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Nghién ctru phan tng Paal-Knorr st dung chat 1ong
ion tur tinh (y-Fe203@S102-1L-ZnxCly) lam x1c tac
trong diéu kién hoa hoc xanh

Nguyén Trudong Hai, Tran Hoang Phuong

Tém tit—Phan Gng déng vong Paal-Knorr nhim
tong hop din xuét ciia pyrrole tir amine bac 1 va
acetonylacetone xic tac béi chét 16ng ion gz"m trén dé
mang tir tinh sit dung phuwong phap kich hoat siéu
am trong diéu ki¢n khéng dung méi dwge nghién
citu trong céng trinh nay. Cac sian phidm pyrrole
tong hop duge véi hiéu suit cao va quy trinh thuc
hién phan tng than thién véi moi truwomg. Tat ca cac
san phim téng hep thanh céng dwge xac dinh ciu
triic biing cic phwong phap hién dai nhu phd cong
hwéng tir hat nhan ("H va 3C NMR), khéi phd phén
giai cao (HR-ESI-MS) va sic ky khi ghép khéi phd
(GS-MS). Xiic tac sau khi sir dung dwec thu héi va
tai sir dung nhiéu 1in véi hoat tinh giam khong ding
ké.

Tir khéa—Chit 16ng ion, hat nano tir tinh, phan
ung Paal-Knorr, kich hoat siéu am

1. GIOI THIEU

gdy nay, xUc tic nano tir tinh dang dan tro
nén phd bién boi nhitng tinh chét dic biét cua
chung ma cac loai xtc tac khong c6 dugc [1-3].
Nhiing loai xtc tac nay c6 dién tich bé mat 16n, thu
hdi dé& dang bang nam cham, xuc tac tir tinh thich
hop lam xuc tac xanh trong tong hop hiru co [3].
Do d6, xtic tac dua trén hat nano tir tinh dang thu
hut sy quan tdm lon cda cac nha khoa hoc trén thé
gidi trong linh vuc xuc tac [2, 3]. Trong khi do,
xuc tic chat long ion mang trén hat nano tir tinh
cling dang duoc phat trién, boi su két hop hiéu qua
céc tinh nang cua chat 1ong ion va hé xuc tac di thé
31 - ,
Pyrrole va dan xuat cta pyrrole 1a hop chat hitu
co quan trong, v6i nhidu hoat tinh sinh hoc nhu
khang khuan, khang virus, khang té bao ung thu
[4-6]. Ngoai ra, pyrrole con dugc tim thiy trong
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nhiéu loai thuc vat voi san phém hop chét ty nhién
nhu porphyrin, alkaloid, vitamin [7],... Téng hop
céc dan xut ctia pyrrole thong qua phan tng Paal-
Knorr tir amine bac mot va acetonylacetone da
dugc nhiéu nha khoa hoc trong va ngoai nudc
nghién ctru va dugc thyc hién trong hién dién cia
cac loai xtic tac khac nhau nhu: acid Bronsted [8-
11] (HCI, H2SO4, p-TSA,...), acid Lewis [8, 9, 12]
(SC(OTf)3, Bi(NO3)3.5H20, RuC13, .. .), I [13], acid
proton [14], ALO; [15], chit long ion, [16]
Bi(OTf);/[bmin]BFs [17], Fe**-montmorillonite
[11],... Tuy nhién, viéc sit dung cac loai xuc tac
nay doi hdi thoi gian phan Gng dai, st dung dung
mdi hitu co khan, diéu kién phan ng khic nghiét,
lugng xtic tac ran dugc st dung nhiéu, chat thai
sau phan tng giy doc hai 16n, nhiét 46 phan tng
cao va xtic tac sau khi sir dung kho thu hoi va tai
sir dung [18-21]. Do d6, cac nghién ctru tiép theo
can tim ra mot loai xtic tac hiéu qua hon so véi cac
loai xuc tac trudc ddy, yéu cau phat trién mot loai
xUc tac “xanh” hon va than thi€n véi moi truong.
Trong bai bao nay, ching t6i mong mudn tim ra
loai xuc tac khac nhau giup cai thién quy trinh thuc
hién phan Ung, dé dat dwoc hiéu sudt cao nhét
nhim lam giam thiéu t6i da nhitng han ché da ton
tai trong cac nghién ciru trude ddy. Nhim tng
dung chat 1ong ion tir tinh—-mot loai chat long ion
thé hé méi (y-Fe,03@SiOr-IL-Zn,Cly), hoat tinh
cua xuc tac dugc khao sat thong qua phan Gng
Paal-Knorr tong hop din xuét cua prrole bang
phuong phap kich hoat siéu am trong diéu kién
khong dung méi. Xuc tac dugc thu hdi va tai sir
dung nhiéu lan v&i hoat tinh giam khong dang ké.

2. VAT LIEU VA PHUONG PHAP

Hoa chat
Aniline, o-toluidine, acetonylacetone, 2.4-
dinitrophenylhydrazine, 4-nitro-o-

phenylenediamine, 2-amino-4-nitrophenol,  2-
amino-p-cresol, 2-aminobiphenyl dugc mua tur
Sigma Adrich. Ethyl acetate, diethyl ether,
Na»SO4, NaHCOj5 ciia Trung Qudc.
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Dung cu, thiét bi

Can dién tir Sartorius GP-1503P.

May c6 quay chan khong Heidolph Laborora
4001.

Bon siéu 4m Elma S 100H (Prc).

May sic ky khi Agilent 5890 Series II: C6t mao
quan: DB-5: 30 m x 320 pum x 0,25 um, dau do:
FID, nhiét d6 phan bom miu 1a 250 °C va du do
1a 300 °C, téc do cia khi mang Na: 1 mL/phut,
Chuong trinh nhiét: 50 °C (gitt 1 phut) ting 15
°C/phiit dén 280 °C (giit 5 phut).

May GC-MS Agilent: GC: 7890A - MS:
5975C. Cot: DB-5MS

Phé NMR duoc do trong dung moéi CDCl; trén
may Bruker 500 MHz véi chat chudn TMS.

Quy trinh thwe hién phan ting tong quat

Cho vao 6ng nghiém chuyén dung hén hgp gém
aniline (0,093 g, 1,0 mmol), acetonylacetone
(0,170 g, 1,2 mmol) va y-Fe:O3@Si0,-IL-Zn.Cly
(15 mg), phan tng dugc kich hoat siéu am. Sau khi
phan tmg két thuc, hdn hop duoc ly trich véi
diethyl ether (10 x 5 mL), xtc tac dugc giir lai nho
tir truong ngoai. Sau d6, hon hop ly trich duge 1am
sach voi dung dich NaHCOs3 (2 x 20 mL) va dugc
lam sach lai véi nude (10 mL). Dung dich sén
pham trong 16p dung méi hiru co duoc lam khan
v6i NaySO4 va thu hdi dung méi. San phdm duoc
dinh danh bing GC-MS va 'H, 3C NMR.

3. KET QUA VA THAO LUAN

Téng hop chit léng ion tir tinh y-Fe:03@SiO:-
IL-ZnCly

Duya trén quy trinh tong hop cia Pei-He Li [21-
22], chung t6i cai thién quy trinh tong hop chét
long ion tir tinh bang phwong phap kich hoat siéu
am. Kiém tra xac dinh c4u tric, hinh thai va thanh
phan nguyén té cta xuc tac bang kinh hién vi dién
tr truyén qua (TEM), phd hong ngoai FT-IR, va
ph6 EDS thi thay két qua phu hop v6i nghién ctru
trude day [22].

Chat 16ng ion tir tinh y-Fe,03@Si0,-1L-Zn,Cly
sau khi dugc téng hop thanh cong, dugc st dung
dé thuc hién khao sat hoat tinh xuc tac thong qua
phan tng Paal-Knorr tong hop dan xudt cua
pyrrole.

T6i wu hoa diéu Kién ciia phan éng (nhiét d9,
thai gian, ty 1€ xic tac)

Dau tién, tién hanh thyc hién phan tng tong hop
2,5-dimethyl-1-phenyl-1H-pyrrole (1) voi ty 1€
aniline:acetonylacetone 1a 1:1,2. Phan tng duogc
thuc hién bang phuong phap kich hoat siéu am
theo phuong trinh sau:

o
o

y-Fe,0;@SiO,-IL-Zn,Cl,
Siéu am
Khdng dung méi

ase

Bing 1. T6i uu hoa diéu kién phan tmg tong hop 2,5-dimethyl-1-phenyl-1H-pyrrole

STT Thoi gian (phut) Nhiét dg (°C) Ty 1€ xuc tac (mg) Hiéu suét cb 1ap (%)
1 1 80 15 45
2 2 80 15 48
3 3 80 15 55
4 5 80 15 61
5 7 80 15 60
6 10 80 15 63
7 15 80 15 68
8 30 80 15 87
9 45 80 15 88
10 60 80 15 88
11 30 80 0 30
12 30 80 1 3]
13 30 80 5 35
14 30 80 10 52
15 30 80 20 89
16 30 80 25 90
17 30 30 0 21
18 30 30 1 25
19 30 30 5 32

20 30 30 10 45
21 30 30 15 35
22 30 30 20 68
23 30 30 25 72
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Phan ung tong hop (1) duoc thuc hién bing
phuong phép kich hoat siéu am & nhiét do phong
va ¢ 80 °C. Dua vao Bang 1, khi phan Gng dugc
thuc hién ¢ 80 °C, thoi gian dugc khao sat tir 1
phut ting dan dén 60 phut, nhan thiy hiéu suat
ctia san pham thu duoc ciing ting dan. Khi phan
mg trong thoi gian 30 phut & 80 °C, khéi lwong
xuc tic dugc sir dung 1a 15 mg, hiéu sudt san
phim thu dugc 13 cao nhét (dat 87%). Tiép tuc
khao sy anh huong cua nhiét do va khéi lugng
xuc tac duoc st dung, nhin thiy, hiéu suét cua
san phim thay d6i khong dang ké.

Khao sat anh huéng ciia dung moi

Phan tng téng hop (1) ciing dugc khao sat su
anh huong ciia cac loai dung méi khac nhau dén
hiéu suét cua phan ng trong sy hién dién ctia xic
tac y-FeO3@Si0,-IL-ZnCly (15 mg) dudi su
kich hoat siéu am, theo ty 1¢ tham gia phan ing
cua aniline va acetonylacetone 1a 1:1.2.

Bang 2. Khao sat ty 1¢ cua aniline va acetonylacetone

STT Dung mdi Hidu suét co lap (%)

Dichloromethane 65

2 Acetone 66
N,N-

3 Dimethylformamide 58

4 Dioxane 13

5 Chloroform 70

6 Khéng dung moi 87

Két qua & Bang 2 cho thay khi phan tng dugc
thuc hién trong diéu kién c6 dung méi nhu dung
moi phén cyuc hitu proton, dung méi phan cuc phi
proton va dung moéi khong phén cuc thu dugc hiéu
sudt thdp hon nhiéu so v&i phan tng dugc thuc
hién trong diéu kién khong dung méi. Piéu nay c6
thé giai thich, khi phan Gng dugc thyuc hién trong
diéu kién co dung méi, cic chit tham gia phan
g va xuc tac bi khuéch tan trong dung moéi, lam
cho ndng d6 va kha ning tiép xlic cta cac chat
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giam xudng, vi vy, lam cho hi¢u suat tong hop
(1) thap. Khi phan mg duoc thuc hién trong diéu
kién khoéng dung moéi, hiéu suat thu dugc cao hon
nhiéu, dat 87%.

Khdo sat anh huéng cia cac loai xuc tac khac
nhau

Dua vao diéu kién tdi wu hoa trén, khéi luong
xuc tac dugc su dung 1a 15 mg, phan Gng dugc
khio sat 1an lugt qua véi cac loai xuc tac khac
nhau va dugc kich hoat bang phuong phap siéu
am trong thoi gian 30 phut.

Bang 3. Khao sat anh hudng cua céc loai xuc tac khac nhau
(st dung 15 mg xtc tac)

sTT X ti i st T
1 Khong xtic tac 35
2 [BMIM]PF, 49
3 ZnCl, 60
4 v-Fe,04 72
5 155 54
6 ZnO 68
7 v-Fe;O3@SiO»-1L-Zn,Cly 87

@ IL = I-Methyl-3-(trimethoxysilylpropyl)-imidazolium
choride

Dua vao két qua thu duoc & Bang 3, khi phan
ung dugc thuc hién trong diéu kién khong xtic
tac, hiéu suat phan tng thap khoang 35%. Trong
diéu kién tuong tu, phan Ung tiép tuc dugc khao
sat voi cac loai chat long ion thong thudng,
mudi chloride kim loai, nano tir tinh, hiéu suét
san phém dugc co cai thién, nhung hi¢u sudt
khoéng cao, dat 49-72%. Tuy nhién, khi phan
ung su dung xuc tac y-FeO3@SiOz-1L-Zn.Cly
thi hiéu suét ting dang ké, dat 87%.

Két qua nghién ciru duoc so sanh voi cac
cong trinh nghién ctru trén thé gidi trong Bang
4.

Bing 4. So sanh v6i cac két qua nghién ciru khac

STT Xic tic Diéu ki¢n phin img Théi gian (h) Higu suit* (%)
1 p-TSA CsHy/ 80 °C 1 88 [23]
2 ZnCl, (5 mol%) kdm®/ r.t.¢ 1.5 51[23]
3 [BMIm]CI kdm®/ r.t.¢ 3 96 [23]
4 Montmorillonite, KSF (1 g) CH,Cly/ 1.t.¢ 10 95 [16]
5 7-Fe,05@Si0x-1L-Zn,Cly (15 mg) kdm"/ siéu &m 0.5 87

: Hiéu suat cd lap, °: kdm: khong dung méi, ©: r.t.: room temperature (nhiét dé phong)
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So sanh két qua nghién ciru trong bai bao nay
vOi cac cong trinh nghién ciru twong tu trén thé
gidi cho thdy, khi sir dung xiic tac 1a chat 1ong ion
tir tinh y-Fe;03@Si0»-IL-Zn,Cl, san phdm thu
duoc véi hiéu suat dat 87% trong diéu kién phan
ung khong dung moéi. Cac nghién ciru khac st
dung 1a xtc tac acid, mudi chloride kim loai, chét
long ion thong thuong hay xtic tdic mang trong

diéu kién co dung mo6i thu dugc hi¢u sut tir 51—
96% nhung thoi gian phan ung thuong kéo dai.
Khio sat anh hwéng ciia chit nén amine bac mgt

Voi két qua khao sat dugc thuc hién & trén,
chung t6i thay d6i cic amine bac mot khac nhau
dé khao sat sy anh huong ciia cac amine khac trén
phan tng Paal-Knorr. Cac phan tng dugc thuc
hién dua trén nhing diéu kién di dugc téi vu hoa
Vv6i tac chét 1a acetonylacetone.

Bang 5. Khao sat anh hudng ciia chat nén

STT Amine

San phém

Thoi gian (phat)  Hiéu suit ¢d 1ap (%)

“

&)

(6)

)

30 87

.
N _ 30 79

30 68

)\,§ 35 71
2

~
N _ 35 80

Ddi voi cac amine thom bac 1, chat nén aniline
dugc thyc hién dudi sy kich hoat si€u am trong
thoi gian 30 phat ¢ 80 °C, hiéu suat thu duoc la

87% (Bang 5, STT 1). Hiéu suit ctia san pham
pyrrole phu thudc vao chat nén amine tham gia
phan tng. Khi thay doi chit nén tham gia phan
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(g, ting s6 nhom thé trén vong thom ciia aniline,
két qua thu duoc 1a hiéu suit ctia phan g giam,
thi du nhu o-toluidine con 79% (Bang 5, STT 2).
Piéu nay co thé dwoc giai thich 1a do nhom
methyl & vi tri ortho so véi nhom amino cua
aniline (o- toluldme) gdy ra sy can tré lap thé, lam
cho hiéu suit cua phan mg clia o-toluidine thip
hon so v6i hidu sudt phan ung cua aniline. Khi
trén vong benzene xuat hién cac nhom thé cong
kénh, gdy chuéng ngai lap thé nhu o-
phenylaniline, lam cho hiéu suit tao ra san pham
thap, khoang 71%, can thoi gian thuc hién phan
mg dai hon so véi aniline (Bang 5, STT 4). Chat
nén amine ciing duoc khao sat v6i cac nhom thé
hydroxyl ¢ vi tri ortho so véi nhom amino, ngoai
ra con c¢6 thém cac nhom thé khac nhu nhom rat
dién tir va day dién tir & khao sat sy anh huong
ctia chiing, phan tng can thoi gian kéo dai, tuy
nhién hiéu sudt thip hon so vé&i chat nén la
aniline, khoang 80-81% (Bang 5, STT 5, 6).

Xac dinh cdu trac cua 2,5-dimethyl-1-phenyl-
1H-pyrrole thong qua phd cong huong tir hat
nhan: dya vao phé '"H NMR, céc tin hiéu trong
vung 7,49-7,23 ppm la tin hiéu ctia H trén vong
benzene, trong ing SH. Bén canh d6, ¢ vi tri 5,93
ppm, 1a tin hidu ciia H trén ndi dbi, cudi cung 1a
c6 tin hiéu tai 2,06 ppm cua nhém methyl Ngoai
ra, quan sat phé *C NMR, dya viao s tin hidu va
co ciu cia san pham, cho thdy trong hop chit co
céu triic d6i ximg, & ving trén 100 ppm, c6 5 tin
hiéu twong ung 1a 4 tin hi¢u cta C trén vong
benzene va 1 tin hiéu cua C ¢ gﬁn vi tri voi N, &
29.7 ppm la tin C mang nbi doi.

Cac san phém sau khi c6 13p dugc dinh danh
bang GC-MS va 'H-NMR va '3C-NMR, két qua
dir liéu ph6 dugc so sanh va thiy tuong hop véi
cac dir liéu da dugc cong bo:
2,5-Dimethyl-1-phenyl-1H-pyrrole***2 (1)

"H-NMR (500 MHz, CDCl3) 6 = 7,49-7,46 (t, J
= 7,0 Hz, 2H), 7,43-7,40 (t, J = 7,5 Hz, 1H),
7,24-7,23 (d, J = 7,0 Hz, 2H), 5,93 (s, 2H), 2,06
(s, 6H).

BC-NMR (125 MHz, CDCl3) § = 139,1; 129,0,
128,3; 127,6; 105,6; 29,7; 13,0.

GC-MS (EL 70 eV) m/z: 171 (IM]").
2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole?*?5?7 (2)

"H-NMR (500 MHz, CDCI3) & = 7,33-7,32 (m,
2H), 7,29-7,27 (m, 1H); 7,17-7,15 (d, ] = 7,5 Hz,
2H); 5,91 (s, 2H); 1,94 (s, 3H); 1,92 (s, 6H).
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BBC-NMR (125 MHz, CDCls) 6 = 137,1; 130,7;
128,9; 128,3; 128,2; 126,6; 105,2; 29,7; 17,0;
12,5.

GC-MS (EI, 70 eV) m/z: 185 (IM]").
1-(2°-Amino-4’-nitrophenyl)-2,5-dimethyl-1H-
pyrrole (3)

Chat rin mau vang, nhiét d6 nong chay 128-
130°C

'"H NMR (500 MHz, CDCl3) § 7,65-7,63 (m,
2H); 7,21-7,19 (d, J = 9,0 Hz, 1H), 5,97 (s, 2H);
3,82 (s, 2H); 1,97 (s, 6H).

13C NMR (125 MHz, CDCls) § 145,1; 130,3;
130,2; 124,0; 118,0; 112,8; 109,8; 107,1; 12,2.

HRMS (ESI) m/z [M + H]+ Ci12H14N;05*
230,1049, s6 liéu thuc nghiém 230,1011.
1-([1,1'-Biphenyl]-2-yl)-2,5-dimethyl-1H-
pyrroleZ (4)

Chat rin mau vang, nhiét dd nong chay 98-99
’C

'"H NMR (500 MHz, CDCls) 6 7,55-7,53 (dd, J
= 1,5 Hz; 8,0 Hz, 1H); 7,48-7,45 (dt, J = 1,5 Hz,
1H); 7,43-7,39 (dt, J = 1,5 Hz, 1H), 7,25-7,22
(m, 4H); 7,01-6,99 (dd, J = 2,0 Hz, 2H); 5,76 (s,
2H); 1,84 (s, 6H).

13C NMR (125 MHz, CDCls) § 140,4; 138,7;
136,4; 130,82; 129,9; 128,5; 128,5; 128,3; 128,2;
128,0; 127,3; 105,8; 12,9.

GC-MS (EL 70 eV) m/z 247 (IM]")
1-(2’-Hydroxy-5’-methylphenyl)-2,5-dimethyl-
1H-pyrrole (5)

Dang dau mau den

'"H NMR (500 MHz, CDCl;): 6 = 7,14-7,12
(dd, J = 2,0 Hz, 2,0 Hz, 1H); 6,96-6,95 (d, J =
8,5 Hz, 1H); 6,92-6,91 (d, J = 1,5 Hz, 1H); 5,94
(s, 2H); 5,08 (s, 1H), 2,31 (s, 3H); 1,98 (s, 6H).

13C NMR (125 MHz, CDCl5) 6 150,4; 130,5;
130,1; 129,4; 129,0; 116,5; 115,9; 106,7; 20,4;
12,3.

HRMS (ESI) m/z [M + H]* Ci3HieNO*
202,1226, s6 liéu thyc nghiém 202,1201.
1-(2’-Hydroxy-5’-nitrophenyl)-2,5-dimethyl-
1H-pyrrole (6)

Chat rdn mau cam, nhiét d6 nong chay 167170
’C

"H NMR (500 MHz, CDCls) § 8,28-8,24 (dd, J
= 2,5 Hz, 2,5 Hz, 1H); 8,09-8,08 (d, J = 3,0 Hz,
1H); 7,18-7,16 (d, J = 9,5 Hz, 1H); 5,99 (s, 2H);
1,99 (s, 6H).
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BC NMR (125 MHz, CDCls) 6 158,7; 141,3;
129,1; 126,1; 125,7; 116,8; 107,9; 12,3.

HRMS (ESI) m/z [M + H]" C;sHisN,O5*
233,0920, s6 liéu thuc nghiém 233,0939.
N-(2,4-Dinitrophenyl)-2,5-dimethyl-1H-pyrrol-
1-amine*-3! (7)

Chat rdn mau cam, nhiét d6 nong chay 182—184
’C

"H NMR (500 MHz, CDCl3) 6 9,96 (s, 1H);
9,19-9,18 (d, J = 2,5 Hz, 1H); 8,27-8,24 (m, 1H);
6,22-6,20 (d, J = 9,5 Hz, 1H); 5,94 (s, 2H); 2,08
(s, 6H).

BC NMR (125 MHz, CDCls) 6 148,7; 139,2;
130,9; 127,4; 123,5; 114,6; 105,7; 11,1.

Thu hoi chit 16ng ion tir tinh

Sau phan tmg sir dung mot tir trudng ngoai dé
lay xtc tac khoi hdn hop phan ung, sau do rira
bang acetone va ethanol, lam kho dudi ap suat
kém 14 co thé tai sir dung ngay. Dbi véi cac loai
xuc tac ran khac, sau khi phan (mg hoan thanh,
dung méi dugc thém vao hon hgp phan tng va ly
tam dé thu duoc xic tac thu hoi (quy trinh nay ton
nhiéu thoi gian va d& that thoat xuc tac). Do do,
dic tinh wu viét cia xuc tac tir tinh 1a d& thu hoi
va qua 5 1an tai sir dung, hiéu sudt phan tng hau
nhu giam di khong dang ké (Bang 6).

Bang 6. Thu hdi xuc tac v-Fe;Os@SiO,-1L-Zn,Cly

Lén thu hoi Hiéu suit (%)
1 87
2 86
3 85
4 86
5 84
4. KET LUAN

Chat 16ng ion tir tinh 1am xdc tic cho phan tng
téng hop dan Xuét cua pyrrole dugc thuc hién
trong diéu kién héa xanh 13 huéng nghién ctru
hiéu qua va than thién véi moi truong. Véi lugng
xuc tac su dung cho phan tng la 15 mg khi phan
ung thuc hién v6i 1 mmol amine, hiéu suit phan
ung thu dugc kha cao. Viéc ung dung phuong
phap kich hoat siéu 4m vao phan tng téng hop
dan xuét ciia pyrrole sir dung chat long ion tir tinh
dugc xem nhu la mot nghién ciru méi, dong gop
tich cyc vao linh vyc nghién ctru ctia hoéa hoc
xanh. Xuc tac sau khi st dung dugc thu hi va tai

sir dung nhiéu 1an ma hoat tinh giam khong déng
ké.

Loi cam on: Nghién cuu duwoc tai tro boi
Truong Pai hoc Khoa hoc Tw nhién T2017-19
(phd‘n diéu ché vit lieu) va Dai hoc qué'c gia
thanh phé Ho Chi Minh 562-2018-18-03 (phdin
khao sat phan vung).
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Ionic liquid supported on magnetic
nanoparticles (y-Fe2O3@S102-1L-ZnxCly) as
the green catalyst for the Paal-Knorr reaction
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Abstract—The ionic liquid supported on magnetic
nanoparticles (y-Fe203@SiOz-1L-ZnxCly) was found
to be an effective catalyst for the Paal-Knorr
reaction. The condensation of aromatic amine and
acetonylacetone under solvent-free sonication
afforded the desired pyrrole derivatives in high
yields. The pyrrole derivatives was isolated in yield
with a environmentally friendly process. The
structure of products was determined by modern
methods such as nuclear magnetic resonance

spectroscopy ('H and 3C NMR), high resolution
mass  spectrometry (HR-ESI-MS) or gas
chromatography-mass  spectrometry (GS-MS).
Moreover, the catalyst could be easily recovered by
magnetic separation and reused for five times
without significant loss of the catalytic activity.

Keywords—ionic liquid, magnetic nanoparticles,
Paal-Knorr reaction, sonication



