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TOM TAT

MIL-53(4l) dwoc tong hop bang phwong phdp
dung nhiét (solvothermal method) sw dung aluminum
nitrate (AI(NOs)s) nhuw la mét nguon cung cdp Al va
1,4-benzenedicarboxylic acid (H2BDC) nhu la mot
ligand hitu co. Cau tric ciia MIL-53(Al) dwoc xac
dinh bang XRD va FT-IR. Hoat tinh va kha ndng tdi
s dung cua xuc tic MIL-53(Al) dwoc khao sat trén
phan  ung  Paal-Knorr  giita  aniline  va
acetonylacetone. Piéu kién phan img ém diu va hiéu

sudt cao cho thdy xiic tdc MIL-53(Al) ¢é hoat tinh tot

va kha nang tdai sw dung dwa trén phan wng Paal-
Knorr. Voi ty Ié xuc tac la 5 mol %, ty 1¢ aniline va
acetonylacetone la 1:1.2 trong diéu kién khéng dung
moi cho dg chuyén hod gan 100 % va san phdam 2,5-
dimethyl-1-phenyl-1H-pyrrole thu dwoc véi hiéu sudt
cao (95-100 %) sau 2 gio thuc hién phdn iing bang
phuong phdp kich hoat siéu dm. Xiic tac MIL-53(Al)
¢ thé tai sir dung 5 lan ma hoat tinh va hiéu sudt
phan img giam khéng déang ké.

Tir khoa: MIL-53(Al), phan ung Paal-Knorr, phwong phap kich hoat siéu am

MO PAU

Phan tng Paal-Knorr tong hop dan xuat cua
pyrrole, dong mét vai trd quan trong trong nganh téng
hop duoc pham. Pyrrole va dan xut cua pyrrole la
nhitng hop chit di vong sir dung trong téng hop duoc
pham vi chlng c6 hoat tinh sinh hoc khac nhau nhu
khéng vi khuan, khang virus va hoat dong khang u [1-
3]. Do d6, dua trén nhitng hoat tinh sinh hoc cua cac
hop chit nay, da c6 nhiéu cong trinh nghién ciru dé
phét trién cac cu trac nay nhu: phan wng Hantzsch
vao nim 1890 [4], pyrrole dugc tong hop tir a-
chloromethyl ketone vai B-ketonester va dung dich
NHs; phan Gng Knorr vao nam 1884 [5], voi viéc
tong hop pyrrole tir phan @ng giita a-aminoketone
(duoc téng hop tir a-haloketone va dung dich NH3) va
p-ketonester; hay phan tng Paal-Knorr vao nam 1885
[6], vai viéc str dung hop chat 1,4-dicarbonyl chuyén
thanh pyrrole tr phan &ng gitra amine bac mét hoac
dung dich NHa.

Céc xUc tac truyén théng thuong duoc sir dung
trong phan tng Paal-Knorr tong hop pyrrole tir amine
bac mot nhu: acid Bronsted [7-10] (HCI, H2SOs, p-
toluenesulfonic acid (TSA), CH3COOH, ...), acid
Lewis [7,8,11] (Sc(OTf)s, Bi(NO3)3.5H20, RuCls,
InCl;, SnCl..2H.0, ...), I, [12], acid proton [13],
Al,O3 [14], chat long ion [15], Bi(OTf)s/[bmin]BF,
[16], Fe**-montmorillonite [10] ... Tuy nhién, cac
loai xtc tac nay doi hoi thoi gian phan tng dai, gia
thanh cao, sir dung dung méi hitu co khan, diéu kién
phan ung khic nghiét, luong xic tac rin duoc sir
dung nhiéu, chat thai sau phan ung gay doc hai lon,
nhiét d6 phan ung cao va xuc tac sau khi sir dung
khong thé thu hdi va tai st dung [17-20]. Do d6, cac
nghién ctu tiép theo can tim ra mot loai xtc tac hiéu
qua hon so v&i céc loai xuc tac true ddy, yéu cau
phét trién mot loai xtic tac “xanh” hon va than thién
V61 moi truong.
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Metal-organic frameworks (MOFs) la ciu trdc
mang tinh thé ma, cau trdc x5p mé rong, cac 16 nho li
ti giéng nhu hinh t6 ong, dugc hinh thanh dya trén
lien két cua cac ion cua kim loai chuyén tiép va cac
cau ndi hitu co. Ciu trac co ban cua MOF thudc loai
vt liéu tinh thé, cdu tao tir nhitng cation kim loai hay
nhom ion kim loai lién két voi céc phan t hitu co
(organic ligands) dé hinh thanh cau tric c6 khéng
gian ba chiéu xdp va cé dién tich bé mat riéng Ién
[21]. C6 rat nhiéu nghién ctru vé MOF ma cu thé la
nghién ctu cua Férey va cong su vé MIL (Materials
of Institute Lavoisier), dua vao hoa tri hai va ba (3d
va 4f) cua kim loai trung tdm cua carboxylate. Nhém
la kim loai phong phd nhat va chiém vi tri thr ba
trong 16p vo Trai dét vé sé luong. MOF dua trén kim
loai Al phéi hop véi carboxylate duge danh gia cao

Phuong trinh phan ung:

0]

o

VAT LIEU VA PHUONG PHAP
Hoa chit

Aniline, o-toluidine, 3,5-dichloroaniline, 2,5-
dichloroaniline, 3,4-dichloroaniline, 2,5-
dibromoaniline, acetonylacetone, AI(NO3)3.9H.0
dugc mua tir Sigma Adrich (M¥). Terephtalic acid
mua tir Merck. Ethyl acetate, diethyl ether, Na;SOa,
NaHCO3 cua Trung Quéc.
Dung cu, thiét bi

Can dién tor Sartorius GP-1503P. May cd quay
chan khéng Heidolph Laborora 4001. Bon kich hoat
siéu am. May sic ky khi Agilent 5890 Series II: Cot
mao quan: DB-5: 30 m x 320 um x 0,25 um. Pau do:
FID. Nhiét d6 phan bom méu 1a 250 °C va dau do la
300 °C. Téc d6 cua khi mang Na: 1 mL/pht
Chuong trinh nhiét: bat d¢au 50 °C, gia tang 15°C/phat
dén 280 °C (gir trong 5 phut)

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

vé kha ning nhiét va d6 6n dinh vé hoa hoc. Do d6,
ngay cang nhiéu nghién cau vé hoat tinh xdc tac cua
MOF duya trén kim loai Al. MIL-53(Al) thé hién kha
nhiéu tinh chat nhu bén, hoat tinh xdc tac cao trong
nhiéu phan tng khac nhau.

Trong nghién cau nay, MIL-53(Al) duoc tong
hop va kiém tra bang XRD, FT-IR. Hoat tinh cua xdc
tac duoc thuc hién théng qua phan wng Paal-Knorr
tong hop dan xuat cua pyrrole. Phan tng duoc thyuc
hién giira amine bac mét va acetonylacetone trong su
hién dién cia MIL-53(Al) lam xuc tac, phan ung
duoc theo ddi thdng qua nhitng khao sat vé thoi gian,
ty 1€ phan ng, ty 1€ xuc tac duoc s dung, kha nang
thu hdi va tai sir dung cua xuc tac. Pay 1a 1an dau tién
MIL-53(Al) duoc sur dung lam xdc tac cho phan ing
Paal-Knorr.

MIL-53(Al)

O
Siéu am > =
Khéng dung méi

Phé cong huéng tir hat nhan (NMR) dugc do
trong dung mdi CDClI; trén may Brucker 500 MHz
v6i chit chuan TMS.
Quy trinh thyc hign phan @ng téng quéat

Cho hdn hop phan tng vao 6ng siéu &m gom
aniline (0,093 g, 1.0 mmol), acetonylacetone (0,170
g; 1,2 mmol) va MIL-53(Al) (0,01 g; 5 mol %), phan
ung dugc thyc hién trong thoi gian 120 phdt. Sau khi
thuc hién xong phan ng, hén hop dugc ly trich véi
diethyl ether (10 x 5 mL), sau do, lam sach véi dung
dich NaHCO3; (2 x 20 mL) va duoc lam sach lai véi
nu6e (10 mL). Dung dich san phiam va chit nén trong
I6p dung mdi hitu co va phan nudc chira xic tac. Hon
hop san pham dugc lam khan véi Na,SOs. Sau khi
lam khan hdn hop duoc ¢d quay thu hdi dung moéi.
San phim duoc dinh danh bing GC-MS va H, 3C
NMR.

KET QUA VA THAO LUAN
Téng hop xtc tac MIL-53(Al)
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Duya vao nhiing nghién ciru truge day ciia nhiéu
tac gia vé viéc tong hop thanh cong xdc tic MIL-
53(Al), ching tdi tién hanh tong hop va so sanh
nhiing két qua thdng qua PXRD (phd nhiéu xa tia X
dang bot), FT-IR (phd hong ngoai) voi cac cong bd

truge. MIL-53(Al) dugc tong hop bang phuong phap
dung nhiét, phan ung gitta Al(NOs)3.9H,0 va H,BDC
Véi ty 16 1:1, hiéu suat cua phan ung thu duoc khoang
60 %.
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Hinh 1. Két qua PXRD ctua mau MIL-53(Al) téng hop

Két qua trén dugc so sanh véi gia tri XRD (phd
nhiéu xa tia X) chuan cua MIL-53(Al) ¢ céac gia tri
20=9,34°, 12,54°, 17,88°, 23,36°, 25,20°, 27,26° [22].
Tir céc gia tri trén (Hinh 1), nhan thdy mau MIL-
53(Al) duoc tong hop cd gia tri XRD giéng véi cac
gia tri chuan.

Dua vao két qua FT-IR (Hinh 2), ¢ gia tri 1694
cm™ va 1608 cm™ Ia tin hiéu cia nhém —C=C, 3433,7

cm la tin hiéu cia nhém —OH, trong xUc tac MIL-
53(Al) nay c6 nhdm —COOH. So sanh cac gia tri thu
duoc vai cac gia tri cia cac nghién ctru trude cua tac
gia Do Xuan-Dong va cong su [23], xUc tdc MIL-
53(Al) tong hop dugc c6 ciu tric tuong tu VSi cau
trac da cong bd.
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Hinh 2. Két qua FT-IR ciaa mau MIL-53(Al) téng hop

Khao sat anh hwéng caa thoi gian

Phan tng dugc thuc hién theo phuong trinh sau:

Oy

O

o

MIL-S3(AD (5 mol%)_ QN ~
Sidu am —

Khéng dung moi

Bang 1. Khdo sat 4nh hudng cua thoi gian phan tng (str dung 5 %mol xuc tac)

Stt Thoi gian (phut) Hiéu suit® (%)
1 30 89
2 60 90
3 90 92
4 120 96
5 150 95
6 180 68
a: Hiéu sudt cé ldp

Dau tién, chiing toi tién hanh thyc hién phan tng
téng hop 2,5-dimethyl-1-phenyl-1H-pyrrole véi ty 1é
aniline:acetonylacetone la 1:1.2. Phan ing dugc thuc
hién bang phuong phap kich hoat siéu am véi thoi
gian t hay doi tir 30 dén 180 pht.

Khi thyc hién phan &g téng hop 2,5-dimethyl-1-
phenyl-1H-pyrrole bang phuong phap kich hoat siéu
am trong thoi gian 30 pht, san pham thu dugc la 89
%, tuy nhién, khi tiép tuc ting thoi gian phan @ng 1én
60, 90 phdt, thi hi¢u sut ciing ting theo, nhung ting
khong dang ké, 90 % va 92 %, twong tng. Hiéu suat
phan ng cao nhat khi phan tng duoc thuc hién trong
thoi gian 120 phdt véi hiéu suat 96 %. Phan img ciing
dugc tiép tuc theo ddi vai thai 150 phit va 180 phdt,
tuy nhién, hiéu suit phan wng lai giam dang ké. Biéu

nay cho thdy, san phdm tao thanh twong tic nhiét
trong qué trinh phan Gng, 1am cho phan tng thu dugc
hiéu suat thap. Véi diéu kién phan tung don gian,
khong sir dung dung mdi trong qué trinh thuc hién
phan tng, phan tng dat dugc hiéu suit cao nhét trong
thoi gian 120 phat véi 96 %.

Khao sat anh hwéng caa cac loai xuc tac khéac
nhau

Sy anh huong cua cac loai xic tac khac nhau dén
phan tng Paal-Knorr tbng hop dan xuit caa pyrrole 1a
rat quan trong, véi viéc khdi lwong xuc tac dwoc s
dung 1a 5 mol%, phan tmg dwoc khao sat lan luot qua
véi cac loai oxide kim loai khac nhau va phan ung
duoc kich hoat bang phwong phéap siéu 4m trong thoi
gian 120 phut.
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Béing 2. Khao sat anh hudng cia cac loai xtic tac khac nhau (st dung 5 mol% xuc tac)

Stt Xc tac Hiéu suét? (%)
1 Cu,0 77

2 FeCls 88

3 Al,0s 55

4 MIL-53(Al) 96

& Hiéu suat co lap

Qua nhitng khao sat trong Bang 2, khi thuc hién
phan tng Paal-Knorr trén chit nén aniline vai tac
chit acetonylacetone sir dung xuc tac la MIL-53(Al)
cho hiéu suét cao hon so véi cac loai x(c tac con lai.
Tuy nhién, khi sir dung FeCls lam xuc t&c cho phan
tng ciing thu duoc hiéu xuét twong dbi cao so véi st
dung MIL-53(Al), nhung khi stt dung FeCls lam xtc
tac trong phan ng, xuc tac khong thé thu hdi va tai
sir dung. Viéc kich hoat bang phuwong phap siéu 4m
trong 120 phdt, ti ¢ mol aniline: acetonylacetone la

1:1.2 thu dugc san pham 2,5-dimethyl-1-phenyl-1H-
pyrrole 1a 96 %. Vi vay, MIL-53(Al) dugc chon lam
x(c tac cho cac khao st tiép theo.

Khao sat anh hwéng ty 1€ mol cia xuc tac

Dua vao diéu kién néu trén, chung toi tién hanh
khao sat sy anh huong ty 1¢ mol ctia xic tac MIL-
53(Al) trong diéu kién kich hoat siéu am trong thoi
gian 120 phut.

Bing 3. Anh hudng ty 16 mol cua xuc tic bang phuong phéap kich hoat siéu 4m trong thoi gian 120 pht.

Stt MIL-53(Al) (mol%) Hiéu suat® (%)
1 1 87
2 5 96
3 7 96
4 10 90
5 15 90

a: Hiéu sudt cé lap

Khi sir dung xuc tac véi ty 1€ 1 % mol cho hiéu
suét 1a 87 %. Khi tiép tuc ting ty 1& xuc tac 1én 5 hay
7 % mol thi hiéu suét cia phan tng ting 1én 96 %.
Tiép tuc tang ty 1¢ xuc tac 1én 10 % mol thi higu suat
thu duoc giam xubng con 90 %, hiéu suit nay hau
nhu khong thay déi khi tiép tuc ting ty 18 xac tac 1én
15%. Vi vay, ching t6i chon diéu kién toi wu hoa cho
phan Ung nay la st dung 5 % mol xtc tdc MIL-
53(Al).

Khao sat anh huéng cia amine bac mét

Véi két qua khao sat duoc thuc hién & trén,
chung t6i thay ddi cac amine bac mot khac nhau dé
khao sat sy anh hudng cuia cac amine khac trén phan
ung Paal-Knorr. Cac phan tng dugc thyc hién dya
trén nhimg diéu kién da duoc t6i wu hoa voi tac chat
la acetonylacetone. Phuong trinh phan tng nhu sau:
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0]
MIL-53(Al) 5 mol%
R=NH, )J\/\[( - - R-N | + HoO
0 siéu am, khong dung méi =
leq 1.2 eq.
Béng 4. Khao sat anh hudng clia amine.
Stt Amine San phim Thoi gian (phut) Hiéu suét? (%)
~I
1 QNHZ QN;; 120 %
2 - 2
NH, N _ 120 95
Cl Cl
~
3 Q Q; . ’
Cl Cl
Cl Cl
== 120 40
Cl Cl
Cl NH, = 120 50
I N
> : c §:> — 240 68
Cl Cl
Br
Br
~
6 /@ N 120 49
Br NH,
Br

a: Hidu sudt cé lap

Két qua khao sat sy anh huong cia cac amine diéu nay dugc giai thich 1a do nhém methyl & vi tri
khac nhau dwgc trinh bay trong Bang 4, khi amine ortho so vgi nhdm amino cua aniline (o-toluidine),
dugc str dung 12 aniline cho hiéu suit cao, khoang 96 gay ra su can tré 1ap thé, 1am cho hiéu suit cua phan
% (Bang 4, stt 1). Tuy nhién, khi c6 thém nhém ddy ~ ng thap hon so véi hiéu suat phan tng cua aniline
dién tir trén vong benzene cua aniline, hi¢u suat cua (Bang 4, stt 2). Sy anh huong cua nhom thé ciing
phan @ng giam xudng dang k&, con khoang 95 %,  dwoc khao sat véi céc hop chat chira nhém thé chloro
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(Bang 4, stt 3-5). Khi cac nhdm thé ¢ vi tri meta so
véi nhom amino, phan tng xay ra dé hon so véi vi tri
ortho, vi thé, phan ung trén chat nén 3,5-
dichloroaniline cho hiéu suat cao hon (63 %), thoi
gian phan @ng ngin hon (120 phut) so véi 2,5-
dichloroaniline (53 %, 240 phat). Déi vaoi chat nén
3,4-dichloroaniline khi ting thoi gian 1én 240 phdt,
hiéu suat phan ung dat 68 %, do cac nhom thé chloro
wu dii hon so vai chat nén 3,5-dichloroaniline. Tuong
tu voi chat nén 2,5-dichloroaniline, khi thuc hién

2,5-Dimethyl-1-phenyl-1H-pyrrole

~I
O
—

phan ng trén chat nén 2,5-dibromoaniline, thoi gian
phan tng 120 phdt, hiéu suat phan tng thu duoc 1a 49
%, do anh hudng cta ban kinh 16n cta nguyén tir
chloro va bromo, dan tgi lam giam hiéu suat cua phan
ung (Bang 4, stt 6).

Céc san pham sau khi c¢6 1ap dugc dinh danh
bang GC-MS va 'H-NMR va C-NMR, két qua dir
lidu phd dugc so séanh va thiy tuong hop véi céc dir
liéu da dwoc cong bé:

IH-NMR (500 MHz, CDCls) 6 = 7,48 (t, J = 7,0 Hz, 2H); 7,42 (t, J = 7.5 Hz, 1H); 7,23 (d, J = 7,0 Hz, 2H);

5,93 (s, 2H); 2,06 (s, 6H).

B3C-NMR (125 MHz, CDCls) ¢ = 139,1; 129,0; 128,8; 128,3; 127,6; 105,6; 13,0

GC-MS (El, 70 eV) m/z: 171 ([M]).

2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole

'H-NMR (500 MHz, CDCls3) § = 7,32 (m, 2H); 7,28 (m, 1H); 7,16 (d, J = 7.5 Hz, 1H); 5,91 (s, 2H); 1,94 (s, 3H);

1,92 (s, 6H).

3C-NMR (125 MHz, CDCls ¢ = 138,2; 137,1; 130,7; 128,9; 128,3; 128,2; 126,6; 105,2; 17,0; 12,5

GC-MS (El, 70 eV) m/z: 185 ([M]").

1-(3,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole
Cl

Cl

IH-NMR (500 MHz, CDCls) 6 = 7,41 (t, J = 2 Hz, 1H): 7,14 (d, J = 1,5 Hz, 2H); 5,90 (s, 2H); 2,06 (s, 6H)
13C-NMR (125 MHz, CDCls) § = 141,0; 135,2; 128,6; 128,6; 127,0; 106,7; 13,0

GC-MS (EI, 70 eV) m/z: 239 ([M]*).

1-(2,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole
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Cl

cl
H-NMR (500 MHz, CDCls) 6 = 7,50 (d, J = 8.5 Hz, 1H); 7,40 (dd, J = 8,5 Hz, 2,5 Hz, 1H); 7,35 (d, J = 2,5 Hz,
1H); 5,97 (s, 2H); 2,01 (s, 6H).

13C-NMR (125 MHz, CDCls) & = 138,1; 133,0; 132,7; 131,0; 130,8; 129,8; 128,6; 106,2; 12,5

GC-MS (El, 70 eV) m/z: 239 ([M]*).

1-(3,4-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole

~T
Cl@—N
—
Cl
IH-NMR (500 MHz, CDCls) 3 = 7,54 (d, J = 8.5 Hz, 1H): 7,35 (d, J = 2,5 Hz, 1H); 7,09 (dd, J = 8,5 Hz, 2,0 Hz,
1H): 5,91 (s, 2H); 2,05 (s, 6H).
3C-NMR (125 MHz, CDCl3 § = 138,5: 133,0; 132,0; 130,8; 130,2; 128,7; 127,6; 106,5: 13,0

GC-MS (El, 70 eV) m/z: 239 ([M]*).

1-(2,5-Dibromophenyl)-2,5-dimethyl-1H-pyrrole
Br

Br

'H-NMR (500 MHz, CDCls) § = 7,58 (d, J = 8.5 Hz, 1H); 7,46 (m, 2H); 5,92 (s, 2H); 1,97 (s, 6H)
BC-NMR (125 MHz, CDCl3) § = 140,0; 134,3; 133,6; 133,0; 128,4; 123,5; 121,3; 106,1; 12,6.
GC-MS (El, 70 eV) m/z: 326 ([M]).

Thu hdi xtc tac MIL-53(Al)
Bang 5. Thu hdi xic tac MIL-53(Al)

Lan thu hoi Hiéu suit (%)
1 96
2 90
3 89
4 88
Xc tac dwoc tién hanh thu hoi va tai s dung 5 1a c6 thé tai s dung. Qua 5 lan tai sir dung, hiéu suat

Ian véi hoat tinh x(c tAc giam di khong dang ké, sau  phan ang hau nhu giam di khong dang ké.
phan tng xtic tac tan trong pha nudc, tién hanh loai
nudce dudi ap suat kém trong khoang thoi gian 6 gio
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KET LUAN

Lan dau tién phan &ng Paal-Knorr tong hop dan
Xuit cua pyrrole duoc thuc hién trén xdc tdc MIL-
53(Al), cho hi¢u suat twong ddi tét. Vi viéc sir dung

lugng xdc tac it (5 mol%), phan (ng dugc thuc hién
trong diéu kién ém diu. Xtc tac MIL-53(Al) c6 hoat
tinh manh va cho hiéu suit cao, d& dang thu hoi va tai
sir dung vai hoat tinh giam di khong dang ké.

Synthesis of pyrroles catalyzed by MIL-53(Al)
via Paal-Knorr reaction under mild condition

e Nguyen Truong Hai
e Tran Hoang Phuong
University of Science, VNU-HCM

ABSTRACT

Metal-organic  framework  MIL-53(Al) was
synthesized by a solvothermal method using
aluminium nitrate as the aluminium source and 1,4-
benzenedicarboxylic acid (H.BDC) as the organic
ligand. The structure of MIL-53(Al) was
characterized by X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FT-IR). The
catalytic activity and recyclability of MIL-53(Al)
catalyst were evaluated based on the Paal-Knorr
reaction between aniline and acetonylacetone. The
reaction conditions were optimized and the results

showed that the MIL-53(Al) catalyst exhibited good
catalytic activity and recyclability based on the Paal-
Knorr reaction. With the molar ratio of MIL-53(Al)
catalyst of 10 mol %, the molar ratio of aniline and
acetonylacetone of 1:1.2, and without solvents, the
conversion of aniline could reach 100 % and the
selectivity of 2,5-dimethyl-1-phenyl-1H-pyrrole has
high yield (95-100 %) after 2 hours by ultrasound
activation. The MIL-53(Al) catalyst can be reused
five times without significant degradation in the
catalytic activity.

Keywords: MIL-53(Al), Paal-Knorr reaction, ultrasound diffraction.
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