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Toéng hop cac dan xuat 2-benzylbenzoxazole st dung hat nano
gan dung moi eutectic sdu lam xuc tac
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TOM TAT

Dung méi eutectic sau c6 dinh trén hat nano ti tinh (DES@MNP) dugc diéu ché tir [Ureals[ZnCl,]
mang lén cac hat nano ti tinh Fe3O4 thong qua 3-chloropropyltrimethoxysilane nhu mét cau néi.
Co cau clia xuc tac dugce xac dinh bang cac phuong phap héa Ii nhu SEM, TEM, VSM, EDX, IR, XRD,
TGA. Trong nghién ctu nay, hap chat di hoan 2-benzylbenzoxazole dugc lua chon téng hop théng
qua phan ting dong vong gitia hai loai chat nén don gidn 2-nitrophenol va acetophenone st dung
luu huynh/1,4-diazabicyclo[2.2.2]octane (DABCO) nhu la chat khit. Hon hgp luu huynh va DABCO la
mot hé oxid hoa - khir ém diju, hiéu qua cao cho phan (ng nay. Ngoai ra, phuang phéap dun khudy
dugc lua chon va cac diéu kién anh hudng dén hiéu suat cla phan ng da dugc khao sat. Tai 130
°C, c6 6 hgp chat dan xuét clia 2-benzylbenzoxazole da dugc téng hop thanh cong sau 16 gid vdi
hiéu sudt cao (86-91%) tir cac chat nén va hoat chat (ti 1é acetophenone:2-nitrophenol:DABCO:Iuu
huynh la 2:1:1:3, 10% mol xtic tdc DES@MNP). San pham dugc nhan danh cdu trdic béng céc phuong
phép phé nghiém (phé héng ngoai FT-IR, phé cong hudng ti hat nhan 'H va 13C NMR va sic ki
khi ghép khéi phd GC-MS). Cac két quéa nghién clu cho thdy hat nano DES@MNP [a mot xuc tac
hiéu qua cho phan ting nay va dugc tach loai khdi hdn hop phan ting mét cach dé dang bang nam
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cham tur tinh va tai st dung 5 1an véi hoat tinh xuc tac gidm khong déng ké.
Tu khoa: Iuu huynh, 2-benzylbenzoxazol, DES, acetophenone, xUc tac tu tinh

GIGI THIEU

Co ciu benzoxazole la mét khung di hoan dién hinh
thudng gdp trong thién nhién cing nhu trong tng
hop. Céc dan xuét benzoxazole dugc st dung trong
cdc qué trinh nghién ctiu dugc phim véi ting dung
lam cdc chét van chuyén thu thé melatonin (hormone
diéu chinh nhip sinh hoc ctia co thé), chit uc ché
amyloiodogenesis, chét tic ché Rhokinase hay thudc
chéng ung thu!. Céc hoat tinh thudng dugc biét dén
& khung benzoxazole nhu khang khuén, khang virus,
chdng di ting, chéng co giat, chdng trdm cam, khing
oxid héa, gidm dau '3, Mot s6 hoat tinh dic biét néi
bat trong diéu tri HIV, viém gan C, bénh Alzheimer,
tiéu dudng,... ciing da dugc phét hién va nghién ctu®.
Ngoai ra, mot s6 loai chdt mau nhay quang (dye, 12
thanh phan cht yéu trong pin mit troi nhay quang)
da dugc diéu ché tli co cdu khung benzoxazole®~’.

Cé nhiéu phuong phép téng hop cdc dan xudt ben-
zoxazole da dugc nghién ctiu nhu aryl héa ben-
zoxazole véi cic aldehyde huong phuong®’, déng
vong cdc dan xuit ctia cdc hgp chét 2-nitrophenol
hay 2-aminophenol véi cic loai chit nén khac nhau
nhu halobenzene '”!!, alcol'?, aldehyde!>~'°, ke-

16,17

tone , carboxvylic acid '8, orthoester !°, acid chlo-

ride20, isocyanide 21 oxime amide?2, diphenylacety-

lene??, phenyl-boronic acid > hay iodobenzene diac-
etate 2. Dong thdi, cic loai xtc tdc khac nhau nhu
acid Bronsted (HSO4, amberlyst-15, TsOH...) 717
hay céc acid Lewis (mudi va phtic cta Pd2*, Cu?t,
Bi3*, Ru3t)10-12.17 cling dugc sti dung. Ngoai ra, I,
va ciing dugc st dung lam xuc tac cho loai phan ting
nay’. Tuy nhién, hdu hét cic loai xtc tac trén kho
thu héi sau phan ting cling nhu khé kiém sodt cic san
phédm phu.

Trong nhiing ndm gin diy, dung moi eutectic sau
(DES) dugc biét dén rong rai nhu la mot loai chét
long ion bai vi chiing ¢ nhiing tinh chat va dic diém
tuong tu véi cic loai chit 1ong ion ?°. Tuy nhién, dang
dong thé cta DES gy khé khan trong qua trinh xt
li sau phan tng vi d6 nhét cao. Hat nano tu tinh
Fe304 dugc st dung nhu mét d¢€ mang quan trong
cho céc xuc téc dong thé khéc nhau do dién tich bé
mit cao, tinh chét siéu thuan tt, doc tinh thdp, dé
diéu ché, gia thanh thdp. Do d6, cac xuc tac DES dong
thé thudng dugc gin 1én chit mang hat nano tu tinh
nhim c6 thé thu hoi va tai sit dung xtic tic?*%2. Vi
vay, trong nghién ctiu nay, chung t6i st dung xtc tac
dung moi eutectic sau cd dinh trén hat nano c6 mat
ctia hoat chét luu huynh/DABCO d€ thuc hién khu
héa 2-nitrophenol va sau d6 ngung tu truc tiép véi

Trich dan bai bao nay: Thé N T, Phuong T H. Téng hop cac dan xuat 2-benzylbenzoxazole st dung
hat nano gin dung méi eutectic sdu lam xtic tac. Sci. Tech. Dev. J. - Nat. Sci,; 4(3):611-620.
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cdc dan xuft clia acetophenone dé téng hgp cic dan
xudt 2-benzylbenzoxazole.

VAT LIEU VA PHUONG PHAP

Héa chat

Luu huynh, acetophenone, 4-methylacetophenone,
2-acetylthiophene, 4-methoxyacetophenone,
2-nitrophenol, 4-chloro-2-nitrophenol, 4-
methyl-2-nitrophenol, 4-ethylmorpholine,

(DABCO),  3-
chloropropyltrimethoxysilane dugc mua tii Sigma-
Aldrich. Silica gel 230-400, bang mong (silica gel 60
F254), acetone-dg, N,N-dimethylformamide, piperi-
dine, N,N-dimethylaninline, kém chloride dugc
mua ti Meck. Sit (II) chloride, sat (III) chloride,

potassium hydroxide, urea dugc mua tii Xilong.

1,4-diazabicyclo[2.2.2]-octane

Qui trinh diéu ché xuc tac

Xuc tdc DES@MNP dugc diéu ché theo qui trinh
theo tai ligu tham khao trudc day?>?’. Ban dau, hat
nano Fe304 dugc tong hgp bang phuong phép chiéu
xa siéu am. Tiép theo do, bao vé hat nano Fe304
béng cach bao phu 16p silicat v6i phuong phép dun
hoan luu trong ethanol. Chat trung gian tao cdu néi
1a (3-chloropropyl)triethoxysilane dugc gan lén bang
phuong phap dun hoan Iuu trong toluene. Sau clng,
DES [ZnClp][Urea]s dugc téng hgp bang phuong
phép khudy ti hén hgp ZnCly:Urea (ti 1¢ 1:4) ¢ 100
°C va dugc gin 1én hat nano.

Qui trinh téng hgp 2-benzylbenzoxazole

Cho vao binh cdu phan ting hén hgp acetophenone
(2,0 mmol), 2-nitrophenol (1,0 mmol), luu huynh (3,0
mmol), DABCO (1,0 mmol) va xtuc tic DES@MNP
(10% mol). Hon hgp phan ting dugc dun khudy & 130
°C trong 16 gi¢ va theo doi bang séc ki 16p mong. Sau
khi phan tng két thuc, d€ hén hgp ngudi dén nhiét
do phong va tién hanh ly trich véi ethyl acetate. Xuc
tac d€ tach ra khoi hén hgp bing nam chiam. Dich ly
trich dugc c6 quay ap suét thip dé thu hoi dung moi.
Hiéu sudt c6 lap dugc tinh sau khi tién hanh sac ky cot
silica gel bang hé dung mai hexane va ethyl acetate ti
1é 10:1. San ph&m tinh khiét dugc dinh danh béng
GC-MS, IR, 'Hva 3CNMR.

Phuong phap phan tich

Phan ting dugc thyc hién trén mdy khudy tu diéu
nhiét IKA-RET va bén siéu 4m Elma S30H (tin s6
siéu am 1a 37 kHz). Phé hong ngoai (FT-IR) dugc
ghi trén may Bruker E400 (KBr). Gidn d6 nhiéu xa
tia X (PXRD) dugc ghi trén médy do nhiéu xa D8 Ad-
vance dau do Lynxeye. Gidn d6 phén tich khéi lugng

612

nhiét (TGA) dugc thuc hién trén may phan tich khoi
lugng nhiét Q-500 dudi ludng khong khi véi toc do
gia nhiét 1a 5 °C.phtt~!. Hinh nh kinh hién vi dién
tt quét (SEM) dugc chup trén kinh hién vi dién tu
quét S-4800 cuia Hitachi. Hinh anh kinh hién vi dién
tt truyén qua (TEM) dugc chup trén kinh hién vi dién
tt nguyén td phén gidi 16n Jem-Arm 300 E Phé tia
X phan tan nang lugng (EDX) dugc thuyc hién bing
thiét bi EMAX EX-400 EDX. Phén tich tii k€ mau rung
(VSM) dugc ghi lai trén may Model 10 Mark IT VSM.
Dii liéu quang phd khéi plasma (khoi phd cam ting
cao tdn ICP-MS) da dugc ghi trén thiét bi Agilent ICP-
MS 7700x. Diém néng chay dugc ghi bang méay do
diém nong chay Buchi B-545. Phé cdng hudng tit hat
nhan ('H va 3C NMR) dugc ghi trén may Bruker Ad-
vance II. Khéi ph6 (MS) dugc ghi trén may sdc ky khi
ghép phd khéilugng GC-MS Agilent 7890, ddu do MS
5973N, ct mao quan DB-5 MS (30 m x 250 mm x 0,25
mm).

KET QUA VA THAO LUAN

Xac dinh co cau chia xuc tac

Trén phd hong ngoai (Hinh 1), hat nano Fe3Oy4 c6 van
hép thu ctia n6i Fe-O ¢ khoang 585 cm~ !, Ph6 FT-IR
ctia DES@MNP ¢ gan DES, xudt hién thém cic dinh
hép thu § 1613, 1401, 1243, 3254 va 3331 cm™ ]tlidng
ung v6i dao dong trong n6i C=0, C—N, N—H trong
nhém amid.

DES@MNP
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Hinh 1: Phé FT-IR cla Fe304 va DES@MNP

Ph6 Raman (Hinh 2) ghi nhan tin hiéu Zn-Cl tai 487
cm~!. Ngoai ra, ph§ nhiéu xa tia X (Hinh 3) ctia
DES@NMP cho théy cac vi tri dinh nhiéu xa va cuong
d0 tuong doi ctia cac tin hiéu hip thu phit hgp véi mau
Fe304 chuin.

Theo gian d6 phéan tich nhiét (Hinh 4), xuc tac
DES@DES bén nhiét dudi 250 °C. & 250—650 °C, c6
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Hinh 2: Phé Raman ctia DES@MNP
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Hinh 3: Gidn d6 XRD clia DES@MNP

su giam khdi lugng (40%) dugc cho la trong xuc tac
¢6 thanh phan hiiu co cta DES.

Anh SEM va TEM ctia DES@MNP (Hinh 5) cho thay
cac hat nano c6 cdu tric 16i-vd, véi su phan b6 dong
déu, kich thuéc trung binh la 15-25 nm.

Thanh phan hoéa hoc cia DES@MNP dugc xac dinh
béng phd tdn xa ning lugng tia X (Hinh 6), xdc
nhan sy hién dién ctia cic nguyén t6 C (5,7%), N
(13,7%), O (31,3%), Fe (2,5%), Zn (26,7%), Si (3,0%)
va Cl (17,0%). Két qua nay phu hop véi dii liéu ICP-

MS, thanh phan cua nguyén t6 Zn 1a 277600 ppm,
tuong ting v6i ham lugng Zn trong DES@MNP la 4,1
mmol.g~!.
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Hinh 6: Ph8 EDX ctia LADES@MINP

Tinh chat tii cla DES@MNP va Fe304 da dugc ghi lai
tit k€ mau rung (Hinh 7). Tt d6 bao hoa clia cdc mau
nay dugc tim théy giam tif 69,2 xudng 30,8 emu.g ™!
do 16p pht silica va phén hiiu co trén bé mat Fe3O4.
Tuy nhién, van c6 thé thu h6i DES@MNP tit hon hop
phén tGng bang cch stt dung nam cham vinh ctiu.

Sy hinh thanh xuc tic dugc xdc nhin bai céc di liéu
IR, Raman, TGA, VSM, SEM, TEM va EDX déu phu
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Hinh 5: Hinh SEM va TEM ctia DES@MNP

hop véi cic nghién ctiu trude day>*?’. Co ciu cia
DES@MNP dugc mé td & Hinh 8.
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Hinh 7: Dudng cong tu tré cla Fe304 (a) va

DES@MNP (b)
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Hinh 8: Co cau dé nghj ctia DES@MNP
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Khao sat diéu kién phan ting

Két qua nghién ctiu khéo sit diéu kién phan tng téng
hgp 2-benzylbenzoxazole dugc trinh bay & Bdng 1.
Véixuc tacacid Lewis ZnCl, hay DES [Urea]4[ZnCl;]
thi phan tng dat hiéu sult trén 70% (Stt 1 va 5,
Bdng 1). Tuy nhién, vi trang thai ton tai ctia DES &
dang long nén kho thu héi va xtt li sau phan ting. Xuc
tac di thé dang Fe304@SiO,@(CH;)3-Urea-ZnCl,
(DES@MNP) dugc thay thé cho phan ting véi hiéu
sudt 90% (Stt 4, Bdng I1). Hiéu sudt phan ting dugc
xdc dinh & cic mdc thai gian 6, 12, 16 gid thi nhan
th&y hiéu sudt phan ting cao & thoi gian 16 gic va hdu
nhu ting khong dang ké khikéo dai dén 20 gid (Stt 6, 8
va 9, Bdng 1). Bén canh d6, yéu t6 nhiét d) ciing anh
nhiéu trong phan tng nay. Vi phan tng dugc thuc
hién trong di€u kién khong dung méi va luu huynh
¢6 diém ndng chay la 115 °C nén tai khodng 120 °C
hiéu sudt chi dat 64% (Stt 7, Bdng 1). Tai 130 °C, phan
ung dat hiéu sudt 90% nén 130 °C dugc chon la nhiét
do thich hgp cho phan ting.

Ngoai ra, cac hoat chat khac nhau ciing dugc nghién
ctiu trong phan tng nay. N,N-dimethylformamide
(DMF) la amide nén hiéu suét phan ting thip nhit
(doi dién t trén nitrogen ciia nhém amide tham gia
codng hudng véi nhom C=0 nén khong con ty do) (Stt
12, Bdng I). So véi cac amine con lai (Stt 10, 11 va 13,
Bdng 1), DABCO cho hiéu suét phan ting cao nhat.
Ti 1é gitia chit nén (acetophenone, 2-nitrophenol),
hoat chit (DABCO, luu huynh) va xtic tic DES@ MNP
cling dugc khdo sat va cic két qua dugc trinh
bay & Bang 2.
la acetophenone:2-nitrophenol:DABCO:luu huynh 1a
2:1:1:3 (10% mol xuc tac).

Ti 1¢ t6i uu cho phan dng nay

Anh huéng ctia chat nén

Duia trén diéu kién t6i vu da khao sat 6 trén, 6 dan xuit
khédc nhau cta 2-benzylbenzoxazole da dugc tong
hop. Hiéu sudt phan ing gidam nhe khi trén nhan ben-
zene clia phén tl acetophenone c6 cac nhom ddy dién
ti nhu methyl, methoxy (Stt 2 va 3, Hinh 9). biéu
nay dugc giai thich 1a do nhom thé methyl giy ra hiéu
tng cam tng duong (+I) va nhom methoxy gay ra
hiéu ting lién hgp duong (+C) lam cho mat d¢ dién
tt ctia nguyén ti carbon trong nhom carbonyl kém
duong dién nén hoat tinh gidm. Ngoai ra, di vong 2-
acetylthiophene ciing dugc sti dung lam chét nén, san
phém sinh ra dat hiéu suit cao (Stt 4, Hinh 9) . Sy anh
huéng ctia nhém thé trén 2-nitrophenol ciing dugc
nghién ctu (Stt 5 va 7, Hinh 9). Tuy nhién, véi cac
dan xudt thé methyl va chloro tai vi tri tai vi tri para
so v6i nhém —~OH phenol thi hiéu suét phan ting ciing
khong bi anh hudng ding ké.

Dit liéu phé nghiém

2-Benzylbenzoxazole (3a): dang d4u, mau vang; FT-
IR (KBr, 4000-400 cmfl): 2921, 2851, 1629, 1570,
1454, 1384; 'H NMR (500 MHz, acetone-dg) 6 7,65
(m, 1H), 7,57-7,53 (m, 1H), 7,42 (m, 2H), 7,38-7,31
(m, 4H), 7,29 (m, 1H), 4,31 (s, 2H); 13C NMR (125
MHz, acetone-dg) 8 152,1, 142,7, 136,5, 133,3, 130,0,
129,7, 128,1, 125,7, 125,2, 120,6, 111,4, 35,5; GC-MS
(EL 70 eV) m/z: 209,08 ([M]1).16
2-(4-Methylbenzyl)benzoxazole (3b): dang dau,
mau vang; FT-IR (KBr, 4000-400 cmfl): 2921, 2853,
1614, 1567, 1515, 1454, 1242, 805, 745; 'H NMR (500
MHz, acetone-dg) 6 7,66-7,64 (m, 1H), 7,55-7,53 (m,
1H), 7,33-7,31 (m, 2H), 7,29 (d, ] = 8,0 Hz, 2H), 7,16
(d, J = 8,0 Hz, 2H), 4,25 (s, 2H), 2,29 (s, 3H); 13°C
NMR (125 MHz, acetone-dg) 6 166,5, 152,0, 142,7,
137,5, 133,4, 130,2, 129,9, 125,7, 125,1, 120,5, 111,3,
35,1, 21,1; GC-MS (EL 70 eV) m/z: 223,10 ([M]*).1©
2-(4-Methoxybenzyl)benzoxazole (3c): chit rin,
mau vang, nhiét d6 nong chay: 45 °C; FT-IR (KBr,
4000-400 Cmfl): 2924,2843, 1649, 1598, 1511, 1454,
1356, 1309, 1267, 1176, 741, 645; 'H NMR (500 MHz,
acetone-dg) 6 7,69 (dd, J = 8,0, 1.5 Hz, 1H), 7,32 (d, ]
=9,0 Hz, 2H), 6,94 (dd, ] = 8,0, 1,5 Hz, 1H), 6,89 (d, J
=9,0 Hz, 2H), 6,86 (dd, ] = 8,0, 1,5 Hz, 1H), 6,76 (dd,
J = 8,0, 1,5 Hz, 1H), 3,76 (s, 3H), 3,72 (s, 2H); '3C
NMR (125 MHz, acetone-dg) & 171,8, 159,7, 148,5,
131,2, 128,3, 127,6, 125,8, 122,2, 120,3, 117,5, 114,8,
55,5, 43,3; GC-MS (EI, 70 eV) m/z: 239,09 ([M]™).
[16]

2-(Thiophen-2-ylmethyl)benzoxazole (3d): chit
rdn, mau vang, nhiét do nong chay: 60—61°C; FT-IR
(KBr, 4000-400 Cmfl): 3073, 2923, 2853, 1644,
1532, 1454, 1413, 1242, 1159, 747, 701; 'H NMR (500
MHz, acetone-dg) 6 7,68 (dd, J = 8,0, 1,5 Hz, 1H),
7,35 (dd, J = 5,0, 1,0 Hz, 1H), 7,07 (d, ] = 2,5 Hz, 1H),
7,02-6,94 (m, 2H), 6,89 (dd, J = 8,0, 1,5 Hz, 1H), 6,81
(td, J = 8,0, 1,5 Hz, 1H), 4,06 (s, 2H); 13C NMR (125
MHz, acetone-dg) 8 170,1, 148,7, 137,6, 127,8, 127,7,
126,2, 126,0, 122,4, 122,3, 120,6, 117,9, 38,3; GC-MS
(EL, 70 V) m/z: 215,04 ([M]T). ¢
2-Benzyl-5-chlorobenzoxazole (3e): chit rin, mau
vang, nhiét do néng chay: 51 °C; FT-IR (KBr, 4000-
400 cm™): 2922, 2853, 1630, 1565, 1453, 1384; 'H
NMR (500 MHz, acetone-dg) 6 7,70-7,67 (m, 1H),
7,59 (dd, ] =9,0,0,5Hz, 1H), 7,42-7,41 (m, 2H), 7,38~
7,34 (m, 3H), 7,31-7,28 (m, 1H), 4,33 (s, 2H); 13C
NMR (125 MHz, acetone-dg) & 168,1, 150,7, 143,8,
136,0, 133,1, 130,0, 129,6, 128,1, 125,8, 120,3, 112,5,
35,4; GC-MS (EI 70 V) m/z: 243,05 ([M]T).1°
2-Benzyl-5-methylbenzoxazole (3f): dang dau, mau
vang; FT-IR (KBr, 4000-400 cm_l): 2922,1648, 1550,
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Bang 1: Khao sat diéu kién phan uing giifa 2-nitrophenol va acetophenone

Stt Xic tac Hoat chat Nhiét do Thoi gian  Hiéu sudt
) (gi0) (%)
1 ZnCl, DABCO 130 16 72
2 Fe;0y4 DABCO 130 16 14
3 Fe304@Si0; DABCO 130 16 15
4 Fe304@Si0, @(CH;)3Cl DABCO 130 16 15
5 [Urea]4[ZnCl;] DABCO 130 16 84
6 Fe304@Si0,@(CH,)3-Urea-ZnCl, DABCO 130 16 90
7 Fe304@Si0,@(CH;)3-Urea-ZnCl, DABCO 120 16 64
8 Fe304@Si0,@(CH;)3-Urea-ZnCl, DABCO 130 12 35
9 Fe304@Si0,@(CH,)3-Urea-ZnCl, DABCO 130 20 91
10 Fe304@Si0,@(CH;)3-Urea-ZnCl, Piperidine 130 16 67
11 Fe304@Si0,@(CH;)3-Urea-ZnCl, 4-Ethylmorpholine 130 16 81
12 Fe304@Si0,@(CH3)3-Urea-ZnCl, DMF 130 16 27
13 Fe304@Si0,@(CH;)3-Urea-ZnCl, N,N-Dimethylaniline 130 16 72
Bang 2: Khao sat ti I& chat nén va hoat chat
Stt 2- Acetophenone DABCO Luu huynh Xdc tac Hiéu suét (%)
Nitrophenol (mmol) (mmol) (mmol) (% mol)
(mmol)
1 1 0.5 1 3 10 25
2 1 1 1 3 10 39
3 1 2 1 3 10 90
4 1 2 1 2 10 66
5 1 2 1 1 10 33
6 1 2 1 3 5 59

1475, 1334, 1262, 1197, 1052, 825, 796; 'H NMR (500
MHz, acetone-dg) 6 7,46 (s, 1H), 7,42-7,37 (m, 3H),
7,34 (m, 2H), 7,27 (m, 1H), 7,14 (dd, J = 8,5, 1,0 Hz,
1H), 4,28 (s, 2H), 2,42 (s, 3H); 3C NMR (125 MHz,
acetone-dg) 0 166,2, 150,2, 142,8, 136,4, 134,7, 129,8,
129,5, 127,9, 126,5, 120,4, 110,6, 35,4, 21,4; GC-MS
(EL, 70 eV) m/z: 223,10 ([M]T).1°

Thu héi va tai st dung xtc tac

Xuc tic DES@MNP dé dang tach ra khoi hén hgp
phan tng bang nam cham ti tinh. Sau d6, co cdu
ctia xdc tdc dugc tai xdc dinh bing phé hong ngoai
(FT-IR), cdc van hdp thu khong thay déi ding ké
(Hinh 10).

Ngoai ra, ham lugng Zn?* ty do trong dung dich dugc
xdc dinh < 1 ppm nén c6 thé thiy xtc téc khong thay

d6i sau phan ting. Dic biét, sau 5 1an téi st dung hiéu
sudt phan tng chi gidm 5%. Vi véy, hoat tinh xuc tic
dugc ghi nhan khong thay d6i nhiéu sau nhiéu lan thu
héi va tai stt dung (Hinh 11).

KET LUAN

Phin tng téng hop cic dan xudt cha 2-
benzylbenzoxazole tii cdc dan xudt cia acetophenone
va 2-nitrophenol dugc thuc hién thanh céng béng
phuong phap dun khudy tai 130 °C trong 16 gio.
Phan tng st dung hat nano ti tinh DES@MNP
lam xuc tdc va hén hop luu huynh/DABCO la hoat
chét phan tng. Da c6 6 din xuit khic nhau cia
2-benzylbenzoxazole dugc téng hgp thanh cdng va
nhén danh céu trac. Xdc tic DES@MNP sau phan
tng dugc tach loai ra khoi hén hop va thu hoi, tai st
dung mot cach dé dang.
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DES@MNP thu hdi

DES@MNP

T T T T T T T
3500 3000 2500 2000 1500 1000 500

58 séng (cmY)

Hinh 10: FT-IR cla xuc tac trudc va sau st dung

du suat (%)

Hi

S6 Ian tai siv dung

Hinh 11: Hiéu suat phan tng qua céc lan tai strdung

DANH MUC CAC TU VIET TAT

13 C NMR: Ph§ cong hudng tit hat nhén carbon.
DES: Dung mdi cong tinh siu.

DES@MNP: Dung moéi cdng tinh séu ¢ dinh trén hat
nano tii tinh.

DABCO: 1,4-diazabicyclo[2.2.2]octane.

EDX: Phuong phdp phd tia X tin xa ning lugng.
GC-MS: Phuong phap sic ki khi ghép khdi phé.

1 H NMR: Phé cong hudng ti hat nhan proton.

IR: Phuong phép phd hong ngoai.

MS: Phd khoi lugng.

SEM: Phuong phdp chyp anh kinh hién vi dién ta
quét.

TEM: Phuong phép chup dnh kinh hién vi dién tu
truyén qua.

TGA: Phuong phap phan tich khdi lugng nhiét.
VSM: Phuong phép do do tu tré.
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XRD: Phuong phép nhiéu xa tia X.
XUNG DOT LOI iCH

Céc tac gia tuyén b rang ho khong c6 xung dot lgi
ich.

PONG GOP CUA CAC TAC GIA

Nguyén Thai Thé déng gép thuc hién thyc nghiém,
thu thap s6 liéu va viét ban thao. Tran Hoang Phuong
déng gop trong viéc hd trg khao sat, gbp ¥ va chinh
stia ban thao.

LO1 CAM ON

Nghién ctiu nay dugc tai trg boi Quy phat trién khoa
hoc va cong nghé Qudc gia (NAFOSTED) trong dé tai
ma s§ 104.01-2019.26.

TAILIEU THAM KHAO

1. Singh S, Veeraswamy G, Bhattarai D, Goo JI, Lee K, Choi Y. Re-
cent Advances in the Development of Pharmacologically Ac-
tive Compounds that Contain a Benzoxazole Scaffold. Asian
Journal of Organic Chemistry. 2015;4(12):1338-1361. Avail-
able from: https://doi.org/10.1002/ajoc.201500235.

2. Hohmann C, Schneider K, et al. Caboxamycin, a new an-
tibiotic of the benzoxazole family produced by the deep-sea
strain Streptomyces sp. NTK 937. The Journal of Antibiotics.
2009;62(2):99-104. PMID: 19198633. Available from: https:
//doi.org/10.1038/ja.2008.24.

3. Seth K, Garg SK, Kumar R, et al. 2-(2-Arylphenyl)benzoxazole
As a Novel Anti-Inflammatory Scaffold: Synthesis and Bi-
ological Evaluation. ACS Medicinal Chemistry Letters.
2014;5(5):512-516. PMID: 24900871. Available from: https:
//doi.org/10.1021/ml400500e.

4. Oksuzoglu E, Temiz-Arpaci O, et al. A study on the genotoxic
activities of some new benzoxazoles. Medicinal Chemistry
Research. 2008;16(1):1-14. Available from: https://doi.org/10.
1007/500044-007-9005-z.

5. Rulliere C, Joussot-Dubien J. Dye laser action at 330 nm using
benzoxazole: A new class of lasing dyes. Optics Communi-
cations. 1978;24(1):38-40. Available from: https://doi.org/10.
1016/0030-4018(78)90261-4.

6. Rajakumar P, Kalpana V, Ganesan S, Maruthamuthu P.  Syn-
thesis of benzothiazole-benzoxazole dendrimers with triazole
as bridging unit and their application in dye-sensitized so-
lar cells. New Journal of Chemistry. 2013;37(11):3692-3700.
Available from: https://doi.org/10.1039/c3nj00887h.

7. Nishio Y, Imaizumi K, Yamashita K, Mori T, Mizutani T, Miyazaki
H. New organic light-emitting-diodes using benzoxazole
derivatives. IEEE. 1998;p. 587-590.

8. Tran PH, Hang AHT. Deep eutectic solvent-catalyzed aryla-
tion of benzoxazoles with aromatic aldehydes. RSC Advances.
2018;8(20):11127-11133. Available from: https://doi.org/10.
1039/C8RA01094C.

9. TeoYC,Riduan SN, Zhang Y. lodine-mediated arylation of ben-
zoxazoles with aldehydes. Green Chemistry. 2013;15(9):2365-
2368. Available from: https://doi.org/10.1039/c3gc41027g.

10. Derridj F, Djebbar S, Benali-Baitich O, Doucet H. Direct ary-
lation of oxazole and benzoxazole with aryl or heteroaryl
halides using a palladium-diphosphine catalyst. Journal of
Organometallic Chemistry. 2008;693(1):135-144. Available
from: https://doi.org/10.1016/j.jorganchem.2007.10.028.


https://doi.org/10.1002/ajoc.201500235
https://www.ncbi.nlm.nih.gov/pubmed/19198633
https://doi.org/10.1038/ja.2008.24
https://doi.org/10.1038/ja.2008.24
https://www.ncbi.nlm.nih.gov/pubmed/24900871
https://doi.org/10.1021/ml400500e
https://doi.org/10.1021/ml400500e
https://doi.org/10.1007/s00044-007-9005-z
https://doi.org/10.1007/s00044-007-9005-z
https://doi.org/10.1016/0030-4018(78)90261-4
https://doi.org/10.1016/0030-4018(78)90261-4
https://doi.org/10.1039/c3nj00887h
https://doi.org/10.1039/C8RA01094C
https://doi.org/10.1039/C8RA01094C
https://doi.org/10.1039/c3gc41027g
https://doi.org/10.1016/j.jorganchem.2007.10.028

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 4(3):611-620

1.

20.

21.

. Xie K, Yang Z, Zhou X, Li X, et al.

Yan XM, Mao XR, Huang ZZ.  An efficient arylation of
benzoazoles with aryl bromides by a practical palladium-
copper cocatalytic system. Methods in Organic Synthesis.
2011;83(6):1371-1376.  Available from: https://doi.org/10.
3987/COM-11-12176.

. Keun-Tae H, Sang CS. Ruthenium Complex Catalyzed Synthe-

sis of 2-Substituted Benzoxazoles from o-Aminophenol and
Alcohol with Spontaneous Hydrogen Evolution. Bulletin of
the Korean Chemical Society. 1993;14(4):449-452.

. Nguyen LHT, Nguyen TT, Nguyen HL, Doan TLH, Tran PH. A

new superacid hafnium-based metal-organic framework as a
highly active heterogeneous catalyst for the synthesis of ben-
zoxazoles under solvent-free conditions. Catalysis Science
& Technology. 2017;7(19):4346-4350. Available from: https:
//doi.org/10.1039/C7CY01668A.

. Nguyen TT, Nguyen XTT, Nguyen TLH, Tran PH. Synthesis

of benzoxazoles, benzimidazoles, and benzothiazoles using
a brensted acidic ionic liquid gel as an efficient heteroge-
neous catalyst under a solvent-free condition. ACS Omega.
2019;4(1):368-373. PMID: 31459336. Available from: https:
//doi.org/10.1021/acsomega.8b02932.

. Nguyen QT, Hang TAH, Nguyen HTL, Nguyen CDK, Tran

PH. Phosphonium acidic ionic liquid: an efficient
and recyclable homogeneous catalyst for the synthe-
sis of 2-arylbenzoxazoles, 2-arylbenzimidazoles, and 2-
arylbenzothiazoles. RSC Advances. 2018;8(21):11834-11842.
Available from: https://doi.org/10.1039/C8RA01709C.

. Nguyen TB, Retailleau P. Elemental Sulfur-Promoted Oxida-

tive Rearranging Coupling between o-Aminophenols and Ke-
tones: A Synthesis of 2-Alkyl benzoxazoles under Mild Con-
ditions.  Organic Letters. 2017;19(14):3887-3890.  PMID:
28681608. Available from: https://doi.org/10.1021/acs.orglett.
7b01775.

. Mayo MS, Yu X, Zhou X, Feng X, Yamamoto Y, Bao M. Synthe-

sis of Benzoxazoles from 2-Aminophenols and -Diketones
Using a Combined Catalyst of Brensted Acid and Copper lo-
dide. The Journal of Organic Chemistry. 2014;79(13):6310-
6314. PMID: 24893749. Available from: https://doi.org/10.
1021/j0500604x.

Pd-Catalyzed Decar-
boxylative Arylation of Thiazole, Benzoxazole, and Polyflu-
orobenzene with Substituted Benzoic Acids. Organic Let-
ters. 2010;12(7):1564-1567. PMID: 20201587. Available from:
https://doi.org/10.1021/01100296b.

. Mohammadpoor-Baltork |, Moghadam M, Tangestaninejad S,

Mirkhani V, Zolfigol MA, Hojati SF. Silica sulfuric acid catalyzed
synthesis of benzoxazoles, benzimidazoles and oxazolo[4,5-
blpyridines under heterogeneous and solvent-free condi-
tions. Journal of the Iranian Chemical Society. 2008;5(1):65—
S$70. Available from: https://doi.org/10.1007/BF03246491.
Pottorf RS, Chadha NK, Katkevics M, et al. Parallel synthe-
sis of benzoxazoles via microwave-assisted dielectric heat-
ing. Tetrahedron Letters. 2003;44(1):175-178. Available from:
https://doi.org/10.1016/S0040-4039(02)02495- 4.

Akbay A, Oren |, Temiz-Arpaci O, Aki-Sener E, Yalcgin I. Syn-
thesis and HIV-1 Reverse Transcriptase Inhibitor Activity of
Some 2,5,6-Substituted Benzoxazole, Benzimidazole, Ben-

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

zothiazole and Oxazolo(4,5-b)pyridine Derivatives. Arzneimit-
telforschung. 2003;53(04):266-271. PMID: 12785123. Avail-
able from: https://doi.org/10.1055/s-0031-1297107.

Kolen |, Kocevar M, Polanc S.  Application of oximes for
the transfer of a CH fragment.  Acta chimica slovenica.
1999;46(2):281-288.

Xie HZ, Gao Q, Liang Y, Wang HS, Pan YM. Palladium-catalyzed
synthesis of benzoxazoles by the cleavage reaction of carbon-
carbon triple bonds with o-aminophenol. Green Chemistry.
2014;16(4):2132-2135.  Available from: https://doi.org/10.
1039/c3gc42499%e.

Ranjit S, Liu X. Direct Arylation of Benzothiazoles and Benzox-
azoles with Aryl Boronic Acids. Chemistry - A European Jour-
nal. 2011;17(4):1105-1108. PMID: 21243674. Available from:
https://doi.org/10.1002/chem.201002787.

Yu P, Zhang G, Chen F, Cheng J. Direct arylation of ben-
zoxazole C-H bonds with iodobenzene diacetates. Tetrahe-
dron Letters. 2012;53(34):4588-4590. Available from: https:
//doi.org/10.1016/j.tetlet.2012.06.076.

Nguyen TT, Tran PH. One-pot multicomponent synthesis of
thieno[2,3-bJindoles catalyzed by a magnetic nanoparticle-
supported [Ureal4[ZnCl2] deep eutectic solvent. RSC Ad-
vances. 2020;10(16):9663-9671. Available from: https://doi.
org/10.1039/DORA00773K.

Nguyen TT, Le NPT, Nguyen TT, Tran PH.  An efficient
multicomponent synthesis of 2,4,5-trisubstituted and 1,2,4,5-
tetrasubstituted imidazoles catalyzed by a magnetic nanopar-
ticle supported Lewis acidic deep eutectic solvent. RSC Ad-
vances. 2019;9(65):38148-38153. Available from: https://doi.
org/10.1039/C9RA08074K.

Wu W, Wu Z, Yu T, Jiang C, Kim WS. Recent progress on
magnetic iron oxide nanoparticles: synthesis, surface func-
tional strategies and biomedical applications. Science and
Technology of Advanced Materials. 2015;v(2):023501. PMID:
27877761. Available from: https://doi.org/10.1088/1468-6996/
16/2/023501.

Govan J, Gun'ko YK. Recent advances in the application of
magnetic nanoparticles as a support for homogeneous cat-
alysts. Nanomaterials. 2014;4(2):222-2v. PMID: 28344220.
Available from: https://doi.org/10.3390/nan04020222.

Lu AH, Salabas EL, Schiith F. Magnetic nanoparticles: syn-
thesis, protection, functionalization, and application. Ange-
wandte Chemie International Edition. 2007;46(8):1222-1244.
PMID: 17278160. Available from: https://doi.org/10.1002/anie.
200602866.

Zolfigol MA, Ayazi-Nasrabadi R, Baghery S. The first urea-
based ionic liquid-stabilized magnetic nanoparticles: an
efficient catalyst for the synthesis of bis(indolyl)methanes
and pyrano[2,3-d]pyrimidinone derivatives. Applied
Organometallic Chemistry. 2016;30(5):273-281.  Available
from: https://doi.org/10.1002/a0c.3428.

Tavakol H, Keshavarzipour F. Preparation of choline chloride-
urea deep eutectic solvent-modified magnetic nanoparti-
cles for synthesis of various 2-amino-4H-pyran derivatives
in water solution. Applied Organometallic Chemistry.
2017;31(11):e3811. Available from: https://doi.org/10.1002/
aoc.3811.

619


https://doi.org/10.3987/COM-11-12176
https://doi.org/10.3987/COM-11-12176
https://doi.org/10.1039/C7CY01668A
https://doi.org/10.1039/C7CY01668A
https://www.ncbi.nlm.nih.gov/pubmed/31459336
https://doi.org/10.1021/acsomega.8b02932
https://doi.org/10.1021/acsomega.8b02932
https://doi.org/10.1039/C8RA01709C
https://www.ncbi.nlm.nih.gov/pubmed/28681608
https://doi.org/10.1021/acs.orglett.7b01775
https://doi.org/10.1021/acs.orglett.7b01775
https://www.ncbi.nlm.nih.gov/pubmed/24893749
https://doi.org/10.1021/jo500604x
https://doi.org/10.1021/jo500604x
https://www.ncbi.nlm.nih.gov/pubmed/20201587
https://doi.org/10.1021/ol100296b
https://doi.org/10.1007/BF03246491
https://doi.org/10.1016/S0040-4039(02)02495-4
https://www.ncbi.nlm.nih.gov/pubmed/12785123
https://doi.org/10.1055/s-0031-1297107
https://doi.org/10.1039/c3gc42499e
https://doi.org/10.1039/c3gc42499e
https://www.ncbi.nlm.nih.gov/pubmed/21243674
https://doi.org/10.1002/chem.201002787
https://doi.org/10.1016/j.tetlet.2012.06.076
https://doi.org/10.1016/j.tetlet.2012.06.076
https://doi.org/10.1039/D0RA00773K
https://doi.org/10.1039/D0RA00773K
https://doi.org/10.1039/C9RA08074K
https://doi.org/10.1039/C9RA08074K
https://www.ncbi.nlm.nih.gov/pubmed/27877761
https://doi.org/10.1088/1468-6996/16/2/023501
https://doi.org/10.1088/1468-6996/16/2/023501
https://www.ncbi.nlm.nih.gov/pubmed/28344220
https://doi.org/10.3390/nano4020222
https://www.ncbi.nlm.nih.gov/pubmed/17278160
https://doi.org/10.1002/anie.200602866
https://doi.org/10.1002/anie.200602866
https://doi.org/10.1002/aoc.3428
https://doi.org/10.1002/aoc.3811
https://doi.org/10.1002/aoc.3811

Science & Technology Development Journal - Natural Sciences, 4(3):611-620
@ Open Access Full Text Article Research Article

Synthesis of various 2-benzylbenzoxazole derivatives catalyzed by
deep eutectic solvent-supported onto magnetic nanoparticles

Nguyen Thai The'2, Tran Hoang Phuong'"”

B
3\\\\:\5ﬁ ABSTRACT
s aloll Magnetic nanoparticle supported deep eutectic solvents have been synthesized by preparing and
i grafting [Ureals[ZnCl,] deep eutectic solvent onto the surface of silica-coated Fe3O4 magnetic
Use your smartphone to scan this nanoparticles using 3- chloropropyltrimethoxysilane as a linker. DES@MNP was fully character-
QR code and download this article ized using scanning and transmission electron microscopies, Fourier transforms infrared, energy-

dispersive X-ray spectroscopies, vibrating sample magnetometer X-ray diffraction, and thermo-
gravimetric analysis. In this study, we have developed the synthesis of 2-benzylbenzoxazole via
condensation reaction of 2-nitrophenols and acetophenones using a magnetic nanoparticle sup-
ported [Ureals[ZnCly] deep eutectic solvent as a novel, green and efficient catalyst. In the presence
of 1,4-diazabicyclo[2.2.2]-octane, elemental sulfur acted as an excellent reductant in promoting
oxidative rearranging coupling in this reaction. The reaction has been conducted via the stirring
method and the reaction conditions were surveyed (16 h, 130 °C, acetophenone, 2-nitrophenol,
DABCO and sulfur molar ratio of 2:1:1:3, 10 mol% DES@MNP catalyst). Six 2-benzylbenzoxazole
derivatives have been synthesized via this method with good yield (86-91%). The structure of the
pure product has been confirmed through FT-IR, 'H NMR, 13C NMR, and GC-MS methods. More im-
portantly, DES@MNP has been separated from the reaction mixture by a magnet and reused over
five consecutive runs without significant loss of catalytic activity.

Key words: sulfur, 2-benzylbenzoxazole, DES, acetophenone, magnetic catalyst
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	Thu hồi và tái sử dụng xúc tác

	KẾT LUẬN
	DANH MỤC CÁC TỪ VIẾT TẮT
	XUNG ĐỘT LỢI ÍCH
	ĐÓNG GÓP CỦA CÁC TÁC GIẢ
	LỜI CÁM ƠN
	References


