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LOI CAM DOAN

T6i xin cam doan luan an: "Téng hop cac hgop chit di vong méi dwa trén
phan &rng ngwng tu Knoevenagel ciua hé 1,3-diketone va danh gia hoat tinh sinh
hoc" 14 cong trinh nghién ctu cia chinh minh dudi su huéng dan khoa hoc cua tap
thé gi4o vién huéng dan. Luan an st dung thdng tin trich dan tir nhiéu nguén tham
khao khéc nhau va céc théng tin trich dn duoc ghi rd ngudn gdc. Cac két qua nghién
ctru cua toi duoc cdng bd chung véi céc tac gia khac di dwoc sy nhét tri cua dong tac
gia khi dwa vao luan an. Cac sé liéu, két qua dwoc trinh bay trong luan &n 1a hoan toan
trung thue va chua timg dugc cong bd trong bat ky mét céng trinh ndo khac ngoai
cac cdng trinh céng bé cua tac gia. Luan an dugc hoan thanh trong thoi gian toi 1am
nghién ctu sinh tai Hoc vién Khoa hoc va Cong nghé¢, Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

Ha Noi, ngay  thang 04 nam 2026
Tac gia luan an

NCS. Nguyén Viin Ha



LOI CAM ON

Trudc tién, toi xin bay to 10ng biét on siu sic téi GS.TS. Nguyén Vin Tuyén -
Hoc vién KH&CN, Vién Han Iam Khoa hoc va Céng nghé Viét Nam — ngudi hudng
dan khoa hoc chinh cua toi, TS Lé Nhat Thiy Giang — Vién Héa hoc, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam nguoi hudng dan khoa hoc thir hai, vi su tan tinh
huéng dan, dinh huéng chuyén moén quy bau ciing nhu sy dong vién, hd tro khong
ngirng trong sudt qué trinh thuc hién luan én.

Toi xin gui loi cam on téi Phong Héa duoc — Vién Hoa hoc — Vién Han lam
Khoa hoc va Céng nghé Viét Nam, noi t6i da thuc hién phan I6n cac thuc nghiém
trong luan &n, da tao diéu kién thuan lgi vé co s& vat chat, ky thuat, cling nhu hd tro
t6i trong suét qué trinh nghién cau.

Toi xin trén trong cam on Hoc vién Khoa hoc va Céng nghé — Vién Han lam
Khoa hoc va Cong nghé Viét Nam di tao diéu kién dao tao, moi trudng hoc thuat va
c4c thi tuc hanh chinh can thiét dé toi ¢ thé hoan thanh chuong trinh Tién si.

bac biét, tdi xin chan thanh cam on Vién Hba hoc Moi truong Quan su — Binh
chang Hoa hoc/BQP 14 noi t6i dang cong tac di tin twdng, tao diéu kién va cir toi
tham gia chuwong trinh dao tao Tién si. Pay la dong luc to Ion dé tdi phan dau hoc tap,
nghién ciu va hoan thanh nhiém vu.

Cubi cung, toi xin giri 161 cam on toi gia dinh, ban bé va déng nghiép da ludn
ung ho, chia sé va ddng hanh cuing tdi trong sudt ching duong nghién ctu day thir
thach nay.

Xin trén trong cam on!

Ha Ngi, ngay thdang 04 nam 2026
Tac gia luan an

NCS. Nguyén Viin Ha
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MO PAU

Ung thu 1a mdt cin bénh trong d6 mot s6 té bao cua co thé phét trién khdng
kiém soat duoc va lay lan sang cac bo phan khac cua co thé. Ung thu c6 thé bat dau
& hau hét moi noi trong co thé con ngudi, dugc tao thanh tir hang nghin ty té bao do
nhiéu nguyén nhan khac nhau (di truyén, mién dich, tic déng cua moéi truong, 16i
sbéng...). Tai Viét Nam, s6 ca mic va tir vong dang & mirc bao dong. Theo sb liéu
GLOBOCAN 2022 cua Co quan Nghién ctru Ung thu Quéc té (IARC), nim 2022
Viét Nam ghi nhan khoang 182.600 ca ung thu mdi va 122.700 ca tir vong do ung
thu. Viét Nam & vi tri thi 20 vé ty 1é mac méi tai chau A, va thtr 101 trén toan cau.
Cac loai ung thu phd bién nhit tai Viét Nam hién nay la ung thu gan, ung thu phoi va
ung thu da day & nam gidi; ung thu v, ung thu phdi va ung thu dai tryc trang & nit
gioi. Pay 1a mot ganh ning 16n di véi ca gia dinh bénh nhan va hé théng y té quéc
gia. Dic biét, mot ty 1& dang ké nguoi bénh chi duoc phat hién khi bénh da tién trién
dén giai doan muon, lam giam hiéu qua diéu tri va ting chi phi diéu tri. Do d6 doi hoi
cac nha khoa hoc can tiép tuc nghién ctu, thir nghiém céac loai thudc méi cé doc tinh
thap, chon loc nham dap (ng tét nhat cho qua trinh diéu tri ung thu.

Bén canh ung thu, bénh Alzheimer cling la mot thach thurc y hoc nghiém trong
trong bdi canh gia hoa dan sb toan cau. Alzheimer Ia bénh thoai héa than kinh man
tinh va tién trién, chiém khoang 60-70% cac truedng hop sa sit tri tué, dic trung boi
su suy giam dan tri nhé va chic nang nhan thicc do sy tich tu bat thuong cua p-
amyloid va protein tau, dan dén ton thuong va chét té bao than kinh. Cho dén nay,
bénh Alzheimer chua c6 phuong phap diéu tri khoi hoan toan, cac thudc hién hanh
cha yéu mang tinh chat 1am cham tién trién bénh, do d6 viéc tim kiém céc hop chat
méi c6 tiém nang chéng Alzheimer an toan va hiéu qua van dang duoc dic biét quan
tam.

Hién nay, cac thubc dung trong diéu tri ung thu hau hét déu c6 thanh phan 1a
cac hop chat di vong chtra di to oxy, nito hodc flo. Su xuat hién caa cac nguyén tu
nito trong cau tric phan tir cho phép cac hop chat nay twong tac tét hon véi cac dai
phan tir nhu enzym, protein va DNA, diéu nay dong vai tro quan trong gidp cai thién
dang ké céc tinh chat dugc ly cua ching [1]. Trong khi d6, sy két hop cua it nhat mot
nguyén tir flo hoic nhom trifluoromethyl vao céc hop chat di vong co thé cai thién
tinh 6n dinh trao ddi chat, tinh thAm cua mang, kha dung sinh hoc va ai luc lién két
cua hop chat véi protein muc tiéu [2, 3]. Cac hop chat di vong nam canh hoic sau
canh chtra cac di t6 nito, oxy hodc flo duoc biét dén Ia cac cau tric chia khda c6 mat
trong rat nhiéu san pham tu nhién. Mot sé di vong tiéu biéu nhu pyrrole, pyrimidine,
1,4-naphthoquinone, quinazoline, 4-aza-podophyllotoxin, phenazine, pyridazine thé
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hién nhiéu hoat tinh sinh hoc 1y thi nhu khang viém, khang khuan, khang nim, khéang
virus, chong ung thu, chéng Alzheimer va déng vai trd quan trong trong hoat dong
sbng cua té bao, trong qua trinh carboxyl hda glutamate, hay alkyl hda protein va acid
nucleic.

C6 nhiéu phuong phap tdng hop cac hop chit di vong, da vong nhu phan ¢ng
Friedel- Crafts, phan rng Aldersley, phan ttng cong quang hoa, phan tng coupling,...
Trong d6, phan ing ngung tu Knoevenagel, phan tng cong Michael gitra cac hé 1,3-
diketone thuong duoc st dung dé tong hop cac hop chét di vong c6 cau trdc phuc tap.
Chinh vi vay, t6i da lwa chon dé tai “Téng hep cac hep chat di vong méi dwa trén
phan rng ngwng tu Knoevenagel cia hé 1,3-diketone va danh gia hoat tinh sinh
hoc” 1am d¢é tai nghién ciu sinh caa minh nham tim kiém céc hop chat di vong méi
c6 hoat tinh sinh hoc cao. Pé tai co y nghia khoa hoc, thuc tién va rat can thiét.

Muc tiéu lugn an:

Luén an hudng téi ba muc tiéu chinh sau:

1. Thiét ké dinh huéng ciu tric cac hop chat di vong méi dua trén phan ang
ngung tu Knoevenagel cua hé 1,3-diketone, bang chién lugc gin cac nhdm thé co
tiém ning tuong tac sinh hoc manh, pht hop véi dinh huéng phat trién hop chat khoi
dau tiém ning khang ung thu, Gc ché enzym.

2. Xay dung va téi wu cac phuwong phap tong hop hitu hiéu dya trén phan wng
domino da thanh phan theo dinh huéng héa hoc xanh, sir dung cac diéu kién than
thién (“one-pot”, Xuc tac nhe, vi séng, dung mdi xanh) nham tao ra cac hop chat dich
véi hiéu suit va dd chon loc cao.

3. Panh gi4 hoat tinh sinh hoc cua cac hop chét tong hop dugc, tap trung vao:

- Hoat tinh gay doc té bao trén cac dong ung thu & ngudi.

- Hoat tinh tc ché enzym acetylcholinesterase (AChE).

- Nghién cau docking phan tir, du doan tinh chat dugc dong hoc caa mot sé hop
chat tiéu biéu.

Tir d6 xac dinh cac hop chat khoi dau tiém niang phuc vu dinh huéng nghién
ctru sdu hon trong cac giai doan tiép theo.
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CHUONG 1. TONG QUAN

1.1. Téng quan vé c4c hep chat aza-anthraquinone

Quinone chiém mét vi tri quan trong trong cac hop chit hitu co. Quinone khong
c6 tinh thom nhung trong cau tric chira diy du céc hé diketone lién hop hoat dong
nhu mot chit nhan kiéu Michael (Michael acceptor). Pay 1a cac phan tir ¢6 hoat tinh
oxy hoa khir cao, do d6 c6 thé thuc hién chu trinh oxy hoa khir véi cac goc ban
quinone cua ching, dan dén su hinh thanh cac gc oxy hoat dong (reactive oxygen
species, ROS) cuc ky doc hai [4]. Viéc san xuat ROS néi bao cd thé gay ra stress oxy
hoa nghiém trong, dan dén ton thuong té bao va cac con dudng truyén tin hiéu té bao
cd thé gay ra nhiéu dang chét té bao khéc nhau. Cau tric quinone phé bién trong nhiéu
loai thuéc chdng khéi u theo co ché gay ton thuong té bao va md théng qua qua trinh
alkyl hoa protein va DNA [5]. Actinomycin D, doxorubicin, mitomycin, streptonigrin
va pyridophenoxazinone la céc thuéc chita ung thu c6 cau tric quinone hién dang
dugc st dung trong 1am sang [6].

Naphthoquinone va anthraquinone 1a 2 trong sb céc 16p chat thuoc ho quinone
dugc phét hién nhiéu trong tu nhién nhu trong vi khuan, vi nam, thuc vét va c6 nhiéu
loi ich sinh hoc. Céac hop chét nay dong vai trd quan trong trong hoat dong song cua
té bao, trong qué trinh carboxyl hda glutamate, hay alkyl hda protein va acid nucleic.

1.1.1. Tong hop va hoat tinh sinh hoc ciia cdc hop chét 2-aza-anthraquinone

Trong tu nhién, c4c chat 2-aza-anthraquinone it giap chu yéu duoc phét hién ti
nam. Cho dén nay, cac hop chat 2-aza-anthraquinone ¢ nguon géc tu nhién phan lap
dugc bao gém bostrycoidin, 9-O-methylbostrycoidin, tolypocladin, 6-deoxy-8-
methylbostrycoidin,  6-deoxybostrycoidin,  7-O-demethyl-6-deoxybostrycoidin,
scorpinone, benz[g]isoquinoline-5,10-dione. Benz[g]isoquinoline-5,10-dione (Hinh
1.1), phan lap tir Psychotricha camponutans va Mitracarpus scaber, c6 kha nang rc
ché su ting truong dbi véi cac tac nhan gay bénh Staphylococcus aureus va
Plasmodium falciparum [7]. Benz[g]isoquinoline-5,10-dione (1) c6 thé uc ché qua
trinh hd hap té bao phu thudc glucose ciing nhu Gc ché qua trinh d6ng hoa O2 ty thé
phu thuoc glycerol-3-phosphate [8]. Bostrycoidin (2) va 9-O-methylbostrycoidin (3)
cho thay hoat tinh khang sinh chéng lai truc khuan lao va vi khuan Gram(+) tuong
tng [9]. Tolypocladin (4) phan lap tir sgi ndm caa Tolypocladium inflatum thé hién
tinh chét tao phirc kim loai [10]. Tinh chét tao phuc véi kim loai caa 16p chat nay van
con duoc tranh luan, nhung c6 thé khang dinh céc chit ndy hoat dong nhu nhitng chat
loai bo cac kim loai nang, nghia 1a lam giam néng d6 caa kim loai nang trong co thé.
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Benz[g]isoquinolin-5,10-dione (1)  Bostrycoidin R" = R4 = OH, R? = H, R® = OMe (2)

9-0-methylbostrycoidin R' = R® = OMe, R? = H, R* = OH (3)
Topypocladin R' =R®=R*=0H, R?=H (4)

Hinh 1.1. Mgt sé hop chat 2-azaanthraquinone ty nhién

2-Azaanthraquinone con dugc biét dén nhu mot tdc nhan xen k& DNA (DNA
intercalator) c6 kha ning gy doc té bao ung thu[11, 12]. Tac nhan xen k& DNA chén
VAo gitra Cc cip co so trong cau tric DNA va tao thanh lién két hydro, cong hoa tri
hozc ion, dan dén thay doi cau triic cua céac acid nucleic va anh huong dén cach thic
biéu hién gen. Pixantrone (BBR 2778 dimalate, 5) la chét ic ché topoisomerase |1
goc anthraquinone theo co ché xen k& DNA, truc tiép alkyl hda DNA, tao thanh cac
chat cong DNA 6n dinh. Pixantrone dugc dung dé diéu tri u lympho khong Hodgkin
(non-Hodgkin's lymphoma, NHL) & bénh nhan NHL tai phat/khang thudc. Pixantrone
c6 cau tric twong tu nhu cac anthracycline nhu mitoxantrone, nhung it giy doc hon
cho md tim [13]. Ngoai ra, BFI (6) va mot s6 dan xuat 1-aryl-2-aza-anthraquinone
(7) la nhitng dan chat cua 2-aza-anthraquinone c6 kha nang diét té bao ung thu.

Me

o HN>N e

O NH(CH5),NH,
N| AN COOH SN
7 COOH Z > COOEt
O NH(CH5),NH,
BBR 2778 dimaleate (5) BFI ( 1-Aryl- 2-aza -anthraquinone (7

Hinh 1.2. Mgt sé hop chat 2-aza-anthraquinone tong hop
Véi nhitng loi ich sinh hoc ké trén, cac nha khoa hoc da nghién ciru phat trién
nhiéu phuong phap tong hop cac 16p chat 2-aza-anthraquinone nhu phuong phap
Diels-Alder, phuong phap Friedel-Carfts, phuong phap stir dung phathalide, phuong
ortho-lithium héa vong thom, phan tng ngung tu véi ammonium hay phan tng kiéu
Heck.

Tong hop 2-aza-anthraquinone bang phan ing Diels-Alder
Phan &ng gitra isoquinolin-5,8-dione va 1,3-diene hoac gitta 1,4-napthoquinone

Vi cac 2-aza-1,3-diene (phuong phap Diels-Alder) dén nay van 1a phuong phap phd
bién nhat dé tong hop cac hop chat 2-aza-anthraquinone. Hop chat khang sinh ty
nhién bostrycoidin (2) va dan xuat 9-O-methylbostrycoidin (3) di duoc téng hop tir
3-methylisoquinoline-5,8-dione (8) khi phan ing voi ketene dimethyl acetal dé tao ra
hdn hop dong phan 2-azaanthraquinone (9-10). Dudi tac dung cia chiéu xa tia cuc



tim, dong phan 7,9-dimethoxy-3-methylbenzo[g]isoquinoline-5,10-dione (9) chuyén
hoa thanh 9-O-methylbostrycoidin (3), va tiép tuc thu dugc bostrycoidin (2) khi xi
ly 9-O-methylbostrycoidin (3) bang boron trichloride du (So db 1.1) [14, 15].

OMe O o
X (MeO),CCH,, N MeO X
Sl G G IR OS¢
+
= o =
Me aceton, 25 °C MeO % Me
OMe O
8
9 (15 %) 10 (85 %)
CH3CN , CH3COOH (xt)
hv, 400 W, 2 h
OH O OMe O
LI, o e i, LI
MeO Me CH20|2 - 78°C MeO
OH O OH O
Bostrycoidin (2) 9-0- methylbostrycoidin (3)

So do 1.1. Tong hep bostrycodin va 9-O-methylbostrycoidin
Phan ung gitra 1,4-naphthoquinone (11) va 2,4-dimethyl-5-methoxyoxazole
(12) trong dung modi benzene tao thanh hop chat 4-hydroxy-1,3-
dimethylbenzo[g]isoquinoline-5,10-dione (14) [16] theo So dd 1.2. Trong phan tng

nay 1,4-naphthoquinone dong vai tro 1a tic nhan dienophile vong.

o) Me)\ 0 Me O Me
=N N SN
0 - 2, o (OO | — OO
Me CeHe, A, 4h Me = Me
o) MeO o (oMe O OH
1 12 13 14

So do 1.2. Tong hop hop chat 4-hydroxy-1,3-dimethylbenzo[g]isoquinoline-
5,10-dione
Nhom tac gia Gomez-Monterrey da tong hop cac dan xuét dihydrothieno[2,3-
b]naphtho-4,9-dione (DTNQ, 18) va benzo[g]isoquinoline-5,10-dione 19 chira nhom
amino acid & vi tri C-3 bang phan ung Diels-Alder giira cac hop chat thiazolidine 16
va 1,4-napthoquinone 11 hoic quinone 15 (So do 1.3). Mot vai hgp chat trong sé cac
hop chat tong hop duoc ¢6 kha nang khang u manh [17-19].
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So do 1.3. Phan iing Diels-Alder giita thiazolidine va 1,4-napthoquinone
Tuy nhién, d6i véi cac hop chat 1,4-naphthoquinone chira cac nhom thé khéc
nhau, cac phan ng cong dong vong Diels-Alder thuong khong dat yéu cau vé hiéu

O R 19

suat va do chon loc san pham.

Tong hop 2-aza-anthraquinone bang phan ing Friedel-Carfts
Céc hop chat 2-azaanthraquinone don gian da duogc tong hop thanh céng dua

trén phan ung Friedel-Crafts giita chloride acid hoic anhydride acid véi cac dan xuat
thé cuia benzene [20]. Tuy nhién, viéc sir dung benzene ba nhoém thé khong ddi xing
trong phan ng vai 3,4-pyridinedicarboxylic anhydride dan dén sy hinh thanh cac
dong phan ving khac nhau, diéu nay han ché viéc s dung phan tng Friedel-Crafts
dé téng hop 2-azaanthraquinone. Nhan dinh nay dugc chirng minh qua qua trinh tong
hop hop chat ty nhién tolypocladin (4) bang cach ngung tu 1,2,4-trimetoxybenzene
(20) va 2-methylpyridine-4,5-dicarboxylic anhydride (21) nhan dwgc hon hop hai
d6ng phan (c6 thé dugc tach ra bang qua trinh két tinh), tiép theo la phan tng Friedel-
Crafts vong hoa ndi phan tir tao thanh tolypocladin (4) (So d6 1.4) [21].

OMe O OMe O
_ ACl, N Me
OMe HOOC HOOC
OMe

H,SO, J120°C, 2h ZSO4J 120°C, 2 h
OH O OH O

> N

HO Me HO
OH O OH O
Tolypocladin (4) iso-Tolypocladin (24)

So do 1.4. Tong hop hep chat tolypocladin va iso-tolypocladin
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Tong hop 2-aza-anthraguinone bang phan izng kiéu Heck
Mot s6 hop chat 2-aza-anthraquinone cling c6 thé dugc tong hop bang phan g

kiéu Heck. Vi du nhu hén hop hai dong phan 1,2-dihydro-benz[g]isoquinoline-5,10-
dione 27-28 nhan duoc tr hop chit ban dau N-methanesulfonyl 2-
((allylamino)methyl)-3-bromo-1,4-naphthoquinone (25) biang phan tng Heck théng
qua qua trinh vong héa noi phan tir vai xdc tac Pd(11) (So dd 1.5). Bdng phan bén
hon 4-methylbenz[g]isoquinoline-5,10-dione (28) thé hién hoat tinh khang sinh trén
nhiéu chang vi sinh vat nhu Gram(+), Gram(-), cac chiing nAm men va nam soi [22].

N/Ms
O 27 0,
__ Pd(OAc), Q " (13%)
Ol === Oy \
M B — <
Broo MeCN, A, 3 h 0
25 26 | _
.
o 28 (45%)

So do 1.5. Tong hep cac hop chdt 2-aza-anthraquinone bang phan ing Heck

Bén canh cac phuong phap truyén théng néu trén, phan ing domino da duoc ap
dung rong réi trong tong hop cac hop chat di vong néi chung va cac hop chat quinone
noi riéng. Mot sé dan xuét benzo[g]pyrrolo[1,2-blisoquinoline-6,11-dione (30) cé tac
dung chéng ung thu d6i véi té bao ung thu biéu md tuyén tién liét (PC-3) va té bao
ung thu biéu md tuyén vay miéng (CAL-27). Cac hop chat nay da duoc Ikyon Kim
va cac cong su tong hop trén co s& phan tng cong Michael [4+2] giita 1,4-
naphthoquinone (11) va pyrrole-2-carboxaldehyde 29 theo So d6 1.6 [23]. Pang chti
y, hop chat 5-(4-chlorobenzoyl)pyrrolo[1,2-b]isoquinoline-6,9-dione (30a, Ar = 4-
CIBn) cho thay tac dung @c ché kha ning song cua té bao manh hon khoang 48 lan
s0 v&i thube chdng ung thu mitoxantrone [23].

o

A
o Tr oO Ar
Et;N %
SO S
Sy \ S

OHC EtOH, 80°C

o
11 29 eh © 30

So dé 1.6. Tong hep céc ddn xudt benzo[g]pyrrolo[1,2-b]isoquinoline-6,11-dione
1.1.2. Tong hop va hoat tinh sinh hoc ciia cdc hop chét 1-aza-anthraquinone
Mot s6 hop chat 1-aza-anthraquinone c6 nguon gbc tu nhién c6 thé ké dén nhu
cleistopholine (31), scorazazone (32), maecanine A (33) (Hinh 1.3) c6 dic tinh gay
doc té bao ndi bat. Marcanine A-E (33-37) (Hinh 1.3), phan lap tir vo than cay
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Goniothalamus marcanii, c6 doc tinh dang ké d6i véi mot s dong té bao ung thu cua
con ngudi nhu dong té bao ung thu ¢6 tir cung Hela va té bao ung thu gan HepG2
[24]. Marcanine A (33) con uc ché ky sinh tring sét rét chung Plasmodium
falciparum khang K1 [25].

Me (0] Me
XN XN OMe
» »
N N OMe

Cleistopholine (31)  Scorazanone (32)

o R3
R’ Marcanine A (33, R" =H, R? = H, R®= Me, R = H)
R | Marcanine B (34, R' = Me, R?> = OMe, R® = Me, R = H)
N” ~O  Marcanine C (35, R' = Me, R? = OMe, R® = CH,0H, R = H)
O R Marcanine D (36, R' = H, R?> = OMe, R® = Me, R = 6-OH)
33.37 Marcanine E (37, R' = H, R? = OMe, R® = Me, R = 9-OH)

Hinh 1.3. Cdu tric cia mét sé hop chdt 1-aza-anthraquinone ti nhién
Ngoai cac phuong phap tong hop aza-anthraquinone thong thudng, gan ddy,
Wang Jeh-Jeng va cong sy da tong hop dugc cac dan xuit 1-aza-anthraquinone 39
bang phan wng lién hoan xuc tac palladium(ll) giira 1,4-naphthoquinone (11) va 2-
aminobenzophenone (38a) hoic 2-aminoacetophenone (38b) (So d6 1.7) [26].

R
Q Pd(TFA), Q
NS
NH, TFA, O, N
chlorobenzene 0

11 38a-b 39
R = Me, Ph

So do6 1.7. Tong hop céc hop chdt 1-aza-anthraquinone 39
Niam 2017, Ashwini Borah va cong sy di dua ra phuong phap tong hop dé tong
hop 1-azaanthraquinone 42 bang phan ang amin hoa 2-benzoyl-3-halonaphthalene-
1,4-dione 40. Phan tng xay ra qua qué trinh tao lién két C-N duéi tac dung cua xuc
tac Pd(II), sau d6 la dong vong ndi phén tur vai sy c6 mat caa xuc tac Lewis acid (So
d6 1.8) [27].

1. Pd(OAc),, BINAP, K,CO3, 90°C
2. In(OTf)3, 100°C

toluene

So do 1.8. Tong hop cac hop chdt 1-azaanthraquinone 42



1.1.3. Téng hop cdc hop chit 1,4-dihydrobenzo[g]quinoline-5,10-dione

Cing nhu cic hop chit quinone khac, cic hop chit 1,4-
dihydrobenzo[g]quinoline-5,10-dione thudng duoc tong hop bang phan tng da thanh
phan c6 hoic khong st dung xtc tac. Nam 2015, xuc tac L-proline duoc st dung dé
tong hop cac hop chit naphthoquinone 46 gin khung 1,3-dioxolo[4,5-g]quinoline
bang phan ng giira 3,4-methylenedioxyaniline (43), cac dan xuit aldehyde 44 va 2-
hydroxy-1,4-naphthoquinone (45) (So 6 1.9). Phan trng xay ra theo mot chudi phan
g bao gdm phan mg tao ion iminium trung gian tr aldehyde va L-proline, phan
ung ngung tu gitta ion iminium v&i 2-hydroxy-1,4-naphthoquinone (45) tao thanh
chat trung gian ene dione, qua trinh cong Michael véi 3,4-methylenedioxyaniline, quéa
trinh déng vong va cudi cung 1 khir nuéc dé tao thanh san pham mong mudn. Cac
hop chét tong hop dugc thé hién kha ning e ché cac dong té bao ung thu trong d6i
t6t (ICso = 20-200 uM) [28].

R (0]
OD\ LProIme O
{ + R-CHO + O ‘O
@) NH, OH EtOH O N
reflux H o
43 45 46

So do 1.9. Tong hop hep chat 1,4-dihydrobenzo[g]quinoline-5,10-dione gan khung
1,3-dioxolo[4,5-g]quinolone

Niam 2022, nhom nghién ctru ctia GS. TS. Nguyén Vian Tuyén di phat trién hai
phuong phép tong hop dé tong hop bay hop chit 1,4-dihydrobenzo[g]quinoline-5,10-
dione 5la-g chira vong p-butyrolactone di tur 2-hydroxy-1,4-naphthoquinone (45)
hodc 2-amino-1,4-naphthoquinone (50) (So' do 1.10). Hiéu qua nhat 1a phuong phap
str dung phan trng ba thanh phan giira 2-amino-1,4-naphthoquinone (50), tetronic acid
(47) va arylaldehyde 48 trong diéu kién vi song. Hau hét, cac san pham déu thé hién
tac dung tc ché boén dong té bao ung thu (t& bao ung thu biéu mé nguoi, gan, phoi,
v(). Trong d6, c6 hai hop chat tiém ning v6i hoat tinh gdy doc té bao dang ké ddi véi
té bao ung thu biéu bi mé nguoi (ICso= 0,6+ 0,01 va 1,11 + 0,01 uM), t6t hon so véi
ellipticine d6i chirng dwong (ICso = 1,53 + 0,01 uM) [29].



10

(@]
HO 0 glacial AcOH
— molecular sieves
OIS - o+ o e
OH o~ O ' MW, 120 °C
0 48 49 15-20 min o
Ar
45 a7 Q2
— | [ o
0 N
HO gl. AcOH 0 |l|
O . 0
. — . p-TsOH 20 mol Yo 51
molecular sieves
NH, 0 (0] Ar H _—
o) MW, 120 °C
50 47 48 15-20 min

So do 1.10. Téng hop cac hop chdt 1,4-dihydrobenzo[g]quinoline-5,10-dione chita
vong y-butyrolactone

1.2. Tong hep cac hep chat pyranonaphthoquinone

Pyranonaphthoquinone 1a 16p chat khang sinh thién nhién khung naphtho[2,3-
cJpyran-5,10-dione. Hau hét cac hop chét pyranonaphthoquinone duoc tach chiét tir
vi khuan va nim. Bién hinh cho I6p chat nay 1a mot sé hop chat nhu a-lapachone, -
lapachone, haronoside, psychorubrin, pentalongin, eleutherin, frenolicin va
nanaomycin A (Hinh 1.4). a-Lapachone (52) va g-lapachone (53) dugc phan lap tur
vo cay Tabebuia avellanedae (Bignoniaceae) va cac dan xuat caa né mang nhiéu dic
tinh sinh hoc nhu chéng ung thu, chéng thiéu mau, chéng viém, chéng ap xe, chong
loét, chéng dong kinh, khang virus, khang khuan, khang nam [30]. Haronoside (54)
cho thay hoat tinh khang ndm manh d6i vgi Candida albicans va Trichophytum
soudanense [31]. Pentalongin (56) va psychorubrin (57), duwoc phan lap tir cay duoc
licu ving Pong Phi Pentas longiflora, hoat dong chéng sét rét ddi véi ching
Plasmodium falciparum khang chloroquine W2 va chung D6 cua P.falciparum nhay
cam vai chloroquine [32]. Psychorubrin (57) con c6 hoat tinh gdy doc trén dong té
bao bach cau (HL60 va Jurkat) va ung thu vii (MCF-7) bang cach gay ra qua trinh
apoptosis théng qua phan manh DNA. Ngoai ra, psychorubrin (57) con thé hién hoat
dong chdng lai ky sinh tring nguyén sinh thudc chi Leishmania ciing nhu hoat dong
khang khuan [33]. Ngoai ra, eleutherin (55), ventiloquinone L, thysanone,
nanaomycin A va cac dan xuit ban tong hop cuia ching c6 kha ning trc ché enzyme
topoisomerase 11 [34].



11

0 O O-glucose OMe O
O _Me O
ClO o P IS
=
o} O O-glucose o}

a-Lapachone (52)

Me Me Haronoside (54) Eleutherin (55)
p-Lapachone (53)
(0] (0] OH O OR
oy ooy P
Z OH  MeO ZMe
(0] (0] (@]
Pentalongin (56) Psychorubin (57) Ascomycone A (58, R = Me)

Ascomycone B (59, R = H)
Hinh 1.4. Cdu tric cua cac hop chdt pyranonaphthoquinone ti nhién

Hai hop chat pyranonaphthoquinone chua lién két doi tai C-3 va C-4 ¢6 tén 1a
ascomycone A (58) va ascomycone B (59) di duoc phan 1ap tir chiét xuét ethyl acetate
cta dich nuoi cy tir ascomycete [35]. Hop chat ascomycone B (59) thé hién hoat
dong khang ndm manh hon trén nhiéu ching nam so v&i ascomycone A (58). Ca hai
hop chat ty nhién nay déu thé hién hoat dong vira phai ddi véi cac loai vi khuan Gram
duong, nhung khong co hoat tinh trc ché cac dong vi khuan Gram am.

Niam 2023, ndm hop chit ventilanone L-P (60-64) da dugc phan lap tir vo than
cay Ventilago harmandiana (Rhamnacea), mot loai cay dac hitu cua Thai Lan. Trong
y hoc ¢ truyén Thai Lan, thudc sic tir 16i gd va vo than ctia V. harmandiana da duoc
st dung dé diéu tri bénh tiéu duong, vét thuong va tinh trang viém man tinh. Céac hop
chat ventilanone L, M va P ¢c6 tac dung trc ché té bao HIV-1 [36].

Me O Me O

oH oM wme OMe O Me

Ventilanone L (60, R' = OH, R? = H) Ventilanone O (63, R = OH)
Ventilanone M (61, R' = OH, R2=0OMe)  Ventilanone P (64, R = CH,0H)
Ventilanone N (62, R' = OMe, R? = OMe)

Hinh 1.5. Cac hop chat ventilanone L-P

Bén canh viéc ddy manh chiét tach phan lap cac hop chat
pyranonaphthoquinone tir tu nhién, cac nha khoa hoc ciing rat quan tm nghién cuu,
phét trién cac phuong phap don gian hiéu qua dé tdng hop cac hop chat c6 cau tric
khung nay. Nam 2008, Estévez-Braun va cong su da téng hop thanh cong dan xuat
cua a-lapachone va p-lapachone 66-67 bang phan ung gita 2-hydroxy-1,4-
naphthoquinone (45) va céc alkene andehyde 65 (So dé 1.11) [37]. Céc hop chat 66-
67 c6 kha ning rc ché hoat dong cua topoisomerase I1.
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Et;N, THF

So do 1.11. Téng hop cac dan xudt cia a-lapachone va p-lapachone
Mot s6 dan xuat 2H-pyranonaphthoquinone 70 di duoc Xiaojin Zhang va céc
cong sy tong hop bang phan tng lién hoan dang Tsuji-Trost gitta dan xuét cua 2-
hydroxy-1,4-naphthoquinone 68 va olefinic alcohol 69 sir dung x(c tac 13 hdn hop mudi
palladium acetate/copper acetate/sodium acetate trong dung mdi tetrahydrofuran (So
do 1.12) [38].

o Pd(OAc), (10.0 mol %) o
OH Cu(OAc), (2.0 equiv) 0 R2
R O\H/OW(\ NaOAc (2.0 equiv) R’ | R3
+
>( 0 R2R® THF 45°C Z
68 © 69 70 O

So d6 1.12. Tong hop cac dan xuat 2H-pyranonaphthoquinone 70

Saluja va cong sy da tong hop thanh cong cac chat 2-amino-3-cyano-
benzo[g]chromene-5,10-dione 73 bang phan tng ngung tu giita nguyén liéu dau 1a 2-
hydroxy-1,4-naphthoquinone (45), aldehyde va malononitril (72a) hoac ethyl
cyanoacetate (72b) su dung xdc td&c DBU trong dung méi nudc [39]. Phan tng nay
cling ¢ thé duoc thuc hién vai xuc tac EtsN [40] hoac xtc tac DMAP [41] trong dung
moi ethanol (So' d6 1.13). Két qua danh gia hoat tinh sinh hoc cho thay, 16p chat nay
c6 kha ning giy doc té bao ung thu ciing nhu anh hudng dén qua trinh Gc ché
apoptosis tuong duong véi a-lapachone [40].

DBU, H,0
or
0) Et3;N, EtOH O R'
or R2
CN DMAP, EtOH | |
+ RICHO + ( ———
OH 71 R2 (0] NH»>
0 72 © 73

45
R2= CN, COOEt

So do 1.13. Tong hop cac dan xuat 2-amino-3-cyano-benzo[g]chromene-5,10-dione
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Niam 2015, bang phan tng domino ba thanh phan giira lawsone (45), aldehyde
va ethyl 4,4 4-trifluoroacetoacetate (75), GS Nguyén Vian Tuyén da nghién ctru tong
hop thanh cdng mét sé cac chat pyranonaphthoquinone 76 ¢é ciu trac lap thé va hiéu
suit tong hop cao (So do 1.14) [42].

0 o R 0
OH J
i j\/lcj)\ NH,0Ac ° J\O/\
* R)J\H T RC OEt ~CF,
A © oH
ol 74 75
© 76

45

So do 1.14. Tong hop céc hep chdt pyranonaphthoquinone 76
Méi day nhat, Monem Arezo da tdng hop cac hop chat benzoxanthenetrione 79
bang phan ng gita 2-hydroxy-1,4-naphthoquinone (45), aldehyde 77 va 5,5-
dimethylcyclohexane-1,3-dione (78) vai hdn hop xuc tac MTPPBr/THFTCA-DES la
hé xtc tac két hop, bao gom mot mudi phosphonium va mét dung mdi eutectic sau
(deep eutectic solvent, DES) (So d6 1.15). Pay 1a phuong phap tong hop hiéu qua va
than thién véi moi trudng, ddng thai co thé tai sir dung xdc tac [43].

o} 0 O R O
MTPPBr/THFTCA-DES
+ RCHO + |
OH
77 o) 80°C, neat o)
o}

So do 1.15. Téng hop cac hop chat benzoxanthenetrione 79
1.3. Tong quan cac hep chat pyrimidine
Di vong thom pyrimidine v&i hai nguyén tir nito duoc tim thay nhiéu trong cac
hop chét ty nhién nhu nucleotide, nucleic acid, vitamin, coenzyme, purine, protein va
uric acid [44]. Cac phén tir pymidine dong vai tro quan trong trong cac qué trinh sinh
hoc khac nhau. Do sy giéng nhau vé cau tric véi cap base nucleotide cia DNA va
RNA, pyrimide dugc xem 13 hop chat ¢6 tiém ning trong diéu tri ung thu. R4t nhiéu
loai thubc dang duoc sir dung dé diéu tri cac bénh hiém nghéo 1a dan xuit cua
pyrimidine nhu  zidovudine, cytarabine, phenobarbital, = methotrexate,
imatinib...(Hinh 1.6). Ngoai hoat tinh khang ung thu, cac dan xuét pyrimidine con
c6 hoat tinh khang khuan, khang virus, khang viém, chéng HIV... [45].
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o} NH,
HsC
P A 0
HO Nige} HOL o  N° 70
© C,H NH
HO 2M5 /g
0~ °"N” SO0
Ng OH H
Zidovudine (80) Cytarabine (81) Phenobarbital (82) ch
3
|
N
O COOH [ ]
NH, N
N
’z
YT X
NS Z H
H,N” N7 N 3 Ng
Methotrexate (83) ©
H:C Imatinib (84)

Hinh 1.6. C4c hop chdt pyrimidine tiéu biéu

C6 nhiéu phuong phap dé tong hop pyrimidine. Phan tmg ngung tu gitta amidine
hodc uré va dan xuét 1,3-dicarbonyl (phan tmg Pinner) cho phép diéu ché cac
pyrimidine chtra cac nhém thé khac nhau [46]. Tuy nhién, han ché ctua phuong phap
nay d6 1a diéu kién phan wng khic nghiét. Cac dan xuat 3,4-dihydropyrimidine-
2(1H)-one dugc tong hop bang phan ung Biginelli tir ethyl acetoacetate, aldehyde
thom va uré [47]. Mot s6 phuong phap tong hop pyrimidine méi da dugc phat trién
bao gom phan ung cong déng vong Diels-Alder cac hop chét triazine véi amidine
hoac enamine [48], phan tng cong dong vong [2+2+2] gitra nitrile va alkyne [49],
phan ng gitra enamine va enamide [50] hoac B-enaminone [51].

Niam 2018, Panday A. K. va cong su di cong bd hai phuong phap tong hop cac
dan xuat pyrimido[4,5-b]quinoline 86-87 bang phan ng giita 6-aminouracil 85 voi
2-bromobenzaldehyde hoic 2-bromobenzyl bromide (So @ 1.16). Phan ing domino
nay duogc thuc hién trong dung méi DMF ¢ diéu kién thuong hodc diéu kién vi séng
sur dung xuc tac Cu(ll) va base K.COs [52].

Br o CHO 1
RS@&B O« _N_ _NH Rz@: 0
) 0« _N_ N
\f T S T
CuCl,, K,CO3 R1 CuCl,, K,CO3 R1/ 7
o o
87

DMF, reflux, DMF, MW,
86 150°C, 4-5 h 85 150°C, 30 min

So do 1.16. Tong hop cac dan xudt pyrimido[4,5-b]quinoline
Phan ng domino ba thanh phan ciing da dugc ap dung dé tong hop cac dan xuat
pyrano[2,3-d]pyrimidine 89-90. Theo d6, phan trng gitra 2-aminopyrimidine-4,6-diol
88, malononitrile (72a) va benzaldehyde hoic dan xuét cua isatin dugc tién hanh
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trong dung moi nudc & 80°C vai sy ¢6 mat cua xdc tac solic acid. Solid acid C-SO3zH
thic day phan tng ngung tu Knoevenagel giira benzaldehyde hoic isatin va
malononitrile (72a) tao thanh alkene trung gian dé phan @ng cong electrophil vai 2-
aminopyrimidine-4,6-diol 88. Tiép theo 1a cac giai doan loai xuc tac, dong vong ndi
phan tir tao thanh san pham 89-90 [53].

OH Ar
CN
N
oH C-SOH, Ho0,80°C R~ S\~ o7 SN,
N~ NC. _CN 7 »
+ —_—
PNy ~ , HN R'
R N7 OH 72a R 0 o
N
88 N OH
CN

C-S0O3H, H,0, 80°C N~ | |

NS

R” N7 07 “NH,
90

So do 1.17. Téng hop cac dan xuat pyrano[2,3-d]pyrimidine 89-90

Méi day nhét, cac dan xuat pyrimidine 91-99 da duoc tong hop tir nguyén ligu
dau 6-amino-4-aryl-2-oxo-pyrimidine-5-carbonitrile qua 4 buéc phan tng. Trong sé
cac hop chat tong hop duoc, 3 hop chat 91b (Ar = 4-CIPh), 98b (Ar = 4-CIPh) va 98¢
(Ar = 4-MeOPh) (Hinh 1.7) tic ché gay doc té bao nhiéu dong té bao ung thu (MCF7,
HepG:) twong duong thudc doxorubicin, dong thoi an toan d6i véi dong té bao
nguyén bao thuong W138. Ngoai ra, cac dan xuat 91a (Ar = Ph), 91b (Ar = 4-CIPh),
91d (Ar = 4-MePh), 92, 97¢ (Ar = 4-MeOPh) va 98b (Ar = 4-CIPh) con c6 kha nang
khang khuan manh trén cac ching vi khuan Gram(+), Gam(-) va ching nam (Candida
albicans, Aspergillus flavus). Cac hop chat 92b (Ar = 4-CIPh), 98¢ (Ar = 4-MeOPh)
va 99 thé hién tac dung chbng tan mau va chong oxy hda manh [54].

(@)
Q NC NC
e i fx . 9y

_CHj
2
9 92R = NH2 96 CH3
93 R = CH,CH,OH
94 R = CHj
95 R = CH20H3
Ar Ar Ar
NC NC
P AN )\ N
H,NT N @ HNT N jj Hy,  HoN CH,
(0] —
97 98  HoN 99 HiC

Hinh 1.7. Cdu trlc cac dan xudt pyrimidine 91-99
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1.4. Tong quan vé cac hop chat chira nguyén to flo

C4c hop chat chira nguyén tb flo da thu hat sy quan tdm lén do tac dong ngay
cang ting cua chiing d6i véi su phat trién caa nganh céng nghiép thuc pham va chim
s6c strc khoe. Nguyén té flo dong vai tro quan trong trong thiét ké cac hop chit co
hoat tinh sinh hoc. Flo c6 d6 4m dién cao nhat, c6 thé thay ddi su can bang wa dau/ua
nudc cua cau tric gbc va gia tri pKa bang cach gay ra su phan cuc lién két [55]. Ngoai
ra, nguyén ti flo cé thé diéu chinh cdu hinh phan tir va c6 thé ting 4i luc lién két caa
hop chit véi protein muc tiéu thong qua tuong tac truc tiép hoic gian tiép bang cach
anh hudng dén do phan cuc cia cac nhoém khéc twong tac véi protein [56, 57]. Su két
hop cua it nhat mot nguyén ti flo hoic nhdm trifluoromethyl vao cac hop chat cé
hoat tinh sinh hoc c6 thé cai thién tinh 6n dinh trao ddi chat, tinh thAm cua mang, kha
dung sinh hoc va 4i luc lién két caa hop chét véi protein muc tiéu, dan dén céc hoat
dong duoc ly tiém ning [2, 3].

Viéc str dung thanh cong céc thudc corticosteroid c6 chira flo trong 1am sang
vao nhitng ndm 1950 va cac thubc chtra dan xuat cua fluoroquinolone vao nhitng nim
1980 da dan dén so luong cac hop chat flo dugc chap thuan ngay cang ting trong 50
nam qua, khoang mét nira s6 loai thudc ban chay nhat 1 dugc pham c6 chua flo [58].
Cac hop chat chira flo thé hién nhiéu dic tinh sinh hoc khac nhau nhu hoat dong
chdng khdi u, khang khuan va chéng viém. Vi du nhu sevoflurane, mot thudc gay mé
dang hit c6 flo, duoc sir dung dé gay mé va duy tri gy mé toan than [59]. Risperidone
(Hinh 1.8) 1a thudc chdng loan than thé hé tha hai, c6 tc dung trong ndo dé diéu tri
bénh tdm than phan liét va rdi loan ludng cuc. 5-Fluorouracil (5-FU) va floxuridine
(FdUrd) da duoc chap thuan dé diéu tri ung thu [60]. Hop chat celecoxib véi mot
nhom thé difluoromethylether trén vong pyrazole, la thuc khang viém khong steroid
dé diéu tri viem khop dang thap va viém xuong khop [61]. Cac dan xuat fluoro-taxoid
chaa nhém trifluoromethyl c6 kha ning gay doc té bao trén nhiéu dong té bao ung
thu & ngudi tot hon nhiéu so vai hop chét ban dau taxoid [62].

H
F O« _N._0O
CFs HN/i I\f
Fsc)\/o\/F O)\H o E ~_N.. O o

OH
Sevoflurane (100) 5-Fluorouracil (101)

Floxuridine (102) OH
0o
_NH
\\S 2

\

Risperidone (103) Celecoxib (104)

Hinh 1.8. Cdu trdc cua mét so thuac chia flo
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DPiau nam 2024, nhém nghién ctu cua GS. Nguyén Vin Tuyén di bude dau
nghién ciru danh gia hoat tinh khang viém cua hop chit dihydrofurano-napthoquinone
(Hinh 1.9) c6 chaa nguyén té flo, két qua chi ra rang cac hop chat thé hién hoat tinh
trc ché NO manh mé trén cac té bao macrophage RAW264.7 dugc kich thich boi
lipopolysaccharide (LPS) véi gia tri ICso dao dong tir 1,54 dén 3,92 puM, ciing véi kha
nang ¢ ché sy san sinh céac cytokine IL-1p va IL-6 [63]. Két qua nay budc dau cho
thiy tiém ning cta viéc nghién ctu tong hop cac hop chat naphthoquinone chua
nguyeén t6 flo trong viéc tim kiém cac hop chat méi c6 kha ning 1am tic nhan khang
viém.

0] AI"F
C
T
(0] \O
0]

Dihydrofurano-naphthoquinone (105)
Arf = 3-F-4-MeO-Cg4Hj3, 3,5-F,-4-MeO-CgH,,
2,5-F ,-4-MeO-CgH,
Hinh 1.9. Mgt sé hop chdt chera flo c6 hogt tinh khang viém tiém nang

Tu nhitng céc két qua nghién cau tong quan cho thay, cac hop chét di vong
quinone cd nhiéu hoat tinh sinh hoc Iy tha, c6 nhiéu tiém ning tng dung trong v,
dugc hoc. Viéc tong hop cac hop chit nay bang phan tng domino c6 thé lam gia ting
d6 phtic tap ciia cau truc, tao ra nhiéu hop chat cdu tric méi, ngoai ra phan tng khong
can phan 1ap cac hop chét trung gian, than thién vai moi treong do tranh sir dung cac
tac nhan dung méi doc hai, qua trinh phan tng xay ra ém diu. Bén canh d6, véi nhirng
dic tinh ndi bat cua cac hop chét chira flo, trong luan an nay, ching toi tién hanh
nghién ciru tong hop céac hop chat di vong quinone va cac hop chat pyrimidine méi
chira di t6 nito bang cac phan tmg domino da thanh phan khéac nhau. Cac din xuat
tong hop dugc s& duoc danh gia hoat tinh gay doc té bao trén cac dong ung thu &
ngudi, hoat tinh e ché enzym Acetylcholinesterase.

1.5. Cac phuwong phap tong hop hiru co theo dinh hwéng “héa hoc xanh”

Xu thé téng hop héa hoc hiru co hién dai ngay cang hudng dén viéc giam thiéu
phét sinh chat thai doc hai, toi vu hiéu qua sir dung ning luong va dung méi. Cac ky
thuat hién dai nhu nghién bi co hoc, chiéu xa vi séng, siéu am, thay nhiét, quang xuc
tac, tir truong hd tro phan @ng hoic tong hop trong diéu kién khong dung méi dang
dugc xem la nhitg phuwong phéap tong hop than thién véi méi truong. Cac ky thuat
nay vira gitp han ché st dung hoac tao ra cac tdc nhan nguy hai, vira tao diéu kién
phan mg trong “mdi trudng xanh”, déng thoi tiét kiém dang ké nang luong ciing nhu
lwgng dung moi va hoa chét tiéu hao [64, 65].
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Trong nhitng nim gan day, xu huéng phat trién cac phuong phap tong hop than
thién voi moi truong ngay cang dugc quan tdm manh mé, dac biét trong linh vuc hoa
dugc va hoa hoc cac hop chét di vong [66, 67]. M6t trong nhitng huéng tiép can nbi
bat 14 thuc hién phan ung trong diéu kién khong dung méi (solvent-free) hoic ding
dung moéi xanh nhu ethanol, glycerol, deep eutectic solvent (DES) hay hé nudc—
ethanol, thay thé hoan toan cho cac dung méi doc hai nhw DMF, CH2Cl: hoic toluene
[68]. Céac phan ung dién ra trong méi truong “khéng dung moi” khong nhitng giup
loai bo lwong 16n chat thai dung méi ma con lam ting tinh chon loc va hiéu suét thu
hoi san pham [69].

Song song véi do, k¥ thuat chiéu vi séng (microwave-assisted synthesis) va kich
hoat siéu 4m (sonochemistry) ciing duoc khai thac nham gia ting téc d6 phan ung,
rt ngan thoi gian tir vai gio xudng chi vai phat, déng thai han ché su hinh thanh san
pham phu [70]. Cac phuong phap nay thuong thé hién wu thé vuot troi khi &p dung
vao phan tng domino da thanh phan (multi-component domino reactions, MCRSs)
hoic téng hop céc hé di vong hop nhit, nho kha nang cung cip ning luong tic thoi,
ddng déu va dinh vi chinh xéc vao céc lién két phan cyc [71, 72].

Ngoai ra, nhiéu nghién ctu hién dai chl trong dén viéc sir dung x(c tac thay vi
luong 16n tac nhan phan ¢ng, chang han nhu cac xuc tic Lewis acid (Sc(OTf)s,
ZnCL), xtic tic bazo hiru co (DBU, TBD) hoic organocatalyst kiéu amino acid/phuc
thiourea [73, 74]. Biéu nay cho phép giam dang ké luong chit thai vo co, dong thoi
dam bao hiéu qua kinh té khi mé rong quy mé phan ang phuc vu san xuat. Mot sé
nghién ctu tién tién con khai thac dién hoé (electrochemical synthesis) va quang xuc
tac (photoredox catalysis) sir dung &nh séng LED hoic 4nh sang mit troi nhu ngudn
nang luong sach, thay thé cho cac chat oxy héa/khir doc hai kiéu Cr(VI), MnO: hoic
DDQ [75, 76].

Dic biét, phan tmg domino da thanh phan kiéu “one-pot” dang ndi 1én nhu mot
chién lugc tong hop “xanh” day tiém nang nhd hiéu qua st dung nguyén tir, han ché
t6i da viéc tach, loc trung gian va giam tiéu thy dung mai cling nhu nang lugng [77].
Pay ciing 13 dinh hudng chinh dugc ching t6i lya chon trong luan an, nham hudng
tGi thiét ké va tong hop cac hop chat di vong maéi vira hiéu qua vira phi hop véi muc
tiéu phat trién bén virng trong tong hop hoéa dugc hién dai [78].

1.6. Cac khoang tréng can nghién ciru

Tir tong quan céac két qua nghién ctru trong va ngoai nude ¢6 thé nhan thay rang,
cac hop chét di vong chira nhan quinone, pyrimidine va cac cau tric hop nhat da vong
da va dang thu hat sy quan tdm rong rai trong linh vuc héa dugce, dac biét theo dinh
huéng tim kiém céc tac nhan chéng ung thu va tc ché enzym. Nhiéu két qua co gia
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tri da duoc cong bd, gop phan 1am sang té méi lién hé gitra cau tric hoa hoc va hoat
tinh sinh hoc. Tuy nhién, mét s khia canh nghién ctu van con nhiéu tiém ning dé
tiép tuc khai thac theo huéng hé théng va chuyén sau hon.

Thet nhdt, phan tng ngung tu Knoevenagel cua hé 1,3-diketone da duoc ung
dung hiéu qua trong tong hop céc hop chét di vong, song viéc khai thac phan tng nay
nhu mot budc khai dau trong chudi phan tng domino da thanh phan nham xay dung
cac khung di vong hop nhit c6 d6 phuc tap cao van con nhiéu kha ning mé rong.
Trong nhiéu céng trinh, phan tng Knoevenagel thudng dugc sir dung doc 1ap, trong
khi viéc két hop lién tiép véi cac qué trinh cong Michael va vong hda noi phan tir dé
tao nhanh cac hé vong hop nhat da dang vé cau tric van 1a mot hudng tiép can giau
tiém nang.

Ther hai, cac hé ciu truc di vong hop nhat gitta naphthoquinone va cac di vong
chura nito nhu aza-anthraquinone, pyrimidine hoac pyrano[2,3-d]pyrimidine da duoc
ching minh so hiru tiém nang sinh hoc dang chi y. Tuy nhién, cac nghién ciu hién
nay chu yéu tap trung vao tirng 16p cu tric riéng biét. Viéc thiét ké cac day hop chat
dwa trén cing mot nén phan tng, cho phép so sanh cé dinh hudng anh huong cua
khung di vong va nhém thé dén hoat tinh sinh hoc, 1a hudng nghién ctru c6 ¥ nghia
bd sung.

Ther ba, vai tro caa nguyén t flo trong viéc didu chinh tinh chét dién tir, do bén
trao ddi chat va ai luc lién két véi protein dich da duoc khang dinh trong thiét ké
thudc hién dai. Tuy nhién, viéc tich hop nguyén ti flo vao cac hé di vong quinone
hoic pyrimidine dugc hinh thanh théng qua phan tmg domino da thanh phan van con
chua dugc khao sat mot cach hé thong, dic biét dbi voi méi lién hé giira cau trac, dic
tinh dién tir va tiém ning sinh hoc cua cac san pham thu dugc.

Thit tr, co ché cua céc phan ung domino kiéu Knoevenagel — Michael —
cyclization trong tong hop cac hé di vong ngung tu thuong duoc dé xuat dya trén cac
buéc phan tng hop ly vé mat hoa hoc, song viéc luan giai chi tiét vai tro caa ting tac
chat, cac trung gian phan ung ciing nhu cac yéu td chi phdi qua trinh vong hoa déi
véi ting hé cau tric cu thé van con nhiéu khia canh c6 thé tiép tuc 1am rd.

Cudi ciing, xu huéng két hop gitra tong hop cau tric méi, danh gia hoat tinh
sinh hoc, nghién ciu docking phan tir va du doan cac thong s6 ADMET dang ngay
cang duoc quan tdm. Tuy nhién, viéc trién khai dong bo va c6 hé théng cac noi dung
nay trong cling mot dinh hudng nghién ciu, nham sang loc soém va lua chon cac hop
chat khoi dau tiém ning cho cac nghién ctru chuyén sau tiép theo, van can tiép tuc
duoc day manh va hoan thién.
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Tir nhitng phan tich trén cd thé thiy riang, viéc phat trién cac phuong phép tong
hop dua trén phan img ngung tu Knoevenagel cua hé 1,3-diketone theo hudéng domino
da thanh phan, két hop thiét ké cac hé di vong quinone va pyrimidine c6 gan nguyén
tir flo, dong thoi danh gia toan dién vé ciu trdc va hoat tinh sinh hoc 1a mét huéng
nghién ctiru mang tinh ké thira, mé rong va cé ¥ nghia khoa hoc rd rét.
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CHUONG 2. PHUONG PHAP NGHIEN CUU VA THU'C NGHIEM

2.1. Héa chit, thiét bi

- Ho4 chét sir dung cho cac phan tng déu 1a héa chat duoc dit mua tir cic nha
cung cap hoa chat Merck, AKSci, Sigma Aldrich, ... véi ham luong trén 98 %.

- Dung moéi dung trong sic ky cot 1a loai dung méi c¢6 tinh khiét > 99 %, mua tir
hang Aldrich, dugc cit lai va 1am khan trudce khi st dung.

- Str dung bot silica gel dung trong sic ky cot 1a loai silica gel c6 kich ¢ hat tir
240 - 400 mesh do hiang Merck cung cép, sic ky ban mong st dung loai Alufolien
Kiesel 60 Fass dugce mua tir nha phan phdi ciia Merck.

- H¢ phan tng vi song

Céc phan ung dugc thuc hién béng thiét bi microwave Monowave 400 duoc
trang bi tai Phong Hoa Duoc, Vién Hoa hoc, Vién Han 1am KH&CN Viét Nam. Cac
phan ing dun hoi luu duge thuc hién trong cac ampul chiu nhiét, st dung chat 6n
nhiét 1a silicone, thiét bi gia nhiét va kiém so4t nhiét o ctia hang Bruker

- Pho hong ngoai (IR)

Thiét bi ding dé do quang phd hong ngoai (FT-IR), do hang Perkin Elmer cung
cép, dugc trang bi tai Phong Ho4 Dugc, Vién Hod hoc, Vién Han 1am KH&CN Viét
Nam .

- Pho cong huong tir hat nhan (NMR)

Thiét bj do phd NMR hoat dong trén dai tan 500 MHz va 600 MHz ("H-NMR)
va 125MHz va 150 MHz ('*C-NMR) do hang Bruker Avance III cung cip, dung moi
pha do dung DMSO-ds va tetramethylsilane lam chit ndi chuén, cac phép do duogc thuc
hién tai Trung tim cac phuong phap pho tng dung, Vién Ho hoc, Vién Han 1am Khoa
hoc va Cong ngh¢ Viét Nam.

- Po pho khdi lwong phan giai cao (HRMS)

Phuong phép do phd khdi duoc thuc hién trén thiét bi X500R QTOF, do hing
SCIEX cung céap, & ché do ESI™ hodc ESI tai Phong Nghién ctru phat trién duoc
phém, Vién Hod hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Thiét bi do nhiét d6 néng chay.

Két qua do nhiét d0 ndong chay cua cac din xuét, duoc tién hanh trén thiét b
Buchi B-545, trang bi tai Phong Hoa duogc, Vién Hoa hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

2.2. Tong hop cac hop chit 1-azaanthraquinone chira vong y-butyrolactone

2.2.1 Tong hop cdc din xudt dihydrobenzo[g]furo[3,4-b]quinoline

Hon hop gdm 2-amino-1,4-naphthoquinone (50) (1 mmol, 173 mg), tetronic
acid 47 (1 mmol, 100 mg), benzaldehyde 48 (1 mmol) va L-proline (0,02 mmol) trong
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acetic acid bang (3 ml) duoc dun khudy & nhiét do 110°C trong 10 vi séng trong 30
phut. Hon hop sau phan tmg dugc lam ngudi dén nhiét dé phong, thém 20 ml nuée,
chiét bang dichlomethane (20 ml x 3). Pha hiru co gop lai, rtra véi dung dich NaCl
bdo hoa, 1am khan bing Na»SO4, loc, c6 quay loai bé dung méi bang chan khong thu
dugc san pham thd. Sau khi tinh ché bang sic ky cot silica gel véi hé dung moi ria
giai n-hexane/ethyl acetate (4:1, v/v) thu dugc cac hop chit dihydrobenzo[g]furo[3,4-
b]quinoline 51a-m.

2.2.2 Tong hop cic hop chit 1-azaanthraquinone chiva vong y-
butyrolactone

Quy trinh tong hop chung: Sau khi tach cot, cac hop chat 51a—m dugc can dé

xac dinh luong thyc té sir dung cho budc tiép theo. Ti 1¢ mol trong phan tng tong hop
106a—-m dugc tinh theo hop chat 51 sau tinh ché. Hoa tan dan xuat
dihydrobenzo[g]furo[3,4-b]quinoline S1a-m trong 3 ml toluene, sau d6 thém 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 2 mmol) (122) va dun khuay & 110°C
trong 2 gio. Hon hop sau phan (mg duoc lam nguoi dén nhiét 6 phong, thém 20 ml
nuéc, chiét bang dichlomethane (20 ml x 3). Pha hitu co gdp lai, rira v6i dung dich
NaCl bdo hoa, 1am khan bang Na»SOs, loc, ¢d quay loai bé dung moi bang chan khong
thu duoc san pham tho. Sau khi tinh ché bang sic ky cot silicagel véi hé dung moi
rira giai n-hexane/ethyl acetate (1:1, v/v) thu duoc cac hop chat 106a-m.

Két qua thu dugc cac dan xudt co cau trac va cac tin hiéu phd IR, NMR va
HRMS tuong trng nhu sau:

Hop chit 106a: 11-(2-Fuoro-4-methoxyphenyl)benzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rin mau nau, nhiét do nong chay 210 - 212 °C, hiéu suét phan tng 43%
(167,4 mg).

106a

IR (KBr) vmay/om! 3426, 2925, 2855, 1776, 1680, 1624, 1589, 1448, 1337,
1288, 1114, 1023, 775, 724.

'H NMR (DMSO-ds, 600 MHz): 6 8.25 (1H, dd, J = 6.6, 1.8 Hz), 8.05 (1H,
dd, J = 6.6, 1.8 Hz), 7.98 — 7.92 (2H, m), 7.31 (1H, t, J = 8.4 Hz), 6.96 (1H, dd, J =
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12.0, 2.4 Hz), 6.89 (1H, dd, J = 8.4, 2.4 Hz), 5.63 (1H, d, /= 16.8 Hz), 5.60 (1H, d,
J=16.8 Hz), 3.89 (3H, s, OCH3).

BC NMR (DMSO-ds, 150 MHz) 6 182.3, 180.4, 170.0, 166.3, 161.3 (1C, d, J
=10.5 Hz), 159.3 (1C, d, J = 241.5 Hz), 153.4, 145.3, 134.9, 134.5, 133.7, 132.6,
131.0,131.0, 128.9, 126.8, 126.7, 120.8, 109.8, 101.1 (1C, d, J=24.0 Hz), 69.7, 55.7.

HRMS: Gi4 tri thuc nghiém m/z 390.0769 [M+H]", Tinh toan theo 1y thuyét
[C22H13FNOs]™: 390.0773.

Hop chit 106b: 11-(3-Fuoro-4-methoxyphenyl)benzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rin mau nau, nhiét d6 nong chay 252 — 254 °C, hiéu suat phan tng 48%
(186,9 mg).

106b

IR (KBr) vmax/cm! 3494, 3227, 2939, 2846, 1785, 1687, 1581, 1519, 1442,
1336, 1288, 1123, 1022, 967, 870, 811, 759, 726.

"H NMR (DMSO-ds, 600 MHz): § 8.24 (1H, dd, J = 6.6, 2.4 Hz), 8.03 (1H,
dd, J = 6.6, 2.4 Hz), 7.97 - 7.92 (2H, m), 7.30 (1H, dd, J = 12.6, 2.4 Hz), 7.25 (1H,
t,J =8.4Hz),7.15 (1H, dt, J= 8.4, 1.2 Hz), 5.59 (2H, s), 3.95 (3H, s, OCH3).

BC NMR (DMSO-ds, 150 MHz) ¢ 182.3, 180.7, 169.8, 166.5, 153.2, 150.8
(1C, d, J = 240.0 Hz), 150.5, 147.3 (1C, d, J = 9.0 Hz), 135.0, 134.5, 134.1, 132.5,
129.0, 126.9, 126.7, 126.1 (1C, d, J = 7.5 Hz), 124.9, 120.5, 116.1 (1C, d, J=19.5
Hz), 112.9, 69.6, 56.0.

HRMS: Gia tri thyc nghiém m/z 390.0768 [M+H]", Tinh toan theo 1y thuyét
[C22H13FNOs]™: 390.0773.

Hop chat 106¢c:  1/-(2,6-Difluoro-4-methoxyphenyl)benzo[g] furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat ran mau nau, nhiét do néng chay 190 —192 °C, hiéu suat phan tng 46%
(187,4 mg).
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106¢

IR (KBr) vmax/cm 3431, 3073, 2936, 2849, 1778, 1686, 1639, 1585, 1510,
1349, 1288, 1152, 1133, 1026, 954, 835, 724.

"H NMR (DMSO-ds, 600 MHz): ¢ 8.26 (1H, dd, J = 7.2, 1.8 Hz), 8.09 (1H,
dd,J=7.2,1.8 Hz), 7.97 (1H, td, J = 7.2, 1.8 Hz), 7.95 (1H, td, J = 7.2, 1.8 Hz),
6.91 (2H, d, J = 10.2 Hz), 5.67 (2H, s), 3.91 (3H, s, OCH3).

3C NMR (DMSO-ds, 125 MHz) 6 182.4, 180.1, 170.4, 166.3, 161.9 (1C, d, J
=15.0 Hz), 159.6 (1C, d, J = 242.5 Hz), 159.5 (1C, d, J = 242.5 Hz), 153.9, 138.3,
135.0,134.9,133.4,132.9, 128.7, 126.9, 121.0, 102.6, 98.1 (2C, d, J=27.5 Hz), 70.0,
56.3.

HRMS: Gia tri thuc nghiém m/z 408.0674 [M+H]", Tinh toan theo ly thuyét
[C22H12F2NOs]™: 408.0679.

Hop chiat 106d: 1/-(2,5-Difluoro-4-methoxyphenyl)benzo[g] furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rin mau nau, nhiét d6 nong chay 182 —184 °C. Hiéu suit phan tng 47%

(191,4 mg).
IR (KBr) vmax/cm’' 3069, 2941, 2848, 1779, 1684, 1636, 1593, 1521, 1447,

1358, 1287, 1189, 1160, 1115, 1092, 1024, 963, 724.
OMe

106d

'H NMR (DMSO-ds, 600 MHz): ¢ 8.25 (1H, dd, J = 6.6, 2.4 Hz), 8.07 (1H,
dd, J = 6.6, 2.4 Hz), 7.96 (1H, td, J = 7.2, 1.2 Hz), 7.94 (14, td, J = 7.2, 1.2 Hz),
7.35(1H, dd, J = 11.4, 6.6 Hz), 7.27 (1H, dd, J = 11.4, 7.2 Hz), 5.66 (1H, d, J= 16.2
Hz), 5.62 (1H, d, J = 16.2 Hz), 3.97 (3H, s, OCH3).

13C NMR (DMSO-ds, 150 MHz) ¢ 182.3, 180.4, 170.1, 166.4, 154.8 (1C, d, J
= 240.0 Hz), 153.5, 148.6 (1C, t, J = 12.0 Hz), 147.5 (1C, d, J = 240.0 Hz), 143.7,
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135.0, 134.7, 133.7, 132.7, 128.9, 126.9, 126.9, 121.0, 116.9 (1C, d, J = 4.5 Hz),
116.7 (1C,d, J=4.5 Hz), 101.6 (1C, d, J = 27.0 Hz), 69.9, 56.7.

HRMS: Gi4 tri thuc nghiém m/z 408.0674 [M+H]", Tinh toan theo 1y thuyét
[C22H12F2NOs]™: 408.0679.

Hop chit 106e: 11-(4-Methoxy-2-(trifluoromethyl)phenyl)benzo[g] furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rdn mau nau, nhiét 4o néng chay 244 — 246 °C, hiéu suét phan tng 45%
(197,4 mg).

106e

IR (KBr) vmax/cm™ 3438, 2956, 2926, 2855, 1778, 1683, 1594, 1506, 1429,
1318, 1289, 1111, 1021, 1022, 725.

'H NMR (DMSO-ds, 600 MHz): ¢ 8.30 (1H, dd, J = 7.2, 1.2 Hz), 8.07 (1H,
dd,/J=7.2,1.2Hz),8.01 (1H, dt,J=7.2, 1.2 Hz), 7.98 (1H, dt, /= 7.2, 1.2 Hz), 7.41
(1H,d,J=2.4Hz),7.38 (1H,d,J=8.4,2.4Hz),7.29 (1H,d,J = 8.4 Hz), 5.77 (1H,
d,/J=16.8 Hz), 5.69 (1H, d, /= 16.8 Hz), 4.00 (3H, s, OCH3).

3C NMR (DMSO-ds, 150 MHz) ¢ 181.9, 180.3, 169.6, 166.2, 159.0, 153.3,
148.8,135.0,134.8,133.3,132.7,130.1, 128.7, 127.0, 126.9, 126.8, 124.8, 123.7 (1C,
q,J =273.0 Hz, CF3), 121.1, 117.5, 111.4, 70.1, 55.7.

HRMS: Gia tri thuc nghiém m/z 440.0736 [M+H]", Tinh toan theo ly thuyét
[C23H13F3NOs]": 440.0741.

Hop chit 106f: 11-(2-Fluoro-4-hydroxyphenyl)benzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rin mau nau, nhiét d6 nong chay 310 —312 °C. Hiéu suit phan tng 48%
(180,1 mg).
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IR (KBr) vmax/cm 3373, 2926, 2926, 1775, 1684, 1625, 1589, 1515, 1438,
1334, 1286, 1185, 1096, 1022, 963, 844, 810, 727.

'"H NMR (DMSO-ds, 600 MHz): 6 10.25 (1H, s, OH), 8.25 — 8.23 (1H, m),
8.06 — 8.04 (1H, m), 7.97 — 7.93 (2H, m), 7.19 (1H, t, J = 8.4 Hz), 6.70 (1H, dd, J =
8.4,2.4 Hz), 6.67 (1H, dd, J = 12.0, 2.4 Hz), 5.61 (1H, d, J=16.8 Hz), 5.58 (1H, d,
J=16.8 Hz).

BC NMR (DMSO-ds, 150 MHz) 6 182.5, 180.6, 170.2, 166.5, 160.0 (1C, d, J
= 12.0 Hz), 159.3 (1C, d, J = 243.0 Hz), 153.5, 145.9, 135.1, 134.6, 133.8, 132.7,
131.3,131.2, 129.0, 126.9, 126.8, 120.8, 111.2, 102.3 (1C, d, J = 24.0 Hz), 69.7.

HRMS: Gi4 trj thuc nghiém m/z 376.0613 [M+H]*, Tinh toan theo 1y thuyét
[C21H11FNOs]™: 376.0616.

Hop chat 106g: 11-(4-(Trifluoromethoxy)phenyl)benzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat ran mau ndu, nhiét d6 nong chay 185-187 °C. Hiéu suat phan tmg 48%
(204,2 mg).

106g

IR (KBr) vmax/cm! 3514, 1780, 1688, 1591, 1509, 1287, 1211, 1161, 1108,
1021, 966, 727.

'H NMR (DMSO-ds, 600 MHz): J 8.25 (1H, dd, J = 7.2, 1.8 Hz), 8.04 (1H,
dd,J=7.2,1.8 Hz), 7.95 (1H, dt,J=7.2, 1.8 Hz), 7.93 (1H, dt, /= 7.2, 1.8 Hz), 7.51
—7.45 (4H, m), 5.61 (2H, s).

BC NMR (DMSO-ds, 150 MHz) § 182.3, 180.6, 169.9, 166.5, 153.3, 150.4,
148.3, 135.0, 134.6, 133.8, 133.1, 132.6, 129.9, 128.8, 126.9 (2C), 126.8, 120.5,
120.2 (1C, q, J = 255.0 Hz, CF3), 120.1 (2C), 69.8.

HRMS: Gia trj thuc nghiém m/z 426.0578 [M+H]*, Tinh toan theo ly thuyét
[C22H11F3NOs]*: 426.0584.

Hop chat 106h: []-(4-Fluorophenyl)benzo[g]furo[3,4-b]quinoline-
1,5,10(3H)-trione.

Chat rdn mau nau, nhiét d6 nong chay 302 —304 °C. Hiéu suat phan img 49%
(176,1 mg).
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106h

IR (KBr) vmax/cm™ 3438, 2957, 2925, 2855, 1778, 1685, 1513, 1432, 1334,
1291, 1227, 1022, 843, 804, 725.

"H NMR (DMSO-ds, 600 MHz): ¢ 8.25 (1H, dd, J = 7.2, 1.8 Hz), 8.02 (1H,
dd,J=7.2,18Hz),7.95(1H, dt,J=7.2, 1.8 Hz), 7.93 (1H, dt, /= 7.2, 1.8 Hz), 7.41
(1H, dd, J = 8.4, 1.8 Hz), 7.40 (1H, dd, J = 8.4, 2.4 Hz), 7.31 (1H, dd, J = 8.4, 1.8
Hz), 7.30 (1H, dd, J = 8.4, 2.4 Hz), 5.60 (2H, s).

13C NMR (DMSO-ds, 125 MHz) 6 182.3, 180.6, 169.8, 166.5, 162.2 (1C, d, J
= 243.8 Hz), 153.3, 151.1, 135.0, 134.5, 133.9, 132.6, 130.1 (2C, d, J = 7.5 Hz),
130.0 (1C, d, J = 3.8 Hz), 128.9, 126.9, 126.7, 120.5, 114.6 (2C, d, J = 21.3 Hz),
69.6.

HRMS: Gia trj thyc nghiém m/z 360.0663 [M + H]*, Tinh toan theo ty thuyét
[C21H11FNO4]+Z 360.0667.

Hop chit 106i: 11-(4-(Trifluoromethyl)phenyl)benzo[g]furo[3,4-b] quinoline-
1,5,10(3H)-trione.

Chat ran mau nau, nhiét do nong chay 204 —206 °C. Hiéu suat phan tng 45%
(184,2 mg).

IR (KBr) vmax/cm™ 3441, 2957, 2925, 2855, 1777, 1693, 1591, 1445, 1409,
1327, 1290, 1225, 1162, 1111, 1065, 1020, 957, 837, 725, 607.

106i

'H NMR (DMSO-ds, 600 MHz): 6 8.26 (1H, dd, J = 7.8, 1.8 Hz), 8.03 (1H,
dd, J=7.8, 1.8 Hz), 7.95 (1H, dt, J= 7.8, 1.8 Hz), 7.93 (1H, dt, J= 7.8, 1.8 Hz), 7.85
(2H, d,J = 7.8 Hz), 7.58 (2H, d, J = 87.8 Hz), 5.63 (2H, s).
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13C NMR (DMSO-ds, 125 MHz) 6 182.2, 180.5, 169.9, 166.4, 153.2, 150.1,
138.6, 135.0, 134.6, 133.7, 132.6, 128.7, 128.6, 128.5, 128.3, 126.9, 126.8, 124.5,
124.5,124.4 (1C, q, J =270.0 Hz, CF3), 120.4, 69.9.

HRMS: Gia tri thuc nghiém m/z 410.0631 [M + H]*, Tinh toén theo ly thuyét
[C22H11F3NO4]*: 410.0635.

Hop chat 106j:  11-(2-Fluorophenyl)benzo[g]furo[3,4-b] quinoline-
1,5,10(3H)-trione.

Chat rin mau niu, nhiét do nong chay 251 — 253 °C. Hiéu suat phan tng 43%
(154,5 mg).

106j

IR (KBr) vmax/cm! 3355, 3077, 2926, 2852, 1780, 1689, 1591, 1493, 1450,
1334, 1287, 1220, 1188, 1113, 1094, 1043, 1020, 765, 751, 725.

'"H NMR (DMSO-ds, 600 MHz): 6 8.25 (1H, dd, J = 7.2, 1.8 Hz), 8.04 (1H,
dd,/J=7.2,1.8Hz),7.96 (1H, dt,J=7.2, 1.8 Hz), 7.93 (1H, dt, J= 7.2, 1.8 Hz), 7.58
—7.53 (1H, m), 7.36 (1H, td, J = 7.8, 1.8 Hz), 7.34 (1H, t,J = 7.8 Hz), 7.31 (1H, td,
J=178,12Hz),5.67(1H,d,J =16.2 Hz), 5.63 (1H, d, J = 16.2 Hz).

BC NMR (DMSO-ds, 125 MHz) 6 182.2, 180.4, 170.1, 166.3, 158.4 (1C, d, J
= 242.5 Hz), 153.5, 145.3, 135.0, 134.7, 133.6, 132.7, 130.8 (1C, d, J = 7.5 Hz),
130.0 (1C, d, J = 2.5 Hz), 128.9, 126.9, 124.0 (1C, d, J = 2.5 Hz), 121.5 (1C, d, J =
16.3 Hz), 120.8, 114.8 (1C, d, J = 21.3 Hz), 69.9, 59.8.

HRMS: Gi4 tri thyc nghiém m/z 360.0663 [M + H]*, Tinh toan theo Iy thuyét
[C21H11FNO4]*: 360.0667.

Hop chat 106k: 11-(2-Methoxy-5-(trifluoromethyl)pyridin-3-
vl)benzo[g]furo[3,4-b]quinoline-1,5,10(3H)-trione

Chat ran mau nau do, nhiét 46 néng chay 218-220°C. Hiéu suat phan tmg 40%
(176,1 mg).



106k

IR (KBr) vmax/cm 3142, 2954, 2926, 1779, 1682, 1615, 1583, 1485, 1447,
1410, 1310, 1290, 1272, 1159, 1124, 1092, 1023, 790, 726, 667.

"H NMR (DMSO-ds, 600 MHz): ¢ 8.75 (1H, dd, J = 2.4, 1.2 Hz), 8.27 (1H,
dd,J =72, 1.2 Hz), 8.10 (1H, d, J = 1.8 Hz), 8.07 (1H, dd, J = 7.2, 1.2 Hz), 7.97
(1H, dt, J=7.2, 1.2 Hz), 7.94 (1H, dt, J= 7.2, 1.2 Hz), 5.69 (1H, d, J = 16.8 Hz),
5.64 (1H, d, J = 16.8 Hz), 3.84 (3H, s, OCH3).

3C NMR (DMSO-ds, 150 MHz) ¢ 182.4, 180.2, 170.0, 166.5, 161.9, 153.2,
144.8, 144.6, 135.1, 135.0, 134.8, 133.4, 132.7, 128.9, 126.9, 126.9, 124.1 (1C, q, J
=268.5 Hz, CF3), 120.8, 118.3, 70.1, 54.3.

HRMS: Gia tri thuc nghiém m/z 441.0691 [M + H]*, Tinh toan theo ly thuyét
[C22H12F3N20s]*: 411.0693.

Hop chat  106l: 11-(4-(4-Fluorophenoxy)phenyl)benzo[g]furo[3,4-
b]quinoline-1,5,10(3H)-trione.

Chat rin mau niu, nhiét do nong chay 282 — 284 °C. Hiéu suat phan tng 44%
(198,6 mg).

1061

IR (KBr) vmax/cm™ 2955, 2925, 2855, 1761, 1684, 1497, 1449, 1284, 1210,
1022, 955, 836, 728, 695, 599, 505.

'H NMR (DMSO-ds, 600 MHz): & 8.24 (1H, dd, J = 6.6, 1.8 Hz), 8.03 (1H,
dd, J = 6.6, 1.8 Hz), 7.96 — 7.92 (2H, m), 7.37 (2H, dt, J = 8.4, 2.4 Hz), 7.32 (2H, tt,
J=8.4,2.4Hz),7.23—7.20 2H, m), 7.05 (2H, dt, J = 8.4, 2.4 Hz), 5.59 (2H, s).

13C NMR (DMSO-ds, 150 MHz) & 182.4, 180.7, 169.9, 166.5, 158.5 (1C, d, J
= 237.0 Hz), 157.5, 153.3, 152.1, 151.6, 135.0, 134.4, 134.0, 132.5, 130.0 (2C),
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129.0, 128.3, 126.9, 126.7, 121.3 (2C, d, J = 9.0 Hz), 120.4, 116.8 (2C, d, J = 24.0
Hz), 116.7 (2C), 69.6.

HRMS: Gia tri thuc nghiém m/z 452.0921 [M + H]*, Tinh toén theo ly thuyét
[C27H1sFNOs]™: 452.0929.

Hop chit 106m: 11-(4-(Difluoromethoxy)-3-
hydroxyphenyl)benzo[g]furo[3,4-b] quinoline-1,5,10(3H)-trione.

Chat rdn mau nau, nhiét d6 nong chay 321 — 323 °C. Hiéu suit phan tng 47%
(199,0 mg).

106m

IR (KBr) vmax/cm™ 3452, 2956, 2924, 2854, 1766, 1683, 1593, 1510, 1287,
1124, 1018, 808, 726.

'"HNMR (DMSO-ds, 600 MHz): 6 10.0 (1H, s, OH), 8.24 (1H, dd, J = 6.6, 2.4
Hz), 8.03 (1H, dd, J = 6.6, 2.4 Hz), 7.96 — 7.92 (2H, m), 7.19 (1H, t, J = 75.0 Hz),
7.18 (1H,d,J=7.8 Hz), 6.91 (1H, d, J = 2.4 Hz), 6.75 (1H, dd, J= 8.4, 1.8 Hz), 5.59
(2H, s).

3C NMR (DMSO-ds, 150 MHz) 6 182.2, 180.7, 169.9, 166.4, 153.3, 151.2,
147.8, 135.1, 134.6, 133.9, 132.6, 132.0, 131.7, 128.9, 128.7, 126.9, 126.8, 120.5,
119.1, 116.8, 116.7 (1C, t, J = 255.0 Hz), 69.7.

HRMS: Gia tri thuc nghiém m/z 424.0623 [M + H]*, Tinh toan theo ly thuyét
[C22H12F2NOs]*: 424.0628.

2.3. Tong hop cic hop chit chromeno[2,3-d|pyrimidin-4-one (125a-1)

Hon hop gdm 2-hydroxy-1,4-naphthoquinone (45) (1 mmol, 174 mg), aldehyde
116a-1 (I mmol), malononitrile (1 mmol) (72a) va DABCO (0,1 mmol) trong
acetonitrile (10 ml) dugc dun hoi luu ¢ nhiét d6 82°C trong 10 vi séng trong 20 phut.
Sau d6, thém acetic anhydride (3 mmol) va sulfuric acid dam dac (0,4 mmol) vao
binh phan g va tiép tuc dun khudy & 120°C trong 15 phut. Hon hgp sau phan ting
dugc 1am ngudi dén nhiét do phong, thém nudc, chiét bﬁng dichlomethane (50 ml x
3). Pha hitu co gop lai, rira v&i dung dich NaCl bdo hoa, 1am khan bang Na>SOs, loc,
cd quay loai bé dung méi bang chan khong thu duroc san pham thd. Sau khi tinh ché
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bang sic ky cot silicagel v6i hé dung moi rira giai dichloromethane/ethyl acetate (4:1,
v/v) thu dugc cac hop chat 125a-1 v6i hiéu suat phan tmg 60-80 %.
Két qua phd IR, NMR, HRMS cua cic dan xuét thu dugc cu thé nhu sau:
Hop chit 125a: 5-(4-Fluorophenyl)-2-methyl-3,5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione.

Chat rin mau vang, nhiét do ndng chay 294-296°C, hiéu suat phan tng 70%.

Rf=0.54 (CH2CL-EtOAc 4:1).

IR (KBr) vma/cm! 3443, 2745, 1683, 1672, 1636, 1593, 1504, 1384, 1360,
1327, 1295, 1234, 1197, 1149, 1074, 942, 927, 854, 837, 808, 790, 736, 715, 678,
603, 552.

'"H NMR (DMSO-ds, 600 MHz) 65 12.67 (1H, s, NH), 8.07 (1H, dd, J=7.2, 1.8
Hz), 791 (1H, dd, J = 7.2, 1.8 Hz), 7.88 — 7.82 (2H, m), 7.40 (2H, dd, /=84, 5.4
Hz), 7.06 (2H, t, J= 9.0 Hz), 5.07 (1H, s), 2.30 (3H, s, CH3).

BC NMR (DMSO-ds, 150 MHz) 6¢ 182.7,177.1, 161.9, 161.1 (1C, d, J=241.5
Hz), 156.9, 159.4, 149.9, 138.6 (1C, d, J=3.0 Hz), 134.6, 134.2, 131.1, 130.7, 130.5
(2C,d,J=17.5Hz), 126.1,125.9, 122.7, 114.9 (2C, d, J=21.0 Hz), 100.5, 33.2, 21.0.

HRMS: Tim thiy m/z 389.0926 [M+H]" (tinh toan [C22H14FN204]": 389.0932)
va m/z 411.0729 [M+Na]" (tinh toan [C22Hi3FN2NaO4]*: 411.0752).

Hop chit 125b: 5-(2-Fluorophenyl)-2-methyl-3,5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chat ran mau nau, nhiét d6 néng chdy 233-238°C, hiéu suat phan ung 68%.

R¢=0.52 (CH,Cl-EtOAc 4:1).

IR (KBr) vma/cm! 3465, 2787, 1674, 1638, 1599, 1492, 1453, 1381, 1364,
1329, 1301, 1238, 1217, 1198, 1147, 1024, 995, 937, 800, 776, 716, 595.

'H NMR (DMSO-ds, 600 MHz) ¢ 12.64 (1H, s, NH), 8.06 (1H, dd, J=7.2, 1.8
Hz), 7.89 (1H, dd, J = 7.2, 1.8 Hz), 7.87 — 7.81 (2H, m), 7.36 (1H, td, J = 7.8, 1.8
Hz), 7.22 - 7.19 (1H, m), 7.09 — 7.04 (2H, m), 5.25 (1H, s), 2.30 (3H, s, CH3).
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13C NMR (DMSO-ds, 125 MHz) 6 182.6, 177.1, 161.7, 160.2 (1C, d, J = 246.3
Hz), 159.9, 159.4, 149.9, 134.7, 134.2, 131.4 (1C, d, J= 3.8 Hz), 130.9, 130.5, 129.4
(1C, d, J=12.5 Hz), 129.0 (1C, d, J = 7.5 Hz), 126.1, 125.8, 124.2 (1C, d, J = 3.8
Hz), 122.0, 115.3 (1C, d, J=22.5 Hz), 99.4, 28.6, 21.0.

HRMS: Tim thiy m/z 389.0923 [M+H]" (tinh toan [C22H14FN204]": 389.0932)
va m/z 411.0737 [M+Na]" (tinh toan [C22H13FN2NaO4]*: 411.0752).

Hop chat 125c¢: 3-Fluoro-4-(2-methyl-4,6, 11-trioxo-3,5,6, 11 -tetrahydro-4H-

benzo[6,7]chromeno[2,3-d]pyrimidin-5-yl)phenyl acetate

Chat rin mau vang, nhiét do nong chay 244-246°C, hiéu suat phan tng 60%.

Rf=0.48 (CH2CL2-EtOAc 4:1).

IR (KBr) vmax/cm™ 3423, 2769, 1754, 1688, 1671, 1637, 1591, 1500, 1427,
1368, 1329, 1300, 1241, 1211, 1197, 1152, 1017, 969, 933, 717, 608.

"H NMR (DMSO-ds, 600 MHz) 6 12.66 (1H, s, NH), 8.06 (1H, dd, J=7.2, 1.8
Hz),7.91 (1H,dd, J=7.2, 1.8 Hz), 7.86 — 7.83 (2H, m), 7.39 (1H, t, /= 8.4 Hz), 6.98
(1H, dd, J = 10.8, 2.4 Hz), 6.87 (1H, t, J = 8.4, 1.8 Hz), 5.25 (1H, s), 2.31 (3H, s,
CHs), 2.23 (3H, s, CH3).

BCNMR (DMSO-ds, 125 MHz) 6 182.6, 177.1, 168.8, 161.7, 159.9, 159.8 (1C,
d, J=248.8 Hz), 159.5, 150.1, 150.0 (1C, d, J= 5.0 Hz), 134.6, 134.2, 131.6 (1C, d,
J=5.0 Hz), 131.0, 130.5, 127.0 (1C, d, J = 12.5 Hz), 126.1, 125.9, 121.7, 117.8,
109.5 (1C, d, J=25.0 Hz), 99.3, 28.1, 21.0 (CH3), 20.7 (CH3).

HRMS: Tim thiy m/z 447.0992 [M+H]" (tinh toan [C24H16FN2O6]": 447.0987)
va m/z 469.0782 [M+Na]" (tinh toan [C24H1sFN2NaOs]": 469.0807).

Hop chat 125d: 2-Fluoro-4-(2-methyl-4,6,11-trioxo-3,5,6,11-tetrahydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidin-5-yl)phenyl acetate.

Chat rin mau vang, nhiét do nong chay 304-306°C, hiéu suat phan tng 65%.

Rf=0.48 (CH2CL-EtOAc 4:1).



IR (KBr) vma/cm! 3423, 3066, 2771, 1766, 1690, 1670, 1638, 1592, 1505,
1431, 1390, 1366, 1328, 1298, 1268, 1238, 1191, 1158, 1109, 1012, 937, 813, 787,
748, 721, 633, 597.

"H NMR (DMSO-ds, 600 MHz) 6 12.71 (1H, s, NH), 8.08 (1H, dd, /= 7.2, 1.8
Hz), 7.93 (1H, dd, J= 7.2, 1.8 Hz), 7.88 — 7.83 (2H, m), 7.38 (1H, dd, J=11.4, 1.8
Hz), 7.27 (1H, dd, J=10.2, 1.8 Hz), 7.16 (1H, t, J = 8.4 Hz), 5.08 (1H, s), 2.31 (3H,
s, CH3), 2.28 (3H, s, CHa).

B3C NMR (DMSO-ds, 125 MHz) § 182.8, 177.0, 168.3, 162.0, 159.7, 159.6,
154.0 (1C, d, J = 246.3 Hz), 150.3, 142.0 (1C, d, J= 6.3 Hz), 136.3 (1C, d, J=12.5
Hz), 134.5, 134.2, 131.0, 130.9, 126.1, 125.9,125.2, 123.6, 121.8, 116.7 (1C, d, J =
18.8 Hz), 100.0, 33.4, 21.0 (CH3), 20.2 (CH3).

HRMS: Tim thiy m/z 447.0980 [M+H]" (tinh toan [C24H1sFN2Os]": 447.0987)
va m/z 469.0787 [M+Na]" (tinh toan [C24H15FN2NaOs]": 469.0807).

Hop chit 125e: 5-(2, 5-Difluoro-4-methoxyphenyl)-2-methyl-3, 5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chat rin mau vang, nhiét do nong chay 231-233°C, hiéu suat phan tng 77%.

Rr=0.56 (CH,Cl-EtOAc 4:1).

IR (KBr) vmax/cm™ 3457, 2937, 1684, 1665, 1636, 1596, 1514, 1442, 1389,
1362, 1332, 1297, 1235, 1197, 1156, 1085, 1005, 942, 878, 850, 786, 755, 715, 696,
618, 599.

'H NMR (DMSO-ds, 600 MHz) J 12.64 (1H, s, NH), 8.07 (1H, dd, J = 6.6, 2.4
Hz), 7.91 (1H, dd, J = 6.6, 2.4 Hz), 7.88 — 7.83 (2H, m), 7.19 (1H, dd, J = 12.0, 7.2
Hz), 6.98 (1H, dd, J = 12.0, 7.2 Hz), 5.15 (1H, s), 3.79 (3H, s, -OCH3), 2.31 (3H, s,
CHa).
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3C NMR (DMSO-ds, 125 MHz) 6 182.6,177.1, 161.7, 159.7, 159.4, 156.1 (1C,
d, J = 243.8 Hz), 149.9, 147.4 (1C, d, J = 241.3 Hz), 146.9, 134.6, 134.1, 131.0,
130.5, 126.1, 125.8, 121.3, 1209 (1C, d, J = 16.3 Hz), 117.2 (1C, d, J = 20.0 Hz),
101.7 (1C, d, J=27.5 Hz), 99.1, 56.4 (-OCH3), 28.0, 21.0 (CH3).

HRMS: Tim thiy m/z 437.0930 [M+H]" (tinh toan [C23HisFN20s]*: 437.0944)
va m/z 459.0739 [M+Na]" (tinh toan [C23H14F2N2NaOs]™: 459.0763).

Hop chit 125f: 5-(2,6-Difluoro-4-methoxyphenyl)-2-methyl-3, 5-dihydro-4H-

benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chat rin mau vang, nhiét do néng chay 299-301°C, hiéu suat phan tng 74%.

Rf=0.52 (CH2CL-EtOAc 4:1).

IR (KBr) vma/cm! 3136, 2815, 1670, 1638, 1597, 1500, 1443, 1393, 1360,
1299, 1238, 1197, 1143, 1016, 934, 825, 794, 716, 638.

'H NMR (DMSO-ds, 600 MHz) 6 12.67 (1H, s, NH), 8.08 — 8.05 (1H, m), 7.94
—7.91 (1H, m), 7.88 — 7.85 (2H, m), 6.61 (2H, d, J=10.8 Hz), 5.33 (1H, s), 3.71 (3H,
s, -OCH3), 2.31 (3H, s, CH3).

3C NMR (DMSO-ds, 125 MHz) 6 182.6, 177.2, 161.7, 161.1 (2C, d, J = 232.5
Hz), 160.2, 159.9, 159.5, 150.1, 134.8, 134.3, 131.0, 130.3, 126.2, 125.9, 121.0,
109.71 (C, t, J=17.5 Hz), 98.2 (2C, d, J = 27.5 Hz), 98.1, 55.9 (-OCH3), 23.5, 21.0
(CH3).

HRMS: Tim thiy m/z 437.0936 [M+H]" (tinh toan [C23HisEN2Os]": 437.0944)
va m/z 459.0749 [M+Na]" (tinh toan [C23H14F2N2NaOs]™: 459.0763).

Hop chit 125g: 5-(3-Fluoro-4-methoxyphenyl)-2-methyl-3,5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chat rin mau vang, nhiét do néng chay 299-301°C, hiéu suat phan tng 80%.
R¢ = 0.60 (CH,Cl-EtOAc 4:1).
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IR (KBr) vmax/cm! 2847, 1682, 1669, 1636, 1594, 1518, 1439, 1360, 1328,
1291, 1271, 1238, 1201, 1150, 1121, 1024, 945, 802, 760, 721, 633.

"H NMR (DMSO-ds, 600 MHz) 6 12.67 (1H, s, NH), 8.07 (1H, dd, J=7.2, 1.8
Hz), 7.92 (1H, dd, J = 7.2, 1.8 Hz), 7.88 — 7.83 (2H, m), 7.20 (1H, dd, J = 12.6, 1.8
Hz), 7.13 (1H, dd, J = 8.4, 1.8 Hz), 7.02 (1H, t, J = 8.4 Hz), 5.00 (1H, s), 3.76 (3H,
s, -OCH3), 2.31 (3H, s, CH3).

BCNMR (DMSO-ds, 150 MHz) 6 182.8, 177.1, 161.9, 159.6, 159.3, 151.0 (1C,
d, J=243.0 Hz), 149.9, 146.0 (1C, d, J=10.5 Hz), 135.7 (1C, d, J= 4.5 Hz), 134.5,
134.2, 131.1, 130.7, 126.1, 125.8, 124.7, 112.4, 116.2 (1C, d, J = 18.0 Hz), 113.5,
100.3, 56.0 (-OCH3), 32.9, 21.0 (CH3).

HRMS: Tim thiy m/z 419.1052 [M+H]" (tinh toan [C23H1sFN2Os]": 419.1038)
va m/z 441.0861 [M+Na]" (tinh toan [C23H5sFN>2NaOs]": 441.0858).

Hop chat 125h: 5-(2-Fluoro-4-methoxyphenyl)-2-methyl-3,5-dihydro-4H-

benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chét ran mau nau-den, nhiét d6 nong chay 225-230°C, hiéu suat phan tmg 76%.

Rr=0.60 (CH2CL-EtOAc 4:1).

IR (KBr) vmax/cm™ 1682, 1671, 1637, 1621, 1594, 1509, 1394, 1294, 1238,
1197, 1152, 1055, 1021, 983, 853, 818, 779, 739, 676, 622, 478.

"H NMR (DMSO-ds, 600 MHz) 6 12.63 (1H, s, NH), 8.07 (1H, dd, J= 6.6, 1.8
Hz), 7.90 (1H, dd, J=6.6, 1.8 Hz), 7.88 — 7.82 (2H, m), 7.24 (1H, t,J=9.0 Hz), 6.69
(1H, dd, J=12.0, 2.4 Hz), 6.66 (1H, dd, J= 8.4, 2.4 Hz), 5.17 (1H, s), 3.70 (3H, s, -
OCH3), 2.31 (3H, s, CH3).

3C NMR (DMSO-ds, 125 MHz) 6 182.6, 177.2,161.7, 160.7 (1C, d, J = 246.3
Hz), 159.7, 156.6 (1C, d, J=11.3 Hz), 159.2, 149.6, 134.6, 134.1, 131.7 (1C, d, J =
5.0 Hz), 131.0, 130.4, 126.1, 125.8, 122.0, 121.3 (1C, d, J=13.8 Hz), 110.1, 101.3,
101.1, 55.5 (-OCH3), 27.9, 20.9 (CH3).

HRMS: Tim thiy m/z 419.1025 [M+H]" (tinh toan [C23H1sFN2Os]": 419.1038)
va m/z 441.0836 [M+Na]" (tinh toan [C23HisFN2NaOs]": 441.0858).

Hop chat 125i:  5-(4-Methoxy-2-(trifluoromethyl)phenyl)-2-methyl-3, 5-

dihydro-4H-benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione



Chat rin mau vang-nau, nhiét do nong chay 269-271°C, hiéu suét phan ung
72%, Re=0.61 (CH2Cl2-EtOAc 4:1).

IR (KBr) vma/cm™ 3420, 2770, 1685, 1670, 1636, 1594, 1505, 1423, 1393,
1312, 1242, 1202, 1157, 1113, 1035, 931, 873, 793, 721, 604.

'"H NMR (DMSO-ds, 600 MHz) 6 12.52 (1H, s, NH), 8.07 (1H, dd, J=7.2, 1.8
Hz), 7.89 (1H, dd, J = 7.2, 1.8 Hz), 7.87 — 7.82 (2H, m), 7.32 (1H, d, J = 9.0 Hz),
7.06 —7.04 (2H, m), 5.59 (1H, d, J= 1.8 Hz), 3.75 (3H, s, -OCH3), 2.30 (3H, s, CH3).

3C NMR (DMSO-ds, 125 MHz) 6 182.7, 177.2, 161.6, 159.4, 159.3, 157.7,
149.7, 134.6, 134.1, 133.1, 131.0, 130.5, 126.0, 125.9, 124.5 (1C, q, J = 272.5 Hz,
CF3), 122.9, 117.8, 111.8, 100.7, 55.4 (-OCH3), 30.0, 21.0 (CH3).

HRMS: Tim thay m/z 469.0990 [M+H]" (tinh todn [C24H16F3N205]": 469.1006)
va m/z 491.0806 [M+Na]" (tinh toan [C24H15F3N2NaOs]™: 491.0826).

Hop chat 125j: 2-Methyl-5-(4-(trifluoromethoxy)phenyl)-3,5-dihydro-4H-

benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chét ran mau nau-do, nhiét dé nong chay 229-231°C, hiéu suat phan tng 79%.

R¢=0.62 (CH2Cl-EtOAc 4:1).

IR (KBr) vmax/cm 3423, 3056, 2915, 1681, 1637, 1611, 1560, 1519, 1500,
1463, 1433, 1345, 1322, 1263, 1158, 1056, 1026, 1006, 925, 851, 822, 772, 705, 595,
489.

'H NMR (DMSO-ds, 600 MHz) ¢ 12.70 (1H, s, NH), 8.08 (1H, dd, J=7.2, 1.8
Hz), 7.92 (1H, dd, J = 7.2, 1.8 Hz), 7.89 — 7.83 (2H, m), 7.51 (2H, dt, J = 9.0, 2.4
Hz), 7.24 (2H, d, J=7.8 Hz), 5.11 (1H, s), 2.31 (3H, s, CH3).

13C NMR (DMSO-ds, 150 MHz) ¢ 182.7, 177.0, 161.9, 159.7, 159.5, 150.1,
147.1,141.7,134.5, 134.2, 131.0, 130.7, 130.5 (2C), 126.1, 125.9, 122.3, 120.7 (2C),
120.0 (1C, q, J = 255.0 Hz, CF3), 100.2, 33.4, 21.0 (CH3).
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HRMS: Tim thiy m/z 455.0845 [M+H]" (tinh toan [Ca23H14F3N20s5]": 455.0850)
va m/z 477.0668 [M+Na]" (tinh toan [C23Hi3F3N2NaOs]*: 477.0669).
Hop chéat 125k: 5-(4-(4-Fluorophenoxy)phenyl)-2-methyl-3,5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6, 11-trione

Chat rin mau vang, nhiét do néng chay 309-311°C, hiéu suit phan tng 77%.

Rf=0.48 (CH2CL-EtOAc 4:1).

IR (KBr) vma/cm! 2771, 1686, 1666, 1638, 1594, 1490, 1389, 1362, 1328,
1296, 1240, 1196, 1148, 1073, 1017, 931, 865, 772, 718, 604, 483.

'H NMR (DMSO-ds, 600 MHz) 6 12.67 (1H, s, NH), 8.07 (1H, dd, J = 6.6, 1.8
Hz), 7.92 (1H, dd, J = 6.6, 1.8 Hz), 7.89 — 7.83 (2H, m), 7.51 (2H, dt, J= 8.4, 2.4
Hz), 7.18 (2H, t, J=9.0 Hz), 7.02 — 6.99 (2H, m), 6.84 (2H, dt, /=9.0, 2.4 Hz), 5.06
(1H, s), 2.31 (3H, s, CH3).

B3BC NMR (DMSO-ds, 150 MHz) 6 182.7,177.1, 161.9, 159.7, 159.2, 158.2 (1C,
d,J=238.5 Hz), 156.1, 152.2 (1C, d, J= 1.5 Hz), 149.8, 137.3, 134.5, 134.2, 131.0,
130.7, 130.1 (2C), 126.1, 125.8, 122.9, 120.8 (2C, d, J = 7.5 Hz), 117.5 (2C), 116.5
(2C, d, J=24.0 Hz), 100.6, 32.9, 21.0 (CHa).

HRMS: Tim thiy m/z 481.1208 [M+H]" (tinh toan [C2sHisFN2Os]": 481.1195)
va m/z 503.0994 [M+Na]" (tinh toan [C2sH17FN2NaOs]": 503.1014).

Hop chat 1251: 2-(Difluoromethoxy)-5-(2-methyl-4,6,11-trioxo-3,5,6,11-
tetrahydro-4H-benzo[6,7]chromeno[2,3-d] pyrimidin-5-yl)phenyl acetate

Chat rin mau vang, nhiét do nong chay 279-281°C, hiéu suat phan tng 67%.

R¢=0.47 (CH2CL-EtOAc 4:1).

IR (KBr) vmax/cm' 2748, 1774, 1682, 1671, 1637, 1594, 1505, 1394, 1331,
1296, 1265, 1235, 1200, 1157, 1074, 1032, 933, 827, 790, 718, 612.
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"H NMR (DMSO-ds, 600 MHz) 6 12.71 (1H, s, NH), 8.08 (1H, dd, J=7.2, 1.8
Hz), 7.92 (1H, dd, J = 7.2, 1.8 Hz), 7.88 — 7.83 (2H, m), 7.38 (1H, dd, J = 8.4, 2.4
Hz),7.29 (1H, d, J=2.4 Hz), 7.20 (1H, d, /= 8.4 Hz), 7.00 (1H, d, /= 73.2 Hz), 5.07
(1H, s), 2.31 (3H, s, CH3), 2.24 (3H, s, CH3).

3C NMR (DMSO-ds, 125 MHz) ¢ 182.7, 177.1, 168.3, 161.9, 159.7, 159.6,
150.2, 141.6, 141.1, 140.6, 134.6, 134.3, 131.0, 130.8, 127.4, 126.2, 125.9, 123.8,
122.0, 119.8, 116.5 (1C, t, J=257.5 Hz), 100.1, 33.3, 21.04 (CH3), 20.3 (CH3).

HRMS: Tim thay m/z 495.0979 [M+H]" (tinh todn [Ca2sH17F2N207]": 495.0998)
va m/z 517.0794 [M+Na]" (tinh toan [C25sHisF2N2NaO7]": 517.0818).

2.4. Tong hop cic hop chit pyrano[2,3-d|pyrimidine

Hoén hop gdm cyclohexan-1,3-dione (5,0 mmol) (126), aldehyde (5,0 mmol)
(127), malononitrile (5,0 mmol) (72a), DABCO (1,0 mmol) trong acetonitrile (50 ml)
d3 duoc dun hdi luu trong 16 phan tmg vi séng & 82°C. Sau 20 phit, acetic anhydride
(15,0 mmol) (117) va acid sulfuric dic (2,0 mmol) duoc thém vao phan tng va khudy
& 120°C trong 15 phat. Sau d6, 1am ngudi phan Gng dén nhiét d6 phong, thém nudc,
chiét béng diclomethane. Lop hitu co thu duge dugc rira béng nudc, va dung dich

NaCl bio hoa, 1am khan bang Na>SO4, loc, loai dung méi & ap suat thap va tinh ché

bang sic ky cot trén silica gel sir dung CHCl—EtOAc (4:1), v/v, lam chat rira giai
thu dugc san pham 142a-k v6i hiéu sut tir 63% dén 81%.
Két qua pho IR, NMR, HRMS cua cic dan xuat thu dugc cu thé nhu sau:
Hop chit 142a:  5-(4-methoxyphenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno [2,3-d]pyrimidine-4,6(3H)-dione
OMe

142a (78%)

Chat rin mau tring, nhiét do ndng chay 268-269°C, hiéu suat phan tng 78%.

Rr= 0.48 (EtOAc/Acetone 1:20).

IR (KBr) 3496, 3265, 3102, 3010, 2943, 2785, 1662, 1602, 1510, 1456, 1366,
1302, 1258, 1243, 1202, 1179, 1150, 1125, 1029, 978, 809, 578 cm™.

'H NMR (CDCls, 600 MHz): § 13.19 (1H, s, NH), 7.22 (2H, dd, J = 7.2, 2.4
Hz), 6.74 (2H, dd, J= 7.2, 2.4 Hz), 4.90 (1H, s), 3.72 (3H, s, OCH3), 2.78 — 2.73 (2H,
m), 2.42 — 2.32 (2H, m), 2.35 (3H, s, CH3), 2.09 — 2.01 (2H, m).
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3C NMR (CDCls, 125 MHz): 6 196.5, 165.0, 164.7, 160.8, 158.4, 158.2, 135.7,
129.4 (2C), 116.1, 113.5 (2C), 103.0, 55.2, 36.9, 32.1, 27.3, 21.2, 20.3.

HRMS(ESI+) m/z [M+H]' tinh toan: CioHioN2O4: 339.1339, tim thiy:
339.1340, m/z [M+Na]" tinh toan: C19H1sN2NaOa: 361.1159, tim thay: 361.1154.

Hop chiat 142b:  5-(4-methylphenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno/2,3-d] pyrimidine-4,6(3H)-dione

CH3
142b (80%)

Chat rin mau tring, nhiét do nong chay 268-269°C, hiéu suat phan tng 80%.

Rr=0.50 (EtOAc/Acetone 1:20).

IR (KBr) 3440, 3101, 3038, 2950, 2781, 1656, 1605, 1573, 1479, 1429, 1362,
1304, 1239, 1205, 1179, 1149, 1125, 1064, 1027, 980, 864, 802, 709, 579 cm™".

'"H NMR (DMSO-ds, 600 MHz): 6 12.49 (1H, s, NH), 7.09 2H, d, J = 7.8 Hz),
7.01 (2H, d, J=7.8 Hz), 4.67 (1H, s), 2.74 — 2.61 (2H, m), 2.35 - 2.23 (2H, m), 2.24
(3H, s, CH3), 2.20 (3H, s, CH3), 2.00 — 1.96 (1H, m), 1.91 — 1.86 (1H, m).

3C NMR (DMSO-ds, 150 MHz): J 196.2, 165.6, 162.2, 159.9, 158.5, 141.1,
135.5, 128.6 (2C), 127.9 (2C), 115.0, 101.9, 36.5, 31.9, 26.7, 20.9, 20.6, 20.0.

HRMS (ESI+) m/z [M+H]" tinh toan cho: CioHioN2Os: 323.1390, tim thay:
323.1385, m/z [M+Na]" tinh toan cho: C19HisN2NaOs: 345.1210, tim thay: 345.1212.

Hop chat 142c:  5-(4-bromophenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione

142¢ (81%)

Chat ran mau trang, nhiét d6 nong chay 299-301°C, hi¢u suat phan img 81%.

Rr=10.51 (EtOAc/Acetone 1:20).

IR (KBr) 2920, 2867, 2785, 2650, 1912, 1795, 1679, 1650, 1598, 1501, 1424,
1366, 1327, 1240, 1205, 1186, 1152, 1106, 1065, 1020, 982, 934, 895 cm™.
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"H NMR (DMSO-ds, 600 MHz): § 12.55 (1H, s, NH), 7.41 (2H, dd, J=7.8, 1.8
Hz), 7.18 (2H, dd, J = 7.8, 1.8 Hz), 4.68 (1H, s), 2.75 — 2.62 (2H, m), 2.37 — 2.25
(2H, m), 2.26 (3H, s, CH3), 2.20 (3H, s, CH3), 2.01 — 1.96 (1H, m), 1.94 — 1.87 (1H,
m).

BC NMR (DMSO-ds, 150 MHz): 6 196.0, 165.8, 162.0, 159.9, 158.8, 143.2,
130.7 (2C), 130.3 (2C), 119.4, 114.2, 101.1, 36.3, 32.1, 26.6, 20.9, 19.8.

HRMS (ESI+) m/z [M+H]" tinh toan cho: CisHisBrN>Os: 387.0339 va
389.0319, tim thiy: 387.0343 va 389.0326, m/z [M+Na]® tinh toan cho:
C1sHisBrNaNaO;: 409.0159 va 411.0138, tim thay: 409.0162 va 411.0136.

Hop chit 142d: 2-methyl-5-(4-(trifluoromethyl)phenyl)-5,7,8,9-tetrahydro-
4H-chromeno[2,3-d]pyrimidine-4,6(3H)-dione

142d (78%)

Chat rin mau trang, nhiét d6 ndng chay 290-291°C, hiéu suat phan ng 78%.

Rr=0.49 (EtOAc/Acetone 1:20).

IR (KBr) 2920, 2867, 2785, 2650, 1912, 1795, 1679, 1650, 1598, 1501, 1424,
1366, 1327, 1240, 1205, 1186, 1152, 1106, 1065, 1020, 982, 934, 895 cm™'.

"H NMR (DMSO-ds, 600 MHz): 6 12.57 (1H, s, NH), 7.59 (2H, d, J = 7.8 Hz),
7.46 (2H, d, J=7.8 Hz), 4.78 (1H, s), 2.77 - 2.65 (2H, m), 2.38 —2.27 (2H, m), 2.26
(3H, s, CH3), 2.02 - 1.98 (1H, m), 1.95 — 1.89 (1H, m).

3C NMR (DMSO-ds, 150 MHz): J 196.1, 166.0, 162.0, 160.0, 159.0, 148.4,
128.9, 127.0 (1C, q, J = 31,5 Hz), 124.8 (2C, d, J = 4,5 Hz), 124.2 (1C, q, J = 270
Hz, CF3), 114.0, 100.8, 36.3, 32.7, 30.6, 26.7, 20.9, 19.8.

Hop chat 142e:  5-(4-chlorophenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione

142e (79%)

Chat rin mau tring, nhiét d6 ndng chay 293-295°C, hiéu suat phan tng 79%.
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Rr= 0.53 (EtOAc/Acetone 1:20).

IR (KBr) 3444, 2935, 2842, 2778, 1668, 1638, 1487, 1405, 1369, 1324, 1249,
1237, 1195, 1176, 1144, 1125, 1083, 1009, 950, 857, 802, 743, 593, 578, 518 cm™!.

"H NMR (DMSO-ds, 600 MHz): § 12.54 (1H, s, NH), 7.27 (2H, dd, J = 6.6, 2.4
Hz), 7.24 (2H, dd, J = 6.6, 1.8 Hz), 4.70 (1H, s), 2.75 — 2.63 (2H, m), 2.37 — 2.25
(2H, m), 2.26 (3H, s, CH3), 2.02 — 1.96 (1H, m), 1.94 — 1.87 (1H, m).

BBC NMR (DMSO-ds, 150 MHz): 6 196.1, 165.8, 162.1, 160.0, 158.8, 142.9,
131.0, 129.9 (2C), 127.9 (2C), 114.4, 101.2, 36.4, 32.1, 26.7, 20.9, 19.9.

HRMS (ESI+) m/z [M+H]" tinh toan cho: Ci1sH1sCIN2O3: 343.0844, tim thay:
343.0842, m/z [M+Na]" tinh toan cho: CisH;sCIN2NaOs: 365.0664, tim thay:
365.0651.

Hop chat  142f:  5-(3-bromophenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione

142f (77%)

Chat rin mau trang, nhiét d6 ndng chay 300-302°C, hiéu suat phan tng 77%.

Rr=0.62 (EtOAc/Acetone 1:20).

IR (KBr) 3437, 2937, 2837, 2758, 1667, 1638, 1604, 1564, 1493, 1469, 1417,
1370, 1329, 1240, 1196, 1147, 1127, 1069, 972, 825, 785, 696, 672, 608, 586 cm’!.

"H NMR (DMSO-ds, 600 MHz): § 12.57 (1H, s, NH), 7.40 (1H, s), 7.34 — 7.31
(1H, m), 7.19 (2H, d, J=4.8 Hz), 4.68 (1H, s), 2.76 — 2.71 (1H, m), 2.68 — 2.62 (1H,
m), 2.34 —-2.25 (2H, m), 2.25 (3H, s, CH3), 2.01 — 1.96 (1H, m), 1.93 — 1.87 (1H, m).

3C NMR (DMSO-ds, 125 MHz): J 196.1, 166.0, 162.0, 160.0, 158.9, 146.5,
130.9, 130.2, 129.3, 127.0, 121.1, 114.1, 100.9, 36.3, 32.4, 26.7, 20.9, 19.8.

HRMS (ESI+) m/z [M+H]" tinh toan cho: CisHisBrN2Os: 387.0339 va
389.0319, tim thdy: 387.0333 va 389.0320, m/z [M+Na]® tinh toan cho:
C1sH1sBrN2NaOs: 409.0159 va 411.0138, tim thdy: 409.0146 va 411.0127.

Hop chit 142g: 2-methyl-5-(2-nitrophenyl)-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione
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1429 (73%)

Chat rin mau tring, nhiét 4o ndng chay 273-275°C, hiéu suat phan tng 73%.

Rf=0.60 (EtOAc/Acetone 1:20).

IR (KBr) 3444, 2937, 2872, 2781, 1674, 1646, 1607, 1532, 1424, 1364, 1327,
1243, 1190, 1154, 1067, 982, 861, 829, 786, 733, 702, 581 cm’!.

"H NMR (DMSO-ds, 600 MHz): 6 12.47 (1H, s, NH), 7.81 (1H, d, J = 7.8 Hz),
7.55 (1H,t,J=17.8 Hz), 7.37 (1H, d, /= 7.8 Hz), 7.36 (1H, t, J= 7.8 Hz), 5.64 (1H,
s), 2.70 — 2.65 (2H, m), 2.34 — 2.29 (1H, m), 2.25 (3H, s, CH3), 2.25 — 2.20 (1H, m),
2.00—1.96 (1H, m), 1.92 — 1.86 (1H, m).

BC NMR (DMSO-ds, 125 MHz): § 196.0, 166.1, 161.8, 159.8, 159.1, 149.1,
138.0, 132.9, 130.7, 127.3 123.9, 113.6, 100.6, 36.3, 28.4, 26.7, 20.9, 19.8.

HRMS (ESI+) m/z [M+H]" tinh todn cho: CisHieN3Os: 354.1085, tim thay:
354.1083, m/z [M+Na]" tinh toan cho: CisHisN3NaOs: 376.0904, tim thay: 376.0893.

Hop chit 142h: 2-methyl-5-(3-nitrophenyl)-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione

142h (75%)

Chat rin mau trang, nhiét 4o nong chay 291-293°C. hiéu suat phan tng 73%.

Rr=0.58 (EtOAc/Acetone 1:20).

IR (KBr) 3478, 3373, 3094, 3015, 2938, 2877, 2794, 1677, 1663, 1600, 1525,
1429, 1350, 1324, 1241, 1203, 1186, 1154, 1123, 985, 917, 825, 772, 731, 683, 578
cm™.

'H NMR (DMSO-ds, 600 MHz): § 12.57 (1H, s, NH), 8.07 (1H, t, J= 1.8 Hz),
8.03 — 8.00 (1H, m), 7.69 (1H, d, J= 7.8 Hz), 7.54 (1H, t, J= 7.8 Hz), 4.83 (1H, s),
2.79 —2.73 (1H, m), 2.72 — 2.66 (1H, m), 2.38 — 2.32 (1H, m), 2.31 —2.26 (1H, m),
2.27 (3H, s, CH3), 2.04 — 1.97 (1H, m), 1.96 — 1.89 (1H, m).

13C NMR (DMSO-ds, 150 MHz): 6 196.1, 166.3, 162.0, 160.0, 159.2, 147.4,
145.9, 134.8, 129.5, 122.7, 121.5, 113.7, 100.5, 36.2, 32.8, 26.7, 20.9, 19.8.
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HRMS (ESI+) m/z [M+H]" tinh toan cho: CisHieN3Os: 354.1085, tim thay:
354.1073, m/z [M+Na]" tinh toan cho: C1sH;sN3NaOs: 376.0904, tim thay: 376.0887.

Hop chit 142i:  5-(3-methoxyphenyl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno [2,3-d]pyrimidine-4,6(3H)-dione

142i (76%)

Chat rin mau tring, nhiét 4o nong chay 282-283°C, hiéu suat phan tng 76%.

Rr=0.65 (EtOAc/Acetone 1:20).

IR (KBr) 3429, 3000, 2936, 2869, 1770, 1664, 1635, 1596, 1487, 1460, 1363,
1325, 1314, 1243, 1188, 1160, 1036, 980, 823, 780, 693, 617, 572, 457 cm™".

'"H NMR (DMSO-ds, 600 MHz): § 12.52 (1H, s, NH), 7.14 (1H, t, J = 7.8 Hz),
6.77 (1H,d,J=1.6 Hz), 6.76 (1H, td, J= 7.8 Hz), 6.72 (1H, dd, J= 7.8, 2.4 Hz), 4.71
(1H, s), 3.70 (3H, s), 2.76 — 2.71 (1H, m), 2.68 — 2.63 (1H, m), 2.36 —2.27 (2H, m),
2.25 (3H, s, CH3), 2.02 - 1.97 (1H, m), 1.93 — 1.89 (1H, m).

BC NMR (DMSO-ds, 150 MHz): § 196.1, 165.7, 162.1, 160.0, 158.9, 158.5,
145.3,129.0, 120.0, 114.6, 114.4, 11.2, 101.5, 54.8, 36.4, 32.1, 26.6, 20.9, 19.9.

HRMS (ESI+) m/z [M+H]" tinh todn cho: CioHioN2O4: 339.1339, tim thay:
339.1333, m/z [M+Na]" tinh toan cho: C1oHisN2NaOa: 361.1159, tim thay: 361.1152.

Hop chat 142j:  5-(benzofuran-3-yl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno(2,3-d] pyrimidine-4,6(3H)-dione.

142j (67%)

Chat rin mau tring, nhiét d6 ndng chay 325-326°C, hiéu suat phan tng 67%.

Rr=0.42 (EtOAc/Acetone 1:20).

IR (KBr) 3428, 2859, 2781, 1673, 1638, 1607, 1449, 1364, 1328, 1239, 1190,
1153, 1127, 1099, 1080, 1028, 979, 950, 854, 802 cm'.

"H NMR (DMSO-ds, 600 MHz): § 12.58 (1H, s, NH), 7.77 (1H, s), 7.59 (1H,
dd,J=7.2,0.6 Hz), 7.49 (1H,dd, J="7.2, 0.6 Hz), 7.25 (1H, td, /= 7.2, 1.2 Hz), 7.21
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(1H,td,J=7.2, 1.2 Hz), 4.98 (1H, s), 2.79 — 2.73 (1H, m), 2.71 — 2.65 (1H, m), 2.35
—2.25(2H, m), 2.25 (3H, s, CH3), 2.02 — 1.96 (1H, m), 1.92 — 1.86 (1H, m).

BC NMR (DMSO-ds, 125 MHz): 6 196.1, 166.0, 162.1, 160.3, 158.7, 154.7,
143.6, 126.3, 123.9, 122.5, 122.1, 120.0, 113.2, 111.3, 100.0, 36.3, 26.6, 22.5, 20.9,
19.9.

Hop chat 142k: 5-(benzo/b]thiophen-3-yl)-2-methyl-5,7,8,9-tetrahydro-4H-
chromeno/2,3-d] pyrimidine-4,6(3H)-dione

142k (63%)

Chat rin mau tring, nhiét do nong chay 323-324°C, hiéu suat phan tng 63%.

Rr=0.48 (EtOAc/Acetone 1:20).

IR (KBr) 3422, 3050, 3005, 2939, 2866, 2775, 1671, 1634, 1601, 1490, 1457,
1424, 1363, 1325, 1312, 1238, 1189, 1150, 1126, 1055, 1026, 979, 907, 890, 797,
767,742, 575 cm’!,

'H NMR (DMSO-ds, 600 MHz): 6 12.48 (1H, s, NH), 8.14 (1H, d, J= 7.8
Hz), 7.88 (1H, d, /= 7.8 Hz), 7.40 (1H, td, /= 7.8, 1.2 Hz), 7.36 (1H, s), 7.32 (1H,
t,J=7.8 Hz), 5.18 (1H, s), 2.78 — 2.72 (1H, m), 2.71 — 2.65 (1H, m), 2.35 — 2.28
(1H, m), 2.27 — 2.22 (1H, m), 2.25 (3H, s, CH3), 2.02 — 1.95 (1H, m), 1.92 — 1.84
(1H, m).

3C NMR (DMSO-ds, 150 MHz): § 196.5, 166.0, 162.6, 160.5, 158.9, 140.1,
139.9, 138.3, 125.7, 124.4, 124.2, 123.4, 123.0, 115.2, 101.9, 36.9, 27.2, 26.6, 21.4,
20.4.

HRMS (ESI+) m/z [M+Na]" tinh toan cho: C20HisN2NaOsS: 387.0774, tim
thay: 387.0755.

2.5. Tong hop cac hop chat pyranonaphthoquinone

Céc din xuat pyranonaphthoquinone méi da dugc téng hop tir 2-hydroxy-1,4-
naphthoquinone (45), cac benzaldehyde (143) va enaminone (146) trong moi trudng
acid axetic bang trong 16 phan tng vi séng. Cac san pham cia phan ung dugc xac
dinh bang pho IR, 'H NMR, *C NMR va pho khéi. Qua trinh tong hop céc
pyranonaphthoquinone méi dién ra thong qua cc budc: ngung tu Knoevenagel, cong
Michael, vong héa ndi phan tir, loai b6 nhom amin, chuyén vi proton va dong phan

hoa lién két doi.
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Quy trinh téng hop chung: Hon hop gdm 2-hydroxy-1,4-naphthoquinone (45)
(0.5 mmol), benzaldehyde (143) (0.5 mmol), (E)-3-(dimethylamino)-1-(4-
fluorophenyl)prop-2-en-1-one 7 (0.5 mmol) (146) trong 10 ml acetic acid bang duoc
dun khudy & 110°C trong 10 vi song trong khoang 30-60 phut. Sau d6, lam ngudi phan
mg dén nhiét 46 phong, thém 10 ml nuée, chiét bang diclomethane (3 x 20 ml). Lép
hitu co thu dugc dugc gdp lai, lam khan bﬁng NaxSOs, loc, loai dung méi & ap suit
thip va tinh ché bang sic ky cot silicagel st dung hé dung mdi rira giai n-
hexane/EtOAc (2:5) thu duoc san pham 151a-e voi hiéu suat tir 71% dén 79%.

Két qua pho IR, NMR cua cac dan xuét thu dugc cy thé nhu sau:

Hop chat 151a: 3-(4-Fluorobenzoyl)-4-(4-(4-fluorophenoxy)phenyl)-4H-
benzo[g]chromene-5, 10-dione

151a (77%)

Chat rin mau vang, nhiét do ndng chay 270°C, hiéu suat phan ting 77%.

IR (KBr) vmax/cm: 3097, 2924, 2854, 1732, 1660, 1638, 1602, 1495, 1463,
1360, 1308, 1243, 1214, 1194, 973, 929, 849, 760.

"H NMR (CDCls, 600 MHz), 6 (ppm): 8.16 (1H, t, J = 4.8 Hz), 8.05 (1H, t, J =
4.8 Hz), 7.76 — 7.74 (2H, m), 7.64 (2H, dd, J = 8.4, 5.4 Hz), 7.47 (1H, s, H-2), 7.38
(2H, dt,J=8.4,1.8 Hz), 7.13 (2H, t, J= 8.4 Hz), 6.99 (2H, t, /= 9.0 Hz), 6.94 — 6.90
(2H, m), 6.86 (2H, dt, J=9.0, 2.4 Hz) 5.40 (1H, s, H-4).

3C NMR (CDCls, 150 MHz), 6 (ppm): 191.8, 183.0, 177.8, 165.3 (CF, d, J =
253.5 Hz), 159.0 (CF, d, J = 240.0 Hz), 157.2, 152.2, 149.8, 148.9, 136.7, 134.6,
133.9,133.8,131.8, 131.3 (2C, d, J=7.5 Hz), 130.6, 130.1 (2C), 126.7, 126.6, 124.0,
121.0 (2C, d, J=9.0 Hz), 120.7, 118.0 (2C), 116.3 (2C, d, J =22.5 Hz), 115.8 (2C,
d, /=21.0 Hz), 33.9.

Hop chat 151b: 3-(4-Fluorobenzoyl)-4-(2-fluorophenyl)-4H-
benzo[g]chromene-3,10-dione

Chat ran mau vang, nhiét dd nong chay 279°C, hiéu suat phan (mg 74%.

IR (KBr) vmax/em™: 3100, 1680, 1662, 1635, 1600, 1492, 1455, 1355, 1312,
1300, 1240, 1229, 1196, 1098, 971, 930, 950, 790, 755.



151b (74%)

"H NMR (CDCl3, 600 MHz), 6 (ppm): 8.16 — 8.14 (1H, m), 8.03 — 8.01 (1H,
m), 7.75-7.71 (2H, m), 7.64 (2H, dd, J = 8.4, 4.8 Hz), 7.52 (1H, td, J = 7.8, 1.8 Hz),
7.44 (1H, s, H-2), 7.21 —7.16 (1H, m), 7.11 (2H, t, /= 8.4 Hz), 7.10 — 7.08 (1H, m),
6.99 (1H, t,J= 8.4 Hz), 5.55 (1H, d, J= 0.6 Hz, H-4).

3C NMR (CDCls, 150 MHz), 6 (ppm): 191.8, 183.0, 177.7, 165.3 (CF, d, J =
252.0 Hz), 161.5 (CF, d, J=247.5 Hz), 150.4, 149.6, 134.6, 133.8, 131.9 (1C, d, J =
3.0Hz), 131.7,131.4 (2C, d, J=9.0 Hz), 130.6, 129.6 (1C, d, J=9.0 Hz), 128.5 (1C,
d, J=12.0 Hz), 126.6, 126.6, 124.4, 124.4, 122.4, 118.8, 116.1 (1C, d, J=21.0 Hz),
115.8 (2C, d, J=22.5 Hz), 30.7.

Hop chat 151c:  3-(4-Fluorobenzoyl)-4-(4-(trifluoromethyl)phenyl)-4H-
benzo[g]chromene-5, 10-dione

151c (73%)

Chat rin mau vang, nhiét do ndng chay 265°C, hiéu suat phan ting 73%.

IR (KBr) vmax/em™: 3101, 1680, 1659, 1643, 1600, 1506, 1360, 1307, 1274,
1198, 1158, 1058, 973, 928, 848, 787, 767, 721.

'"H NMR (CDCl3, 600 MHz), J (ppm): 8.16 (1H, dd, J=5.4, 3.6 Hz), 8.04 (1H,
dd, J=5.4,3.6 Hz), 7.76 — 7.74 (2H, m), 7.63 (2H, dd, J = 8.4, 5.4 Hz), 7.51 (1H, s,
H-2), 7.48 (2H, dt, J= 8.4, 1.8 Hz), 7.13 (4H, d, J = 8.4 Hz), 5.44 (1H, s, H-4).

3C NMR (CDCls, 150 MHz), 6 (ppm): 191.6, 182.9, 177.7, 165.4 (CF, d, J =
246.0 Hz), 150.2, 149.1, 148.5, 140.7, 134.7, 134.0, 133.7, 131.7, 131.3 (2C, d, J =
9.0 Hz), 130.6, 130.2 (2C), 126.8, 126.7, 123.7, 121.1 (2C), 120.4, 120.3 (CF3,q, J =
260 Hz), 116.0 (2C, d, J=21.0 Hz), 34.1.

Hop chit 151d: 4-(4-Chlorobenzoyl)-3-(4-fluorophenyl)-4H-
benzo[g]chromene-3,10-dione

Chat ran mau vang, nhiét d6 nong chay 275°C, hiéu suat phan img 79%.



151d (79%)

IR (KBr) vmax/em: 3100, 1659, 1643, 1602, 1506, 1360, 1306, 1274, 1199,
1159, 1058, 973, 728, 850, 720. '"H NMR (CDCl3, 600 MHz), J (ppm): 8.15 (1H, dd,
J=3.0Hz, J=5.4Hz),8.03 (1H, dd, J=3.6 Hz, J= 6.0 Hz), 7.74 (2H, dd, /= 3.6
Hz,J=5.4 Hz), 7.62 (2H, dd, /= 5.4 Hz, J=9.0 Hz), 7.48 (1H, s), 7.39 2H, d, J =
6.6 Hz), 7.26 (2H, dd, /J=2.4 Hz, J= 6.0 Hz), 7.12 (2H, t, J= 8.4 Hz), 5.34 (1H, s).

BCNMR (CDCls, 150 MHz), J (ppm): 191.6,182.9,177.7,166.2,164.5, 149.9,
149.1, 140.6, 134.7, 134.0, 133.7, 133.5, 131.7, 131.4, 131.3, 130.6, 130.1, 129.0,
126.7,126.6, 123.6, 120.3, 115.9, 115.8, 34.2.

Hop chat 151e: 3-(4-Fluorobenzoyl)-4-(2-nitrophenyl)-4H-
benzo[g]chromene-5, 10-dione

151e (71%)

Chat rin mau vang, nhiét 4o ndng chay 264°C, hiéu suat phan ting 71%.

IR (KBr) vmax/em™: 3101, 1680, 1659, 1643, 1600, 1506, 1360, 1307, 1274,
1198, 1157, 1058, 973, 929, 849, 787, 767, 721. '"H NMR (CDCls, 600 MHz): J =
8.25 (1H, t, J = 2.4 Hz), 8.18-8.17 (1H, m), 8.08-8.06 (1H, m), 8.03-8.01 (1H, m),
791 (1H, d, J = 7.8 Hz), 7.77-7.75 (2H, m), 7.64-7.62 (2H, m), 7.59 (1H, s), 7.50
(1H, t,J =7.8 Hz), 7.15-7.12 (2H, m), 5.53 (1H, s).

3C NMR (CDCls, 150 MHz): 6 = 191.4, 182.8, 177.4, 166.3, 164.6, 150.8,
149.3, 148.7, 144.2, 135.4, 134.8, 134.2, 133.4, 133.4, 131.5, 131.3, 130.6, 129.5,
126.8, 126.7, 123.3, 122.8, 122.7, 119.6, 116.1, 115.9, 34.7.

2.6. Phuong phap danh gia hoat tinh sinh hoc

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

a) Nguyén tdic xdc dinh

Hoat tinh gdy ddc té bao duge xac dinh bang thudce thir MTT, 1a phwong phap
1an dau tién duoc Tim Mosman sir dung dé danh gia hoat tinh gay doc té bao dua trén
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kha ning té bao sdng khir mudi tetrazolium MTT (mau vang) thanh tinh thé formazan
(mau tim) nhd enzym dehydrogenase ty thé [79]. San phidm formazan dwgc hoa tan
bang DMSO va do mat do quang tai bude séng 540 nm, sé luong té bao sdng sot ti 16
thuan véi cuong do mau ctua formazan. Hoat tinh gay doc dugc biéu thi béng gia tri
ICso (ndng d6 hop chat trc ché 50% sy phat trién té bao) [80].

b) Chudn bj tién hanh thi nghiém

Céac dong té bao thir nghiém bao gdm: té bao ung thu biéu mé KB (CCL -
17TM), té bao ung thu gan HepG2 (HB - 8065TM), té bao ung thu phdi A549 (CCL
- 185TM), va té bao ung thu vii MCF-7 (HTB - 22TM), cung té bao lanh Hek-293
(ATCC® CRL - 1573TM), duoc dit mua tir cac nha cung cap c6 ngudn gde tir Bao
tang gidng chuan Hoa ky (ATCC).

Céc té bao dugc bao quan trong nito 16ng, nudi cy trong méi truong DMEM
b6 sung 7-10% FBS, 1% khang sinh va céac yéu t6 thiét yéu khac. Diéu kién nudi cay:
37°C, 5% CO2, dd am 98%, dam bao vo tring tuyét doi.

Dung dung mdi DMSO dé hoa tan cac mau thir & nong d6 ban dau 1a 20 mg/ml.
Sau d6 pha lodng thanh 5 ddy c6 ndng do theo tht tu tir cao xudng thip: 2560, 640,
160, 40 va 10 pg/ml, trén dia 96 giéng, twong tng v4i ndng d6 chat thir trong dia thir
nghiém la 128, 32, 8,2 va 0.5 pg/ml. Sir dung cht tham chiéu 1a Ellipticine dugc pha
trong dung moéi DMSO ¢ nong d6 10 uM [81].

c) Quy trinh thi nghiém

Té bao duoc trypsin hoa, dém mat do (1-3 x 10* té bao/ml) va phan bd vao
giéng thi nghiém. Sau 72 gid  ciing mau thir, bo sung MTT (5 mg/ml), tiép tuc 0 4
gi0. Tinh thé formazan dugc hoa tan trong DMSO va do quang tai 540 nm.

Thi nghiém duogc thyc hién lap lai 3 lan trong cung diéu kién

d) Xur Iy két qua

Gia tr1 ICso dugce xac dinh thong qua gié tri % Uc ché té bao phat trién va phén
mém may tinh chuyén dung Rawdata.

ODgs; chtng(+) — 0Dy X 1009%
0

%rc ché =
ODd()'i ching(+) — 0Dd6i ching(-)

(Highlnh% - 50) X (HighConc - LOWConc)
Highippy, — LOWinpo,

ICso = HighCOnc -

(Trong do:
Highcone/LoWconc: chat thir & ndng d6 cao/chat thir thip ¢ ndng do thap;

Highinho /LoWimne: % trc cheé ¢ nong do cao /% trc cheé ¢ nong do thap).
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e) Két qua ddnh gid hoat tinh

Gia tri ICso dugce tinh tir % trc ché té bao phat trién. Thong thuong gia ICso < 20
ng/ml (dich chiét tho) hodc ICso < 4 pg/ml (chat tinh khiét) duoc danh gia 1a c6 hoat
tinh gdy doc yéu hodc khong c6 hoat tinh giy doc cac té bao ung thu.

2.6.2. Pdnh gid hoat tinh trc ché enzym acetylcholinesterase (AChE)

a) Nguyén ly

Hoat tinh trc ché enzym acetylcholinesterase (AChE) dugc xac dinh dua trén
phuong phéap Ellman, thong qua viéc theo ddi su giam téc do thiy phan co chit
acetylthiocholine iodide dudi xtc tac cia AChE. Trong phan ing nay, thiocholine
duogc tao thanh tiép tuc phan umg véi thude thir 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB) tao san phim 5-thio-2-nitrobenzoate c6 mau vang, hap thu dic trung tai budc
song 412 nm.

Su ¢6 mit ctia hop chat e ché 1am giam luong thiocholine sinh ra, din dén
giam d6 hap thu quang hoc ctia san pham phan tng. Mirc do giam hap thu ty 1é thuan
v6i kha nang e ché AChE ciia hop chat khao sat. Phan tram @c ché va gia tri ICso
dugc xac dinh tir dudng cong lidu — dap Gmg so voi mau ddi chimg, qua d6 danh gia
tiém ning cta cac hop chat nhu nhitng chét e ché AChE trong dinh hudng nghién
ctru diéu tri cdc bénh thoai hoa than kinh, ddc biét 1a bénh Alzheimer. Thir nghiém
duoc tién hanh tai Phong Hoa sinh Ung dung, Vién Hoa hoc, Vién Han 1am KH&CN
Viét Nam.

b) Quy trinh thyc nghiém

Hoat tinh trc ché enzym acetylcholinesterase (AChE) cuia cac hop chat tong hop
dugc danh gia in vitro theo phuong phap Ellman cai tién, sir dung dia vi giéng 96
giéng [82]. Cac dung dich phan tng bao gdbm dung dich dém phosphate, dung dich
enzym AChE, thudc thir Ellman 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) va co
chét acetylthiocholine iodide (ATChI).

Céc hop chét thir nghiém duoc hoa tan ban dau trong DMSO dé thu dung dich
gbc, sau d6 pha lodng bang dung dich dém nham tao cac ndng do khao sat khac nhau,
dam bao ham lugng DMSO cubi cung trong hdn hop phan tng khong anh huéng dén
hoat tinh enzym. Thir nghiém duoc tién hanh trén dia 96 giéng; mdi giéng phan tng
duoc bd sung lan luot dung dich dém, DTNB va dung dich mau thtr. Sau do, dung
dich AChE duoc thém vao va hon hop dugc tién 0 & 37 °C trong mot khoang thoi
gian xac dinh. Phan tmg dugc khoi dong bang cach bd sung co chat ATChI va tiép
tucu & 37 °C.

Sy hinh thanh san pham mau vang 5-thio-2-nitrobenzoate dugc theo ddi bang

cach do mat d6 quang tai budc song 412 nm trén may doc dia vi giéng [82]. Giéng
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d6i chimg am duoc chuén bi twong ty nhung thay dung dich miu thtr bang dung dich

dém phan tng; giéng ddi chimg dung méi chira ciing ham lwong DMSO nhu cic

giéng thir. Donepezil duoc sir dung 1am chét tham chiéu trong phép thtr trc ché AChE.
Phén trim e ché hoat tinh enzym dugc tinh theo cong thirc:

Ad6i chttng — Amﬁ

L % 100%

%trc ché =
Ad6i ching

Gia tri ICso (ndng do gy trc ché 50 % hoat tinh enzym AChE) duoc xac dinh tir
duong cong lidu — dap tng bang phuong phap hdi quy phi tuyén sir dung phan mém
TableCurve [83].

2.6.3. Nghién cvwu Docking phan tir

Muc tiéu: Du doan co ché tuong tac ciia cac hop chat véi protein dich, bao gdm
tubulin (vi tri gin colchicine), procaspase-6 (vi tri ion Zn), va CDK2 (tui gin ATP).

Phurong phdp: Céu tric protein thu thip tir Protein Data Bank (PDB). Céc phdi
tor dugc dung hinh 3D va t8i wu hinh hoc bé“tng MOE hoac ICM-Pro. V1 tri gén duoc
xéac dinh dua trén dir liéu crystal structure va gia thuyét ba viing Massaroti.

Chdt chudn: Colchicine (chdng tubulin), PAC-1 (kich hoat procaspase),
roscovitine (rc ché CDK2).

Padnh gia: Ai luc gan két (AG) dugc tinh bang scoring function GBVI/WSA
hoic ICM-Pro. Cac thong sé nhu lién két hydro, twong tac ky nudc, n-n stacking, va
jon-metal coordination duoc phan tich. Két qua docking cho phép du doan co ché tac
dong phan ttr, 1am co sé dinh hudéng phat trién thude.

2.6.4. Dw dodn dic tinh “giong thuéc” va ADMET

Muc tiéu: Danh gia kha nang phat trién thanh thudc ctia cac hop chat thong qua
du doén déc tinh dugc dong hoc va doc tinh.

Phuong phap: St dung ADMETIab 3.0 (https://admetlab3.scbdd.com/) véi div
liéu SMILES [82].

Cdc théng s6:

- Hép thu: d§ tan trong nudc, hép thu rudt non (HIA), thAm Caco-2.

- Phan bd: gin két protein huyét twong (PPB), thé tich phan bd, kha ning vuot
qua hang rao mau nao (BBB).

- Chuyén hoéa: du doan twong tac véi CYP450 (&c ché/cam tng cic isoenzym
chinh).

- Thai trir: d thanh thai toan phan, thoi gian ban thai.

- Boc tinh: dy doan LDso, doc tinh trén gan (hepatotoxicity), doc gen

(genotoxicity), va nguy co gdy quai thai (teratogenicity).
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Ngoai ra, cac hop chit dugc kiém tra theo quy tic Lipinski (rule of five) va cac
tiéu chi b sung (Veber, Ghose) dé danh gia tinh chit “gidng thudc”. Nhirng hop chit
vira ¢o ai luc gén két cao, vira dat tiéu chuin ADMET va “drug-likeness” dugc xem

la img vién tiém nang cho phat trién dugc pham.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Muc tiéu cia dé tai
Dé tai dat muc tiéu thiét ké, tong hop cic din xudt 1-azaanthraquinone,
pyranonaphthoquinone, pyrimidine méi bang phan mg ngung tu Knoevenagel va
phan tmg domino da thanh phan cua hé 1,3-diketone (2-hydroxy-1,4-naphthoquinone,
2-amino-1,4-naphthoquinone, cyclohexan-1,3-dione) va cac hop chét ketone khac
(aldehyde thom, tetronic acid, enaminone) trong diéu kién vi séng. Luan an thu

nghiém, danh gia hoat tinh sinh hoc ctia cac chét tong hop duoc.

N
P

R =F, CF3, OCFj, aryl, heteryl

CHj,
pyrano[2,3-d]pyrimidine

chromeno[2,3-d]pyrimidine

So do 3.1. Muc tiéu thiét ké téng hop cua lugn an

3.2. Tong hop cac din xuit 1-azaanthraquinone chira vong y-butyrolactone

Nhu d3 trinh bay ¢ phan tong quan, cac hop chat azaanthraquinone s& hiru nhiéu
hoat tinh sinh hoc dang chu y. Bén canh d6, vong y-butyrolactone 1a mot ciu tric
quan trong dugc tim thiy trong nhiéu hop chit ngudn gbc tu nhién [83, 84] Cac hop
chét y-butyrolactone c6 kha ning giy doc té bao [85, 86], khang khuan [87], khang
viém [88]. Vong y-butyrolactone ciia cac dan xuat podophyllotoxin dong vai trd quan
trong trong cac hoat dong sinh hoc thong qua lién két voi tubulin [89], va cac bién
ddi cua n6 dan dén giam hoat dong doc té bao cua cac chat tuong tu [89, 90]. Nhiéu
loai thubc chtra y-butyrolactone nhu drospirenone [91], eplerenone [92], va
pilocarpine [93] d3 dugc FDA chip thuan va duogc sir dung trong 1am sang. V&i nhitng
dic tinh ndi bat ciia 16p chit azaanthraquinone cung vong y-butyrolactone, luan an
tién hanh nghién ctu tong hop cac din xuét l-azaanthraquinone chtra vong v-
butyrolactone thong qua hai budc: phan tng ba thanh phan c6 hd tro vi song, sau d6
la qua trinh oxy hdéa — thom hoa.
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3.2.1. Tong hop cdc din xudt dihydrobenzo[g]furo[3,4-b]quinoline

Dua vao cac cong bd trude diy [29, 94] luan an di tong hop lai cac din xuét
dihydrobenzo[g]furo[3,4-b]quinoline 51a-m bing phan tng ba thanh phan giita 2-
amino-1,4-naphthoquinone (50), tetronic acid (47) va aromatic aldehyde 48.

Phan tng duoc thuc hién trong dung moi acetic acid bang vdi sy c6 mat cua 20

mol% xic tac p-toluenesulfonic acid & 110°C trong diéu kién birc xa vi song trong

thoi gian 30 phut.
O "o gl. AcOH Q@ A o
— O -TsOH 20 mol%
DO SSEP - : e
NH; ~o” "0 A" H  ww, 110°c N
30 min )
50 47 48a-m 51a-m

So do 3.2. Phan ing tong hep céc ddn xudt dihydrobenzo[g]furo[3,4-b]quinoline
San pham 51a-m cta cic phan Gng ndy 13 nguyén liéu dé tong hop hop chat
l-azaanthraquinone chtra vong y-butyrolactone.
3.2.2. Téng hop cdc hop chit 1-azaanthraquinone chira vong y-butyrolactone
va nguyén té flo
Xét vé tam quan trong duoc 1y ciia aza-anthraquinone va y-butyrolactone, trong
cac nghién ciru trude day [29, 94], dan xuat dihydrobenzo[g]furo[3,4-b]quinolin 51
chtra di t6 flo 13 tic nhan chdng ung thu manh da dugc tong hop va danh gia vé doc
tinh té bao cua chung. Pang chi y, dan xuat dihydrobenzo[g]furo[3,4-b]quinolin 51
v6i Ar' = 4-(difluoromethoxy)-3-hydroxyphenyl thé hién hoat tinh gy doc té bao noi
bat ddi voi bon loai dong té bao ung thu ¢ nguodi (KB, HepG2, A549 va MCE7).
Ngoai ra, cac mo phong phan tir chi ra rang cac twong tac ky nudc vai cac chat con
lai tai giao dién gitta cac tiéu don vi a- va B-tubulin gop phﬁn vao su lién két muc
tiéu. Do sy hién dién cua nhém N-H, cac twong tac xép chong n—n dd dugc quan sat
giita nhom naphthoquinone va khoang lién két, nhung khong phai voi chat twong tu
aza-anthraquinone [94]. Nhom N-H ciing dong vai tro 1a chat cho lién két hydro,
tuong tac véi cac chit con lai chinh trong tiéu don vi a-tubulin, chéng han nhu Thr179
va Vall81. Tuy nhién, vai trd ctia hydro nay trong khung aza-anthraquinone van chua
dugc lam sang t6. Dé kham pha diéu nay, ching t6i tap trung vao viéc stra d6i nhom
N-H cho electron bang cach loai bé nguyén tir hydro nham thay d6i cau hinh lién két
hydro va tang tinh ky nudc ctia h¢ aza-anthraquinone. Tinh ky nudc dugce tang cuong
du kién s& ting cudng cac tuong tac xép chong bén trong vi tri lién két colchicine cta
tubulin, do d6 cai thién ai luc lién két va c6 kha nang tang cuong hoat dong sinh hoc.
Do vay, luan 4n d3 nghién ctru tong hop cac dan xuét 1-azaanthraquinone chira

vong y-butyrolactone (106a-m) bing phan tng oxy héa cac din xuit
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dihydrobenzo[g]furo[3,4-b]quinoline (51a-m) st dung xuc tac 2,3-Dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) - mdt quinone oxy hoéa manh da dugc cong nhan
12 mot tac nhan hiéu qua dé thom hoa 1,4-dihydropyridine [95, 96, 97].

Dé x4c dinh diéu kién tdi uu cho phan tng oxy hoa cac dan xuit 51 — 106, qua
trinh khao sat duoc tién hanh trén hop chat dai dién 51d nhiam thu duoc san pham
106d. Hop chét 51d duogc hoa tan trong 3 mL dung méi hitu co toluene, sau d6 thém
xuc tac DDQ. Phan tmg duoc thuc hién ¢ cac mirc nhiét d6 tir 90 °C dén 120 °C trong
khoang 1-3 gid, nham danh gia anh hudng cua tirng yéu té dén hiéu suat va do sach
san pham.

Bang 3.1. Anh hwéng ciia nhiét @6 va thoi gian dén hiéu sudt phan iing thom héa
51d — 106d (h¢ DDQ/toluene)

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

V¢ anh huong cua nhiét do phan tng, cac thi nghiém duoc thuc hién trong hé
DDQ/toluene cho thay: & 90°C, qué trinh chuyén héa dién ra cham, con nhiéu nguyén
liéu. Khi tang nhiét d6 l1én 100°C, phan Gng bat dau tién trién rd rét, hiéu suat dat
khoang 39%. O 110°C, phan @ng dién ra hoan toan sau khoang 2 gio, hiéu suét dat
47%, san pham thu duoc ¢6 mau nau, tinh khiét va on dinh nhat. Khi nang lén 115
120 °C, hdn hop phan ¢ng dan bién mau den, xuat hién tin hiéu phu trén TLC, cho
thiy su phan hay mot phan cua khung anthraquinone. Tém lai, khao sét thoi gian
phan ung cho thay, trong 1 gio dau phan tng chua hoan toan (chi dat 35 %), sau 2
gio phan tng két thic; kéo dai trén 3 gio khong 1am ting hiéu suit ma xuat hién tap
nhe do oxy hda thi cap.

Tir cac két qua trén co thé nhan thay, hiéu qua phan tng phu thudc dang ké
vao diéu kién nhiét do va thoi gian phan tng. O nhiét d6 110°C va thoi gian phan tng
trong 2 gid dugce xac dinh 12 pht hop nhat, giup phan ang dién ra hoan toan ma khéng
gay phan hay nén anthraquinone.

Quy trinh thi nghiém t6i wu cho hop chat 106d duoc xac dinh nhu sau: hop chit
51d (1 mmol) duoc hoa tan trong 3 mL toluene, thém 2 mmol DDQ, khudy ¢ 110 °C
trong 2 gio. Sau khi phan tg hoan tat (theo ddi TLC), hdn hop dugc lam ngudi, thém
20 mL nudc, chiét bang CH2Cl: (3 x 20 mL), rira dung dich hitu co bang nudc mubi
bao hoa, Na-SO. khan, ¢ quay dung méi va tinh ché bang sac ky cot n-heptan/ethyl
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acetate (1:1 v/v) thu duoc hop chat 106d mau nau, hiéu suat khoang 47 %. Tir két qua
khao sat, co thé két ludn ring: qua trinh oxy héa bang DDQ trong toluene & 110°C
trong 2 gid 1a diéu kién thich hop va c6 thé ap dung chung cho toan bo diy hop chit
51 — 106a—m. Sy c6 mat ciia cdic nhém hut dién tir nhu F, CFs trong nhan Ar gitp
phan tng dién ra nhanh hon va cho hiéu sudt cao hon so v6i cac nhom day dién tir
nhu OMe hay OH.

Duéi tac dung cua DDQ, cac din xuit 1,4-dihydropyridine mang nhom alkyl,
aryl hodc heteroaryl & vi tri C4 c6 thé bi oxy hoa trong diéu kién gian don ma khong
1am mat nhom thé & vi tri C4 [95].

Luan 4n d3 tong hop duoc 13 din xudt l-aza-anthraquinone chtra vong v-
butyrolactone 106a-m chtra nguyén t6 flo. Hiéu suat téng hc_rp dat tir 40-49%.

(0] Ar e)
| | 2eq DDQ
’}l Toluene
O H
51

110°C, 2h

OMe

106j 1061 106m

Hinh 3.1. Cac hop chdt 1-azaanthraquinone chiza vong y-butyrolactone téng hop
dwoc
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Bdng 3.2. Tinh chdt vt li va hiéu sudt cia day chat 106a-m

. Nhiét do0 | Hiéu
Hop Mau A
TT p Ar . nong chay | suat
chat sac
(°C) (%)
1 106a 2-F1u0r0-4-meth0xyphenyl Nau 210 =212 43
2 | 106b | 3-Fluoro-4-methoxyphenyl Nau | 252-254 48
3 | 106¢ | 2,6-Difluoro-4-methoxyphenyl Nau | 190-192 46
4 | 106d | 2,5-Difluoro-4-methoxyphenyl Nau | 182184 47
5 | 106e | 4-Methoxy-2-(trifluoromethyl)phenyl | Nau | 244 —246 45
6 | 106f | 2-Fluoro-4-hydroxyphenyl Nau | 310-312 48
7 | 106g | 4-(Trifluoromethoxy)phenyl Nau | 185-187 48
8 | 106h | 4-Fluorophenyl Nau | 302 -304 49
9 | 106i | 4-(Trifluoromethyl)phenyl Nau | 204 -206 45
10 | 106j | 2-Fluorophenyl Nau | 251 -253 43
11 | 106K 2-Methoxy-5-(trifluoromethyl)pyridin- | Do- ] 40
3-yl nau
12 | 1061 | 4-(4-Fluorophenoxy)phenyl Nau | 282 -284 44
13 4-(Difluoromethoxy)-3-
106m Néau | 321-323 47
hydroxyphenyl

CAu tric clia cac san phém 106(a-m) duoc xac dinh béng cac phé IR, NMR.

Trong ddy 106(a—m), hop chit 106d (Ar = 2,5-Difluoro-4-methoxyphenyl)
duogc Iya chon 1am mAu dai dién dé phan tich pho chi tiét vi (i) cau tric bao ham day
da ddc trung cua hé 1-azaanthraquinone—y-butyrolactone c6 chura flo, (ii) hai nguyén
tr flo khong twong duwong trén nhan Ar va cac hang sé ghép H-F/C—F dic trung, giup
tang do tin cdy khi dinh vi cac vi tri thé va (iii) chat luong mau tt, do tinh khiét cao,
phu hop cho do IR, 'H NMR, *C NMR va HRMS. B9 dit liéu thu dugc tir 106d duoc
st dung 1am khung tham chiéu dé rat ngin thoi gian gan tin hiéu va chuan hoa tiéu
chi nhan dang ciu tric cho cac dan xuét con lai trong day.

Pho IR ctia hop chat (106d) (Hinh 3.2) xuét hién dai C=0 lactone sic, cuong
d6 rat manh tai 1779.8 cm™ phu hop véi carbonyl ctia vong y-butyrolactone 5 nguyén
tir trong hé vong hop nhat trong khi hai dai C=0 quinone lién hop tai 1684.7 va
1636.5 cm™ cung cac dai tai 1593.2, 1522.0 va 1447.2 cm™! phan anh dao dong kéo

gian C=C va C=N cua khung 1-azaanthraquinone lién hgp. Cum dinh day trong vung
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1287.9-1092.6 cm™! dic trung cho cac dao dong C—O cua lactone dong thoi co mit
lién két C—F trén nhan 2,5-difluorophenyl.
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Hinh 3.2. Phé IR cia hop chdt 106d
Céc dai tai 3069.5 cm™ (C—H thom), 2941 va 2848 cm™ (C—H sp®) cung véi
dao dong udn ngoai mat phrfmg C-H thom tai 724.6 cm™' cung ¢d su hién dién cua hé
vong thom da thé trong ciu triic. Dai rong yéu tai 3422 cm™ khong mang y nghia cau
tric va nhiéu kha niang lién quan dén d6 4m hap phu ctia mau. Nhin chung phd IR thu
dugc phi hop chit ché véi cu triic 1-azaanthraquinone chira vong y-butyrolactone

mang nhém 2,5-difluorophenyl cia hop chéat 106d.
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Hinh 3.3. Phé 'H- NMR ciia hop chdt 106d
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Hinh 3.4. Phé gi&n 'H- NMR cua hep chdt 106d
Trén pho '"H NMR ciia hop chat 106d ghi nhan day du cac tin hiéu phi hop véi

cAu tric y-butyrolactone hop nhat véi khung 1-azaanthraquinone mang vong aryl c6
thé fluor va nhom methoxy. O ving thom, sau proton thom xuat hién 1 rang. Trong
do, hai proton cua nhan 1-azaanthraquinone dugc quan sat tai dx 8.25 (1H, dd, J =
6.6, 2.4 Hz, H-6) va 8.07 (1H, dd, J = 6.6, 2.4 Hz, H-9), 1a c4c proton ké cac tam hut
dién tir manh (nhém C=0 quinone va nguyén tir N) nén dich xudng trudng va cho
kiéu tach d6i kép dic trung cho ghép ortho va meta. Hai proton con lai ctia nhin nay
xudt hién tai oy 7.96 (1H, td, J= 7.2, 1.2 Hz, H-8) va 7.94 (1H, td, J = 7.2, 1.2 Hz,
H-7), phan anh ghép ortho troi két hop voi ghép yéu dai trong hé vong thom ngung
tu.

Hai proton thom thudc vong aryl mang fluor cho hai tin hiéu tai oy 7.35 (1H,
dd, J=11.4, 6.6 Hz) va 7.27 (1H, dd, J = 11.4, 7.2 Hz), trong d6 hang sd ghép 11.4
Hz déc trung cho tuong tdc H-F, con cac gia tri 6.6 va 7.2 Hz tuong ting vé1 ghép H—
H ortho.

O vung aliphatic, nhém methoxy gin trén vong aryl xuat hién dudi dang singlet
tai oy 3.41 voi tich phan 3.27H, phu hop v6i ba proton cia nhom OMe. Nhom
methylene tai vi tri C-3 ctia vong y-butyrolactone cho hai tin hi¢u riéng biét tai oy
5.74 (1H) va 5.60 (1H) vdi tich phan 1an lwot 1.00H va 1.05H, ching t6 hai proton
nay 1a diastereotopic do nam trong hé vong hop nhit bat d6i xtrng. Ngoai ra, tin hiéu

dung moéi DMSO-ds dugce quan sat tai oy 2.50 ppm.
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Téng hop céc dit kién trén khing dinh ph6 'H NMR thu duoc pht hop hoan toan
v6i ciu tric hop chat 106d.

69.
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Hinh 3.5. Phé 3C- NMR ciia hop chdt 106d
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Hinh 3.6. Phé gi&n 3C-NMR cua hep chat 106d
Trén phé 13C NMR cua hop chit 106d, cac tin hiéu carbon quan sat dugc phu
hop véi ciu trac 1-azaanthraquinone hop nhat vong y-butyrolactone mang vong aryl
thé 2F va nhom OMe. O ving truong thap, xuat hién hai tin hiéu tai dc (ppm) 182.3
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va 180.4, dac trung cho hai carbonyl C=0O quinone cuia nhan azaanthraquinone. Tin
hiéu tai dc (ppm) 170.0 dugc gén cho carbonyl C=0 lactone, phu hop véi vong y-
butyrolactone hop nhit. Ving dc (ppm) 166.4—112.2 thé hién hé tin hiéu day dic cua
cac carbon thom va carbon lién hgp thudc nhan azaanthraquinone va vong aryl. Pang
chu ¥, do phén tir c6 hai nguyén tir fluor, mét sé carbon trén vong aryl va cac carbon
14n cén co thé xuét hién dang cip tin hiéu rat sat nhau (thé hién rd trén phé gidn), phu
hop voi hién tuong ghép *C—"°F. Trong do, cac tin hi€u & vung 155.6, 154.0 va 153.4
ppm phi hop véi cac carbon thom chiu 4nh huéng manh ctia nhoém thé (carbon gin
F hoic carbon gin O).

O vung aliphatic, tin hiéu tai dc (ppm) 69.9 phit hop véi carbon O—CH: (C-3)
cua vong lactone, con tin hiéu tai dc (ppm) 56.6 dac trung cho carbon cia nhom
OCHs. Hai tin hiéu tai dc (ppm) 101.7 va 101.5 thudc céc carbon lién hop bi che chin
manh trong hé vong hop nhat; Ngoai ra, cac tin hiéu dung méi DMSO-ds xuit hién
tai oc (ppm) 39.9, 39.7, 39.6, 39.5, 39.3, 39.2 va 39.0.

Céc tin hiéu *C NMR thu duoc thé hién dﬁy du céc carbon dac trung cua khung
1-azaanthraquinone hop nhit vong y-butyrolactone mang vong aryl thé fluor va nhém
methoxy, qua d6 khang dinh cau tric dé xuat ctia hop chat 106d.

Bang 3.3. Dir liéu phé NMR ciia hop chdt 106d

C dc (ppm) on (ppm, m, J)

1 170.1 —

3 69.9 5.62 (d, J=16.2 Hz)
3a 146.6 —

4a 148.2 —

5 182.3 —

5a 135 —

6 126.9 8.25 (dd, J= 6.6, 2.4 Hz)
7 132.7 7.94 (td, J=7.2, 1.2 Hz)
8 133.7 7.96 (td, J=17.2, 1.2 Hz)
9 126.9 8.07 (dd, J = 6.6, 2.4 Hz)
9a 134.7 —

10 180.4 —
10a 143.7 —

11 121 —
11a 166.4 —

' 101.6 (d, 2Jer= 24-28) —

2’ 155.6 (d, YJor = 235-245) —

3 116.9 (d, *Jcr = 4-6) 7.35(dd, J=11.4, 6.6 Hz)
4' 153.45 —

5’ 148.6 (d, YJcr = 235-245) —

6' 116.7 (d, *Jor = 4-6) 7.27(dd, J=11.4,7.2 Hz)
4" 56.6 3.97 (s, 3H)
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Co ché dé xuét vé qua trinh tong hop hai giai doan nay bét dau dién ra thong
qua chudi cac budc phan tng lién tiép gdm: ngung tu Knoevenagel, cong Michael,
vong héa nodi phan tir, khir nuée va cudi cung 13 oxy héa bang DDQ. Cac bude co
béan cta co ché dugc md ta nhu sau:

Budc dau tién, nhém —NH: cta 2-amino-1,4-naphthoquinone (50) tin cong
nucleophin vao nhom carbonyl cua aldehyde thom (48), tao thanh trung gian Schiff
base (107), sau d6 loai mot phan tir nude dé hinh thanh imine (108). Pay 1 phan tng
ngung tu kiéu Knoevenagel dién hinh, duoc xtic tac nhe boi base nhu L-proline nhim
tang tinh acid cta proton o va 6n dinh trung gian enamine.

Tiép theo, tetronic acid (47) dong vai trd nucleophile, nhém methylen o—C=0
hoat dong manh ctia nd tAn cong vao lién két C=N cuia trung gian (108), tao thanh san
pham cong Michael (109). Qua trinh nay giup hinh thanh lién két C—C méi gitra nhan
naphthoquinone va vong lactone. Sau khi sap xép lai cdu trac, trung gian (110) duoc
tao ra, co6 khd nang vong hoéa ndi phan tr va loai nudc dé hinh thanh hé
dihydrobenzo[g]furo[3,4-b]quinoline (51). DAy chinh 13 san pham trung gian 6n dinh
ctia phan tng ba ciu ti.
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So d6 3.3. Cor ché dé xudt hinh thanh hep chat 106
O bude cudi cung, hop chat 51 duge thém DDQ (112) trong dung mdi toluene
dé thuc hién qua trinh oxy hoa. Co ché dién ra theo huéng cho nhan electron hai giai
doan: DDQ (112) nhan electron tir hé dihydropyridine cta (51), tao ra gdc cation
trung gian (113), sau d6 nhan thém mot electron nira dé hinh thanh dan xuét quinonoid
(111). Sy loai H* cubi cung khoi phuc lai hé 7 lién hop tao thanh hop chat thom bén
virng (106). Trong qua trinh nay, DDQ bi khtr thanh dang hydroquinone (115). Hi¢u
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mg hit dién tir cua cac nhom thé Ar (nhu F, CF3) gitp 6n dinh trung gian cation, tir
d6 phan tng dién ra nhanh va dat hiéu sut cao hon.

Nhu viy, toan bd co ché co thé khai quat thanh chudi chuyén hoa: 50 + 48 +
47— 107 — 108 — 109 — 110 — 51 —»111— 106, trong d6 budc ngung tu va cong
Michael tao khung co ban, con budc oxy héa véi DDQ 1a giai doan quyét dinh dé
hinh thanh hé vong y-butyrolactone—1-azaanthraquinone thom bén vitng.

Co ché trén phu hop véi két qua thue nghiém, chirg minh vai trd cia DDQ hiéu
qua cao trong viéc khir hydro va tai tao hé n thom ciia cac dan xuat dihydropyridine
(Error! Reference source not found.).

3.3. Tong hop cac din xuit chromeno[2,3-d|pyrimidine-4-one

Cac hop chat chira khung chromeno phan bé rong rai trong cac hop chat tu nhién
c6 hoat tinh sinh hoc va déng vai tro thiét yéu trong qué trinh tong hop nhiéu loai
vong di vong manh vai nhiéu hoat tinh sinh hoc bao gom chéng ung thu [98], chdng
khdi u [99], chdng ting sinh [100], chéng HIV [101], khang khuan [102], chéng co
giat [103], chéng oxy héa [104], chéng sét rét [105]. Hon nita, mot s6 dan xuat
chromene d3 duoc str dung trong diéu tri bénh Alzheimer [106] va r6i loan tam than
phan liét [107].

Mic khac, nhu di néu & phan tong quan, nguyén té flo c6 d6 4m dién cao, dong
vai trd quan trong trong thiét ké cac hop chit c6 hoat tinh sinh hoc. Su két hop cua it
nhat mot nguyén tir flo hodc nhom trifluoromethyl vao cac hop chat c¢6 hoat tinh sinh
hoc ¢6 thé cai thién tinh 6n dinh trao doi chat, tinh tham caa mang, kha dung sinh hoc
va &i lyc lién két cua hop chat véi protein muc tiéu, dan dén cac hoat dong duogc ly
tiém ning. V&i nhitg dac tinh ndi bat cua 16p chat chromene ciing nhu cac hop chit
chua flo, luan an nghién ctiu tong hop cac dan xuat chromeno[2,3-d]pyrimidine chira
di t6 flo.

Pau tién, ching toi dd nghién ctru khao sat diéu kién t6i wu cho phan tng
domino bbén thanh phan giita 2-hydroxy-1,4-naphthoquinone (45), 4-
fluorobenzaldehyde (116a), malononitrile (72a) va acetic anhydride (117) bang phan
ing “one-pot” qua hai budc dé tong hop hop chét 5-(4-fluorophenyl)-2-methyl-3,5-
dihydro-4H-benzo[6,7]chromeno[2,3-d]pyrimidine-4,6,11-trione (125a) (So do 3.4).
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So do 3.4. Tong hop hop chat 5-(4-fluorophenyl)-2-methyl-3, 5-dihydro-4H-
benzo[6,7]chromeno[2,3-d] pyrimidine-4,6,11-trione (125a)

bé danh gia hiéu qua cua chit x(ic tac, mot sd cht xuc tac khac nhau bao gém
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU), DABCO, DMAP, pyridin, Et3N,
NH4OAc da duoc khao sit trong phan ung gitra 1,4-naphthoquinone (45), 4-
fluorobenzaldehyde (48a) va malononitrile (72a) dé tong hop 2-amino-4-(4-
fluorophenyl)-5,10-dioxo-5,10-dihydro-4 H-benzo[g]chromene-3-carbonitrile (118a)
(Bang 3.4, muc 1-9). Két qua cho thdy phan tmg dat hiéu suit cao nhat khi st dung
xuc tic DABCO ndng d6 20 mol%. Tiép theo, dé danh gia hidu qua cua dung méi,
mot sb dung moéi nhu acetonitrile, ethanol, toluene, t-butanol, i-propanol, 1,2-
dichloroethane, chloroform da dugc khéo sat (Bang 3.4, muc 10-15). Phan ing thuc
hién trong dung moi acetonitrile cho hiéu suit cao nhat. Nhu vay, phan tmg ba thanh
phan gitta 1,4-naphthoquinone (45), 4-fluorobenzaldehyde (116a) va malononitrile
(72a) dat hiéu suat cao nhat 80% khi thuc hién trong dung méi acetonitrile & nhiét do
s6i hdi luu trong diéu kién vi song vai sy ¢6 mat cua xuc tdic DABCO (20 mol%).

Bang 3.4. Téi wu héa xiic tac va dung méi dé tong hop hop chat 125a

Ham lugng | Hiéu suat
TT Xic tac xuc tac Dung méi th@t a0 theo TLC
(mol%) ¢0) (%)
1 DABCO 5 CH;CN 82 Vét
2 DABCO 10 CH;CN 82 42
3 DABCO 20 CH;CN 82 80
4 DABCO 30 CH;CN 82 75
5 NH4OAc 20 CH;CN 82 45
6 Pyridine 20 CH;CN 82 Vét
7 DMAP 20 CH;CN 82 62
8 DBU 20 CH;CN 82 Vét
9 Et:N 20 CH;CN 82 Vét
10 DABCO 20 EtOH 78 75
11 DABCO 20 -BuOH 82 71
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Ham lwgng n. .| Hiéu suét
.. Nhiét do
TT Xuc tac xuc tac Dung moi C) theo TLC
(mol%) (%)
12 DABCO 20 i-PrOH 83 72
13 DABCO 20 Toluene 110 65
14 DABCO 20 EDC 83 62
15 DABCO 20 Chloroform 61 50

*Piéu kién phan tng: ty 1¢ tic nhan 1/1/1, 20 phut

Hon hop phan tng sau bude 1 (khong can xir 1) duoc sir dung truc tiép dé phan
ung vo1 3 duong luong acetic anhydride (117) v6i sy ¢6 mat cua 0,4 duong lugng
sulfuric acid dam dac & 120 °C trong 15 phuat duéi buc xa vi song (150 W) tao thanh
hop chit 5-(4-fluorophenyl)-2-methyl-3,5-dihydro-4H-benzo[6,7]chromeno[2,3-
d]pyrimidine-4,6,11-trione (125a). Hiéu suit phan tng qua 2 budc dat 70%.

Céu trac ciia hop chat 125a duogc xac dinh bang phd IR, NMR, HRMS.

Trén phd IR (KBr) cta hop chit 125a xuat hién dai hp thu tai 3443 cm™ dic
trung cho dao dong kéo giin N—H ctua nhém —~NHCHs. Pinh yéu tai 2745 cm™ nim
trong ving dao dong kéo gidn C—H aliphatic va cac dai t6 hop, phtt hop véi sy hién
dién cia nhém N-methyl trong phan tir.
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Hinh 3.7. Phé IR ciia hop chat 125a

O vung carbonyl lién hop, phé ghi nhan cac dinh manh tai 1683, 1672 va 1636
cm™', quy cho dao dong kéo gian C=O lién hgp cua nhan 1,4-naphthoquinone va
nhém C=0 lactam (pyrimidin-4-one) trong hé vong ngung tu, déng thdi cé thé chong
1an mot phan véi cac dao dong C=C/C=N cuia h¢ lién hop. Cac dinh tai 1593 va 1504
cm™ 1a dac trung cho dao dong khung C=C thom cua cic vong thom ngung tu va
vong aryl mang flo.

Trong ving dao dong dic trung cta cac lién két don (= 1400-1000 cm™), cac
dinh tai 1384, 1360, 1327, 1295, 1234, 1197, 1149 va 1074 cm™ phan anh cac dao
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dong cua lién két C-N va dic biét 1a dao dong kéo gidn C—O cuia cau ndi ether aryl—
O-aryl (C—O—C). Céac dinh tai 942 va 927 cm™!, cung vdi cac dinh 854, 837, 808, 790,
736, 715 va 678 cm™, duoc gan cho dao dong udn ngoai mit phing C—H thom, cho
thiy kiéu thé xac dinh trén cac vong aryl. Cac dinh ving sb song thip 603 va 552
cm! thudc cac dao dong bién dang cua khung vong ngung tu. Tong thé cac dic diém
phd IR thu dugc phi hop véi cdu triic dé xuit cia hop chit 125a.
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Hinh 3.9. Phé gian 'H-NMR cuia hop chdt 125a
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Trén phd 1H NMR cua hop chit 125a xuat hién tin hiéu singlet tai 12,68 cua
proton nhém NH. Céc tin hiéu multiplet tai 6H 8.07 (1H, dd, J= 7.2, 1.8 Hz), 7.91
(1H, dd, J = 7.2, 1.8 Hz), 7.88 — 7.82 (2H, m) dugc gan cho cac proton ciia nhan
naphthoquinone trong hé vong ngung tu. Cac tin hi€u proton thom ctia vong phenyl
duoc quan sat thy tai 0H 7.40 (2H, dd, J= 8.4, 5.4 Hz), 7.06 (2H, t, J= 9.0 Hz). Cac
tin hiéu tai ving trudng thip con lai gdm cé peak singlet cua proton CH tai dH 5.07
(1H, s) va nhom methyl CHj3 tai 0H 2.30 (3H, s).

N o e o
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Hinh 3.10. Phé *C- NMR ciia hop chat 125a

HA245.80-DMSO-C13CPD
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Hinh 3.11. Phé gidan 3C- NMR ciia hop chdt 125a



67

Trén phd *C NMR (DMSO-ds, 150 MHz) ctia hop chat 125a xuét hién du 22
tin hiéu cong hudng dic trung cho 22 cacbon cta hop chit. Hai tin hiéu carbonyl xuét
hién tai 6 dich chuyén hoa hoc dc (ppm): 182.7 va 177.1, phu hop véi hai carbon
C=0 lién hop cua nhan khung naphthoquinone va nhém C=0 lactam (pyrimidin-4-
one) trong hé vong ngung tu. Trong ving carbon thom mang di t6, cac tin hiéu tai dc
(ppm): 161.9, 159.4, 156.9 va 149.9 dugc gan cho cac carbon thom bac bén trong hé
lién hop chiu anh huéng cta nguyén tir N va lién két ether aryl-O—.

Su c6 mat cua vong aryl chtta nguyén tur flo trong phan tir dugc xac nhéan ro
rang thong qua cac tin hiéu ghép *C—"°F. Tin hiéu tai dc (ppm) 161.1 (1C, d, J=241.5
Hz) dac trung cho carbon ipso lién két truc tiép vol F (C—F). Hai tin hiu tai oc
(ppm)114.9 (2C, d, J = 21.0 Hz) phu hgp v6i1 hai carbon ortho so véi F trong khi tin
hiéu tai oc (ppm) 130.5 (2C, d, J = 7.5 Hz) dugc quy cho hai carbon meta so voi F.
Tin hiéu dc (ppm) 138.6 (1C, d, J = 3.0 Hz) thé hién ghép dai yéu *C—"°F, phu hop
v6i carbon bac bdn con lai trén vong aryl chiu anh hudng cam Gng/cong hudng cia
F.

Céc tin hi¢u con lai trong vung thom tai doc (ppm):134.6, 134.2, 131.1, 130.7,
126.1, 125.9 va 122.7 dugc gan cho cac carbon thom CH va carbon thom bac bon
ctia nhan naphthoquinone ngung tu véi vong di hop va phan vong aryl lién két qua
nguyén tir oxy. Tin hiéu tai c (ppm) 100.5 thudc ving carbon bi che chidn manh, phu
hop v6i mot carbon sp? & vi tri cau ndi trong hé lién hop chiu anh huong cua di t6. O
vung aliphatic, tin hi€u oc (ppm) 33.2 dugc gan cho carbon methylene (C-12) trong
khung vong bao hoa cuc b va tin hiéu dc (ppm) 21.0 dugc gan cho carbon methyl
ctia nhdom —NHCHs. Tong thé cac tin hiéu *C thu dugc cung cac hang sé ghép 13C—
1F d3c trung 14 hoan toan phi hop voi cdu trac dé xuat cua hop chit 125a.

Bdng 3.5. Dir liéu NMR cua chdt 125a

C dc (ppm) Jor (ppm)
2 160.3 —
(-CHs) 33.2 2.30 (3H, s, CHs)

3 100.5 5.07 (1H, )

4 161.9 —

5 131.1 7.88-7.82 (1H, m)

5a 149.9 —

6 161.9 —

6a 138.6 —
125.9 7.91 (1H, dd, J=7.2, 1.8 Hz)
126.1 7.88-7.82 (1H, m)
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C dc (ppm) on (ppm)

9 122.7 8.07 (1H,dd,J=7.2,1.8 Hz2)
10 177.1 —
10a 134.6 —

11 182.7 —
1la 138.6 —
12a 134.2 —
1’ (ipso) 134.6 —

2! 130.7 7.40 (2H, dd, J=8.4,5.4 Hz)
3 114.9 7.06 (2H,t,J=9.0 Hz)

4’ 159.4 —

5' 114.9 —

6’ 130.5 —

— (N-H imide) — 12.67,1H s, NH

Trén ph6 khéi phan giai cao HRMS cuia hop chat 125a tim thdy manh ion c6
m/z 389.0926 [M+H]* twong tmng v6i khdi lugng tinh toan theo 1y thuyét cho cong
thirc [C22H14FN204]": 389.0932 va manh ion c6 m/z 411.0729 [M+Na]" twong ng
v6i khéi lwong tinh toan theo 1y thuyét cho cong thirc [C22H13FN2NaO4]*: 411.0752.
Két qua nay phu hop véi cong thic phan tr du kién cua hop chat 125a 1a

C22H13FN2O4.

Ap dung quy trinh téi wru nhu trén, chiing t6i da tong hop duge 12 hop chat cia

cac dan xult chromeno[2,3-d]pyrimidine (125) theo So* d6 3.5.
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(0] (0] Ar
o) CN  DABCO CN | (CH4C0),0 (117) O 12%abek
+ )J\ + < B — |
OH Ar H oN CH3CN o NH conc.H,SOy
450 72 82 °C, 20 min 18 2 CH4CN
116 a o 120 °C, 20 min

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

125¢ (60%)
OMe OMe OMe OMe

125h (76%)

_CHF
1) 2

o) o)
125i (72%) 125] (79%) 125k (77%) 1251 (67%)

So dé 3.5. Tong hop céc ddn xudt chromeno[2,3-d]pyrimidine 125
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Bang 3.6. Tinh chdt vat Ii va hiéu sudt cua day chat 125a-1
Nhigtdp | Hieu

Hop T %
TT chit Ar Mau sac | néng chay | suat
a
°C) (%)
1 125a 4-Fluorophenyl Vang 294-296 70
2 125b 2-Fluorophenyl Nau 233-238 68
3 125¢c 3-Fluoro-4-acetoxyphenyl Vang 244-246 60
4 125d 2-Fluoro-4-acetoxyphenyl Vang 304-306 65
2,5-Difluoro-4- .
5 125e Vang 231-233 77
methoxyphenyl
2,6-Difluoro-4- .
6 125f Vang 299-301 74
methoxyphenyl

7 125¢g 3-Fluoro-4-methoxyphenyl Vang 299-301 80
125h 2-Fluoro-4-methoxyphenyl | Nau-den | 225-230 76
i 4-Methoxy-2- Vang-
9 125i _ . 269-271 72
(trifluoromethyl)phenyl nau
10 125j 4-(Trifluoromethoxy)phenyl | Nau-do | 229-231 79
11 125k 4-(4-Fluorophenoxy)phenyl Vang 309-311 77
3-Acetoxy-4-

12 125l _ Vang 279-281 67
(difluoromethoxy)phenyl

Trong d6, 09 hop chat 125a,b,e-k duoc tong hop bang cach sir dung cac dan
xuat benzaldehyde khac nhau theo So' do 3.6. Hiéu suat tong hop dat 60-80%.

N CHO
R——
=
+ (CH4C0),0
116a,b,e-k (CHsCO),
“ _ DABCO _ 17
—_—
OH CH4CN conc.H,S0,
450 < 82 °C, 20 min CH3CN
cN 118a,b,e-k 120 °C, 20 min 125a,b,e-k

e R = 4-F (a), 2-F (b), 2,5-(F),-4-OMe (&), 2,6-(F),-4-OMe (f), 3-F-4-OMe (g),
2-F-4-OMe (h), 2-CF34-OMe (i), 4-OCFy (j), 4-O(4-FCgHy) (k)
So dé 3.6. Tong hop cdc dan xudt chromeno[2,3-d]pyrimidine 125a,b,e-k

Con ddi véi cac hop chat trung gian 118¢,d,1 c6 chira nhom hydroxy & vong
benzene, khi tham gia phan (g v&i acetic anhydride xay ra dong thoi phan g acetyl
héa nhém hydroxy ciing véi phan tng tao vong pyrimidine. Do d6, san pham thu
duoc 1a cac dan xuat chromeno[2,3-d]pyrimidin-5-yl)phenyl acetate 125¢,d,1 v&i hiéu
sudt 60-67% (So do 3.7).
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conc.H,SO,
+ (CH5C0),0 CHoN
"7 120 °C, 20 min

125¢ (60%) 125d (65%) O 1251 (67%)

So dé 3.7. Tong hop cdc dan xudt chromeno[2,3-d] pyrimidin-5-yl)phenyl
acetate 125¢,d,l

Qué trinh tong hop 16p chat 125 dién ra theo co ché hai budgc lién tiép trong
cling mot hé phan tmg, co ché phan tmg duoc dé xuat nhu sau:

O giai doan dau, dudi tac dung cia DABCO, phan tng giira 2-hydroxy-1,4-
naphthoquinone (45), aldehyde thom (Ar—CHO) (116) va malononitrile (CH2(CN).)
(72a) xay ra theo trinh ty gém ngung tu Knoevenagel, cong Michael, vong héa noi
phan tir va chuyén vi hydride kiéu 1,3, tao thanh céc din xuat 2-amino-4H-
benzo[g]chromene-5,10-dione-3-carbonitrile (118). Trong giai doan nay, DABCO
dong vai tro xuc tac bazo, gidp hoat hda nhém methylen ciaa malononitrile, tao trung
gian carbanion tan céng vao nhom carbonyl cua aldehyde dé hinh thanh san pham
ngung ty, sau d6 thuc hién phan tng cong Michael vao nhan naphthoquinone, khép
vong va chuyeén vi proton dé 6n dinh ciu triic 118.

O giai doan tht hai, khi thém anhydride axetic ((CH:CO):0) trong méi trudng
H.SO. dam dic, nhém amino & vi tri C-2 caa hop chat 118 tan cdng hat nhan vao
nhom carbonyl cua anhydride, hinh thanh trung gian N-acetyl hoa (119) va giai phong
acid acetic. Sau d6, nhom nitrile (-CN) & vi tri C-3 bi proton héa dudi moi truong
acid, tao diéu kién cho phan tir nwdc tan céng vao tam C=N, hinh thanh trung gian
imidate (121), roi chuyén hoa thanh amid (122) théng qua sap xép proton noi phan
tur.

Tiép dén, trong mai truong acid va & nhiét d6 cao, nhém amid méi hinh thanh
c6 thé tan cong noi phan tir vao carbonyl 1an can cia nhan naphthoquinone, tao trung
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gian vong hda (123-124). Cudi cing, qua trinh khir nuéc ndi phan tir dién ra, tai lap
hé lién hop mé rong va tao thanh san pham cudi ciing 125.

Nhu vay, toan bo qua trinh c6 thé duoc xem Ia chudi phan tng gdm N-acyl héa
— thuly phan nitrile — vong hoéa ndi phan tir — khir nude, dugc xuc tac hiéu qua bai
hé (CHsCO).0/H>SO4 trong mdi trudng acetonitrile, cho phép thu dugc san pham 125
véi hiéu suat cao va dd chon loc tdt.

Ho_H

0

} O g

o% 0 B

" ‘Me )L .
0 121

®

0 A O 0 0 k,o"' 0 Ar 9“2
—N— C=N-H

4888 O‘ L1

Me
0 N Me | H0 )V Me e T
0 125 0 0

122

So do 3.8. Co ché dé xudt hinh thanh hop chdt 125

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

Trong nhitng ndm gan day, cac hop chét di vong hop nhat chira dong thoi nhan
pyrimidine va pyran, dac biét 1a hé pyrano[2,3-d]pyrimidine-4-one, da thu hat sy
quan tdm manh mé ctia cac nha nghién ciru do tiém nang tng dung rong rai trong linh
vuc hoa dugc, dic biét 1a kha nang ¢c ché enzym acetylcholinesterase (AChE) lién
quan dén bénh Alzheimer [108, 109, 110, 111]. Su két hop gitra hai khung di vong
giau dién tr ndy tao nén mot khung cau trdc linh hoat, c6 kha ning twong tac manh
Vi trung tam hoat dong cia enzym thong qua lién két hydro, twong tac n—m va tuong
tac tinh dién, giup dinh hudng thiét ké cac hop chat c6 hoat tinh sinh hoc cao [100,
112, 113, 114, 115].

Trong khudn kho luan an, dé tong hop cac hop chat di vong mai pyrano[2,3-
d]pyrimidine-4-one, ching t6i tién hanh theo phan tng domino da thanh phan hai
budéc lién tiép trong cuing hé phan tng. Qua trinh tong hop gom hai giai doan chinh:

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

Giai doan dau 1a phan ung da thanh phan ba tac chat giira cyclohexane-1,3-
dione, malononitrile va arylaldehyde, co sy xuc tdc cia DABCO trong moi truong
acetonitrile dudi tac dung ctia vi song. Qua trinh nay dién ra thdng qua chudi phan
ting Knoevenagel — cong Michael — chu trinh héa néi phan tir — chuyén vi [1,3]-H,
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tao thanh khung 2-amino-4H-pyran-3-carbonitrile (ky hiéu chung la 128a—k) véi hiéu
SUat cao va do tinh khiét tot.

(ii) Giai doan 2 — Tur hop chdt trung gian tong hop céac dan xuat pyrano[2,3-
d]pyrimidine-4-one:

Cac trung gian thu dugc dugc cho phan tng vaéi anhydride acetic trong moi
truong H.SOs dam dic ¢ nhiét d6 cao (120°C, ¢6 hd tro vi s6ng), nham tién hanh
ngung tu — acetyl héa — khir nude va dong vong noi phan tir, hinh thanh hé di vong
pyrano[2,3-d]pyrimidine-4-one (ky hiéu 142a—k). Pay la phan ung da thanh phan
“one-pot” dic trung, thuan loi cho viéc ma rong pham vi tong hop céc dan xuat méi
c6 tiém ning hoat tinh sinh hoc.

Nhu vay, toan bo qua trinh tong hop dugc thiét ké hop ly, ké thira hiéu qua caa
xuc tac bazo hitu co DABCO & buéc dau va sir dung diéu kién acid manh & buéc hai
dé hinh thanh khung di vong mé rong, dam bao hiéu suat tong thé cao, thoi gian phan
rng ngan va tinh than thién maéi trudong, phd hop dinh hudéng tong hop hitu co xanh
hién nay.

3.4.1. Tong hop hop chit trung gian 2-amino-4H-pyran-3-carbonitrile

Chung toi da tién hanh tong hop hop chat 2-amino-4-methoxy-5-0xo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (128a) bang phan ung ba thanh phan tir
cyclohexan-1,3-dione (126), 4-methoxybenzaldehyde (127a) va malononitrile (72a).
Phan img dugc thyc hién trong dung moi acetonitrile (CH3CN) trong 20 phtt tai nhiét
d6 hoi luu dudi didu kien MW & 150W véi cac chit phan tmg 127a, 72a va 126 &
cung ty 1€ mol.

OMe
0 0
CN CN
H 0 0
ﬁ L. . B
MeO CN CH3CN 0~ "NH,
128a

127a

So do 3.9. Phan iing tong hop hop chat 128a
Hop chat 128a tao thanh dugc phan 1ap va xéac dinh cdu tric bang cac phuong
phap phd hién dai nhu IR, '"H NMR '*C NMR. Pho IR ctia hop chat nay cho thay cac
dai hap thu dic trung cho cac nhom chirc chinh trong phan tir nhu sau: dai rong va
manh tai 3459, 3322 va 3211 cm™ twong Uing vdi dao dong hoéa tri N-H cia nhom
amino bac I (-NH2); dai hép thu manh & 2186 cm™ déc trung cho dao dong C=N cua

nhom nitrile.
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Dic biét, dai hap thu & 1601 cm™ duoc gan cho dao dong C=0 lién hop trong
hé chromenone, bi dich xudng ving tan sb thip do hiéu tng lién hop n—x gitta nhém
carbonyl va lién két d6i C=C trong vong pyran, dong thoi chiu anh hudng cua hiéu
tmg hut dién tir tir nhém nitrile (~CN) va lién két hydro ndi phéan tir gitta —~NH. va
O=C. Su c6 mit dong thoi cua cac dai —~NHa, —C=N, va C=0 lién hop chimg minh sy
hinh thanh thanh cong cua khung 2-amino-4H-pyran-3-carbonitrile, 1a trung gian
quan trong cho qua trinh tong hop tiép theo din dén hé di vong pyrano[2,3-
d]pyrimidine-4-one. (Sor d6 3.9).
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Hinh 3.13. Phé 'H- NMR cua hop chit 128a
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Phd '"H NMR cuia chét trung gian 128a (Hinh 3.13) cho thiy hai doublet doublet
lan luot ¢ 7,16 va 6,82 ppm va mot singlet & 3,77 ppm, cho thdy su c6 mit cia vong
4-methoxyphenyl. Cac tin hi€u singlet ¢ 4,52 va 4,39 ppm twong tng vdi cac proton
NH> va proton CH trong nhom dihydrofuran. Sau proton trong vong cyclohexanone
dugc quan sat dudi dang multiplet & trudng cao & 2,63 — 1,95 ppm. Phé *C NMR cua
chét trung gian 128a xuét hién da 17 tin hiéu carbon véi d6 dich chuyén héa hoc ndm
trong khoang tir 196,0 dén 20,0 ppm (Hinh 3.14).

a1

— 158. 66
5
L

196.00
T7.27

<_

—135.52
17 .0
T6.77

[}
20.14

—115.5:;
—_—27.01

— 162,
157, 3¢
—128,
_—118.69
_55_ 3
——36.84
——34.65

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

Hinh 3.14. Phé *C- NMR ciia hop chat 128a

% Khdo sdt vé diéu kién xiic tac cho phdn ing tong hop hop chit trung gian
2-amino-4H-pyran-3-carbonitrile

Dé danh gia hiéu qua cta chat xic tic, mot s6 chét xtc tac khac nhau bao gom
ammonium acetate (NH4OAc), pyridin, 1,4-diazabicyclo[2.2.2]octane (DABCO),
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU), triethylamine (EtsN), 4-
dimethylaminopyridine (DMAP), di dugc thir nghiém trong qua trinh téng hop 2-
amino-4-methoxy-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (128a)
bang phan tng ba thanh phan cua cyclohexan-1,3-dione (126), 4-
methoxybenzaldehyde (127a) va malononitrile (Bdng 3.7). Tét ca cac phan Gmg duoc
thue hién trong dung méi acetonitrile (CH3CN) trong 20 phut tai nhiét d6 hdi luu dudi



76

diéu kien MW & 150W véi cac chat phan tmg 127a, 72a va 126 & cung ty 1& mol (So
do 3.9).

Bdng 3.7. Téi wu héa chat xiic tdc dé tong hop hop chdt 128a
Chit | Xuctic | Nhiét | Hiéu

STT R B Ghi chu
xuc tac | (mol%) | 4o (°C) | suat, %
1 | DABCO 5 82 25 -
2 | DABCO 10 82 65 -

Xuc tac tot cho hé Knoevenagel—
3 | DABCO 20 82 85 Michael—cyclization; phan ing

nhanh, cho hiéu suat cao

Hi¢u suat khong thay doi khi tang

4 | DABCO 30 82 85 o
Xuc tac
5 |NH4OAc| 20 82 46 Hiéu suét thap
Kém hon DABCO do tinh base
6 DMAP 20 82 67  |yéu va co ché nucleophilic khong
phu hop
Phan rng nhanh nhung sinh
7 DBU 20 82 69 S .
nhi€u san pham phu
Hiéu suat kém, dé tach nhung
8 EtsN 20 82 30

phéan rng khong hoan toan.
Trong khi d6, khi st dung 5 mol% DABCO nhu mét chét xtic tac base, san
pham 128a thu dugc voi hiéu suat 25%. Khi ting nong do xtc tic DMAP 1én 10

mol% va 20 mol%, hiéu suat phan ung ciing duoc ting 1én lan luot 1a 65% va 85%.

Khi ting nong do xtc tic DABCO phan ng tir 20 mol% 1én 30 mol% hiéu suat phan
ng khong thay doi. Két qua nghién ctru cho thdy phan tng “one-pot” ba thanh phan
sit dung 20 mol% DMAP trong ethanol trong 20 phat cho két qua t6t nhat vé hiéu
suat (Bang 3.7, muc 3). Dua trén s6 lidu nghién ctru trong Bdng 3.7, phan tng “one-
pot” ba thanh phan cta 4-methoxybenzaldehyde (127a) véi cyclohexan-1,3-dione va
malononitrile d3 duge tién hanh voi su hd trg cua 10 vi song 6 150W su dung 20
mol% DABCO nhu mét xtc tac base tdi wu.

% Khdo sdt vé diéu ki¢n dung méi va nhiét dé cho phdn teng tong hop hop
chit trung gian 2-amino-4H-pyran-3-carbonitrile

Tiép theo, phan ung “one-pot” ba thanh phan ctia 4-methoxybenzaldehyde
(127a) voi cyclohexan-1,3-dione va malononitrile da dugc tién hanh véi sy hd tro
cua 10 vi song & 150W stir dung 20 mol% DABCO trong cidc dung mdi hiru co khac
nhau (CH3CN, MeOH, #~-BuOH, i-PrOH, EtOAc, toluene, hoac tetrahydrofuran) & tai
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nhiét do s6i cua chung dé sang loc dung méi phan Gng t6i wu (Bdng 3.8). Két qua cho
thiy phan tmg trong CH;CN & 82°C trong vong 20 phut cho san phdm muc tiéu 128a
v6i hiéu suat cao nhat (85%).

Bdng 3.8. Sang loc diéu kién dung méi va nhiét do phdn vmg t6i wu cho

quy trinh tong hop hop chat 128a

STT Dung médi Nhiét @ (°C) Hiéu suat, %
1 -BuOH 83 33
2 EtOH 80 28
3 MeOH 65 30
4 EtOAc 78 35
5 Toluene 110 24
6 THF 66 30
7 CH;CN 60 47
8 CH3CN 70 69
9 CH;CN 82 85
10 CH3CN 90 85
11 CH;CN 100 85
12 CH;CN 110 83
13 CH;CN 120 82

Tiép theo phan tng tong hop duogc khao sat didu kién nhiét do phan tng véi
diéu kién dung méi 1a CH3CN, thoi gian phan tng 20 phat. Khi nhiét do phan tng
tang tir 60 dén 82°C, hiéu suit phan ung tao hop chat 128a ting dan. Trong khi do,
khi nhiét 46 duogc tang tir 82 dén 100°C, hiéu sut tong hop cia hop chat 128a khong
thay d6i. Khi ting nhiét d6 phan tmg 1én 120°C, hiéu suit phan ung giam tir 85%
xudng con 81%. Tém lai, phan (mg tong hop 2-amino-4-methoxy-5-0x0-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (128a) tir 4-methoxybenzaldehyde (127a),
cyclohexan-1,3-dione va malononitrile duoi chiéu xa MW duoc thuc hién & 82°C
trong dung moi CH3CN dé thu duoc hiéu suét cao nhét.

% Khdo sdt vé diéu kién thoi gian cho phén irng tong hop cdc hop chit trung
gian 2-amino-4H-pyran-3-carbonitrile

Cubi cung, phan tng “one-pot” ba thanh phan cia 4-methoxybenzaldehyde
(127a) v6i cyclohexan-1,3-dione va malononitrile d duoc tién hanh voi su hd tro
cua 10 vi séng & 150W str dung 20 mol% DABCO trong cac dung méi CH3CN, 6 tai
nhiét d6 82°C dugc sir dung dé khao sat thoi gian phan tGng toi uu (Bdng 3.9). Két
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qua cho thdy phan tGng trong CH3;CN & 82°C trong vong 15 phit 1a diéu kién thoi

gian ti vu.
Badng 3.9. Khao sdt diéu kién thoi gian phdn vng t6i wu tong hop hop chdt 128a
STT Thoi gian (phut) Hiéu suat, %
1 5 20
2 10 69
3 15 85
4 20 85
5 30 85

3.4.2. Tong hop hop chit di vong pyrano[2,3-d|pyrimidine

Tiép theo, hop chat pyrano[2,3-d]pyrimidine (142a) duoc tong hop thong qua
phan ung domino hai budc trong cung hé “one-por” dudi blric xa vi song, nhu trinh
bay trong So' d6 3.10. O budc tht nhat, 2 mol% DABCO duoc str dung lam xiic tac
bazo cho phan tng ba thanh phan giita cyclohexane-1,3-dione (1,0 duong luong),
malononitrile (1,0 duong lugng) va aldehyde (1,0 duwong luong) trong dung moi
acetonitrile. Hon hop phan ung duoc khudy o 82 °C trong 15 phat dudi buc xa vi
song (MW), tao thanh cac trung gian 2-amino-4H-pyran-3-carbonitrile (128a) thong
qua trinh ty ngung tu Knoevenagel — cong Michael — dong vong ndi phan tir.

O giai doan th hai, trung gian 128a duoc dong vong ngung tu véi 3,0 duong
lugng acetic anhydride (117), trong acetonitrile, voi H.SOs dam dac (0,4 duong
luong) lam xuc tac Bronsted dé hoat hoa tac nhan acyl hoa; phan tng tién hanh & 120
°C trong 15 phut dudi vi séng va tao thanh pyrano[2,3-d]pyrimidine (142a). Sau khi
két thuc phan tng va tinh ché, san pham 142a thu dugc véi hiéu suat 78%.

OMe OMe

(0]
U /@)}\ _DABCO ) CN 4 (CH;C0),0 (117
_—
CH3CN H2S04d,
MeO 127a 82°C, 15 min O NH, CH3CN,
2a 128a 120°C, 15 min

So do 3.10. Quy trinh tong hop hop chit 142a
Phé IR ctia 142a (Hinh 3.15) cho dai hap thu rong tai 34963266 cm™ gan
cho dao dong kéo gidn N—H (lién két hydro 1am dai mé rong). Cac dinh tai 3102
va 3011 cm™! thudc dao dong kéo gidn C—H thom; trong khi 2944 cm™ (kém
dinh yéu 2785 cm™) dugc quy cho dao dong kéo gidn C—H caa cac nhdm CHs
(OCHs/N—CHs, 6 thé chong 1an dai té hop). Hai dinh manh & 1682 cm™ va 1602

cm™' dic trung 1an lugt cho C=0 lactam cta nhan pyrimidinone (amide I lién hop) va
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dao dong khung C=N/C=C lién hop cua h¢ di vong—vung thom. Cac dinh 1510 va
1455 cm™ 1a dao dong khung C=C thom (va dong gop amide II cia N-H).
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Hinh 3.15. Phé IR ciia hop chit 142a

Cuym tin hiéu ddm ¢ 1302—1125 cm ™! gdm: C—O—C/C—O manh ciia vong pyrano
va nhom anisyl-OCH3s (ddc bi¢t dinh 1243 cm™ phu hop véi sy kéo gian Ar—-O—CHs),
kém cac dao dong C—N cuia vong pyrimidinone. Cac dinh tai 1079 va 1029 cm ™' tiép
tuc goi y sy hién dién cua lién két C—O trong khung pyrano/methoxy. O ving thép,
978 cm va 809 cm! 1a O ving tan so thap, cac dinh tai 978 cm™ va 809 cm ™' 1a dao
dong bién dang ngoai mit phang cua lién két C—H thom, dic trung cho vong benzen
c6 thé khong ddi xtng.

Tong hop cac dic trung: N-H (3458-3266 cm™'), C=0O lactam manh (1682
cm™'), h¢ C=N/C=C lién hop (1602-1510 cm™), cum C-O—C/C-0O (1302-1029 cm™")
va tin hiéu C—H thom ngoai mit phang (809—980 cm™') déu tuwong thich chit ché vai
cAu tric pyrano[2,3-d]pyrimidin-4-one mang nhén anisyl cta hop chit 142a.

Phd '"H NMR (Hinh 3.16) ctia 142a cho thdy mot dinh xuét hién tai dx (ppm)
13.2 (1H, s), gan cho proton NH trén khung pyrimidin—tin hi€u nay dac trung cho
NH lién hop véi hé C=0/C=N. Viing thom thé hién hai dinh d6i-doi tai dx (ppm) 7.22
(2H, dd, J = 7.2, 2.4 Hz) va 6.74 (2H, dd, J = 7.2, 2.4 Hz). Mau ghép nay phu hop
v6i nhan p-anisyl kiéu gan-AA'BB’: hang s6 ghép 10n (7.2 Hz) phan anh ghép ortho,
con hang sb nho (2.4 Hz) phan anh ghép meta yéu; hai cap 2H can xtmg cang c¢6 mo
hinh vong thom para-thé c6 —OCH.

Ngoai ra, tai dx (ppm) 4.90 (1H, s) gan cho proton oxymethine (H-4) trén cau
pyran; viéc khong thiy ghép rd rang phu hop vé6i vi tri ké di t6 O/N va tam bat ddi
1am mé rong ghép. Nhom methoxy ctia nhan anisyl xuét hién tai x (ppm) 3.7 (3H, s,
—OCHs), dang singlet gon ding ky vong.
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“hi€u ung hut dién t” tr cdc nhom C=0 lan can va su hop nhét vong lam bat d6i
xtrng moi truong. Ngoai ra, mgt dinh singlet tai o (ppm) 2.35 (3H, s) dugc gan cho
methyl ciia nhém acetyl (-COCHs) gén trén nhan di vong.

Nhu vy, tich phan cac dinh phu hop téng cong 18 proton (18H) trong phén tir
142a, cu thé v6i NH (1H), khung thom p-anisyl (4H), oxymethine cau (1H), methoxy
(3H), methyl acetyl (3H) va ba cdp methylene aliphatic (6H).
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Hinh 3.18. Phé >C -NMR ciia hop chat 142a
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Hinh 3.19. Phé gidn 3C- NMR ciia hop chdt 142a
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Phd 3C NMR (Hinh 3.18; Hinh 3.19) ctia 142a cho 18 tin hiéu quan sat duoc;
trong d6 hai cip ¢ ving thom xuét hién dang “2C” (do tinh d6i xtrng ctia nhan anisyl
p-OCHs: C-2'/C-6' va C-3'/C-5' trung nhau). Véi cdu trac 19C, diéu nay 1a hop 1y vi
thudng c6 mot cacbon bac bdn sp? rit yéu/che khuit (& vung 158-161 ppm) nén
khong tach riéng dugc thanh mét dinh riéng biét.

Xuét hién dinh tai dc (ppm) 196.5 ppm dic trung dic trung cho carbonyl xeton
aliphatic ctia phan vong no ngung tu. Hai dinh dc (ppm) 165.0 va 164.7 thudc hai
C=0 lién hop con lai (mdt ciia vong lacton va mot cia nhém carbamoyl gan N—H).
Cum Jc (ppm) 160.8, 158.4, 158.2 ppm 1a cac cacbon sp? bac bén gan di td (C—
O/C=N), trong d6 c6 C-4" mang —OCH3 cua nhan anisyl;

Vung thom cho C-1' (ipso) & dc (ppm) 135.7 ppm do gan truc tiép vao hé di
vong lién hop; hai cip dc (ppm) 129.4 (2C) va 113.5 (2C) lan luot 13 ortho va meta
cua nhan anisyl p-OCHs. Tin hi¢u dc (ppm) 116.1 ppm thudéc mot cacbon sp? trong
phan khung di vong lién hop chiu anh hudng cua nhém carbonyl (CH/Cq lién hop
canh C=0), phan anh sy kéo dich bai lién hgp. Dinh dc (ppm) 103 ppm la cacbon O—
CH-O trong ciu pyran (cacbon mang proton don & Jx (ppm) 4.9), dién hinh cho
“cacbon kiéu acetal”.

Nhom thé aliphatic thé hién r3: dc (ppm) 55.2 1a —OCH: thom; dc (ppm) 21.2 1a
CHs cta nhom acyl (-COCH3) trén mach -NH-COCHs. Ba dinh éc(ppm) 32.1, 27.3,
20.3 thudc ba methylene ciia vong cyclohexanone ciu héa. Tin hiéu dc (ppm) 36.9
nam trong dai methylene/methine aliphatic chju anh huéng cta di t6; véi dir kién 'H
(singlet & 8u 4.90 ppm) dinh nay nhiéu kha ning 12 methine bdo hoa nim trong moi
truong 1an can di td trong khung cau.

Téng the, bo tin hiéu trén khang dinh day di ba nhom carbonyl lién hop, nhan
anisyl p-OCHs ddi xtng (tao hai cip 2C), cacbon acetal O—~CH—O va khung no 3
nhém -CH: ciia vong cau. Do d6, pho *C hoan toan twong thich véi ciu tric 142a.

Trén pho khéi phan giai cao ctia hop chat 142a (Hinh 3.20) tim thdy manh ion
c6 m/z 339.134 [M+H]" twong tmg vai khdi luong tinh toan theo 1y thuyét cho cong
thirc C19H19N204, 339.134 va manh ion c6 m/z 361.115 [M+Na]* twong tng voi khbi
luong tinh toan theo 1y thuyét cho cong thirc C19H1sN2NaOg, 361.116.

Két qua nay phu hop voi cong thire phan tir dy kién ctia hop chat 142a 13
C19H1sN204.
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Spectrum from 20220313 wiff2 (sample 32) - TG254 5782, Experiment 1, +IDA TOF MS (20 - 4500) from 0.004 min
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Hinh 3.20. Phé HRMS ciia hop chat 142a
Ap dung quy trinh t6i vu nhu trén, ching t6i da tong hop thém dugc day cac
hop chét pyrano[2,3-d]pyrimidine 142b-k m&i v6i cac nhom thé khac nhau théng qua
cac phan tng da thanh phan hai buéc nhu So do 3.11.

Nhin chung, céc aldehyde mang hoac nhém hut di¢n tir (nitro, halogen) hoac
nhom day dién tir (methyl, methoxy) & céc vi tri khac nhau mang cho hiéu suat phan
ing cao (73-81%). Nguoc lai, voi cac aldehyde chtra di vong tao thanh cc san pham
142, k v6i hiéu suat thap hon (63-67%). Tat ca cac san pham 142b-k thu dugc xac
dinh déu duoc khang dinh cdu trac bang cac phuong phap pho hién dai nhu IR, 'H
NMR 3C NMR va HRMS.

Co ché hinh thanh san pham 142 dugc dé xuat theo So' @6 3.12. Phan tng khoi
dau bang sy ngung tu Knoevenagel giita cyclohexane-1,3-dione (126) va aldehyde
(127), tao thanh lién hop a,B-khdng no hoat hoa (129). Tai day, nhém carbonyl lién
hop v6i vong Ar thé hién hiéu tng cam tng va cong huong theo hudng hit electron,
khién 129 tré thanh hé nghéo mat do electron, dong vai tro electrophile vu thé trong
budc phan g ké tiép. Trung gian (129) khong ton tai cd dinh & mot dang, ma lién
tuc tautomer hoéa nham ha thép nang luong Gibbs, qua d6 m¢ dudng thuan lgi cho su
cong Michael ngoai phan tir voi malononitrile (72a), hinh thanh san pham cong
Michael (130). Tir diém nay, ban chat phan (mg chuyén tir huéng dong hoc sang bi
diéu khién boi yéu t6 nhiét dong. Sy xuét hién cua acetic anhydride (117) cuc ky quan
trong, 14 tic nhan acyl héa — khir nude chién lugc, co kha ning kéo phan g vé phia
tao cau trac c6 mic nang luong toi wu, dong thoi loai bo nude dudi trang thai “an”
thong qua co ché acyl hoa trung gian.
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o Ar O A O
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U ’ Ar)I\H TGN cHCN | o | NH M2S04d. | ° l /)\C
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NH NH
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142e (79%) 142h (75%)

142i (76%) 142j (67%) 142k (63%)
So do 3.11. Quy trinh tong hop hop chdt 142b-k

Nho d6, 130 duoc tai to chte dién tir tung budc mot cach cé dinh huong dé tao
trung gian hoat héa 131 va sau d6 tién t6i dong vong nucleophilic vao nitrile, sinh ra
amidine vong 132. Cau trac 132 tiép tuc 6n dinh théng qua chuyén vi hydride kiéu
1,3 noi phan tir, budc ndy dong vai tro tai phan phdi electron vao vi tri téi uu ning
lugng, tao nén trung gian enaminone (133) — va ddy méi 1a diém phan nhanh quyét
dinh toan bd hudng phan trng, vi tir day, hé m duoc khoa dan theo hudng wu tién nhiét
dong tuyét ddi. Trung gian 133 sau d6 dong vong ndi phén tir qua (134 — 135), dong
thoi acetic anhydride (117) dong vai tro kéo can bang vé phia khir nudc, loai bo acid
acetic (AcOH) dé tao dang ban vong (136). Hé nay tiép tuc trai qua chudi tautomer
hoéa — khtr nuéc — proton héa tuan tu (137 — 138 — 139 — 140 — 141), tién tGi tai
thiét 1ap hé lién hop m mo rong, cudi cung dat dén dang quinonoid thom hoa bén nhiét
dong nhat — san pham (142).

Nhu vay, co ché phan tng 1a mot phan ing domino da thanh phan dudi diéu
kién « one-pot », van hanh theo chudi Knoevenagel — cong Michael ngoai phan tir —
acyl hoa hoat hoa — dong vong ndi phan tir — khir nudc — thom hoa, trong dé budc
dinh huéng quyét dinh co ché 1a sy tai té chtrc dién tir dudi didu kién khir nuéc do

acetic anhydride (117) chi phdi, ching to6 phan tng hoan toan chiu su diéu khién boi



85

yéu td nhiét dong thay vi dong hoc tirc thoi, vi vay dat hiéu qua st dung nguyén tir

(atom economy) t6i wu.
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So do 3.12. Co ché d@é xudt hinh thanh sdn phdm 142a-k

3.5. Tong hop cac hop chit pyranonaphthoquinone chira di t6 flo

Pé tong hop cac hop chit pyranonaphthoquinone chira di té flo, luan an da
nghién ctru khao sat diéu kién toi wu cho phan tng ba thanh phan giita 2-hydroxy-
1,4-naphthoquinone (45), 4-(4-fluorophenoxy)benzaldehyde 143a va enaminone
(146) (So do 3.13 ). Hop chat enaminone 146 dugc tong hop tir N,N-
dimethylformamide dimethyl acetal va acetophenone trong dung mdi acetonitrile &
nhiét do s6i hoi luu trong 1 gid theo cong bd trude diy [116]. Phan tng duge thuc
hién trong cac dung mdi khac nhau (acetonitrile, ethanol, fert-butanol, propan-2-ol va
toluene) & nhiét ¢ 80 dén 120°C khi c6 hodc khong c6 chat xuc tac. Két qua chi tiét
dugc trinh bay & Bang 3.10. Két qua thyc nghiém cho thay phan ung khong dién ra
néu khong c6 chat xuc tac. Khi str dung acetic acid bang lam xuc tac véi ham lugng
20 mol% v&i cac dung moi ké trén, chiing toi thu dugc hop chat 3-(4-fluorobenzoyl)-
4-(4-(4-fluorophenoxy)phenyl)-4 H-benzo[g]chromene-5,10-dione (151a) nhu mong
mudn, tuy nhién hiéu sudt chi khoang 15-32%. Do d0, chiing t6i tiép tuc tién hanh

cac phan tng véi dung méi acetic acid bang & cac nhiét do khac nhau. Hi€u suat tong



86

hop hop chat 151a ting vot dén 77% khi sir dung acetic acid bang 1am dung méi va
nhiét d0 phan ung nang Ién 110°C. Viéc nang nhiét d0 phan ung Ién 120-140°C da
1am giam hiéu suét c6 thé do tao thanh hdn hop nhiéu san pham. Nhu vdy, voi viée
str dung dung moéi acetic acid lam dung méi déng thoi 14 xtc tac va nhiét do phan Gmg
110°C 1a diéu kién tdi vu dé tong hop hop chit 151a.

(0] (0]
F CHO WN,CH3 MW
|O‘m + +
OH F CHs solvent
o 0 catalyst
45

143k 146 151a

So do 3.13. Tong hop cdc dan xudt pyranonaphthoquinone 151a

Bang 3.10. Anh huéng ciia dung méi, xiic tdc va nhiét dé dén phan ing tong

hop hop chat 151a
STT | Dung mdi Xiic tac Nhiét @9 (°C) | Hiéu suat (%)
1 CH3CN - 82 -
2 EtOH - 80 -
3 -BuOH - 83 -
4 i-PrOH - 83 -
5 Toluene - 110 -
6 CH3;CN gl. AcOH (20 mol%) 82 15
7 EtOH gl. AcOH (20 mol%) 80 24
8 -BuOH gl. AcOH (20 mol%) 83 29
9 i-PrOH gl. AcOH (20 mol%) 83 25
10 Toluene gl. AcOH (20 mol%) 110 32
11 gl. AcOH - 120 76
12 gl. AcOH - 110 77
13 gl. AcOH - 100 61
14 gl. AcOH - 90 56

*ty 1¢ tac nhan 1/1/1, MW, thoi gian 30 phuit

Céu trac cua hop chit 3-(4-fluorobenzoyl)-4-(4-(4-fluorophenoxy)phenyl)-4 H-
benzo[g]chromene-5,10-dione (151a) duoc xac nhan bang cac phuong phap phd IR,
NMR va HRMS.
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Hinh 3.21. Phé IR ciia hop chdt 151a

Phé IR (KBr) (Hinh 3.21) cua hop chit 151a cho cac dinh hap thu dic trung.
Cu thé, dinh tai 3097 cm ™' dugc gan cho dao dong kéo gidn C—H thom; cac dinh 2924
va 2854 cm™' thudc dao dong kéo gidn C—H aliphatic yéu, thuong lién quan dén tin
hiéu nén hoic vét dung méi. O viing carbonyl, pho xuat hién mét dinh tai 1732 cm™,
dugc gan cho dao dong kéo gidn C=0 ciia nhom carbonyl. Pong thoi, cac dinh tai
1660 va 1638 cm™* dic trung cho cac dao dong C=0 lién hop kiéu quinone, c6 thé
chdng 1an mot phan véi dao dong C=C cua hé thom lién hop. Cac dinh tai 1602, 1495

va 1463 cm™' dugc gan cho dao dong khung C=C cua cac vong thom.

Céc dinh tai 1360 va 1308 cm™ lién quan dén dao dong trong mit phang cua
khung vong thom va su xuat hién cua cac dao dong C—O. Cac dinh manh tai 1243,
1214 va 1194 cm™ 1a dic trung cho dao dong kéo gidn C-O—C cua lién két ether thom
aryl-O-aryl. Céac dinh tai 973 va 929 cm™ duoc gan cho dao dong uén ngoai mat
phiang cia C—H thom, trong khi dinh tai 849 cm® phl hop véi kiéu thé trén vong
benzene, thudng gap o cac vong thom p-thé. Binh tai 760 cm™ tiép tuc dic trung cho
dao dong ubn ngoai mat phang ciia C—H thom trong hé vong aryl. Tong hop céc tin
hiéu trén cho thay su phi hop cia pho IR thu duoc va cau tric hda hoc dé xuat caa
hop chat 151a.

Trén pho '"H NMR cila hop chat 151a xuét hién tin hiéu singlet tai do dich
chuyén 5,40 ppm duoc quy két cho proton H-4 va tin hi¢u singlet tai 7.47 ppm duoc
quy két cho hai proton H-2 thudc vong pyran. Cac proton H-6, H-7, H-8 va H-9 thudc
khung naphthoquinone cong hudng & truong thap tai cac d6 dich chuyén 8.16 (1H, t,
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J=4.8 Hz), 8.05 (1H, t, J=4.8 Hz), 7.76 — 7.74 (2H, m). Mudi hai proton thom con
lai cong huong dudi dang triplet hoac doulet-triplet & vung 7.64-6.90 ppm.
HAO04.80-CDC13-1H
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Hinh 3.22. Phé 'H- NMR ciia hop chdt 151a
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Hinh 3.23. Pho gidn 'H- NMR ciia hop chdt 151a
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Hinh 3.24. Phé >C- NMR ciia hop chat 151a
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Hinh 3.25. Phé gidan 3C- NMR ciia hop chdt 151a
Trén phod '*C NMR ciia hop chat 151a xuét hién day du tin hidu cta 32 nguyén
tir carbon trong phan tir. Nhom ketone lién két voi vong pyran va hai nhom ketone

ctia vong naphthoquinone duoc quan sat 1an luot & dc 191.8, 183.0 va 177.8. Cac tin
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hiéu 6c 165.3 (CF, d, J=253.5 Hz), 159.0 (CF, d, J = 240.0 Hz) thudc vé cac carbon
lién két truc tiép véi flo. Trong khi d6, cac tin hiéu doublet tai oc 131.3 (2C, d, J =
7.5 Hz), 121.0 (2C, d, J = 9.0 Hz), 116.3 (2C, d, J=22.5 Hz) va 115.8 (2C, d, J =
21.0 Hz) thude vé céac carbon bi anh huong boi nhom thé C-F. Tin hiéu tai dc 33.9
ppm dugc quy két cho C-4 thudc vong pyran.

Bdng 3.11. Dit liéu phé NMR ciia hop chat 151a

C oc OH
C=0-benzoyl 191.9 —
5 183.8 -
10 177.9 -
4 33.9 5.40 (1H, s)
2 121.0 7.47 (1H, s)
6/9 128-134 7.94-8.16 (4H, m)
43, 5a, 9a, 10a 148.6-157.2 -
I 149.8 —
2'/6' 130.0 7.38 (2H, dt, J=8.4,1.8)
3'/5' 116-117 6.99 (2H, t, J=9.0)
1” 159.0 (d, 1J_CF =240 Hz) —
2"/6" 116.3,115.8 (d, 2J_CF =21 Hz) 6.86-6.90 (2H, m)
3"/5" 131.3,121.0(d,3)_ CF=7-9 Hz) 6.99-7.38 (2H, m)
1” 165.3 (d, 2J_CF = 253 Hz) -
2"/6" 116-117 (d, 2J_CF =21 Hz) 7.64 (2H, dd, J =8.4,5.4)
3"/5" 131/121 (d, 3J_CF =7-9 Hz) 7.13 (2H, m)

Tin hi€u cta céac proton va carbon trong vung quinon cung sy hi¢n dién cta ba
carbonyl, hai nhan thom chra fluor va nhém phenoxy duogc ching minh ro qua dir
kién NMR va IR, cho phép khing dinh cdu trac cua hop chit 151a 1a 3-(4-
fluorobenzoyl)-4-(4-(4-fluorophenoxy)phenyl)-4H-benzo[ g]chromene-5,10-dione.

Trén co so két qua tong hop dan xuat 151a, ching toi di tién hanh tong hop
thanh cong cac din xuét pyranonaphthoquinone 151a-e v6i hiéu suat 71-79% duoc

dua ra trong Badng 3.12.

A\ gIaC|aI AcOH
CHO + CH
o|-| *’ 3 MW, 110 °C

30-60 min
146 151a-e

So do 3.14. Tong hop cdc dan xudt pyranonaphthoquinone 115a-e
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Badng 3.12. Tinh chadt vt Ii va hiéu sudt cua day chat 151a-e

. o, Nhiét dd Hiéu suit
TT | Hop chat R Mau sac i )
nong chay (°C) (%)
1 151a O(4-FCeHa) Mau vang 270 77
2 151b 2-F Mau vang 279 74
3 151c 4-CF3 Mau vang 265 73
4 151d 4-Cl Mau vang 275 79
5 151e 3-NO; Mau vang 264 71

Co ché hinh thanh san pham 151a-e dugc dé xuit theo So' do 3.15. Phan mg ba
thanh phan nay bat dau bang phan ung ngung tu Knoevenagel cta 2-hydroxyl,4-
naphthoquinone (45) v&i benzaldehyde 143, tao trung gian arylmethylene-
naphthoquinone (144), sau d6 khtr nu6c dé hinh thanh 1,2,4-naphthalenetrione (145)
— mot tac nhan rat manh do lién hop sdu véi ba nhom carbonyl. O bude tiép theo,
enaminone (146) thuc hién cong Michael tai vi tri carbon B cta 145, tao trung gian
147. Tur 147, xay ra vong hoa kiéu oxa-Michael ndi phan tir: nhom phenolat hinh
thanh tryc tiép tir 2-OH cua 45 tdn cong vao nhom carbonyl 14n can, khép thanh vong
chromene sau canh, tao trung gian 148 mang cau tric oxoni tam thoi. Dudi tic dung
ctia dung moi acid axetic bing, trung gian 148 dé dang loai bo nhom dimethylamine,
vi nhém nay da duge proton hda va trod nén cuc ky dé tach ra khéi phan tir, tao thanh
trung gian 149. Cudi cung, cac budc chuyén proton va sip xép lai lién két n dién ra,
gitp khoéi phuc hoan chinh hé 1,4-naphthoquinone 5,10-dione, di qua trung gian 150,
va dugc on dinh & san pham cubi cung 14 pyranonaphthoquinone 115.

Tir cac két qua thuc nghiém cho thdy nhom thé day hodc hut dién tir trén
benzaldehyde gan nhu khong lam thay doi dang ké hiéu suat phan tng. Piéu nay chi
ra rang budc quyét dinh téc do khong nam ¢ giai doan ngung tu ban dau giita 45 va
143, ma chi yéu duoc chi phdi béi qua trinh hinh thanh va chuyén hoa cua trung gian
1,2,4-naphthalenetrione (145). Co ché phan (ng mang tinh kiém soat nhiét dong hoc,
trong d6 vi song va moi trudng acid (AcOH) déng vai tro kich hoat ddng thoi nhiéu
budc domino lién tiép, gitip ting téc do phan Gtng mot cach tong thé ma khéng 1am
anh hudéng dén d6 chon loc ciu trac. Két qua nay hoan toan phu hop véi ban chat cua
mot phan tmg domino ba thanh phan trong vi séng, trong d6 ning lwong vi song két
hop v6i moi truong acid bang giup dan dit phan tng theo hudng tao san phim c6 do

6n dinh nhiét dong hoc cao nhat.
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Fo
- HaN(CH3),

So do 3.15. Co ché d@é xudt hinh thanh hop chat 151

3.6. Panh gia hoat tinh sinh hoc ciia cac chét tong hop dwoe

Xuat phat tr dinh hudng thiét ké cac khung di vong hop nhat mang nhan
anthraquinone hodc chromene — von 1 nhiing cau trac hién dién trong nhiéu hop chét
c¢6 hoat tinh chéng ung thu, khang khuan va chdng oxy héa manh — luan 4n da tién
hanh tong hop mot loat ddn xuat méi ¢ cau trac da dang nhu benzo[g]chromene-
5,10-dione,  benzo[g]furo[3,4-b]quinoline, chromeno[2,3-d]pyrimidine ~ va
pyrano[2,3-d|pyrimidine.

Cac hé vong nay déu duoc xdy dung dua trén khung trung tim 1-aza-
anthraquinone hodc naphthoquinone bién tinh, cho phép mé rong kha nang twong tac
voi dich sinh hoc nho cac hé « 1ién hop md rong va su hién dién ctia cdc nhém thé
diéu huong dién tir nhu —F, —CFs, —OCF3s, —OCHs hoac cac di vong thom tai vi tri
ngoai bién.

Muc ti€u cua phﬁn danh gia hoat tinh sinh hoc nham xéac dinh tiém nang gay doc
té bao in vitro cua cac hop chét tong hop duoc, dong thoi bude dau phan tich mdi
quan hé cau trac — hoat tinh (SAR) dé 1am rd vai tro cia timg khung di vong va vai
trd clia cac nhom thé trong viéc lam thay doi mtrc do hoat tinh sinh hoc cta hop cht.

Viéc lya chon cac dong té bao ung thu dai dién (KB, HepG2, A549, MCF-7)
gitip dinh huéng danh gia pho hoat tinh trc ché ting sinh té bao ung thu va chon loc
mo dich. Két qua thu duoc khong chi cung cap co s thuc nghiém cho viée xac dinh
cac hop chit ¢ hoat tinh sinh hoc 1y thii ma con dong vai trd quan trong trong viéc
xéac thue dinh hudéng thiét ké cau tric nhu so do dinh huéng tong hop & Sor do 3.1,
g6p phan dinh hinh chién luoc phét trién cac din xuét di vong méi c6 trién vong tng
dung trong hoa duogc

3.6.1. Két qua dinh gid hoat tinh gdy dic té bao ciia cdc din xudt 1-aza-
anthraquinone chira vong y-butyrolactone (106a-m)

Trong phan tiép theo ciia nghién ctru nay, cac dong té bao HepG2 (ung thu
gan), KB (ung thu biéu mé), A549 (ung thu phoi) va MCF7 (ung thu va) da dugc st
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dung dé danh gia doc tinh té bao cua cac hop chit y-butyrolactone lién hop voi
azaanthraquinone méi (hop chat 106). Két qua danh gia hoat tinh gy doc té bao cho
thiy hau hét cac hop chat trong diy 106a—106m thé hién kha ning trc ché su ting
sinh té bao ung thu & cac mirc d6 khac nhau nhu Bdng 3.13. Trong d6, 10/13 hop chét
c6 gia tri ICso ndm trong khoang 5,77-34,93 uM, cho thay phé tac dung twong dbi
rong trén ca bon dong té bao thir nghiém (KB, HepG2, A549 va MCF7) [79].

Déng chu ¥, ba hop chat 106d (Ar = 2,5-difluoro-4-methoxyphenyl), 106e (Ar
= 4-methoxy-2-(trifluoromethyl)phenyl) va 106i (Ar = 4-(trifluoromethyl)phenyl) thé
hién tinh chon loc rd rét ddi véi dong té bao ung thu phdi A549, véi gia tri ICso 1an
luot 1a 5,77 = 0,17; 6,58 £ 0,25; va 5,81 + 0,27 uM — muc hoat tinh dugc xem la
dang quan tAm dbi véi cac hop chat méi. Su hién dién cua cac nhom fluoro va
trifluoromethyl trong nhan aryl ¢6 thé 1am ting d6 ky nudc phan tir, tir d6 ting cudng
tuong tac m—m va hydrophobic gitta khung azaanthraquinone vai cac dich sinh hoc
nhu protein tubulin, gop phan cai thién hoat tinh sinh hoc tong thé [117].

Nhu vay, cic két qua thir nghiém da khang dinh tiém ning cta hé y-
butyrolactone gin-1-azaanthraquinone trong viéc phat trién cac tac nhan chéng ung
thu mdéi. Bac biét, ba hop chat 106d, 106e va 106i duoc xem 1a cac hop chat tiém
nang dinh hudng phat trién thude va nén duoc lua chon dé tiép tuc nghién ctru co ché
tac dung & muc phan tor thong qua phan tich docking va danh gid tuong tac voi
tubulin, procaspase-6, cling nhu khao sat cac ddc tinh dugc dong hoc va doc tinh du
doan (ADMET).

O Ar e)
X
| o)
~
N
(0]
106

Bang 3.13. Péc tinh té bao ciia cdc hop chdt 106a-m da tong hop doi véi cdc
dong té bao KB, HepG2, MCF7 va A549

T Ho’p Gia tri ICso (uM)
chat KB HepG2 AS549 MCF7
1 106a |31.34+1.05 |26.53+0.80 22.58 £ 1.08 17.13 £ 1.62
2 106b | >41.10 >41.10 >41.10 3493 +1.75
3 106¢c | 26.88+1.08 |22.93+£0.56 17.53 £1.37 14.48 £ 0.34
4 106d |24.72+£0.69 |[2097+1.13 5.77 £0.17 1495+ 1.08
5 | 106e |22.42+093 |22.12+0.91 6.58 +0.25 17.32 £0.59
6 | 106f |32.21+1.04 |28.54+1.01 2491+ 1.47 18.68 £ 0.56
7 | 106g |2586+1.11 |20.38+1.11 14.27 £ 1.39 12.79 £ 0.19
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| Hop Gi4 tri ICs) (uM)
chit KB HepG2 A549 MCF7
8 | 106h |23.63+148 [28.05+0.89 |8.96+0.39 19.84 + 2.03
9 | 106i [21.91+142 [18.67+125 |5.81+0.27 15.64 + 1.66
10 | 106j |31.87+0.81 |3137+1.42 [9.21+0.31 16.20 + 1.92
11 | 106k |>36.34 >36.34 2326+ 1.54 |2523+1.43
12| 1061 |>35.44 >35.44 >35.44 25.10 + 0.40
13| 106m |25.18+1.20 |21.66+1.09 |21.19+1.44 |1439+£0.31
14 | Ellipticine | 1.75 +0.08 | 1.75 = 0.08 1.79 + 0.08 1.79 +0.08

Xét vé tam quan trong duoc 1y ciia aza-anthraquinone va y-butyrolactone, trong
cac nghién ciru trude day cia chung t6i [29] [94], din xuét dihydrobenzo[g]furo[3,4-
b]quinolin 51 chira dj té flo 13 tac nhan chéng ung thu manh d3 duoc tong hop va
danh gia vé doc tinh té bao cua chung. Pang chu y, din xuat dihydrobenzo[g]furo[3,4-
b]quinolin 51 v&i Ar' = 4-(difluoromethoxy)-3-hydroxyphenyl thé hién hoat tinh gay
doc té bao nodi bat ddi voi bon loai dong té bao ung thu & ngudi (KB, HepG2, A549
va MCF7). Ngoai ra, cac md phong phan tir chi ra ring cac tuong tac ky nude véi cac
chat con lai tai giao dién giita cac tiéu don vi a- va B-tubulin gop phan vao su lién két
muc tiéu. Do sy hién dién ctia nhém N-H, cac tuong tac xép chong n—x di duoc quan
sat giita nhom naphthoquinone va khoang lién két, nhung khong phai véi chét twong
tu aza-anthraquinone [94] Nhom N-H ciing déng vai tro 1a chat cho lién két hydro,
tuong tac véi cac chit con lai chinh trong tiéu don vi a-tubulin, chéng han nhu Thr179
va Vall81. Tuy nhién, vai trd ctia hydro nay trong khung aza-anthraquinone van chua
duogc lam sang t6. Dé kham pha diéu nay, chiing t6i tap trung vao viéc stra d6i nhom
N-H cho electron bang cach loai bé nguyén tir hydro nham thay d6i cau hinh lién két
hydro va tang tinh ky nudc cua hé aza-anthraquinone. Tinh ky nudc dugc tang cuong
du kién s& ting cudng céc twong tac xép chong bén trong vi tri lién két colchicine cia
tubulin, do d6 cai thién &i luc lién két va co kha nang tang cuong hoat dong sinh hoc.
Do vay, chiing t6i di nghién ctru tong hop cac dan xuat 1-azaanthraquinone chtra
vong y-butyrolactone 106a-m bang phan Ung oxy héa cac dan xuit
dihydrobenzo[g]furo[3,4-b]quinoline 51a-m nham hudng dén phat trién thudc chéng
ung thu dich.
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3.6.2. Hoat tinh gdy déc té bao ciia cdc din xudt chromeno[2,3-d]pyrimidine

chira di 16 flo

125a,b,e-k

125¢,d,l

Nhu d3 nghién ctru trong phin tong quan, cac hop chit di vong pyrimidine

thudng cd c6 hoat tinh sinh hoc nhw khang viém, khang khuan, khang vi rat va dic

biét 1a hoat tinh chéng ung thu. Cac phan tir pymidine déng vai tro quan trong trong

cac qué trinh sinh hoc khac nhau. Do sy giong nhau vé cau truc véi cdp base

nucleotide cia DNA va RNA, pyrimide duoc xem 13 hop chit c6 tiém ning trong diéu

tri ung thu. Do do6, luan an da tién hanh khao sat hoat tinh gay doc té bao cla cac hop

chat chromeno[2,3-d]pyrimidinine 125a-1 theo phuong phap MTT trén cic dong té

bao ung thu & ngudi (ung thu biéu mé KB, ung thu phdi A549, ung thu gan HepG2,

ung thu vt MCF-7) va trén dong té bao lanh Hek-293. Ellipticine, mot tic nhan chong

ung thu dang dugc st dung trong lam sang, dugc st dung lam chit tham khao.
Bang 3.14. Két qua khdo sat hoat tinh gdy déc té bao ciia cdc hop chdt 125a-1

T Mau Gia tri ICs0, pM
thur KB A549 HepG2 MCF7 Hek-293
1 | 125a |61.21+4.87 |20.60+1.96 | 61.52+5.59 | 56.91 +5.79 | 73.88 + 7.18
2 | 125b | 9.86+0.71 | 7.72+0.63 | 8.96+1.03 | 7.80 £0.74 | 32.32+3.22
3| 125¢ | 8.35+0.76 | 2.020.17 | 6.14+£0.52 | 2.69 £0.26 | 28.36 £ 2.60
4 | 125d |42.72+4.85| 8.67+0.77 | 52.20+6.26 | 53.76 £ 6.58 | > 71.69
5 | 125¢ |55.00+4.74 | >73.33 >73.33 > 73.33 >73.33
6 | 125f | >7333 |5729+527| >73.33 >73.33 >73.33
7 | 125g | 9.69+0.71 | 8.60+0.81 | 9.81+0.98 | 9.52+0.84 | >76.49
8 | 125h | >76.49 > 76.49 > 76.49 > 76.49 > 76.49
9 | 125i | >6832 |3745+4.04| >6832 > 68.32 > 68.32
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Miu Gia tri ICso, pM
TT ]

thw KB A549 HepG2 MCF7 Hek-293
10 | 125§ | >70.43 >70.43 >70.43 >70.43 >70.43

11 | 125k |45.73+£4.56 | 50.33 +4.18 | 41.48 +3.31 | 47.00 £4.87 | 47.16 £5.14

12 | 1251 |23.47+2.58 | 1.76 £0.23 | 23.73 £2.02 | 24.57 +£2.29 | 22.50 £2.25

Ellipti
13 126+0.12 | 1.66+0.20 | 1.75+£0.16 | 1.46+0.12 | 4.75 £ 0.65
cine

Két qua khao sat duoc trinh bay & Bang 3.14, cac hop chit 125b (R = 2-F),
125¢ (R = 2-F-4-OCOMe), 125d (R = 3-F-4-OCOMe), 125¢g (R = 3-F-4-OMe) va
1251 (R = 3-OCOMe-4-OCHF>) thé hién kha nang trc ché manh dong té bao ung thu
phdi A549 véi gia tri ICso 1an luot 14 7.72 + 0.63; 2.02 + 0.17; 8.67 + 0.77; 8.60 +
0.81va 1.76 = 0.23uM. Trong d6, hop chéat 1251 @c ché té bio A549 gan tuong duong
véi ellipticine (ICso = 1,66 pM). Cac hop chat 125b,¢,g (rc ché té bao ung thu va
MCF7 tuong d6i tot véi gia tri ICso twong tng 1a 7.80 + 0.74; 2.69 + 0.26 va 9.52 +
0.84 uM. Déi véi cac dong té bao ung thu Kb va HepG2, cac hop chat 125b,c¢,g dat
gia tri ICso trong khoang 6,14 dén 9,86 uM. Cac hop chét con lai thé hién hoat dong
trc ché ca 4 dong té bao ung thu khong dang ké (ICso > 9 pM). Bén canh dé, cac hop
chat 125a-1 tc ché yéu hon dong té bao lanh véi ICso > 22,5 pM. C6 thé thiy, hop
chat 125¢ va 1251 c6 thé xem 1a hai hop chit tiém ning nhét trén cac dong té bao
A549, MCF7 trong sb cac hop chét da thir nghiém.

Nghién ctru so bd vé mdi quan h¢ cAu triic va hoat tinh cta céc hop chit 125a-1
cho thiy hiéu tng ctia cac nhom thé chira flo ¢6 vai tro 16 rét trong ting hoat tinh:

> Nhém fluoro (—F) hoic difluoromethyl ((OCHF-) gop phan ting tinh ky nuéc
va kha ning thAim mang, tir 46 ning cao gan két vai dich sinh hoc va tinh bén chuyén
hoa.

> Nhém acetyloxy (-OCOCHS:) trén nhan aryl tao hiéu tmg hut dién tir gitp 6n
dinh dién tich phan b trén ving di vong, lam ting dich chuyén héa hoc trong phd
NMR va déng tho1i tang hoat tinh sinh hoc.

» So sanh cac cap c6/khong nhom acetyloxy (vi du 125¢ so véi 125b; 1251 so
v6i 125g) cho thiy mau c6 acetyloxy ludn c6 ICso thap hon dang ké, chtng to hiéu
g cong hudng giita nhom flo va acetyloxy mang lai sy t6i uu hoa hoat tinh.

Dic biét, 1251 mang nhém 3-OCOCH:-4-OCHF--aryl dat hiéu qua gan tuong
duong ellipticine trén A549 nhung ddc tinh thdp hon nhiéu trén HEK-293, khang dinh

vai tro cta to hop “difluoromethyl + acetyloxy” trong ting tinh chon loc.
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So sanh voi ellipticine (Chd’t tham khdo)

Ellipticine (ICso ~ 1,3 — 1,8 pM) 1a chit chuan manh, nhung gy doc té bao lanh
kha cao (HEK-293 = 4,75 uM). Trong khi d6, 125¢ va 1251 thé hién hoat tinh gan
turong duong, song c6 do an toan cao hon nhiéu 1an (HEK-293 = 28.36 + 2.60 uM va
22.50 + 2.25 uM), ching t6 hudng thiét ké gin flo va acetyloxy trén khung
chromeno[2,3-d]pyrimidine 1a hop 1y va c6 gia tri thuc tién.

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

O Ar O
Y
0~ N7 CHs,
142a-k

Nham lam rd dic tinh hoat tinh sinh hoc ciia cac hgp chat da tong hop, nhom
cac dan xuat pyrano[2,3-d]pyrimidine dugc lya chon dé tién hanh dénh gia hoat tinh
sinh hoc in vitro. Viéc khdo sat tap trung vao hoat tinh gay ddc té bao trén mot sb
dong té bao ung thu dai dién, dong thoi xem xét anh huong cua sy bién doi cu tric
phan tir trong cing mdt khung di vong dén hoat tinh sinh hoc cta chiing.

Bang 3.15. Két qua khdo sdt hoat tinh gdy déc té bao ciia cdc hop chat 142a-k

. . Gia tri ICso (uM)
TT | Hep chat Nhom the
KB HepG2 A549
1 142a 4-CH30CsH4 > 85 > 85 > 85
2 142b 4-CH3C¢Ha > 85 > 85 > 85
3 142¢ 4-BrCeHa > 85 > 85 > 85
4 142d 4-CF3CeHa > 85 > 85 > 85
5 142e 4-CICsH4 > 85 > 85 > 85
6 142f 3-BrCsHa > 85 > 85 > 85
7 142¢g 2-NO2CsHa > 85 > 85 > 85
8 142h 3-NO2C¢H4 > 85 > 85 > 85
9 142i 3-CH30C¢H4 > 85 > 85 > 85
10 142 Benzofuran-3-yl > 85 > 85 > 85
Benzo[b]thiophe
11 142k > 85 > 85 > 85
n-3-yl
12 | Ellipticine 1.26£0.12 | 1.75+0.16 | 1.66 +0.20

Cac dan xuat pyrano[2,3-d]pyrimidine (142a—k) dwgc danh gia kha ning giy
doc té bao in vitro trén ba dong té bao ung thu ngudi gom: biéu mé KB (ung thu biéu
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bi khoang miéng), gan HepG2 (ung thu gan) va phdi A549 (ung thu phdi khong té
bao nho) bang phuong phéap tha MTT, st dung ellipticine 1am chat tham khao.

Két qua cho thiy toan bd céc hop chét tdng hop déu khdng thé hién doc tinh
dang ké ddi vai cac dong té bao thir nghiém, vai gia tri ICso > 85 uM trén ca ba dong
té bao. Trong khi do, ellipticine biéu hién doc tinh manh véi ICso ~ 1,3 — 1,8 uM. Nhu
vay, khung di vong hop nhat pyrano[2,3-d]pyrimidine trong cac hop chét khao sat
khong gay tc ché tang sinh té bao, chirng to tinh an toan sinh hoc cao va khéng cé
kha ning gy doc té bao & ndng do thir nghiém.

Diéu nay ham y rang céc dan xuét trén cé thé duoc sir dung nhu nén khung hoa
hoc an toan dé phat trién cac hoat chat sinh hoc khac ma khdng giy doc té bao. Mit
khac, viéc khdng xuat hién doc tinh con gop phan khang dinh rang cac nhom thé aryl
va di vong benzo[b]thiophene hoac benzofuran khéng mang hoat tinh gay doc, giup
dinh hudng téi wu hoa ciu triic cho cac muc tiéu dugc 1y khac nhu e ché enzym than
kinh ma khéng gay tac dung phu trén té bao.

3.6.4. Hoat tinh irc ché enzym acetylcholinesterase ciia cdic hop chit

pyranof2,3-d[pyrimidine

O Ar O
Y
(0] N/ CH,
142a-k

Trén co so két qua danh gia hoat tinh gy doc té bao cho thiy cac dan xuit
pyrano[2,3-d]pyrimidine tong hop déu khong thé hién doc tinh dang ké ddi voi cac
dong té bao thir nghiém, nhom hop chat nay tiép tuc duge dinh hudng khao sat & khia
canh hoat tinh sinh hoc khac. Xut phat tir nhirng béo céo trudc day cho thay khung
di vong pyrimidine va cac hé di vong hop nhét c6 kha ning tuong tic v4i enzym
AChE, céc hop chét pyrano[2,3-d]pyrimidine trong nghién ctru nay duoc Iya chon dé
danh gia hoat tinh trc ché enzym AChE in vitro.

Bang 3.16. Hoat tinh irc ché ciia cdc hop chdt 142a-k doi véi enzym AChE

STT Hop chit Ar ICso (uM, AChE)

1 142a 4-OCH3CHa 40.8 £ 3.7
2 142b 4-CH3C6Ha 21.9+2.0
3 142¢ 4-BrCsHa 8.94 +0.73
4 142d 4-CF3C6Ha 8.13 +£0.99
5 142e 4-CICsH4 2344+2.6
6 142f 3-BrCeHy4 8.32 + (.88
7 142g 2-NO>C¢Hs >85
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STT Hop chat Ar ICs0 (uM, AChE)
8 142h 3-NO2C¢H4 227+2.4
9 142i 3-OCH3C¢H4 6.51 +£0.50
10 142j Benzofuran-3-yl 356 +2.7
11 142k Benzo[b]thiophen-3-yl >85
12 Donepezil 0.074 + 0.008

Kha ning trc ché enzym AChE ctia pyrano[2,3-d]pyrimidin duoc danh gia bang
phuong phéap cia Ellman di sira d6i. Két qua hoat tinh trc ché AChE dugc biéu thi
bang ndng do tc ché 50% (ICso, pg/mL) va donepezil dugc sir dung lam chat tham
khao. Két qua thir nghiém chi tiét dugc trinh bay trong Bdng 3.16 cho thay, trong khi
cac san pham 142g (Ar = 2-NO2CsHa) va 142k (Ar = benzo[b]thiophen-3-yl) khong
thé hién hoat tinh trc ché AChE véi ICso > 85 pM, thi cac san pham khéc c6 hoat tinh
trc ché AChE tir trung binh dén t6t véi cac gia tri ICso nam trong khoang tir 6.51 +
0.50 dén 40.8 + 3.7 uM. Trong d6, san pham 142i (Ar = 3-OCH3CsH4) thé hién hoat
tinh rc ché AChE manh nhat (ICso=6.51 + 0.50 pM) nhung kém hon so vé&i donepezil
(ICso = 0.074 + 0.008 uM). Panh gia so bd vé mbi quan hé ciu tric — hoat tinh cia
cac hop chat dugc tong hop 142a-k cho thay, nhin chung kha niang tc ché enzym
AChE cua chung cha yéu bi anh huéng bai nhom thé trén vong phenyl gan véi vong
pyran. Cac san pham c6 nhom thé halogen (nhém bromo, trifluoromethyl, chloro)
trén vong phenyl thé hién sy e ché t6t. Vi du: cac san pham 142¢ ¢6 nhom bromo &
vi tri para va 142f c6 nhom bromo & vi tri meta thé hién hoat tinh AChE véi céc gia
tri ICso 1an lugt 12 8.94 + 0.73 va 8.32 + 0.88 uM. Viéc thay d6i nhém bromo sang vi
tri meta thay vi vi tri para dan dén sy gia ting nhe hoat tinh sinh hoc. Piéu nay chimng
t6 rang vi tri meta gdp phan lam nang cao hoat dong wtc ché AChE. Tuong tu, hoat
tinh e ché AChE duoc cai thién trong trudng hop hop chat 142i va 142h. Hop chat
142i (ICs0 = 6.51 £ 0.50 uM) chtra methoxy & vi tri meta trong vong phenyl c6 hoat
tinh cao hon so v&i cac hop chat 142a chira methoxy & vi tri para (ICso = 40.8 £ 3.7
uM). Pac biét, viéc dua nhom nitro vao vi tri meta, nhu trong hop chét 142h (ICs0 =
22.7 + 2.4 uM), dan dén hoat tinh (rc ché kha tt, trong khi hop chat 142g cung chira
nhom nitro nhung & vi tri ortho thi khong c6 hoat tinh. Ngoai ra, nhin chung céac hop
chét chira nhom aryl c6 hoat tinh cao hon so v&i cac hop chat ¢6 chira di vong.

3.7. Nghién ctru docking phan ti

3.7.1. Muc tiéu va y nghia

Dé hiéu rd co ché phan tir chi phdi hoat tinh gdy doc té bao cua cac din xuit
téng hop dugc, luan an tién hanh moé phong docking phan tir ddi voi hai dich quan

trong lién quan dén co ché chdng ung thu:
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(i) Tubulin — dich phan tir cia cac thudc gin colchicine (colchicine-site
inhibitors);

(ii) Procaspase-6 — enzym chira ion Zn?>* tham gia qua trinh phan cét protein
trong con duodng apoptosis phu thudc caspase.

Hai hudng tiép can nay giup xac dinh mdi trong quan cdu trac — hoat tinh (SAR)
gifra dic diém hoa hoc cia cac 16p chit va hiéu qua trc ché ting sinh té bao ung thu
duoc ghi nhan qua phép thae MTT.

Trong khudn kho Iuan 4n, bon 16p chat di vong da duoc tong hop va 3 16p chat
khao sat hoat tinh sinh hoc, bao gém:

(i) cac dan xuét chromeno[2,3-d]pyrimidine,

(ii) cac dan xuat pyrano[2,3-d]pyrimidine,

(iii) cac dan xuat dihydrobenzo[g]furo[3,4-b]quinoline,

va (iv) cac dan xuét 1-azaanthraquinone chira vong y-butyrolactone ( 106a—m).

Trong do, 16p chit 106a—m duoc lya chon dé thuc hién mé phong docking phan
ttr chuyén sau, vi day 1a nhom thé hién hoat tinh gay doc té bao ndi bat nhat, véi gia
trj ICso thap (5-10 uM) trén nhiéu dong té bao ung thu, dic biét 1a A549 (ung thu
phoi khong té bao nho).

Ngoai ra, ddy nay so hiru dic trung cdu tric 1y tudng cho nghién ciru twong tac
protein—ligand, bao gom:

Khung phang lién hop m-manh ctia hé 1-azaanthraquinone, thuan lgi cho twong
tac chong 16p m—m v6i vi tri colchicine trén tubulin;

Vong y-butyrolactone c6 kha nang phdi tri v6i ion kim loai (nhw Zn?"), gitp 6n
dinh phtrc hgp ligand—protein;

Va cac nhom thé 4m dién (F, CFs, OCHs) déng vai trd quan trong trong viéc
diéu bién tinh ky nudc va dinh hudng lién két hydro.

T hop céu trac nay khién cac din xuat 106a—m trd thanh ng vién dién hinh
dé khao sat co ché gan két tubulin kiéu colchicine, tir d6 1am sang to co sé phan tir
cho hoat tinh gdy ddc té bao manh quan sat dugc.

Dé hiéu rd hon vé co ché tac dung & muc phan tir ciia cac hop chat 106a—m,
luan 4n da tién hanh mo6 phong docking phan tir nham khao sat sy twong tac cia cac
phdi tir ndy véi protein tubulin — mét dich phan tir quan trong trong héa tri lidu ung
thu [118].

Tubulin 14 thanh phan cau tric chinh ctia vi dng (microtubule), ¢ vai tro thiét
yéu trong qua trinh phan bao, van chuyén noi bao va duy tri hinh thai té bao. Do do,

uc ché sy trung hop cua tubulin hodc gan vao vi tri hoat dong cia colchicine c6 thé
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gy ngimg chu ky té bao & pha G2/M, din t6i chét té bao theo chuong trinh (apoptosis)
[118].

Cac nghién clu trudc day cho thdy nhiéu hop chit di vong chira nhan
anthraquinone hoic lactone c6 kha ning gin vao vi tri colchicine cta tubulin thong
qua tuong tac m—m chong 16p va lién két hydro, tir d6 e ché sy hinh thanh vi éng
[119, 120, 121].

Vi vay, viéc mé phong docking cho loat hop chat 106a—m nham xac dinh ning
luong lién két, vi tri va kiéu twong tac voi ving colchicine-binding site s& gitip 1am
sang to mdi lién hé cu trac—hoat tinh (SAR), dong thodi dinh huéng cho thiét ké din
Xuit méi c6 hoat tinh cao hon.

Trong nghién ciru nay, ciu triic tinh thé cia tubulin gan colchicine duoc 1ay tir
Protein Data Bank (PDB ID: 1SA0) [122]. Cac phan tir phdi tr 106a—m duoc tdi vu
hoéa hinh hoc, sau d6 duoc docking vao ving hoat dong cta tubulin bang thuat toan
Lamarckian Genetic Algorithm tich hgp trong AutoDock 4.2 [123].

Két qua thu duoc vé ning luong lién két (AG), cac twong tac dic trung (n-n
stacking, lién két hidro, phdi tri Zn?*) va su sap xép khong gian ctia phdi tir trong hdc
gén két s& duoc luan 4n phan tich va thao luan chi tiét.

3.7.2. Quy trinh va két qua mé phéng docking

Cac mo phong dugc thuc hién bang phan mém AutoDock 4.2 véi thuat toan
Lamarckian Genetic Algorithm, trong do:

Céu trac protein tubulin—colchicine duoc 1ay tir ngan hang dir liéu Protein (PDB
ID: 402B) [124].

Phéi tir colchicine dugc redocking lai dé kiém dinh quy trinh; sai Iéch RMSD
chi 0,334 A, chirng t6 d6 chinh x4c cao.

Céc phdi tir 106a—106m duogc tdi vu hoéa hinh hoc bang mé hinh B3LYP/6-
31G(d,p) (Gaussian 09).

Hop ludi (grid box) bao phii toan bd vi tri gan colchicine gitra a- va B-tubulin,
v6i kich thudc 60 x 60 x 60 diém, khoang cach 0,375 A.

MBoi phdi tir chay 100 1an doc 1ap dé chon cau hinh ning luong thip nhat (AG
thap nhat).

D6i voi procaspase-6, cdu tric tinh thé Zn**-bound procaspase-6 (PDB ID:
2WDP) duoc str dung [125]; ving gan quanh Zn2* (His121, Cys163, Glu200) duoc

dinh nghia lam vi tri dich cho cac hop chat c6 nhém carbonyl lién hop.



102

(A) | =
a Chain
- ia D < Leu24a._} Nagso
Tubulin dimer i ‘»‘ \ mm
{ | \’Alais()
VAR \ A\Q
Cys241
Y5352 7 vaiter
H-bonds
S\ \ g Donor
116318 \ i 7 %)
’ ;' =X
“4ANa316 - Asn350"
11378 ’, Acceptor
Chain e Vai315
Leu248 AlaZSD A5"1°‘ a Chain ] ven ol
onventionsl Hydrogen Bon
'Leu242 rogen Bond
\J AIaiBO Pi-Donor Hydrogen Bond
Bl Prsgma
] Ayl
c 241 S
= \. Val181 | PrA
vaizse S \nem
MJ259 1 B
’ "\ Asnaso
lAIa:HB s
1378 | \
Microtuble B Chair \ Vvaiats

Hinh 3.26. Cdu triic tubulin va két qua mé phéng docking

(4) Sor do cdu triic vi ong, di thé tubulin va vi tri gin colchicine;

(B) T thé redocking (mau vang) va tw thé trong phirc dong két tinh (mau xanh 1d) ciia colchicine trong
tubulin;

(C) Tu thé gan két ciia 11 hop chat tong hop dwoc chong khdp véi colchicine.

Két qua cho thiy da s chiém cung hdc gin véi colchicine, tuy nhién c6 sy khac
biét dang ké vé hudng lién két va kiéu twong tac. Trong khi colchicine thuong chén
sdu vao hdc ky nudc cua tiéu don vi B, thi cac dan xuét tong hop lai c6 xu huéng
tuong tac nhiéu hon véi tiéu don vi a, dic biét gén vung gén GTP noi dimer (N-site).
Két qua nay cho thiy cac hop chét tong hop c6 thé tac dong dén cau truc lién két gitra
hai tiéu don vi o/B, tir d6 lam gidn doan qua trinh tring hop vi dng, phu hop véi co
ché duoc mo ta cho cac thude gan colchicine [126, 127]. Cac hop chat 106d, 106e va
106i thé hién ning luong lién két Am manh nhat (AG =—15.39 dén—16.51 kcal-mol™),
cho thiy ai luc gin két cao hon rd rét so v6i cac hop chat khac trong loat nghién ctru.
Nhitng phdi tir nay hinh thanh dong thoi 7-10 twong tac n—x stacking véi cac gbc
Phe200, Leu2558, Tyr224, cung lién két hydro voi Asn258p va Lys352B, gop phan
on dinh ciu tric ligand—protein. Ngoai ra, viéc khir proton nhém —NH trén khung
aza-anthraquinone da tang cuong tinh ky nuéc va kha nang chong 16p n—m, tir 46 nang
cao d6 6n dinh cta phirc hop [128, 129, 130, 94].

Péng chi ¥, két qua docking c6 mdi tuong quan chit ché véi dir liéu hoat tinh
gy doc té bao. Ba hop chat c6 ning lwong gan két manh nhat (106d, 106e, 106i)
cling chinh 1a nhitng chat thé hién gié tri ICso thap nhét (5-7 uM) trén dong té bao
ung thu phdi A549. Mdi tuong quan nay cho thay rang hiéu qua gay doc té bao cao
bat ngudn tir kha nang gan két manh véi tubulin, dan dén ngimg chu ky té bao & pha
G2/M va kich hoat qua trinh apoptosis. Piéu nay hoan toan phu hop véi co ché tac
dung ctia cac thude trc ché tubulin nhu combretastatin va podophyllotoxin [126, 127].
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Bdng 3.17. Nang lwong lién két giita cdc hop chat 106a—106m va vi tri hoat

dong cua tubulin so véi phoi tir dong két tinh

) Céc goc
Nang .
amino ) . B
lwgng ) .z ) . Twong taic | So sanh véi loat hep chat
Hop n acid tao Cac goc amino acid tao . n
i lién ket iz i o, -7 trwoc (Tai ligu [6, 28, 38,
chat lién két | twong tac ky nwéc chinh )
(kcal.mo . stacking 39])
hidro
1) )
chinh
Vall8la, . Aii lyc trong tu cac dan xuat
Alal80a, Vall81la, Cys241p, Trung binh T, .
106a -11,76 Val238, NH trudc; vi tri gan chuyén
Leu248p, Leu255, Lys352f (6-7) N .
Asn258p vé phia tiéu don vi o
AsnlOla, Alal80a, Vall81a, Leu248p, . - .
Trung binh Aii lyc manh hon nhe so VéGi
106¢ -12,69 Vall8la, Ala2508, Leu2558, 11e318p, x B i
(6-8) cac dan xuat NH tru6c
Asn258p Lys352p
Asnl0la, | Alal80a, Vall8la, Cys241p, ) R L,
Manh hon dang ké so véi cac
Vall8la, | Leu248p, Ala250p, Leu255p, e )
106d -15,39 Cao (8-10) loat trudc; tang twong tac
Val238p, Met2598, Ala316p, I1e318p, . o
chong = tai giao dién o/B
Asn258p Lys352p
AsnlOla, Alal80a, Vall81la, Cys241p, R N B
. Mot trong nhitng hop chat
Vall8la, | Leu248p, Ala250p8, Leu255p, Rat cao (9- L T
106e -16,51 gan tot nhat; mat do tuong
Val238, Met2596, Ala316p, 1le318p, 10) ) ]
tac cao hon loat trudgc
Asn258p Lys352p
Vall8lo, | Vall8la, Leu248p, Ala250p, . Yéu hon cac dan xuat da
106f -9,75 Thap (5-6) . L
Asn258p Leu255p, Lys352p cbng bo trude
Asnl0la, | Alal80a, Vall8la, Cys241p, . L,
Trung binh Tuong duong vai cac loat
1069 -12,14 Vall8la, | Leu248p, Ala250p, Leu255p, 6.7) trude
— Tl
Asn258p Tle318p, Lys352p
Asnl0la, | Alal80a, Vall8la, Cys241p,
Vall8la, Leu248p, Ala250p, Leu2558, Ky nuéc manh hon cac din
106h -13,42 Cao (8-9) . )
Val238p, Met259f, Ala316p, 1le3188, Xuat trudgc
Asn258p Lys352p
Asnl0la, | Alal80a, Vall81a, Cys241p, . | .
B Mat trong cac hop chat gan
. Vall8la, | Leu248p, Ala250p8, Leu255p, Rat cao (9— R )
106i -14,71 manh nhat; mat do tuong tac
Val238, Met2598, Ala316p, 1e318p, 10) ) )
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Asn258p Lys352p
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Vall8la,
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. N Ala250B, | Leu255B, Ala316p, Ile318p, . Phéi tir chudn ddng két tinh
ine (doi -19,18 Rat cao (>10) , .
chitng) Asp251P, | Lys352B, Ala354p3, Met3598, caa tubulin
o
d Val315p, 11e378p
Asn3508
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Ngoai ra, cac hop chét fluor hoa (106d, 106e, 106i) thé hién xu hudng gin siu
hon vao héc ky nuée cua tubulin, nhé nhdém fluor va CFs 1am ting tinh ky nudc va
huéng tuong tac. Diéu nay khong chi cai thién d6 6n dinh cua phtc hop ma con gop
phan tang d6 chon loc doc tinh ddi véi té bao ung thu so véi té bao binh thudng.

Dé danh gia kha ning twong tac phdi tri kim loai, luan 4n tiép tuc md phong
docking voi procaspase-6 — mot enzym cystein-protease chira ion Zn?** trong trung
tam hoat dong [125].

Két qua cho thdy cac hop chat 106a—m c6 ning lugng lién két (AG) trong
khoang —7.85 dén —6.27 kcal-mol ™!, phan 4nh kha ning hinh thanh phtrc bén ¢ mirc
trung binh. Cac hop chit 106d, 106e, 106i va 106j thé hién ai lyc cao nhat, trong tng
v6i kha niang phdi tri hai nguyén tir oxy carbonyl ctia vong y-butyrolactone va nhin
naphthoquinone v&i ion Zn?*, ddng thoi tao lién két hydro véi His121 va Glu200
trong ving hoat dong cua enzym. Sy phdi tri nay c6 thé wc ché hoat dong cua
procaspase-6, tir d6 thuc day qua trinh hoat hoa caspase-3/6 va kich thich con duong

apoptosis.
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Hinh 3.27. Cdc tuwong tdc docking ciia cdc hop chat dai dién véi cdc goc

amino acid trong vung hoat dong cua tubulin
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Hinh 3.28. So sanh giita PAC-1 va cdc dan xudt azaanthraquinone dai dién
trong kha néng tao phirc véi ion Zn?* ke ché tai vimg ngoai vi ciia tdm hoat déng
cua procaspase-6 (PDB ID: 4FXO0)

Bang 3.18. Gia tri AG va kiéu phéi tri Zn** cua PAC-1 va cdc hop chdt dai dién

r Nang lwgng
] . . . . . .
Ch.ft) lién ket AG Kieu phoi tri Zn?* (goc amino acid / co' che lién ket)
a
(kcal-mol™)
PAC-1 —6.59 Phéi tri Zn?* qua His287 va phan tir H2O (gan Glu244)
Carbonyl naphthoquinone & lactone phéi tri Zn?*; twong tac
106d —6.27
Lys36 / Glu244
Phéi tri hai cang qua carbonyl; cau H-O; twong tac Glu244 /
106e —6.95 :
His287
106i -7.85 Phéi tri Zn?* bén nhat; tiép xc tryuc tiép Lys36 & Glu244

Nhu vay, 16p chat 1-azaanthraquinone chtra y-butyrolactone cé thé tac dong
ddng thoi 1én hai dich phén tir — tubulin (giy nging chu ky té bao) va procaspase-6
(hoat hoa apoptosis), qua d6 giai thich thuyét phuc hiéu qua gay doc té bao manh va
dd chon loc cua cac hop chét nay.

Nhin chung, su phu hop gitta két qua docking va dir liéu thyc nghiém in vitro
cho phép két luan rang hoat tinh giy doc té bao cua 16p chat 106a—m chii yéu bat
ngudn tir kha ning {rc ché tubulin va phdi tri Zn2*, két hop lam mat 6n dinh ciu tric
té bao ung thu va kich hoat qué trinh apoptosis, dan dén trc ché tang sinh manh.

Cac hop chat 106d, 106e va 106i dugc xem 1a Gng vién trién vong nhat, co thé
dugc phat trién thanh dan xuét da dich trong cac nghién ciru tiép theo.
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3.8. Du doan dic tinh ly — h6a va ADMET

Dé danh gia kha ning tién xa hon trong phat trién tién 1am sang, cac hop chit
khong chi can thé hién hoat tinh sinh hoc manh ma con phai s¢ hiru dac tinh Iy — hoa
va dugce dong hoc phu hop véi yéu cau cia mot thude tiém ning. Trén co s do, ba
hop chat dai dién 106d, 106e va 106i di duogc lua chon dé tién hanh du doan dic tinh
ADMET va dic tinh gidng thudc bang SwissADME va ADMETIab 3.0.

Dé danh gia mot cach toan dién murc d gidng thude (drug-likeness) ctia cac hop
chét c6 hoat tinh sinh hoc duoc lya chon (106d, 106e va 106i), cac thong sb 1y —hoa
hoc va ADMET quan trong da dugc dy doan béng cac cong cu SwissADME va
ADMETIab 3.0 [131, 82]. Nhu thé hién & Hinh 3.29, 13 thong sb Iy — hoa hoc cbt
161 dd dugc tinh toan va so sanh véi ngudng gia tri chuan cia thude tiém ning (drug-
like boundaries, ving duoc t6 bong). Ca ba hop chat nhin chung déu nam trong
khoang chap nhan dugc, chi xuat hién mot s6 sai léch nhé vé do wa lipid (logP, logD)
va do tan trong nudc (logS). Mic du d6 wa lipid cao c6 thé 1am giam do tan va kha
nang thAm qua mang sinh hoc, cac gia tri logP du doan van nho hon 5.0 — dat yéu cau
hap thu duong udng theo quy tic Lipinski (Bdng 3.19) [132]. Tuy nhién, cac hop chat
nay khong dap tng tiéu chi lead-likeness nghiém ngat do khdi lugng phan tir va do
ky nudc cao [133]. Pang luu ¥, Ca ba hop chat déu kich hoat mot canh bao PAINS -
mot ddu hiéu k§ thuét cho thay can than trong khi dién giai két qua sinh hoc ban dau,
lién quan dén khung ciu trac quinone A [134].

Vé dic tinh ADMET, tt ca cac hop chit déu duoc du doan c6 kha nang hép thu
rudt nguoi & mirc cao va khong phai 1a co chit cia P-glycoprotein (P-gp), cho thiy
nguy co bi thai nguoc qua co ché efflux 1a thip [135]. Cac mé hinh du doan b sung,
bao gébm 3PRule va Hé phan loai sinh dwoc hoc dy phong (Provisional
Biopharmaceutics Classification System — PBCS) [136, 137], cho thiy cac hop chat
nay c6 d6 thAm niém mac rudt & mirc trung binh (dwa trén mo hinh Caco-2) va ty 1é
hap thu dudng udng du doan 16n hon 30%. Kha ning thim qua da dugc dy doan rat
thap (logKp < —5,8), cho thay khong phii hop cho dudong hap thu qua da [82]. Pang
chu ¥, khong c¢6 hop chit nao duge dy doan vuot qua hang rao mau—nio (BBB), ddy
1a yéu t6 tich cuc gitip giam nguy co tac dung khong mong mudn trén hé than kinh
trung wong (CNS) [138]. Cac hop chét déu c6 ty 1& gin két protein huyét trong rat
cao (>97%), c6 thé lam giam ndng d6 thude ty do luvu hanh trong méu; tuy nhién, thé
tich phan b6 (Vd) van nam trong gi¢i han mong mudn, phan anh kha ning phan b
mo chap nhan duoc [139]. Vé chuyén hoa, 106d va 106e dugc du doan trc ché nhiéu
isoenzym CYP450, dic biét CYP1A2, CYP2CS, CYP2C9 va CYP2C19, cho thiy
can luu y kha ning xay ra twong tac thudc—thude hoic thudc—thuc pham [140, 141].
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Ca ba hop chat déu duoc du doan c6 do thanh thai thip va thoi gian ban thai trung

binh, hd trg kha ning dung dudng udng [82].

Cpd.106d

Cpd.106e

Cpd.106i

Hinh 3.29. Biéu dé radar mé td cdc dac tinh 1y — hoa cua cac hop chdt 106d, 106e
va 106i.

MW: khéi luwong phan tir; nRig: s6 lién két ctrng; fChar: dién tich hinh thirc; nHet: sb nguyén tir di tb:

MaxRing: s nguyén tir trong vong 16n nhit; nRing: sé lugng vong; nRot: s6 lién két c6 thé xoay; TPSA:

dién tich bé mat phan cuc topo (A?); nHD: ) luwong nhém cho lién két hydro; nHA: ) lwong nhém nhén lién

két hydro; logD: log hé s6 phan bd octanol tai pH sinh 1y 7,4; logS: log d6 tan trong nudc (mol-L™); logP:

log hé s6 phan b octanol.

Bang 3.19. Bdc tinh giong thudc va cdc théng sé6 ADMET cua 106d, 106e va

106i

Thong s6 du doan ‘

106d

106e

106i

Pj giong thudc (Drug

likeness)

Lipinski

Chép nhan (0 vi pham)

Chap nhan (0 vi pham)

Chap nhan (0 vi pham)

Leadlikeness

Loai (1 vi pham)

Loai (2 vi pham)

Loai (2 vi pham)

1 canh bao (quinone

PAINS 1 canh bao (quinone A) A) 1 canh b&o (quinone A)
Hap thu (Absorption)
Kha dung sinh hoc
. - >20% >20% >20%
(Bioavailability)
Hép thu qua duong
A s >30% >30% >30%
tiéu hoa
Pgp-substrate Khéng Khéng Khéng
LogKp (thim qua da) -6.38 cms™! -6.09 cms™! -5.89 cm s
Phan bo (Distribution)
Lién két protein
. 97.8% 98.6% 97.7%
huyét twong
Thé tich phan b 0.27 0.36 0.55
Xuyén hang rao R R R
R Khong Khong Khéng
mau-néo (BBB)
Chuyén hoa (Metabolism)
, CYP1A2 tic ché (0.87) | CYP1A2 tic ché (0.82) | CYP2C8 tic ché (0.99)
Tuong tac CYP . f . f . f
CYP2C8 tic ché (0.98) | CYP2C8 tic ché (0.94) | CYP2C9 tic ché (0.72)




108

Thong sé du do4an 106d 106e 106i
CYP2C9 tc ché (0.75) | CYP2C9 wc ché (0.78)
CYP2C19 tc ché (0.67) CYP2C19 trc ché
(0.62)

Thai trir (Excretion)

D6 thanh thai (CL)

3.07 mL min' kg’
(thép)

4.21 mL min"' kg™
(thép)

3.85 mL min' kg™
(thép)

Thoi gian ban hay
(Tl/z)

1.4 gio (trung binh)

1.1 gio (trung binh)

1.2 gio (trung binh)

boc tinh (Toxicity)

, . Khéng hoat don
Uc ché kénh hERG | Khong hoat dong (0.33) ?0 45@‘) 9| Khong hoat dong (0.38)
Dot bién Ames Khéng (0.48) Khéng (0.52) Khéng (0.57)
Dac tinh cap duong . . .
N Thap (0.54 Thap (0.48 Thap (0.59
uong trén chuot ap (0.54) ap (0.48) ap (0.59)
Kich ttng mat Khéng (0.39) Khéng (0.29) Khéng (0.45)
Doc tinh hd hap Khéng (0.30) Khéng (0.49) Khéng (0.38)

Pénh gia doc tinh bang ADMETIab 3.0 cho thiy cac hop chat c6 xu hudng an
toan & muc chép nhan dugc. Khong hop chit nao duge du doan gay chan kénh hERG,

cho thdy nguy co doc tinh tim mach thap. Pong thoi, ca ba hop chat déu khong dugc

du doan gay dot bién (thtr nghiém Ames), khong gy doc gan, kich ing mét hodc doc
tinh ho hap (Bdng 3.19) [82]. Tong hop céc két qua trén cho thiy 106d, 106e va 106i

s& hiru dac tinh giong thudc day trién vong cung bién do an toan chap nhan duoc,

cung cd tiém nang cua ching nhu cac hop chat khéi dau tiém nang cho t61 wu hoa

thudc chéng ung thu trong twong lai.
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KET LUAN VA KIEN NGHI

Két luin: o i ,
. Luan an da de xuat 04 quy trinh tong hop thanh céng 41 hop chat di vong maéi dua

trén phan ung ngung tu Knoevenagel cua h¢ 1,3-diketone theo phuong phap phan
mg domino da thanh phan, cu thé gom:

- 13 dan xuét 1-azaanthraquinone chira vong y-butyrolactone (106a—m), hiéu

Suat: 40+49%.

- 12 dan xuét chromeno[2,3-d]pyrimidin-4-one chua flo (125a-1), hiéu suat:

60+80%.

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

- 05 din xuat pyranonaphthoquinone chura di t6 flo (151la—e), hiéu suit:

71+79%.

Cau tric san pham duoc xac dinh day du bang pho IR, *H-NMR, *C-NMR va
HRMS.

. P danh gia hoat tinh sinh hoc cuia cac chat tong hop duoc:

- Hoat tinh gay doc té bao trén cac dong té bao ung thu ngudi KB, HepG2,
A549, MCF-7 va dong té bao binh thuong HEK-293: ¢6 16/36 hop chat duoc thir
nghiém thé hién kha nang gay doc té bao ung thu. Pang chi y, 05 hop chét tiéu biéu
gom 106d, 106e, 106i, 125c¢ va 125l c6 gia tri ICso trong khoang (1.76+6.58) UM gan
tuong duong vai chat tham khao ellipticine (ICso =1.8 uM) trong cung diéu kién thir
nghiém.

- B4i véi hoat tinh e ché enzym AChE cua day hop chat 142a—k, két qua cho

thay 10/12 hop chét thé hién hoat tinh tc ché, vai cac gia tri ICso tir 6.51+40.8 pUM.
Trong d6, hop chat 142i c6 hoat tinh manh nhét voi ICse = 6.51 + 0.50 uM.
. P nghién ciru mo6 phong ADMET, docking phén tir di v6i 16p chét (106a-m), qua
d6 gitp hiéu rd hon co ché tic dong cta cac hop chat voi enzym dich, ciing nhu gitp
hd tro thiét ké thudc hiéu qua hon. Két qua cho thiy: Lop chat 106a-m co thé tac
dong dong thoi 16én hai dich phan tor — tubulin (giy ngung chu ky té bao) va
procaspase-6 (hoat hoa apoptosis), Trong d6, cac hop chit 106d, 106e va 106i duoc
xem 14 ng vién trién vong nhat, c6 thé dugc phat trién thanh dan xuat da dich trong
céc nghién ctru tiép theo.

Trén co s& cac két qua thu dugc, luan an da hoan thanh déy du cac muc tiéu
nghién ctru dé ra theo mot cach tiép can co hé thdng. Cac két qua nay khong chi co
nghia khoa hoc ma con cung cip co s& thuc nghiém dang tin cy, 1am nén tang cho
cac nghién ctu tiép theo vé co ché tac dung, dic tinh dugc dong hoc va dinh hudng
t61 rru hoa céu tric ciia cac hop chit nhim phuc vu qua trinh phat trién thudc trong

tuong lai.
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Kién nghi

Trén co so cac diy hop chat da tong hop va cac két qua nghién ctru thu duoc,
luén an kién nghi tiép tuc lya chon va khai thac mot sd khung cAu tric tiéu biéu nhim
nghién ctru sdu hon méi lién hé ciu trac — hoat tinh mot cach c6 hé thong. Can két
hop chit ché gitra thyc nghiém tong hop, danh gia hoat tinh sinh hoc va céc cong cu
mo phong phan tir d& 1am rd vai tro clia cac yéu td ciu tric then chdt, qua d6 dinh

hudng hop 1y cho viéc thiét ké va to1 uu hoa cac dan xuat moi.
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NHUNG PONG GOP MO1 CUA LUAN AN

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

2. Lan dau tién tong hop va xac dinh cau trdc cua 41 dan xuat di vong mai trén nén céc
khung 1-azaanthraquinone chira vong y-butyrolactone, Chromeno[2,3-d]pyrimidin-
4-one, Pyrano[2,3-d]pyrimidine va Pyranonaphthoquinone, gop phan mé rong thu
vién cac hop chét di vong c6 gia tri trong linh vuc hoa dugc.

3. Luan an da danh gia c6 hé thdng hoat tinh sinh hoc cua cac hop chat tong hop dugc,
bao gdom hoat tinh giy doc té bao trén cac dong té bao ung thu ngudi KB, HepG2,
A549, MCF-7 va dong té bao binh thuong HEK-293, ciing nhu hoat tinh Gc ché
enzym Acetylcholinesterase. Két qua cho thay 16/36 hop chat thé hién hoat tinh gay
doc té bao, trong d6 cac hop chat 106d, 106e, 106i, 125¢ va 125l co gia tri ICso trong
khoang 1,76-6,58 UM, xap xi chat tham chiéu ellipticine; dong thoi, d6i véi day hop
chat Pyrano[2,3-d]pyrimidine c6 10/12 hop chat c6 kha niang tc ché AChE véi ICso
trong khoang 6,51+40,8 uM, trong d6 hop chat 142i thé hién hoat tinh manh nhat.

4. Trén co s& md phong docking phan tir va du doan ADMET, luan an di bude dau lam
rd kha ning tuong tic cua I6p hop chat l-azaanthraquinone chira vong v-
butyrolactone véi cac dich phan tir lién quan, cho thay tac dong dong thoi 1én tubulin
va procaspase-6. C4c hop chat 106d, 106e va 106i dugc xac dinh 1a nhitng hop chat
tiém ning, dinh huéng cho céac nghién ciu tiép theo.
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