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TOM TAT

Phan (ing da thanh phéan déng vai tro quan trong trong viéc tao ra nhting hop chat phuic tap thong
gua téng hap mét bude. Trong sé cac phan Ung da thanh phéan da dugc cong bo, phéan tng da
thanh phan Biginelli la mét trong nhiing phan ung phd bién va dugc Ung dung rat nhiéu trong
téng hop hiiu co dé tao nén cac hgp chat co khung pyrimidine. Vi vay, phan Uing Biginelli khong
dung méi gilra 2-aminothiazole, benzaldehyde va ethyl acetoacetate véi xtc tac acid Brgnsted ran
Amberlyst-15 dugc quan tam va nghién clu dé tao ra san pham c6 khung thiazolo[3,2-alpyrimidine,
mot trong nhiing khung cé mat trong mot sé hop chét cé hoat tinh sinh hoc. Amberlyst-15 (A-15)
la m&t xUc tac rdn xanh, cé san trong thuong mai, khdng mac tién, co kha ndng tai st dung cao
va lan dau tién dugc st dung lam xuc tac cho phan tng Biginelli khong dung méi dudi su chiéu
xa siéu am dé tao ra khung thiazolo[3,2-alpyrimidine. Cac yéu t& anh hudng dén phan (ng nhu ty
|é mol clia 2-aminothiazole, benzaldehyde va ethyl acetoacetate, lugng xUc tdc A-15, va thdi gian
siéu am déu dugc nghién clu. Két qué cho thay hiéu suét tao san pham chinh, ethyl 7-methyl-
5-phenyl-5H-thiazolo[3,2-alpyrimidine-6-carboxylate phu thudc vao lugng xdc tac acid ran va hai
lugng chat phan Ung 2-aminothiazole va ethyl acetoacetate. Hiéu suat dat cao nhat la 76% khi
thuc hién phan tng dudi su chiéu xa clia siéu am trong 6 gid & 80°C vdi ty |é mol 2-aminothiazole :
benzaldehyde : ethyl acetoacetate (1,4:1,0:1,4) va lugng xuc tac A-15 la 50 mg. K&t qua nghién ctu
cho thdy Amberlyst-15 c6 khd nang thu héi va téi s dung cao vi hiéu suét san pham chinh thay
déi khéng dang ké sau 2 1an thu hoi va tai st dung.

Tu khoa: khong dung moi, Amberlyst-15, chiéu xa siéu am, phan Gng Biginelli, thiazolo[3

2-a]pyrimidine

MG bAU

Hop chét pyrimidine la mot trong nhiing hgp chat
¢6 hoat tinh sinh hoc dugc quan tdm rat nhiéu, dic
biét 1a hgp chit pyrimidine cé chiia thiazol trong
d6 thiazolo[3,2-a]pyrimidine dong vai tro quan trong
trong tc ché nhan serotonin 5-HT !, tinh khéng oxy
héa?, khéng u?3, va khéng ung thu 45 Chinh vi thé,
cac phuong phép tdng hgp cic dan xuit thiazolo|3,2-
a]pyrimidine da dugc phat trién nhu tit phan tng
ba thanh phén cta glycine, acetic anhydride va thia-
zole base Schiff®, tii phin ting clia 2-aminothiazole va
dan xudt clia nd véi 2,6-dibenzylidencyclohexanone
trong acetic acid?, hoic véi o, B-bit bao hoa ke-
tone trong sodium ethoxide®, hodc véi o-acetyl-
y-butyrolactone”’, va tli phin ting Biginelli gitta 2-
aminothiazole, benzaldehyde va ethyl acetoacetate
dugc xdc tac bai acetic acid®, va nano-Fe3 O4@silica
sulfuric acid®.

DEtiép tuc nghién ctiu cdc phan ting khong dung moi
theo cac tiéu chi ctia héa hoc “xanh”, chiing t6i nghién

ciu sy hinh thanh ethyl 7-methyl-5-phenyl-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylate qua phéan
ung Biginelli khong dung méi gitia 2-aminothiazole,
benzaldehyde va ethyl acetoacetate dugc xic tac biang
Amberlyst-15 v6i mong muén téi st dung xuc tac.
Hon niia, biic xa siéu am cling da dugc 4p dung nhu
ngudn cung cdp nang lugng “xanh” cho sy kich hoat
phén tng (Hinh 1).

VAT LIEU VA PHUONG PHAP

Thiét bi va hoa chat

Su chiéu xa siéu am dugc thyc hién trong bon siéu 4m
Elma S30H (tan s6 37 kHz). Kiém sodt qud trinh phan
ting bing mady sic ky khi GC/FID Scion SQ 456-GC,
cOt Rxi-5ms RESTEK. Khdi phé phan gidi cao dugc
do bing mdy LC/MS microTOF-QII (Briiker) v6i dau
do UV/Vis va ESI (electrospray ionization), nhiét do
mao quan dé€ bat ion 1a 350°C, cot pha ddo ACE 3C18

(5 mm x 4,6 x 150 mm). Phé cong hudng tit hat nhan
dugc ghi trén may Briiker 500 NMR va tin s§ cdng

Trich dan bai bao nay: Thang D C, Thi L T X. Bic xa siéu am hé trg tdng hgp khéong dung méi hop
chat ethyl 7-methyl-5-phenyl-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate qua phan ting Biginelli
st dung xuc tac Amberlyst-15. Sci. Tech. Dev. J. - Nat. Sci.; 4(3):652-659.
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Hinh 1: Phan Ung Biginelli gitta 2-aminothiazole, benzaldehyde va ethyl acetoacetate

hudng & 500 MHz ('H) va 125 MHz (13C).

Tat ca hoa chat dugc mua tii Sigma Aldrich va dugc
phén tich béi GC/FID hodc GC/MS dékiém tralai do
tinh khiét (~ 100%).

Tién trinh phan ung Biginelli véi xuc tac
Amberlyst-15 du6i su chiéu xa siéu am

Cho mot lugng thich hgp xtc tdc Amberlyst-15, ethyl
acetoacetate, benzaldehyde, 2-aminothiazole dugc
thém vao 6ng nghiém (d = 10 mm, h = 100 mm) theo
thd tu nhu trén, sau d6 dit 6ng nghiém vao boén siéu
am Elma. Cac thong s6 thoi gian chiéu xa dugc thiét
lap dé kich hoat phan tng t6t nhit & nhiét do 80°C.
Sau khi két thuc phan ting, hén hgp san phdm dugc
trich v6i acetone (4 x 20 mL) va loc qua phéu Buchner
dé thu hoi amberlyst 15. Gop cac phan dung dich qua
loc va thu héi dung méi dudi ap sudt thdp. San phim
tho dugc phan tich thanh phin bach phin bang may
sac ky khi GC/FID. San ph&m mong muén dugc tinh
ché bing phuong phép sic ky cot (8-10 g, silica gel,
Himedia, India, 850-75 mm) véi hé rita giai hexane
va ethyl acetate (6: 4"/,) va sau d6 dugc xac dinh cdu
truc bang phé cong hudng tit hat nhin ('H-NMR va
13C-NMR) va khéi ph8 phan giai cao (HRMS).

KET QUA VA THAO LUAN

Khdo sat phan ung ba thanh phan giira 2-
aminothiazole, benzaldehyde va ethyl ace-
toacetate

Amberlyst-15 la xtc tdc acid Bronsted rin véi cdu
tric gébm nhiing hat polystyrene dugc bién tinh gin
nhom sulfonic da dugc chon lam xdc téc cho phan
ung Biginelli (Hinh 1) do nhiing vu diém nhu an
toan khi st dung, dé thu hoi xdc tic va dé luu
trit. Lugng Amberlyst-15 (70,0 mg) va thai gian
khao sat (4 h, 6 h) dugc chon mot cach ngiu nhién
nhdm khao sat ty 1¢ mol gitia 2-aminothiazole, ben-
zaldehyde va ethyl acetoacetate (Bang 1). Hiéu suit
phan tng thu dugc 36% tng véi ty 1é mol gitia
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2-aminothiazole, benzaldehyde va ethyl acetoacetate
(1,0:1,0:1,0) dya trén ty 1é¢ mol ctia phuong trinh phan
tng trong Hinh 1. Khi thay déi ty 1¢ 2-aminothiazole
va ethyl acetoacetate tii 1,0-1,2 mmol thi hiéu suét
san phdm ethyl 7-methyl-5-phenyl-5H-thiazolo[3,2-
a]pyrimidin-6-carboxylate bi anh hudng dang ké. Véi
két qua cudi ciing, hiéu sudt sin phdm dat dugc cao
nhdt1a 67% (GC: 78%) sau 6 gi6 chiéu xa siéu am ting
véi ty 16 mol (1):(2):(3) 14 1,4:1,0:1,4 khi st dung 70
mg A-15.

Trong céc thi nghiém ké tiép, lugng xtc tic dugc khao
sat tii 30-70 mg v6i diéu kién ty 16 mol cho két qua hiéu
sudt cao nhat & Bang 1 vé6i thoi gian chiéu xa siéu am
la 6 h. Khi st dung it lugng xtc tac, tdm xuc tac khong
du dé xuc tién phan tng; trong khi d6, v6i mot lugng
xuc tdc du sé can trd su tuong tac gitta cac tac chit va
chat nén, ciing nhu gay ra sy hdp phu san phidm lén bé
mat Amberlyst-15 dan dén su sut gidm hiéu suit. Cac
két qua dugc mo ta chi tiét 6 Hinh 2 cho thay lugng
Amberlyst-15 thich hgp cho phan ting la 50 mg.
Budc ké tiép, cc thi nghiém vé sy anh hudng ctia thoi
gian phan tng ciing dugc nghién ctu chi tiét bing
cach giam dén hay tang dan thoi gian quanh méc 6
gid véi cac ti 1é mol (1):(2):(3) 1a 1,4:1,0:1,4 va lugng
xuc tac thich hgp la 50 mg. Cac két qua cho thdy hiéu
sudt san phdm (4) tao thanh dugc minh hoa & Hinh 3
tang dan khi ting thoi gian phan ting 1én dén 6 gio va
giam dan sau d6. Hiéu suét dat cuc dai 76% sau 6 gio
chiéu xa siéu 4m.

V6i nhiing vu diém vé kha nang xdc tac, diéu kién
phén tng ém diju, va dé ¢ lap san phdm, viéc tai st
dung xuc tic Amberlyst-15 dugc quan tim dang ké.
A-15 dugc thu hoi sau phan tng, rita véi metanol (3
x 5 mL) va sau d6 ngdm trong dung dich HCI 0,1%
trong 2 gid. Tiép theo d6, Amberlyst-15 dugc loc, riia
v6i methanol (3 x 5 mL), sdy kho 6 100°C trong 3 gio
va dugc luu tri trong binh hat &m. Hiéu suét thu hoi
ctia Amberlyst-15 dat trung binh khoang 96%. Xuc
tac A-15 sau khi thu hoi va tai ché (50 mg) tiép tuc
dugc st dung cho phan ting khong dung moi Biginelli
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Bang 1: Su anh huéng ty 1&€ mol Ién hiéu suat phan ting dudi su chiéu xa siéu &m ¢

Stt Th azole PhCHO EAA (mmol)  Thoigian (h) GC (%) Hiéu suét”
(mmol) (mmol) (4) (%)
1 1,0 1,0 1,0 4 55,61 36
2 1,2 1,0 1,0 4 60,72 54
3 1,0 1,2 1,0 4 37,01 33
4 1,0 1,0 1,2 4 62,20 47
5 1,4 1,0 1,0 4 61,71 55
6 1,4 1,0 1,2 4 64,52 57
7 1,4 1,0 1,2 6 70,64 58
8 1,4 1,0 1,3 6 71,13 60
9 1,4 1,0 1,4 6 77,90 67
10 1,4 1,0 1,5 6 73,17 63
¢ Piéu kién phan ting: ¢6 dinh xuc téc A-15 (70 mg) va chiéu xa siéu am & 80 °C.
b Hiéu sudt dugc tinh theo lugng san phdm tho thu dugc va %GC/FID.
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Hinh 2: Anh huéng lugng xuc tac [én hiéu suat dudi su chiéu xa siéu am
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Hinh 3: Anh hudng thai gian phan ting 1én hiéu suat dudi su chiéu xa siéu am
Hiéu sudt (nhiét d6 ndng chay tham khao 240,4 -240,8°C) 8 tan
00 %) dugc trong chloroform va dugc quy két ciu truc dua
90 a0 vao céc tin hiéu ctia phé 'H (500 MHz), 13C-NMR
= s 72 (125 MHz) va HRMS (Hinh 5).
9 HRMS-ESI:  m/z [M+H]T tinh todn cho
ES C16H17N20,ST 1a 301,1005; do dugc 1a 301,1063.
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S lan téi str dung

Hinh 4: Kha nang tai st dung Amberlyst-15 (50 mg)

gilia 2-aminothiazole (1,4 mmol), benzaldehyde (1,0
mmol) va ethyl acetoacetate (1,4 mmol) duéi sy chiéu
xa siéu 4m & 80°C trong 6 gid. Qua 2 1an thu hoi va tai
sti dung, Amberlyst-15 van xuc tdc t6t cho phan tng
v6i hiéu sudt ctia san phim thay d6i khong déng ké
(Hinh 4).

Bién luan cau tric

San phdm chinh 1a ethyl 7-methyl-5-phenyl-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylate (4) 1a chit
rdn mau vang 6ng, nhiét d6 noéng chay 239,8 - 240,4°C
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Hinh 5: Céng thiic cau tao ctia sadn phdm (4)

Phd 'H-NMR, & viing tii trudng thip xudt hién tin
hiéu cong hudng ctia 5 proton vong benzene [0y
7,36-7,26 (m; 5H; H-10, H-11, H-12, H-13, H-14)],
chting minh ridng trong ciu tric ¢ mét vong thom 1
nhom thé. Ngoai ra, § vliing tif trudng thdp cing cho
thdy ¢4 2 tin hiéu mai doi cta 2 proton ghép cip véi
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nhau v6i hing s6 ghép /14 4,5 Hz [0y 6,55 (d, ] =4,5
Hz, H-3), 6,26 (d, ] = 4,5 Hz, H-2)], tuong ting véi
2 proton ctia vong thiazole. Proton H-5 cho tin hiéu
cong hudng kha cao la mii don & 6,17 ppm, diéu nay
cho thdy proton nay ndm gin nhém rat manh nhu
vong phenyl, néi d6i C=C, di nguyén t8 N. O viung
ti truong cao, 3 proton methyl doc 14p cong hudng &
2,44 (s, H-18). Bén canh d6, 2 proton methylene gén
v6i di nguyén t6 O cho tin hiéu cdng hudng 4,08-4,02
(m, H-16); 3 proton methyl cong hudng 6 6 1,16 (t,
J =7,0 Hz, H-17) (Bang 2).

Ph 13C-NMR cho thdy c6 14 tin hiéu cong hudng.
Trong d6 c6 1 carbon carbonyl ctia nhom ester (¢
166,3; C-15); 1 carbon olefi gin vao boi cic di
nguyén t6 N, S [8¢ 164,9 (C-8a)]; 2 carbon olefi ti
clp [6¢ 155,9 (C-7); 99,4 (C-6)]; 5 carbon vong ben-
zene [8¢ 142,8 (C-9); 128,5 (2C, C-11 & C-13); 128,2
(C-12); 126,6 (2C, C-10 & C-14)]; 2 carbon vong thia-
zole [6¢ 126,4 (C-3); 105,1 (C-2)]; 1 carbon no bi cac
nhoém phenyl, di nguyén t6 N, n6i d6i C=C rdt manh
(8¢ 60,4; C-5); 1 carbon methylene (6¢ 59,4; C-16); 2
carbon methyl [§¢ 23,5 (C-18); 14,0 (C-17)] (Bang 2).
Dua vao nhiing dii liéu ctia phé I'H va 13C trén cho
théy hop chét (4) c6 ciu tric cta khung thiazolo[3,2-
a]pyrimidine, ¢6 3 nhém thé gin trén khung gom
1 nhém phenyl, 1 nhém ester (-COOC,Hs) va 1
nhém methyl. So sinh di liéu NMR hgp chit
(4) do dugc vé6i di liéu phé c6 trong tai liéu
tham khio thdy c6 sy tuong hop®. Nhu viy, hop
chit (4) la ethyl 7-methyl-5-phenyl-5H-thiazolo[3,2-
a]pyrimidine-6-carboxylate.

KET LUAN

Qua nhiing nghién ctiu chi tiét cho thdy Amberlyst-15
c6 kha ning xuc tdc ém dju, dé thu hoi va kha ning téi
st dung cao cho phan ting khéng dung moi Biginelli
giia 2-aminothiazole, benzaldehyde véi ethyl ace-
toacetate tao ra san phidm ethyl 7-methyl-5-phenyl-
Xuc
tdc Amberlyst 15 c6 kha nang tdi st dung dén

5H-thiazolo[3,2-a]pyrimidine-6-carboxylate.

lan 2 ma hiéu suft thay d6i khong ding ké. Bén
canh d6, btlic xa siéu am ldn d4u 4p dung thanh
cong trong sy kich hoat phan ting khong dung moi
tao ra san phdm chinh ethyl 7-methyl-5-phenyl-
5H-thiazolo[3,2-a]pyrimidine-6-carboxylate dat hiéu
sudt cao nhét 76% sau 6 gid chiéu xa siéu am véi
diéu kién phan ting & 80°C, ty 1é¢ mol 2-aminothiazole
: benzaldehyde : ethyl acetoacetate (1,4:1,0:1,4) va
lugng xtc tac A-15 14 50 mg. Ngoai ra, ciu tric san
phém chinh ciing dugc gidi dodn ddy du dua vao cac
di liéu ph6 NMR va HRMS.

DANH MUC VIET TAT
A-15: Amberlyst 15

ACE 3C18: cot ACE séc ky long pha ddo ¢ d6 phan
gidi cao dugc phti bai silica/C18 (HPLC column ACE
for separation in Reversed-Phase with Silica/C18)
I3C-NMR: Ph§ cong huéng ti hat nhan déng vi
carbon 13 (Carbon 13 Nuclear Magnetic Resonance
Spectroscopy)

EAA: Ethyl Acetoacetate

ESI: Ion hoa béng cach phun ion (Electrospray Ion-
ization)

GC/FID: Sac ky khi ddu do nguyén ttt héa ngon liia
(Gas Chromatography/Flame Ionization Detector)
GC/MS: Sac ky khi ddu do khéi phd (Gas Chromatog-
raphy/Mass Spectrometry)

HRMS: Khéi phé phén gidi cao (High Resolution
Mass Spectrometry)

5-HT,: I 5-HT  (5-
Hydroxytryptamine), bao gébm 3 chit nhin protein
ghép cip G (The 5-HT, subfamily consists of three G
protein-coupled receptors).

IH-NMR: Phs cong huong tu hat nhan cta proton
(Proton Nuclear Magnetic Resonance Specreoscopy)
LC/MS: Sic ky long dau do khéi phd (Liquid Chro-
matography/Mass Spectrometry)

MS: Khéi phé (Mass Spectrometry)

microTOF-QII: tén thuong mai ctia may sac ky long
dau do khoi phé cho phép do khéi phd chinh xac rét
cao.

NMR: Phé cong hudng tit hat nhin (Nuclear Mag-
netic Resonance Spectroscopy)

UV/Vis: Tia tl ngoai/Kha kién (Ultraviolet/Visible)

XUNG DOT LO1iCH

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

PONG GOP CUA CAC TAC GIA

Duong Coéng Thing tién hanh lam tdt cd céc thi

phian nhém cla

nghiém, phén tich m4u hén hgp san phim, c6 1ap va
tinh ché san phdm, xéc dinh cdu truc san phim duéi
st hudng dan, thiét ké phan ting va tai trg hda chat cta
Luu Th Xu4n Th. Ngoai ra, cic tac gid con chung stic
trong viéc dang bao.
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Ultrasound accelerated solvent-free synthesis of ethyl
7-methyl-5-phenyl-5H-thiazolo[3,2-a]lpyrimidine-6-carboxylate
through Biginelli reaction catalyzed by Amberlyst-15

Cong-Thang Duong, Thi Xuan Thi Luu®

ABSTRACT

Multi-component reactions (MCRs) played an important role to produce complex molecular struc-
) ) tures in a one-step process. Among all MCRs reported, Biginelli reaction was one of the most well-
Use your smartphone to sean t¥’15 known and used in organic synthesis to constitute pyrimidine scaffold. Therefore, a solvent-free
QR code and download this article Biginelli reaction of 2-aminothiazole, benzaldehyde and ethyl acetoacetate catalyzed by Amberlyst-
15 (A-15) had attracted us to pay attention and to do research in order to highly obtain a desired
product, a frame of thiazolo[3,2-a]pyrimidine being present in many active biological compounds.
Amberlyst-15, polystyrene resin regarded as a green acidic solid, available commercial, inexpen-
sive and reusable catalyst had been firstly and successfully developed for solvent-free Biginelli re-
action under ultrasound irradiation to form thiazolo[3,2-a]pyrimidine. Most factors which had in-
fluenced on the reaction conversion and yield such as the molar ratios between 2-aminothiazole,
benzaldehyde and ethyl acetoacetate, the amounts of catalyst A-15, and reaction time had been
investigated. Consequently, the yield of ethyl 7-methyl-5-phenyl-5H-thiazolo[3,2-alpyrimidine-6-
carboxylate had been also found to depend on the amount of the acidic solid catalyst and little
excess amounts of the two reactants, e.g. 2-aminothiazole and ethyl acetoacetate. The maximum
yield has been obtained 76% after six-hour ultrasound irradiation at 80°C with the molar ratio of
2-aminothiazole : benzaldehyde : ethyl acetoacetate (1.4:1.0:1.4) and 50 mg of catalyst A-15. The
results showed that Amberlyst-15 had high capability of recovery and recycling owing to the in-
considerably changes of product yield after two recycle runs.

Keywords: solvent-free, Amberlyst-15, ultrasound irradiation, Biginelli reaction, thiazolo[3 2-
alpyrimidine
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