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ABSTRACT

This paper introduces the synthesis of three diaryl ether derivatives
2-chloro-(4-nitrophenoxy) benzene (3a); 2-(4-nitrophenoxy) naphthalene
(3b) and 3-methoxy-4-(4-nitrophenoxy) benzaldehyde (3c). These aryl
ethers have been synthesized via SyAr reaction under mild conditions and
in excellent yields. This effective synthetic procedure could be used to
synthesize other diaryl ethers with potential bioacitivities.

TOM TAT

Trong céng bo nay, 3 dan xudt ciia diaryl ether 2-chloro-(4-nitrophenoxy)
benzene (1); 2-(4-nitrophenoxy) naphthalene (2); 3-methoxy-4-(4-
nitrophenoxy) benzaldehyde (3) voi nhitng nhom dinh chirc khac nhau da
duoc tong hop dudi nhiing diéu kién phan ung ém diu voi hiéu sudt rdt

cao. Phan ing nay co thé dwoc ap dung dé tong hop nhing hop chat cé
cau tric twong tir 1-3.

1 GIOI THIEU

Trong vai thap nién gin day, da c6 nhidu cong
trinh nghién ctru chiing t6 kha nang Gng dung cua
nhém hop chét diaryl ether (Ar-O-Ar). Khung suon
diaryl ether hién dién trong nhiéu hop chét tu nhién
cling nhu nhitng phén tir ¢6 hoat tinh sinh hoc quan
trong (Xu, 2007). Theo Maiti (2010) din xuét cua
diaryl ether 1a nhitng hop chat c6 nhiéu tmg dung
trong dugc pham, cong nghiép polymer va trong
néng nghiép. Ngoai ra, nhéan diaryl ether con dugc
xem nhu mot khung suon co ban dé tong hop
nhitng hop chét ¢6 ciu triic 16n hon.

Do ¢6 tiém ning tung dung t6t nén nhom hop
chit nay ngay cang dugc nghién ctu tong hop.
Phuong phap phd bién dé tong hop diaryl ether 1a
phan ung Ullmann di tor m{t phenol va diaryl
halide véi xtc tac Cu ¢ nhiét d¢ cao (Maiti, 2010).
Tuy nhién, diéu kién nhu thé nay s& khong phi hop
dé tong hop nhitng chat kém bén nhiét. Ngoai ra,
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diaryl ether con dwoc téng hop tir acid arylboronic
v6i hé xuc tac Cu (Evans, 1998). Phuong phép nay
c¢6 thé 4p dung tong hop dwoc nhiéu diaryl ether
khac nhau nhung can phai sir dung acid arylboronic
& luong du trong khi tac chat nay kha dat tién va
do6i lac ciing kho mua (Maiti, 2010). Phuong phap
moi dé tong hop diaryl ether 1a st dung hé xtic tac
Cul véi phéi tir 1a acid picolinic (Maiti, 2010).
Phan tng nay can phai dugc thuc hién trong moéi
truong khi tro, thoi gian phan ung dai va thong
thuong can phai tinh ché san pham bang cach loc
qua silica gel.

Phan ting SxAr 14 phan tng giita mot chit than
hach nhu phenol va mgt aryl halide trong moi
truong base (nhu K>COs, CsF, NaOH hodc KOH).
Tuy nhién, khong phai aryl halide nao ciing cho
phan ung SnyAr ma chi nhiing aryl halide trong
phéan tr c6 nhom rut dién t¢ nhu nhom —NO,, —
COOH, —CHO ¢ vi tri ortho hodc para hoac ca hai
mdi cho dugc phan Ung.
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Nham tong hop cac dén xuét diaryl ether 1-3 dé
lam tién chat cho cac nghién ctru ti€p theo chiing
to6i chon phuong phap thuc hién phan Gng SyAr.

2 THUC NGHIEM

Ph6 '"H-NMR duoc ghi trén may Brucker 500
MHz (46 dich chuyén héa hoc & dugc tinh theo
ppm, hing s6 ghép cip J tinh bang Hz) tai Vién
Han lam Khoa hoc va Cong nghé Viét Nam, Ha
Noi. Cac hoa chét sir dung c6 nguon goc Merck
(trr KOH, DMSO lan luot co ngudn gbe Trung
Qudc, Prolabo va cac dung méi petroleum ether
(PE), ethyl acetate (Ea), chloroform, methanol,
ethanol c6 ngudn goc Viét Nam). Séc ky 16p
mong str dung ban trang san 60F2s4 (Merck) do day
0.2 mm.

2.1 Téng hgp 3a-c tir p-fluoronitrobenzene

Hop chét 1-chloro-2-(4-nitrophenoxy) benzene
(3a) dugc tong hop nhu sau: Khudy hdn hop gém
DMSO (40 mL), KOH (0.56 g, 0.01 mol),
2-chlorophenol (1.285 g, 0.01 mol) va p-
fluoronitrobenzene (1.41 g, 0.01 mol) & 50°C trong
1.5 gio. Hon hop sau phan tng dugc thém vao 10
mL nuéc mudi bio hoa, sau d6 dugce chiét véi
ethyl acetate, thu 1ay pha hitu co. San pham trong
pha hitu co duoc loai dung méi sau d6 két tinh lai
trong methanol:nuée = 1:1 thu duoc chét rdn mau
trang (2.45 g, 98%).

Hop chat 2-(4- nitrophenoxy) naphthalene (3b)
dugc téng hop nhu sau: Khudy hén hop gdm
DMSO (40 mL), KOH (0.56 g, 0.01 mol),
2-naphthol  (1.44 g, 0.01 mol) va
p-fluoronitrobenzene (1.41 g, 0.01 mol) & 50°C
trong 1.5 gio. Hon hop sau phan tmg dugc thém
vao 10 mL nudc mudi bio hoa, sau d6 duoc chiét
v6i ethyl acetate, thu lay pha hitu co. San phim
trong pha hitu co duogc loai dung méi sau d6 két
tinh lai trong methanol thu dugc chét rdn mau vang
nhat (2.53 g, 95%).

Hop chat 3-methoxy-4-(4-nitrophenoxy)
benzaldehyde (3¢) duoc tong hop nhu sau: Khuay
hén hop gom DMSO (15 mL), KOH (0.34 g, 0.006
mol), vanillin (0.61 g, 0.004 mol) va p-
fluoronitrobenzene (0.85 g, 0.006 mol) ¢ 120°C
trong 10 gio. Hon hop sau phan ung dugc thém
vao 10 mL dung dich NaOH 2 M, sau d6 duoc
chiét véi ethyl acetate, thu lay pha hitu co. San
pham trong pha hitu co dugc loai dung méi sau d6
két tinh lai trong ethanol thu duogc chit rin mau
vang nhat (1.4 g, 85%).
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2.2 Téng hgp 3a-c tir p-bromonitrobenzene

Hop chat 1-chloro-2-(4-nitrophenoxy) benzene
(3a) duoc tong hop nhu sau: Khudy hdn hop gdm
DMSO (40 mL), KOH (0.84 g, 0.015 mol),
2-chlorophenol (1.93 g, 0.015 mol) va p-
bromonitrobenzene (2.02 g, 0.01 mol) & 100°C
trong 1.5 gio. Hon hop sau phan ung dwgc thém
vao 10 mL nudc mudi bio hoa, sau d6 dugc chiét
v6i ethyl acetate, thu lay pha hiru co. San phim
trong pha hitu co dwoc loai dung méi sau do két
tinh lai trong methanol:nuéc = 1:1 thu dugc chét
rdn mau tring (2.25 g, 90%).

Hop chét 2-(4- nitrophenoxy) naphthalene (3b)
dugc tong hop nhu sau: Khudy hdn hop gém
DMSO (40 mL), KOH (1.12 g, 0.02 mol),
2-naphthol  (1.728 g, 0.012 mol) va
p-bromonitrobenzene (2.02 g, 0.01 mol) & 90°C
trong 2 gio. Hon hop sau phan tmg duoc thém vao
10 mL nudc mudi bio hoa, sau d6 dugc chiét véi
ethyl acetate, thu liy pha hiru co. San pham trong
pha hitu co dugc loai dung méi sau d6 két tinh lai
trong methanol thu dugc chét rin mau vang nhat
(2.54 g, 96%).

Hop chat  3- methoxy-4-(4-nitrophenoxy)
benzaldehyde (3¢) duoc tong hop nhu sau: Khuéy
hdn hgp gom DMSO (15 mL), KOH (0.34 g, 0.006
mol), wvanillin (0.61 g, 0.004 mol) va p-
bromonitrobenzene (1.21 g, 0.006 mol) & 120°C
trong 10 gid. Hon hop sau phan tng dugc thém
vao 10 mL dung dich NaOH 2 M, sau d6 duogc
chiét v6i ethyl acetate, thu 1dy pha hitu co. San
pham trong pha hitu co dugc loai dung méi sau d6
két tinh lai trong ethanol thu dugc chét rin mau
vang nhat (1.3 g, 79%).

2.3 Dir li¢u phé ciia cic hgp chét 3a-c

Hop chét 3a: Ry=0.47 (PE:Ea = 10:1); Ph6 'H-
NMR 8y (CDCl3, 500 MHz, & ppm): 8.21 (2H, d, J
=9 Hz, O,N-C(CH)CH); 7.52 (1H, dd, J =8 Hz va
J = 1.5 Hz, ArH); 7.36 (m, ArH); 7.26 (m, ArH);
7.17 (dd, J =8 Hz va J = 1.5 Hz, ArH); 6.96 (d, J =
9.5 Hz, -O-C(CH)CH); Phé MS m/z: 249.9 (MH").

Hop chat 3b: R, = 0.4 (PE:Ea = 9:1); Ph6 'H-
NMR 8y (500 MHz, CDCl3, 8 ppm): 8.20 (2H, d, J
= 9.5 Hz, O,N-C(CH)CH), 7.91 (1H, d, J =9 Hz,
CH (naphthalene)), 7.89 (1H, d, J = 8 Hz, CH
(naphthalene)), 7.78 (IH, d, J = 8 Hz, CH
(naphthalene)), 7.50 (3H, m, CH (naphthalene)),
724 (1H, dd, J = 2.5 Hz va J= 9 Hz, CH
(naphthalene)), 7.06 (2H, d, J = 9 Hz, -O-
C(CH)CH (benzene)); Phé MS m/z: 266 (MH™).
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Hop chit 3¢: Ry = 0.67 (chloroform); Ph6 'H-
NMR &3 (500 MHz, CDCls, & ppm): 9.99 (1H, s, -
CHO), 822 (2H, d, J = 9 Hz, 0,N-C(CH)CH),
758 (1H, d, J = 1.5 Hz, MeO-C(CH)), 7.53 (1H,
dd, J = 2 Hz va J = 8 Hz, (CHO)-C(CH)), 7.24
(1H, d, J = 8 Hz, MeO-C(C-O-)CH), 7.00 (2H, d, J

O

X=F,Br

Ar/

1a-c
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= 9 Hz, -O-C(CH)CH), 3.88 (3H, s, -OCHj); Phé
MS m/z: 274.24 (MH").

3 KET QUA VA THAO LUAN
Quy trinh tong hop cac dan xuit diaryl ether
3a-c duogc trinh bay trong Hinh 1.

(@)
base Ar”

" owso NO,

3a-c

Cl OH OH
ArOH = OH /@
OHC OCH;

2-Chlorophenol

1a

2-Naphthol

1b

Vanillin

1c

Hinh 1: So d6 tdng hop cac diaryl ether 3a-c

Phan tng SnxAr dugc thyc hién trong moi
treong base va doi hoi aryl halide phai c6 nhom rut
dién t& & vi tri ortho hodc para hodc ca hai (ortho
va para). Mot s6 yéu td chinh anh huéng dén phan
ung da dugc khao sat k¥ vai hai loai tac chét dugc
chon 1a p-bromonitrobenzene (nhém xuét bromide)
va p-fluoronitrobenzene (nhom xudt fluoride) nhim
tim ra diéu kién tot nhat dé tong hop cac diaryl
ether 3a-c.

Trong téng hop hop chat 3a, mic du di sir dung
lwong du tac chit 2-chlorophenol (1.5 eq) va KOH
(1.5 eq) S0 V01 p-bromonitrobenzene (1 eq), phan
g can phai dugc thuc hién ¢ 100°C dé dat higu
suat 90%. Hiéu suat nay chiang nhiing thip hon khi
sit dung tac chit p-fluoronitrobenzene (98%) ma
luong hoa chéat st dung ciing nhu nhiét do cua
phan tmg (100°C so véi 50°C) déu cao hon. R&
rang hop chit p-bromonitrobenzene cho phan tmg
SNAr v&i 2-chlorophenol kho hon so véi hop chat
p-fluoronitrobenzene. Dit liéu phd 'H-NMR cho
thdy c6 6 tin hiéu twong Ung vi 8 proton ctia vong
benzene. Trong d6, mdi tin & & ppm = 8.21 va 6.98
g v&i 2 proton, diéu nay cho thiy sy ddi ximg
trong phén tir 3a. Tin hi€u c6 do dich chuyén hoa
hoc & ppm = 8.21 twong tng v6i 2 proton & vi tri
ortho v6i nhom —NO,. Tin hiéu c¢6 d6 dich chuyén
hoa hoc 6 ppm = 6.98 tuong ting véi 2 proton & vi
tri meta véi nhom —NO,. Phé MS (ESI) cho thiy
tin hiéu c6 m/z = 249.9 tuong ung véi ion [MH]",
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sd lidu tinh toan (250.0). Cac sd licu pho déu cho
thdy su phu hop vdi cdu tric ciia hop chét 3a.

Trong tong hop hop chat 3b, phan ung giira p-
fluoronitrobenzene hodc p-bromonitrobenzene véi
2-naphthol du cho hiéu suit cao (khoang 95%).
Tuy nhién, phan tng cua p-fluoronitrobenzene xay
ra ¢ nhiét do thip, thoi gian ngén va moi truong
base yéu hon so véi truong hop sir dung tac chat
p-bromonitrobenzene. Ngoai ra, néu st dung
p-bromonitrobenzene thi phai dung du KOH va
2-naphthol, trong khi néu st dung p-
fluoronitrobenzene thi phan ng xay ra theo ti 1¢
1:1 giita cac tic chat. Phd 'H-NMR cho thdy céc
tin hiéu & 6 ppm = 8.20 va 7.06 twong Gng voi 4
proton clia vong benzene (mdi tin hi¢u tng véi 2
proton). Tin hiéu c¢6 d¢ dich chuyén hoa hoc & ppm
= 8.20 twong Gng vdi 2 proton & Vi tri ortho voi
nhém —NO,. Tin hiéu ¢6 do dich chuyén héa hoc o
ppm = 7.06 tuong ung voi 2 proton & vi tri meta
vO1 nhém —NQO,. Céc tin hiéu con lai 1a tin hiéu cua
7 proton cua khung naphthalene. Phé MS (ESI)
cho thdy tin hiéu c6 m/z = 265.9 twong g véi
ion [MH]*, sb liéu tinh toan (266.1). Cac sé liéu
phé déu cho thay su phi hop véi cdu triic ctia hop
chat 3b.

Trong tong hop hop chét 3¢, phan tmg can
dugc thuc hién ¢ nhiét d6 (120°C) cao hon, thoi
gian phan tng (10 gi®) dai hon so véi tong hop 3a-
b. Truong hop nay, tic chat p-fluoronitrobenzene
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van cho hiéu sudt tong hop 3¢ cao hon so véi
p-bromonitrobenzene (85% so vai 79%) ¢ cung
diéu kién phan tmg. Tuy nhién, hiéu suit ¢ ca hai
truong hop déu thap hon so véi tong hop 3a-b.
biéu nay co thé duoc giai thich dya trén sy hién
dién ctia nhom —CHO trong phan tir vanillin. Nhém
—CHO la m6t nhom rat dién tr lai hién dién & vi tri
para d6i v6i nhém —OH trong phan tir vanillin. Do
d6, nhom —CHO gitr vai tro 1a mdt nhém gidm hoat
dang ké. Ngoai ra, qua trinh tong hop 3¢ con tao ra
nhiéu san phdm phu hon so véi tong hop 3a-b do
nhém —CHO c¢6 kha ning bién doi (phan tmg
Cannizzaro) trong mdi truong phan ung (base).
Phan tng Cannizzaro ciing gbp phan lam giam
hiéu suét tong hop 3¢ (so v6i 3a-b). Dit liéu phd
'H-NMR cho thdy c6 7 tin hiéu tng véi 11 proton.
Tin hi€u & & ppm = 3.88 tuwong rng véi 3 proton
cia nhom —OCHs, 8 ppm = 9.99 tuong ung vdi
proton cua nhém —CHO. Tin hiéu c6 d6 dich
chuyén hoa hoc & ppm = 8.22 twong tng voi 2
proton & vi tri ortho v6i nhéom —NO,. Tin hiéu co
d6 dich chuyén héa hoc & ppm = 7.00 tuong tng
v6i 2 proton & vi tri meta voi nhdém —NO,. Do dich
chuyén hoa hoc ciing nhu sy ghép cip cua cac tin
hiéu con lai déu phu hop véi sy sap xép cac proton
trén vong vanillin. Phé MS (ESI) cho thiy tin hiéu
¢6 m/z = 274.2 twong Ung v6i ion [MH]", s6 liéu
tinh toan (274.1). Cac s6 liéu phd déu cho thiy su
phtl hop véi cdu tric cia hop chit 3c.

Tir nhimg thi nghiém trén c6 thé rat ra nhan
xét nhu sau: Phan tUng SnAr dbi  véi
p-fluoronitrobenzene xdy ra dé dang hon so véi
p-bromonitrobenzene. Truong hop s dung
p-fluoronitrobenzene phan ung xay ra ¢ nhiét do
thip hon, base yéu hon (c6 thé sir dung K,CO;
hodc NaOH thay cho KOH) va thoi gian phan
tmg ngan hon so voi truong hop st dung
p-bromonitrobenzene. Ca hai tac chat déu cho hiéu
suét phan (mg SxAr rat cao. Két qua tong hop 3a-c
tir p-fluoronitrobenzene va p-bromonitrobenzene
duoc trinh bay tom tit trong Bang 1.

Bing 1: Két qua tong hop céc diaryl ether 3a-c

NO-, N .
_O. ngu Ghi
Ar H « suat chi
1a X=F 98% 3a
X=Br 90%
X=F 95%
1b X=Br 96% P
X=F 85%
le X=Br 799 3¢
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LOI CAM TA

Bai bao cao nay duogc viét dua trén nodi dung
ctia dé tai nghién ciru khoa hoc cap truong “Nghién
ctru tong hop va thir nghiém hoat tinh sinh hoc cac
dan xuit méi cua 1,2,3-triazole”.
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