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Tom tat

Hop chét benzoxazole 1a mét trong nhiing hop chét cé nhiéu hoat tinh sinh hoc thu vi. Céc phuong phap
truyén théng thuong thuc hién duwéi diéu kién phirc tap nhw cén acid manh, xuc tac kim loai dat tién, doi hoi
ap suét cao, nhiét do cao va dudi diéu kién chiéu xa vi ba. Trong nghién ctru ndy, chung téi da bao céo mét
phuong phéap tdng hop benzoxazole méi str dung hé xuc tac oxy héa khir di tir FeCls.6H-0, lwu huynh. Day
la mét hé xuc tac phu hop, hiéu qua, sdn cé va than thién véi méi trirong cho cac phan ting oxi héa khir
ngung tu chi véi mét buéce & 100 °C. Ap dung phurong phdp méi nay, ching téi da téng hop duoc 8 dén xuét
2-arylbenzoxazole vé&i hiéu suét cao (tinh theo 2-nitrophenol). Nghién ctru nay la mét buéc tién quan trong
trong viéc téng hop céc hop chét c6 hoat tinh sinh hoc chira khung benzoxazole tir cac nguyén liéu dau sén
c6 don gian chi qua mét buwdc phan tng.

T khoa: 2-arylbenzoxazole, 2-nitrophenol, lwvu huynh, aldehyde, FeClz.6H20.
Abstract

Benzoxazole derivatives are one of the compounds with many interesting biological activities. Conventional
methods are often performed under complex conditions using strong acids, expensive metal catalysts,
requiring high pressure, high temperature, and under microwave irradiation. In this study, we reported a new
method of benzoxazole synthesis with redox catalyst using FeCls.6H20 and sulfur. This is a suitable,
efficient, readily available and environmentally friendly catalyst system for redox and condensation reactions
in one step at 100 °C. Applying this new method, we have synthesized eight 2-arylbenzoxazole derivatives
with high yields (calculated according to 2-nitrophenol). This research is an important step forward in the
synthesis of biologically active compounds containing the benzoxazole framework from readily available

starting materials in a single reaction.

Keywords: 2-arylbenzoxazole, 2-nitrophenol, sulfur, aldehyde, FeCls.6H20.

1. Mé diu

Céc hop chét c6 nhan benzoxazole dugc bibt
dén nhu 12 mot hop chét c6 hoat tinh sinh hoc tha vi
nhu khang nam, khang khuan, khang HIV [1-2]. Mot
s6 chit c6 nhan benzoxazole di duoc thuong mai hoa
nhu fenoxaprop dung dé diét co [3].

Trudc day, benzoxazole thuong dugc tong hop
tr phan ng ngung tu giita o- hydroxyaniline va axit
cacboxylic. Piéu kién phan tmg ngung tu tach loai
nude thuong 1a nhiét d6 cao va sir dung xuc tac axit
manh. Cac dan xuét cia axit carboxylic ciing dugc st
dung nhu acid chloride, nitrile, imidate, orthoester,
anhydride, lactone...[4]. Mat khac, aldehyde co thé
dugce sir dung cung cac chat oxy hoa khac nhau,
chang han nhu nitrobenzene, benzoquinone, sodium
metabisulfite, oxit thuy ngén, chi tetraacetate, ibt,
ddng(Il) acetate, va khong khi duoc sir dung cho muc
dich nay [4]. Tuy nhién, cac nghién ctru van str dung
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xuc tac va chit oxy hod dit tién, c6 cdu tric phuc tap,
doi hoi ap suat cao, nhiét do cao va dudi diéu kién
chiéu xa vi ba [5]. Mat khac, tong hop cac dan xuat
cua benzoxazole thudng di theo con dudng truyén
thong khong trai qua qua trinh oxi hoa khir (so dd 1).
Céc chat ban dau i va ii ngung tu dé téng hop nén cac
hop chit benzoxazole 3. Trong mdt hudng tiép can
md&i, anillin i ¢6 thé duge diéu ché tir 1 théng qua
phan g khir cdn 6¢, trong khi acid ii c6 thé thu
dugc bang cach oxi hoa cac dan xuét cia ii ¢ trang
thai oxi hoa thdp hon. Trong khi ii chi co thé _cung
cap 2e’, néu sir dung luong dur ii dé bu dép sb e bi
thiéu s& dan t6i cac san pham phu khong mong mudn.
Mot con duong di tir phan Ung gitra 1 va 2 da duogc
chung t6i nghién ctru trong cong b nay.

Hién nay, hé thong sit-luu huynh dang duoc
xem 1a mot ho xuc tac day hira hen cho qué trinh oxy
hoa - khir - ngung tu [6-11]. Luu huynh nguyén té véi
su c6 mat cua lugng xuc tac FeCl;.6H,O da dugc st
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So dd 1. Cac con duong téng hop khung benzoxazole

dung lam xtc tac dé thuc day phan ng oxy hoa khir
ngung tu gilta o-nitrophenol v6i arylacetonitril trong
phan ung tong hop benzoxazole. Luu huynh nguyén
t6 dong vai trd nhu chat khir xianua [12].

Trong nghién ctu nay, phan tmg tong hop
benzoxazole st dung két hop luu huynh va
FeCl3.6H-O d3 dién ra vé6i chi mot bude, khong sinh
ra cic san phim phu khong mong mudn da thu duogc
san phim benzoxazole mong mudn véi hiéu suit cao.

2. Thye nghiém

Phé cong huong tr hat nhan 'H-NMR
(500 MHz) va *C-NMR (125 MHz) duoc do trén
may Avance 500 (Bruker, CHLB Durc). Céc thiét bi
trén 1a cta Vién Hoéa hoc - Vién Han 1am Khoa hoc
va Cong nghé Viét Nam.

2.1. Quy trinh chung

Téng hop cac hop chét 3a-3h theo so dd 2. Hon
hop 2-nitrophenol 1 (1 mmol), aldehyde 2
(1 - 1.2 mol), luu huynh (S) (3 mmol), FeCl;.6H.O
(10 mol %), N-methypiperidine (4 mmol) dugc dun ¢
100°C trong 16 gio' dudi didu kién khi nito. Két thuc
phan ung, hdn hop duoc tach bang cot silica gel véi
hé dung mo6i Hexan:EtOAc (v:v) (95:5).

2.1.1. Tong hop chat 2-(p-tolyl)benzoxazole (3a) [15]

N
@)

Hiéu suit 70%. '"H NMR (500 MHz, CDCls) ¢
8,17-8,14 (m, 2H); 7,78-7,74 (m, 1H); 7,58-7,56 (m,
1H); 7,35-7,32 (m, 4H); 2,45 (s, 3H). '3C NMR (125
MHz; CDCls) § 163,2; 150,6; 142,1; 142,0; 129,5;
127,8; 124,9; 124,7; 124,6; 119,9; 110,4; 21,6.

2.1.2. Téng hop (2-(4-fluorophenyl)benzoxazole (3b)

[15]
—~)—~< 1)
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Hiéu suét 75%. 'H NMR (500 MHz, CDCls) §
8,29-8.25 (m, 2H); 7,78- 7,75 (m, 1H); 7,60-7,56
(m, 1H); 7,38-7,34 (m, 2H); 7,24-7,20 (m, 2H). 1*C
NMR (125 MHz, CDCl;) § 164,9 (d, J = 251,5 Hz);
162,3; 150,8; 141,9; 1298 (d, J = 8,9 Hz); 125,1;
124,8; 123,5; 120,1; 116,1 (d, J = 22,1 Hz); 110,5.

21.3. Tong hop 2-(4-chlorophenyl)benzoxazole (3c)

[15]
N
L)

Hiéu suét: 76%. 'H NMR (500 MHz, CDCL3) ¢
8,21-8,19 (m, 2H); 7,78-7,76 (m, 1H); 7,59-7,57 (m,
1H); 7,52-7,50 (m, 2H); 7,39-7,35 (m, 2H). 3C NMR
(125 MHz, CDCl3) 6 162,0; 150,9; 142,1; 137.8;
129,4; 128,9; 125,6; 125,5; 124,8; 120,3; 110,7.

2.1.4. Tong hop (2-(4-bromophenyl)benzoxazole (3d)

[15]
N
Br 7 j@
C ;o
Hiéu sudt 85%. '"H NMR (500 MHz, CDCl;) ¢
8,54-8,12 (m, 2H); 7,79-7,77 (m, 1H); 7,68-7,66 (m,
2H); 7,59-7,58 (m, 1H); 7,39-7,35 (m, 2H). 3C NMR
(125 MHz, CDCly) 6 162,2; 150,7; 141,9; 132.4;
129,0; 126,2; 126,0; 125,6; 124,8; 120,0; 110,7.

2.1.5. Téng hop (2-(4-methoxyphenyl)benzoxazole

(3e)
N
wo{T0)
o)

Hiéu suét 80%. 'H NMR (500 MHz, CDCl3) o
8,21-8,19 (m, 2H); 7,76-7,72 (m, 1H); 7,56-7,54 (m,
1H); 7,35-7,30 (m, 2H); 7,04-7,02 (m, 2H); 3,89 (s,
3H). °C NMR (125 MHz, CDCl3) 58,1; 111,4; 113,5;
120,2; 121,7; 125,5; 126,6; 128.,8; 140,0; 140,5;
162,2; 165.,6.



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 3, July 2021, 043-046

2.1.6. T (fng hop 2-(3-methoxyphenyl)benzoxazole (3f)

[16]
N
Tase
Me

Hiéu suit 87%. 'H NMR (500 MHz, CDCh) o
7,87-7,85 (m, 1H); 7,80-7,77 (m, 2H); 7,61-7,57 (m,
1H); 7,45-7,42 (t,J = 8,0 Hz, 1H); 7,38-7,34 (m, 2H);
7,10-7,08 (m, 1H); 3,92 (s, 3H). 3*C NMR (125 MHz,
CDCl3) 0 163,0; 160,1; 150,9; 142,1; 130,2; 128,5;
125,3; 124,7; 120,3; 120,2; 118,4; 111,9; 110,7; 55,5.

2.1.7. Téng hop  2-(3,4,5  trimethoxyphenyl)
benzoxazole (3g) [16]
MeO
N
o)1)
Me

Hiéu suit 85%. 'H NMR (500 MHz, CDCl;) ¢
7,81-7,80 (m, 1H); 7,61-7,59 (m, 1H); 7,57 (s, 2H);
7,40-7,37 (m, 2H); 4,01 (s, 3H); 3,95 (s, 3H). 13C
NMR (125 Hz, CDCls) 109,4; 115,6; 120,0; 125,1;
126,7; 127,1; 127.4; 128,2; 136,1; 139,3; 142,0;
148,5; 160,5.

2.1.8. Tong hop 2-(3-nitrophenyl)benzoxazole (3h)

[16]
N
)

Hiéu sut 82%. '"H NMR (500 MHz, CDCl;) ¢
9,11-9,10 (m, 1H); 8,61-8,59 (m, 1H); 8,40-8,38 (m,
1H); 7,83-7,82 (m, 1H); 7,75-7,72 (t, J = 7,9 Hz, 1H);
7,65-7,63 (m, 1H); 7,44-7,41 (m, 2H). '3C NMR (125
MHz, CDCl3) § 160,5; 150,9; 148.8; 141,8; 133,1;
130,3; 129,0; 126,2; 125,9; 1253; 122,6; 120.,7;
110,9.

O,

3. Két qua va thao luin

Gan day, tong hop 2-arylbenzoxazole tir
o_nitrophenol va alcol benzylic sir dung chét xuc tac
1,1'-bis (diphenylphosphino)ferrocene (dppf) da dugc
bao cdo [13]. Tuy nhién, viéc sir dung chét xuc tac

dppf trong lugng phan tir 16n khién cho phan tng rat
kho c6 g dung thuc té. Viée sir dung nguyén 6 luu
huynh cé thé khic phuc duge cac yéu to nhu trong
lugng phéan tir thap, ngoai ra, luu huynh con 1a
nguyén té da dién tich do vdy viéc cho va nhan dién
tr s& dé dang hon. Hé théng oxi hoa khur sat-luu
huynh 1a mét trong nhitng hé xuc tac dong vai tro vo
cling quan trong trong qua trinh chuyén dién tir trong
té bao sinh vat dé xtc tac cho qua trinh oxy hoa-khu.
Hé sat-luu huynh hoat dong nhu tu dién, tich tri va
giai phong cac electron va xtc tac cho cac phan ung
trao doi chat [14].

Hé xuc tac sit-luu huynh da dugc st dung nhu
mot hé oxi hoa khir cho phan tng tong hop
benzoxazole [10,12]. Tuy nhién viéc tong hop cac
hop chit benzoxazole tir 2-nitrophenol va aldehyde
theo phuong phap nay van chua dugc cong bd. Kha
nang tham gia phan mg cua cac dan xuat aldehyde
khac nhau da dugc khao sat va san phém thu duoc
v6i hiéu suat tir kha toi tdt. Cac nhom thé trén nhan
thom ctia cac dan xuét aldehyde nhu day dién tr (Me,
OMe - 3a, 3e, 3f, 3g) va hut dién t¢ (NO> - 3h) [16]
déu thyc hién dwoc ¢ diéu kién phan timg nay véi hiéu
sudt cao tir 70 dén 87%. Trong d6 hop chit 3f cho
hiéu suit cao nhit 87%. Phan ung cling thyc hién
thanh cong véi cac nhom thé trén aldehyde 1a cac
halogen nhu Cl, Br, F & vi tri para (3b-3d) [15] cho
hiéu suat cao tir 75 dén 85%. Trong d6 hop chat 3d
cho hiéu suit cao nhit 85%. Dé xac dinh céu tric cua
cac dan xuét 2-arylbenzoxazole, chat 3a dugc chon
lam dai dién ching minh cac dic diém ciu tric bang
phuong phap phd cong huong tir hat nhan 'H-NMR
va BC-NMR. Két qua cho thdy trén phd 'H cua hop
chit 3a cho thdy cac tin hiéu cong hudng cia cac
proton dugc thé hién nhu sau: tin hiéu cong huong o
ving truong thdp dang multiplet 8,17-8,14 ppm cua
2H & vi tri Ho va Hy», tin higu tai 7,78-7,76 ppm 6 vi
tri Hy, tin hiu tai 7,58-7,56 ppm o vi tri Hs, tin hi¢u
tai 7,35-7,32 ppm & vi tri Hs, He, Hio, Hii, tin hiu
singlet tai 2,45 ppm ciia nhém Me. Trén pho 3C
NMR cua hop chét 3a cho ddy du tin hiéu C trong
do: tin higu tai 163,2 & vi tri Cy, 150,6 & vi tri Co,
142,1 & vi tri Cy, 142,0 ¢ vi tri Cg, 129,5 & vi tri Cy3,
127,8 ¢ vi tri Co, Ci2, 124,9 & vi tri Cio, Ci1, 124,7 &
vi tri Cs, 124,6 & vi tri Cs, 119,9 ¢ vi tri Cs, 110,4 & vi
tri Cs, 21,6 & vi tri C ciia nhém CH3. Nhu vay cAu
trac hop chit 3a phu hop véi cac tin hidu thu duoc
bang phuong phap phd 'H-NMR, BC-NMR.

OH 0 s /Fecl, 0 o R
O, s (Lo~
NO, | R 100°C, N, N
N-methylmorpholine
1 2(a-h) 3(a-h)

So dd 2: Phwong phap tdng hop cac hop chit 2-arylbenzoxazole

45
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4. Két luan

Chung t6i da bao cao mot phuong phap oxy hoa
khir ngung tu moi tong hop benzoxazole tir
2 nitrophenol va aldehyde trong mdt budc phan tGng
dudi diéu kién khong dung moéi, str dung hé xuc tac
oxy hoa khir sit-lvu huynh di tir FeCl;.6H,O, luu
huynh. Ap dung phuong phap méi nay, ching t6i da
téng hop dugc 8 din xuit 2-arylbenzoxazole véi hiéu
suat cao (tinh theo 2-nitrophenol). Phuong phap mai
nay 1a mot budce tién quan trong trong viéc tong hop
cac hop chit c6 hoat tinh sinh hoc chira khung
benzoxazole tir cac nguyén liéu dau sin c6 don gian
chi qua mdt budc phan ung. Viéc nghién ciru va dua
ra co ché phan tng s& dugc cong bd trong cac nghién
ctru tiép theo.
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