong nhitng di vong da dang va pho bién véi hon 4100
hop chét di duge xac nhan, chung xuat hién trong nhiéu san pham ty nhién tir thyc
vat, nam, vi khun, bot bién dén dong vat c giap xac, dong vat than mém hay trong
cac san pham cua qua trinh tong hop, 16p chat ndy c6 cac hoat tinh sinh hoc ndi troi
nhu: kha ning chong ung thu, oxy hoa, khang viém, khang khuan, chong nim, chong
sot rét, khang cholinesterase, khang virus, giam dau, hap thu glucose, diéu hoa mién

dich...[89] V&i muc dich cai thién kha nang hoat dong, tdng tinh chon loc va gidm
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thiéu cac tac dung phy cta thudc, nhiéu hop chat hybrid gitta khung indole véi cac
hop phén chira dung cac hoat tinh sinh hoc ndi troi khac nhau da duoc nghién ctru,
tong hop, danh gia hoat tinh sinh hoc ciia ching, diéu nay sé& giup ich rat nhiéu trong
viéc kham pha va phat trién thudc. Viéc két hop giita khung indole véi cac hop phan
c6 hoat tinh sinh hoc khac nhau da dugc cac nha nghién ctru tp trung quan tam trong
nhitng nim qua. Tiéu biéu nhu cac hop phan hydroxyl arylamide, bis indolizino,
benzimedazole, artermisin, pyrroludine, chalcone, isatin... So dd 1.30. [90]
o)

H5;CO, S _OH CHs
N
A\ \
NN H A\
O‘\)A@’“O N
N =N H OH
H

O~ OH

N-hydroxyl-arylamide-indole (117)
Uc ché HDAC, dung chu ky t& bao & pha G0/G1

=z

Bis(hydroxymethyl)indolizino[8,7-b]-indole (118)
dimng chu ky t&€ bao & pha G2/M, (rc ché topoisomerase

N’H NH

X / o
=0
N X =cl, Br, OCH;

\

R R=H, CgHs5-CH,

Artemisinin—indole (121)
. Indole-isatin (119) ~ Spiropyrrolydine[6,7-blindole (120)  dung chu ky t& bao & pha G2/M,
(rc ché vi khuan Gram (-) va khang nam ic ché enzymes AChE va BChE gay doc té bao uth MCF-7

So do 1.30. Cdc dan xudt ciia indole véi véi cdc hop phdn chong ung th.

Cac hop chat hybrid indole-coumarin dd duoc Ismael va cac cong sy nghién
ctru, tong hop tir ethyl acetoacetate (124), 4,5-dimethoxysalicylaldehyde (122) va cac
dan xuét cua indole trong dung moi 14 piperidine va acetonitrile, sir dung xuc tac 13
[Msim]HSOs, duéi diéu kién tong hop vi song theo So d6 1.31 [91].

Két qua danh gia kha ning gay doc té trén cac dong té bao ung thu v va ung
thu budng trimg cho thiy cac dan xuat hybrid nay rc ché manh mé& ddi vé6i cac dong
té bao ung thu vi, trong d6 hop chit (125i, R = 6-F) chira dung nhiéu tiém ning dé
phat trién thanh thubc diéu tri.

O O
Q OFt
4 (24 ~  HCO

piperidine, acetonitrile

H,CO

[Msim]HSO4, mw

H4CO OH O
(122) N R = 4-OH, 5-Cl, 5-OH

N 4-Cl,
(123a-k) 6-Cl, 6-OH (125a-k)

So do 1.31. Tong hop cdc dan xudt hybrid ciia indole-coumarine

Nam 2015, Yousefi va cac cong su da tong hop thanh cong (theo So d6 1.32)

va tién hanh thir nghiém kha ning wrc ché hai enzym déng vai trd quan trong lam ting
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duong huyét sau khi an & cac bénh nhan tiéu duong d6 1a: a-amylase (a-Amy) va o-
glucosidase (a-Gls) bang phan tmg domino ba thanh phan gdm: curcumin (83), acid

barbituric (73) va aldehyde chura indole (126) [9].
CHO

o

H
(126)

PTSA (50% mol)

+ 0 S —

EtOH
Ij\ reflux

83) (73) (127)

So do 1.32. Tong hop cdc dan xudt hybrid indole-pyrimidine

Két qua thir nghiém cho thdy hop chit (127) c6 kha ning trc ché hiéu qua va
chon loc d6i v6i enzym o-Gls (dic trung cho kha ning chdng oxi hod) cao hon
curcumin va chit ddi ching acarbose thé hién & cac gia tri ICso lan luot trong tng 1a:
353+£1.3,44.8+1.4va3654+84uM

1.3.2.3. Tong hop cdc hop chit ciia spiroisatin

Hop chét di vong spiro 13 16p hop chat ma & d6 hai hay nhiéu di vong cing c6
chung mot nguyén tir, phd bién nhat 1a cac di vong spiro loai 2 vong c6 chung mét
nguyén tir (thudng 13 nguyén tir C), nguyén tir chung nay goi 1 nguyén tir spiro (d6i

v6oi C nguyén tir spiro 1a mgt nguyén tir C bac 4) [92, 93].

MeO

MeO "
Ly
N

H
horsfiline (128) Elacomine (129) spirotryprostatin (130)

Céc hop chat di vong spiro 1a tic nhan chéng ung thu tiém nang di duoc ghi
nhan trong thoi gian qua, trong d6 cé spiroisatin. Cac hop chat dang nay dugc biét
dén trong ty nhién nhu horsfiline (128), elacomine (129) hay spirotryprostatin (130),
ching wc ché sy phat trién cia khdi u bang cach tac dong lén cac
phosphodiesterase (PDE), mot ho enzyme phd bién kiém soat cac giai doan dan
truyén tin hiéu trong té bao, do d6 chiing diéu chinh cac con dudng dan truyén tin
hiéu co6 chirc ning kiém soat nhiéu con dudng ndi bao khac nhau nhu ting sinh té
bao, co 1ap bi¢t hoa, apoptosis va co mach [94, 95].

Dua trén nhitng dic tinh sinh hoc quy gia ctia cac hop chit spiroisatin ¢ sin

trong tu nhién, nhiéu céng trinh nghién ctru vé tong hop 16p chat nay di duoc cong



22

b trong thoi gian qua bang cach hybrid ching véi cac tiéu phin c6 cac hoat tinh sinh
hoc chdng khéi u khac nhau. Cu thé:

Khi str dung cac chalcone chtra furyl hybrid véi isatin Altowyan va cac cong
su thu dugc mot sb tac nhan thé hién dic tinh chéng khdi u manh ddi véi cac dong té
bao ung thu via (MCF-7) va ung thu gan (HepG2). Hai tac nhan (134a va 134b) thé
hién hoat tinh manh nhat véi cac gia tri 1an luot 14 ICs0: 4.3, 6.9 va 4.7, 11.8 uM. Gia
tri ndy hiéu qua hon nhiéu vi kha nang e ché cta Staurosporine duoc xac dinh 1am
dbi chirg voi ICso tuong tng: 17,8, 10,3 uM [96].

>_JV_R MeOH
\ )\ )_ 2 reflux, 5 h

(131

132 (133)

(134a) (134b)
So do 1.33. Tong hop hybrid cia isatin véi cdc chalcone
St dung phan Gng 3 thanh phin gdm: aroylacetonitriles (135), 5-
aminopyrazole (136) va dan xuit cua isatin (106) trong AcOH/H,0O (1:1). Nhom
nghién ctru cua Eldehna thu duge mot loat cac spiroisatin (137). San phdm déu c6
kha ning chéng ting sinh véi cic dong té ung thu gan (HepG2) va tién liét tuyén
(PC3) véi cac gia tri ICso & ngudng < 10 uM, @rc ché Bel-2 ciing nhu ¢6 4i luc tot v6i

caspase-3/9 va protein p53 hd tro kha ning gy apoptosis & té bao ung thu [97, 98].

0
R % Ph-N ACOH, H,0
Nig cn, H2
Lo+ om0
N S

HoN reflux

(106) (135) (136)

R =H, Cl, Br, OMe; R'= Ph, 4-MeC4Hg, 4-OMeC,Hg, 4-CIC,Hs  (137)
So do 1.34. Tong hop hybrid isatin bang phan vmg ba thanh phan
Niam 2021, Fayed va nhom nghién ctru da bao cao tong hop cac din xuit cla
spiro[chroman-2,3"-indoline] (138) thong qua phan Ung cua isatin véi 2'-
hydroxyacetophenone trong EtOH va EtoNH tao mdi trudng base. Trong khi d6, dan
xuét 3-hydroxyindoline-2-one (139) thu duoc khi dua 4'-aminoacetophenone thay
thé, tao ra imine twong Ung (140) biang cich ngung tu véi salicylaldehyde.
Spiro[indoline-3,3'-pyrazols] (141) thu dugc thong qua phan ung cua (140) véi
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hydrazin trong EtOH/AcOH (So d6 1.35). Cac hop chat (138) va (141b) thé hién cac
dic tinh chdng tang sinh ndi tri khi dugc thir nghiém véi cac dong té bao ung thu va
(MCF-7), ung thu gan (HepG2) va ung thu rudt két (HCT116) tuong g véi gid tri
ICso duoc ghi nhan lan luot 13: 0.68, 0.95, 0.74; 1.28, 1.30, 0.76 pM, so v&i chat ddi
chung Imatinib (ICso: 2,87, 2,95, 4,76 uM), ma lai khong gay doc vai cac dong té bao
thuong WI-38 (ICso: 204.36 va 202.08 uM) trong cung diéu kién thir nghiém [99].

NH,

j ; &
M
Q=0 p O™
N

(139)

O

HO EtOH, Et,NH, rt N Et,NH, EtOH, rt

I IT=

f
Ir=
|
‘©
K
o] O
T
(@)
EtOH, AcOH O
reflux

HO HO

RNHNH,

EtOH, AcOH
reflux

O

141a, R=H N
(138) 141b, R=Ph H  (141)

So do 1.35. Tong hop cdc dan xudt hybrid ciia isatin véi acetonephenone
Phan ting cong dong vong véi ion [bmim]Br ¢ (100°C) gilra azomethine (hinh
thanh tr qué trinh ngung tu cla tyrosine va isatin) vdi S -nitrostyren (142) tao ra
spiroindole-pyrrolidine (144) theo So d6 1.36. Cac tac nhan téng hop dugc cho thiy
dic tinh chéng ting sinh nhe ddi voi cac dong té bao ung thu A549 (biéu mé day phé

nang) va Jurkat (u lympho té bao T cip tinh) khi duoc thir nghiém [100].
HO

@/\VNOZ @/\(COZH Rm [bmlmlBr
100°C 1h
H
(142) (143) (106) | 5
R = H, 4-Br, 4-Cl, 4-Me, 4-OMe, 3-NO,; R = H, OCF5 (144)

So do 1.36. Tong hop cdc dan xudt hybrid cia isatin véi xiic tdc ion [bmim]Br
Hoat tinh chong ung thu, chdng oxy hoa cua cac hop chit hybrid giira isatin
v6i cac chalcone da duroc Rajaraman va céc cong su nghién ciru, tong hop bang cach

st dung phan ung cdng dong vong azomethine gilta cic chalcone (146) voi 2-
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(piperazin-1-yl)ethanamine (145) va isatin (94) trong ethanol. Cac san pham
spiro[indoline -3,2'-pyrrolidin] (147) da duogc thir nghiém kha ning chong tang sinh
v6i cac dong té bao ung thu biéu mé (KB) véi ICso 6.5 uM (R=Me) [101].

NH, @) Ph
O
N
(Lo - ) - _Eon
N H stirring, 24 h
R R=H, F, Cl, Br, Me, OMe, NMe,
(94) (145) (146) (147)

So do 1.37. Téng hop cdc hybrid giita isatin, chalcone va piperazin

Thiazolo-pyrrolidine-spirooxoindole (150) cling thu dugc tuong tu véi hi¢u
suét tot (71 - 89%) thong qua phan (mg da thanh phan giita isatin, L-thioproline vai
céc chalcone (149) chira indolyl trong MeOH & nhiét d6 60 - 65 °C (So d6 1.38). Két
qua thir nghiém dbi véi hai dong té bao ung thu rudt két (HCT116) va ung thu gan
(HepG2), sir dung Cisplatin 1am dbi chimg; cac dan xuat ndy c6 kha ning chéng ting
sinh hiéu qua, dic biét ¢ din xuat R = 4-CF3CsHa cho gia tri ICso twong Gng: 7.0 va
5.5 uM, so véi chat chuan Cisplatin 14 12.6 va 5.5 uM trong cung diéu kién [102].

o. / R
0
©\/<Fo + ?\/B—C,OZH . N, MeOR | O
H H H 60-65 °C N
15-2h
(94) (148) (149) (150)

R = Ph, 3-MeCSH4, 4-MeC6H4, 4-MeOC6H4, 3-FC6H4, 4-FC6H4, 4-C|C6H4, 4-CF3CGH4, 4-B|'CGH4

So do 1.38. Tong hop cdce dan xudt cia Thiazolo-pyrrolidine-spirooxoindole

Str dung xtc tac 1a acid p-toluenesulfonic (p-TSA.H20) nhoém nghién ctru cua
Kumar di téng hop thanh cong mét loat cac din xuét ciia spiro[chromeno[4,3- b]
chromene-7,3"-indoline] (154) va  spiro[indeno[2’,1":5,6]pyrano[3,2- ¢ Jchromene-
7,3"-indoline] (156) thong qua phuong phap tong hop than thién véi moi trudng tir 3
nguyén liéu ban dau 1a: cac dan xuat isatin (106), 4-hydroxycoumarin (152) va 5,5-
dimethylcyclohexande-1,3-dione (153) hodc 1H -indene-1,3(2H )-dione (155), trong
dung mdi H>O. M6t sb tac nhan tong hop duge cho thay dic tinh chdng tang sinh dbi
v6i cac dong té bao ung thu tuyén tién liét (PC-3 va LNCaP). Hai hop c6 kha ning
trc ché tot nhat cac dong té bao loai nay c6 ngudn gbc tir 5-bromoisatine (R = H, R’
= Br; ICso = 0,025 uM) va N -allylisatin (R = allyl, R’ = H; ICso = 0,25 uM) so véi
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Bicalutamide (tham chiéu chuédn, ICso = 1,25, 1,50 uM) chdng lai cac dong té bao
PC3 va LNCaP [103].

0 OH
R
X -TSAH
N o~ ~o
R
(151) (152)

R=H, iodomethane, allyl, 4-CICgH,4 ; R'=H, Br, Cl, NO,

So dé 1.39. Téng hop cdc hybrid ciia isatin véi vong pyrano[3,2-c]
Tuong ty céac hop chit spiro[acridine-9,3'-indoline]-1,2',8-trione (159) dugc
tong hop bang phan tmg domino da thanh phan goém isatin (94), 1,3-
cyclohexanedione (158) va cac amin (157) thom st dung xtc tac 1a acid p -toluene
sulfonic. Cac hop chét hybrid spiro-acridine nay trc ché c6 hiéu qua véi dong té bao
ung thu vt (MCF-7) trong d6 hop chit c6 R = 4-MeOCsHs4 thé hién hoat tinh t6t hon

so voi Doxorubicin duoc sir dung lam dbi ching (So d6 1.40) [104].

(157) 0 0]
CLye ™ [0 oo
-TsOH -~
H o P -H20

00 0o
O

(158) R = Ph, 3-MeC6H4, 2-MeOC6H4, 2-C|CsH4, 2-N02C6H4 (159)

So do 1.40. Téng hop cdc dan xudt ciia spiro-acridine

1.4. Cac phuwong phap tong hop than thi¢n v6i méi truong

Téng hop thin thién v6i moi truong trong hoa hoc hitu co dang dan 1a mot xu
thé tat yéu, no bao gdm cac phuong phap nhu: nghién bi, chiéu xa vi séng, quang xuc
tac, phan tmg thuy nhiét, hd tro tong hop siéu 4m, tong hop bang tir truong, tong hop
khong dung méi... Cac phuong phap niy giup giam thiéu viéc sir dung hoic san sinh
ra cac chat doc hai, nguy hiém khong can thiét va cung cap phan tng trong moi truong
"xanh". Bén canh d6 nhimg phuong phap nay co6 thé giup tiét kiém ning luong va tiét

kiém tai nguyén, nho sir dung it hon lwong dung moéi va hoa chét [105, 106]
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1.4.1. Ap dung siéu am trong téng hop hitu co

Céc phuong phap tong hop truyén théng thudng xuét hién cac han ché nhu: thoi
gian phan tng dai, hiéu sudt thip, nhiét do duy tri cao, st dung nhiéu dung
moi...Nhitng han ché trén c6 thé xuit phat tir nhitng nguyén nhan co ban nhu: viée
phan tan giita cac pha rin-16ng cta chit phan Gmg v6i dung moi thudng khong xay ra
ngay lap tic, din dén ngin can qua trinh truyén nhiét va chuyén khdi xay ra trong
1ong chat 16ng. Két qua lwong nhiét nhan dugc gitta cac cdu tir khong dong déu, tir d6
dan t6i hién twong két tu, ling dong, lam giam dién tich tiép xuc hodc qua trinh san
pham mai tao thanh s& ngin can su tiép xlc cua cac ciu tir tiép theo... va cudi clung
lam cham toc d6 phan ting. Do d6 tong hop bang phuong phap siéu am ra doi gitp
khic phuc cac van dé trén mot cach hiéu qua, giam chi phi, dic biét lam ting tinh da
dang cac loai phan tng tong hop hitu co khic nhau nhu phan @ng dong thé, phan ing
di thé, phan g chuyén pha, phan ng cta cic enzyme sinh hoc...[107, 108].

Pa s6 cac phan tung tong hop bang phuong phap siéu 4m dugc tién hanh ¢ tan
sO tir 20 dén 100 kHz. Véi mirc nang luong nay du dé gay ra hién tugng kich thich
va cham giita cac cau tir trong moi truong 1ong. Chinh hién tuong nay cung cap ning
luong dong hoc thuc dy qua trinh bién doi, két hop giita cac hiéu tmg héa hoc (nhu
phan tmg pha v lién két va hinh thanh lién két méi) va hién tugng co hoc (lam sach,
phan tan, ma sat, thoat khi, khir bot....) [109]. Pong thoi ning luong dong hoc ciing
tao ra cac 10 rong hodc cac khoang rdng siéu nho khi chat 1ong chiu mét ap lyc di 16n
1am pha v& céc lyc lién két giita chung va kém theo d6 1a giai phong mot ning luong
16n duéi dang nhiét. Ban chat ctia hién tuong nay da duoc xac dinh théng qua quang
pho phat xa 4nh sdng va twong ung véi cac diéu kién hinh thanh trang thai plasma
cua vatchat [110, 111].

1.4.2. Tong hop hitu co bang vi séng

Téng hop hitu co hd trg bang vi song (MAOS) duoc coi 1d mot cong nghé
"xanh" vi né da cho thay cac ing dung rong rii nhu mot cach rat hiéu qua dé ting
hiéu suat cua nhiéu phan Gng hiru co nhu: khong can gia nhiét kéo dai, tao ra ning
suét cao va do chon loc cao hon, hinh thanh céc san phém sach hon va nhiéu phan
trng hitu co ¢o thé dugc thuc hién trong diéu kién khong can dung méi [112].

Trong qua trinh gia nhiét bing vi song, birc xa vi song di qua thanh binh, chi
1am nong chit phan Gng va dung méi, khong 1am ndng thiét bi, do d6 nhiét do s& ting
ddng déu trén toan bd mAu, han ché qua trinh ting nhiét cuc bd, dan téi phan ung xay
ra nhanh hon va chon loc hon. Do cac btrc xa vi song chi tuong tac vdi cac ion phan
cuc, vi vay cac dung méi phan cyc thudng duoc sir dung trong tong hop vi song nhu:
nudc, metanol, etanol, amoniac, acid fomic, DMF, DMSO...

Téc d6 phan (mg duoc ting cudng bang vi séng nhanh hon nhiéu vi c6 thé dé
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dang dat duogc nhiét d cao hon, diéu nay kho co thé dat duoc khi sir dung phuong
phap gia nhiét truyén théng. Trong 16 phan g vi séng, khong co tiép xic truc tiép
giita ngudn nang lugng vi séng va mau duoc gia nhiét, din dén phan tng hoan thanh
trong thoi gian rat ngan, tirc 1a trong vai phit thay vi vai gid. K thuat gia nhiét bang
vi séng 14 mot quy trinh hidu qua cao gitp tiét kiém dang ké nang lugng. Didu nay 1a
do vi séng chi lam néng cac phan tir mau va cung cap cho ching ning luong tirc thdi
dé vuot qua rao can nang luong hoat héa va do d6 hoan thanh phan (mg nhanh chéng
v6i nang suit san pham t6t hon [112].

Ngay nay, tong hop hitu co hd tro bang vi séng di tré thanh mét cong cu quan
trong ddi v6i cac nha hoa hoc dé tong hop nhanh chong va hiéu qua va vi séng dang
duogc st dung pho bién trong tong hop héa hoc, do né phu hop vdi ca quy mo thi
nghiém va san xuat [113].

Qua nghién ciru tong quan, c6 thé rit ra nhitng nhan xét quan trong sau:

- L6p chat 4-aza podophyllotoxin sau khi duoc bién doi & vong A,B da co
nhiéu cai thién vé mit hoat tinh, dic biét kha niang chéng ung thu. Tuy nhién chua co
nhiéu nghién ciru chuyén sau vé bién d6i trén vong E, nhét 1a cac hop chat chia cac
di vong khac nhau.

- Bang céach lai hoa, tich hop tao ra cac dan xuat spiro giita isatin va 4-aza
podophyllotoxin, hira hen sé& tao ra nhitng dan xuat méi c6 kha ning e ché nhiéu
dong té bao ung thu khac nhau ciing nhu giam duoc doc tinh so voi podophyllotoxin.

- Khi két hop véi cac hop phan chong khéi u da duge ap dung trong diéu tri
1am sang nhu AZT, Erlotinib théng qua cau lién két 1,2,3-triazole bang phan ung
click cac hop chét thu duoc hy vong sé& gitip cai thién do chon loc va giam cac tac
dung phu cta thudc.

- Sang loc, thtr nghiém hoat tinh gay doc té bao, hoat tinh trc ché cac enzym
a-glucosidase, acetylcholinesterase ciia cac dan xuat tong hop duoc, cliing vdi cac
danh gia chuyén sau nhu phan tich chu ky té bao, apoptosis, két hop véi nghién ctru
docking phan tir s& gitip x4c nhan co ché hoat dong tc ché té bao ung thu duogc thir
nghiém.

- Str dung phuong phap tong hop bang vi song gitip nang cao hiéu suét, rat

ngan thoi gian, giam chi phi do sir dung it dung méi, hoa chat
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Chuwong 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

2.1. Hoa chit, thiét bi

- Hoa chét sir dung cho cc phan tng déu 1a hoa chat dwgc dit mua tir cac nha
cung cép hoa chat Merck, AKSci, Sigma Aldrich, ... véi ham luong trén 98 %.

- Dung méi ding trong sic ky cot 1a loai dung méi c6 tinh khiét > 99 %, mua
tor hang Aldrich, dugc cit lai va 1am khan truée khi st dung.

- Str dung bét silica gel dung trong sic ky cot 1a loai silica gel c¢6 kich c& hat
tir 240 - 400 mesh do hing Merck cung cép, sic ky ban mong st dung loai Alufolien
Kiesel 60 Fas4 dugc mua tir nha phan phdi ctia Merck.

- H¢ phan ing vi soéng

Céc phan tng dugc thyc hién bé’mg thiét bi microwave Monowave 400 duoc
trang bi tai Phong Hod Dugc, Vién Hod hoc, Vién Han 1am KH&CN Vi¢t Nam. Cac
phan ung dun hoi luu dugce thuc hién trong cac ampul chiu nhiét, sir dung chit 6n
nhiét 1a silicone, thiét bi gia nhiét va kiém soat nhiét d6 cua hang Bruker

- Ph6 hong ngoai (IR)

Thiét bi dung dé ghi, do quang phd hong ngoai (FT-IR), do hing Perkin Elmer
cung cép, dugc trang bi tai Phong Hoa Duoc, Vién Hoa hoc, Vién Han 1am KH&CN
Viét Nam .

- Ph6 (NMR) - cong huéng tir hat nhan

Thiét bi ghi, do pho NMR hoat dong trén dai tin 500 MHz va 600 MHz ('H-
NMR) va 125MHz va 150 MHz (**C-NMR) do hing Bruker Avance I1I cung cap, dung
moi pha do ding DMSO-ds va tetramethylsilane 1am chét ndi chuan, cac phép do duoc
thuc hién tai Trung tdm cac phuong phép phé ung dung, Vién Hod hoc, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

- Ghi, do phé (HRMS) khdi lugng phan giai cao

Phuong phap ghi do pho khéi dugc thuc chién trén thiét bi XS00R QTOF, do
hing SCIEX cung cép, & ché d6 ESI* hodc ESI tai Phong Nghién ctru phat trién dugc
phém, Vién Hod hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

- Thiét bi do nhiét d6 néng chay

Két qua do nhiét d6 nong chay cua cac dan xuit, duoc tién hanh trén thiét bi
Buchi B-545, trang bi tai Phong Hoa dugc, Vién Hod hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

2.2. Tong hop cac din xuit 4-aza-podophyllotoxin chira dj vong (161a-m)

Qua trinh tong hop cac dan xudt cua 4-aza-podophyllotoxin, ludn 4n da st
dung hai con duong khac nhau: stt dung phan rng domino bon cdu tir va phan tGng

domino ba ciu tir, trong d6 giit nguyén cac cdu tir khac, chi thay thé 2-amino-1,4-
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naphthoquinone bang 2-hydroxyl- 1,4-naphthoquinone va ammonium acetat.

a. Sir dung phan iing domino 4 thanh phan

Quy trinh tong hop chung: Hon hop cac chat phan tmg gém: 2-hydroxy-1,4-
naphthoquinone (23) (1 mmol), aldehyde thom chta di t6 (160) (1 mmol), tetronic
acid (51) (1 mmol), ammonium acetate (29) (3 mmol) va p-TsOH (0,02 mmol) trong
dung moéi acid acetic khan (3 ml). Phan tmg duoc thuc hién trong thiét bi vi song
Anton Paar Monowave 400 & diéu kién nhiét d6 110 °C véi thoi gian 30 phut. Két
thiic phan ng, dwa hdn hop phan tmg vé nhiét d6 phong, sau d6 thém 20 (ml) nudc
cat. Str dung dichloromethane khan (3 1an, mdi 1an 20 ml) tién hanh chiét hdn hop sau
phan tmg. Dich chiét dugc lam khan bang Na>SO4 hoidc CaClo. San pham tho thu duoc
bang cach loai bé dung mai trong thiét bi quay chan khong. Sir dung sic ky cot silica
gel pha thuan v6i hé dung méi rira giai n-hexane - ethyl acetate (ti 1¢ 6: 4 vé thé tich),
thu duoc san pham tinh khiét 161a-m véi hiéu suat 20 - 34 %.

b. Ap dung phan irng domino 3 thanh phan

Quy trinh chung: Tron déu hdn hop cac chit bao gém: 2-amino-1,4-
naphthoquinone (36) (1 mmol), aldehyde thom chira di t6 (160) (1 mmol), tetronic
acid (51) (1 mmol) va xuc tac p-TsOH (0,02 mmol) trong 3 ml dung moi acid acetic
khan. Phan tmg dugc tién hanh trong thiét bi phan tmg vi séng ¢ nhiét d6 110 °C, thoi
gian 30 phut. Phan tng két thiic dwa hdn hop vé nhiét d6 phong, sau d6 thém 20 ml
nuée cit. Hon hop sau phan tmg duoc chiét bang CH>Cl, (3x20 ml). Str dung NaxSO4
khan loai bé nuée trong dich chiét, sau d6 ct quay chan khong dudi ap suat thap loai
b6 dung méi thu duoc san pham tho. St dung sic ky cot silica gel pha thuan, hé dung
moi n-hexane - ethyl acetate (ti 16 6: 4) thu duoc cac san pham sach (161a-m), véi
hiéu sut dat tir 60 - 74 %.

Két qua thu duoc 13 dan xuét co cdu triic va cac tin hiéu phd IR, NMR va

HRMS tuong img nhu sau:
Hop chat 16la:  [I-(Thiophen-3-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin- 1,5,10(3H)-trione.
San pham 1a bot mau cam, nhiét do n. chay (mp): 298 - 299 °C, hiéu suat 64%.
s—°

IR (KBr) vimaven: 3238, 3086, 2967, 2930, 2890, 1709, 1657, 1636 1606,
1589, 1500, 1395, 1351, 1334, 1303, 1240, 1191, 1070, 1015, 932, 838, 783, 727.
'H-NMR (DMSO-ds, 600 MHz) d: 10.60 (1H, s, -NH), 8.05 (1H, dd, J =
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1.2,7.8 Hz, H-6), 7.93 (1H, dd, J = 0.6, 7.8 Hz, H-9), 7.85 (1H, td, J = 1.2, 7.2 Hz,
H-8), 7.81 (1H, td, J = 1.2, 7.2 Hz, H-7), 7.38 (1H, dd, J = 3.0, 4.8 Hz, H-5’), 7.24
(1H, dd, J = 0.6, 3.0 Hz, H-2"), 7.07 (1H, dd, J = 1.2, 4.8 Hz, H-4"), 5.11 (1H, s,
H-11),4.97 (1H, d, J = 16.8 Hz, Ha-3), 4.87 (1H, d, J = 16.8 Hz, Hb-3).
BC-NMR (DMSO-d6, 150 MHz) dc: 182.1 (C-10), 179.6 (C-5), 171.2 (C-
1), 156.1 (C-3a), 145.0 (C-3"), 139.2 (C-4a), 134.9 (C-8), 133.4 (C-7), 131.9 (C-
9a), 130.3 (C-5a), 127.7 (C-4"), 126.0 (C-6), 125.8 (C-9), 125.8 (C-5"), 122.4 (C-
2%), 118.0 (C-10a), 101.6 (C- 11a), 66.1 (C-3), 29.7 (C-11).
HR-ESI-MS: m/z 350.0484 [M+H]", tinh toan theo 1y thuyét [C19H12NO4S]*:
350.0482
Hop chit 161b: /-(Furan-3-yl)-4,11-dihydrobenzo[g]furo[3,4-b]quinolin-
1,5,10(3H)-trione
Chét rin dang bot mau vang nau, mp: 345-346 °C, hiéu suit 62%.
IR (KBr) vmayem™: 3199, 3118, 2961, 2927, 2857, 1712, 1658, 1628, 1604,
1590, 1503, 1396, 1357, 1335, 1303, 1194, 1071, 1014, 934, 874, 794, 727.

"H-NMR (DMSO-ds, 600 MHz) 5: 10.57 (1H, s, -NH), 8.06 (1H, dd, J =
1.2,7.2 Hz, H-6),7.93 (1H, dd, J = 1.2, 7.2 Hz, H-9), 7.86 (1H, td, J = 1.2, 7.2 Hz,
H-8), 7.82 (1H, td,J = 1.2, 7.2 Hz, H-7), 7.49 (1H, t,J = 1.2 Hz), 7.47 (1H, t, J =
0.6 Hz), 6.40 (1H, dd, J = 0.6, 1.8 Hz), 4.98 (1H, d, J = 16.2 Hz, Ha-3), 4.94 (1H,
s, H-11),4.87 (1H, dd, J = 1.2, 16.2 Hz, Hb-3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 182.1 (C-10), 179.5 (C-5), 171.2 (C-
1), 156.3 (C-3a), 143.0, 140.2, 139.2 (C4a), 134.9 (C8), 133.3 (C-7), 131.9 (C-9a),
130.2 (C-5a), 128.5, 125.9 (C6), 125.7 (C9), 117.6 (C-10a), 110.5, 101.0 (C-11a),
66.1 (C-3), 25.3 (C-11).

HR-ESI-MS: m/z 334.0693 [M+H]", tinh toan theo 1y thuyét [C1oH12NOs]*:
334.0710.

Hop chat 161c: 17-(Furan-2-yl)-4,11-dihydrobenzo[g]furo[3,4-b]quinolin-
1,5,10(3H)-trione

San pham thu duoc chét ran dang bot mau cam, mp: 304 - 305 °C, hi¢u suat 60%

IR (KBr) Vmaxem: 3202, 3153, 2965, 2932, 1716, 1659, 1631, 1604, 1590,
1504, 1396, 1352, 1335, 1303, 1195, 1070, 1014, 933, 727.

"H-NMR (DMSO-ds, 600 MHz) dx: 10.70 (1H, s, NH), 8.06 (1H, dd, J = 1.2,
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7.2 Hz, H-6), 7.96 (1H, dd, J = 1.2, 7.2 Hz, H-9), 7.87 (1H, td, J = 1.2, 7.2 Hz, H-8),
7.83 (1H, td, J = 1.2, 7.2 Hz, H-7), 7.46 (1H, dd, J = 0.6, 1.8 Hz), 6.32 (1H, q, J =
1.8 Hz), 6.19 (1H, d, J = 3.0 Hz), 5.14 (1H, s, H-11), 4.99 (1H, d, J = 16.8 Hz, Ha-
3), 4.88 (1H, dd, J = 1.2, 16.8 Hz, Hb-3).

BC-NMR (DMSO-ds, 150 MHz) dc: 182.0, 179.5, 170.9, 156.6, 155.5, 141.9,
139.3,135.1,133.5,131.8, 130.1, 126.1, 125.8, 115.9, 110.7, 106.6, 99.6, 66.1, 28.5.

HR-ESI-MS: m/z 356.0513 [M+Na]*, tinh toan theo 1y thuyét
[C1oH11NNaO4]™: 356.0529.

Hop chat 161d: [/-(5-Bromofiran-2-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione

Thu dugc chit rin dang bot mau vang cam, mp: 371 - 372°C, hiéu suat: 62%

IR (KBr) vmaxem™: 3249, 1726, 1662, 1599, 1592, 1499, 1476, 1459, 1439,
1400, 1332, 1298, 1192, 1159, 1134, 1114, 1068, 1012, 960, 926, 779, 727.

"H-NMR (DMSO-ds, 600 MHz) J4: 10.74 (1H, s, NH), 8.06 (1H, dd, J = 0.8,
7.8 Hz, H-6), 7.96 (1H, dd, J = 1.2, 7.8 Hz, H-9), 7.87 (1H, td, J = 1.2, 7.8 Hz, H-8),
7.83 (1H,td, J = 1.8, 7.8 Hz, H-7), 6.42 (1H, d,J = 3.0 Hz), 6.28 (1H, d, J = 3.0 Hz),
5.11 (1H, s, H-11), 5.02 (1H, d, J = 16.8 Hz, Ha- 3),4.91 (1H, dd, J = 1.2, 16.8 Hz,
Hb-3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 181.9, 179.4, 170.8, 158.0, 156.6, 139.5,
135.0, 133.5,131.7,130.2, 126.1, 125.8, 119.6, 115.2, 112.7, 109.8, 99.1, 66.2, 28.9.

HR-ESI-MS: m/z 411.9832 and 413.9772 [M+H]", két qua tinh toan theo 1y
thuyét [C1oH11BrNOs]*: 411.9816 and 413.9795.

Hop chat 161e: 11-(Benzo[b]thiophen-3-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione

Chét rin dang bot mau nau do, mp: 295 - 296°C, hiéu suét: 70%
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IR (KBr) vmaxem™: 3445, 3212, 3070, 2923, 2853, 1728, 1661, 1595, 1501,
1397, 1332, 1299, 1194, 1135, 1068, 1010, 922, 786, 762, 722.

"H-NMR (DMSO-ds, 600 MHz) dx: 10.72 (1H, s, NH), 8.24 (1H, d, J = 7.8
Hz), 8.08 - 8.06 (1H, m), 7.91 (1H, d, J = 7.8 Hz), 7.84 — 7.79 (3H, m), 7.55 (1H,
s), 7.46 (1H, td, J = 1.2, 7.8 Hz), 7.38 (1H, td, J = 0.6, 7.8 Hz), 5.40 (1H, s), 4.97
(1H,d,J =16.8 Hz), 4.91 (1H, d, J = 16.8 Hz).

BC-NMR (DMSO-ds, 150 MHz) dc: 182.0, 179.6, 171.1, 155.6, 141.21,
139.4, 139.2, 137.5, 134.8, 133.4, 131.8, 130.3, 126.4, 126.0, 125.7, 124.3, 124.0,
122.8, 122.5, 118.3, 102.0, 66.1, 27.9.

HR-ESI-MS: Tim thiy m/z 422.0429 [M+Na]", tinh toan theo 1y thuyét
[C23H13NNaO4S]": 422.0458.

Hop chat 161f:  []1-(Benzofuran-3-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione
San phém thu dugc dang bdt mau nau, mp: 295 - 296°C, hi¢u sudt: 68%

IR (KBr) Vmaven: 3215, 3097, 1749, 1734, 1664, 1640, 1597, 1506, 1451,
1399, 1341, 1301, 1196, 1110, 1066, 1009, 750, 725.

'H-NMR (DMSO-ds, 600 MHz) 6: 10.77 (1H, s), 8.08 — 8.05 (1H, m), 7.91
(1H, s), 7.90 — 7.89 (1H, m), 7.83 (1H, td, J = 1.8, 7.2 Hz), 7.80 (1H, td, J = 1.8,
7.2 Hz), 7.78 (1H, d, J = 1.2, 6.6 Hz), 7.50 (1H, d, J = 1.2, 7.2 Hz), 7.28 (1H, td, J
=1.8,7.2 Hz), 7.26 (1H, td, J = 1.8, 7.2 Hz), 5.24 (1H, s), 4.99 (1H, d, J = 16.8
Hz), 4.92 (1H, dd, J = 1.2, 16.8 Hz), 3.73 (3H, s).

BC-NMR (DMSO-ds, 150 MHz) éc: 182.1, 179.5, 171.1, 156.4, 154.7,
144.4,139.5, 134.9, 133.4, 131.9, 130.3, 126.3, 126.0, 125.7, 124.2, 123.9, 122.7,
120.3, 117.1, 111.2, 100.9, 66.1, 24.6.

HR-ESI-MS: Tim thiy m/z 384.0846 [M+H]", két qua tinh toan theo ly
thuyét [C23sH1sNOs]": 384.0866.
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Hop chat 161g: 11-(Benzo[b]thiophen-2-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione

Chat ran dang bot mau nau do, mp: 302-303°C, hiéu sut: 69%

IR (KBr) vmaxem™: 3466, 3050, 2924, 2853, 2263, 2126, 1773, 1740, 1667,
1637, 1591, 1495, 1431, 1394, 1341, 1296, 1192, 1157, 1137, 1066, 999, 927, 822,
788, 770, 748, 719.

"H-NMR (DMSO-ds, 600 MHz) 5x: 10.84 (1H, s), 8.08 (1H,dd,J =1.2,7.2
Hz), 7.97 (1H,d, J = 7.2 Hz), 7.87 (1H, td, J = 1.2, 7.2 Hz), 7.85 — 7.81 (2H, m),
7.71 (1H, d, J = 7.8 Hz), 7.30 (1H, d, J = 1.2, 7.2 Hz), 7.25 (1H, d, J = 1.2, 8.4
Hz), 7.24 (1H, s), 5.38 (1H, s), 5.06 (1H, d, J = 16.2 Hz), 4.96 (1H, dd, J = 1.2,
16.2 Hz).

BC-NMR (DMSO-ds, 150 MHz) dé¢: 182.0, 179.4, 170.9, 156.5, 148.1,
139.4, 139.0, 138.9, 135.0, 133.5, 131.8, 130.2, 126.1, 125.9, 124.3, 124.0, 123 .4,
122.3,121.7, 117.2, 100.9, 66.2, 30.3.
HR-ESI-MS: Tim thiy m/z 400.0623 [M+H]*, két qua tinh toan theo ly
thuyét [C23H1aNO4S]": 400.0638
Hop chat 161h: 11-(2-Chlorothiazol-5-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione
San phém dang bot mau vang nau, mp: 383-384°C, hi¢u suat: 64%

IR (KBr) vimaxen: 3341, 3092, 2922, 2852, 1774, 1734, 1660, 1602, 1525,
1507, 1478, 1443, 1414, 1397, 1335, 1300, 1267, 1240, 1199, 1159, 1140, 1044,
1019, 927, 878, 826, 776, 721, 705.

'H-NMR (DMSO-ds, 600 MHz) d: 10.86 (1H, s), 8.06 (1H, dd, J = 1.2, 7.8
Hz), 7.99 (1H, dd, J = 1.2, 7.8 Hz), 7.88 (1H, td, J = 1.2, 7.8 Hz), 7.83 (1H, td, J
=1.2,7.8 Hz), 7.48 (1H, d, J = 0.6 Hz), 5.29 (1H, s), 5.06 (1H, d, J = 16.8 Hz),
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4.94 (1H, dd, J = 1.2, 16.8 Hz).

BC-NMR (DMSO-ds, 150 MHz) dé¢: 182.1, 179.3, 170.9, 169.7, 157.1,
143.9, 139.7, 139.5, 135.1, 133.6, 131.7, 130.3, 127.0, 125.9, 116.3, 99.9, 66.4,
27.7.

HR-ESI-MS: m/z 385.0026 [M+H]*, tinh toan theo 1y thuyét
[C1sH10CIN204S]"™: 385.0044

Hop chit 161i: 11-(1,5-Dimethyl-1H-pyrazol-4-yl)-4,11-
dihydrobenzo[g]furo[3,4-b]quinolin-1,5,10(3H)-trione
Chét rin bot mau nau do, nhiét d6 nong chay: 262-263°C, hiéu suét: 63%.

IR (KBr) vmayxem™: 3439, 3290, 3163, 3077, 2925, 2854, 1722, 1660, 1596,
1490, 1428, 1393, 1331, 1298, 1267, 1191, 1134, 1108, 1065, 1037, 1011, 929,
884, 828, 792, 723.
"H-NMR (DMSO-ds, 600 MHz) 64: 10.52 (1H, s), 8.04 (1H, dd, J =1.2,7.8
Hz), 7.89 (1H, dd, J = 1.2, 7.8 Hz), 7.82 (1H, td, J = 1.2, 7.8 Hz), 7.79 (1H, td, J
=1.2,7.8 Hz), 7.11 (1H, s), 4.94 (1H, d, J = 16.2 Hz), 4.85 (1H, dd, J = 1.2, 16.2
Hz), 4.79 (1H, s), 3.63 (3H, s), 2.30 (3H, s).
BC-NMR (DMSO-ds, 150 MHz) é¢: 182.2, 179.7, 171.3, 155.3, 138.6,
137.2, 134.9, 134.7, 133.3, 131.9, 130.2, 126.0, 125.7, 122.4, 118.5, 102.0, 66.0,
36.0,24.7,9.1.
HR-ESI-MS: m/z 362.1118 [M+H]", tinh toan theo Iy thuyét [C20H16N304]":
362.1135.
Hop chat 161j:  1I-(1H-pyrazol-5-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione
San phém thu dugc 1a chit ran dang bot mau dé nhat, nhiét dd ndng chay:
310-311°C, hiéu suat: 61%.
IR (KBr) vmax/em™: 3337, 3249, 3207, 3148, 2960, 2927, 1725, 1664, 1630,
1590, 1499, 1398, 1354, 1304, 1199, 1167, 1054, 1011, 933, 784 725.
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"H-NMR (DMSO-ds, 600 MHz) éx: 12.39 (1H, br. s, NH), 10.55 (1H, s),
8.05(1H, d, J =72 Hz), 7.94 (1H, d, J = 7.2 Hz), 7.86 (1H, t, J = 7.2 Hz), 7.81
(1H, t,J = 7.2 Hz), 7.52 (1H, br. s), 6.13 (1H, br. s), 5.11 (1H, br. s), 4.93 (1H, d,
J=16.8 Hz), 4.87 (1H, d, J = 16.8 Hz).

BC-NMR (DMSO-ds, 150 MHz) é¢: 182.1, 179.6, 171.2, 156.0, 135.0,
133.4,131.9, 130.1, 126.0, 125.8, 103.2, 66.0, 29.8.

HR-ESI-MS: tim thdy m/z 334.0808 [M+H]", tinh toan theo 1y thuyét
[C18H12N304]": 334.0822

Hop chat 161k: 1-(2-Methoxypyridin-4-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione

San phém 1a chét ran dang bot mau nau do, c6 nhi¢t d6 néng chay: 245 -
246°C, hiéu suat 74%.

IR (KBr) vmaxem™: 3455, 3044, 3014, 2984, 2941, 2893, 2740, 1739, 1665,
1630, 1601, 1561, 1505, 1478, 1396, 1341, 1300, 1192, 1167, 1147, 1068, 1045,
1021, 1004, 940, 786, 728.

"H-NMR (DMSO-ds, 600 MHz) 6x: 10.69 (1H, s), 8.07 (1H, dd, J =1.2,7.2
Hz), 8.04 (1H, dd,J =1.2,5.4 Hz), 7.90 (1H, dd, J = 1.2, 7.2 Hz), 7.86 — 7.81 (2H,
m), 6.99 (1H, dd, J = 1.2, 5.4 Hz), 6.74 (1H, s), 4.99 (1H, s), 4.98 (1H, d, J = 16.8
Hz), 4.90 (1H, dd, J = 16.8 Hz), 3.79 (3H, s).

BC-NMR (DMSO-ds, 150 MHz) d¢: 182.0, 179.3, 170.9, 163.8, 156.5,
155.2, 146.6, 140.1, 134.8, 133.4, 131.8, 130.3, 126.0, 125.7, 117.1, 116.9, 109.7,
100.8, 66.2, 53.0, 34.7.

HR-ESI-MS: ¢6 m/z: 375.0960 [M+H]', tinh toan theo 1y thuyét
[C21H15sN20s]*: 375.0976.

Hop chat 1611: 11-(3-Fluoropyridin-2-yl)-4,11-dihydrobenzo[g]furo[3,4-
bJquinolin-1,5,10(3H)-trione

Chat ran dang bot mau do dam, nhiét d6 mp: 288 - 289°C, hiéu suat: 72%.

IR (KBr) vmaxem™: 3349, 3221, 3081, 2928, 2857, 1747, 1671, 1660, 1630,
1607, 1497, 1442, 1397, 1343, 1303, 1194, 1066, 1005, 803, 724.

'"H-NMR (DMSO-ds, 600 MHz) 54: 10.48 (1H, s), 8.25 — 8.23 (1H, m), 8.07
(1H, dd, J = 2.4, 8.4 Hz), 7.88 — 7.84 (1H, m), 7.83 — 7.78 (2H, m), 7.63 — 7.58
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(1H, m), 7.27 (1H, quint, J = 5.4 Hz), 5.51 (1H, s), 4.92 (2H, t, J = 16.2 Hz).

BC-NMR (DMSO-ds, 150 MHz) dé¢: 181.6, 179.3, 170.4, 156.4, 155.3 (1C,
d,J =256.3 Hz), 149.8 (1C,d, J = 15 Hz), 145.0 (1C, d, J = 6.3 Hz), 139.9, 134.8,
133.2, 131.5, 129.8, 125.8, 125.5, 123.5 (1H, d, J = 3.8 Hz), 122.4 (1H, d, J = 20
Hz), 118.0, 100.3, 65.9, 30.7.

HR-ESI-MS: ¢6 m/z 363.0760 [M+H]*, tinh todn theo 1y thuyét
[C20H12FN204]": 363.0776

Hop chat 161m: [I-(2-Methoxy-5-(trifluoromethyl)pyridin-3-yl)-4,11-
dihydrobenzo[g]furo[3,4-b]quinolin-1,5,10(3H)-trione

San pham bot mau vang cam, nhiét do mp: 289 - 290 °C, hiéu suét: 72%.

IR (KBr) vmaxem™: 3285, 3079, 3027, 2997, 2950, 1725, 1663, 1603, 1577,
1495, 1437, 1400, 1322, 1297, 1246, 1195, 1144, 1116, 1093, 1072, 1015, 940,
724.

"H-NMR (DMSO-ds, 600 MHz) 55: 10.63 (1H, s), 8.41 (1H, d, J = 1.2 Hz),
8.05(1H, dd,J =1.2,7.2 Hz), 8.00 (1H, d, J = 2.4 Hz), 7.85 (1H, dd, J = 1.2, 7.2
Hz), 7.84 — 7.78 (2H, m), 5.34 (1H, s), 4.95 (1H, d, J = 16.2 Hz), 4.89 (1H, dd, J
= 0.6, 16.2 Hz), 3.96 (3H, s).

BC-NMR (DMSO-ds, 150 MHz) éc: 181.9, 179.4, 170.7, 163.2, 156.8,
142.9 (1C, d, J = 4.5 Hz), 140.5, 135.3, 134.9, 133.3, 131.8, 130.1, 127.3, 125.9,
125.7,124.1 (1C, q, J = 270 Hz), 118.8 (1C, q, J = 31.5 Hz), 117.0, 100.2, 66.0,
54.2, 30.6.
HR-ESI-MS: tim thdy m/z 443.0836 [M+H]", két qua tinh toan theo 1y thuyét
[C22H14F3N205]": 443.0849.
2.3. Quy trinh tong hop cic din xuit podophyllotoxin-isatin (174a-n)
2.3.1. Tong hop cdc din xudt isatin bang phén ieng ankyl hod
a. Tong hop cdc dan xudt N- azidobut-2-en-isatin (169a-e)
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Hon hop phan tmg gém (1 mmol) ciia 1,4-dichloro-but-2-en (165) va 1,2 mmol
NaNj3 (166) . Thém 5 ml dung moi DMF khan, tién hanh phan (mg trong thoi gian 20
phut & 80°C bang thiét bi vi song. Sau khi phan tng két thiic, dua hé vé nhiét do
phong, bo sung 1an luot cac ddn xuat twong tng cia isatin (168a-e) va 207 mg K»CO;
(1 mmol), 2 mg KI (0,012 mol%). Tiép tuc thuc hién phan Gng trong thoi gian 20
phat & 80°C. Kiém tra phan tmg bang sic ky ban mong, sau khi phan tng két thuc,
chiét hdn hop bang EtOAc (3x30 ml) sau d6 lam khan bang Na;SO4. Cat quay loai
dung méi dudi ap sudt giam thu dugc san pham tho. Phan lap san pham bang sac ki
cot, st dung hé n-hexane:ethyl acetate (ty 1€ 8:2) thu dugc san phém sach du diéu
kién cho phép thuc hién cac phan img domino tiép theo.

b. Tong hop cdc dan chdt N-propargyl-isatin (172a-p)

Cho Immol cac dan xuét isatin (170a-p) twong Ung vao trong 1,5 mmol
Propargyl bromide (171) (0,167 ml). Tiép theo thém 207 mg kali carbonate khan (1,5
mmol) va 2mg kali iodide (0,012 mol%) cung 3 ml DMF khan. Thuc hi¢n phan Gng
trén thiét bi vi séng Anton Parr & 75 °C trong 20 phut. Sau khi phan tng két thuc, hon
hop dugc chiét 3 1an v6i EtOAc trong phéu chiét ¢ chira san 20 ml nude cat (3x20
ml). Dich chiét dugc 1am kho bing Na2SO4 khan va loai bo dung méi duéi 4p suat
giam. Tién hanh sic ky cot v6i hé dung moi n-hexane - ethyl acetate (ti 18 6:4 vé thé
tich) thu duoc san pham la cic N-propargyl-isatin twong tmg du diéu kién dé thyc
hién cac phan tng tiép theo.

2.3.2. Thyc hién phan wrng domino

Tron hdn hop gdm: 2-amino- 1,4-naphthoquinone (1 mmol) (36), acid tetronic
(1 mmol) (51) va cac dan xuét thé cua isatin (173a-n) (1 mmol), thém 3 ml acid acetic
khan va 20mol% cua p-TsOH (0.02 mmol). Thuc hién phan ung trong thiét bi gia
nhiét vi song Anton Paar, duy tri nhiét d¢ ¢ 110 °C, thoi gian phan tng 30 phuat. Phan
ung két thuc, dua hé vé nhiét do phong, thém 20 ml nudc cat, chiét 3 lan voi
dichloromethan (3x20 ml). Dich chiét dugc 1am khan bang CaCl, hodc Na;SO4 khan,
cat quay loai bo dung méi thu dugc san pham tho. Tién hanh phan lap bang sac ky
cot v6i hé dung mai rira giai dichloromethan - acetone (ty 1 9:1) thu duoc san pham
sach c6 hiéu suét tir 72 - 87%.

Két qua pho IR, NMR, HRMS ctia cac dan xut thu dugc cu thé nhu sau:

Hop chit 174a: 3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-
1,2'5,10(4H)-tetraone

Chét d6 mau nau, nhiét d6 nong chay: 356-357°C, hiéu suat: 85%

IR (KBr) vmaxem™ 3133, 3081, 3032, 2840, 1756, 1708, 1663, 1617, 1592,
1498, 1473, 1394, 1335, 1302, 1265, 1202, 1180, 1143, 1082, 1020, 970, 789, 753,
723, 621.



"H-NMR (DMSO-ds, 600 MHz) dx: 10.90 (1H, s, NH), 10.51 (1H, s, NH),
8.08 (1H, dd, J = 6.6, 1.8 Hz, H-6), 7.86 - 7.80 (3H, m, H-7, H-8, H-9), 7.15 (1H, td,
J=172,12Hz, H-4"),7.10 (1H, d, J= 7.2 Hz, H-5’), 6.83 (1H, td, /= 7.2, 1.2 Hz,
H-6), 6.81 (1H, d,J=7.2 Hz, H-7"), 4.99 (1H, d, J = 16.8 Hz, H-3), 4.97 (1H, d, J
=16.8 Hz, H-3).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.1 (C-10), 179.1 (C-5), 177.9 (C-2°),
169.2 (C-1), 156.1, 141.9, 140.7, 135.5, 135.1, 133.6, 131.5, 129.9, 128.4, 126.1,
125.9,124.1,121.3, 117.5, 108.8, 101.0, 66.1 (C-3), 48.0 (C-11).

HR-ESI-MS: m/z [M+H]": 385.0804, tinh toan theo Iy thuyét: [C22H13N20s]":
385.0819 va m/z [M+Na]*: 407.0631, tinh toan theo 1y thuyét [C2H12N>NaOs]*:
407.0639.

Hop chat 174b:  5-Chloro-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-
indoline]-1,2",5,10(4H)-tetraone

Chét ran dang bot mau do6 dam, nhié¢t do nong chay: 365-366°C, hi¢u suat: 70%

IR (KBr) Vmawem™ 3153, 3115, 3048, 2859, 1757, 1713, 1686, 1665, 1638,
1619, 1590, 1496, 1475, 1395, 1337, 1302, 1266, 1198, 1085, 1041, 1021, 1007, 973,
812, 725, 642, 554.

"H-NMR (DMSO-ds, 600 MHz) Jx: 10.96 (1H, s, NH), 10.67 (1H, s, NH),
8.10-8.07 (1H, m, H-6), 7.86 —7.81 (3H, m, H-7, H-8, H-9), 7.24 (1H, d, J= 2.4 Hz,
H-4"), 7.20 (1H, dd, J= 8.4, 2.4 Hz, H-6"), 6.83 (1H, d, J= 7.8 Hz, H-7"), 5.00 (2H,
s, H-3).

BC-NMR (DMSO-ds, 150 MHz) d¢:181.4 (C-10), 179.1 (C-5), 177.8 (C-2"),
169.3 (C-1), 156.6, 141.0, 140.9, 137.1, 135.2, 133.7, 131.5, 130.0, 128.3, 126.2,
126.0, 125.4, 124.5,116.9, 110.3, 100.5, 66.3 (C-3), 48.3 (C-11).

HR-ESI-MS: m/z [M+H]" 419.0434, tinh toan theo 1y thuyét
[C22H12CIN2Os]": 419.0429.
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Hop chat 174c: 5'-Methyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-
indoline]-1,2",5,10(4H)-tetraone

San pham 1a chét ran dang bot mau nau do, mp: 361-362°C, hiéu suat: 83%

IR (KBr) Vmavem™ 3328, 3031, 2915, 2862, 2796, 2735, 1753, 1730, 1669,
1631, 1588, 1494, 1396, 1336, 1310, 1266, 1203, 1072 1042, 1020, 999, 820, 722,
691, 601.

"H-NMR (DMSO-ds, 600 MHz) éx: 10.89 (1H, s, NH), 10.41 (1H, s, NH),
8.07 (1H, dd, J= 7.8, 1.8 Hz, H-6), 7.85 — 7.80 (3H, m, H-7, H-8, H-9), 6.95 (2H, d,
J=10.8 Hz, H-4’, H-6"), 6.70 (1H, d, /= 7.8 Hz, H-7"), 4.99 (2H, s, H-3), 2.14 (3H,
s, CH3).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.1 (C-10), 179.1 (C-5), 177.9 (C-2°),
169.2 (C-1), 156.1, 140.6, 139.4, 135.6, 135.1, 133.6, 131.5, 130.2, 129.9, 128.6,
126.1, 125.9, 124.8, 117.6, 108.6, 101.1, 66.0 (C-3), 48.1 (C-11), 20.5 (CH3).

HR-ESI-MS: tim thay m/z caa [M+H]": 399.0964, tinh toan theo 1y thuyét cho
[Ca3HisN20s]™: 399.0976 va m/z [M+Na]*: 421.0788, tinh toan theo 1y thuyét
[C23H1sN2NaOs]"™: 421.0795.

Hop chéat 174d: 5-Bromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-
indolinel-1,2",5,10(4H)-tetraone

Chét ran dang bot dang bot mau do, cé mp: 310-311 °C, hi¢u suat: 82%

IR (KBr) vmaxem': 3112, 3045, 2976, 2856, 2255, 1757, 1713, 1663, 1637,
1616, 1590, 1495, 1475, 1395, 1337, 1303, 1265, 1197, 1085, 1022, 1004, 809, 724,
640, 535.

'H-NMR (DMSO-ds, 600 MHz) 6x: 10.96 (1H, s, NH), 10.68 (1H, s, NH),
8.07 (1H, dd, J= 7.8, 1.8 Hz, H-6), 7.87 — 7.81 (3H, m, H-7, H-8, H-9), 7.36 (1H, d,
J=1.8 Hz, H-4"), 7.33 (1H, dd, J = 8.4, 1.8 Hz, H-6"), 6.79 (1H, d, J = 8.4 Hz, H-
7), 5.00 (2H, s, H-3).

I3C-NMR (DMSO-ds, 150 MHz) d¢: 181.3 (C-10), 179.0 (C-5), 177.6 (C-2"),
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169.2 (C-3), 156.5, 141.3, 141.0, 137.5, 135.1, 133.6, 131.5, 131.1, 130.0, 127.1,
126.1, 125.9, 116.8, 113.0, 110.7, 100.5, 66.2 (C-3), 48.2 (C-11).

HR-ESI-MS: tim thdy m/z [M+H]": 462.9936 va 464.9912, tinh toan theo ly
thuyét cho [C2H12BrN2Os]*: 462.9924 va 464.9904), tim thdy m/z [M+Na]*:
484.9749 va 486.9726, tinh toan theo 1y thuyét cho [C22H11BrN2NaOs]*: 484.9744 va
486.9724.

Hop chat 174e: 7'-Methyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-
indoline]-1,2",5,10(4H)-tetraone

Chat ran dang bot dang bot, mau vang cam, c6 mp: 367-368°C, hiéu suat: 74%

IR (KBr) vmavem™ 3153, 2854, 1721, 1667, 1625, 1595, 1490, 1396, 1331,
1296, 1269, 1214, 1084, 1041, 1028, 839, 767, 721, 569.

"H-NMR (DMSO-ds, 600 MHz) dx: 10.89 (1H, s, NH), 10.55 (1H, s, NH),
8.08 — 8.06 (1H, m, H-6), 7.86 — 7.80 (3H, m, H-7, H-8, H-9), 6.97 (1H,d, J= 7.2
Hz, H-4°), 6.92 (1H, d, /= 7.2 Hz, H-6"), 6.75 (1H, t, J = 7.2 Hz, H-5"), 4.99 (1H,
dd, J=16.8 Hz, H-3), 4.97 (1H, d, /= 16.8 Hz, H-3), 2.27 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.1 (C-10), 179.1 (C-5), 178.4 (C-2°),
169.2 (C-1), 156.0, 140.5, 140.4, 135.2, 135.1, 133.6, 131.5, 129.9, 129.8, 126.1,
1259, 121.6,121.3,117.8, 117.6, 101.1, 66.0 (C-3), 48.3 (C-11), 16.4 (CH3).

HR-ESI-MS: tim thidy m/z [M+H]": 399.0967, tinh toan theo ly thuyét:
[C23H1sN205]": 399.0976, tim thdy m/z [M+Na]* : 421.0780, tinh toan theo 1y thuyét
cho: [C23H14N2NaOs]*: 421.0795.

Hop chiat 174f: 5'7’-Dibromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-
11,3-indoline]-1,2",5,10(4H)-tetraone

San phém 1a chat bot mau cam, nhiét d0 ndng chay: 364-365°C, hi¢u suit: 73%

IR (KBr) Vmavem™ 3164, 3084, 2860, 1724, 1667, 1645, 1593, 1501, 1463,
1400, 1336, 1299, 1183, 1078, 1043, 1022, 1003, 979, 803, 725, 560.

"H-NMR (DMSO-ds, 600 MHz) éx: 11.05 (1H, s, NH), 11.03 (1H, s, NH),
8.09 (1H, dd, J=6.6, 1.8 Hz, H-6)), 7.86 — 7.82 (3H, m, H-7, H-8, H-9), 7.59 (1H, d,
J=18 Hz, H-6"), 7.42 (1H, d, J = 1.8 Hz, H-4"), 5.04 (1H, dd, J = 16.8 Hz, H-3),
5.02 (1H, d, J=16.8 Hz, H-3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 181.4 (C-10), 179.0 (C-5), 177.6 (C-2°),
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169.3 (C-1), 156.8, 141.2, 141.1, 138.2, 135.2, 133.8, 133.1, 131.4, 130.1, 126.5,
126.2, 126.1, 116.6, 113.6, 102.1, 100.3, 66.4 (C-3),49.4 (C-11).

HR-ESI-MS: tim théy m/z cua [M+H]" cac gia tri: 542.9003; 540.9027,
544.9012, tinh toan theo Iy thuyét [C22H11BraN20s]*: 542.9009; 540.9030; 544.8989),
va m/z [M+Na]": 564.8824; 562.8872; 566.8793, tinh toan theo 1y thuyét
[C22H10BraN2NaOs]*: 564.8829; 562.8849; 566.8809.

Hop chat 174g: 4’6 ’-Dimethyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-
11,3"%indoline/-1,2"5,10(4H)-tetraone

Chét rin dang bot, mau do cam, c6 mp: 372-373°C, hi¢u sult: 75%

IR (KBr) vmaxem™ 3353, 3183, 1749, 1725, 1666, 1592, 1488, 1396, 1333,
1298, 1269, 1183, 1075, 1040, 1020, 752, 725.

"H-NMR (DMSO-ds, 600 MHz) dx: 10.87 (1H, s, NH), 10.45 (1H, s, NH),
8.08 (1H, m, H-6), 7.84 — 7.80 (3H, m, H-7, H-8, H-9), 6.76 (2H, d, /= 17.4 Hz, H-
4’, H-6"),4.98 (2H, s, H-3), 2.23 (3H, s, CH3-5"), 2.11 (3H, s, CH3-7").

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.1 (C-10), 179.1 (C-5), 178.3 (C-2°),
169.2 (C-1), 155.9, 140.5, 138.0, 135.3, 135.1, 133.5, 131.5, 130.3, 130.1, 129.9,
126.1,125.9,122.2,117.8, 117.5,101.2, 66.0 (C-3), 48.3 (C-11), 20.4 (CH3-5"), 16.3
(CHs3-7).

HR-ESI-MS: tim thdy m/z [M+H]": 413.1131, tinh toan theo ly thuyét
[C2saH17N20s]": 413.1132 va m/z [M+Na]* : 435.0948, tinh toan theo 1y thuyét
[C24H16N2NaOs]": 435.0952.

Hop chat 174h:  ['-Benzyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-
indoline]-1,2",5,10(4H)-tetraone

San phém thu duoc 1a chit rin dang bot, mau nau do, nhiét do nong chay: 320-
321 °C, hiéu suat: 76%.
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IR (KBr) Vmaxem™ 3431, 3061, 1752, 1712, 1667, 1608, 1497, 1333, 1300,
1267, 1181, 1075, 1041, 1018, 961, 747, 721.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.03 (1H, s, NH), 8.11 — 8.08 (1H, m,
H-6), 7.85 — 7.81 (3H, m, H-7, H-8, H-9), 7.63 (2H, d, J=7.2 Hz), 7.36 2H, t, J =
7.2Hz),7.29 (1H, t,J=7.2 Hz), 7.21 (1H, dd, /= 7.8, 0.6 Hz), 7.14 (1H, td, J = 7.8,
1.2 Hz), 6.91 (1H,d, J=17.8, 1.2 Hz), 6.69 (1H, d, J= 7.8 Hz), 5.05 (1H, d, /= 16.2
Hz), 5.04 (2H, d,J=3.6 Hz), 4.94 (1H, d, J = 16.2 Hz).

BC-NMR (DMSO-ds, 150 MHz) d¢: 181.2 (C-10), 179.0 (C-5), 176.7 (C-2°),
169.2 (C-1), 156.5, 142.5, 140.8, 136.3, 135.1, 134.5, 133.6, 131.4, 129.9, 128.5,
128.3 (20), 127.2 (2C), 127.0, 126.2, 126.0, 124.1, 122.2, 117.2, 108.4, 100.8, 66.2
(C-3),47.7 (C-11),43.7 (C-7).

HR-ESI-MS: tim thdy m/z [M+H]": 475.1281, tinh toan theo 1y thuyét
[C2oH1oN205]": 475.1289 va m/z [M+Na]* : 497.1094, tinh toan theo 1y thuyét
[C20H18N2NaOs]"™: 497.1108.

Hop chat 174i:  1-(4-(Trifluoromethyl)benzyl)-3H-spiro[benzo[g]furo[3,4-
bJquinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

O e,
0o 00

Chét ran dang bot dang bdt, mau do cam, c6 mp: 335-336°C, hiéu suat: 87%

IR (KBr) vmavem™ 3314, 3066, 1763, 1708, 1671, 1611, 1505, 1421, 1371,
1323, 1300, 1268, 1163, 1124, 1067, 1015, 907, 803, 751, 726.

"H-NMR (DMSO-ds, 600 MHz) J: 11.05 (1H, s, NH), 8.11 — 8.08 (1H, m,
H-6), 7.86 (2H, d, J = 7.8 Hz), 7.85 — 7.82 (3H, m), 7.73 (2H, d, /= 7.8 Hz), 7.23
(1H,dd,J=7.8,1.2 Hz), 7.16 (1H, td, J= 7.8, 1.2 Hz), 6.93 (1H, td, /= 7.8, 1.2 Hz),
6.75 (1H, d, J= 7.8 Hz), 5.15 (1H, d, J = 16.8 Hz), 5.07 (1H, d, J = 16.8 Hz), 5.05
(2H, d, J= 3.6 Hz).

BC-NMR (DMSO-ds, 150 MHz) d¢: 181.3 (C-10), 179.0 (C-5), 176.7 (C-2°),
169.4 (C-1), 156.6, 142.2, 141.4, 140.9, 135.2, 134.5, 133.7, 131.4, 130.0, 128.6,
128.0 (3C), 126.2, 126.1, 125.2 (2C, d, J= 3.8 Hz), 124.3 (1C, q,J=271.3 Hz, CF3),
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124.3,122.5, 117.1, 108.3, 100.8, 66.3 (C-3), 47.7 (C-11), 43.2 (C-7").
HR-ESI-MS: tim thdy m/z [M+H]": 543.1137, tinh toan theo ly thuyét
[C30H1sF3N20s]": 543.1162 va m/z [M+Na]*: 565.0952, tinh toan theo 1y thuyét
[C30H17F3N2NaOs]™: 565.0982.
Hop chat 174j: 1'-(4-Chlorobenzyl)-3H-spiro[benzo[g]furof3,4-
bJquinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

O NAQ@
O 00

N
H

San pham chat rin dang bot, mau ndu vang, ¢6 mp: 292-293°C, hiéu suét: 78%

IR (KBr) vmavem™ 3164, 3061, 1760, 1708, 1671, 1645, 1595, 1504 1490,
1400, 1370, 1331, 1299, 1268, 1188, 1176, 1070, 1042, 1010, 907, 800, 748, 726,
572, 476.

"H-NMR (DMSO-ds, 500 MHz) éx: 11.04 (1H, s, NH), 8.11 — 8.07 (1H, m,
H-6), 7.85 — 7.81 (3H, m, H-7, H-8, H-9), 7.65 (2H, d, /= 8.4 Hz), 7.42 (2H, dt, J =
8.4,2.4Hz),7.21 (1H,d,J=7.8,1.2 Hz), 7.15 (1H, td, J= 7.8, 1.2 Hz), 6.91 (1H, td,
J=1.8,1.2Hz),6.73 (1H,d, J= 7.8 Hz), 5.04 (1H, d,J=16.2 Hz"), 5.03 2H, d, J =
3.6 Hz), 4.95 (1H, d, J=16.2 Hz, H-7"").

BC-NMR (DMSO-ds, 125 MHz) é¢: 181.3 (C-10), 179.0 (C-5), 176.7 (C-2°),
169.3 (C-1), 156.5, 142.3, 140.9, 135.4, 135.2, 134.5, 133.7, 131.8, 131.4, 130.0,
129.3 (2C), 128.6, 128.3 (2C), 126.2, 126.1, 124.2, 122.4, 117.1, 108.4, 100.8, 66.3
(C-3),47.7 (C-11),43.0 (C-7).

HR-ESI-MS: tim thdy m/z [M+H]": 509.0895, tinh toan theo ly thuyét
[C2oH1sCIN2O5]": 509.0899 va m/z [M+Na]": 531.0694, tinh toan theo 1y thuyét
[C20H17CIN2NaOs]": 531.0719.

Hop chat 174k:  ['-(4-Bromo-2-fluorobenzyl)-3H-spiro[benzo[g]furo[3,4-
bJquinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Thu duoc chat rin dang bot, mau cam, c6 mp: 350-351°C, hi¢u suat: 76%

IR (KBr) Vmavem™ 3440, 1760, 1708, 1673, 1648, 1611, 1505, 1488, 1370,
1332, 1299, 1269, 1176, 1070, 1042, 1012, 873, 747, 727.

"H-NMR (DMSO-ds, 600 MHz) 4: 11.05 (1H, s, NH), 8.10 — 8.08 (1H, m),
7.85 -7.82 (3H, m, H-7, H-8, H-9), 7.68 (1H, t, J = 8.4 Hz), 7.61 (1H, dd, J = 9.6,
1.8 Hz), 7.40 (1H, dd, /= 8.4, 1.8 Hz), 7.24 (1H, dd, /= 7.8, 0.6 Hz), 7.20 (1H, td, J
=7.8,1.2 Hz), 6.94 (1H,td, J=7.8, 1.2 Hz), 6.83 (1H, d, J=7.8 Hz), 5.04 (2H, d, J
=3.0Hz),5.02 (1H, dd, J=16.2,2.4 Hz), 4.93 (1H, d, J = 16.2 Hz).



BC-NMR (DMSO-ds, 150 MHz) é¢: 181.3 (C-10), 179.0 (C-5), 176.7 (C-2°),
169.4 (C-1), 159.9 (1C, d, J = 248.8 Hz, C-F), 156.6, 142.0, 140.9, 135.2, 134.5,
133.7, 131.4, 130.9, 130.0, 128.8, 127.5, 126.2 (1C, d, J = 18,75 Hz, C-1""), 124.4,
122.8 (1C, d, J = 13.8 Hz), 122.6, 120.6 (1C, d,J = 8.8 Hz, C-4""), 118.6 (1C, d, J =
25 Hz, C-3"°), 117.0, 108.0, 100.7, 66.4 (C-3), 47.6 (C-11), 39.83 (C-7").

HR-ESI-MS: tim thy cac gid tri m/z cia [M+H]" tuong Gng: 571.0284 va
573.0271, theo tinh toan theo 1y thuyét [CaoH7BrFN,Os]": 571.0300 va 573.0279.
Tim thidy m/z [M+Na]": 593.0107 va 595.0093, tinh toan theo 1y thuyét cho
[C290H16BrFN2NaOs]*: 593.0119 va 595.0099.

Hop chit 1741: 5"-Chloro-1"-(4-(trifluoromethyl)benzyl)-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

O Oen,
0O 00

Chét ran dang bot dang bdt, mau ndu dd, c6 mp: 354-355°C, hiéu suat: 85%

IR (KBT) Vimax/em™ 3442, 3303, 1762,1705, 1670, 1595, 1503, 1485, 1431, 1323,
1301, 1268, 1160, 1121, 1067, 1042, 1014, 824, 808, 729, 695, 553.

'H-NMR (DMSO-ds, 600 MHz) éx: 11.10 (1H, s, NH), 8.12 — 8.08 (1H, m,
H-6), 7.88 - 7.84 (3H, m, H-7, H-8, H-9), 7.84 (2H, d, /= 8.4 Hz), 7.74 (2H, d, J =
8.4 Hz), 7.38 (1H, d, J=2.4 Hz), 7.23 (1H, dd, J= 8.4, 2.4 Hz), 6.78 (1H, d, /= 8.4
Hz), 5.14 (1H, d,J=16.8 Hz), 5.07 (1H, d, J = 16.8 Hz), 5.06 (2H, s).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.4 (C-10), 179.0 (C-5), 176.5 (C-2°),
169.4 (C-1), 156.9, 141.2, 141.2, 141.0, 136.1, 135.1, 133.7, 131.4, 130.1, 128.5,
128.0 3C), 126.6, 126.2, 126.1, 125.2 (2C, d, J= 3.8 Hz), 124.7, 1243 (1C, q, J =
270.0 Hz, CF3), 116.4, 109.7, 100.2, 66.5 (C-3), 47.9 (C-11),43.3 (C-7").

HR-ESI-MS: tim thiy m/z 577.0772 tuong tGng v6i [M+H]", tinh toan theo 1y
thuyét cho [C30H17CIF3N20s]": 577.0773 va tim thdy m/z 599.0593 twong tng véi
[M+Na]", tinh toan theo 1y thuyét cho [C30H17CIF3N2NaOs]*: 599.0593.

Hop chit 174m: 1'-(4-Bromo-2-fluorobenzyl)-6'-methyl-3H-
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spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Me R
) ﬁ
0 00

Chét ran dang bot dang bdt, mau nau dd, c6 mp: 337-338°C, hi¢u suat: 80%

IR (KBr) vmaxem' 3314, 2970, 1761, 1725, 1685, 1655, 1595, 1496, 1451,
1396, 1341, 1301, 1267, 1242, 1174, 1077, 1027, 875, 800, 743, 726.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.06 (1H, s, NH), 8.09 (1H, m, H-6),
7.89 —7.88 (1H, m, H-9), 7.86-7.83 (2H, m, H7, HS), 7.81 (1H, t, J= 8.4 Hz, H-6""),
7.64 (1H, dd, J=9.6 Hz,J= 1.8 Hz, H-3"’), 7.44 (1H, dd, /= 8.4 Hz, J= 1.8 Hz, H-
57), 7.09 (1H, d, J= 7.2 Hz, H-8"), 6.99 (1H, d, J= 7.2 Hz, H-5"), 6.87 (1H, t, J =
7.2Hz,H-7"),5.18 (1H, d, J=17.4 Hz, H-7""), 5.13 (1H, d, J=17.4 Hz, H-7""), 5.05
(2H, d,J=16.8 Hz, H-3), 2.23 (3H, s, H-9).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.3 (C-10), 178.9 (C-5), 177.8 (C-2°),
169.4 (C-1), 158.9 (1C, d, J = 247.5 Hz, C-F), 156.4 (C-3a), 140.8 (C-4a), 139.98
(C-4°), 135.5(C-6°), 135.1 (C-8), 133.7(C-7), 132.5 (C-5"), 131.4 (C-9a), 129.98 (C-
5a), 129.8 (1C, d, J = 4.5 Hz, C-6"), 127.8 (C-5""), 126.2 (C-6), 126.1 (C-9), 125.2
(1C,d,J =15.0Hz, C-1""), 122.6 (C-7°,C-8"),120.4 (1C,d,J=9.0 Hz, C-4""), 118.6
(1C, d, J =24 Hz, C-3”"), 118.3 (C-3’), 117.3 (C-10a), 100.9 (C-11a), 66.4 (C-3),
47.1 (C-11),39.92 (C-7), 17.3 (C-9°).

HR-ESI-MS: tim thdy m/z 585.04564 va 587.0436 twong Gng voi [M+H]", tinh
toan theo 1y thuyét cho [C3oH19BrFN,Os]*: 585.0456 va 587.0436. Tim thdy m/z
607.0273 va 609.0256 twong mg v4i [M+Na]*, tinh toan theo 1y thuyét cho thiy
[C30H1sBrFN2NaOs]™: 607.0276 va 609.0255.

Hop chit  174n: 5"6"-Dibromo-1'-(4-(trifluoromethyl)benzyl)-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

San pham chét ran dang bot mau d6 cam c6 mp: 278 - 279 °C, hiéu suat: 72%

IR (KBr) Vmavem™ 3431, 3067, 2957, 2926, 1751, 1728, 1668, 1645, 1596,
1501, 1456, 1397, 1324, 1267, 1161, 1127, 1067, 1039, 1023, 1010, 974, 804, 739,
727, 551.

"H-NMR (DMSO-ds, 600 MHz) 65 11.19 (1H, s, NH), 8.11 (1H, dd, J = 6.6,
2.4 Hz, H-6), 7.93 (1H, dd, J= 6.6, 2.4 Hz, H-9), 7.89 — 7.85 (2H, m, H-7, H-8), 7.79
(2H, d,J=8.4 Hz, H-3"’, H-5""), 7.73 (2H, d, J = 8.4 Hz, H-2"’, H-6""), 7.63 (1H, d,
J=2.4Hz, H-8"),7.59 (1H, d, J=2.4 Hz, H-5"), 5.42 (2H, s), 5.08 (2H, s).



BC-NMR (DMSO-ds, 150 MHz) é¢: 181.6 (C-10), 178.8 (C-5), 177.4 (C-2°),
169.5 (C-1), 157.1, 143.0, 141.4, 139.3, 139.2, 135.5, 135.2, 133.9, 131.3, 130.2,
127.2, 127.0 (2C), 126.3, 126.2, 125.2 (2C, d, J = 3.8 Hz), 124.3 (1C, q, J = 270.0
Hz, CF3), 116.1, 115.1, 101.6, 100.0, 66.7 (C-3), 47.7 (C-11), 44.9 (C-7"").

HR-ESI-MS: tim thiy m/z 700.9359 va 698.9366 va 702.9299 twong tng voi
[M+H]", tinh toan theo 1y thuyét cho [C30H16Br2F3N2Os]™: 700.9353 va 698.9373 va
702.9332.

2.4. Quy trinh tong hop cic din xuit podophyllotoxin-isatin véi AZT (182a-p)

Quy trinh chung thwe hi¢n phén g domino: Hon hop phan trng gom: 2-
amino-1,4-naphthoquinone (1 mmol) (36), acid tetronic (1 mmol) (51) va (1 mmol)
lan luot voi cac dan xuét cia isatin bao gdm cac hop chét (172a-p), thém 3 ml acid
acetic khan va 20 mol% ctia p-TsOH (0.02 mmol). Thuc hién phan tng trong thiét bi
gia nhi¢t vi song AntonParr, duy tri nhiét 4o & 110 °C trong thoi gian 30 phut. Phan
tmg két thac, dua hé vé nhiét do phong, thém 20 ml nudc cat, chiét 3 lan véi
dichloromethan (3x20 ml). Dich chiét dugc 1am khan bang CaCl, hodc Na»SOs, cit
quay loai bo dung méi thu dugc san pham tho. Tién hanh phan 1ap bang sic ky cot
pha thuan vdi hé dung moi rira giai dichloromethan - acetone (ty 1€ 9:1) thu dugc san
pham sach du diéu kién dé thuc hién budc phan tng tiép theo

Quy trinh chung thuc hién phdn irng click:

Tron hdn hop phan tng gdm: 1 mmol lan luot cac san pham thu duoc & trén
véi 1 mmol AZT, thém 5ml hdon hop -BuOH/H>O (1:1), thém 20% mol (0.02 mol)
Cul cung xtic tic DIPEA. Thyc hién phan mg trong thiét bi vi séng, thoi gian 1,5 -
2h, sau khi phéan tng két thuc, tach, chiét, phan lap sac bang ky cot bang hé dung moi
n-hexan/EtOAc (6:4) thu dugc san phém sach, c6 hiéu suét tir 62 - 83%.

Hop chit 182a: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-5 -nitro-
3H-spiro[benzo[g]furo[3,4-b]quinoline- 11,3 -indoline]-1,2" 5, 10(4H)-tetraone

Chat ran dang bot, mau cam, nhiét d6 nong chay 272 - 273 °C, hiéu suat: 62%

IR (KBr) Vmaxem': 3227, 1668, 1606, 1498, 1332, 1301, 1270, 1180, 1041,
1018, 947, 914, 827 770, 724, 696, 553

"H-NMR (DMSO-ds, 600 MHz) 5: 11.32 (1H, s, -NH(thymidine)), 11.2 (1H, s, -
NH podophyliotoxin)), 8.25 - 8.23 (2H, m, H-5", H-5"), 8.21-8.20 (1H, m, H-6), 8.10 - 8.09
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(1H, m, H-6"), 7.85 - 7.77 (4H, m, H-9, H-8, H-7, H-6""), 7.35 (1H, dd, J=9.0, 1.8 Hz,
H-8), 6.41 - 6.38 (1H, m, H-5"), 5.39 - 5.35 (1H, m, H-3"), 5.23 - 5.20 (1H, dd,
J=15.6, 3.6 Hz, Ho-6"), 5.18 (1H, d, J = 15.6 Hz, Hy-6"), 5.08 (2H, s, Hap-3), 4.21 -
4.19 (1H, m, H-2"), 3.71 - 3.69 (1H, m, Ha-6"), 3.64 - 3.60 (1H, m, Hy-6"), 2.77 -
2.73 (1H, m, Ha-4"), 2.70 - 2.65 (1H, m, Hy-4""), 1.80 (3H, d, J=0.6 Hz, CHs)

el e
* NG NH
0

HO_ ¢ | NZK

mo o 5
. E 4
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BC-NMR (DMSO-ds, 150 MHz) dc: 181.5 (C-10), 178.8 (C-5), 176.7 (C-2)),
169.3 (C-1), 163.7 (C-47"), 157.2 (C-3a), 150.4 (C-2""), 147.9 (C-4), 143.0 (C-7)
141.5 (C-4a), 136.2 (C-67"), 135.0 (C-8), 134.8 (C-4"), 133.7 (C-7), 131.3 (C-9a),
130.1 (C-5a), 126.2 (C-6), 126.1 (C-9), 126.0 (C-6), 123.1 (C-5"), 123.0 (C-3)), 120.1
(C-57), 115.9 (C-10a), 109.5 (C-11a), 108.6 (C-8), 108.6 (C-57), 84.5 (1C, d, J =
5Hz, C-27), 83.9 (C-57), 66.7 (C-3), 60.5 (1C, d, J=7.5 Hz, C-6 "), 59.1 (1C, d, J=5
Hz, C-37),47.6 (C-11),37.0 (C-47),35.9 (C-6), 12.2 (C-77)

Hop chat 182b: 1'-((1-(2-(hydroxymethyl)-5-(5-methy![-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)-3H-
spirof[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2" 5, 1 0(4H)-tetraone

Chét rin mau nau den, nhiét d6 ndng chay 230 - 231 °C, hiéu suét: 71%

IR (KBr) Vmaxem ': 3148, 1662, 1488, 1300, 1269, 1180, 1041, 1015, 723, 558

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.31 (1H, s, -NHthymidine)), 11.06 (1H, s,
'NH(podophyllotoxin)), 8.20 (lH, d, J=6.6 HZ, H-S”), 8.07 - 8.09 (IH, m, H-6), 7.83 -
7.79 (4H, m, H-7, H-8, H-9, H-6""), 7.23 - 7.19 (2H, m, H-7’, H-8'), 7.00 - 6.98 (1H,
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m, H-6), 6.91 - 6.94 (1H, m, H-5), 6.40 - 6.37 (1H, m, H-5"), 5.37 - 5.33 (1H, m, H-
37),5.26 (1H, dd, J = 4.8 Hz, 11.4 Hz, -OH), 5.10 (1H, d, J = 16.2 Hz, H,-6"), 5.04
(1H, d, J = 16.2 Hz, Hp-6"), 4.99 (2H, s, Hap-3), 4.20 - 4.17 (1H, m, H-2"), 3.71 -
3.60 2H, m, Hap - 67), 2.78 - 2.61 (2H, m, Hap-4 "), 1.80 (3H, d, J = 1.2 Hz, CH3).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.3 (C-10), 179.1 (C-5), 176.2 (C-1)),
169.5 (C-1), 163.8 (C-47"), 156.8 (C-3a), 150.4 (C-27"), 142.8, 142.7, 141.8, 141.1,
136.3,135.2 (C-8), 134.5 (C-7), 131.3 (C-9a), 130.0 (C-5a), 128.8, 126.3 (C-6), 126.1
(C-9), 124.3,123.1, 123.0, 122.5, 117.1 (C-10a), 109.6 (C-11a), 108.3 (C-57"), 84.6
(C-27), 83.9 (C-57), 66.4 (C-3),60.7 (C-67), 59.2 (C-37), 47.6 (C-11),37.0 (C-4"),
35.7(C-6"),12.3 (C-77).

Hop chit 182c: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y))tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-7"-methyl-
3H-spiro[benzo[g]furo[3,4-b]quinoline- 11,3 -indoline]-1,2" 5, 1 0(4H)-tetraone

Chat ran dang bot, mau nau do, nhiét do nong chay 282 - 283 °C, hiéu suit: 74%

IR (KBr) Vmaxem: 2923, 1664, 1594, 1497, 1477, 1332, 1300, 1268, 1179,
1041, 1011, 769, 724, 663, 559

"H-NMR (DMSO-ds, 600 MHz) dx: 11.33 (1H, s, -NH(thymidine)), 11.06 (1H, s,
-NHpodophyliotoxin)), 8.22 (1H, d, J= 6.6 Hz, H-5"), 8.09 - 8.07 (1H, m, H-6), 7.86 -
7.80 (4H, m, H-7, H-8, H-9, H-6 ), 7.05 (1H, t,J=4.2, 7.2 Hz, H-7), 6.98 (1H, d, J
=7.8 Hz, H-6'), 6.85 - 6.82 (1H, m, H-5), 6.40 (1H, dd, J= 6.0, 12.0 Hz, H-5"),
5.37-5.33 (1H, m, H-3"), 5.32 - 5.24 (3H, m, Ha-6", -OH), 5.03 (2H, s, Hap-3),
420 (1H, td, J=2.4,9.0 Hz, H-27),3.73 - 3.69 (1H, m, H, - 6 ), 3.69 - 3.63 (1H,
m, Hy-67), 2.79 - 2.73 (1H, m, Hy-47), 2.70 — 2.64 (1H, m, Hy-4"), 2.46 (3H, d, J
=9.0 Hz, CHzs-isatin). 1.80 (3H, d, J = 1.2 Hz, CH3-thymind).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.3 (C-10), 179.1 (C-5), 177.2 (C-1)),
169.4 (C-1), 163.7 (C-4™"), 156.5 (C-3a), 150.4 (C-27"), 144.6 (C-4a), 139.6, 136.2
(C-67),135.4,135.2 (C-8), 133.7 (C-7), 132.5, 131.4 (C-9a), 129.9 (C-5a), 126.2 (C-
6), 126.1(C-9a), 123.0, 122.5, 122.4, 118.5, 117.3 (C-10a), 109.6 (C-11a), 101.0 (C-
57), 84.6 (C-27), 83.9 (C-57), 66.3 (C-3), 60.7 (C-6"), 59.25 (C-37), 47.1 (C-11),
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37.9 (C-47),37.3 (C-6"), 18.2 (<CH3 isatin), 12.3 (C-77).

Hop chat 182d: 5'-chloro-1"-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-3 H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2",5,10(4H)-tetraone

Chat ran dang bot, mau do cam, nhiét dd nong chay 320 - 321 °C, hiéu suat: 68%

IR (KBr) Vmaxem: 3374, 1667, 1595, 1503, 1480, 1429, 1334, 1330, 1043,
964, 792, 725, 695, 553, 439.

HaC & NH
HOL ¢\ 2R
2’”0 5

"H-NMR (DMSO-ds, 600 MHz) dx: 11.32 (1H, s, -NH(thymidine)), 11.06 (1H, s,
-NHpodophyliotoxiny), 8.21 (1H, d, J = 6.0 Hz, H-6), 8.10 (1H, dd, J = 3.6, 6.6 Hz, H-5"),
7.85 - 7.80 (4H, m, H-7, H-8, H-9, H-6"), 7.05 (1H, t, J =4.2, 7.2 Hz, H-8)), 6.98
(1H, d, J= 7.8 Hz, H-6), 6.85 - 6.82 (1H, m, H-5)), 6.41-6.38 (1H, m, H-5"), 5.37 -
5.35(1H, m, H-3"), 5.28 - 5.25 (1H, dd, J= 5.4, 12.0 Hz, -OH), 5.12 - 5.04 (2H, m,
H-6"), 5.03 (2H, s, Hap-3), 4.20 (1H, td, J=2.4, 9.0 Hz, H-2"), 3.72 - 3.69 (1H, m,
Ha-6"),3.64-3.61 (IH,m, Hy- 6"), 2.76 - 2.74 (1H, m, Ha-4 "), 2.69 - 2.62 (1H,
m, Hy-4"), 1.81 (3H, d, J = 1.2 Hz, CH3-thymind).

BC-NMR (DMSO-ds, 150 MHz) 6¢: 181.3 (C-10), 179.1 (C-5), 177.2 (C-1)),
169.4 (C-1), 163.7 (C-47"), 156.5 (C-3a), 150.4 (C-2""), 142.3, 141.2, 140.8, 136.2
(C-67),136.1,135.2 (C-8), 133.7 (C-7), 131.4 (C-9a), 130.8, 128.5, 126.5, 126.2 (C-
6), 126.1 (C-9), 124.6, 123.1, 123.0, 116.5 (C-10a), 109.7 (C-57"), 109.6 (C-11a),
84.5(C-27), 83.9(C-57), 66.3 (C-3),60.7 (C-6 ), 59.1 (C-37), 47.1 (C-11), 37.0 (C-
47),35.82 (C-6),12.2 (C-77).

Hop chat 182e: 5-fluoro-1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)-3H-
spirof[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2" 5, 1 0(4H)-tetraone

Chét rin dang bdt, mau doé cam, nhi¢t do nong chay 276 - 277 °C, hi¢u suat: 77%

IR (KBr) Vmaxem: 3240, 2924, 1666, 1593, 1489, 1452, 1334, 1330, 1267,
1171, 1097, 1076, 1041, 1016, 976, 953, 816, 789, 722, 698, 558.
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"H-NMR (DMSO-ds, 600 MHz) Jx: 11.32 (1H, s, -NHthymidine)), 11.06 (1H, s,
-NHpodophyliotoxin)), 8.21 (1H, d, J = 6.6 Hz, H-5"), 8.10 - 8.08 (1H, m, H-6), 7.86 -
7.67 (4H, m, H-7, H-8, H-9, H-6 "), 7.19 - 7.10 (1H, dd, J=3, 8.4 Hz, H-8'), 7.17 -
7.00 2H, m, H-5,H-6), 6.41 - 6.38 (1H, m, H-5"), 5.37 - 5.35 (1H, dd, J=4.2,9.0
Hz, H-37), 5.26 (1H, dd, J = 5.4 Hz, 11.4 Hz, -OH), 5.11 - 5.03 (2H, m, H-6"), 5.00
(2H, s, Hap-3),4.20 (1H, d, J=3.6Hz, H-27), 3.71 - 3.69 (1H, m, H. - 6 ), 3.64 - 3.61
(1H, m, Hy-4"), 2.77 - 2.74 (1H, m, Hy-4"), 2.69 - 2.62 (1H, m, Hy-4 "), 1.81 (3H, s,
CHa).

BC-NMR (DMSO-ds, 150 MHz) dc¢: 181.3 (C-10), 178.9 (C-5), 176.0 (C-1)),
169.3 (C-1),163.7 (C-47"), 159.4 (1C,J=197.5 Hz, C-F), 156.8 (C-3a), 150.4 (C-2"7"),
142.4, 141.1, 138.1, 136.2, 135.8 (C-8), 135.1 (C-7), 131.6 (C-9a), 130.0 (C-5a),
128.6, 126.2 (C-6), 126.1 (C-9), 123.0, 122.9, 116.5 (C-10a), 114.8, 112.4, 109.5 (C-
11a), 109.1 (C-57), 84.6 (C-27), 83.9 (C-57), 66.5 (C-3), 60.5 (C-6"), 59.1 (C-37),
47.9 (C-11),37.0 (C-47),35.8(C-6), 12.3 (C-77).

Hop chat 182f: 5-bromo-1"-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-3 H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2",5,10(4H)-tetraone

Chat rin dang bot, mau nau do, nhiét do nong chay 295 - 296 °C, hiéu suat: 81%

IR (KBr) Vmaxem: 2924, 1664, 1602, 1498, 1477, 1333, 1299, 1269, 1178,
1041, 1016, 965, 769, 723, 693, 552.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.26 (1H, s, -NHthymidine)), 11.01 (1H, s,
-NH podophyliotoxin)), 8.14 (1H, d, J = 6.6 Hz, H-6), 8.03 - 8.01 (1H, dd, J= 3.6, 9.0 Hz,
H-57),7.71 - 7.73 (4H, m, H-7, H-8, H-9, H-6"), 7.39 (1H, t, J= 2.4 Hz, H-8'), 7.35-
7.34 (1H, dd, J = 1.2, 8.4 Hz, H- 6), 6.94-6.92 (1H, dd, J=J = 1.2, 8.4 Hz, H- 5),
6.34-6.31 (1H, m, H-57), 5.30 - 5.28 (1H, dd, J = 5.4, 9.0 Hz, H-37), 5.21 (1H, dd,
J=15.4Hz, 11.4 Hz, -OH), 5.04 - 4.96 2H, m, H-6"), 4.95 (2H, s, Hap-3), 4.13 - 4.11
(1H, dd, J=3.6,9.0 Hz, H-2"), 3.65 - 3.61 (1H, m, H,- 6 ), 3.57 - 3.52 (1H, m, H, -
67),2.69 -2.66 (1H, m, Ha-4"), 2.61 - 2.58 (1H, m, Hy-4"), 1.73 (3H, s, CH3).
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BC-NMR (DMSO-ds, 150 MHz) dc: 181.4 (C-10), 178.9 (C-5), 175.7 (C-1)),
169.4 (C-1), 163.7 (C-47"), 156.9 (C-3a), 150.4 (C-27"), 142.3, 142.2, 141.2, 141.1,
136.4, 136.2, 135.1 (C-8), 133.7 (C-7), 131.4 (C-9a), 130.0 (C-5a), 127.8, 126.2 (C-
6), 126.1 (C-9), 123.0, 122.9, 116.4 (C-10a), 114.3 (C-Br), 110.3 (C-11a), 109.5 (C-
57),84.6(C-27),83.9(C-57),66.5(C-3),60.5(C-6 ), 59.1 (C-37),47.9 (C-11),37.0
(C-47),35.7(C-6),12.2 (C-77).

Hop chat  182g: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)-5-
methoxy-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]- 1,2",5, 10(4H)-tetraone

Chét rin dang bot, mau nau do, nhiét 4o néng chay 285 - 286 °C, hiéu suat: 78%

IR (KBr) Vmaxem™: 3211, 2925, 1664, 1600, 1492, 1434, 1398, 1333, 1298,
1269, 1040, 1012, 972, 883, 785, 722, 698, 558.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.32 (1H, s, -NHthymidine)), 11.06 (1H, s,
-NH podophyliotoxin)), 8.20 (1H, d, J = 7.8 Hz, H-6), 8.10 - 8.08 (1H, m, H-5"), 7.84 -
7.80 (4H, m, H-7, H-8, H-9, H-6 "), 6.89 - 6.87 (1H, m, H-5)), 6.79 - 6.77 (1H, dd, J
=1.2, 8.4 Hz, H-8), 6.41-6.38 (1H, m, H- 5), 5.35 - 5.33 (1H, dd, J = 3.0, 8.4 Hz,
H-37),5.29 - 5.26 (1H, m, -OH), 5.08 - 5.02 (2H, m, H-6"), 5.01 (2H, s, Hap-3), 4.20
(1H, d, J= 5.4 Hz, H-27), 3.72 - 3.68 (1IH, m, Ha - 6 "), 3.68 - 3.62 (IH, m, Ha - 6),
3.62 (3H, s, -OCHz3), 2.78 - 2.73 (1H, m, Hs-4"7), 2.70 - 2.61 (1H, m, Hp-4"), 1.81
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(3H, s, CHa3).

BC-NMR (DMSO-d6, 150 MHz) 6¢:181.3 (C-10), 179.0 (C-5), 175.7 (C-1),
169.4 (C-1), 163.7 (C-4""), 156.6 (C-3a), 155.6, 150.4 (C-27"), 142.7, 140.8, 136.2,
135.6,135.3 (C-8), 135.1, 133.6 (C-7), 131.5 (C-9a), 129.9 (C-5a), 126.2 (C-6), 126.1
(C-9), 122.9, 122.8, 117.0 (C-10a), 112.8, 111.8 (C-11a), 109.5 (C-57"), 108.5, 84.5
(C-27), 83.9 (C-57), 66.3 (C-3), 60.6 (C-6"), 59.1 (C-3"), 55.4 (-OCH3), 48.0 (C-
11),37.0 (C-47), 35.8 (C-6"), 12.2 (C-77).

Hop chit 182h: 5’ 6"-difluoro-1"-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)- 3 H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2",5,10(4H)-tetraone

Chét ran dang bot, mau nau cam, nhiét 4o ndng chay 246 - 247 °C, hiéu suat: 66%

IR (KBr) Vmaxem: 3242, 2925, 1666, 1624, 1594, 1497, 1455, 1397, 1334,
1300, 1269, 1096, 1079, 1041, 1011, 956, 770, 723, 615, 560.

"H-NMR (DMSO-ds, 600 MHz) 6x: 11.32 (1H, s, -NH Thymidine)), 11.06 (1H, s,
-NH podophyliotoxin)), 8.23 (1H, d, J = 6.6 Hz, H-6), 8.10 - 8.08 (1H, m, H-5"), 7.84 -
7.79 (4H, m, H-7, H-8, H-9, H-6 ), 7.44 - 7.41 (1H, m, H-5"), 7.25 - 7.22 (1H, m, H-
8), 6.41 - 6.38 (1H, m, H-57), 5.38 - 5.35 (1H, m, H-3"), 5.29 - 5.26 (1H,m, -OH),
5.12-5.03 (2H, m, H-6"), 5.01 (2H, s, Hap-3), 4.22 - 4.19 (1H, m, H-2"), 3.71 - 3.69
(1H, m, Ha- 6 ), 3.65-3.60 (1H, m, Hp- 6 ), 2.78 - 2.74 (1H, m, Hy-4 "), 2.68 - 2.65
(1H, m, Hy-4"), 1.81 (3H, s, CH3).

BC-NMR (DMSO-d6, 150 MHz) é¢: 181.3 (C-10), 178.9 (C-5), 176.1 (C-1)),
169.3 (C-1), 163.7 (C-47"), 156.8 (C-3a), 150.4 (C-27"), 149.2, 142.1, 141.2, 138.7,
136.2,135.2 (C-8), 133.7 (C-7),131.6 (C-9a), 130.1, 130.0 (C-5a), 126.2 (C-6), 126.1
(C-9), 123.1, 123.0, 116.3 (C-10a), 114.3, 109.5 (C-11a), 109.1 (C-57"), 84.5 (C-27),
83.9 (C-57), 66.5 (C-3), 60.5 (C-6"), 59.1 (C-37), 47.9 (C-11),37.0 (C-47"), 35.8 (C-
67), 123 (C-77).

Hop chat 182i: 7-fluoro-1"-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)- 1H- 1,2, 3-triazol-4-yl)methyl)-3H-
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spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2,5,10(4H)-tetraone
Chat ran dang bot, mau do cam, nhiét 4o nong chay 239 - 240 °C, hiéu suat: 82%
IR (KBr) Vmaxem: 3242, 2924, 1705, 1663, 1587, 1508, 1475, 1335, 1240,
1181, 1095, 1041, 1022, 1003, 861, 763, 719, 669, 575.

"H-NMR (DMSO-d6, 600 MHz) Jx: 11.31 (1H, s, -NHthymidine)), 11.12 (1H, s,
-NH podophyliotoxin)), 8.1 (1H, d, J = 12.6 Hz, H-6), 8.10 - 8.08 (1H, m, H-5"), 7.86 -
7.80 (4H, m, H-7, H-8, H-9, H-6 ), 7.15 - 7.09 (1H, m, H6, H-8"), 6.98 - 6.94 (1H,
m, H- 7)), 6.41 - 6.38 (1H, m, H-5"), 5.37 - 5.35 (1H, m, H-3"), 5.28 - 5.25 (1H,td, J
=5.4Hz, 11.4 Hz, -OH), 5.20 - 5.15 2H, m, H-6"), 5.13 - 5.02 (2H, m, Hap-3), 4.21
-4.19 (1H, m, H-2"), 3.72 - 3.69 (1H, m, Ha - 6 ), 3.65 - 3.62 (1H, m, Hp-4"), 2.78
-2.74 (1H, m, Hy-47), 2.70 - 2.65 (1H, m, Hp-4 "), 1.81 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) dc¢: 181.4 (C-10), 178.9 (C-5), 176.0 (C-1)),
169.3 (C-1), 163.7 (C-47"), 156.8 (C-3a), 150.4 (C-27"), 147.04 (1C, d, J = 246.5 Hz,
C-F) 143.5, 140.9, 137.1, 136.2, 135.2 (C-8), 133.8 (C-7), 131.3 (C-9a), 129.9 (C-
Sa), 128.3,126.2 (C-6), 126.1 (C-9), 123.4,122.5, 122.4,120.7, 116.7 (C-10a), 116.6
(C-11a), 109.5 (C-57), 84.6 (C-27), 83.9 (C-57), 66.5 (C-3), 60.6 (C-6"), 59.1 (C-
37), 47.8 (C-11),37.9 (C-47),37.0 (C-67), 12.2 (C-77).

Hop chit 182j: 1'-((1-(2-(hydroxymethyl)-5-(5-methy!l-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)-5-
(trifluoromethoxy)-3H-spiro[benzo[g]furo/3,4-b]quinoline-11,3 -indoline]-1,2" 5, 10(4H)-
tetraone

Chét rin dang bdt, mau nau den, nhiét do nong chay 131 - 132 °C, hi¢u suat: 65%

IR (KBr) Vmaxem™: 3227, 1663, 1594, 1491, 1398, 1334, 1301, 1250, 1215,
1168, 1097, 1041, 1015, 955, 880, 791, 723, 698, 663, 554.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.32 (1H, s, -NHthymidine)), 11.09 (1H, s,
-NHpodophyliotoxin)), 8.21 (1H, d, J = 6.0 Hz, H-6), 8.10 - 8.09 (1H, dd, J= 3.0, 7.8 Hz,
H-57), 7.84 - 7.80 (4H, m, H-7, H-8, H-9, H-6""), 7.34 (1H, s, H-5), 7.25 (1H, t, J =
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0.6,7.8 Hz, H-8'), 7.15 (1H, d, J= 7.8 Hz, H- 6), 6.41 — 6.38 (1H, m, H-5"), 5.37 -
5.35(1H, dd, J= 5.4, 8.4 Hz, H-3"), 5.28 - 5.25 (1H, dd, J = 5.4, 12.0 Hz, -OH), 5.11
(2H, dd, J=3.0, 16.2 Hz, H-6"), 5.04 (2H, s, Hap-3), 4.21 - 4.19 (1H, m, H-2"), 3.72
-3.68 (1H, m, Ha-67),3.65-3.60 (1H, m, Hy - 6™), 2.78 - 2.74 (1H, m, Ha-4 "), 2.68
-2.65 (1H, m, Hy-4™), 1.81 (3H, s, CH;).

BC-NMR (DMSO-ds, 150 MHz) 6¢: 181.3 (C-10), 178.9 (C-5), 176.1 (C-1)),
169.3 (C-1), 163.7 (C-47"), 156.9 (C-3a), 150.4 (C-27"), 143.9, 142.3, 141.2,, 141.0
136.2,135.8 (C-8), 135.2 (C-7),133.7,131.3 (C-9a), 130.0 (C-5a), 126.2 (C-6), 126.1
(C-9),123.1,123.0, 121.6,119.2, 118.1 (C-10a), 116.4 (C-11a), 109.5 (C-57"), 109.1,
84.5(C-27), 83.9(C-57), 66.5 (C-3),60.6 (C-6 ), 59.1 (C-37), 47.9 (C-11), 37.0 (C-
47),35.8(C-6),12.2(C-77).

Hop chat 182k: 5'7-dibromo-1"-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H-1,2,3-triazol-4-yl)methyl)- 3 H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2,5,10(4H)-tetraone

Chat ran dang bot, mau nau do, nhiét d6 nong chay 160 - 161 °C, hiéu suat: 72%

IR (KBr) Vmaxem: 3147, 1666, 1593, 1497, 1398, 1332, 1300, 1269, 1180,
1158, 1078, 1096, 1041, 1016, 973, 861, 770, 724, 597, 552

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.37 (1H, s, -NH thymidine)), 11.20 (1H, s,
'NH(podophyl]otoxin)), 825 (lH, d, J: 126 HZ, H'6), 816 - 815 (lH, m, H‘S”), 795 -
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7.86 (4H, m, H-7, H-8, H-9, H-6 "), 7.70 (1H, t, J= 1.8 Hz, H-8), 7.62-7.61 (1H, t, J
=1.8 Hz, H-6), 6.46 - 6.43 (1H, m, H-5"), 5.50 (2H, dd, J = 16.2, 33.6 Hz, -OH, H-
37),5.43-5.40 (1H, m, Ho-6"), 5.35 - 5.32 (1H, m, Hy-6"), 5.12 (2H, s, Hap-3), 4.26
-4.23 (IH,m, H-27),3.79-3.74 (1H, m, Ha- 6 ), 3.71 - 3.67 (1IH, m, Hy - 6 ), 2.81
-2.78 (1H, m, H,-47), 2.74 (1H, dd, J = 7.2, 14.4 Hz, Hy-4"), 1.86 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) 6¢: 181.6 (C-10), 178.8 (C-5), 176.7 (C-1)),
169.5 (C-1), 163.7 (C-4"), 157.2 (C-3a), 150.4 (C-27"), 144.2, 141.3, 139.2, 138.8,
136.2, 135.6 (C-8), 135.2 (C-7), 133.9, 131.4 (C-9a), 130.1 (C-5a), 127.2, 126.3 (C-
6),126.2 (C-9),122.7,122.6,116.1 (C-10a), 115.0 (C-11a), 109.6 (C-57"), 101.7, 84.6
(C-27), 83.9 (C-57), 66.7 (C-3), 60.6 (C-6 "), 59.1 (C-37), 47.6 (C-11), 37.8 (C-47),
37.1(C-6"),12.2 (C-77).

Hop chit 1821: 46 dichloro-1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3 -indoline[-1,2", 5,1 0(4H)-tetraone

Chét rin dang bot, mau nau, nhiét do néng chay 280 - 281 °C, hiéu suét: 83%.

IR (KBr) Vmaxem: 3199, 1666, 1599, 1497, 1476, 1435, 1332, 1300, 1269,
1180, 1093, 1041, 1012, 960, 911, 888, 776, 721, 688, 600, 544.

"H-NMR (DMSO-ds, 600 MHz) dx: 11.32 (1H, s, -NH(thymidine)), 11.32 (1H, s,
-NH podophyllotoxin)), 8.23 (1H, d, J = 5.4 Hz, H-6), 8.09 (1H, dd, /= 3.0, 4.8 Hz, H-5"),
7.86 - 7.81 (4H, m, H-7, H-8, H-9, H-6"), 7.31 (1H, t, J = 1.2, 3.0 Hz, H-5)), 7.12
(1H, t, J = 2.4, 3.6 Hz, H-7), 6.41-6.39 (1H, m, H-5"), 5.39 - 5.37 (1H, m, H-3"),
5.28 - 5.25 (1H, m, -OH), 5.14 - 5.09 (2H, m, H-6"), 5.07 (2H, s, Hap-3), 4.22 (1H,
m, H-27),3.73 -3.68 (IH,m, Ha- 6 "), 3.65 - 3.59 (1IH, m, Hy- 6 "), 2.79 - 2.74 (1H,
m, Ha-47), 2.70 - 2.51 (1H, m, Hy-4"), 1.81 (3H, d, J = 1.2 Hz, CHs-thymind).

0]
HaC
3 \kaH
HOL o 2Ry
..O ~ 5"
f ; 4;
5

I3C-NMR (DMSO-ds, 150 MHz) 5¢: 181.2 (C-10), 178.5 (C-5), 175.3 (C-1),
169.0 (C-1), 163.7 (C-4™"), 158.1 (C-3a), 150.4 (C-2""), 144.9, 141.8, 141.7, 136.2
(C-6"), 135.2 (C-8), 134.3, 133.9 (C-7), 131.0 (C-9a), 130.5, 129.7, 127.3, 126.4 (C-
6), 126.2 (C-9), 123.1, 123.0, 122.1, 114.7 (C-10a), 109.5 (C-5""), 108.4 (C-11a),
84.5(C-2"), 83.9 (C-5"), 66.4 (C-3), 60.5 (C-6"), 59.0 (C-3™), 47.7 (C-11), 37.0 (C-
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47),35.8(C-6),12.1 (C-77).

Hop chit 182m: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-5-iodo-
3H-spiro[benzo[g]furo[3,4-b]quinoline- 11,3 -indoline]-1,2" 5, 10(4H)-tetraone

Chat ran dang bot, mau cam, nhiét d6 nong chay: 206 - 207 °C, hiéu suat: 67%

IR (KBr) Vmaxem: 3210, 1666, 1599, 1497, 1477, 1398, 1333, 1300, 1269,
1178, 1078, 1041, 1017, 964, 880, 813, 768, 722, 693, 550, 528.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.32 (1H, s, -NHthymidine)), 11.06 (1H, s,
-NHpodophyliotoxin)), 8.20 (1H, d, J = 6.6 Hz, H-6), 8.10 - 8.08 (1H, m, H-5"), 7.84 -
7.81 (4H, m, H-7, H-8, H-9, H-6""), 7.57 2H, t, J = 1.2, 7.8 Hz, H-5", H-8), 6.89
(1H,dd,J=1.2,8.4 Hz, H-6), 6.41 - 6.38 (1H, m, H-57), 5.36 (1H, dd, J=5.4, 8.4
Hz, H-3"7), 5.26 (1H, br, -OH), 5.09 (1H, dd, J = 15.6, H.-6"), 5.04 (1H, d, J=15.6
Hz, Hp-6"), 5.02 (2H, s, Hap-3), 4.20 (1H, dd, J=3.6, 8.4 Hz, H-2"), 3.70 (1H, dd, J
=3.0,9.6 Hz, H. - 67), 3.64 - 3.60 (1H, m, Hy - 67), 2.75 (1H, dd, J = 6.6, 13.8 Hz,
H.-47),2.68 (1H, dd, J= 6.0, 13.8 Hz, Hy-4 "), 1.81 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) 6¢: 181.3 (C-10), 178.9 (C-5), 175.5 (C-1)),
169.3 (C-1), 163.7 (C-47"), 156.8 (C-3a), 150.4 (C-27"), 142.3, 141.7, 141.1, 137.2,
136.6, 136.2, 135.1 (C-8), 133.7 (C-7), 132.5, 131.4 (C-9a), 130.0 (C-5a), 126.2 (C-
6),126.1 (C-9), 123.0, 122.9, 116.4 (C-10a), 110.8 (C-11a), 109.5 (C-57), 109.5, 84.5
(C-27), 83.9 (C-57), 66.5 (C-3), 60.5 (C-6 "), 59.1 (C-37), 47.5 (C-11), 37.0 (C-47),
35.7(C-6"),12.2 (C-77).

Hop  chiat 182n: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-7-
(trifluoromethyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3 -indoline]-1,2" 5, 10(4H)-
tetraone

Chat ran dang bot, mau nau xam, nhiét d6 néng chay: 250 - 251 °C, hiéu sut: 74%

IR (KBr) Vmaxem': 3418, 1668, 1593, 1500, 1478, 1454, 1330, 1304, 1271,
1161, 1097, 1043, 1020, 976, 764, 726, 698, 558, 505.
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"H-NMR (DMSO-ds, 600 MHz) dx: 11.30 (1H, s, -NHthymidine)), 11.19 (1H, s,
NHpodophyliotoxiny), 8.11 (2H, m, H-6, H-5"), 7.88 - 7.79 (4H, m, H-7, H-8, H-9, H-
67),7.61 (2H, t,J=7.8 Hz, H6, H-8'), 7.16 (1H, t,J=7.8, H- 7), 6.38 - 6.35 (1H,
dd,J=6.0,9.6 Hz, H-57), 5.32 - 5.30 (1H, dd, J= 4.2, 7.8 Hz, H-3"), 5.25 (1H, br,
_OH), 5.22 - 5.07 (2H, m, H-6"), 5.04 (2H, m, Hay-3), 4.16 (1H, br, H-2"), 3.69 (1H,
br, Ha-67),3.61 (1H, br, Hy-4 "), 2.73 - 2.65 (2H, m, H - 47), 1.80 (3H, s, CHj).

BC-NMR (DMSO-ds, 150 MHz) 6¢: 181.4 (C-10), 178.7 (C-5), 177.8 (C-1)),
169.4 (C-1), 163.6 (C-47"), 156.9 (C-3a), 150.3 (C-27"), 141.2, 139.5, 137.3, 136.1,
135.1 (C-8), 133.8 (C-7), 131.2 (C-9a), 130.0 (C-5a), 129.0 (CF3), 126.3, 126.2 (C-
6), 126.1 (C-9), 124.6, 122.5, 122.4, 122.0, 116.5 (C-10a), 109.8 (C-11a), 109.4,
109.4 (C-57), 84.5 (C-27), 83.8 (C-5"), 66.6 (C-3), 60.6 (C-6"), 59.1 (C-37), 46.1
(C-11),36.9 (C-47),36.9 (C-6), 12.1 (C-77).

Hop chit  1820: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-y)tetrahydrofuran-3-yl)-1H-1,2, 3-triazol-4-yl)methyl)-5"-methyl-
3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2" 5, 1 0(4H)-tetraone

Chét rin dang bdt, mau do nhat, nhiét do nong chay 355 - 356 °C, hiéu suat: 71%

IR (KBr) Vmaxem™: 3386, 2924, 1665, 1599, 1495, 1333, 1300, 1300, 1268,
1182, 1041, 1016, 789, 723, 697, 555.

'H-NMR (DMSO-ds, 600 MHz) 5x: 11.32 (1H, s, -NH(Thymidine)), 11.06 (1H, s,
“NH podophyllotoxiny), 8.20 (1H, d, J = 6.6 Hz, H-6), 8.10 - 8.08 (1H, m, H-5"), 7.84 -
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7.80 (4H, m, H-7, H-8, H-9, H-6"), 7.02 (2H, t, J = 4.0, 7.8 Hz, H-6, H-8), 6.87
(1H, dd, J=2.4,7.8 Hz, H-5), 6.40 - 6.38 (1H, m, H-5"), 5.36 - 5.33 (1H, m, H-3"),
5.27 - 5.25 (1H, m, -OH), 5.09 - 5.64 (2H, m, H-6"), 5.03 (2H, s, Hap-3), 4.19 (1H,
dd,J=3.0,84Hz, H-2"),3.69 (1H,t,J=2.4,48 Hz, H.- 6 ), 3.62 (1H, d,J= 5.4
Hz, Hy- 67), 2.75-2.68 (1H, m, Ho-4"), 2.67 - 2.61 (1H, m, Hy-4"), 2.16 (3H, s,
CHzs-isatin). 1.80 (3H, d, J = 1.2 Hz, CH3-thymind).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.3 (C-10), 179.0 (C-5), 175.9 (C-1)),
169.4 (C-1), 163.7 (C-47"), 156.5 (C-3a), 150.4 (C-27"), 142.7 (C-4a), 140.8, 139.5,
136.2 (C-67), 135.1 (C-8), 134.5 (C-7), 133.7, 131.4 (C-9a), 129.9 (C-5a), 128.8,
126.2 (C-6), 126.1(C-9a), 124.9, 122.9, 122.8, 117.1 (C-10a), 109.6 (C-11a), 108.1
(C-57),84.5(C-27),83.9(C-57), 66.3 (C-3), 60.6 (C-6), 59.1 (C-37), 47.6 (C-11),
37.1 (C-47"),36.98 (C-6"), 20.5 (-CH3 isatin), 12.2 (C-77).

Hop chit 182p: 1'-((1-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl)-1H- 1,2, 3-triazol-4-yl)methyl)-5",7 -
dimethyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3 “indoline]-1,2" 5,10(4H)-tetraone

Chat ran dang bot, mau do cam, nhiét 4o nong chay 268 - 269 °C, hiéu suat: 69%

IR (KBr) Vmaxem: 2923, 1664, 1594, 1497, 1477, 1332, 1300, 1268, 1179,
1041, 1011, 769, 722, 663, 559.

"H-NMR (DMSO-ds, 600 MHz) J: 11.31 (1H, s, -NHThymidine)), 11.05 (1H, s,
-NH podophyllotoxin)), 8.22 (1H, d, J = 6.6 Hz, H-6), 8.10 - 8.08 (1H, dd, J = 3.0, 7.2, H-
57), 7.85 - 7.80 (4H, m, H-7, H-8, H-9, H-6""), 6.87 (1H, s, H-8), 6.78 (1H, s, H-6),
6.39 (1H, d, J=4.8 Hz, H-57), 5.36 - 5.33 (1H, m, H-37), 5.28 - 5.26 (1H, m, -OH),
5.26 -5.22 (2H, m, H-6), 5.03 (2H, s, Hap-3), 4.20 (1H, t, J=4.2 Hz, H-2"), 3.72 —
3.69 (1H, m, Ha-67), 3.65 -3.63 (1H, m, Hy- 67), 2.77 - 2.74 (1H, m, Ha-4"), 2.70
- 2.65 (1H, m, Hy-4"), 2.40 (3H, d, J = 10.2 Hz, CH3 -isatin), 2.14 (3H, s, CH3-isatin).
1.80 (3H, d, J = 1.2 Hz, CH3-thymind).

BC-NMR (DMSO-ds, 150 MHz) ¢: 181.2 (C-10), 179.0 (C-5), 177.0 (C-1)),
169.4 (C-1), 163.7 (C-4""), 156.5 (C-3a), 144.8 (C-2""), 144.7 (C-4a), 137.2, 136.2
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(C-67), 135.6 (C-8), 133.7 (C-7), 132.8, 131.4 (C-9a), 131.3, 129.8 (C-5a), 126.1 (C-
6), 123.0(C-9a), 122.9, 118.1, 117.4 (C-10a), 109.5 (C-11a), 101.0 (C-57"), 84.5 (C-
27),83.9(C-57), 66.3 (C-3),60.6 (C-67),59.2 (C-37),47.1 (C-11),39.0(C-47), 37.0
(C-6"),20.2, (-CH3 isatin), 18.0 (- CH3isatin ), 12.2 (C-77).

2.5. Quy trinh tong hop cic din xuit podophyllotoxin-isatin vé6i Erlotinib (184a-¢)

Quy trinh chung thwe hi¢n phén irng domino: Hon hop phan tng gdm: 2-
amino-1,4-naphthoquinone (1 mmol) (36), acid tetronic (1 mmol) (51) va (1 mmol)
lan Iwot v&i cac dan xuét cia isatin bao gom cac hop chat (169a-e) thém 3 ml acid
acetic khan va 20 mol% ciia p-TsOH (0.02 mmol). Thyc hién phan ng trong thiét bi
gia nhiét vi song AntonParr, duy tri nhiét d¢ ¢ 110 °C trong thoi gian 30 phut. Phan
ung két thuc, dua hé vé nhiét do phong, thém 20 ml nudc cat, chiét 3 lan voi
dichloromethan (3x20 ml). Sir dung CaCl, hodc Na>SO4 loai nudc trong dich chiét,
cit quay loai dung méi thu dugc san pham tho. Tién hanh phéan lap bang sic ky cot
pha thuan, st dung h¢ dung mo6i CH2Clz - CH3COOC:Hs (ty 1¢ 8:2) thu dugc san
pham sach du diéu kién dé thuc hién budc phan tng tiép theo

Quy trinh chung thuc hién phdn irng click:

Tron hdn hop phan tng gdm: 1 mmol lan luot cac san pham thu duoc & trén
véi 1 mmol Erlotinib, thém 5ml hén hop -BuOH/H,0 (1:1), thém 20% mol (0.02
mol) Cul cling xuc tic DIPEA. Thyc hién phan tmg sir dung thiét bi vi song, thoi gian
tir 1,5 - 2h, sau khi phan tmg két thic, tach, chiét, phan lap sic bang ky cot bang hé
dung moi n-hexan/EtOAc (6:4) thu dugc san pham sach, hiéu suat tir 32 - 55%

Hop chit 184a: (E)-1'-(4-(1-(3-((6, 7-bis(2-methoxyethoxy)quinazolin-4-
vl)amino)phenyl)-1H-1,2,3-triazol-4-yl)but-2-en-1-yl)-5"-bromo-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Chét rin dang bot, mau d6 cam, nhiét 4o néng chay 261 - 262 °C, hiéu suat: 41%

IR (KBr) Vmaxem': 3428, 2958, 2928, 1726, 1668, 1636, 1602, 1505, 1480,
1458, 1383, 1334, 1299, 1274, 1123, 1072, 1041, 1023, 725.

N7 O\/\o/
k\N | o ™0

'H-NMR (DMSO-ds, 600 MHz) 87: 11.06 (1H, s, -NHpodophyliotoxin), 950 (1H,
s, NHertotiniv), 8.46 (1H, s), 8.46 (1H, s), 8.26 (1H, t, J = 1.8, 3.6 Hz), 7.99 (1H, d, J
— 0.6 Hz), 7.89 (1H, s), 7.86 - 7.85 (1H, m), 7.73 - 7.66 (3H, m), 7.52 - 7.50 (1H, m),
7.44 -7.43 (1H, m), 7.42 - 7.40 (2H, m), 7.21 (1H, d, J = 8.4 Hz), 6.32 (1H, J = 15.6
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Hz), 5.91 (1H, J=15.6 Hz), 5.12 (2H, d, J = 6.0 Hz), 4.99 (2H, s), 4.45 (2H, d, J =
3.6 Hz), 4.39 - 4.29 (4H, m), 3.80 - 3.78 (2H, m), 3.77 - 3.75 (2H, m), 3.37 (3H, s),
3.36 3H, s).

BC-NMR (DMSO-ds, 150 MHz) dc¢: 181.3, 178.2, 175.9, 169.3, 156.8, 156.3,
152.9, 148.1, 146.9, 146.4, 141.6, 141.6, 140.3, 136.5, 134.9, 133.5, 131.3, 131.2,
130.9, 129.9, 128.9, 128.3, 127.1, 126.2, 126.0, 125.9, 121.6, 121.0, 120.2, 120.2,
118.7, 116.4, 114.1, 110.4, 108.9, 108.2, 103.3, 100.3, 70.1, 70.0, 68.4, 68.0, 66.4,
58.3, 58.3,50.9,47.7, 40.1.

Hop chat 184b: (E)-1'-(4-(1-(3-((6, 7-bis(2-methoxyethoxy)quinazolin-4-
yl)amino)phenyl)-1H-1,2,3-triazol-4-yl)but-2-en-1-yl)-5', 7'-dibromo-3 H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Chat ran dang bot, mau nau do, nhiét do mp: 242 - 243 °C, hiéu suat: 36%

IR (KBr) Vmaxem: 2927, 1720, 1668, 1622, 1591, 1498, 1480, 1452, 1427,
1395, 1330, 1299, 1269, 1127, 1076, 1041, 1020, 972, 926, 860, 787, 770, 723, 550.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.06 (1H, s, -NHpodophyllotoxin), 9.51 (1H,
S, -NHerlotiniv), 8.48 (1H, d), 8.45 (1H, d), 8.26 (1H, s), 7.97 (1H, dd, J=4.2, 7.2 Hz),
7.89 (1H,s), 7.86 - 7.84 (1H, m), 7.73 - 7.71 (2H, m), 7.67 - 7.63 (2H, m), 7.52 - 7.51
(2H, m), 7.43 (1H, t,J="7.8, 15.6 Hz), 7.21 (1H, s), 6.29 (1H, J= 15.6 Hz), 6.05 (1H,
J=15.6 Hz), 5.13 (2H, d, J=6.0 Hz), 5.01 (2H, s), 4.75 (2H, d, J=13.2 Hz), 4.32 -
4.29 (4H, m), 3.80 - 3.77 (2H, m), 3.77 - 3.76 (2H, m), 3.38 (3H, s), 3.36 (3H, s).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.4, 178.6 176.6, 169.2, 156.9, 156.2,
153.7, 152.9, 148.0, 146.8, 146.3, 141.2, 140.0, 139.2, 139.2, 135.4, 134.9, 133.6,
131.2, 130.9, 130.5, 130.0, 128.9, 127.0, 126.1, 125.9, 125.1, 121.6, 120.9, 120.1,
120.1, 118.6, 116.1, 114.7, 108.9, 108.2, 103.3, 101.5, 100.8, 70.1, 70.0, 68.4, 68.0,
66.4, 58.3,58.3,51.2,47.6,42.2.

Hop chéat 184c: (E)-1'-(4-(1-(3-((6, 7-bis(2-methoxyethoxy)quinazolin-4-
yvl)amino)phenyl)-1H-1,2,3-triazol-4-yl)but-2-en-1-yl)-7'-fluoro-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Chét ran dang bot, mau nau xam, nhiét do mp: 224 - 225 °C, hi¢u suat: 48%

IR (KBr) Vmaxem™: 2933, 1716, 1668, 1625, 1586, 1498, 1427, 1395, 1332,
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1300, 1269, 1239, 1122, 1075, 1041, 1023, 927, 859, 785, 772, 722, 553.

"H-NMR (DMSO-ds, 600 MHz) Jx: 11.05 (1H, s, -NHpodophyllotoxin), 9.50 (1H,
s, NHertotnis), 8.45 (1H, 5), 8.44 (1H, 5), 8.23 (1H, t, /= 1.8, 3.6 Hz), 7.98 - 7.96 (1H,
dd, J = 2.4, 6.6 Hz), 7.90 (1H, s), 7.85 - 7.84 (1H, dd, J = 1.8, 7.2 Hz), 7.72 - 7.70
(2H, m), 7.67 - 7.65 (2H, m), 7.52 - 7.51 (1H, m), 7.42 (1H, t, J = 7.8, 15.6 Hz), 7.20
(1H, s), 7.14 - 7.11 (1H, m), 7.05 (1H, dd, J = 1.2, 7.2 Hz), 6.95 - 6.91 (1H, m), 6.31
(1H, t,J=9.0, 15.6 Hz), 6.01 (1H, J=4.8, 15.6 Hz), 5.13 (2H, d, J = 6.0 Hz), 5.00
(2H, dd, J = 4.2, 16.8 Hz), 4.52 (2H, t, J = 4.2, 9.6 Hz), 4.31 - 429 (4H, m), 3.80 -
3.75 (4H, m), 3.37 (3H, s), 3.36 (3H, s).

N* | OV\O/
k\N 0O

BC-NMR (DMSO-ds, 150 MHz) dc¢: 181.3, 178.7 175.9, 169.2, 156.6, 156.2,
148.0, 146.9, 146.8, 146.3 (2C), 145.3, 140.9, 140.0, 137.2, 134.9, 133.6, 131.2,
130.9, 129.8, 129.6, 128.9, 128.7, 128.7, 126.0, 125.9, 123.2, 121.6, 120.9, 120.6,
120.1, 118.6, 116.7, 116.5, 108.9, 108.2, 103.3, 100.5, 70.1, 70.0, 68.4, 68.0, 66.4,
58.3,58.3,50.9,47.8, 42.9.

Hop  chit  184d: (E)-1"-(4-(1-(3-((6,7-bis(2-methoxyethoxy)quinazolin-4-
vl)amino)phenyl)-1H-1,2,3-triazol-4-yl)but-2-en-1-yl)-5',7"-dimethyl-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3-indoline]-1,2".5, 10(4H)-tetraone

Chét rin dang bdt, mau xam, nhi€t do ndng chay 290 - 291 °C, hiéu suat: 55%

IR (KBr) Vmavem': 3383, 2931, 1751, 1668, 1626, 1594, 1502, 1446, 1393,
1332, 1300, 1240, 1206, 1123, 1072, 1040, 1025, 926, 858, 786, 721.

'H-NMR (DMSO-ds, 600 MHz) 61 10.92 (1H, s, -NHpodophyliotoxin), 9.58 (1H,
s, -NHerlotiniv), 8.49 (1H, t, J= 4.2, 7.2 Hz), 8.48 (1H, s), 8.25 - 8.23 (1H, m), 7.97 -
7.94 (1H, m), 7.91 (1H, s), 7.85 - 7.83 (1H, d, J= 9.0 Hz), 7.72 - 7.67 (2H, m), 7.66
- 7.64 (1H, m), 7.54 - 7.53 (1H, dd, J = 0.6, 7.8 Hz), 7.43 (1H, t, J = 7.8, 15.6 Hz),
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7.22 (2H, s), 6.82 (1H, d, J= 6.0 Hz), 6.79 (1H, d, J = 1.2 Hz), 6.39 - 6.35 (1H, m),
6.06 - 6.03 (1H, m), 5.12 (2H, d, J= 6.0 Hz), 4.97 (2H, s), 4.58 (2H, br), 4.32 - 4.29
(4H, m), 3.80 - 3.76 (4H, m), 3.37 (3H, s), 3.36 (3H, s), 2.49 (3H, -CH3 isatin), 2.10
(3H, -CH3 isatin).

BC-NMR (DMSO-ds, 150 MHz) é¢: 181.1,178.9, 177.0, 169.3, 156.3, 156.1,
153.6, 152.7, 148.1, 146.3, 140.6, 139.9, 137.9, 135.6, 134.9, 134.0, 133.5, 132.8,
131.3, 131.2, 131.2, 131.0, 129.8, 129.0, 126.0, 125.9, 124.8, 122.9, 121.7, 121.1,
120.2, 118.8, 118.7, 118.0 117.4, 107.9, 103.3, 101.2, 70.1, 70.0, 68.4, 68.0, 66.4,
58.4,58.3,51.0,47.1, 42.9, 20.1, 17.7.

Hop chat 184e: (E)-1-(4-(1-(3-((6,7-bis(2-methoxyethoxy)quinazolin-4-
vl)amino)phenyl)-1H-1,2,3-triazol-4-yl)but-2-en-1-yl)-5',6'-difluoro-3H-
spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2",5,10(4H)-tetraone

Chét ran dang bot mau vang nhat, nhiét do mp: 266 - 267 °C, hi¢u suat: 32%

IR (KBr) Vmaxem': 2934, 1720, 1668, 1622, 1585, 1497, 1427, 1395, 1332,
1299, 1269, 1239, 1122, 1076, 1040, 1023, 927, 859, 787, 770, 721, 544.

"H-NMR (DMSO-d6, 600 MHz): 6 11.05 (1H, s, -NHpodophyliotoxin), 9.54 (1H,
S, -NHerotinib), 8.48 (2H, s), 8.26 (1H, s), 8.00 (1H, d, J= 7.8 Hz), 7.91 (1H, br), 7.85
(1H,t,J=1.8,6.0 Hz), 7.74 - 7.69 (2H, m), 7.51 (1H, d, /= 7.8 Hz), 7.44 - 7.38 (2H,
m), 7.22 - 7.17 (2H, m), 6.33 (1H, t, J= 1.8, 14.4 Hz), 5.90 (1H, dd, /= 4.8, 9.6 Hz),
5.13 (2H, d, J = 6.0 Hz), 5.00 (2H, d, J = 8.4 Hz), 4.45 (2H, br), 4.31 (4H, dd, J =
4.8, 6.0 Hz), 3.80 - 3.76 (4H, m), 3.38 (3H, s), 3.36 (3H, s).

BC-NMR (DMSO-d6, 150 MHz) dé¢: 181.3, 178.8, 176.20, 169.3, 156.7,
156.3, 153.6, 152.8, 148.1, 146.4, 141.0, 139.9, 139.1, 134.9, 134.9, 134.0, 133.5,
131.3, 130.9, 130.1, 128.9, 128.2, 126.0 (2C), 125.9, 121.6, 121.1, 120.0, 118.8,
118.7, 116.3, 114.2, 114.0, 108.1, 103.3, 100.1, 70.1, 70.0, 68.4, 68.0, 66.4, 58.4,
58.3,50.8,47.6,41.0, 20.1, 17.7.

2.6. Tong hop cac din xuét indole-pyrano[2,3-d] pyrimidine (188a-1)

Hon hop gdm: N-acetylindoxyl (185) (1.0 mmol), malononitrile (81) (1.0
mmol), NHsOAc (29) (0.2 mmol) va lan luot cic aldehyde thom twong tng (186a-1).
Thém 10 ml ethanol, tién hanh phan tng trong thiét bi vi song ¢ 78 °C, trong thoi
gian 40 phat. Sau khi phan tmg két thuc, tiép tuc cho thém anhydride acetic (3.0
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mmol) va 0.4 mmol H2SO4, sau d6 nang nhi¢t o phan trng 1én 120 °C trong thoi gian
15 phut. Két thuc phan tng, thém 20 ml nude cat, lac déu. Sir dung dichloromethane
(3 1an x 20ml) dé chiét hdn hop sau phan tng. Dich chiét hitu co dugc 1am khan bang
Na2SOq, str dung thiét bi cit quay chan khong loai bo dung méi thu duoc san pham thé.
Tach chit bang sic ky cot silicagel véi hé dung moi rira giai n-hexane- acetone (ty 18
1: 1 vé thé tich) thu dugc cac dan xuat cua indole-pyrano[2,3-d] pyrimidine tuong (mg
(188a-1), hiéu suat phan tng dat: 65-78 %

Hop chit 188a: 6-Acetyl-5-(3-methoxyphenyl)-2-methyl-35, 6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét ran dang bot mau trang, nhiét d6 nong chay: 370 - 371 °C, hiéu suat: 68%

IR (KBr) Vmaxem™: 2832, 1704, 1658, 1637, 1605, 1578, 1483, 1458, 1437,
1417, 1388, 1370, 1321, 1300, 1247, 1214, 1154, 1106, 1053, 1036, 1001, 955, 788,
744, 700, 602.

"H-NMR (DMSO-ds, 600 MHz) é4: 12.53 (1H, s, NH), 8.04 (1H, d, J = 7.2
Hz), 7.73 (1H, dd, J= 7.2, 1.2 Hz), 7.44 (1H, td, J= 7.2, 1.2 Hz), 7.40 (1H, td, J =
7.2,1.2 Hz), 7.14 (1H, t, J=7.8 Hz), 6.80 (1H, t, /= 2.4 Hz), 6.74 (1H, dd, /= 7.8,
2.4 Hz), 6.68 (1H, d, J = 7.8 Hz), 5.78 (1H, s), 3.66 (3H, s, OCH3), 2.62 (3H, s,
CH3CO), 2.29 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 169.5, 162.5, 160.3, 158.9, 158.4, 144.2,
136.0, 133.5, 129.3, 125.9, 123.7, 120.2, 119.7, 119.1, 116.9, 115.9, 114.8, 111.5,
101.0, 54.9, 37.0, 26.6, 20.8.

HR-ESI-MS: m/z 402.1450 [M+H]", tinh toan theo 1y thuyét [C23H20N304]":
402.1448.

Hop chit 188b: 6-Acetyl-5-(4-bromophenyl)-2-methyl-35, 6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

San phém dang bot mau tréng, nhiét dd mp: 374 - 375 °C, hiéu suét: 72%
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IR (KBr) Vmaxem™: 2956, 2925, 2855, 1727, 1707, 1657, 1637, 1604, 1572,
1481, 1460, 1420, 1373, 1297, 1268, 1214, 1137, 1071, 1035, 1009, 951, 831, 795,
746, 706, 601, 583, 487.

"H-NMR (DMSO-ds, 600 MHz) Jx: 12.55 (1H, s, NH), 7.98 (1H, d, J = 8.4
Hz), 7.74 (1H, dd,J=8.4, 1.2 Hz), 7.45 (1H, td, J= 8.4, 1.2 Hz), 7.42 (2H, d, J= 8.4
Hz), 7.41 — 7.39 (1H, m), 7.16 — 7.13 (2H, m), 5.78 (1H, s), 2.63 (3H, s, CH3CO),
2.29 (3H, s, CH3).

BC-NMR (DMSO-ds, 125 MHz) d¢: 169.4,162.4, 160.3, 158.5, 142.1, 135.9,
133.3,130.9 (2C), 130.6 (2C), 125.9,123.6, 119.8,119.8, 118.9, 117.0, 115.7, 100.7,
36.9, 26.7, 20.8.

HR-ESI-MS: tim thy m/z 450.0447 va 452.0429 twong ing v6i [M+H]", tinh
toan theo 1y thuyét [C2oH7BrN3Os]*: 450.0448 va 452.0428.

Hop chat 188c: 6-Acetyl-5-(4-chlorophenyl)-2-methyl-35, 6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét rin dang bot mau tring xam, nhiét d6 mp: 372 -373 °C, hiéu suat: 75%

IR (KBr) Vmaxem™: 2991, 2845, 2764, 2707, 2641, 1705, 1654, 1637, 1604,
1572, 1484, 1460, 1421, 1389, 1373, 1325, 1318, 1300, 1267, 1247, 1212, 1192,
1161, 1142, 1104, 1088, 1015, 1000, 949, 832, 798, 760, 751, 746, 712, 704, 671,
645, 602, 583, 557.

"H-NMR (DMSO-ds, 600 MHz) d: 12.37 (1H, s, NH), 7.98 (1H, dd, J = 8.4,
0.6 Hz), 7.74 (1H, dd, J="7.8, 0.6 Hz), 7.43 (1H, td, J= 7.8, 1.8 Hz), 7.39 (1H, td, J
=7.8,0.6 Hz), 7.26 (2H, dt, J=9.0, 2.4 Hz), 7.22 (2H, dt,J = 9.0, 2.4 Hz), 5.80 (1H,
s), 2.61 (3H, s, CH3CO), 2.30 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) dc: 168.8, 162.0, 160.1, 158.0, 141.4, 135.8,
133.2,131.0, 129.7 (2C), 127.6 (2C), 125.4,123.2,119.6, 118.6, 116.6, 115.2, 100.4,
36.5, 26.0, 20.4.

HR-ESI-MS: tim thdy m/z [M+H]": 406.0956, tinh toan theo 1y thuyét
[C22H17CIN303]": 406.0953.

Hop chit 188d: 4-(6-Acetyl-2-methyl-4-oxo0-3,4,5,6-
tetrahydropyrimido[5',4':5,6]pyrano[3,2-b]indole-5-yl)benzonitrile

San phém dang bot mau vang sang, nhiét do mp: 382 - 383 °C, hi¢u suat: 78%

IR (KBr) Vmaxem: 2999, 2923, 2850, 2778, 2705, 2639, 2225, 1705, 1655,
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1635, 1603, 1574, 1499, 1484, 1459, 1420, 1388, 1370, 1318, 1301, 1249, 1215,
1162, 1140, 1104, 1031, 1001, 801, 761, 747, 602, 586.

'H-NMR (DMSO-ds, 600 MHz) 6i: 12.57 (1H, s, NH), 7.93 (1H, d, J = 8.4
Hz), 7.73 (1H, dd, J=7.8, 0.6 Hz), 7.69 (2H, d, J= 8.4 Hz), 7.43 (1H, td, J= 7.8, 0.6
Hz), 7.40 (1H, td, J= 7.8, 0.6 Hz), 7.38 (2H, d, J = 8.4 Hz), 5.84 (1H, s), 2.62 (3H,
s, CH;CO), 2.28 (3H, s, CH3).

13C-NMR (DMSO-ds, 150 MHz) dc: 169.4, 162.4, 160.5, 158.8, 148.2, 136.0,
133.1,131.9 (2C), 129.6 (2C), 125.9, 123.6, 119.8, 118.7, 118.5, 117.1, 115.6, 109.4,
100.3, 37.7, 26.7, 20.9.

HR-ESI-MS: m/z [M+H]": 397.1294 , tinh toan theo 1y thuyét [C23H17N4O3]":
397.1295.

Hop chit 188e: 6-Acetyl-5-(4-methoxyphenyl)-2-methyl-35, 6-
dihydropyrimido[5',4':5,6]pyrano[3,2-b]indole-4(3H)-one
OMe

San ph'flm dang bot mau nau, nhiét do mp: 376 - 377 °C, hi¢u suat: 70%

IR (KBr) Vmaxem': 2934, 2836, 2218, 1705, 1658, 1639, 1606, 1508, 1460,
1423, 1389, 1370, 1300, 1247, 1215, 1193, 1171, 1158, 1108, 1032, 1002, 953, 837,
801, 764, 751, 603, 584.

'H-NMR (DMSO-ds, 600 MHz) dx: 12.51 (1H, s, NH), 8.05 (1H, d, J=7.8
Hz), 7.72 (1H, dd, J = 7.8, 1.2 Hz), 7.43 (1H, td, J = 7.8, 1.2 Hz), 7.40 (1H, td, J =
7.8, 0.6 Hz), 7.09 (2H, dt, J = 8.4, 2.4 Hz), 6.78 (2H, dt, J = 8.4, 2.4 Hz), 5.73 (1H,
s), 3.67 (3H, s, CH30), 2.61 (3H, s, CH;CO), 2.28 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) dc: 169.4, 162.5, 160.0, 158.2, 158.0, 135.8,
134.7,133.5,129.3 (2C), 125.8, 123.7,119.8, 119.5, 116.8, 115.9, 113.5, 101.4 (2C),
55.0, 36.3, 26.5, 20.8.

HR-ESI-MS: tim thdy m/z [M+H]": 402.1436, tinh toan theo ly thuyét
[C23H20N304]": 402.1448).



66

Hop chat 188f: 6-Acetyl-2-methyl-5-(p-tolyl)-5,6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét ran dang bot mau trang, nhiét d6 nong chay: 388 - 389 °C, hiéu suat: 70%

IR (KBr) Vimaxem™ 2995,2932, 2851, 2759, 2705, 2639, 1706, 1657, 1638, 1604,
1574, 1506, 1484, 1459, 1420, 1388, 1372, 1325, 1316, 1301, 1248, 1213, 1160,
1141, 1104, 1033, 1001, 951, 827, 798, 746, 602, 584.

'H-NMR (DMSO-ds, 600 MHz) dx: 12.50 (1H, s, NH), 8.03 (1H, d, J=7.8
Hz), 7.72 (1H, dd, J= 7.8, 1.2 Hz), 7.43 (1H, td, J = 7.8, 1.2 Hz), 7.40 (1H,t,J=7.8
Hz), 7.06 (2H, d, J = 7.8 Hz), 7.02 (2H, d, J = 7.8 Hz), 5.75 (1H, s), 2.60 (3H, s,
CH;CO), 2.28 (3H, s, CH3), 2.20 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) 6¢:168.8, 162.0, 159.9, 157.7, 139.4, 135.7,
135.5,133.4,128.3 (2C), 127.6 (2C), 125.3,123.2,119.5,119.0, 116.4, 115.4, 100.9,
36.4,25.9,20.4, 20.1.

HR-ESI-MS: tim thiy m/z [M+H]" : 386.1505, tinh toan theo ly thuyét:
[C23H20N305]": 386.1499).

Hop chit 188g: 6-Acetyl-2-methyl-5-(4-nitrophenyl)-5,6-
dihydropyrimido[5',4':5,6]pyrano[3,2-b]indole-4(3H)-one

Chét rin dang bot mau ndu, nhiét do nong chay: 383 - 384 °C, hiéu suat: 65%

IR (KBI) Vmaxem: 2923, 2852, 2750, 2703, 2637, 1703, 1657, 1636, 1603,
1574, 1527, 1457, 1423, 1392, 1368, 1348, 1327, 1297, 1253, 1213, 1157, 1108,
1032, 999, 960, 850, 821, 752, 697, 667, 601, 583.

'H-NMR (DMSO-ds, 600 MHz) §x: 12.58 (1H, s, NH), 8.09 (2H, d, J = 8.4
Hz), 7.93 (1H, d, J= 8.4 Hz), 7.76 (1H, d, J= 7.8 Hz), 7.47 (2H, d, J = 8.4 Hz), 7.46
(1H, td, J=7.8, 1.2 Hz), 7.42 (1H, t, J=7.8 Hz), 5.91 (1H, s), 2.63 (3H, s, CH3CO),
2.29 (3H, s, CHs).

BC-NMR (DMSO-ds, 150 MHz) dc: 169.4, 162.4, 160.5, 158.9, 150.2, 146.2,
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139.0,133.2,129.9 (2C), 126.0, 123.7, 123.2 (2C), 119.8, 118.5, 117.1, 115.6, 100.2,
37.7,26.8, 20.9.

HR-ESI-MS: tim thdy m/z [M+H]": 417.1210, tinh toan theo ly thuyét
[C22H17N4Os]": 417.1194).

Hop chit 188h: 6-Acetyl-2-methyl-5-(3-nitrophenyl)-5,6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét ran dang bot mau vang xam, nhiét d6 mp: 382 - 383 °C, hiéu suat: 66%

IR (KBr) Vmaxem: 2774, 1707, 1658, 1601, 1576, 1527, 1459, 1415, 1390,
1366, 1346, 1306, 1252, 1241, 1217, 1145, 1000, 823, 768, 747, 691, 602.

NO,

'H-NMR (DMSO-ds, 600 MHz) dx: 12.57 (1H, s, NH), 8.06 (1H, t, J= 1.8
Hz), 8.02 (1H, dd, J=7.8, 1.8 Hz), 7.93 (1H, d, J= 8.4 Hz), 7.77 (1H, d, J= 7.8 Hz),
7.61 (1H, d, J=8.4 Hz), 7.53 (1H, t, J= 8.4 Hz), 7.47 (1H, td, J = 7.8, 1.8 Hz), 7.43
(1H, t,J=7.8 Hz), 5.91 (1H, s), 2.63 (3H, s, CH3CO), 2.29 (3H, s, CH3).

3C-NMR (DMSO-ds, 150 MHz) c: 169.5, 162.5, 160.5, 159.0, 147.4, 145.0,
136.0, 135.2, 133.1, 129.5, 126.0, 123.7, 123.1, 121.8, 119.8, 118.5, 117.2, 115.7,
100.4, 37.5, 26.8, 20.9

HR-ESI-MS: m/z [M+H]*: 417.1197, tinh toan theo 1y thuyét [C22H17N4Os]":
417.1194.

Hop chit 188i: 6-Acetyl-2-methyl-5-(3-bromophenyl)-3, 6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one
Br

Me\(o
N

Chét ran dang bot mau den, nhiét do mp: 385-386 °C, hi¢u suit: 68%

IR (KBr) Vmaxem™: 3411, 2925, 2854, 2775, 1701, 1657, 1636, 1603, 1576,
1460, 1427, 1372, 1321, 1301, 1248, 1215, 1162, 1106, 1071, 1034, 1001, 950, 787,
740, 696, 671, 602.

"H-NMR (DMSO-ds, 600 MHz) d5: 12.57 (1H, s, NH), 7.97 (1H, d, J = 8.4
Hz), 7.75 (1H, dd,J=7.2,0.6 Hz), 7.46 (1H, td, J= 7.2, 1.2 Hz), 7.42 (1H, t,J = 7.2
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Hz), 7.41 (1H, s), 7.35 (1H, dt,J= 7.8, 1.2 Hz), 7.19 (1H, t, J= 7.8 Hz), 7.11 (1H, d,
J=7.8 Hz), 5.79 (1H, s), 2.64 (3H, s, CH3CO), 2.29 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 169.6, 162.6, 160.6, 158.9, 145.5,136.1,
133.4, 131.2, 130.5, 129.8, 127.4, 126.1, 123.9, 121.3, 119.9, 119.0, 117.2, 115.8,
100.8, 37.3, 26.8, 21.0

Hop chit 188;j: 6-Acetyl-2-methyl-5-(3-nitrophenyl)-35, 6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét ran dang bot mau nau den, nhiét do mp: 386 - 387 °C, hiéu suat: 65%

IR (KBr) Vmaxem™ 3396, 3005, 2864, 1708, 1657, 1634, 1603, 1575, 1535,
1461, 1416, 1367, 1339, 1320, 1308, 1246, 1217, 1160, 1146, 1107, 1027, 1001, 824,
793, 735, 698, 60, 584.

"H-NMR (DMSO-ds, 600 MHz) éx: 12.47 (1H, s, NH), 7.96 (1H, d, J = 8.4
Hz), 7.92 (1H, dd,/J=8.4, 1.2 Hz), 7.74 (1H,d,J= 7.8 Hz), 7.51 (1H,d,J="7.8, 1.2
Hz), 7.46 (1H, td, J= 8.4, 1.2 Hz), 7.41 (1H, t,J=7.8 Hz), 7.38 (1H, td, /= 8.4, 1.2
Hz), 7.19 (1H, d, J=7.8 Hz), 6.72 (1H, s), 2.62 (3H, s, CH3CO), 2.27 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) d¢: 169.2,162.3,160.2, 158.8, 148.6, 136.7,
133.2, 133.0, 131.3, 127.7, 126.1, 124.5, 123.6, 119.6, 117.3, 117.1, 115.6, 100.2,
33.4,26.5, 20.8.

HR-ESI-MS: tim thay m/z [M+H]": 417.1205, tinh toan theo ly thuyét:
[C22H17N40s5]": 417.1194.

Hop chat 188k: 6-Acetyl-2-methyl-5-phenyl-5,6-
dihydropyrimido[5',4':5,6[pyrano[3,2-b]indole-4(3H)-one

San pham dang bot mau nau, nhiét do mp: 384 - 385 °C, hiéu suat: 68%

IR (KBr) Vmavem™ 2998, 2932, 2845, 2768, 2700, 2637, 1705, 1656, 1636,
1603, 1575, 1492, 1453, 1417,1371, 1316, 1301, 1250, 1214, 1194, 1160, 1105, 1031,
1001, 772, 741, 702, 663, 601, 582.

Me\(o
N

'H-NMR (DMSO-ds, 600 MHz) d: 12.34 (1H, s, NH), 8.02 (1H, dd, J=7.8,
1.2 Hz), 7.72 (1H, dd, J = 7.8, 1.2 Hz), 7.42 (1H, td, J= 7.8, 1.2 Hz), 7.39 (1H, td, J
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=17.8, 1.2 Hz), 7.23 — 7.19 (4H, m), 7.15 — 7.12 (1H, m), 5.81 (1H, s), 2.59 (3H, s,
CH3CO), 2.29 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) dc¢: 169.4, 162.5, 160.2, 158.3, 142.6, 135.9,
133.4,128.3 (2C), 128.1 (2C), 126.8,125.8, 123.7,119.8, 119.3, 116.9, 115.8, 101.1,
37.2,26.6, 20.8.

HR-ESI-MS: tim thay m/z [M+H]": 372.1333, tinh toan theo 1y thuyét:
[C22Hi1gN303]": 372.1343.

Hop chiat 188l:  6-Acetyl-5-(4-methoxyl-3-nitrophenyl)-2-methyl-5,6-
dihydropyrimido[5',4':5,6pyrano[3,2-b]indole-4(3H)-one

Chét ran dang bot mau tréng xam, nhi¢t d6 mp: 381 - 382 °C, hi¢u suat: 75%

IR (KBr) Vmavem™ 2959, 2925, 2853, 2759, 1706, 1655, 1633, 1599, 1577,
1525, 1458, 1418, 1391, 1368, 1325, 1303, 1263, 1214, 1154, 1105, 1081, 1021, 998,
958, 900, 830, 804, 738, 672, 600.

"H-NMR (DMSO-ds, 500 MHz) du: 12.35 (1H, s, NH), 7.97 (1H, d, J = 8.5
Hz), 7.74 (1H, dd,J=8.5, 1.0 Hz), 7.68 (1H, d, J=2.0 Hz), 7.45 (1H, td, /= 7.0, 1.0
Hz), 7.42 (1H, d, J= 8.5 Hz), 7.41 (1H, t,J= 8.5 Hz), 7.21 (1H, d, /= 8.5 Hz), 5.83
(1H, s), 3.86 (3H, s, OCH3), 2.64 (3H, s, CH3CO), 2.31 (3H, s, CH3).

BC-NMR (DMSO-ds, 125 MHz) dc: 168.9, 162.1, 160.1, 158.2, 150.6, 138.6,
135.8, 135.2, 133.6, 133.1, 125.5, 124.1, 123.2, 119.6, 118.3, 116.7, 115.2, 113.9,
100.2, 56.4, 36.2, 26.1, 20.4.

Hop chit 187a: 5-Acetyl-2-amino-4-(3-methoxyphenyl)-4,5-
dihydropyrano[3,2-b]indole-3-carbonitrile

OMe

Me\/(o
N

IR (KBr) vmaven™: 3393, 3325, 3210, 2831, 2207, 1696, 1664, 1598, 1487,
1459, 1401, 1373, 1322, 1306, 1260, 1214, 1169, 1144, 1076, 1042, 1005, 978, 841,
795, 739, 700, 654, 609.

'H-NMR (DMSO-ds, 600 MHz) x: 8.08 (1H, d, J = 8.4 Hz), 7.60 (1H, d, J =
7.8 Hz), 7.44 (1H, t, J = 7.8 Hz), 7.40 (1H, t, J = 7.8 Hz), 7.22 (1H, t, J = 7.8 Hz),
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7.02 (2H, s, NH), 6.81 (1H, dd, J = 7.8, 1.2 Hz), 6.60 (1H, s), 6.57 (1H, d, J = 7.8
Hz), 5.27 (1H, s), 3.70 (3H, s, CH3), 2.52 (3H, s, CH3).

BC-NMR (DMSO-ds, 150 MHz) dc: 169.4, 159.5,159.4, 145.2, 135.3, 133 .4,
130.0,125.9, 123.7,120.1,119.3,119.0,117.6, 116.5,116.0, 113.3, 111.7, 58.9, 55.0,
26.4 (2C).

2.7. Phuong phap thir nghiém hoat tinh sinh hoc

2.7.1. Pdnh gid hoat tinh gdy dpc té bao ung thw in vitro

a) Nguyén tdic xdc dinh

Phuong phap MTT (tén viét tit ctia hop chat 3-(4,5- dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium) 1a phuong phap 1an dau tién dugce Tim Mosman sir dung dé ddnh
gia hoat tinh gay doc té bao dua trén kha niang chuyén tir mau vang ban dau cia MTT
sang mau tim (mot dang phuc formazan) khi c6 mat enzym dehydrogenase trong ty
thé [114]. Sau d6 sir dung DMSO hoa tan miu formazan va do OD (mat d6 quang) &
budc song 540 nm, qua d6 danh gia duoc sé luong soéng, chét cia mau té bao thu
nghiém. Hoat tinh gay doc té bao duoc thé hién bang gia trji ICso (the half - maximal
inhibitory concentration: nong do cua chat thir e ché 50% su phat trién cia cac té
bao dugc thir nghiém) [115]. Qué trinh thtr nghi¢m dugc thuc hi¢n tai Phong Hoa
sinh ung dung, Vién Hod hoc, Vién Han lam Khoa hoc va cong ngh¢ Viét Nam.

b) Chuan bj tién hanh thi nghiém

Cac dong té bao thir nghiém bao gdm: té bao ung thu biéu mé KB (CCL -
17™), té bao ung thu gan HepG2 (HB - 8065™), té bao ung thu phdi A549 (CCL -
185™), va té bao ung thu vii MCF-7 (HTB - 22™), cung té bao lanh Hek-293
(ATCC® CRL - 1573™), dugc dit mua tir cic nha cung cdp c6 ngudn gbc tir Bao
tang giébng chuan Hoa ky (ATCC)

Céc dong té bao dugc bao quan trong méi trudng nito 1ong, sit dung méi truong
dinh dudng DMEM (Dulbecco’s modified Eagle’s medium) hay MEME (Minimum
essential medium with Eagle's salt) dé hoat hod va duy tri, dong thoi bo sung thém 7
- 10% FBS (Fetal bovine serum) ciing mt sé thanh phan thiét yéu khac. Té bao dugc
nudi ciy trong diéu kién vo trung tuyét d6i cuing qua trinh kiém soat nghiém ngit cac
thong s6 vé moi truong nhu: d6 am (98%), nhiét d6 (37 °C) va ham lugng CO: (5%).
Céc té bao duoc sir dung dé thir doc tinh 1a cac dong té bao phat trién & pha log.

Str dung dung méi DMSO dé hoa tan cac mau thir & nong d6 ban dau 1a 20
mg/ml. Sa d6 pha lodng thanh 5 diy c6 ndng do theo thir tu tir cao xudng thip: 2564,
640, 160, 40 va 10 pg/ml, trén dia 96 giéng, twong ng véi nong do chét thir trong
dia thir nghiém 13 128, 32, 8, 2 va 0.5 pg/ml. Str dung chit tham chiéu 1a Ellipticine
dugc pha trong dung méi DMSO & ndéng d6 0.01 mM [116].

¢) Tién hanh thi nghiém
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Thuc hién Trypsin hoa mau té bao thi nghiém muyc dich 1am roi té bao va dém
trong budng dém té bao. Tiép theo, pha lodng té bao bang mdi trudng sach va diéu
chinh mat d6 cho phu hop v&i quy mé thi nghiém (s6 luong té bao dao dong tir 1 -
3x10* té bao/ml tuy theo tirng dong té bao).

Lay 1an luot cho vao mdi giéng: 10 pl chét thir va 190 ul dung dich té bao. Poi
chtng duong 13 méi truong cé chira té bao, nguoc lai ddi chimg Am chi c6 moi trudng
nudi cy. Tét ca cac dia thi nghiém déu duoc U trong diéu kién tiéu chuén.

Sau thoi gian 72 gid, cac giéng thi nghiém tiép tuc duge @ véi 10 pl MTT
(trong dwong 5 mg/ml) trong vong 4h. Sau d6 tién hanh loai bo mdi trudng, thu san
pham 1a c4c tinh thé formaran roi hoa tan bang 100 ul DMSO 100%. Gia tri OD (mat
do quang) duoc xac dinh & budc séng 540 nm trén thiét bi quang pho Biotek, ddy
chinh 13 két qua cua thi nghiém.

Thi nghiém dugc thuc hi¢n ldp lai 3 lan trong cung diéu kién

d) Xir i két qua

Gia tri ICso dugc xac dinh thong qua gia tri % uc ché té bao phat trién va phén
mém may tinh chuyén dung Rawdata.

% trc ché té bao = (ODehing (+) — ODmau thir)/(ODching (+) — ODechimg () X 100%
(Highyyps, - 50) X (Highgone - LOWcqno)

ICSO = ngh

Conc ~

Highy, - Lowyg,
(Trong d6, Highcon/Lowcone: chdt thir & nong do cao/chat thir thap & nong do
thap; Highmne/Lowmnes: % tec ché ¢ nong dé cao/% irc ché & nong do thap ).
e) Két qua ddanh gid hoat tinh
Gia tri ICso < 20 pg/ml (v6i dich chiét tho) va ICso <4 pg/ml (voi chat sach)
dugc danh gid 1a ¢ hoat tinh gy doc té bao. Cac két qua danh gia hoat tinh gay doc
té bao in vitro dugc trinh bay ¢ phan chuong 3, muc 3.7.
2.7.2. Phwong phdp xdc dinh hoat tinh irc ché enzym a-glucosidase
a) Co so cua phuong phap
Dua vao phan tng phan cét co chat p-Nitrophenyl-a-D-glucopyranoside dui
tac dong ctia enzyme a-glucosidase, giai phong san pham 1a p-Nitrophenol c6 mau
vang
Luogng san phérn p-Nitrophenol sinh ra, dugc xac dinh thong qua do hép thu cua
hdn hop phan tng tai budc song 410nm trong khoang thoi gian 30 phut, sau phan
ung. Qua trinh thir nghi€ém dugc thyc hién tai Phong Hod sinh ung dung, Vién Hoa
hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
b) Phuong phap thi
Phuong phap xac dinh hoat tinh &rc ché enzyme a-glucosidase duoc thuc hién
trén dia 96 giéng theo tai liéu [117], v6i tong thé tich 200 ul/giéng. Mau thir dugc
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pha loing bang DMSO 100% hodc nudc cat vo trung dén ndng do cudi cung trong
phan tng 14 1024; 256; 64; 16; 4; 1 ug/ml. Ly vao mdi giéng 40 ul dém phosphate
buffer 100mM pH 6,8; 25 ul a-glucosidase 0,4 U/ml va 10 ul mau thir. Hon hop duoc
1l & 37 °C trong 15 phut roi thém 25 pl p-nitrophenyl a-D-glucopyranosidse 2,5mM
roi tiép tuc 0 & 37 °C trong 30 phat. O miu d6i chirmg, mau thir dugc thay bang dém
phan Ung

Dirng phan tmg bang 100 pl NaCOs va do hép thu cua phan tmg duoc xac
dinh trén may quang phd véi bude song 405 nm (A). Acarbose dugc sir dung 1am
chat tham khao. Kha ning trc ché enzyme o-glucosidase cia mau thir duoc xac dinh
bang cong thirc:

% trc ché enzym = (ODchimg (+) — ODimiu thie)/( ODchimg (99— ODchimg () X 100%

ICso (half maximal inhibitory concentration) 1a ndng do chat thir Grc ché 50%
hoat dong ctia enzyme a-glucosidase, dugc tinh bang phan mém Tablecurve [118].

2.7.3. Phuwong phdp dénh gid hoat tinh irc ché enzyme acetylcholinesterase (AChE)

Xac dinh hoat tinh cta enzyme acetylcholinesterase duoc tién hanh dua trén
phuong phap do quang cua tac gia Ellman, phuong phap ndy duogc mé ta 1an dau tién
vao nam 1961 [119].

a) Co so cua phuwong phap

Co chét acetylthiocholin iodid (ATCI) bi thuy phan nhd xtc tic caa AChE
tao thiocholin. San pham thiocholin phan tng véi thude thir acid 5-5’-dithiobis-2-
nitrobenzoic (DTNB) tao thanh hop chit acid 5-thio-2-nitrobenzoic c6 mau vang.

Luong hop chit mau duoc tao thanh nay ty 1€ thuan véi hoat do cua AChE. Dua

vao cudng do mau ciia miu thir & bude song 412 nm dé danh gia hoat tinh ciia AchE
dbi vé6i chat thtr. Quy trinh danh gia duoc thuc hién tai Phong Hoa sinh tng dung,
Vién Hod hoc, Vién Han 1am Khoa hoc va Cong ngh¢é Viét Nam.

b) Tién hanh thi nghiém

Quy trinh thi nghiém thyuc hién trén dia 96 giéng véi téng thé tich 200 ul. Thém
lan lwot timg dung dich bao gdm: dung dich dém tris-HCI (pH = 8), mau thir (188a-
1) va dung dich enzyme 0,25IU/ml vao ting giéng cua dia 96 giéng. Hdn hop cac
dung dich nay duogc tron déu va u 15 phat ¢ 25 °C. Tiép theo, dung dich thudc thir
DTNB 2,4 mM va dung dich co chit ATCI 2,4 mM lan luot dugc thém vao hdn hop
va tron déu. Sau do tiép tuc u hdn hop trong 15 phut & 25 °C va tién hanh do d6 hép thu &
budc séng 412 nm. Mdi mau thir duge tién hanh 1ap lai 3 1an. Str dung chét tham chiéu
la Donepezil [120].

Két qua thyc nghiém duoc tong hop va xtr Iy bang phuong phap thong ké
thuong dung trong y sinh hoc véi sy tro gitp ctia phan mém Microsoft Excel.

Hoat tinh (rc ché AChE ctia mau thir duoc tinh theo cong thirc:
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(%) te ché = [A(ddi ching) - A(mAu thir)] /A(d6i chimg) x 100%
ICso 1a n6ng do chéat thir ¢re ché 50% hoat dong cua enzyme dugc tinh béng
phan mém Tablecurve dyua vao % tic ché.
Panh gi4 hoat tinh ciia chat thir bang cach so sanh véi chat tham chiéu.
Két qua thi nghiém dugc biéu thi bang gia tri trung binh cong/trir do léch
chuén, ky hiéu: ICso + SD. Trong do, do I¢ch chuan (SD) dugc tinh theo cong thuc:

SD = :"l“?—(x‘ .
\" n—1

2.7.4. Phwong phdp phin tich chu ky té bao

Té bao ung thu phdi A549 dugc duara dia 6 giéng va duoc nudi qua dém trong
ta 4m trong diéu kién 37°C, 5% CO». Cac mau thir duoc dua vao cac giéng thi nghiém
va U trong ti 4m 24h. Giéng té bao chi c6 0,5% DMSO dugc st dung lam ddi ching
am. Sau 48h ¢ mau, st dung trypsin dé tach té bao khoi day giéng va chuyén vao dng
falcon. Tién hanh ly tim, loai b trypsin. Cin té bao duoc rira lai 2 1an bang PBS
lanh. Sau khi c6 dinh té bao bang Ethanol 70% trong 2h, tiép tuc tién hanh ly tim loai
b6 Ethanol va rira lai té bao béng dung dich PBS. Céan té bao dugc hoa lai trong 0.45
mL PBS. Thém vao 6ng té bao RNase A (2,5 mg/mL), U trong bé 6n nhiét 37°C, thoi
gian 15 phut. Sau d6 2,5uL dung dich thuéc nhudém propidium iodide (PI) nong do 1
mg/mL duoc thém vao cac éng va 0 tiép & nhiét do phong 30 phut trude khi bd xung
thém 500 pL PBS. Tac dong cua cac mau thir dén chu trinh té bao duogc xac dinh
bang hé théng Flow cytometry Novocyte (ACEA) va phan mém NovoExpress [121].
Quy trinh thtr nghiém duogc thyc hién tai Phong Thir nghi€ém sinh hoc, Vién Cong
ngh¢ sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

2.7.5. Xét nghiém do lwu lwong té bao Annexin-V FITC va PI (apoptosis)

Str dung Kit xét nghiém Annexin V va Pl/dead cell apoptosis® do hing
Invitrogen cung cip dé danh gia anh hudng cta cac hop chit nghién ctru ddi voi ty 16
té bao chét theo chuong trinh trén dong té bao ung thu phdi & ngudi (A549). Qua
trinh thtr nghi€ém dugc thyc hién tai Phong Thur nghiém sinh hoc, Vién Cong nghé
sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Té bao ung thu phdi ¢ ngudi (A549) dugc chuan bi trong tu nhu trong phép
thir phan tich chu ky té bao va duoc 1 v6i cac mau thir & cac nong d6 khac nhau bao
gém: DMSO 0,5%, ellipticine 1,3 uM, vincristine 0,4 pM va 4 uM trong 24 gid sau
d6 duogc chuyén vao cac dng falcon. Hét thoi gian 1 té bao duoc ly tim, rira bang PBS
lanh. Sau d6 té bao duoc ly tam lai lan nita, str dung 100 pl dung dich 1X annexin -
binding buffer tao huyén phu rdi tién hanh loai bo phan ndi phia trén, tiép tuc thém 5
ul dung dich FITC annexin V va 1 pl propidium iodide (PI) 100 pg/ml. Viéc 0 cac té
bao dugc thyc hién trong 15 phut ¢ nhi¢t d§ phong. Cubi cung thém 400 pl dung dich
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1X annexin - binding buffer. Cac té bao nhuém mau duoc phan tich bang hé thong té
bao dong chay Novocyte [122, 123].
2.7.6. Phuwong phap nghién cuu docking phdn tir

Phuong phap nghién ctru Docking phan tir dugc sir dung dé tim hiéu co ché
kich hoat khang tubulin va procaspase/caspase, cyclin-dependent kinase (CDK) trén
cac hop chat nghién ciru. Cac ciu tric tinh thé ciia complex gitra tubulin-colchicine,
dugc cung cap tir ngan hang dit liéu protein. Sir dung cong cu ICM-pro 3.8.3 (Molsoft,
L.L.C.) xay dung cac cdu trac phdi tir theo hinh dang 3D, qua trinh docking dugc
thuc hién théng nhét theo mot quy trinh xéac dinh [124-126].

Khi tién hanh docking véi tubulin, cong cu ICM-pro gitp tao ra proton duwa
trén cac di vong al/B1. Tai cac vi tri lién két colchicine trén dimer - tubulin céc thi
lién két duoc hinh thanh, st dung gia thuyét ba ving ctia Massaroti dé xac dinh cac
giao dién hinh thanh va colchicine lam chét dbi ching

Trong qua trinh nghién ctru kich hoat procaspase/caspase, cac ligand duoc
thir nghiém phai cé kha nang hinh thanh phirc chong lai ion Zn [127]. Sir dung hop
chat PAC-1 kich hoat Procaspase-1 1am chat d6i chiing trong toan bd quy trinh thir
nghiém nay. Cong cu GBVI/WSA duoc tich hop trén phan mém ICM-pro giup du
doan ning luong lién két tinh theo (kcal/mol) cua céc ligand va cta chat dbi chimg
v6i cac phéi tir muc tiéu [124].

2.7.7. Nghién civu dic tinh “giong thuoc” va dw dodn ADMET

Tién hanh dy doan cac thong s6 ADMET va dic tinh “gidng thudc” bang cach
su dung cong cu du doan ADMETIab 3.0 (https://admetlab3.scbdd.com/). Dir li€u
dau vao 1a cong thiec SMILES cuia cac hop chat. Két qua phén tich cac tiéu chi va dy
doan cac thong s6 duoc dong hoc bao gdm hap thu, phan bd, chuyén héa, thai trir va
ddc tinh [128].
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Chuong 3. KET QUA VA THAO LUAN

3.1. Muc tiéu ciia dé tai

Dé tai dit muc tiéu thiét ké, tong hop cac dan xuit méi cia podophyllotoxin
va pyrimidine bang phan tng domino, di tir nhitng nguyén liéu ban dau c6 chira nhém
hydro linh dong (2-hydroxyl-1,4-naphthoquinone, 2-amino-1,4-naphthoquinone, N-
acetylindoxyl) va cac hop chit ketone (aldehyde thom, din xuét cua isatin, acid
tetronic) trong diéu kién vi song. Két hop v6i phan tng click hinh thanh cau ndi 1,2,3-
triazole v6i cac hop phan nhu AZT va Erlotinib. Thir nghiém, danh gia hoat tinh sinh

hoc va nghién ctru docking phén tir ctia cac chat tong hop duoc.

ArHet-CHO

_Erlotinib

isatin—-podophyllotoxin-Erlotinib isatin-podophyllotoxin-AZT O

H (CH5C0),0
oy
N CN

novel indole-fused pyrano[2,3-d]pyrimidine

So do 3.1. Muc tiéu, chién luoc tong hop cia dé tai
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3.2. Tong hop cac din xuit 4-aza podophyllotoxin chira di vong (161a-m)

Podophyllotoxin 1a hop chat lignan ty nhién chira gbc y-butyrolacton, duoc
phan lap tir cac loai thudc chi Podophyllum - ho Berberidaceae (So d6 1.11). Cau
trac cua Podophyllotoxin 1a mdt hé théng gém c6 nam vong (A,B,C,D,E) dic trung,
trong d6 ndi bat 1a khung gdm nhém 4 vong thom, phang lién tiép tir vong dioxole
(A) d&én vong lacton (D) [129]. Céac dic tinh duoc 1y ndi bat ciia Podophyllotoxin vé
co ban déu do bd khung gém 4 vong thom nay quy dinh; vong A dic trung cho kha
nang khang khuéan, vong C tiéu biéu cho tinh thom va twong tac manh véi vong E dé
tao ra dic tinh gdy doc té bao, vong y-lacton (vong D) déng vai tro quan trong trong
hoat tinh chéng ung thu thong qua kha nang trc ché qua trinh tring hop Tubulin [130,
131].

Nhu di trinh bay trong phan tong quan, d6i v&i hop chat 4-aza-
podophyllotoxin, khi tién hanh thay thé vong A, B va giit nguyén vong D céc nghién
ctru thu duge déu cho théy hoat tinh chéng ung thu da duogc cai thién dang ké, dic
biét ddi voi truong hop naphthoquinone. Tuy nhién nhiing bién doi & vong E chua
dugc ghi nhan nhiéu do céc twong tic gitra vong E véi vong C sé& tac dong truc tiép
ti hoat tinh gay doc té bao [131]. Khi thay thé vong E ctia podophyllotoxin bang cac
di vong chura cac di t6 O, S, N ¢6 dd Am dién 16m, hy vong sé tao ra cac tuong tac
manh hon giira cac di vong nay véi vong C, qua d6 1am tang hoat tinh gay doc té bao
ctia 10p chat nay.

Pé thuc hién qua trinh tong hop, luan 4an tién hanh khao sat hai con duong
khac nhau d6 1a: sir dung phan tng domino 4 thanh phin (So d6 3.2) va phan tng
domino 3 thanh phan (So db 3.5).

a. Ap dung phdn ieng domino bon thanh phan

Tir cac nguyén liéu ban dau: 2-hydroxyl-1,4-naphthoquinone (23) (1 mmol),
3-thiophen aldehyde (160) (I mmol), acid tetronic (51) (1 mmol), vd ammonium
acetate (29) (3,0 mmol) v6i su hd tro cua thiét bi phan Gng vi song, lun 4n da tong
hop thanh cong hop chat 11-(thiophen-3-yl)-4,11-dihydrobenzo[g]furo[3,4-
b]quinolin- 1,5,10(3H)-trione (161a) theo so dd sau:

0 NH,OAc
(68) AcOH glacial
O‘ , HO. . T p-TsOH 20 moi%
OH 21 6 MW, 110 °C
O o O S 30 min 5
(23) (51) (160a) (161a)

So dé 3.2. Tong hop chat 161a bang phdn iing domino
Trén phd 'H-NMR cua hop chit 161a (hinh 3.1) xuit hién diy du céac tin hiéu
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proton ddc trung c6 mat trong phan tr nhu: tin hi€u singlet cua proton trong nhom
NH tai vi tri ox: 10,60 ppm, céc proton cua vong naphthoquinone tai vi tri du (ppm):
8,05 (1H, dd, J=1.2, 7.8 Hz, H-6), 7,93 (1H, dd, J = 0.6, 7.8 Hz, H-9); 7,85 (1H, td,
J=1.2,7.2 Hz, H-8); 7,81 (td, 1H, J = 1.2, 7.2 Hz, H-7). Pac biét cac tin hiéu dac
trung cho vong thiophen ciing dé dang duoc quan sat tai o 7.38 (1H, dd, J = 3.0, 4.8
Hz, H-5%); 7.24 (1H, dd, J = 0.6, 3.0 Hz, H-2") va 7.07 (1H, dd, J = 1.2, 4.8 Hz, H-
4’) va tin hi¢u singlet ctia proton trén vong dihydropyrindine tai dx 5,11 (s, 1H, H-
11). Hai proton CH> cua vong y-lactone cho tin hi¢u tai x 4,97 (1H, d, /= 16.8 Hz,
H.-3), 4,87 (1H, d, J = 16.8 Hz, Hyp-3).

HP245.39-DMSO-1H

HY QH2 Ha'

T
NH T4 T3 T2 1A ppm
L. e = R A L
T T ] T T

3 3
T
14 13 12 11 10 5 4 3 2 1 0 ppm

9 B ¥ 6
| EEeEeEm  EeR
Hinh 3.1. Phé 'H-NMR ciia hop chdt 161a
Ph6 *C-NMR cutia hop hop chit 161a (Hinh 3.2) xuét hién tin hiéu cua 19
nguyén tir carbon c6 mat trong phan tir, véi cac tin hi€u dac trung cia nhém carbonyl
tai oc (ppm): 182.1 (C-10), 179.6 (C-5), 171.2 (C-1). Nguyén tir carbon no trong vong
dihydropyrindine cho tin hi¢u tai 29.7 (C-11), nguyén tur carbon no trong vong y-

i

lactone cho tin hi¢u tai 66.1 (C-3). Céc tin hi€¢u con lai cua cac nguyén tir carbon vong

thom, vong thiophen va khong no xuét hién tir 156.1 dén 101.6
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HP245.39-DMSO-C13CFPD

:p
:
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Hinh 3.2. Phé 3C - NMR ciia hop chait 161a

Trén Bang 3.1 13 cac tuwong tac trong phd HSQC va HMBC ciia hop chat
(161a). Két qua nay giup quy két ddy du cac tin hiéu proton, carbon trén phé NMR

va qua do xac dinh chinh xac cau triic cua hop chat.

Hinh 3.3: Cdu tric ciia hop chdt 161a va cdc twong tic chinh trong phé HMBC
Badng 3.1. Dit liéu phé NMR ciia hop chdt 161a

Twong tac chinh

C ) Loai C ) m); mult
¢ ' H PP M, HMBC (H > C)

1 182.1 C=0

4,97 (1H, d, J = 16.8 Hz)

3 66.1
4,87 (1H, dd, J = 16.8 Hz)

1,3a,11a

3a 156.1 Cq
4a 139.2 Cq
5 179.6 C=0
Sa 130.3 Cq
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Twong tac chinh

C ) Loai C ) my; mult
¢ : H (PPIH; MU HMBC (H > C)
6 126.0 8.05 (1H, dd, J=1.2, 7.8 Hz)
7 133.4 7.81 (1H,td, J=1.2, 7.2 Hz)
8 134.9 7.85 (1H, td, J=1.2, 7.2 Hz
9 125.8 7,93 (1H, dd, J=0.6, 7.8 Hz) 5a,7, 10
9a 131.9 Cq
10 182.1 C=0
10a 118.0 Cq
29 37 4’
11 29.7 5,11 (1H P
11 (1H, 5) 3a, 4a, 10, 10a, 11a
11a 101.6 Cq
2’ 122.4 C-S 7.24, (1H, dd, J =0.6, 3.0 Hz)
3’ 145.0
4 127.7 7.07 (1H, dd, J= 1.2, 4.8 Hz)
5 125.8 C-S 7.38’(dd, 1H, J=3.0,4.8 Hz, 2.3, 4
H-5),
AP245. 39-DMSO-BS0C
H-6 H-9H-8 H-7 H-5 H-2 H-4
ok B N S v
j i i i i i i i 11
; i : !
— — e
A -
] 2 e ' L pmes
__-J..] oa ....................... ’ il
—g b {oes
i i i 129
j; i i : o
— § o
_1 ' . """"""""""""" :.‘EC_S
| o

Hinh 3.4. Phé HSOC ciia hop chdt 161a
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HP245 . 33-0DMS0-HMBC
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Hinh 3.5. Phé HMBC ciia hop chdt 161a

Specium from 20221109Hang wifiz (sample 17) - HP245.39, Expenmant 1, +IDA TOF M3 (20 - 4500) from 0168 min
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Hinh 3.6. Phé HRMS ciia hop chat 161a
Trén phd khdi phan giai cao cua hop chit (161a) (hinh 3.6) xuat hién manh
ion gia phan tir c6 m/z [M+H]*: 350.0484 phu hop véi khdi luong tinh todn theo 1y
thuyét cho cong thirc phan tir [C19H12NO4S]* 1a 350.0482. Nhu vay céc dit liéu phd
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NMR va HRMS di xac nhan cau tric caa hop chat (161a) 1a chinh xac.
(29) ® © 0

o NH, OAc
)‘L NH;OAc ).L (@)
H™ > HetAr H™ “HetAr \ 0 NH,OA
(160) (ion iminium) HO ™ 0 l - AcOH
O  HetAr
o) " o ° (51)\
- H2
0 H>'Hi®ge\ (e} He‘_/
v e
SO
OH H={ "0Oac 0O Hetar o
o ", N .
(23) %,5%),, NH; (162)
OOI@/ZS O -NH3
%, 0
O HetAr o

I=z

o)
(161)

So do 3.3. Co ché hinh thanh san phdam 161 tir phdn ving domino bon thanh phin

Co ché hinh thanh san pham (161) dugc dé xuat theo So dd 3.3. Pau tién tao
thanh hop chat trung gian (162) bang mot trong hai con dudng: mot 1a nhd qua trinh
ngung tu Knoevenagel cua (23) truc tiép v6i cac aldehyde thom, roi loai nuée; hai la
cac aldehyde thom phéan ing véi ammoni acetate tao thanh ion iminium, sau do6 cac
ion nay tham gia phan ng ngung tu Mannich v6i hop chat (23) rdi tach loai NH;
(ammoniac). Budc tiép theo hop chat trung gian (162) tham gia phan tmg cong
Michael véi hop chat 4-aminofuran-2(5H)-one (163) (duoc tao ra tir phan tmg cua
acid tetronic (51) v6i ammoni acetat (29)) tao ra hop chat (164), hop chat nay kém
bén d& tham gia phan irng dong vong ndi phan tir, sau d6 tach H>O tao thanh san phim
4-aza- podophyllotoxin chtra di vong (161).

Nhu vay, tor cac dir liéu phé NMR, HRMS da duoc ban luan ¢ trén
cho thiy cdu triic cua cac hop chat 4-aza-podophyllotoxin chira di vong (161) téng
hop duoc hoan toan phu hop véi cong thirc cdu tao du kién nhu dinh huéng nghién
ctru ban dau.

Dé Iyra chon cac diéu kién t6i vu khi tong hop cac hop chat (161), luan an da
tién hanh nghién ctru, khao sat tong hop véi cac dung méi hitu co khac nhau, sir dung
duogc trong thiét bi vi song nhu ethanol, z-butanol, DMF va acid acetic khan; nhiét d
phan tng dugc khao sat tir 80 - 130 °C. Két qua cho thay phan tng tién hanh trong
acid acetic khan & 110 °C, thoi gian 30 phut 1a kha quan nhét, cho hiéu suit tong hop
san pham (161) tir 20 - 33 %.
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Sir dung cac diéu kién dugc khao sat chi tiét & trén, luan 4n da tién hanh tong
hop duoc 13 din chit 4-aza-podophyllotoxin chita di vong (161a-m) véi cac aldehyde
chtra céc di t6 khac nhau. Két qua tong hop duoc dua ra trong So do 3.4 va bang 3.2.

o i O  HetAr o
HO, o AcOH glacial
— p-TsOH 20 mol%
IO‘I . & * M. p-TsOH 20 mol% T o
oH o =0 ArHet” "H ~ NH4O0Ac MW, 110 °C \
0 30 min o
(23) (51) (160a-m) (29) (161a-m)

(161j) (161Kk) (1611) (161m)

So do 3.4. Tong hop cdc dan xudt 161a-m bang phdn tmg domino bon thanh phan
Bdng 3.2. Cdc hop chdt 4-aza-podophyllotoxin chita di vong 161a-m

Nhiét d§ néng | Hiéu suit clia phan (mg domino (%)

STT | Hop chit

chdy (°C) | Logi 4 thanh phin | Loai3 thanh phin
1 161a 298 - 299 29 64
2 161b 345 - 346 25 62
3 161c 304 - 305 20 60
4 161d 371-372 20 62
5 161e 295 -296 33 70
6 161f 295 -296 32 68
7 161g 302 - 303 33 69
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. | Nhiét do néng | Hiéu suit clia phan (mg domino (%)
STT | Hop chat
chdy (°C) | Logi 4 thanh phin | Loai3 thanh phin
8 161h 383 -384 28 64
9 161i 262 - 263 27 63
10 161j 310-311 20 61
11 161k 245 - 246 34 74
12 1611 288 -289 32 72
13 161m 289 -290 33 72

b. Tong hop cdc dan xudt 161a-m bdng phan g domino ba thanh phan

Nham nang cao hiéu suét trong qua trinh téng hop, tiép theo luan an thyc hién
phan tmg domino véi ba thanh phan di tir cic nguyén liéu ban dau 1a: 2-amino-1,4-
naphthoquinone (36), tetronic acid (51) va cac aldehyde thom chtra di vong (160a-
m) nhu So dd 3.5. Phan tng sir dung acid p-toluenesulfonic 1am xtc tac, trong dung
moi acid acetic khan & 110 °C bang thiét bi phan tmg vi song v6i thoi gian phan tGng
30 phut.

O O HetAr o
HO 0 AcOH glacial
— -TsOH 20 mol%

U0, O s o (LY T

NH, o~ O ArHet” "H MW, 110 °C N

30 min H

@) O
(36) (51) (160a-m) (161a-m)

So do 3.5. Tong hop cdc hop chdt 161a-m bang phdn iing domino ba thanh phan

Két qua thyc nghiém dugc trinh bay & bang 3.2 cho thiy viéc st dung phan
rng domino ba thanh phan dé tong hop cac hop chat 4-aza-podophyllotoxin chira di
vong (161a-m) cho hiéu suit cao hon gip 2 1an so v6i phuong phap sir dung 4 tac
nhan phan mg, trong cung diéu kién thyc hién.

Co ché hinh thanh san pham (161a-m) tir phan (mg domino ba thanh phan
dugc dé xuat theo So d6 3.6. Qué trinh bat dau bang phan ng ngung tu Knoevenagel
cua 2-amino-1,4-naphthoquinone (36) v6i aldehyde thom (160a-m), sau do 1a qua
trinh tach nudc nodi phan tir dé tao ra hop chat trung gian (167). Tiép theo 14 phan Gng
cong Michael giita hop chat (168) véi tetronic acid (51) tao ra hop chat trung gian
(169). Cubi cung hop chét (169) dong vong ndi phan tir va tach nude tao thanh san
pham 4-aza-podophyllotoxin chira di vong (161a-m).
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So dé 3.6. Co ché dé xudt hinh thanh hop chat (161a-m) tir ba thanh phan

3.3. Két qua tong hop cac din xuit podophyllotoxin-isatin (174a-p)

3.3.1. Tong hop cdc din xudt ciia isatin bang phén rng ankyl hod

Céc dan xuét N-azidobut-2-en-isatin (169a-e) duoc tong hop thong qua hai
budc tir trans 1,4-dichloro-but-2-en (165) va tac nhan natri azide (166) cung cac isatin
¢6 chira cic nhom thé trén vong benzen ban dau (168a-e) theo So dd 3.7.

Dé tao ra cac dan xuat (169a-e) co hai con dudng c6 thé ap dung tir cac nguyén
liéu ban dau. Thtr nhit cho cac dan xuét (168a-e) phan tng trudc voi (165) sau do
phan 1ap va cho phan tng tiép véi tac nhan natri azide (166) ¢ budc tiép theo. Phuong
phap nay phu hop véi cach thire tong hop theo thir tu 1an lugt cac dan xudt (169) tir
(a-n) va co thé sir dung NaH dé xtic tac, ddy nhanh qua trinh phan ¢mg. Tuy nhién
san pham thu duoc s& khong chon loc do NaH ngoai dong vai tro base n6 con 1a ngudn
ion hydride (vai tro 1a tdc nhan khir hod) va khi gép cac tac nhan electrophile nhu cac

dan xuit halogen thi s& xdy ra cac phan tmg phu khong mong muén [132].

- 168a-e)
Cle " X"Cl N3N~ _168a-e)7 o 0
DMF, 80°C Cl N

, DMF, K,COs, KI
(165) mw, 20 phat (167) mw, 80°C, 20 phut \
(169a-e)

N3

So do 3.7. Tong hop cdc dan xudt N- azidobut-2-en-isatin
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Nguoc lai néu di bang con dudng theo so dd 3.7, tong hop ra (167) trude, bang
cach kiém soat ty 18 sb mol phan tng giita (165) va natri azide (166) (1:1,2) sau d6
cho thém cac dan xuét (168a-e), san phém thu duoc s& chon loc va chi can phan 1ap
& budc cudi ta s& thu duoc san pham mong mudn. Dya trén céc tai lidu tham khao
luan an da Iva chon thuc hién téng hop cac dan Xuét (169a-n) theo con duong tha 2
voi cac diéu kién duoc chi ra trong So dd 3.7, ly do Iya chon 13 vi mdi phan tng déu
dién ra tuan ty trong cung diéu kién nhiét d6 va dung moéi 1a DMF, phan tng ¢ budc
sau khong can phai phan lap tach chiét, chi cin bd sung thém xuc tac 1a cac base
K>COs va KI. Cac san pham s& dugc tinh ché, phan lap sin sang cho cac phan tng
tiép theo

bé khéng dinh san phém da téng hop thanh cong, luan 4n lya chon mot dan
Xuat tiéu biéu cua diy 1a isatin 1am nguyén liéu ban dau, sau qua trinh tinh ché, phan
1ap, san pham dugc danh gid, kiém tra so bo bang phd IR va 'H-NMR.

981

961

2101.89cm-1
94
3288.71

3323 680m-1

924 O

4 1712.75cm-1 \ 725.26cm-1

904 / 1177.65cm-1
5 1335.32cm
oo 0
1301.44em-1{ | 1219.33cm-1

86l N \

7 / 1565.90cm-
84 1 \ 1668.84cm-1 1494 1om-1 /
82 4 1268.72cm-1

1255.94

80 N3

7
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 400

cm-1

Hinh 3.7. Phé IR ciia hop chit N-but-2-en-isatin 169a
Trén phd IR cua N-azido-but-2-en-isatin (169a) (Hinh 3.7) xuat hién cac bang

song hap thy dic trung cta cac nhom chirc c6 mit trong phan tir nhw nhém ketone va

985.80 ot

%T

1614.27cm-1

azido tuwong Gmg. Cu thé & vi tri 2101 cm! dic trung cho azide (dao dong hoa tri caa
lién két N=N). Tai vi tri 1614 cm™' xuat hién mot dao dong hoa tri c6 cwong d6 manh,
dac trung ciia nhom chue vy - lactam (C=0) bén canh mot dao dong cé cudong d trung
binh tai vi tri 1712 cm™ dugc gan cho nhom chire ketone (C=0), diéu nay c6 thé giai
thich do hai nhom chtrc ndy & gan nhau trén phan tir isatin, do d6 c6 su chong lan lén
nhau ctia cac bang song hap thu [133]. Bén canh d6 ciing xuat hién mot dao dong
bién dang tai vi tri 985 cm!, dic trung cho lién két C=C ciia trans cia but-2-en.
Kiém tra pho "H-NMR thiy xuét hién tin hiéu cong hudng dic trung cia cac
proton vong thom xuét hién tai d6 dich chuyén trong khoang tir 8y (ppm): 7.62 - 6.93
v6i 4 vi tri rd rang. Cu thé: proton H-6 xuat hién tin hiéu cong huong tai Su (ppm):

7.62-7.61 (1H, m) ngay canh tin hiéu cong hudng duge quy két cho H-4 tai 8 (ppm):
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7.60 - 7.57 (1H, m), tiép theo cum tin hiéu c6 hinh dang triplet tach vach tai do dich
chuyén tir 7.15 - 7.12 ppm (1H, m) dugc gan cho proton H-5 va tin hiéu doublet manh
tai On (ppm): 6.94 (1H, d, J = 8.4 Hz) la cta proton H-7. Hai proton cua trans-but-2-
en xuat hién véi cac cum tin hiéu multiplet dac trung tai vi tri c6 do dich chuyén trong
khoang Su (ppm): 5.5 - 6.0 (5.98 - 5.93 (1H, m, H-3")); 5.66 - 6.62 (1H, m, H -2)),
cuing v6i 4 proton cuia hai nhom chire - CH, ¢6 dang tin hiéu doublet gin véi nguyén
tir nitrogen trén mach théng but-2-en (4.48 (2H, dd, J = 1.8, 7.2 Hz, -CH2N3; 4.26
(1H, d, J= 8.4 Hz, -CH:N=).

ISATIN.N3-CDC13-1H
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Hinh 3.8. Phé 'H-NMR ciia hop chdt N- azidobut-2-en-isatin 169a

Quy trinh alkyl hod tong hop cic dan xuat cia isatin dd duoc biét dén trén co

A
e i
|==.:

sO cac dan chat cua isatin vi cac tic nhan c6 chira nhom Halogen ¢ dau mach, st
dung cic xuc tac base nhu K,COs, NayCOs, trong ciac dung mdi: acetone,
acetoneitrile, DMSO hay DMF véi cac diéu kién gia nhiét khac nhau bao gdm: dun
héi luu, siéu 4m hodc vi soéng [134-137]. Trén co s tham khao tai liéu ludn an da tién
hanh, khao sat cac diéu kién khac nhau ctia qua trinh alkyl hoa va liwa chon phéan tmg
giita isatin (170a) v6i propagyl (171) 1a d6i twong dé nghién ciru theo So dd 3.8.

O

O
K,CO
R%O B - M R%O
N N
H methods \\\

(170a-p) (171) (172a-p) —
So do 3.8. Phan ing alkyl hod gitta isatin va bromide

Do KoCOs c6 kha ning hoa tan tt va 1a xuc tac base c6 tinh ém diu, vi vy
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luan 4n d lya chon xtc tac nay lam ddi tuong khao sat trong binh phan (mg c6 chira
3 ml dung mdi mdi loai. Nhiét d6 tién hanh phan tmg duoc lua chon & cac muc 1a 25
°C, 50 °C va 75 °C va 100 °C dé phu hop véi diéu kién thi nghiém. Cac phuong phap
tién hanh bao gém: dun hoi luu, siéu am, vi song duoc nghién ctru, khao sat doc 1ap.

Bang 3.3. Két qud khdo sdt diéu kién phan ieng theo cdc phirong phdp khéc nhau

Thoi gian Mau sic san | Hiéu suét
Nhiét d¢ phan wng ( °C) ) Dung moi R R

(phut) pham tho (%)
25 60 Acetone Mau nhat 14.3
Phuong phap tong 50 40 Acetonitrile | Mau nhat 62.8
hop vi song 75 20 DMF Mau dam 90.7
100 15 DMSO Mau den N/A
25 120 Acetone Rat nhat 5.0
Phuong phap dun 50 90 | Acetonitrile | Mau nhat 20.6
hoi luu 75 45 DMF Mau dam 67.9
100 20 DMSO Mau den N/A
25 120 Acetone Mau nhat 11.2
Phuong phap siéu | 50 90 | Acetonitrile | Mau nhat 34.6
am 75 45 DMF Mau dam 78.4
100 20 DMSO Mau sim 26.2

Thong qua bang 3.3 rd rang nhiét d6 phan tmg quyét dinh tryc tiép dén hiéu
suét, chat lugng ciia san pham va nhiét ¢ pht hop dé phan tng cho hiéu qua tot nhat
trong khoang 75-80 °C, diéu ndy c6 thé giai thich: khi nhiét d6 thap phan tng xay ra
cham, kéo dai, hiéu suit thép, nguoc lai khi tién hanh ¢ nhiét do cao c6 thé dan téi su
phan huy chét (chat da phan bi chay va chuyén sang mau den, dong vén cuc) hodc
hinh thanh cac san phiam phu khong mong muén.

Song song v&i viéc khao sat toi wu hoa nhiét 6 phan tmg, luan an ciing tién
hanh khao sat anh hudng ctia dung moi dén thoi gian va hiéu suat. Phan ng alkyl
hoa dic trung véi co ché thé Sn2, do d6 cac dung méi phi hop cho phan tng loai nay
duoc luya chon bao gém: DMSO, acetone, acetonitrile va DMF tuong tng v6i nhiét
dd bay hoi cia mdi dung méi duoc chi ra trong Bang 3.3.

Két qua khao sat cho thdy dung méi acetone c6 nhiét do bay hoi thap, khong
phul hop cho phan tng alkyl hod giita isatin va cac tic nhan chira nhém Halogen dau
mach, diéu nay co thé Iy giai 1a do acetone nhe, dé bay hoi & nhiét do phong, do do
dung moi dé bi thoat ra khoi mit thoang cua dung dich. Véi acetonitrile ddy la dung
moi c6 nhiét do soi thap, do d6 khoang nhiét d6 phu hop dé thuc hién phan Gng trong
khoang 25 - 40 °C. Con dbi v6i dung moéi DMSO, day 1a dung méi c6 khoang nhiét
d6 hoat dong rong, tuy nhién né rat kho loai bo khi cat quay dudi 4p sudt thap. Nhu
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vay co thé khéng dinh lga chon dung m6i DMF cho phan g alkyl hod 1a Iya chon
phul hop nhét, do dy la dung méi c6 do hoa tan tot trong nude, thuan loi cho quéa
trinh phén 1ap, tach, chiét san pham sau phan tng, hon nita phan tir ludng cuc phu
hop cho gia nhiét trong thiét bi vi séng.

Tt dir liéu trong Bang 3.3 nhan thiy trong cac phuong phap téng hop, phuong
phap vi song cho hi¢u qua rd rét hon ca do toc d6 gia nhiét nhanh va dong déu, qua
d6 gitip rut ngan thoi gian phan Gng, nang cao hiéu suat. Nguoc lai phuong phap siéu
am c6 thoi gian gia nhiét dai hon, san pham thu dugc khong chon loc (san pham c6
nhiéu vét), con phuong phap dun hdi luu san pham thu dugc cé hiéu suat thap va
khong dong déu.

Cac san pham ctia qua trinh ankyl hoa thu duoc déu ton tai ¢ dang rin, c6 mau
vang, d6 hodc cam, dé dang phan lap bang sic ki cot, khong tan trong nudc, tan tot
trong cac dung moi hitu co nhu: methanol, ethanol, acetone, toluene, acid acetic,
DMF hoac DMSO...Do day l1a nhiing nguyén li¢u cho thyc hi¢n phan ing ¢ budc
sau, vi thé viéc danh gia, xac dinh céu tric cta cac dan xuét nay s€ dugc thuc hién
clng véi cac san pham sau khi hoan thanh phan tmg domino.

3.3.2. Thuc hién phdn wng domino

Xu huéng két hop hai duoc chat dé ting cudng hiéu luc sinh hoc va duge 1y,
dugc cac nha khoa hoc tap trung, quan tim nghién ciru trong thoi gian gan day, no
hién tré thanh phuong phap phd bién trong sang loc, tim kiém cac hop chat méi, trong
d6 c6 cac hop chit spiro [138].

Phan trng domino da thanh phan 1a mot phuong phap tong hop hiéu qua giup
tao ra cac hop chit co ciu truc phirc tap, da dang véi nhiéu trung tdm lap thé khac

nhau tir cac hop phan c6 hoat tinh sinh hoc riéng 1& [139, 140].

15-20 min
Br

O
o o p-TsOH
Me AcOH glacial
+ 4 o . o) —_—
NH, N mw, 120 °C
O -
F
(36) (51) (173m) (174m)
So do 3.9. Téng hop dan xudt 174m podophyllotoxin-isatin
Tiép tuc hudng nghién ctru vé tong hop cac hop chat hybrid bang phan tng
domino da thanh phan da duoc 4p dung rong rai trong nhirng nam gan day. Luan an

da tién hanh tong hop cac dan xuat cla isatin v6i podophyllotoxin-naphthoquinone

(174m) tir 2-amino-napthoquinone (36), acid tetronic (51) va dan xuat isatin (173m)
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theo so' d6 phan trng 3.9

Cau triic cta hop chat (174m) dugc xac nhan bang cac phuong phép pho IR,
NMR va HRMS. Pay la hop chat dai dién, do c¢6 chira cic nhom thé tiéu biéu cho céc
dan xuét cia isatin.

Pho IR (do theo phuong phéap ép vién v6i KBr) ctia hop chat (174m) (Hinh
3.9) cho thay su xuat hién cta bang séng hip thu dic trung cho cac nhém chirc c6
mit trong phan tir. Bang song hap thu & vi tri 3314 cm™! chiing to c6 sy xuét hién cua
lién két NH trong hop chat, cac nhom carbonyl ciia vong y-butyrolacton va vong
naphthoquinone déu dugc ghi nhan lan luot tai cac bang séng hép thu 61761 va 1725
cm! hay tai vi tri 1655 cm™! xuat hién dao dong hoa tri dic trung clia nhom carbonyl
gan voi amit trong isatin twong tng.

96
573.34cm-1
94 ’

27033 800.79om-|
9! | 743.07¢m-1

875.780m-1
901 1685.23 \
88| \ 1451.17) \
1595786 1396.05¢m-1| 1267.00ck-1
m- o
861 / / 1077 660}\
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1242.06cm\1
1027.05cm-1

3314.58cm-1 I
84{
i

1725.71cm-1 1341.55cm-

821 130161cm-1

80+ 1761.09cm-1 1496.37cm-1

1655.76cm-1

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 400
cm-1

Hinh 3.9. Phé IR ciia hop chdt 174m
Cac phd 1D-NMR ("H-NMR, *C-NMR) va pho 2D-NMR (HSQC, HMBC)
dugc chi ra trong cac Hinh 3.10 - 3.13, pho HR-MS & Hinh 3.17. B¢ phan tich phé
NMR, khung phan tr coa hop chit (174m) duoc  danh

sO nhu sau:

O
(174m)
Ph6 'H-NMR va *C-NMR (duoc ghi do trong dung mdi DMSO-ds) cia hop

chat (174m) cho thiy c6 su phan ving rd rét, dic trung cho cac tin hiéu cia proton
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va carbon ung véi timg ciu tir 13 nguyén lidu ban dau nhu ving phd NMR cia cac
dan xuat thé isatin, naphthoquinone va vong y-butyrolacton. Pho 2D-NMR dung dé
quy két cac tin hiéu cong hudng giita proton va carbon-13, dugc dua ra trong cic
Hinh 3.14 - 3.15.

I i | 1 |
10 9 8 7 6

I I | | | | |
™
3|8
-l

5 4 3 2 1 0 ppm
SEERE BRR M
Hinh 3.10. Phé 'H-NMR ciia hop chit 174m

Trén phd 'H-NMR xuét hién ddy du cac tin hiéu ctia 18 proton c6 mit trong

15 14 13 12 11
| HEES

- e N -

1.03

phan tir cia hop chit (174m). Ngoai cac tin hiéu dic trung cho khung
podophyllotoxin-naphthoquinone nhu d trinh bay trong muyc 3.2, con ¢6 sy xuat hién
ctia 3 proton trong nhom benzyl 1an lugt véi cac do dich chuyén twong Gmg 8u (ppm):
7.81 (1H, t, J= 8.4 Hz, H-6"), 7.64 (1H, dd,J=9.6, 1.8 Hz, H-3") va 7.44 (1H, dd, J
=8.4 Hz, J= 1.8 Hz, H-5""); cing v&i cum 3 proton cia vong benzen trong hop phan
isatin xut hién véi cac tin hiéu triplet va doublet twong tmg tai cac vi tri c6 du (ppm):
7.09 (1H, d, J=7.2 Hz, H-8"), 6.99 (1H, d, /= 7.2 Hz, H-5"), 6.87 (1H, t, J=7.2 Hz,
H-7"); cling nhu 4 proton ctia hai nhoém methylen (5.18 (1H, dd, J=17.4 Hz), 5.13 (1H
d, J = 17.4 Hz)) va tin hi¢u singlet cua nhém -CHj3 trén vong isatin cting dugc ghi
nhan dy du trén Hinh 3.10 va phd gidn trong tng ¢ Hinh 3.11
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Hinh 3.12. Phé 3C-NMR cuia hop chat 174m
Trén phd 3C-NMR, ngoai cac tin hiéu carbon dic trung cho ciu tric cia
khung podophyllotoxin-naphthoquinone (tham khao muc 3.2), con thiy su c6 mit
cua cdac tin hiéu dac trung cho isatin dc (ppm) cua nhém carbonyl (177.8 (C-2")), cac
tin hiéu cua vong thom (139.98 (C-4’), 135.5 (C-6’), 132.5 (C-5°), 122.6 (C-7°, C-
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8”), 118.3 (C-3’)), nhém methyl (17.3 (C-9°)) va Cspiro (47.1 (C-11)); bén canh tin
hi€u cia nhom 4-bromo-2-flo-benzyl (158.9 (1C, d, J = 247.5 Hz, C-F), 129.8 (1C,
d,J=4.5Hz, C-6""),127.8 (C-5), 125.2 (1C,d, J = 15.0 Hz, C-1""), 120.4 (1C, d,
J=9.0Hz, C-4"),118.6 (1C, d, J=24 Hz, C-3"")) va Cmethylene (39.92 (C-7")).
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Hinh 3.13. Phé dén >C-NMR ciia hop chdt 174m
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Hinh 3.14. Phé HSQC ciia hop chat 174m
CAu triic cuia ctia hop chat (174m) cang duoc xac thuc, khi xem xét mdi turong

quan giita H va C trong cac pho tuong tac gan HSQC va phd tuong tac xa HMBC.
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Trén phd HSQC, bén canh cac tuong tac gan gitra H va C trong cac vong thom, con
xuat hién céc cip twong tac on/dc (ppm): 5.05/66.4 1a cua H-3/C-3 hay 5.18,
5.13/39.92 tuong tng véi H-7"/C-7" (Hinh 3.14)
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Hinh 3.15. Phé HMBC cua hop chat 174m

Cau trac nay duoc xac dinh qua phdé HMBC (Hinh 3.15), thong qua cac tuong
tac xa gitta H va C giGp khang dinh su két ndi cua vong spiro vao khung
podophyllotoxin va nhém benzyl. Cu thé xuat hién cac twong xa tir H-3 dén C-1, C-
11a va C-3a, cling nhu tir H-7" dén C-2’, C-8’, C-1", C-2" va C-6", hay tir H-6 dén C-
9a, C-8 va C-5. Chirng t6 d4 hinh thanh lién két giita hop phan isatin v6i nhém benzyl
cling nhu qua trinh tao déng vong spiro vdi khung podophyllotoxin thanh cong.

Nhu vay tir cac tin hiéu ciia nhém carbonyl trong phd *C-NMR , ta c6 thé gan
céc proton va carbon & cac phan di vong twong tmg, dwa vao tuong tac xa cia carbon
nay voi cac proton lan can. Tir phé HSQC ta xac dinh duoc mbi twong tac gan giira
'H > 3C, cac nguyén tir carbon con lai dugc quy két dira vao cac twong tac xa véi
céc proton trén phd HMBC.

Két qua phan tich phé HMBC va HSQC cuia hop chit 174m dugc trinh bay
trong bang 3.4 giup khang dinh chinh x4c cdu trac cta hop chit dy kién va qui két
day du cac tin hiéu proton, carbon. Céc twong tac chinh trong phé HMBC duoc dua
ra trong hinh 3.16.



Hinh 3.16. Cdc twong tac chinh trong phé HMBC ciia hop chdt 174m
Bdng 3.4. Dir liéu pho NMR ciia hop chét 174m

C oc Loai C on (ppm); mult HMBC
H—-C)

1 169.4 C=0

3 66.35 5.05 (2H, s) 1,3a,11a
3a 156.4 Cq

4a 140.8 Cq

5 178.9 C=0

Sa 129.98 Cq

6 126.2 8.09 (1H, m) 5,8,9a
7 133.7 7.86 -7.83 (1H, m)

8 135.1 7.86 -7.83 (1H, m) 6, 9a
9 126.1 7.89 - 7.88 (1H, m) 5a, 7,10
Oa 131.4 Cq

10 181.3 Cc=0
10a 117.3 Cq

11 47.11 Cq
lla 100.9 Cq

2’ 177.8 C=0

3 118.3

4’ 122.6

5’ 122.6 6.99 (1H, d, J=17.2 Hz)

6’ 135.5 Cq

7 132.5 6.87 (1H, t,J=7.2 Hz) 3,4,6
8’ 139.98 7.09 (1H, d, J=17.2 Hz)

9 17.31 CH3 2.23 (3H, s, CH3)

1” | 125.2(d,J =15.0 Hz) Cq
2” 11589 (d,J=247.5Hz)| C-F
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C oc Loai C on (ppm); mult HMBC
| H—C)

3”7 118.6 (d, /=24 Hz) 7.64 (1H,dd, J=9.6,1.8 Hz), 2,4

4 120.4 (d, J =9.0 Hz) C-Br

5”7 127.8 7.44 (1H,dd, J=84,1.8Hz)| 17,3,

6”’ 129.8 (d, J =4.5 Hz) 7.81 (1H, t, J= 8.4 Hz)

7 39.92 5.18 (1H, d, J=17.4 Hz) 8,2, 17,

513 (1H, d,J=17.4 Hz) 2”,6”

11.06 (1H, s, NH)

Trén phé HRMS ctia hop chat 174m, cac pic ion “gid-phdn t¥”” hoic ion phan

tir xuat hién v6i sé khéi phu hop véi trong luong phan tir tinh toan theo 1y thuyét cia

mdi hop chat. Trén hinh 3.17 xuét hién gid tri s6 khéi ca cac pic ion gia-phén tir
[M+H]" twong trng véi cac gia tri m/z: 585.0454 va 587.0436 phu hop tinh toan theo
1y thuyét cho cong thirc [C30H1oBrFN2Os]": 585.0456 va 587.0436. Pic ion gia-phan
tir thir hai cia [M+Na]* véi cac gia tri m/z: 607.0273 va 609.0256, twrong irng vai tinh
toan theo 1y thuyét cho céng thirc phin tir [CsoHisBrFNaNaOs]™: 607.0276 va
609.0255.
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Hinh 3.17. Ph6 HR-MS ciia hop chdt 174m
Thong qua céc sb liéu phd IR, 'H-NMR va *C-NMR ciia hop chat (174m) da
dugc ban ludn & trén, c6 thé khang dinh cdu tric clia hop chat nay hoan toan phi hop

v6i dinh hudng, dy kién ban dau. Trén co s& d6 ludn an da ti€n hanh khao sat cac

thong s6 cho qua trinh t61 uu hoa phéan Gng, nham lya chon dugc diéu kién tdi uu nhat

dé tién hanh phan tng tong hop cac dan xuét ciia 16p chét nay.

Dé Iya chon diéu kién tdi wu cho thyc hién phan tmg domino 3 thanh phan &




96

trén, ludn an chon hop chét (174m) dé tién hanh khao sat. Pau tién cho (1mmol) 2-
amino-1,4-naphthoquinone (36) tron vdi 1 mmol acid tetronic (51) va 1 mmol cua
hop chat (173m), thoi gian phan (mg 1a 30 phut trong thiét bi vi song, véi 2 loai xuc
tac 1a acid tosylic (p-TsOH) va acid L-proline; sir dung cac dung moéi khac nhau nhu:
CH3CN, toluene, xylen, dioxane va CH3COOH khan ¢ cac mtc nhiét d tuong ung
nhu trong bang 3.5

Badng 3.5. Anh huong ciia dung méi dén hiéu sudt tong hop chat 174m

. o Hi¢u suit (%)
TT Dung moi Nhiét do (°C) -
p-TsOH L-proline
1 CH3:CN 80 45 50
2 Toluene 110 30 35
3 Xylen 120 40 35
4 Dioxan 100 35 30
5 CH3COOH 110 85 80

Tir két qua cua bang 3.5 ¢6 thé nhan thiy thuc hién phan Gng trong dung méi
CH3COOH khan véi xtc tac 1a p-TsOH 1a phu hgp hon cd, hon ntra CH3COOH tan
tbt trong nude, vi vy thuan loi cho qué trinh tach, chiét phan 1ap san phim sau phan
trng. Hai loai xtic tic acid duoc khao sat cho thay khong c6 su khac biét nhiéu, trong
khi p-TsOH xic tac chon loc cho phan tng ghép ndi giita cac keton va aniline [141],
con L-proline 12 mot chit xtc tic da ning hd trg cho nhiéu loai phan tmg nhu: ngung
tu Aldol, Mannich, cong Michael, ngung tu Knoevenagel, phan ing Hantzsch,
Ullmann...[142].

Bing cach sir dung dung méi 1a CH3COOH khan va xtc tac 13 acid p-TsOH &
diéu kién nhiét d6 110 °C, luan an da tong hop dugc 14 dan xuit (174a-n) 1a cac chit
ran dang bdt, c6 mau tir dé nhat dén d6 dam, tan tdt trong CH>Cl,, MeOH theo So dd
3.10. Cac thong sd vat 1y va thudc tinh cta san pham dugc trinh bay trong bang 3.6

Bang 3.6. Cdc dan xudt hybrid podophyllotoxin-isatin-naphthoquinoe

T Hq:p R R Mau se Nhiét d¢ |Hiéu suit
chat nong chay(°C) (%)
1 | 174a H Mau dé dam 356 - 357 85
2 | 174b 5-Cl H Mau dé dam 365 -366 70
3 | 174c 5-Me H Mau dé 361 - 362 83
4 | 174d 5-Br H Mau do 310-311 82
5 | 174e 7-Me H Mau dé cam 367 - 368 74
6 | 174f | 5,7-dibromo H Mau d6 cam 364 - 365 73
7 | 174g | 5,7-dimethyl H Mau dé cam 372 -373 75
8 | 174h H benzyl Mau dé dam 320 -321 76
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9 | 174i H 4-CF3-benzyl | Mau dé cam 335-336 87

10 | 174j H 4-Cl-benzyl | Mau doé cam 292 - 293 78
4-bromo-2-

11 | 174k H Mau cam 350 - 351 76
flo-benzyl

12 | 1741 5-Cl 4-CF3-benzyl Mau do 354 - 355 85
4-bromo-2-

13 | 174m 5-CH3 Mau do 337 -338 80
flo-benzyl

14 | 174n | 5,6-dibromo | 4-CF3-benzyl | Mau dé cam 278 -279 72

p-TsOH
O‘ Izg: AcOH glacial
NH, L mw, 110 °C
15-20 min
(36) (51) (1173a- n

(174k) (1741) (174m) (174n)

So dé 3.10. Tong hop cdc dan xudt podophyllotoxin-isatin
Co ché hinh thanh cac hop chat hybrid cta 16p chat nay duoc dua ra trong so
dd 3.11 va duoc giai thich nhu sau: dau tién cac hop chat trung gian (175) dugc hinh
thanh dya trén qué trinh ngung tu Knoevenagel giita 2-amino-1,4-naphthoquinone
(36) va cac dan xuit cua isatin (173a-n), sau d6 1a qua trinh tach nuéc dé tao ra cac
hop chat trung gian (176), tiép theo 1a phan tmg cong Michael cta hop chét (176) véi
acid tetronic (51) dé tao thanh hop chét trung gian (177). Cudi cing 13 qua trinh déng

vong ndi phan tir, tich nuwde tao san pham (174a-n)



98

0]

(174a-n) (178)

So dé 3.11. Co ché hinh thanh cdc dan xudt podophyllotoxin-isatin

3.4. Tong hop cac din xuit podophyllotoxin-isatin-AZT (182a-p)

AZT (3'-azido-2',3'- dideoxythymidine) 1a loai thubc duoc FDA chép thuan
diéu tri cho cic bénh nhan mic HIV. Trude khi duge FDA chép thuan n6 da duoc
chting minh 1 ¢6 tac dung trc ché su phat trién cua nhiéu loai t bao ung thu ¢ nguoi,
dic biét khi két hop vdi cac tdc nhan hoa tri li€u khéc cho théy hi€u qua tich cuc trong
diéu tri 1am sang giai doan I va giai doan II d6i véi cac bénh nhan mac bénh ung thu
dai trang, bach cu,u lympho va cac bénh ac tinh tién trién khac [143-145]. Tuy nhién
nhuoc diém khi st dung AZT d6 1a ddc tinh, cac tdc dung phu dugc ghi nhan la budn
nodn, tiéu chay, dau dau va e ché tuy xuong...Do d6 dé giam ddc tinh, tang hi¢u luc,
hi€u qua cua thude, can bién ddi, lai ghép voi cac tac nhan khac co6 hoat tinh sinh hoc
dic hiéu, nham cai thién tinh chat dugc 1y cta loai thude nay [146, 147].

Céu trac cua AZT (180) duoc bién doi vé mit hoéa hoc, nd cé cdu trac tuong
tur voi base thymidine (179), chi khac & chd c6 nhom azide thay thé nhém hydroxyl
o vi tri C-3' trong vong deoxyribose [100].

@) @)

L L
& )

HO N3
Thymidine (179) Zidovudine - AZT (180)

Cac nghién ciru vé su két hop giita hop phan AZT véi cac tic nhan chdng ung
thu khac nhu quinoline, coumarin va sunfocoumarin qua cau lién két 1,2,3-triazole
déu thu nhan duoc cac két qua tich cuc (cho gia tri ICso tir 9-100 uM) [148]. Pic biét
cac hop chat lai ndy con c6 kha ning kim him sy phat trién cta cac khdi u 4c tinh va

ngin chin qué trinh di cin bang cach trc ché hoat dong cua enzym telomerase (EC



99

2.7.7.49), 1a enzym c6 chitc ning diéu hoa phién ma cia con dudng truyén tin hiéu
Wnt/B-catenin trong t& bao [149].

Phan tng click ¢6 dién 1a sy cong hop vong hoa azide-alkyne duoc xuc
tac bang kim loai ddng, tr Cu(0) dén cic oxide cta chung hoic & dang
tu do, phtc chit dugc mang trén cic chat mang khac nhau giita azide va
alkyne dé tao thanh mot di vong 5 canh. Khi st dung chat xtc tac Cu(l) trong cc
dung moéi nhu tert-BuOH/H,O, EtOH, DMF, THF, DCM, CHCl;, CH3CN... san
phém thu duoc chi ¢co d@)ng phan thé -1.,4; trong khi khong str dung xuc tac hoac su
dung xuc tac khac cho phan tng click theo phuong phép cdng hop vong hoa 1,3-
ludng cuc ctuia Huisgen cho cé hai loai san pham 13 dong phan thé -1,4 va -1,5 [150].

Trén co s tong hop thanh cong cac dan xuét giira isatin va podophyllotoxin
nhu d3 trinh bay trong muc 3.3.2, luan an tiép tuc thiét ké, tong hop cic dan xuat cia
podophyllotoxin-isatin voi AZT bang cach két hop giita phan tng domino va phan
tng click theo so d6 3.12

Va1
NH» p-TsOH OzN
AcOH glacial

O
(36) mw 110 °C AZT (11¢9)
30 min @] Cul (0.2eq)

O,N N DIPEA (12eq) O (182a)
I .
mo O |y (1g1) BUOHHZO (11 o
N mw, 60 °, 2h

(172a)

So d6 3.12. Tong hop dan xudt podophyllotoxin-isatin -AZT

Qua trinh duoc thuc hién qua 3 giai doan. Pau tién thuc hién phan tng alkyl
hoa giita isatin va propargyl dé thu duoc hop chit (172a) (muc 3.3.1), sau d6 tién
hanh phan Gmg domino giita 2-amino-1,4-naphthoquinone (36), dan xuit (172a) cia
isatin v6i acid tetronic (51) trong acid acetic khan, str dung xuc tac 1 p-TsOH. Cubi
cung thyuc hién phan ung click trong fert--BuOH/H>0 (1:1), st dung xtc tac Cu(l) &
nhiét d6 60 °C v&i sy hd trg cua thiét bi vi song. Phan ing xay ra nhanh, cho hiéu
suat tot, san pham dugc phan 1ap mot cach d& dang bang sic ki cot, thoi gian phan
g duoc theo ddi bang TLC v6i hé dung méi n-hexane:EtOAc=1:1.

Cau truc cua hop chat (182a) duoc xac nhin bang cac phuong phap phd IR,
NMR va HRMS.

Ph6 IR (do biang phwong phap ép vién KBr) cia hop chit 182a (Hinh
3.18) cho thiy c6 su xuat hién cua bang song hap thu manh dang broad trong khoang

3200 cm! dic trung cho nhém -OH cung cudng do dao dong hoa tri manh tai vi tri
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1669 cm! ctia nhom chirc carbonyl (=NCONH-) trong vong thymidine, bén canh céc
dao dong duoc ghi nhan trén by khung cta podophyllotoxin-naphthoquinone va
isatin.

1004
1001

981 l 438.08

961 225538
91231 ___
478.48cm-1

69.850m-1
941 553.150m-1
~__695800m-1
I 114299 724 81cm-1
921 1206.07] - s
' “ 1231.95
1397.05cm-1 gt 1179.52cm-1

90 |’

%T

2026.92 1020.24cm-1

g 1096.08
88 3065.38 \
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1606.27cm-1 1074.62cm-1
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1269.16
841 173341

1500.65cm-1 1301.51

827
1334.39cm-1

1669.74cm-1
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Hinh 3.18. Phé IR ciia hop chdt 182a
Cac hinh 3.19 - 3.20 14 ph6 'H-NMR, '3C-NMR cuia hop chét (182a) ciing nhu
cac trong tac chinh H —C duogc chi ra trén phé HMBC trén Hinh 3.21

N
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Hinh 3.19. Phé 'H-NMR ciia hop chat 182a

Trén phd '"H-NMR, hai tin hiéu cong huéng xuit hién ¢ trudng yéu nhat tai ou

(ppm): 11.32 (1H, s) va 11.19 (1H, s) duoc qui két cho proton & hai vi tri NHinymideine

va -NHpodophyliotoxin dwra vao phd HMBC. Céc dang tin hi€u proton cta vong isatin va

(5

2 1 0 PRpm

3 B

15 14 13

khung podophyllotoxin-naphthoquinone c6 thé duoc xac nhén trong ving thom cing
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v6i su chdong 14n ciia hai proton H-5" (vong 1,2,3-triazole) va H-6""". Cac tin hiéu
proton con lai cua vong oxolane va cdc nhom methylene ciing dugc ghi nhan tai
trudng thap hon, dic biét 3 proton ciia nhém methyl trén vong thymidine xuat hién
tai truong cao nhat. Riéng tin hiéu cta proton trong nhom -OH khong dugc tach vach
16 rang trong hop chat nghién ciru nay, nhung trong cac hop chét khac cua diy c6 su
tach vach ¢ dang multiplet trong khoang 5.30 - 5.20 ppm, trong trudng hop nay co
thé do sy chdng 1an ciia cc proton trong khoang 5.50-5.00 ppm dn tdi tin hiéu proton
cta nhom -OH khong dugc ghi nhan mét cach 10 rang.

o e B B e i
e R R R e

ﬂmmmma\-mna:

WEew rhen S DD D0 E S 0 -
s i o —5ﬂ¢l’."'ﬂ'—'—"u-¢:ﬂﬂlﬂ5ﬂr\-

220 200 180 160 140 120 100 1] &0 Al 20 ; ppm
Hinh 3.20. Phé C-NMR cua hop chdt 182a

Ph6 '*C-NMR cua hop chét (182a) co cac tin hiéu nam & truong thap trong
phd nay (8¢ (ppm): 180.0 — 170) thudc vé nguyén tir carbon (C=0) ciia cac nhom
chuc ketone c6 mat & vong quinone, y-lactam, isatin va thymidine. Cac tin hi¢u nay
cling duoc coi 1a cac tin hiéu chia khoa dé giup cho viée qui két cac tin hiéu proton
va carbon khac cua cac khung podophyllotoxin-naphthoquinone, isatin va thymidine
tuong ung. Két hop véi phd HSQC va HMBC, cac tin hiéu cong hudng cia cac
nguyén tir carbon c6 twong tac gan, xa vdi proton s& duoc xac lap chinh xac, tir d6
gitip xac dinh cau trac hoan chinh ctia hop chét (182a).

Két qua phan tich phd HMBC, HSQC cua hop chat 182a dugc liét ké chi
tiét trong bang 3.7
Badng 3.7. Két qud qui két va cdc twong tdc chinh cia hop chat 182a

TT| C dc LoaiC|  on(mult.,, J = Hz) HMBC (H — C)

1 169.3 C=0

2| 3 66.7 5.08 (2H, s) 3a, 1, l1a
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TT| C oc Loai C|  ou(mult., J = Hz) HMBC (H — C)
3 3a 157.2 Cq
4| 4a 1415 Cq
51 5 178.8 C=0
6 | sa 130.1 Cq
71 6 1262 8.21-8.20 (1H, m) 8, 9a, 5
8 | 7 1337 7.85-7.77 (m)
9 | 8 135.0 7.85-7.77 (m)
0] 9 126.1 7.85-7.77 (m) 10
11| 9 1313 Cq
181.5 (d, /=2.5 | C=0
12 10
Hz)
13 | 10a 115.9 Cq
14 11 47.6 Cq
15| 1la 109.5 Cq
6| 2 176.7 C=0
17 3 123.0
18| & 147.9 Cq
9] 5 1231 8.25 - 8.23 (2H, m)
20| 6 126.0 Cq 8.10-8.09 (1H, m)
20 7 143.0
2§ 108.6 735 (1H, dd, J= 1.8, 9.0Hz)
23 | 47 134.8 Cq
24| 57 120.1 8.25-8.23 (2H, m)
5.23-5.20 (1H, dd, J = 4,6,2,4
25 | 67 35.9 15.6, 3.6 Hz)
5.18 (1H, d, J=15.6 Hz)
26 | 27 | 84.5(d, /=5 Hz) 421-4.19 (1H, m) 67,5
27 | 37 [59.1(d,J=5.0 Hz) 539 -5.35 (1 H, m) 6.3".5
s | 4 0 2.77-2.73 (1H, m)
270 - 2.65 (1H, m)
29 57 83.9 6.41 - 6.38 (1H, m) 276
30 | 67 160.5(d, J=7.5 Hz) 3.71-3.69 (1H, m)
3.64 - 3.60 (1H, m)
31
32| 27 150.4 C=0

33
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TT| C oc Loai C on (mult., J = Hz) HMBC (H — C)
34 | 477 163.7 C=0
35 | 57 108.6 Cq
36 | 67 136.2 7.85-7.77 (m) 2747
37 | 77 12.2 CH3 1.81 (3H, s, CH3)
38 11.32 (1H, d, J= 2.4 Hz,
NH Thymidine)
39 11.19 (1H, s, NH)

Hinh 3.21. Cdu triic ciia hop chdt 182a va cdc twong tdc chinh trong phé HMBC

Trén pho khdi phan giai cao cua hop chéat (182a) (Hinh 4.118, phu lyc) xuat

hién cac manh ion gia phan tir 6 m/z caa [M+H]": 735.1721 phu hop véi khéi luong

tinh toan theo 1y thuyét cho cong thirc phan tir [C3sHa7NsO1i]" 1a 735.1793 va

[M+Na]: 757.1512 tuong Ung tinh toan theo 1y thuyét cua cong thic
[C35sH26NgO11Na]*: 757.1613. Cac dit liéu phd NMR va HRMS d3 quy két chinh xac
cAu trac cta hop chit (182a).

Trén co s két qua tong hop dan xuat (182a), luan 4n di tién hanh tong hop

thanh cong 16 dan xuét (182a-p) cta 16p chét nay véi hiéu suat dat tir 62 - 83%.

Bdng 3.8. Tong hop cdc dan xudt hybrid podophyllotoxin-isatin-AZT 182a-p

- H(.):p R Mau séc Nhiét d¢ | Hiéu suit
chat nong chay (°C)| (%)
1 | 182a 5-NO» Mau cam 272 -273 62
2 | 182b H Mau nau den 230 -231 71
3 | 182¢ 7-Me Mau nau do 282 - 283 74
4 | 182d 5-Cl Mau dé cam 320 - 321 68
5 | 182 5-F Mau d6 cam 276 - 277 77
6 | 182f 5-Br Nau do 295 -296 81
7 | 182g 5-OCH3; Mau nau do 285 -286 78
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182h 5,6-diflour Mau nau cam 246 - 247 66
9 | 182i 7-F Mau d6 cam 239 - 240 82
10 | 182j 5-OCF; Mau nau den 131-132 65
11 | 182k 5,7-dibromo Mau nau doé 160 - 161 72
12 | 1821 4,6-dichloro Mau nau 280 - 281 83
13 | 182m 5-iotdua Mau cam héng | 206 - 207 67
14 | 182n 7-CF3 Mau nau xam 250 - 251 74
15 | 1820 5-CH3 Mau d6 nhat 355-356 71
16 | 182p 5,7-dimethyl Mau dé cam 268 - 269 69

3.5. Tong hop cac din xuét podophyllotoxin-isatin-Erlotinib (184a-e)
Erlotinib 1a mét din xuét cia 4-anilinoquinazoline, c6 tén héa hoc 1a N -(3-
ethynylphenyl)-6,7-bis(2-methoxyethoxy)-4-quinazolinamine, trong dé co6 chua
nhém 2-methoxylethoxyl tai cac vi tri 6 va 7. [151].
Z

NH
NSO N
© 3)N (Erlotinib)
/O\/\O [1\]/

Erlotinib 14 chat {rc ché protein tyrosine kinase duoc FDA chap thuan dé dicu
tri ung thu phoi khong phai té bao nhé di can (NSCLC), ung thu tuyén tuy va ung thu
thuc quan [152]. Béng cach chiém chon loc céc vi tri lién két adenosine triphosphate
(ATP) cta thy thé yéu t6 ting trudng biéu bi (EGFR), phan tir nay tc ché nguoc lai
qua trinh hoat héa EGFR, dan dén tc ché cac qué trinh truyén tin hiéu ha luu tiép
theo, chu yéu thong qua cic con dudng phosphatidylinositol 3-kinase (PI3K) va
protein kinase hoat hoa mitogen (MAPK), do d6 dan t6i trc ché su ting sinh cta té
bao ung thu, gidm hinh thanh mach méu va di can [153]. Tuy nhién tinh trang khang
thudc va cac phan tmg phu khi dung thudc c¢6 chira erlotinib ngay cang c6 xu huéng
tang do d6 can phai c6 cac giai phap hitu hiéu hon [154, 155]

Khi duwa nhom nhom 1,2,3-triazole gin vao erlotinib d lam ting dang ké hiéu
luc cua thude chéng khdi u, do vong 1,2,3-triazole c6 md men ludng cuc 16n, cé thé
tao ra nhiéu trong tac khong cong hod trj voi cac nhom thé khac nhau, tir d6 1am giam
tinh trang khang thudc va han ché cac tac dung phu do erlotinib gay ra [152, 156].

Xuét phat tir nhitng co s& thuc tidn néu trén, luan an tién hanh thiét ké, tong
hop cac dan xuit méi ctia podophyllotoxin-isatin véi Erlotinib theo so d6 3.13, nham
muc dich tao ra hop chit vira c6 kha ning e ché tubulin vira c6 kha ning Gc ché

protein tyrosine kinase thong qua céc danh gia, thir nghiém cta 16p chat nay véi cac
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dong té bao ung thu & cap d6 in vitro.

Phuong phap téng hop duoc tién hanh qua cac bude, du tién cac dan xuat cia
isatin -azido-but-2-en (169a-n) tong hop theo quy trinh da duoc chi ra ¢ So d6 3.7.
Tiép theo luan an thyc hién phan Gng domino gitta cac hop chat (36), (51) dé tong
hop cac dan xuét cia podophyllotoxin-isatin chira nhém chirc azide. Cudi cing thuc
hién phan click véi Erlotinib trong dung moi fert-BuOH/H20 (1:1).

(169a-e)
+ \ ,‘%O\e\o\'b\
N S)%
Na| o279
O O
Iy \9'\'\
(6] > Q

o
+ (1)
o
90w J
N 0
(36) (184a-e) N 07N

So do 3.13. Tong hop cdce dan xudt hybrid ciia podophyllotoxin-isatin véi Erlotinib
Cau triic cua cac san pham (184a-e) dugc xac dinh bing cac phd IR, NMR

Lt

Hinh 3.22. Phé 'H-NMR ciia hop chit 184a
Trén ph6 '"H-NMR cuia hop chat (184a) (hinh 3.22) ¢ su xuét hién ddy du caa
39 tin hiéu cac proton c6 mat trong phén tir. Cu thé ngoai cac tin hiéu dic trung cua

khung podophyllotoxin da dugc ban luan ¢ cac muc 3.2 (cap tin hi€u singlet cua 2
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proton vong lacton, cac tin hiéu vong thom ctia quinone, isatin), con c¢6 sy xuat hién
clia cac proton thudc hop phan erlotinib nhu: 6 proton ciia 2 nhém methoxyl tuong
ung voi 2 tin hi€u singlet manh dugc ghi nhan ¢ do dich chuyén lan luot 1a 0y (ppm):
3.37 va 3.36, c6 2 cum tin hi¢u tuong ung v4i 8 proton ciia 4 nhom metylene oxit
cong hudng tai do dich chuyén oy (ppm): 3.5 - 4.5 va mot tin hiéu singlet tai truong
thap, c6 do dich chuyén 9.50 ppm (nhém -NH). Pic biét cip tin hidu ciia proton trans
trén hop chat but-2-en ciing dugc ghi nhan trong khoang tir 5.5 - 6.5 ppm (J =15.6

Hz) cung su xuét hién ctia 4 proton tuong tng v6i 2 nhom methyl bén canh.

NI P AP D e BB D D ® »w o~ BANNBENBLY [LRLN=LI= »o -
PR ARSL NS SSINNNSES xNes & waA > SESRrRSS8S R -s =

- ~mmw e = .,.,..........l,, ,hhhhhhhh = -
© S GG WSS SIS S S wa - Cever e T

V G2 w1\

ol 58

W W W S O W
Hinh 3.23. Phé gian 'H-NMR ciia hop chdt 184a
Tuong ty phd *C-NMR ciing ghi nhan day du 48 tin hiéu carbon c6 mit trong

hop chat. Bon tin hiéu carbon ciia nhom keton dugc ghi nhan déy du trén khu vuc
treong thip tuong tmg voi vong quinone, lacton va isatin (170 - 180 ppm) bén canh
cac tin hiéu cua lién két C-O (60 70 ppm) cling dugc ghl nhan day du..

T T T T

T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm

Hinh 3.24. Phé 3C-NMR ciia hop chat 184a
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Hinh 3.25. Phé gian >C-NMR ciia hop chat 184a
Trén phd HRMS (Hinh 4. 196, phu luc) xuat hién gia tri s6 khdi cua céc pic
ion gia-phan tir [M+H]" twong ung vdi cac gia tri m/z: 951.2047 va 953.2043 phu hop
tinh toan theo 1y thuyét cho cong thirc [CasHa0BrNgOo]™: 951.2096 va 953.2052.
Nhu vay voi cac tin hiéu phé) da duoc ghi nhan, cé thé khéng dinh ciu trac cua
san pham thu dwgc phu hop véi dinh hudng ghép ndi ban dau. Trén co sd d6 ludn an
tién hanh tong hop duoc 05 (ndm) din xuit méi ciia podophyllotoxin-isatin-Erlotinib,
két qua duoc trinh bay trong Bang 3.9.
Bdng 3.9. Két qud tong hop cdc hop chit 184a-e

Hop L. Nhiétdd | Hiéu suit
TT . R Mau sac i i
chat nong chay (°C)| (%)
1 | 184a 5-Br Mau vang cam 261 -262 41
2 | 184b 5,7-dibromo Mau dé nau 242 -243 36
3 | 184c 7-F Mau nau xam 224 - 225 48
4 | 184d 5, 7-dimethyl Mau xam 290 - 291 55
5 | 184e 4,6-diflour Mau vang nhat 266 - 267 32

Co ché cuia phan tmg click véi xtic tac Cu (I) duoc chi ra trong so dd 3. 14.

Copper (Ill) metallacycle R4 Cul, R4
R =( =\
7 Cul, N. Neg Ne N~
Ne N-g ---7" N 2 N~ R
N 2
A
' [LoCul*
Ri—=——=Cul,
/N_RZ
NENT
o= R1 ——H

Copper (1) acetyide
R—=——CuL,
No+ N,

\N - Rz

So do 3.14. Co ché ciia phan vimg click sir dung xiic tac Cu(l)
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Pau tién tao ra cac ion copper (I) acetyide, tiép theo cong hop véi tac nhan
azide va sau d6 dong vong tao thanh hop chit trung gian copper (III) metallacycle,
sau cung 1a giai doan proton hoa va thu nhé vong hinh thanh san pham thé 1,4 cta
1,2,3-triazole [150]. Vai tro cua ligan DIPEA hoat dong nhu mdt base, khir proton
vong triazole méi hinh thanh, giai phong san pham cudi cing va tai tao chat xuc tac
dong [157]

3.6. Két qua tong hop cac din xuat indole-pyrano|[2,3-d] pyrimidine (188a-1)

Cac nghién ctru vé su cong hop cia pyrano va pyrimidine thanh khung
pyrano[2,3-d]pyrimidine d chi ra rang chiing c6 hoat tinh sinh hoc pho rong nhu kha
ning chong st rét, khang khuan, khang nam, khang vi-rut, chong ung thu, chong
khéi u, rc ché a-glucosidase, trc ché acetylcholinesterase (AChE) va gay doc té bao
[158-160]. Bén canh d6 cac hop chét chira khung indole c6 tmg dung tiém ning trong
viéc kiém soat bénh tiéu duong type 2, bang cach lién két v6i cac vi tri hoat dong cia
enzym o-glucosidase, cac hop chat nay ngin chian enzyme phan hily carbohydrate
phirc hop thanh duong don, din dén lugng duong trong méu ting cham hon sau bita
an, qua d6 1am cham qua trinh hip thy glucose tir rudt non [161].

Vi muc tiéu thiét ké, téng hop céc dan xuat méi c6 kha nang rc ché chon loc
céc enzym a-glucosidase va acetylcholinesterase (AChE), ludn 4n d3 tién hanh tich
hop indole vao vao khung pyrano[2,3-d]pyrimidine bang phan tng domino.

Tiép tuc khai thac triét dé hudng nghién ctru chuyén sau vé phan tng domino
da thanh phan, luan 4n di tong hop thanh cong cic din xuit méi cua pyrano[2,3-
d]pyrimidine lién hop véi indole (188a) bang phan tng domino ba thanh phan qua 2
buéc phan tng theo So do 3.15

OMe

OH (1; ) CHO M ,(O
a e
{ NH4OAc (29) N CN (CH3C0),0
+ EtOH
CN

HZSO4 conc.

N 0 :
o < 78 C,;qa,o min NH2 CH,CN
Me CN 120 °C, 15 min, mw
(185) (74) (187a) (188a)

So d6 3.15. Tong hop dan xudt hybird 188a cia indole-pyrano[2,3-d] pyrimidine
Bang cach tinh ché, phan lap hop chat (187a), luan 4n da tién hanh chup pho
'H-NMR va '*C-NMR d¢ xac dinh so bd cau triic ciia hop chat trung gian nay, lam
tién dé cho nghién ciru tiép theo.
Trén phd 'H-NMR ctia hop chat (187a) (Hinh 3.26), 8 tin hiéu proton cua hai
vong thom dugc xuat hién trong khoang c6 d6 dich chuyén hoa hoc dx (ppm) tir 6.57

- 8.08, voi cac hing s tuong tic J dic trung cho vong thom trong khoang tir 7.8 - 8.4



109

Hz (0u (ppm): 8.08 (1H, d, /=8.4 Hz), 7.60 (1H, d, /= 7.8 Hz), 7.44 (1H, t,J="7.8
Hz), 7.39 (1H, t,J= 7.8 Hz), 7.22 (1H, t,J=7.8 Hz), 6.81 (1H, dd, /= 7.8, 1.2 Hz),
6.60 (1H, s), 6.57 (1H, d, J = 7.8 Hz)), xen giltra mot tin hi¢u singlet c6 cuong do
manh tai vi tri c6 do dich chuyén hoa hoc 7.02 ppm, duoc gan cho 2 proton ctia nhém
-NH: gin voi vong thom. Proton duy nhat ctia vong pyrano ciing dugc ghi nhén tai oy

(ppm): 5.26 véi tin hiéu singlet manh cting hai nhém methyl cta gdc methoxy va acetyl

14
tuong ung.
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Hinh 3.26. Phé 'H-NMR va phé gian cia hop chdt 187a
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Hinh 3.27. Phé 3C-NMR ciia hop chat 188a
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Ph6 '*C-NMR cua hop chit 187a ciing xac nhan day du tin hiéu ctia 21 nguyén
tr C c6 mat trong hop chét tong hop duoc, trong d6 ¢6 mot sé tin hiéu tuong ng voi
d6 dich chuyén hoa hoc dic trung cta cac nhom chirc nhu: dc (ppm): 169.4 (C=0),
117.6 (-CN), 55.0 (-OCHa).

Sau khi tién hanh danh gia so bo cau tric cia hop chat trung gian (187a), luan
an thuc hién phan tng cong nucleophile trong mdi truong acid, qua qué trinh cong
dong vong ndi phan tir, tich nudc dé tao thanh san phadm. Cau truc cua hop chat
(188a) duoc xac dinh thong qua céc tin hiéu pho IR, NMR va HRMS.

2832 801
o } J‘
a&- /
1Ak fadna
-53( (] 138
1637 1458.50
" 15TEAG hviigo
T S0,
Bi4 1370.E7em-1 Fr Tt
1300 TBem4
a2 / 1221 Gem-1
il / 160537emA
8 1658 35em-4
iy T T T T T T T - - v
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 400

cm-1
Hinh 3.28. Phé IR ciia hop chat 188a
Trén phd IR cua hop chiat 188a (Hinh 3.28) xudt hién tin hiéu dic
trung cua cac nhom chuc c6 mat trong phan tir. Cu thé: tin hiéu tai 1704 cm™' dic
trng cho dao dong ho4 tri ctia nhém chire ketone gin voi nguyén tir carbon ctia vong
thom trong phan tir, tai 1658 cm’! xuét hiéu tin hiéu hép thu manh dac trung cho nhém
carbonyl (C=0) khi gin véi amin. Ngoai ra trén phd IR con xuit hién cac dao dong
hoa tri cua lién két C=C trong vong thom tai cac vi tri 1605 va 1483 cm, cing cac
dao dong trong viing van ngén tay (955-602 cm™), dic trung cho cac dao dong bién
dang cua lién két C-H; va cac dao dong bién dang cua lién két C-O tai 1300 cm™'...
Trong Phd '"H-NMR cuia hop chit (188a) (Hinh 3.29) ngoai cac tin hiéu turong
g cho cau truc cua hop chat (187a) (d3 ban luan & trén), con c6 sy xuat hién cia
cac tin hi€u proton dac trung cho nhom -NH trén vong pyrimidine cOng hudng tai vi
tri on (ppm): 12.53 (1H, s, NH) va mot nhom chirc methyl (-CH;3) gin vao vong
pyrimidine xuét hién tai vi tri c6 do dich chuyén du (ppm): 2.28 (3H, s, -CHs).



-
5 P T W R
#1 W0
== ol o
i b

— W -

ok

@ PSR O P AT R P W L TS O e

LNl Rt -a-E- -k A £ 5 O OWR T D O W WD W T e e

oF W W W AT AT oF ot vl P B BB P W ol S ol o @l
b e T e s

P =T F P P P e - P U U AD A ND WD A WD T A a

5.788

T T T T T T T T T T T T T T T T T T T T T T T T T
2 81 80 79 78 7.7 76 75 74 73 72 71 7.0 69 68 67 66 65 64 63 62 61 60 59 58

CiEe- L

I .

il

s &7 & §F 4 F 2 19

AR i L
T 1 e i) P 3 Ty
=[==[2[5]515]518) al [SfaE]
[ B o P Pt e B e Pl = | sl

H-NMR ciia hop chat 188a

180 160

1-;0 1 él:l 160 80 60 40 20
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Hinh 3.30 1 phd6 "“C-NMR cia hop chat 188a sau khi két tinh
lai, loai bé dung méi, nhan thiy sy xuat hién ddy du tin hiéu ctia 23 nguyén tir carbon
c6 trong phan tir bao gdm: 2 nguyén tir carbon ctia nhém carbonyl (C=0) cong hudng
tai oc (ppm): 169.4 (C=0); 162.5 (C=0). Tin hiéu cua 6 nguyén tir carbon bac bon
Cauart cOng hudng tai cac vi tri oc (ppm): 160.3; 136.0; 133.5; 129.3; 120.2; 101.0.
Bén canh do, cac tin hi¢u con lai cua cac nguyén tir carbon c6 mat trong vong thom
cua indole va aldehyde thom cling dugc xac nhan tai cac dc (ppm): 158.9; 144.2;
125.9;123.7; 119.7,119.1, 116.9, 115.9, 114.8, 111.5. Ngoai ra c4c tin hi¢u xuat hién
ctia nguyén tir C trén nhom methoxyl va methyl ciing lam lugt dugc ghi nhén tai cac
vi tri ¢6 @6 dich chuyén hoa hoc tuong tng dc (ppm): 54.9; 37.0; va 26.6.

Cau tric cioa hop chit 188a duoc xac nhan bang pho khdi lugng phan
giai cao HRMS.

Spectrum from 20230523Hang wiff2 {sample 1) - QG033 0882, Expenment 1, +IDA TOF MS (20 - 4500) from 0267 min
3 a4
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Hinh 3.31. Pho HR-ESI-MS ciia hop chdt 188a
Phé khéi luong phan giai cao HRMS (Hinh 3.31) phat hién pic ion gia phan
tlr m/z: 402.1450 [M+H]", tinh toan Iy thuyét cho cong thirc [C23H13N304]*: 402.1448.
Nhu vay, tir cac két qua phan tich ctia phd cong hudng tir hat nhan 'H-NMR, *C-
NMR va HRMS, cho phép khang dinh ciu triic ctia hop chat (188a) hoan toan phu
hop véi dinh huéng nghién ctru ban dau.

Pé dua ra duoc diéu kién t6i wu cho phan tmg tong hop diy chét nay, luan an
lya chon chat dau diy 188a khdo sat va lya chon 2 phuong phép tién hanh: dun hoi
luu (trong 3h) va thyc hién trong thiét bi vi séng AntonParr 400 & trong khoang nhiét
do tir 70 - 140 °C véi budce tang nhiét 1a 10 °C; dung moi dugce lya chon la: CH3CN,
t-BuOH, EtOH, dioxan, toluene, AcOH, cing véi cac chat xtic tac duoc khao sat. Dau
tién hon hop gdm: 1 mmol N-acetylindoxyl (185), Immol 3-methoxybenzaldehyde
(186a-1) va Immol malononitrile (81) voi 0.15 mmol amoni axetat (NHsOAc) (60)
lam chét xuc tac. Sau khi két thuc buéc 1 cho thém 3 mmol acetic anhydride
(CH3CO)20 cung vai 0.04 mmol H2SO4 lam xuc tac, nang nhiét do phan tng 1én 120
°C trong thoi gian 15 phut. Két qua khao sat duoc trinh bay chi tiét trong bang 3.10



113

Tir két qua nghién ctru thuc nghiém cho thay phan tng sir dung céc dung méi
c6 md men phan cyc thap nhu toluen (0.36D), dioxan (0.45D), khong thich hop véi
qua trinh gia nhiét trong thiét bi vi song hodc dun hdi lvu ¢ nhiét d6 cao, nguoc lai
cac dung moi c6 md men phan cuc cao phi hop véi qua trinh gia nhiét bang thiét bi
vi séng ¢ nhiét do tir 80 - 120 °C. Hai dung mdi phu hop véi nhiét d§ cua bude 1 (80
°C) va budc 2 (120 °C) 1an luot 1a EtOH va CH3CN; tuong (mg véi xtic tic NHsOAc,
xuc tac cho phan tmg ngung tu Knoevenagel ¢ budc 1 va H2SO4 tao mdi trudng acid
cho qua trinh thuy phan, dong vong & budc 2.

Bang 3.10. Khdo sat dung méi, xiic tac va nhiét dg cho tong hop dan xudt 188a
Xuc tac Nhiét do

- Dung méi (20% mol) ¢0) Hiéu suét (%)
Bué6c 1 | Buée 2 | Bude 1 | Buée 2 [Buée 1(Bude 2| Hoiluu | mw

1 EtOH | EtOH | DMAP |p-TsOH| 70 100 N/A
2 |CH3CN| EtOH | EtN | H2SO4 | 80 110 30
3 EtOH |CH3CN NH4OAc| H2SO4 | 80 120 68
4 |CH3CN|#-BuOH | AcOH | H2SO4 | 90 130 35
5 |t-BuOH |Toluene |p-TsOH| H2SOs | 90 140 N/A
6 |Toluene |Dioxane NH4OAc|p-TsOH | 100 100 |nhiéu vét
7 | AcOH | CH;CN | DMAP | Et:N 110 110 N/A
8 |Dioxane| AcOH |p-TsOH NH4OAc| 120 120 N/A

Cin ctr diéu kién phan tmg di duoc xac lap & trén, luan an d3 tién hanh téng
hop duoc 12 dan xut hybrid cta indole-pyrano[2,3-d]pyrimidone (188a-1) theo So
dd 3.16. Két qua tong hop va hiéu suit cta cic dan xuat duoc dua ra trong Bang 3.11

Badng 3.11. Cdc hop chdt indole-pyrano[2,3-d]pyrimidine 188a-1

TT Hop chit Mau sic nénl\gnlllf;;% ) Hiéu suat (%)
1 188a | Mau tring 370 - 371 68
2 188b | Mau tring 374 - 375 72
3 188¢ Mau tring duc 372 - 373 75
4 188d Mau vang sang 382 - 383 78
5 188¢ | Mau nau 376 - 377 70
6 188f | Mau tring 388 - 389 70
7 188g | Mau nau 383 - 384 65
8 188h | Mau niu xam 382 - 383 66
9 188i Mau den 385 - 386 68
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TT | Hop chét Miu sic n(')nl\gnlll?;;% cy | Hidu suit (%)
10 188j Mau nau den 386 - 387 65
11 188k | Mau nau 384 - 385 68
12 1881 Maiu tring x4m 381 - 382 75

Tir Bang 3.11 ¢6 thé thay, vai tro caa cac nhom thé hat dién ttr (-Hal, -NOy -
CN) va cac nhom thé day dién tir (-OCHs, -CHs) trén céac aldehyde thom ciing khong
tac dong nhiéu dén hiéu suit cua phan Gng.

OH O O
CN Me\( Ar Me\( Ar O
A\ + < NH,OAcC (29) N CN  +(CH;C0),0 N NH

CN | | H>S04 conc. | |

N o EtOH _
e )]\ (81) 78 °C, 30 min O~ "NH, CHaCN, 0" N° "CH,
Me Ar H mw 120 °C, 15 min, mw
185 (186a-) (187a-l) (188a-I)
(185)

OMe

Me\/(o
N

(188i) (188j) (188k) (1881)
So d6 3.16. Tong hop cdac hop chat hybrid 188a-1 indole-pyrano[2,3-d]pyrimidine

Co ché hinh thanh san pham (188) dugc dé xuat theo so d6 3.17. O giai doan

1 (buée 1), dau tién dudi tac nhan xuc tac 1a NH4OAc, cac dan xuét ciia benzaldehyde
va N-acetylindoxyl (185) cung tham gia phan iing ngung tu Knoevenagel tao thanh
san pham trung gian (190) sau d6 tach nudc, tham gia phan tng cong Michael véi tac
nhan malononitrile, déng vong va tao ddng phan véi vong pyran trong phan Gmg
domino 3 thanh phan, thu duoc hop chét trung gian (187). Tiép theo & giai doan 2
(bude 2), hop chét trung gian (187) tham gia phan tng cong nucleophin véi anhydride
axetic hinh thanh hop chat (195), sau d6 thuy phan trong méi trudng acid tao thanh
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hop chit (199). Cubi cing thyc hién chudi dong vong nodi phan tir, tich nudc thu duge
san pham (188a-1).

Ac Ac Ac

o} \ @ AcOH Ac
N Ar—g A — > N N OH N Y NG N
A Ay AcOH ? i ‘\/\r
OAc
- &Hg\ (1918
)
NH4OAC = NH, OAc (189) (190) Ac

'?‘C Ar

QTI@O

(194) N ‘*0 Me

(188a-))

So dé 3.17. Co ché dé xudt hinh thanh hop chdt 188

Nhu vay, véi viéc khai thac triét dé loi thé ciia phan mg domino trong tong
hop cac hop chat dj vong, luan 4n da tién hanh téng hop thanh cong 12 dan xuit moi
ctia 16p chat indole-pyrano[2,3-d] pyrimidine thong qua hai budc tir cac nguyén liéu
dau 1a N-acetylindoxyl (185), cac aldehyde thom (186a-I), malononitrile (81) va
anhydride axetic ((CH3CO),0); trong dung méi EtOH va CH3;CN véi cc chét xuc
tac 1a NHsOAc va HSO4 tuong (mg; hiéu suat phan tng thu dugc tir 65 - 78%.

3.7. Panh gia, thir nghiém hoat tinh sinh hoc ciia cac chét tong hop dwoc

Véi dinh hudng muc tiéu thiét ké, tong hop cac dan xuat di vong méi cua
podophyllotoxin ¢ kha ning tc ché chon loc cac dong té bao ung thu khac nhau

thong qua tuong tac cua cac di vong chtra O, N, S v61 b khung cua podophyllotoxin
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hay stir dung co cheé trc ché cac protein kinase cua isatin, ludn an da su dung phan ung

domino, két hop voi phan ung click dé tong hop cac din xudt méi cia

podophyllotoxin va thir nghiém kha ning gy doc té bao & cip do in vitro trén cac

dong ung thu & nguoi bao gdm: KB (té bao ung thu biéu md), A549 (ung thu phdi),
HepG2 (ung thu gan), MCF-7 (ung thu vi1) va té bao lanh tinh Hek-293, st dung chat

chuan ellipticine. Ngoai ra nhirng thir nghiém vé kha nang uc ché cac enzym a-

glucosidase va AChE dbi vé6i 16p chét indole pyrano[2,3-d]pyrimidine ciing dugc

ludn 4n nghién ctru nham tim kiém, sang loc cac hop chat co tiém nang dé phat trién

thanh thudc diéu trj cac bénh tiéu duong va Alzheimer.

3.7.1. Két qud dinh gid hoat tinh gay dpc té bao ciia cdc din xudt (161a-m)
Badng 3.12. Két qua danh gid gdy déc té bao cua cdc dan xudt 161a-m

ICso
TT |Hop chat (uM)
KB A549 HepG2 MCF-7 Hek-293

1 161a | 1.43+0.14 [0.48£0.03| 1.43+0.15| 2.06+0.66 [22.90+2.18
2 161b  |10.05+1.17{3.09+£0.39(12.36 £ 1.29| 12.63 £ 1.14 |13.80 + 1.41
3 161c 1422+ 1.23(3.06+0.27|3.75+0.69 | 12.15+1.14 [14.55+1.35
4 161d [2.81+ 0.32]2.06+0.22]0.30 £0.06 | 10.36+1.29 [37.12+3.30
5 161e |10.94+1.40{9.94+0.73|10.42+1.18| 13.07+1.60 [11.17+0.85
6 161f |1.10 £ 0.09(7.02+0.91| 1.30+0.13 | 12.65+1.20 |19.69 = 1.70
7 161g 9.94 = 0.65]3.13+0.20(12.67 = 1.40| 11.27+1.78 |13.07 = 1.70
8 161h |1.12 + 0.10/0.16 £0.02| 0.81 +0.11 | 1.07+0.10 | 1.38+0.18
9 161i  |10.74+£1.272.27+0.22| 7.80£0.53 | 10.41 £0.80 |12.26+ 1.13
10 | 161j [6.00+ 0.63]543+0.39|4.35+0.57 | 3.24+0.36 |3.75+0.69
11 | 161k [0.27+ 0.240.27+0.21{ 0.23£0.02 | 1.34+0.16 |2.48+0.32
12 1611 [4.69+ 0.58(2.15+£0.25|5.52+0.86 | 7.34+0.94 |10.21+1.24
13 | 161m |4.63+1.04 [2.83+0.54|583+0.86| 7.26+1.29 [16.73+1.94
Ellipticine | 1.95+0.12 |1.42+0.08| 2.11£0.16 | 2.09+0.16 |5.60=+0.37

Qua s liéu thir nghiém c6 thé thiy tat ca cac dan xuat déu cho thiy hoat tinh

gy doc té bao cao va trung binh ddi voi tit ca cac dong té bao ung thu duogc thir

nghiém véi gia tri ICso tir: 0,16 - 14,22 uM. Trong d6 hoat tinh gay doc té bao cua 3

hop chit (161a, h, k) tot hon hoat tinh cua ellipticine d6i véi ca 4 dong té bao ung
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thu da thr nghiém. Ngoai ra hop chat 161f c6 két qua gy doc d6i voi 2 dong té bao
KB va HepG2, cao hon 1,8 1an so véi ellipticine. Pac biét hop chat 161k thé hién
hoat tinh gay doc té bao manh va chon loc ddi vé6i cac dong té bao KB, A549 va
HepG2 véi gia tri ICso tir 0.23 - 0.27 pM va cao hon khoang 10 1an so véi té bao lanh
tinh Hek-293. Hop chat 161h thé hién hoat tinh trc ché tang truéng cao nhét ddi véi
cac dong té bao ung thu A549 va MCF-7 va cac té bao Hek-293 binh thudng véi gia
tri ICso 1an luot 0.16; 1.07 va 1.38 pM. Bén canh d6 hai din xuat 161a va 161d déu
6 kha nang tic ché chon loc d6i voi cac dong té bao ung thu khac nhau (161a e ché
A549,161d trc ché HepG2) nhung lai thé hién doc tinh thap voi dong té bao lanh tinh
Hek-293 véi cac gia tri ICs 1an luot 1a: 22.90 va 37.12 uM, diéu nay mo ra trién vong
cho qua trinh phat trién thudc dé trc ché chon loc ddi voi cac dong té bao ung thu phodi
va gan riéng r¢.
Bdng 3.13. Chi sé SI thé hién djc tinh cia cdc dan xudt 161a-m

Chi 56 SI
TT |Hop chét KB A549 HepG2 MCF-7
1 161a 16.00 47.90 16.00 11.12
2 161b 1.37 4.47 1.12 1.09
3 161c 1.02 4.75 3.88 1.20
4 161d 13.19 18.00 122.40 3.58
5 161e 1.02 1.12 1.07 0.85
6 161f 17.98 2.81 15.10 1.56
7 161g 1.31 4.18 1.03 1.16
8 161h 1.23 8.55 1.71 1.29
9 161i 1.14 5.40 1.57 1.18
10 | 161 0.63 0.69 0.86 1.16
11 | 161k 9.30 9.30 10.81 1.86
12 | 161l 2.18 4.74 1.85 1.39
13 | 161m 3.61 5.92 2.87 2.31
Ellipticine 2.88 3.94 2.65 2.68

Chi s6 SI (IC50 Hek-293/IC50 hop chét ) gitip cac nha nghién ctru c6 thé danh gia so
bd vé chi s6 chon loc cua cac hop chat. Trén bang 3.13 c6 thé thay: hop chat 161d c6
gia tri SI cao nhat (122.40), dong nghia véi viéc, hop chét nay co chi sé chon loc ddi
v6i té bao ung thu gan HepG2 (ICso = 0.3 uM) cao hon 122 1an so véi té bao lanh
tinh thong thuong Hek-293 (ICso = 37.12). Bén canh d6 hop chat (161a) ciing thé
hién do chon loc gp 47 14n so v6i té bao lanh khi thir nghiém véi té bao ung thu phoi

A549. Ngoai ra hop chit (161K) ciing c6 chi sd SI gip gan 10 1an so voi té bao thong
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thudng & cac dong té bao ung thu KB, A549, HepG2.

3.7.2. Hoat tinh gdy déc té bao ciia I6p chit (182a-p)

Két qua thé hién trong bang 3.14 cho thy: 15/16 hop chét cia 16p chét nay
déu khong ghi nhan dugc gia tri ICso khi tién hanh phép thir dén ndng d6 16 (ug/ml)
trén bon dong té bao ung thu ngudi gdbm: KB, A549, HepG2, MCF-7 va té bao phoi
than ngudi lanh tinh Hek-293. Riéng hop chit (182n) thé hién hoat tinh gay doc yéu
& 2 dong té bao ung thu KB va MCF-7 véi cac gid tri ICso trong tGng: 15.82 + 0.02
va 15.64 £ 0.11 pM. Chung to 16p chat nay duoc coi 12 cac hop chat co kha ning tic
ché kém hodc khong c6 hoat tinh gy doc té bao ung thu (theo Vién ung thu qudc gia
Hoa Ky (NCI)). So sanh véi cac dan xuét ctia podophyllotoxin-isatin (muc 3.7.4) 5
rang khi ghép nbi thém hop phan AZT da lam giam di 1 rét kha ning gay doc té bao
ctia cac dan xuét thu duogc, mic du AZT cling duoc danh gia 1a hop chét c6 kha nang
giy doc té bao tiém niang. Diéu nay c6 thé giai thich khi thuc hién ghép nbi cac hop
phan riéng r& thanh mot hop chét c6 khdi lwong phan tir 16n, cong kénh (¢ 1000 Da),
da phﬁn nao han ché sy tuong tac voi cac thu thé khac nhau cta té bao ung thu, dan
t6i lam giam hiéu qua, hiéu luc ctia cac hop chét.

Badng 3.14. Két qua thir hoat tinh déc té bao cia I6p chat 182a-p

1C50
TT |Hop chét (M)
KB A549 HepG2 MCF-7 | Hek-293

1 | 182a 23.20 23.20 23.20 23.20 23.20
2 | 182b 22.74 22.74 22.74 22.74 22.74
3 | 182¢ 22.29 22.29 22.29 22.29 22.29
4 | 182d 22.74 22.74 22.74 22.74 22.74
5 | 182e 22.10 22.10 22.10 22.10 22.10
6 | 182f 22.61 22.61 22.61 22.61 22.61
7 | 182¢ 22.82 22.82 22.82 22.82 22.82
8 | 182h 21.78 21.78 21.78 21.78 21.78
9 | 182i 22.23 22.23 22.23 22.23 22.23
10 | 182 22.05 22.05 22.05 22.05 22.05
11 | 182k 22.61 22.61 22.61 22.61 22.61
12 | 1821 20.68 20.68 20.68 20.68 20.68
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I1C50

TT |Hop chit (uM)
KB A549 HepG2 MCF-7 Hek-293
13 | 182m 18.88 18.88 18.88 18.88 18.88

14 182n |15.82 £0.02(18.56 £ 0.0417.73 £ 0.03| 15.64 £ 0.11 {19.56 = 0.03

15 1820 19.62 19.62 19.62 19.62 19.62

16 182p 21.12 21.12 21.12 21.12 21.12

Ellipticine 1.87+0.08 | 1.87+0.08 | 1.79+0.08 | 1.79+0.08 | 6.25+0.16

3.7.3. Hoat tinh gdy déc té bao ciia I6p chit (184a-e)

Qui trinh danh gi4 hoat tinh gy doc té bao ciia 16p chat (184a-e) dugc thyc
hién twong ty nhu cac thir nghiém ¢ muc 3.7.1-3.7.2. Két qua gay doc té bao dugc
trinh bay trong bang 3.15

Bang 3.15. Két qua gdy déc té bao cia I6p chdt 184a-e

1C50
TT |Hop chét (M)
KB A549 HepG2 MCF-7 | Hek-293
1 | 184a 16.30 16.30 16.30 16.30 16.30
2 | 184b 17.37 17.37 17.37 17.37 17.37
3| 184c 16.30 16.30 16.30 16.30 16.30
4 | 184d 17.19 17.19 17.19 17.19 17.19
5 | 184e |0.70+0.02 | 0.91+0.04 | 1.00 £0.03 | 3.08=0.11 |3.32+0.03
Ellipticine | 1.87+0.08 | 1.87+0.08 | 1.79 £ 0.08 | 1.79+0.08 | 6.25+0.16

Qua bang 3.15 c6 thé thiy: ciing twong ty nhu 16p chit (182a-p), hau hét cac
hop chat déu khong ghi nhan dugc gia tri ICso & ndng do phép thir taing dén 16 (ug/ml).
Trir truong hop dan xuat 184e thé hién gia tri trc ché manh dbi v6i dong té bao KB
va A549, HepG2 vé6i cac gia tri ICso lan luot 12 0.70 £ 0.02 va 0.91 £ 0.04 va 1.00 +
0.03 pM. Gia tri nay cao gip 2 lan so véi gia tri ICso cua Ellipticine dugc thir nghiém
dbi chtng trong ciing phép do (1.87 + 0.08), trong khi d6 kha ning gy doc ddi voi
dong té bao lanh tinh Hek-293 c6 gi trj ICso =3.32 uM, chi bang % so véi Ellipticine.

Nhu vay c6 thé thdy khi lai hoa voi Erlotibib qua cau lién két 1,2,3-triazole,
16p chét (184) khong 1am ting kha ning trc ché ting sinh déi véi cac dong té bao thir

nghiém so vé6i cac dan xuat podophyllotoxin-isatin, trir truong hop dan xuat 5,7-
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dibromo (184e), diéu nay c6 thé 1a do gidi han vé khong gian din t6i cac lién két trén
vong 1,2,3-triazole va Erlotinib véi protein myc ti€u chua dugc thyc hi¢én nhu dinh
hudng ban dau.
3.7.4. Két qud thir nghigm hoat tinh gdy déc té bao cdc din xudit (174a-n)
Bbn dong té bao ung thu & ngudi gdbm: KB, HepG2, A549 va MCF-7 clng véi
té bao lanh tinh Hek-293 tiép tuc dugc lya chon dé tién hanh thu nghiém doc tinh gy
doc té bao cua 16p chat (174a-n). Két qua thir nghiém dugc dua ra trong bang 3.16.
Badng 3.16. Két qua thir nghiém déc tinh gay doc té bao cia I6p chat 174a-n

Hop ICso
b ch.z“'lt nM
KB A549 HepG2 MCF-7 Hek-293
1 174a | 5.33+0.62 | 1.98+£0.16 | 5.33+0.62 | 1.95+0.21 | 4.89 £ 0.44
2 | 174b | 3.15+0.21 | 1.41+0.12 | 2.32+0.31 |4.20+0.50 | 3.32+0.33
3 174¢ | 3.46+0.33191+£0.20| 4.02+0.45 | 4.17+£0.48 | 3.89+0.40
4 | 174d | 4.75+0.41 | 1.62+0.17 | 434+0.41 |2.07+0.26 | 3.52+0.37
5 174e [10.04+£0.93|2.28 £0.20 | 6.80+£0.63 |[18.83 +£1.71|10.04 = 1.08
6 174f | 1.99+0.22 | 0.90+£0.09 | 3.28+0.39 | 1.84+0.17 | 6.70 +0.57
7 | 174g | 4.85+£0.41 | 1.67+£0.17 | 6.74+£0.68 |2.62+0.22 | 7.27+0.78
8 | 174h | 396+0.34|1.71£0.19 | 424+0.38 |3.73+£0.38 | 2.72+£0.19
9 174i | 4.65+0.44 | 737+£0.83 | 450+0.48 |3.72+0.35 | 4.04+0.42
10 | 174j |5.60+£0.49 | 6.54+£0.69 | 5.78£0.61 | 4.09+0.41 {10.34£1.06
11 | 174k |27.30£2.15{14.00 + 1.59| 20.90 £2.36 |15.09 £1.59| > 28.00
12 | 1741 |17.75+£1.68| 593 +£0.64 | 15.05+1.70 |13.40+1.23| >27.73
13 | 174m |51.68 £1.78(13.28 £ 0.70| 47.50 £2.15 |19.85+0.89| > 64.96
14 | 174n | 436+0.40 | 1.03£0.13 | 6.74+0.73 | 2.11£0.24 |22.85+2.20
Ellipticine | 1.99+0.16 | 1.34+0.08 | 2.07+0.12 | 2.07+0.16 | 5.64 +£0.32

Két qua thir nghiém cho thay tat ca cac din xuat cia 16p chat (174a-n) déu thé

hién hoat tinh (rc ché tir trung binh dén manh d6i vé&i bén dong té bao ung thu, voi
gia tri ICso tir 0.90 dén 51.68 uM. Cac hop chat tir 174a-d, g-h thé hién gia tri Gc ché
manh ddi véi dong té bao ung thu phodi A549, tuong tmg véi gia tri ICso dao dong tir
1,41 - 1,98 uM, tuong dwong véi gia tri cia ellipticine tham chiéu (ICso = 1,34 0,08
uM). Kha ning tre ché dbi véi té bao A549 cia cac san pham 174f (ICso = 0,90 + 0,09
uM) va 174n (ICso= 1,03 + 0,13 pM) tét hon ellipticine. Déi voi dong té bao MCF-
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7, cac dan xuét 174a (ICs0 = 1,95 £ 0,21 uM), 174d (ICso = 2,07 £ 0,26 uM), 174f
(ICso = 1,84 £ 0,17 uM) va 174n (ICso = 2,11 + 0,24 uM) cho gié tri e ché tuong
duong véi ellipticine (ICso = 2,07 + 0,16 pM). Két qua thtr nghiém véi dong té bao
lanh tinh Hek-293 ciing cho thay hau hét cic dan xuat déu thé hién kha ning trc ché
dbi v6i dong té bao nay, dic biét cac hop chat 174f va 174n co6 doc tinh thap hon
khoang 7 va 22 lan so v6i té bao Hek-293 khi tién hanh thir nghiém trén té bao giy
ung thu phdi A549, con khi thir nghiém véi dong té bao ung thu va MCF-7 gié tri
nay thap hon 11 lan.

Cin ctr vao két qua danh gia hoat tinh gy doc té bao, c6 thé nhan xét nhu sau:
khi dua nhém thé bromo vao cac vi tri trong vong thom cua isatin ma khong thuc
hién phan mg alkyl hoa tai vi tri N-1, d3 lam ting kha ning trc ché ddi voi cac dong
té bao ung thu dugc thir nghiém (thé hién & cac hop chat 174d, f, n), nhung khi tién
hanh phan tmg alkyl hoa, cac dan xuét thu duoc lai thé hién hoat tinh kém hon (hop
chat 174k, m), diéu ndy phan nao khang dinh vai trd ctia nhém -NH trong cac tuong
tac sinh hoc cua 16p chat nay.

Trong sb tat ca cac hop chat thir nghiém, hop chit 174f c6 hoat tinh chéng ting
sinh v&i nhiéu dong té bao khac nhau, do d6 n6é duoc lua chon cho cac thir nghié¢m
tiép theo bao gdm: phan tich chu ky té bao, thir nghiém apoptosis va nghién ctru
docking phan tu.

3.7.5. Phén tich chu ky té bao hop chit (174f) doi véi dong té bao A549

Chu ky té bao 1a mot tap hop cac qua trinh din toi sy hinh thanh hai té bao tir
mot té bao me. N6 bao gém bdn pha chinh; G1 (pha ting truong 1), S (pha tong hop
DNA), G2 (pha ting trudng 2) va M (nguyén phén). O céc té bao ung thu, chu ky té
bao thudng bi mat kiém soat dan dén cac t& bao phan chia khong theo lich trinh. Vi
vay trc ché chu ky té bao 14 co hoi can thiép hiéu qua dé diéu tri cic bénh vé ung thu.

Co ché tuong tac ctia hau hét cac loai thude chong ung thu 13 1am nhiéu loan chu ky
tang sinh cta cac té bao khdi u bang cach trc ché gay ra gian doan & cac chu trinh tai
ky trung gian (GO/G1, S, G2/M) qua d6 kich hoat cac diém kiém soat, ngan chin té
bao va gay ra apoptosis [162]

Két qua thir nghiém gay doc té bao cho thay: hop chit (174f) thé hién kha ning
trc ché manh nhat ddi véi cac t& bao ung thu phdi A549 (ICso= 0.9 £0.09 uM), do do
luan 4n tién hanh theo d&i su phan b cua cac té bao trén cac giai doan riéng biét cua
ky trung gian (GO/G1, S, G2/M), & cac ndng do tuwong tmg: 0.45; 0.9 va 1.8 uM dbi
v6i dong té bao thir nghiém. Qua trinh duoc thuc hién bang phwong phap do luu
luong té bao [163].
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Hinh 3.32. Anh huéng ciia nong dé hop chat 174f t6i phdn bo chu ky té bao A549
Bdng 3.17. Ty 1é té bao A549 theo pha khi thir nghiém véi hop chat 174f

" . Ty 1¢ té bao theo pha (%)
Mau thw
% G0/G1 % S % G2/M
DMSO (0.5%) 32.70 52.96 10.84
174f (0.45 uM) 36.01 47.96 13.49
174£ (0.9 uM) 26.63 67.93 4.17
174f (1.8 uM) 20.81 63.88 13.61

Tirbang 3.17 va Hinh 3.32 c6 thé thay, hop chat (174f) giy ra sy gia ting dang
ké qua trinh tich tu té bao trong pha S, kém theo qu4 trinh giam céc té bao trong pha
GO/G1. Chimg t6 hop chét nay c6 hoat tinh chdng ting sinh thong qua viéc bt giir té
bao ¢ pha S din téi lam ngimg chu ky t& bao thir nghiém (A549).

3.7.6. Qud trinh kich hoat apoptosis ciia hop chit (174f)

Apoptosis 1a mot qué trinh chét theo chuong trinh cua té bao dugc 1ap trinh
x4y ra trong céc sinh vat da bao. Tc d6 chét cua té bao giam do sy e ché apoptosis
1a nguyén nhan gy ra cac bénh nhu: ung thu, mién dich, vi rat, sung viém..., do d6
luan 4n tiép tuc nghién ctru qua trinh kich hoat apoptosis cta hop chét (174f) d6i voi
té bao ung thu phéi A549. Qua trinh dugc thyuc hién dya trén xét nghiém do luu luong

té bao FITC va PI cua annexin V. Cac lién hop huynh quang ctia annexin V c6 thé xac
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dinh céc té bao apoptosis bang cach lién két v6i phosphatidylserine (PS) duoc dinh
vi trén 16p ngoai cia mang huyét twong [164, 165].

Dan xuét (174f) duoc tién hanh thir nghiém trén dong té bao A549 tai cac ndng
d6 tuong tng: 0.45; 0.9 va 1.8 uM, khi két hop v6i annexin V trong vong 48 gio
Bdng 3.18. Ty 1é (%) té bao apoptosis

% P % té bao | % tong sb té
x i} P % te bao . .
Mau thw te bao L, Apoptosis bao
. . | Apoptosis s6m R .
hoai tw muon apoptosis
Dbi chimg 0.46 1.39 1.09 2.48
Camptothecin (2 uM) 1.99 30.71 11.05 41.76
174f (0.45 uM) 0.64 1.76 1.26 3.02
174£ (0.9 uM) 0.94 3.13 1.83 8.09
174f (1.8 uM) 2.53 12.68 6.72 19.4

Két qua trén hinh 3.33 va bang 3.18 cho thiy viéc trc ché té bao ung thu A549
bang dan xuat (174f) & cac néng d6 0.45 uM; 0.9 pM va 1.8 uM dan dén sy gia ting
té bao chét theo chuong trinh khi ting lidu luong tir 2,48% 1én 3,02%, 8,09% va
19,4%. Ching t6 dan xuat (174f) e ché su phat trién cia t& bao ung thu phoi A549
thong qua qua trinh apoptosis va qua trinh ndy ting dan khi thir nghiém & cac ndng

dd cao hon, dac bi¢t 1a ¢ giai doan dau cua qua trinh apoptosis.
Control
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Hinh 3.33. Phdn bé tdp hop apoptosis cdc té bao A549 khi nhuém Annexin-V/PI
(Cdc giai doan té bao khdc nhau: té bao song (Q3), apoptosis som (Q4),
apoptosis mudn (02) va té bao hoai tir (Q1))
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3.7.7. Nghién ciru docking phin tir hop chit (174f)

Can ctr két qua thr nghiém phén tich chu ky té bao va tc ché qua trinh
apoptosis, hop chat (174f) duoc danh gia 13 tmg vién c6 tiém ning khi bat giit chu ky
té bao va gy ra qua trinh apoptosis sém & pha S d6i véi té bao thir nghiém A549.

Hai nhan t6 then chét trong diéu tiét chu ky té bao 1a, cyclin va kinase phu
thudc vao cyclin (cyclin-dependent kinase - CDK); ching quyét dinh dén tién trinh
hoat dong cua té bao trong sudt chu ky. Mdi phirc hop cyclin-CDK phosphoryl hoa
mot nhom protein khac nhau, do d6 ching diéu hoa cac hoat dong khac nhau trong té
bao, ban than mot loai phirc hop ciing ¢6 hiéu qua hoat tinh khac nhau tuy thoi diém
trong chu ky. Trong d6 phurc hgp CDK2/cyclin A (hodc cyclin E) dong vai trd quan
trong trong tién trinh chuyén tir pha G1 sang pha S [166] va CDK5/p25 (hoic
p35/p39) ¢ chirc ning diéu tiét hoat dong cua chu ky té bao tai pha S [167]. Do d6
luan an tién hanh nghién ctru docking phan tir CDK2/cyclin A va CDK/p25 nham tim
hiéu co ché twong tac giira hop chit (174f) véi phic hop cia cac CDK ndy cung véi
mot tdc nhan gay ra qua trinh apoptosis 1a procaspase/caspase 6.

Ciing giéng nhu cac kinase khac, CDK2 va CDKS5 ¢6 hai mién hinh cau, bao
gdm mién dau N cha yéu duoc cau thanh tir B-sheet va mién dau C chu yéu 13 a-helix.
Theo ciu trac 3D duge cong bd bai Jeffrey va cong sy [125], luan an xac dinh rang
khe xtic tic cia CDK2/cyclin A bao gdm mét vong giau Gly (vong G) nam phia trén
tai lién két ATP. a-helix con lai, duoc goila xo0an PSTAIRE (Pro-Ser-Thr-Ala-Isoleu-
Arg-Glu), trai qua qua trinh sap xép lai va hd tro dinh vi lai cac gbc chinh trong vi tri
hoat dong (Hinh 3.34A). Vong T, nam & giao giita CDK2 va cyclin A, linh hoat hon
vong G va dong vai tro trong qua trinh phosphoryl hoa. Do d6, luan an chi tp trung
vao vi tri gan két ATP, vi hop chat nay dugc cho 14 s& pha v sy twong tac giita CDK2
va cyclin A. Ban dau ludn an thyc hién docking lai phan t¢ ATP va so sanh n6 véi
phdi tir dong tinh thé dé xac nhan quy trinh. Két qua 1a phu hop, vi cac dong dang
dugc x4c dinh cho thdy d¢ léch binh phurong trung binh (RMDS) 1a 1,02 A véi ning
luong gén két duoc xac dinh 13 -35,84 kcal/mol va béo toan céc tuong tac chinh. Sau
d6 ap dung phuong phap gan két da dugc xac thuc dé udc tinh kha nang gin két cia
hop chét (174f) véi CDK2/cyclin A. Két qua cho thay hop chat nay lién két véi tai
thir cdp ky nuéc nhu cac chat tc ché kinase giéng voi Gleevec (loai II) thudng hoat
dong. Trén Hinh 3.34C, dan xuit podophyllotoxin-isatin dugc phét hién co lién quan dén
nhiéu trong tac xép chong véi thy thé Ala31, Val64, Leul34 va dic biét 1a Phe80. Ngoai
ra, lién két hydro tir nhém NH va CO, ciing nhu nhém 5,7-dibromoisatin huéng téi xuong
song O ciia Glul2, Leu83 va chudi bén O ctia Asp86, on dinh dang ké kha ning tuong
thich cua (174f) tai vi tri lién két ATP véi CDK2/cyclin A. Ning lwong gin két dugc tinh
toan cho (174f) 14 -27,35 keal/mol , thdp hon so véi ctia phdi tir ATP (-35,84 kcal/mol).
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Hinh 3.34. Két qua docking phdn tir ciia hop chdt (174f) va ATP véi CDK2/cyclin A

A. Hinh dnh 3D vi tri gin két ciia ATP va (174f); B. Két qua gén két ATP va

(174f) khi docking; C. Twong tac chinh ciia (174f) véi cdc goc chinh

Tuong tu khi tién hanh docking hop chat (174f) véi ciu tric cta phic hop
CDK5/p25 theo quy trinh dugc Mapelli va cac cong su da cong bd [126]. Nhin chung
kha gidng vdi CDK2/cyclin A, tuy nhién c6 mot sd khac biét duoc ghi nhan ¢ vong
T hoat hoa, nhung diéu nay khong anh huong dén su gin két cua roscovitine (chat
tham chiéu trc ché sy phat trién té bao, véi mién dau N ciia CDKS5). Sau khi docking
lai, roscovitine cho théy su trung khép do sai 1énh binh phuong 14 0,791 A va ning
luong ghép ndi duoc xac dinh 14 -23,14 kcal/mol. Cac tuong tac quan trong bao gom:
lién két hydro tir manh purine vé6i cac thu thé Glu81, Cys83, Asp86; tuong tac giita
vong pyrazole va vong isopropyl voi Leul0, Vall8, Ala31 va Phe80 déu duoc ghi
nhan, cho thay tinh hop 18 cta quy trinh docking dbi véi hé thong nay.

Sau d6 thuc hién docking hop chat (174f) vao vi tri gin két ATP cua
CDKS5/p25 va phat hién thay ring hop chit nay thdm chi con gin két t6t hon so véi
hop chit tham chiéu roscovitine. Nhiéu lién két hydro duoc quan sat thiy giita hop
chat ndy va cac gbc ving dém nhu Cys83, GIn85, Cys86 va Glnl30. Cac twong tic
xép chdng duoc bd sung hinh thanh giita (174f) va tai lién két ky nude trong vong G.
Ning luong lién két duoc ude tinh bang ham GBSA/MM 14 -26,02 kcal/mol, cho thiy
ai luc tot cua (174f) dbi véi CDKS5 (Hinh 3.35)
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Hinh 3.35. Docking phdn tir ciia hop chat 174f va roscovitine véi CDK5/p25
A. Hinh dnh ghép néi 3D; B. Vi tri docking ciia 174f va roscovitine; C. Cdc turong téc chinh ciia (174f)

Tiép theo hoat dong kich hoat qua trinh apoptosis ctia hop chat (174f) d3 duoc
kiém tra bang cach str dung mo phong ghép ndi véi procaspase 6/caspase 6 gan két
v6i PAC-1 (thudc (rc ché procaspase da duoc FDA chimg nhén) [127]. Bang cach st
dung phan mém Clustal Omega két hop va két hop vai phén tich pha hé cua 7 dit liéu
caspase, xac dinh caspase 3, 6 va 7 1a cac cac tdc nhan gay ra apoptosis (Hinh 3.36A).
Céc nghién ciru ciing d3 chi ra rang din xuit podophyllotoxin - naphthoquinone c6
thé tao ra phirc bidentate 6n dinh v&i ion Zn [168]. Cac hoat dong rc ché cia cac tac
nhan nay bi chan bdi ion Zn, khi twong tac véi véi Lys36, Glu244, His287 va mot
phan tir nude [169]. Bang cach gan PAC-1 vao vi tri x4c lap trén procaspase 6, luan
an xac dinh hop chét nay c6 thé tao phirc 6n dinh véi ion Zn, trc ché va co 1ap Zn lién
két v&i procaspase [170, 171].

Sau khi gan hop chat (174f) vao cing vi tri va phat hién ra rang dan xuat nay
cling tao phirc bidentate vdi ion Zn thong qua hai nhém C=0 cua isatin va vong
lactone cuing cac nhom 5,7-dibromoisatin (Hinh 3.36C). Nhiing két qua nay chi ra
rang hop chit tong hop c6 thé hoat hoa procaspase theo cich ma PAC-1 da thuc hién.
Tuy nhién, c6 mét sy khac biét gitta hinh dang phéi tri cua hop chét (174f) va PAC-
1 khi cuing tao phirc véi ion Zn va hop chat (174f) c6 muc ning lwong gan két thap
hon (-19.10 kcal/mol) so véi PAC-1 (-23.81 kcal/mol).
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Hinh 3.36. Két qua hoat hod qud trinh apoptosis ciia hop chat 174f va PAC-1
Dy dodn cdc tinh chat dioc dong hoc cua hop chat 1 74f
Céc tinh chat duoc dong hoc bao g@)m: hép thu, phan phéi, chuyén hoéa, bai tiét
va doc tinh (ADMET) 1 1a c4c thong sd quan trong va song hanh cung véi hoat tinh
sinh hoc. Vi¢c du dodn nay duoc thyc hién dya trén mdt sb phén mém chuyén dung
cho phép tinh toan theo 1y thuyét cac tinh chat Iy héa cing cac didc tinh lién quan dén
hép phy, phan phdi, chuyén hoa va bai tiét (ADMET) ctia hop chat (174f) [128, 172].
Cac két qua duoc tom tat trong Hinh 3.37 va Bang 3.19.

MW
LogP nRig
[
o Lower Upper Cpd.7f
LogS ~ 3 , fChar Limit  Limit

Mw 100 600 539.9
) LogP 0 3 3.37
LogS -4 0.5 -5.57
nHet LogD 1 3 2.71

LogD s p nHA 0 12 7

nHD 0 7 2
TPSA 0 140 101.57

° . nRot 0 1" 0

nHA MaxRing nRing 0 6 6

MaxRing 0 18 17

3 nHet 1 15 9

. fChar -4 4 0

nHD nRing nRig 0 30 34

°
TPSA nRot

Hinh 3.37. Cdc ddc tinh Iy, hod dw dodn ciia hop chdt 174f

Duya trén mét sd quy tic giéng thudc, hop chit nay dap ung cic quy tic
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Lipinski va Pfizer nhung khong tuan theo quy tic GSK. Trong sd cac tinh chit 1y hoa
dugc tinh toan theo 1y thuyét, tinh wa béo (LogP), d6 hoa tan (LogS) va s vong
(nRig) nim ngoai pham vi giéng thuc. Ngoai ra, né duoc phéan loai tam thoi 1a BCS
loai I, 6 thé cAn mot sb sira d6i dé cai thién d6 hoa tan trong nudc.

Bang 3.19. Dir dodn djc tinh ciia hop chat 174f sir dung ADMETlab 3.0

TT Péc tinh 174f¢ Ghi chu
1 | Boc tinh AMES Khong
2 | Uc ché hERG Khong
3 | Pdc tinh véi gan Co
4 |Nhay cam vdi da Khong
5 | Poc tinh cap duong udng 0.832  |ddc tinh thép > 500 mg/kg

Cac tinh chat lién quan dén ADMET di duoc danh gia, cho thidy méi quan tAm
chinh s& 13 qua trinh chuyén ctia cytochrome P450. Hop chat (174f) duoc dy doan 1a
chat nén cho mot sé enzyme chuyén hoa lan dau nhu: CYP3A4, CYP1A2, CYP2C9
va cac enzyme khac. Do d6 hop chit ndy s& c6 sinh kha dung dudng udng thap. Vé
mit doc tinh theo bang 3.19 rd rang (174f) khong cho thiy tuong tic véi gen lién
quan dén hERG cua con ngudi, gen ndy 13 nguyén nhan chinh gay doc tinh cho tim.
Ngoai ra, hop chit nay cho thay doc tinh thip d6i voi da, hé ho hap nhung lai gy ra
ddc tinh cho gan. Pdc tinh cép tinh duong udng cua nd & chudt duoc xac dinh 1a thap
v6i lidu gay chét > 500 mg/kg [128].

3.7.8. Két qud nghién ciru docking phan tir 16p chit (161a-m)

Podophyllotoxin tir [du di dugc coi 14 tac nhan lam mat 6n dinh vi dng lién két
v6i vi tri colchicine trong tubulin, qua d6 trc ché qua trinh tring hop tubulin va ngin
chin viéc san xuét cac vi ong [173]. Do d6 luan 4n da st dung phuong phap ghép ndi
phan tir & danh gia sy twong tac ciia cac hop chat (161a-m) véi tubulin, st dung chit
dbi chimg dwong 1a colchicine.

Quy trinh docking dugc thyc hién bang cich: dau tién luan an tién hanh gin
colchicine vao vi tri ctia phitc 402B trong tubulin va so sanh véi cac phdi tir cliing
tinh thé. Két qua cho thay: colchicine dugc gin c6 muc d6 trang lip cao véi phdi tir
gbc & d6 1éch binh phuong trung binh (RMSD) 14 0,3339 A. Cac twong tac voi phdi
tr ban dau dugc sip xép lai tai cac vi tri d& dang duoc quan sat thiy nhu: lién két
hydro gitra vong methoxytropone voi Alal80a va Vall8la & vung 1 va cac tuong tac
ky nudc voi Leu248b, Ala250b, Leu255b, Met259b va Ala316b ¢ vung 2. Nang

lwong lién két cua colchicine c6 gia trj 13 -19.18 keal/mol.
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Hinh 3.38. Vi tri xdc ldp trén tubulin va gén két cac hop chat
A. dinh vi colchicine trén tubulin; B. vi tri dinh vi podophyllotoxin
C. vi tri dinh vi 13 dan xudt khéc nhau

Tiép theo, podophyllotoxin 14 hgp chat tham chiéu, cling duoc gin vao vi tri
gan két cua tubulin. Mot sb twong tac chinh dugc ghi nhan 1a: cac lién két hydro véi
Val178, Alal80... cta tiéu don vi a va nhiéu tuong tac ky nude véi Cys241, Ala250,
Leu248, Leu255, Ala354 va Ala316 cua tiéu don vi B (Hinh 3.38). Nang luong gan
két dugc xac dinh 13 -18.68 kcal mol™! do cac lién két hydro va cac tuong tac ky nude
tao ra. Két qua nay gitp x4c nhan tinh twong dong va do chinh xac cta quy trinh dock.
Sau khi gan 13 din xuét ctia ddy (161a-m) vio vi tri ctia tubulin, nhan thay tat
ca cac hop chét nay déu co kha ning gin vao vi tri hoat dong cua colchicine trong
tubulin. Hau hét cac hop chit déu giit nguyén céc twong tac chinh nhu lién két hydro
gitra nhom carbonyl ctia vong quinone va Vall81, Alal80 hay céc twong tac ky nudc
chu yéu 1a pi-alkyl véi hau hét cac amino acid trong ving 2 nhu Lys352, Ala317,
Ala316, Leu255, Ala250 va nhiéu amino acid khac. Ngoai ra con XUt hién cac lién két
hydro giira nguyén tir N va Thr179 & tat ca cac hop chat, diéu nay khéng quan sat thiy

& colchicine, chimg t6 chung c6 kha ning twong tac véi tubulin tdt hon colchicine.
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Hinh 3.39. Tuwong tic cia cdc hop chat (161b, ¢, h, h) véi cdc vi tri tai mién a, f-tubulin

Trén Hinh 3.39, hai hop chat (161b) va (161c¢) xuat hién it twong tac hon trong
tiéu don vi B, nhu Asn101, Ala250, Leu248, va Ala316 so v6i hai hop chat (161Kk) va
(161h), mic du ching déu c6 chung bo khung podophyllotoxin. Ching to cac HetAr
trong cac hop chat (161b) va (161¢) da dinh huéng tao ra it twong tac hon so véi cac
HetAr ctia hai hop chat (161Kk) va (161h), diéu nay chimg t6 vai trd ctia cac cac HetAr
l1a vo cung quan trong.

Ning lugng gan két twong d6i duge xac dinh dya trén ham GBSA/MM sir
dung phian mém ICM pro (Hinh 3.40 va Bang 3.20). Theo d6, hop chat (161K) c6
nang luong gan két cao nhét 12 -18.45 kcal mol !, Ngoai cic twong tac chung, n6 ciing
hinh thanh céc lién két hydro giira vong lactone va Asn101 cta ving 1, va giita nhém
carbonyl ctia vong quinone va Leu255 ciia ving 2. Thém vao d6, n6 twong tac tot hon
v6i nhiéu amino acid ctia ving 2 trong vi tri gan colchicine théng qua cac nhém thé
ctia n6. Hop chat (161h) co ning luong gan két xép thir 2 1a -17.86 kcal mol™ nho
vao cac lién két hydro chinh véi cac amino acid cia ving 1 va cac twong tac ky nude
tuong tu nhu hop chét (161K).
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Hinh 3.40. Ty 1é (%) ciia ning heong thanh phan ¢ lién két giita phéi tir véi tubulin

Bang 3.20. Nang lwong lién két ciia cac dan xudt véi cde cdu tir tiwong tac

N.luwgng
Hop chit lién két Cac twong tac chinh
kcal mol!
161a -16.38 H-bond: Va.1181a, Thr179a, Alal80a
Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b
161b “13.79 H-bond: Va1.118 la, Thr179a, Alal80a, Ala354b, Ala317b
Hydrophobic: Leu248b, Ala316b, Lys352b, Met259b
161c _14.55 H-bond: Va1.1181a, Thr 179a, Alal180a
Hydrophobic: Ala354b, Leu 248b, Ala316b, Lys 352b, Met259b
H-bond: Vall81a, Thr 179a, Ala180a
161d -15.29 | Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b,
Ile 318b, Cys 241b
H-bond: Vall81a, Thr 179a, Alal80a
161e -14.09 | Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b,
Leu255b, Cys241b
H-bond: Vall81a, Thr179a, Ala180a, Asnl01a, Leu255b,
161f 1645 | M
Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b,
Leu255b, Asn258b, Ala250b
H-bond: Vall81a, Thr 179a, Alal180a, Leu255b, Lys352b
161g -15.08 | Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b,
Leu255b, Asn258b, Ala250b, Cys241b
H-bond: Vall81a, Thr179a, Alal80a
161h -17.86 | Hydrophobic: Ala354b, Leu248b, Ala316b, Lys352b, Met259b,
Ile 318b, Cys241b
H-bond: Vall81a, Ala 180a, Asn 101a, Ala 317b
161i -13.83 | Hydrophobic: Ala354b, Leu 248b, Leu 255b, Ala 316b, Lys

352b, Met 259b, 11e318b
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H-bond: Val 181a, Thr 179a, Ala 180a, Ala 317b, Lys 352b

161j -15.64 | Hydrophobic: Ala 354b, Leu 248b, Ala 316b, Lys 352b, Met
259
H-bond: Val 181a, Thr 179a, Ala 180a, Ala 317b

161k -18.45 | Hydrophobic: Ala 354b, Leu 248b, Ala 316b, Lys 352b, Met

2590, Ile 318b, Cys 241b

H-bond: Vall81a, Thr179a, Ala 180a, Ala 317b, Lys 352b
1611 -15.78 | Hydrophobic: Ala 354b, Leu 248b, Ala 316b, Lys 352b, Met
259b

H-bond: Val 181a, Ala 180a, Ala 317b, Ala 316b, Asn 101a,
Asp251b, Ala250b

Hydrophobic: Ala 354b, Leu 248b, Ala 316b, Lys 352b, Met
259b, Leu255b, Thr 353b

H-bond: Ser178a, Ala180a, Ala317b, Ala316b, Asnl01a,
Asp251b, Ala250b

Hydrophobic: Val238b, Cis241b, Leu248b, Ala316b, Ala318b,
Lys 352b, Met 259b, Leu255b, Thr353b

H-bond: Vall81a, Ala180a, Ala250b, Asp251b, val 315b, asn
350b

Hydrophobic: Leu255b, Leu248b, Leu242b, Cys241b, 11e318b,
Ala354b, 1le378b, Ala316b, Met359b, Lys352b

161m -16.8

podophyllotoxin| -18.68

Colchicin -19.18

Nhu vay cac hop chat dugc gan két véi tubulin déu tao ra kha ning ky nudc
va nho lyc twong tac Van der Waal lam tang kha nang lién két véi tubulin cta cac
hop chét thir nghiém. Két qua docking cua 16p chat (161a-m) phu hop véi két qua
thir nghiém gay doc té bao da duoc ban luan & myc 3.7.2

111h 111K

LogD 3019 4403 i L nHet LogD 2.918 . -4.448 7 - AHet

nHA A Masfling nHA 3 Mg

=1

108,84
140 nBing 140

Hinh 3.41. Biéu do ra da biéu thi cac déc tinh hod Iy cua hop chat (161h) va (161k)

Két qua dy doan vé dic tinh hoa 1y va dugce dong hoc ctia hai hop chat (161h)
va (161Kk) (Hinh 3.41 va Bang 3.21) cho thay cac tinh chét Iy hoa cia ca hai hop chit
déu dap tmg hau hét cac tiéu chi, ngoai trir logP va logS (cac thong sb lién quan dén
kha ning thdm thiu) va tuan thu day du cac quy tic vé tinh tuong dong véi thude

[174]. Khi du bao cac dic tinh lién quan dén hap phu, phan phdi, chuyén hoa va bai
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tiét (ADMET), cac két qua cho thay ca hai hop chat déu c6 kha ning hap thu cao &
duong rudt cia nguoi va it thim qua da, dong thoi c6 thoi gian ban huy ngan.
Poc tinh cta hai dan xuat (161h) va (161Kk) ciing duoc du doan dya trén phan
mém ADMETIab 3.0. Két qua duoc dua ra trong bang 3.21
Bang 3.21. Dy doan doc tinh cua hop chat 161h, k sir dung ADMETIab 3.0

TT Péc tinh 161h (x4c suit) 161k (x4c suat)
1 | Khoa hERG Khoéng tac dong (0.002) | Khong tac dong (0.009)
2 | Boc tinh voi1 gan Khong c6 (0.425) Khong c6 (0.12)
3 | Poc tinh AMES Khong (0.324) Khong (0.273)
4 | Poc tinh cap duong uéng | Khong (0.413) Khong (0.436)
5 | Nhay cam véi da Khong (0.497) C6 (0.747)
6 | Doc tinh ho héap C6 (0.687) C6 (0.893)
7 | Kich tng mat Khong (0.263) Khong (0.135)

Két qua mo phong tir bang 3. 21 cho thay: ca hai hop chat déu khong phai 1a
thudc khoa hERG, c6 tac dung gy doc tim thap, khong xudt hién doc tinh véi gan,
khong gy dot bién gene va kich tng cho mat. Hop chat (161Kk) c6 thé gay phan tng
v6i da va duong hé hap, con hop chat (161h) hau nhu khong c6 biéu hién tuong téc
Vi cac co quan cta co thé, ngoai trir hé ho hap.

3.7.9. Pdnh gid hoat tinh trc ché a-glucosidase (188a-1)

Céc hop chat chira khung pyrano[2,3-d]pyrimidine c6 nhiéu hoat tinh sinh hoc
1y thu nhu: chdng st rét, khang khuan, khang ndm, khang virus, chong ung thu, giy
doc té bao dic biét ching con 13 tac nhan @re ché enzym a-glucosidase (a-Gls), nguyén
ngan gy ra bénh dai thao duong & ngudi. Do d6 bén canh céac thir nghém gay doc té
bao, chung t6i tién hanh thir nghiém kha ning trc ché enzym a-glucosidase d6i véi
cac dan xuét (188a-1)

St dung chat dbi chung 13 acarbose (mot loai thuéc chong tiéu dudng phd
bién), cac dan xuat (188a-I) duoc tién hanh thir nghiém tc ché enzym a-glucosidase
theo quy trinh da dugc Ellman cong b [119].

Két qua tir bang 3.22 cho thay: hau hét cdc san pham déu thé hién hoat tinh trc
ché a-glucosidase dang ké vai gia tri ICso dao dong tir 2.49 + 0.02 dén 202.09 + 15.72
uM, trir hop chat 188h (Ar = 3-NO»C¢Hy), khong c6 hoat tinh. Cac san pham 188d
(Ar = 4-CNCsHa), 188e (Ar = 4-CH30C¢H4) va 1881 (Ar = 4-CH30-3-NO2C¢H3) 1a
cac dan xuét tiéu biéu nhat voi cac gid tri ICso 1an lugt 14 2.52 +0.24, 2.49 +0.02, va
8.76 + 0.65 pM, tuong tmg, manh gip 93 dén 27 lan so véi chit dbi chung acarbose
(ICs0=231.30 £ 6.55 uM).
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Badng 3.22. Két qua ke ché enzym a-glucosidase cia cdc dan xudt 188a-1

TT | Hop chit Ar a-glucosidase
ICso (uM)
1 188a 3 - Methoxybenzaldehyde 36.35+2.67
2 188b 4 - Bromobenzaldehyde 23.16 +1.73
3 188¢ 4 - Chlorobenzanldehyde 115.81 £9.81
4 188d 4 - Xyanuabenzaldehyde 2.52+£0.24
5 188e 4 - Methoxybenzaldehyde 2.49 £0.02
6 188f 4 - Methylbenzaldehyde 31.13+2.15
7 188¢g 4 - Nitrobenzaldehyde 2478 + 1.87
8 188h 3 - Nitrobenzaldehyde > 614.81
9 188i 3 - Bromobenzaldehyde 202.09 £ 15.72
10 188j 2 - Nitrobenzaldehyde 61.48 +4.76
11 188k Benzaldehyde 140.01 + 12.82
12 1881 genﬁgﬁ‘; : ;d;: Methoxy 8.76 + 0.65
13 | Acarbose 231.30+ 6.55

Panh gia moi quan hé giita cau tric va hoat tinh (SAR) cho thay: kha ning trc
ché cua cac dan xuat d6i v6i enzym a-glucosidase phan 16n bi anh hudng boi cac
nhom thé trén vong phenyl, gan véi vong furan. Thong qua cach so sanh cac gia tri
ICso ctia dan xuat phenyl 4-cyanophenyl (188d) va dan xuat phenyl 4-methoxyphenyl
(188e¢) voi cac dan xuat khac, cho thiy rang su xudt hién ctua 4-MeO va 4-CN trén
vong phenyl dong vai trd quan trong trong hoat tinh tc ché enzym a-glucosidase.
Hon nita cac nhom thé & vi tri para cia vong phenyl da gitip cai thién dang ké hoat
tinh trc ché ciia loai enzym nay. Chang han khi dich chuyén nhém nitro tir vi tri para
sang vi tri meta va ortho (cac san pham 188k, 188h va 188j) da dan dén sy giam hoat
tinh e ché. Didu nay cang nhan thay rd khi so sanh kha nang tic ché cua hai dan xuét
(1881) va (188h), trong khi hop chét (188I1) thé hién hoat tinh manh, nguoc lai dan
xuét (188h) lai khong ¢ hoat tinh, mic du cu trac ctia hai hop chat chi khac nhau &
chd: hop chat (1881) dugc bd sung thém nhom thé methoxyl & vi tri para cia vong
phenyl

3.7.10. Thir nghiém hoat tinh irc ché enzym acetylcholinesterase (AChE) 188a-1

Bénh Alzheimer duoc biét dén 1a mot bénh 1y than kinh suy giam tri nhé

thudng gap ¢ nhiing ngudi cao tudi. Nguyén nhan cta bénh c6 lién quan dén thiéu
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hut cac chéat dan truyén than kinh acetylcholine (ACh) trong ndo. Enzym AChE c6
tac dung thiy phan ACh thanh choline va acid acetic. Do d6 trc ché enzym AChE c6
tac dung lam tiang luong ACh, didu nay co6 tic dung cai thién cac bénh 1y cia
Alzheimer [175].

Véi muyc tiéu tim cac twong tac khi tich hgp thém cac dan xuat chira vong
indole vao khung pyrano[2,3-d]pyrimidine, luan an tién hanh d4nh gia thir nghiém
hoat tinh wrc ché enzym AChE d6i voi cac hop chat (188a-1) trong dng nghiém theo
phuong phap do quang cta Ellman st dung chét ddi chimg 13 Donepezil [119]. Két
qua thtr nghiém duogc trinh bay trong Bang 3. 23.

Bang 3.23. Két qua thir nghiém hoat tinh trc ché enzym AChE

TT | Hop chit Ar AChE
ICso (uM)
1 188a 3 - Methoxybenzaldehyde 16.99 +£1.12
2 188b |4 - Bromobenzaldehyde 113.70 £ 10.57
3 188¢ 4 - Chlorobenzanldehyde >315.40
4 188d |4 - Xyanuabenzaldehyde >322.90
5 188e 4 - Methoxybenzaldehyde 204.08 £ 19.66
6 188f |4 - Methylbenzaldehyde 276.76 + 23.51
7 188g |4 - Nitrobenzaldehyde >307.40
8 188h 3 - Nitrobenzaldehyde >307.40
9 188i 3 - Bromobenzaldehyde > 284.26
10 188j 2 - Nitrobenzaldehyde 48.03 £ 4.27
11 188k  |Benzaldehyde 5.39 £0.51
12 | 1881 EGHI;I;E‘; : ;d;: Methoxy 91.24 +8.71
13 | Donepezil 0.08 £0.01

Két qua thir nghiém (Bang 3.23) cho thiy chi c¢6 2 dan xuat 13 (188a) va (188K)
thé hién kha nang trc ché trung binh d6i véi AChE tuwong (mg véi cac gia tri ICsp 1an
luot 12 16.99 + 1.12 va 5.39 + 0.51 puM, con lai cac din xuat déu thé hién hoat tinh
yéu hodc khong co hoat tinh. RS rang khi dua thém cac nhom thé vao vong phenyl da
g6p phan lam giam hoat tinh e ché enzym AChE so véi vong phenyl ban dau (188k).
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KET LUAN VA KIEN NGHI

1. Ba d& xuat 04 quy trinh tong hop thanh cong 48 din xuat méi cta podophyllotoxin,
cac san pham nay duoc xac dinh ciu tric bang cac phuong phap phd hién dai nhu:
IR, NMR, HRMS. Cu thé:

- 27 hop chit dugc tong hop bang phan tng domino gdm

+ 13 dan xuit 4-aza-podophyllotoxin (161a-m), hiéu suat dat 60 - 74%
+ 14 dan xuat podophyllotoxin-isatin (174a-n), hiéu suét: 70 - 85%.
- 21 hop chét sir dung két hop giita phan ing domino véi phan tng click:
+ 16 dan xuat podophyllotoxin-isatin-AZT (182a-p), hiéu suat: 62 - 85%
+ 05 dan xuat podophyllotoxin-isatin-Erlotinib (184a-e), hiéu suat: 32 - 55%

- Két qua thir nghiém hoat tinh gay doc té bao trén cac dong té bao ung thu nguoi:
KB, HepG2, A549, MCE-7 va té bao Hek-293 cho thay: 29/48 hop chat thé hién kha
ning gy doc té bao ung thu, tiéu biéu 13 05 hop chat: (161h), (161Kk), (174f), (174n)
va (184e) co cac gia tri ICso thap hon hodc tuong dwong voi chat d6i chimg trong
phép thir ciing diéu kién.

- Lwa chon hop chit (174f), thir nghiém, danh gia kha niang tc ché chu ky té bao
va kich hoat qua trinh apoptosis d6i v6i té bao ung thu phdi A549. Két qua hop chat
nay lam ngimg hoat dong chu ky té bao & pha S va giy ra qua trinh apoptosis sém &
té bao duoc thir nghiém.

2. Ap dung phan tmg domino, dé xuat 01 quy trinh va tong hop thanh céng 12 hop chat
moi ctia indole-pyrano[2,3-d]pyrimidine (188a-1) v&i hidu suat tir: 65 - 78%. Céu tric
clia cac san pham duoc xac dinh bang cic phuong phap phd hién dai (IR, NMR,
HRMS). Két qua thir nghiém hoat tinh sinh hoc cho thdy: nhom 16p chét nay c6 kha
nang e ché tot enzym a-glucosidase (11/12 hop chat, tiéu biéu nhu cac hop chat
1881; 188e; 188d, dong thoi thé hién kha ning trc ché tir trung binh dén yéu dbi véi
enzym Acetylcholinesterase (2/12 dan xuét tic ché trung binh).

3. Tién hanh nghién ctru md phong ADMET, docking phan tir d6i véi hop chat (174f)
va 16p chit (161a-m), qua d6 gitp hiéu rd hon co ché tac dong cua cac hop chit véi
enzym dich, ciing nhu gitip hd trg thiét ké thudc hiéu qua hon. Két qua cho thay:

- Hop chat (174f) gay ra qua trinh apoptosis & té bao thir nghiém (A549) bang
cach hoat hoa procaspase/caspase 6 va cac phuc hop CDK2/cyclinA va CDK5/p25.

- Hai hop chat (161h, 161k) c6 kha ning trc ché qua trinh tring hop tubulin va
ngin chan viéc san xuét vi ng twong tu co ché ciia podophyllotoxin.

Kién nghi

Hop chat (174f) c6 kha ning wc ché chu ky té bao & pha S, kich hoat qua trinh
apoptosis sém, co doc tinh thap, phi hop véi cac quy tic cia thude, do d6 nd cé tiém
nang phat trién thanh thude diéu tri ung thu. Vi vdy rit can nhitng nghién ctu, thi

nghiém chuyén sau tiép theo.
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NHUNG PONG GOP MOI CUA LUAN AN

1. D3 d& xuét 5 quy trinh méi va cac co ché hinh thanh, dé tong hop cac hop chit cua
podophyllotoxin, pyrimidine tir phan tng domino; két hop giira phan rng domino véi
phan ung click

2. Téng hop thanh céng 60 din xuat moi, chua timg dugce cong bd trong cac tai lidu
trude do, bao gdm:

- 13 hop chét hybrid cua podophyllotoxin 161a-m.

- 14 hop chat podophyllotoxin - isatin 174a—n.

- 16 hop chét cua podophyllotoxin - isatin - AZT 182a-p.

- 05 hop chét hybrid cua podophyllotoxin - isatin - Erlotinib 184a-e
- 12 hop chét indole pyrano[2,3-d] pyrimidine 188a-I.

3. Thir nghiém hoat tinh gay doc té bao phat hién 05 hop chat gdm: 161h, 161k, 174f,
174n, 184e c6 gia tri ICso thip hon hodc trong duwong véi Ellipticine duoc sir dung
1am chét ddi ching va 03 hop chat: 1881; 188e; 188d c6 gié tric ICso cao hon Acarbose
(chat dbi chimg) tir 27 dén 93 1an trong phép thir trc ché enzym a-glucosidase

4. Két qua nghién ctru docking phan tir va e ché chu ky té bao, apoptosis, phat hién hop
chat (174f) c6 kha ning @c ché chu ky té bao ¢ pha S, kich hoat qua trinh apoptosis
som va co ddc tinh thap, co tiém ning phat trién thanh thudc diéu tri. 02 hop chét
(161h) va (161k) c6 doc tinh thdp va kha niang Gc ché tubulin twong tu
podophyllotoxin.
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