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1. Mé dau

Tém tiat: Cac dan xuit pyridinocrownophane c6 chira dong thoi di vong 2,6-diaryl-y-arylpyridine
va vong aza-14-crown-4 ether thé hién hoat tinh giy doc té bao cao dbi v6i mot s6 dong té
bao ung thu nhu  Hep-G2, MCF7, FL, RD, Lu. Nghién ctru nay tiép tuc phat trién phuwong phép
téng hop cac hé di vong mai y-(fur-2-yl)pyridinoaza-14-crown-4-ether (2), y-
(naphthalen-1-yl)pyridinoaza-14-crown-4-ether (3), y-(thien-2-yl)pyridinoaza-17-crown-5-ether
(4) va y-(2-pyridino)pyridinoaza-17-crown-5-ether (5) trén co s cac chat ban dau 1,5-bis-(2-
acetylphenoxy)-3-oxapentane (la) va 1,8-bis-(2-acetylphenoxy)-3,6- dloxaoctane (1b). Cau trac
clia cac dan xuat nay duoc xac dinh bang cac phuong phap hoa Iy hién dai 'H NMR, HPLC-MS.

Tir khoa: Pyridinocrownophane, 17-crown-5-ether, 14-crown-4-ether, nhidu xa don tinh thé X-ray.

Human  Uterine (FL); Human

Breast

Trong cac nghién ctru trudce [1-5], chiing t6i
dd cong bd phuong phap tong hop cac hé di
vong y-arylpyridinoaza-14-crown-4-
ether (A) (hinh 1) bang phan ung ngung tu da
tac nhan tir cac dan xuét aldehyde, ketone va
amoni acetat. Két qua thir nghiém hoat tinh gay
doc té bao da xac dinh dugce bbn (04) hop chat
thé hién hoat tinh gdy doc té bao tét trén cac
dong t& bao ung thu nhu: Hepatocellular
carcinoma (HepG2); Rhabdosarcoma (RD),
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adenocarcinoma (MCF7); Human Prostate
Cancer (PC3) [1, 2].

Vi vay, trong nghién ctru nay, ching t61 t1ep
tuc phat trién phuong phap tong hop cac dan
xut pyridinocrownophane, trong d6 ¢6 di vong
y-heteroarylpyridine va aza-17-crown-5 ether.
CAu trc cla cac san pham tao thanh duoc xéac
dinh bang cic phuong phip phd hién dai 'H
NMR, HPLC-MS, trong d6 hop chit y-(thien-
2-yl)pyridinoaza-17-crown-5-ether (4) con
dugc xac dinh bang phuong phap nhidu xa
don tinh thé.
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(A)
R=2 OH R=3 NO,
RD (IC5 1.89 ug/ml) MCF7 (ICs, 4.78 pg/ml)
R=4 CI R=3 Br
HepG2 (ICs 2 79 pg/ml) HepG2 (ICsq 4 367 pg/ml)

MCF7 (IC5, 4 56 pg/ml)
RD (ICsy 1 46 pg/ml)
FL (IC5o 1 51 pg/ml)

MCF7 (ICsq 1 977 pg/ml)
PC3 (IC50 4 063 pg/ml)
RD (IC5y 4 113 pg/ml)

Hinh 1. Di vong y-arylpyridinoaza-14-crown-4-ether
va hoat tinh gay dgc té bao.

2. Thuc nghiém
2.1. Héa chit va thiét bi

Pho hong ngoai do trén may Spectrum
GXPerkin Elmer ctia My trong khoang 400 —
4.000 cm™ bang ép vién KBr va phd khéi luong
ghi trén may LC/MS LTQ Orbitrap XL cua
hang Thermo Scientific tai Phong thi nghiém
Hoé4 Vat li€u, Khoa Hoa hoc, Truong PH
KHTN, DPHQGHN. Phé cong hudéng tr 'H-
NMR, “C-NMR, ghi trén may Bruker 500Myv,
500 MHz tai Phong thi nghiém Héa dugc, Khoa
Hoa hoc, Truong PH KHTN, DPHQGHN. Thiét
bi vi song sir dung 1a 16 Qpro-M. Nhiéu xa tia X
don tinh thé ctia cac chat duoc do tai phong thi
nghiém Héa vo co, Khoa Hoa hoc, Truong BH
KHTN, PHQGHN va tai Vién Hoa hoc cac hop
chit co kim, Vién Han 14am Khoa hoc Lién
bang Nga.

Hoat tinh sinh hoc cua cac chat duoc tién
hanh thir nghiém va doc két qua tai Phong Sinh
hoc thuc nghiém-Vién Hoéa hoc Hop chét thién
nhién-Vién Han lam Khoa hoc va Cong nghé

Viét Nam. Két qua doc trén may ELISA & budc
song 495-515 nm.

2.2. Tong hop cdc dan xudt
pyridinocrownophane (2-5)

Tong  hop
crown-4-ether (2)

y-(fur-2-yl)pyridinoaza-14-

Hon hop gdm 1,5 mmol (0,5 g) diketone
(1a), 1,5 mmol (0,13ml) furfural va 26 mmol
(3,0 g) amoni acetat trong 10 ml acid acetic
bang duoc dun s6i hdi luu 6 tiéng. Sau khi phan
g xay ra hoan toan (theo sic ky 16p mong),
hdn hop phéan mg duge lam lanh va trung hoa
bang dung dich Na,COs (30%) dén pH = 9, sau
d6 dugc chiét véi (4x30 ml) dung mdi
clorofom. Lam kho dich chiét bing MgSO, va
cho bay hoi ¢ dudi ap suit thap. San phim
dugc phan 1ap bang phuong phép sic ky cot (hé
dung mdi rua giai n-hexan:ethyl acetat = 2:1,
v/v) va két tinh lai trong ethanol thu dugc 0,36
g (hiéu suat 60%) tinh thé mau tring (2), R=
0,68 (trong 100% ethyl acetat). T, .= 147 -
149°C.

Tong hop y-(naphthalen-1-yl)pyridinoaza-
14-crown-4-ether (3)

Dung dich gdm hén hgp 1,5 mmol (0,5 g)
diketone (1a), 1,5 mmol (0,23 g) 1-
naphthadehyde va 26m mol (3,0 g) amoni acetat
trong 10 ml acid acetic bang duoc dun sdi hoi
lwu 12 tiéng. Sau khi phan tng xay ra hoan
toan, hon hop phan tmg dugc 1am lanh va trung
hoa bang dung dich Na,CO; (30%) dén pH =9,
sau d6 duoc chiét voi (4x30 ml) dung moi ethyl
acetat. Lam kho dich chiét bang MgSO, va cho
bay hoi & dudi ap sudt thap. San pham duoc
phan 1ap bang phuong phap sic ky cot (dung
mdi rira giai bang n-hexan:ethyl acetat = 1:1,
v/v), két tinh lai trong ethanol thu dugc 0,28 g
(hiéu suit 40%) tinh thé mau trang (3), R= 0,57
(trong 100% ethylacetate). T’,.= 166 - 167°C.

Tong  hop
crown-5-ether (4)

y-(thien-2-yl)pyridinoaza-17-

Hon hop gém 1,3 mmol (0,5g) diketone
(1b), 1,3 mmol (0,12ml) thiophene-2-
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carbaldehyde va 26mmol (3,0 g) amoni acetat
trong 3.5ml acid acetic bang duoc chiéu xa vi
song trong 20 phuat, cong suit 300W, nhiét do
100°C. Sau khi két thuc phan tmg (theo doi
bang TLC), hén hop duoc lam lanh va trung
hoa bang dung dich K,CO; (30%) dén pH = 9.
Hon hop phan tmg dugc chiét véi (4x30 ml)
dung mdi ethylacetate, 1am kho bang Na,SO, va
dugc cho bay hoi & dudi ap suit thip. San
phim (4) duwoc phan lap va tinh ché bing
phwong phéap sic ky cot (dung moi rira giai
ethylacetate) thu dwoc 0,271 g chit rin mau
tring (don tinh thé) (hiéu suit 45,3%), R; =
0,31. T%,= 198- 199°C [6].

Tong hop y-(2-pyridino)pyridinoaza-17-
crown-5-ether (5)

Dung dich gdbm hén hop 1,3 mmol (0,5 g)
(1b), 1,3 mmol (0,13 mml) picolinaldehyde va
26 mmol (3,0 g) amoni acetat trong 10 ml acid
acetic bang duoc dun s6i hdi luu trong 17 tleng
(tién trinh phan tmg duogc kiém tra bang séc ky
16p mong - TLC). Sau khi phan trng x4y ra hoan
toan, hon hop phan tng duge 1am lanh va trung
hoa bang dung dich NH; dén pH = 8, sau do6
dugc chiét bang dung moi etlyl acetat (4x30ml).

0

AcOH, reflux, 6h

n=1

&S

@)

+NH,OAc

@ }DW

Dich chiét sau khi thu gom, lam kho bang
Mg,SO, va duge cho bay hoi ¢ dudi ap suat
thap. San pham (5) dugc phan 1ap bang phwong
phap tach sic ki cot (hé dung méi rira giai 1a n-
hexan:ethyl acetat = 1:1, v/v) thu dugc 0,25g
(hiéu suit 42%) tinh thé dang bot mau vang
nhat., Ry= 0,70 (trong 100% EtOAc). T®,=128-
130°C

3. Két qua va théo ludn

Xuét phat tir cac dan xudt podand (1a,b),
dugc dun hdi luu trong dung mdi acid acetic, da
tong hop dugc cac din xuit méi y-(fur-2-
yl)pyridinoaza-14-crown-4-ether (2), -
(naphthalen-1-yl)pyridinoaza-14-crown-4-ether
(3), y-(thien-2-yl)pyridinoaza-17-crown-5-ether
(4) va vy-(2-pyridino)pyridinoaza-17-crown-5-
ether (5) voi hiéu suat tir 23 — 60%. Két qua
khao sat diéu kién phan tng tao thanh y-(thien-
2-yl)pyridinoaza-17-crown-5-ether (4) cho thay,
phan tng ngung tu da tac nhan ndy xay ra trong
diéu kién t6t nhat khi sir dung chiéu xa vi song
(300W, 100°C) [6].

AcOH, reflux, 3h
n=1

So d0 1. Téng hop cac dan xuat 2,6-diaryl-(y-arylpyridino)crownophane.
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Chu tao cua cac hop chét (2, 3, 4, 5) duoc
chung minh biang phuong phap IR, NMR,
HRMS, dic biét cau tao phan tir ciia hop chat y-
(thien-2-yl)pyridinoaza-17-crown-5-ether  (4)
dugc khiang dinh bang phwong phap nhifu xa

tia X don tinh thé (single X-ray diffraction).
Don tinh thé (4) duoc tao thanh trong dung méi
ethanol. Cac dir liéu phd 'H-NMR dic trung
ciia cac chit pyridinocrownophane dugc néu
chi tiét tai bang 1.

Bang 1. Dit liéu phé "H-NMR cuia céc hop chat (2, 3, 4)

. Dt li¢u déc trung (ppm)

Chat
Hdibenzo prridine Hheteroaryl (Hnaphthalene) Hether

) 7,33-7,36 (4H, m); 7,00 2H, t,J 7,56 7,54 (1H, br.s); 6,54 (1H, 3,83 (4H, m); 4,13
=7,5Hz); 6,94 2H,d,J=8,5Hz) (2H,s) m); 6,92 (1H,d,J=3Hz)  (4H, m)
6,95 (2H, d, J = 8Hz); 7,66 8,21 (1H, br.s); 7,51-7,53  3,83-3,85 (4H, m);

3 7,02 (2H, t, J =7,5Hz); 7,33 — (2H,s)  (2H,m); 7,94 (1H,d,J= 4,14 — 4,16 (4H, m)
7,39 (4H, m) 8,5Hz); 7,84 -7,91 (3H, m)
7,62-7,64 (2H, d.d, J = 7,5Hz, 7,73 7,53 (1H, d, J = 3,5Hz); 3,22 (4H, s); 3,63 (4H,

s 1,5Hz); 7,34 -737 @H, t.d.,J=  (2H,s) 7,40 (1H, d, J = 5,5Hz); m); 4,12 (4H, m)

8Hz, 1,5Hz); 6.98 (2H, d, J =
8Hz); 7.11 (2H, t, J=7,5Hz)

7,15 (1H, t, J = 5Hz)

Ph6 cong huong tir hat nhan cac san pham
pyridinocrownophane (2,3) cho tin hi€u proton
ddc trung cua nhom ete (-O-CH,-CH,-) trong
khoang 3,8 va 4,1 ppm. Ddi v6i dan xuét (4)
khi mé rong vong crown ether thu dugc 3 tin
hi€u cong hudng lan luot tai 3,22; 3,63; 4,12
ppm tuwong Ung voi cac nhoém polyether
-O-CH,-CH,. Cac tin hi€u proton cua nhan
benzene (Hgipenzo) trong din xuét (2, 3) cong
huéng tai ba ving tuong tng voi 8H 14n luot 1a
6,95; 7,00 va 7,33 ppm. Trong khi do, do anh
hudng cia viéc md rdng vong crown ether, trén
phé 'H-NMR cua y-(thien-2-yl)pyridinoaza-17-
crown-5-ether (4), cac tin hi€u nay cong huong
Hyipenzo tai bdn vung, moi ving tuong Ung voi
2H, do la 7,62; 7,34; 7,11 va 6.98 ppm. Céc
phuong phéap séc ky 16ng két ndi khdi phd phan
giai cao (LC-HRMS) va hdng ngoai da gop
phin khing dinh cong thirc phan tr va ciu tao
ciia nhom san phdm méi nay. Cong thuc cia
san pham (5) dugc khing dinh bang phd khoi
lugng ESI-MS véi pic ion gia phén tu (m/z)
[M+H]" 1a 632,21. Ngoai ra, cau triic phan tir
cua nhom [y-(aryl)pyridino]aza-(14)17-crown-
5(4)-ether cling da dugc xac dinh chinh xac

bang phuwong phap nhidu xa tia X don tinh thé
(hinh 2).

CAiu tao phan tir ciia cic hop chat nay c6
dic diém chung 1a co cdu tao hinh bat (bowl
conformation) v6i mot nhom di vong y-aryl thé
trén vong pyridin véi nguyén tir nito lai hoa sp2
va mot vong crown ether bao gdm 3 hoic 4
nguyén tir oxy. Vong y-aryl va vong pyridine
tuong d6i dong phang, mat phing trung binh
tao boi hai vong y-aryl va vong pyridine nim
gﬁn nhu vudng goc véi mat trung binh cua vong
crown ether. HE don tinh thé 17-crown-5-ether
c6 dang don ta (monoclinic) véi ban kinh vong
17-crown-5-ether trung binh 2,65 - 2,95A.
Trong khi d6, hé don tinh thé 14-crown-4-ether
c6 dang tam ta (¢riclinic) [3, 4, 6, 7].

Khao sat hoat tinh sinh hoc bang phan mém
PASS online [8] cho thiy cac hop chat (2-5) c6
kha ning thé hién (Pa) mot sé hoat tinh sinh
hoc hitu nhu &rc ché cac enzyme khir hoa nitrat
(76,3 — 83 %), Gic ché enzyme CYP2A6 (70,1
%), co kha nang thé hién hoat tinh e ché hoat
d6ng hé bo thé yéu t6 D (77 %), chdng rdi loan
than kinh (75,2 %), ... (bang 2).
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b)

Hinh 2. Cau tao phén tir cta [y-(aryl)pyridino]aza-(14)17-crown-5(4)-ether theo dit liéu phan tich nhidu xa tia X
don tinh thé: a) y-(thien-2-yl)pyridinoaza-17-crown Sether [6];
b) y-(4-methylphenyl)pyridinoaza-17-crown-5 ether [4];
¢) 7-(4-methoxylphenyl)pyridinoaza-17-crown-5 ether [7]; d) y-(a-thienyl)pyridinoaza-14-crown-4 ethers [3].

Béang 2. Du bao hoat tinh sinh hoc ctia cac hgp chét (2-5) tir phan mém PASS online

Hoat tinh sinh hoc (Pa/Pi)

Uc ché enzyme CYP2A6 (CYP2A6 inhibitor) 0,701/0,003

Uc ché enzyme khir hoa nitrat (Nitrate reductase (cytochrome)

. 0,763/0,008
inhibitor) i

Chong roi loan than kinh (4Antineurotic)

. % Ao, . 0,752/0,027
U’ ché enzyme chuyén vi nhém alkyl EC 2.5.1.35 (4spulvinone 0.708/0.061

dimethylallyltransferase inhibitor)
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S s
‘ X Ucrché”hoat dong bd thé yéu t6 D (Complement factor D inhibitor) 0.770/0.009
Q 7 O Chat do6i khang thu thé anaphylatoxin (4dnaphylatoxin receptor 0’719/0’021
< 5 antagonist) ’ ’
4 o_ P
X
L)
Q Uc f:he enzyme khur hoa nitrat (Nitrate reductase (cytochrome) 0,830/0,004
Q B O zyhlbltpr)
N U’ ché enzyme GPI-PLD (Glycosylphosphatidylinositol 0.791/0.015

-(> phospholipase D inhibitor)

<o

Dan xuét (4) tinh khiét duoc lua chon khao
sat thir nghiém in vitro hoat tinh gy doc té bao
trén cac dong té bao ung thu: Hep-G2: Ung thu
gan ngudi; Lu-1: Ung thu phdi; RD: Ung thu co
van tim — dang ung thu mé lién két; FL: Ung

thu tir cung. Tuy nhién, dan xuét (4) da khong
thé hién hoat tinh gy doc té bao trén cac dong
té bao ung thu néi trén tai ndng do 10 (pug/ml)
(bang 3).

Bang 3. Két qua thir hoat tinh gy doc té bao cua din xudt (4)

o Gid tri CS (%)
Kyhicumju  ongdodau Dong ¢ bao
(ng/ml)
Hep-G2 LU-1 RD FL
DMSO - 100 100 100 100
Ching (+) 5 1,3440,8 3,6620,9 0,68+0,3 3,87+1,1
&) 10 67,6141,4 6444415 8327412 593423

4. Két luan

D3 tong hop thanh cong cac hé di vong méi
y-(fur-2-yl)pyridinoaza-14-crown-4-ether  (2),
y-(naphthalen-1-yl)pyridinoaza-14-crown-4-
ether (3), y-(thien-2-yl)pyridinoaza-17-crown-5-
ether (4) va vy-(2-pyridino)pyridinoaza-17-
crown-5-ether (5) voi hiéu sudt tir 40-60%. Da
xac dinh trong didu kién chiéu xa vi song
(300W, 100°C) v6i dung moi acid acetic, phan
mg ngung tu da tic nhan - téng hop dan xuét
(4) xay ra hoan toan sau 20 phut, hiéu suét dat
45%. Ciu tao cua cac dan  xuét
pyridinocrownophane dugc xac dinh béng cac
phuong phép héa ly hién dai, trong d6 céu tao
phin tr cia mot sO dan xuat -
(aryl)pyridinoaza-17-crown-5 ether dugc xac

dinh chinh xac bang phuong phap nhidu xa don
tinh thé (X ray).
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Synthesis of Pyridinocrownophane Derivatives
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Abstract: The pyridinocrownophane derivatives containing 2,6-diaryl-y-arylpyridine subunit and
the aza-14-crown-4 ether ring have been exhibit high cytotoxicity on several tumor cell lines such as
Hep- G2, MCF7, FL, RD, Lu. This study continues to develop method of synthesis of new y-(fur-2-
yl)pyridinoaza-14-crown-4-ether (2), y-(naphthalen-1-yl)pyridinoaza-14-crown-4-ether (3), y-(thien-2-
yl)pyridinoaza-17-crown-5-cther (4) and y-(2-pyridino)pyridinoaza-17-crown-5-ether (5) based on the
1,5-bis- (2-acetylphenoxy) -3- -oxapentane (1a) and 1,8-bis- (2-acetylphenoxy) -36-dioxaoctane (1b).
The structure of these derivatives has determined by ' H NMR, HPLC-MS.

Keywords: Pyridinocrownophane,

diffraction.

17-crown-5-ether,

14-crown-4-ether, single-crystal X-ray



