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MONTMORILLONITE HOAT HOA ACID
TRAO POI ION KIM LOAI XUC TAC HIEU QUA PHAN UNG TONG HOQP
DAN XUAT 3,4-DIHYDROPYRIMIDIN-2-ONE
TRONG PIEU KIEN PHAN UNG KHONG DUNG MOl

PHAM BUC DUNG’, BUI THI TAM™, DO TH| HOAI”, LE NGOC THACH™

TOM TAT
Montmorillonite hoat héa acid trao déi cation x(c tac hiéu qud phan img tong hop
ba thanh phan giita mét aldehyde, ethyl acetoacetate va urea trong diéu kién khong dung
moi thu diroc san pham 3,4-dihydropyrimidin-2-one voi hiéu sudt cao. Xiic tac Sir dung cO
thé thu hoi va tai su dung de dang.
Tir khéa: Biginelli, khdng dung mdi, trao d6i ion, montmorillonite trao ddi cation.
ABSTRACT

Metal cation-exchanged montmorillonite catalyzed efficiently synthesis
of 3,4-dihydropyrimidin-2-one derivatives under solvent-free condition

Cation exchanged acid activation montmorillonite efficently catalyzed the three-
component Biginelli reaction between an aromatic aldehyde, ethyl acetoacetate and urea
under solvent-free condition to afford the corresponding 3,4-dihydropyrimidin-2-ones in
high yields. The catalyst can be easily recoverd and reused.

Keywords:  Biginelli, solvent-free, cation exchange, cation exchange
montmorillonite.

1. Mé diu

O nhiém méi truong hién nay 1a vin dé dang duoc x4 hoi quan tam. Do d6, nhing
nghién ctru chuyén xtic tac dong thé sang xtc tac di thé phat trién ngay cang nhiéu. Xuc
tac di thé sir dung trong tong hop hiru co da chimg t6 vu diém so véi xic tac dong thé
khi st dung trong phong thi nghiém ciing nhu trong quy mé cong nghiép 1a do khéng
c6 tinh an mon, dé st dung va bao quan, than thién voi méi trudng, co thé thu hoi va tai
st dung [3]. Nhimng nim gan day cac dan xuét 3,4-dihydropyrimidin-2-one (DHPM)
dugc biét dudi tén hop chat Biginelli dwgc quan tim nghién ctru nhiéu do c6 hoat tinh
sinh hoc va dugc hoc quan trong nhu @e ché HIV [6], rc ché kinesin EG5 [4], chéng
tang huyét ap [13], khang nam, vi khuan va virus. [5], [12]

Phuong phép truyén thong tong hop dan xuat DHPM la phan tmg ngung tu giira
aldehyde huong phuong, 1,3-dicarbonyl va urea trong dung méi ethanol véi xuc tac
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acid manh nhung hiéu suat thap [15]. Dé cai thién hiéu suat, cac x(c tac khac da duoc
nghién ctru ap dung nhu Cul [8], CICH,COOH [16], LiBr [10], CdCl, [11], InBr; [1],
CuS0,.5H,0 [2]. Cac mudi vo co thuong duoc str dung lam xuc tac dudi dang dong
the. V6i muc dich sir dung xuc tac di thé trong phan tng tong hgp DHPM chung t6i
tién hanh trao ddi mot sd cation kim loai v&i montmorillonite hoat hoa acid diéu ché tur
dat sét bentonite Lam Pdng va nghién ctru 4p dung trén phan tng tong hop DHPM
trong diéu kién khong dung moi.
2.  Phwong phap nghién ctru
2.1. Vgt ligu va thiét bi phan tich

Montmorillonite Lim Pdng, benzaldehyde, ethyl acetoacetate (Sigma-Aldrich),
urea (Merck).

Miy do diém chay BUCHI Melting Point M-560, méay cong huong tir hat nhan
Bruker AV 500.

2.2. Hoat héa acid montmorillonite Lim Pong

Can 10g montmorillonite Lim Ddng, khudy véi 200ml dung dich acid H,SO, ¢6
ndng d6 30% trong 4h tai nhiét d6 70°C. San pham duoc loc, rira trén phéu Biichner t6i
khi hét ion SO,* (thir bang dung dich BaCl, 1 M), say kho tai nhiét d6 110 °C. San
phdm dugc nghién min qua riy 80 mesh.

2.3. Phwong phdp trao déi cation véi montmorillonite hoat héa acid

Thém tur tr 3g montmorillonite hoat hoa acid vao 100ml dung dich mudi CuSO,
2M, khuéy tir trong 5h ¢ nhiét do phong. Chét rén sau d6 dugc loc, rira sach dung dich
CuS0y,, siy kho va nghién min thu duoc xtic tic montmorillonite hoat héa acid trao ddi
ion Cu? ki hiéu Cu?*-Mont. Phuong phap nay dwgc 4p dung cho mot sb mudi vo co
khac dé trao dbi nhing cation khac. Ki hi¢u chung 1a M™-Mont.

2.4. Phwong phdp tong hop hop chit DHPM

Cho vao binh phan tng 0,212g benzaldehyde (2mmol), 0,120g urea (2mmol),
0,260g ethyl acetoacetat (2mmol) va 100mgM™-Mont. Hon hop dugc tron déu, thuc
hién phan tng tai 90°C. Sau khi két thiic phan mg, hdn hop dugce hoa trong ethanol
nong, loc xuc tac, dung dich qualoc dugc cho bay hoi dung moi dudi ap suét kém, cht
ran két tinh lai trong ethanol thu dugc san pham DHPM tinh khiét.

2.5. Phwong phdp tdi sir dung xuc tdac

X(c tac thu duge sau qua trinh loc nong duoc rira lai bang ethanol ndng, say kho
tai 110 °C. Chat ran sau d6 dugc nghién min qua ray 80 mesh.
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2.6. Dinh danh sin phim

Céc san pham duoc do phd *H-NMR va *C-NMR dung dung mdi DMSO-dg trén
may cong hudng tir hat nhan cé tan s6 500 MHz.

4a*H-NMR (DMSO-ds, 500 MHz) & 1,08 (t, J = 7,5 Hz, 3 H); 2,23 (s, 3H); 3,95
(@, J =75 Hz, 2H); 5,13 (s, 1H); 7,20-7,32 (m, 5 H); 7,69 (s, 1 H); 9,14 (s, 1 H) ppm;
BC-NMR (DMSO-dg, 125 MHz) § 14,04; 17,73; 53,95; 59,13; 99,28; 126,21; 12721;
128,34; 144,84; 138,29; 152,09; 165,31 ppm.

4b'H-NMR (DMSO-dg, 500 MHz) & 1,07 (t, J = 7,5 Hz, 3 H): 2,22 (s, 3 H); 3,70
(s, 3 H); 3,94 (g, J = 7,5 Hz, 2 H); 6,85 (d, J = 8,5 Hz, 2 H); 7,18 (d, J = 8,5 Hz, 2 H);
7,63 (s, 1 H); 9,11 (s, 1 H) ppm; *C-NMR (DMSO-de, 125 MHz) §14,57; 18,21; 53,80;
55,53; 59,61: 100,06 114,18; 127,86; 137,53; 148,46; 152,60; 158,92; 165,85 ppm.

4¢*H-NMR (DMSO-dg, 500 MHz) & 1,07 (t, J = 7,5 Hz, 3 H); 2,22 (s, 3 H); 2,24
(s,3H);394 (q,J=75Hz,2H); 5,08 (s,1H); 7,10 (s, 4 H); 7,67 (5,1 H); 9,14 (s, 1
H) ppm; *C-NMR (DMSO-ds, 125 MHz) & 14,56; 18,22; 21,10; 54,10; 59,62; 99,91;
126,61; 129,35; 136,82; 142,43; 148,59; 152,65; 165,83ppm.

4d'H-NMR (DMSO-dg, 500 MHz) § 1,05 (t, J = 7,5 Hz, 3 H); 2,23 (s, 3 H); 3,94
(0,J=75Hz, 2H);512 (s,1 H); 7,12-7,26 (m, 4 H); 7,73 (s, 1 H); 9,21 (s, 1 H) ppm;
BC-NMR (DMSO-ds, 125 MHz) & 14,53; 18,25; 53,81; 59,68; 99,59; 115,49 (J = 21,2
Hz); 128,68 (J = 8,2 Hz); 141,58 (J = 3,0 Hz); 148,99; 152,44, 160,82 (J = 241,5 Hz),
165,72 ppm.

4e*H-NMR (DMSO-dg, 500 MHz) & 1,06 (t, J = 7,5 Hz, 3 H); 2,23 (s, 3 H); 3,95
(9,J=75Hz,2H); 513 (s,1H); 7,22 (d, J=8,5Hz, 2 H); 7,36 (d, J = 85 Hz, 2 H);
7,73 (s, 1 H); 9,21 (s, 1 H) ppm; “C-NMR (DMSO-ds, 125 MHz) & 15,54; 18,27;
53,88; 59,72; 99,29; 128,65; 128,86; 132,25, 144,26; 149,19; 152,40; 165,67 ppm.

4f'H-NMR (DMSO-dg, 500 MHz) & 1,08 (t, J = 7,5 Hz, 3 H); 2,24 (s, 3 H); 3,96
(m, 2 H); 5,14 (s, 1 H); 7,18-7,37 (m, 4 H); 7,76 (s, 1 H); 9,24 (s, 1 H) ppm; **C-NMR
(DMSO-ds, 125 MHz) & 14,51; 18,29; 54,07; 59,77; 99,08; 125,37; 126,70; 127,72,
130,96; 133,36; 147,70; 149,43; 152,39; 165,64 ppm.

49'H-NMR (DMSO-dg, 500 MHz) § 0,97 (t, J = 7,5 Hz, 3 H); 2,28 (s, 3 H); 3,85
(9,J=8,5Hz,2H); 5,61 (s, 1 H); 7,23-7,39 (m, 4 H); 7,66 (s, 1 H); 9,24 (s, 1 H) ppm;
BC-NMR (DMSO-dg, 125 MHz) & 14,37; 18,13; 51,95; 59,53; 98,36; 128,21; 129,25;
129,54; 129,82; 132,15; 142,19; 149,76; 151,79; 165,43 ppm.

3.  Két qua va thao luin
3.1. Khdo sdt xiic tic sir dung

Montmorillonite hoat hoa acid dugc diéu ché nhim tang di¢n tich bé mat riéng
trude khi tién hanh trao d6i véi cation kim loai. Qua trinh trao ddi ion H' trong khoang
céch lién 16p ciia montmorillonite hoat hoa acid voi cac mudi vo co, chuyén cation H'
thanh nhiing cation kim loai khac nhau [7]. Str dung cac xtc tdc montmorillonite hoat
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hoa acid trao ddi cation d4 diéu ché trén phan mg tong hgp DHPM nham tim ra x(c tac
hiéu qua nhat, tir d6 tién hanh khao sét t6i vu hoa phan ung tong hop DHPM. Diéu kién
&4p dung khi tién hanh khao sat xuc tac s dung 1a 1:2:3=1:1:1 (mmol), thoi gian 90
phat, nhiét @6 90 °C, luvong xuc tac 1a 100 mg.

Két qua Bang 1 cho thay xuc tac trao ddi cation H' bang nhiing cation kim loai
hoa tri III cho hi¢u suat tong hop DHPM trung binh (Bang 1, thi nghiém 7,8,9). Khi
trao d6i v6i nhing cation kim loai héa tri II thi hi¢u suat tong hop DHPM khong tot
nhu miu xtc tac Cu?*-Mont tai cung diéu kién (Bang 1, thi nghiém 1), nhiing xtc tac
M?*-Mont khéc cho két qua tuong dwong nhau trir xtic tic Pb**-Mont (Bang 1, thi
nghiém 6). Vi vay, chiing t6i chon mau xtc tac Cu?*-Mont dé tién hanh ti vu héa phan
{mg tong hop DHPM.

EtOOC
M”+ Mont

R=H (4a) HaC 0
3 4-OMe ( 4b)
4-Me (4c)
4-F (4d)
4-Cl (4e)
3-Cl (4f)
2-Cl (4g)

Hinh 1. So d6 tong hop hop chit DHPM
Bing 1. S0 sanh céc logi xiic tac trao déi cation khdc nhau

Stt  Xic tac (M™-Mont)  Hiéu suét (%)

1 Cu®*-Mont 68
2 Zn**-Mont 51
3 Cd**-Mont 55
4 Ni®*-Mont 53
5 Co**-Mont 58
6 Pb?*-Mont 30
7 Fe**-Mont 47
8 Cr¥*-Mont 51
9 AP*-Mont 58
a

Higu suat co lap
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3.2. Téi wu héa phin trng tong hop DHPM
Xac tic dugc diéu ché khi trao d6i cation Cu?* cia mudi CuSO, Véi
montmorillonite hoat hoa acid dugc su dung dé tien hanh qué trinh toi vu hoa phan ung
tong hop DHPM nham muc dich khao sat kha nang xic tac cia montmorillonite trao
d6i cation. Két qua duoc trinh bay trong Bang 2.
Bing 2. Két qua toi wu héa phan iimg tong hop hop chat DHPM

1:2:3 Thoi gian Nhiét 3o Luong xtc tac Hiéu suét

ST (mmol) (phut) €c) (mg) (%%)°
1 1:1:1 120 60 100 48
2 1:1:1 120 70 100 74
3 1:1:1 120 80 100 75
4 1:1:1 120 90 100 71
5 1:1:1 90 70 100 70
6 1:1:1 135 70 100 86
7 1:1:1 150 70 100 72
8 1,25:1:1 135 70 100 92
9 15:1:1 135 70 100 92
10 1:1,25:1 135 70 100 76
11 1:151 135 70 100 72
12 1:1:1,25 135 70 100 78
13 1:1:15 135 70 100 75
14 1,25:1:1 135 70 50 68
15 1,25:1:1 135 70 75 93
16 1,25:1:1 135 70 125 92

? Higu suét co lap

Qua trinh khao sat nhiét do phan tmg cho thdy nhiét do t6t nhat 1a 70-80 °C
(Bang 2, thi nghiém 2,3), nhiét d6 cao hon thi hiéu suét giam dan. Chon nhiét do 70 °C
dé khao sat nhimg yéu t6 tiép theo. Thoi gian phan mg cho hiéu suit cao nhét 13
135pht (Bang 2, thi nghiém 6), tang thém thoi gian phan Gmg thi higu sut giam manh
(Bang 2, thi nghiém 7). Khi khao sét ti 1& cic chét tham gia phan ting chung t6i nhan
thdy hiéu suat phan tng chi ting khi ting lugng benzaldehyde sir dung (Bang 2, thi
nghiém 8,9). Khi ting luong ethyl acetoacetate va urea sir dung thi hiéu suit giam
(Bang 2, thi nghiém 10,11,12,13). Két qua ndy phd hop véi co ché do Kappe dé nghi
[14]. Phan umg tong hop DHPM xay ra qua trung gian giita benzaldehyde véi ethyl
acetoacetate hay gitra benzaldehyde vé&i urea, vi vay khi tang lugng benzaldehyde st
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dung thi su tao thanh trung gian trong qua trinh phan tng ting 18n nén hiéu suit tao
thanh san pham DHPM ting. Ching toi chon ti 18 1:2:3=1,25:1:1 (mmol) 1 t6i wu dé
khao sat yéu t6 tiép theo anh huong dén phan tng. Luong xtc tic sir dung ciing anh
huwong nhiéu dén kha ning tao thanh san pham. Khdi luong xuc tac can thiét dé phan
(g xay ra tot nhat 1a 75mg (mg véi 2mmol tac chat) (Bang 2, thi nghiém 15). Khi sir
dung luong xuc tac it hon 75mgthi phan umg xay ra khong t6t (Bang 2, thi nghiém 14),
dung nhiéu xuc tac hon thi higu suat phan tng khong thay d6i (Bang 2, thi nghiém 16).
Piéu kién phan tmg tdi wu sau khi khao sat cic yéu to anh hudng 1a: nhiét do 70 °C,
thoi gian 135 phat, 1:2:3=1,25:1:1 (mmol), lugng xtc tic 75mg(tng védi 2mmol tac
chat). Hiéu suét tao thanh san phdm DHPM khi tién hanh tai diéu kién toi wu rat cao,
diéu nay cho thiy xuc tac montmorillonite trao ddi cation Cu®* ¢ kha nang xuc tac tot
trén phan ung tong hop DHPM.

Sau khi nghién ctru kha nang xuc tic ciia mau montmorillonite trao ddi cation
Cu?*, chiing t6i tién hanh nghién ciru kha nang tai sir dung cta xuc tac ndy. X(c tac sau
khi str dung 1an dau tién dugc nghién ctru sir dung tiép thém ba lan. Két qua trinh bay
trong Bang 3 cho thay hiéu suét tao thanh san pham DHPM giam dan theo s l4n tai sir
dung xtc tac, diéu ndy xay ra do trong qua trinh x(c téc cation Cu?* bj thay thé boi
nhimg cation khac sinh ra khi cac tac chat phan tng (chung t6i d4 trao ddi lai xtc tac
d4 st dung 1 1an véi cation Cu?*, két qua khi ap dung véi diéu kién khong thay d6i cho
hiéu suat tong hgp DHPM tuong duong Véi sir dung 1an dau tién). Vi vay ham luong
cation Cu®" trong mau xuc tac giam dan dan dén kha nang xuc tac giam dan.

Bdng 3. Kha nang tai sir dung cua xuc tac

Sb lan tai st dung  Hiéu sut (%)

0 92
1 72
2 45
3 32

? Hiéu suét co lap

3.3. Tong hop mét sé din xuit DHPM

Ap dung diéu kién phan tng tong hgp DHPM d t6i wu, chung t6i nghién ciru
tong hop mot sé dan xudt DHPM khéc duya trén sy thay d6i benzaldehyde thanh nhimng
dan xuét cua benzaldehyde. Két qua Bang 4 cho thay khi thyc hién phan tng tai nhiét
d6 tdi wu 1a 70 °C thi cAc dan xuat phan tng khong tdt, higu suét phan tng ting déng ké
khi tang nhigt d phan Gng 1én 100 °C. So sanh hiéu suat phan tng tai nhiét 6 100 °C
cua cac dan xuat cho thiy nhiing din xuit benzaldehyde mang nhoém thé day dién t
nhu 4-methylbenzaldehyde hay 4-methoxybenzaldehyde (4b,4c) cho hiéu suét thip hon
nhitng dan xuét benzaldehyde mang nhém thé rat dién tir (4g).

40



TAP CHi KHOA HOC BHSP TPHCM Pham Dirc Diing va tgk

Bing 4. Tong hop mot s6 dan xudt DHPM

, Piém chay (°C
A Higu suit (%)? y (C)
Mau R n
Nghién cuu Tham khao [9]
70°C 100 °C

4a H 92 80 205-207 202-203
4b  4-OMe 28 51 200-202 203-205
4c 4-Me 30 70 216-218 209-211
4d 4-F 0 60 183-185 185-186
de 4-Cl 40 65 216-218 215-216
Af 3-Cl 35 70 215-217 215-216
49 2-Cl 37 90 215-217 218-220

® Hiéu suat ¢ 1ap
4.  Kétluan

Mot sb xic tdc montmorillonite hoat hoa acid trao ddi cation dd duoc diéu ché, st
dung trong phan ung tong hop dan xuat DHPM cho két qua tot. Picu kién t6i uu cia
phan tmg tong hgp DHPM (ding benzaldehyde) véi xuc tac Cu?*-Mont Ia: ti 18 tac chét
1:2:3=1,25:1:1 (mmol), thoi gian phan tng 135 pht, nhiét d6 70 °C, khéi lwong xiic
tac can dung la 75mg (trng vai 2mmol tac chat). Kha nang tai st dung cua xtic tac giam
dan khi sir dung nhiéu 1an do cation Cu®* bi trao d6i trong qué trinh phan tng.
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