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SUMMARY

CATALYTIC ACTIVITY OF Ga-MCM-41-SO3H FOR SYNTHESIS
OF PHENYL-[1,2,4]-TRIAZOLE DINES DERIVATIVES

Novel Ga-MCM-41-SOsH is designed as a sulfonated mesoporous hybrid organic-inorganic catalyst
and is characterized by various modern techniques. The catalyst was used in the synthesis of various
heterocyclic phenyl-[1,2,4]-triazolidines through the reaction of aldehydes, urazole, and dimedone.
Moreover, the catalyst was stable and reused at least three times without loss of catalytic activity.
Keywords: phenyl-[1,2,4]-triazole dines, Ga-MCM-41-SOsH, multi-components.

1. MO PAU

Ngay nay, phan @ng tong hop da tac nhan dugc
biét dén boi tinh don gian, tinh chon loc cao
trong viéc tong hop céc hop chat di vong da
chirc nang, da dang va c6 hoat tinh sinh hoc [1-
3]. Ngoai ra, diém ndi bat cua phan ung tong
hop da tac nhan la viéc giam cac budc phan
ung di tao ra mot con duong manh mé trong
héa hoc tong hop hiru co vi tinh kinh té va hiéu
qua cao[4]. Mot trong cac (g dung cua phan
g téng hop da tac nhan 1a tdng hop cac hop
chat di vong aza phé bién trong ty nhién do
ching duoc str dung rong rii trong dwgc pham,
néng nghiégp va hoa hoc [5]. Vi duy,
pyrazolourazoles c6 tinh ing dung cao do kha
ning giam dau, khang khuan, diéu chi du
phong dau bung va ngan ngira bénh tiéu duong
[6, 7], chat tc ché cam tng HSP (Hinh 1) [8].
Spiro-pyrazole cé céc hoat tinh sinh hoc nhu
khang nam, doc té bao va thudc khang tim [9].
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Hinh 1. Mgt sé hop chat dj vong khung aza c6
hoat tinh sinh hoc cao
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Do c6 nhitng wu diém vuot troi, rit nhiéu
nghién ciru di ¢ gang phét trién cac phuong
phép tong hop ddy hop chit nay, dic biét la
phuong phap phan ung da tdc nhan. Vi dy, De
Bruycker va cong sy di bao céo sy tong hop
triazolinedione trong cac phan tng hiru co
bang cac phuwong phap khac nhau [10-13]. Tuy
nhién, cac phuong phap da dugc cong bd cha
yéu sir dung c4c chat xic tic acid ddng thé,
diéu kién phan tng khic nghiét véi nhiét do
cao, dit tién, st dung nguyén liéu doc hai, thoi
gian phan ung kéo dai va hiéu suét thip. Do
d6, van con d6 nhiing thach thuc trong viéc
phét trién phuong phéap tong hop hiéu qua cac
hop chat di vong c6 tam quan trong trong y hoc
nay.

Theo quan diém héa hoc xanh, ngay cang cé
nhiéu nhu cau sir dung chat xuc tac di thé thay
thé cho chat xuc tac ddng thé trong téng hop
hitu co, dac biét 1a trong tong hop hoa duoc, do
dé dang tach chit xdc tac ra khoi san pham va
tai str dung nhiéu lan [14]. Mét trong cac xuc
tac di thé tiém ning 1a cic xuc tac phat trién
trén nén vat liu mao quan do chiing c6 nhiing
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wu diém vuot troi nhu dién tich bé mat riéng
I6n, va dé& dang bién tinh bang cac nhom chirc
hitu co. Gan day, cac chat x(c tac axit-bazo
hozc oxy héa khir da dwogc phét trién bang céch
bién tinh vat liéu mao quan, théng qua viéc
dua cac nguyén t6 hoat dong vao bén trong
thanh 15 [15]. MCM-41 la vat liéu mao quan
trung binh c6 cau trdc lyc lang trat t véi kich
thude 16 trung binh 1a 3,7 nm va dién tich bé
mat riéng cao (800-1.200 m?/g) [16]. Tuy
nhién, MCM-41 khéng thé duoc sir dung truc
tiép nhu mot chat xdc tac axit va can phai bién
tinh dé cai thién tinh axit ciia nd. Gan day, mot
s6 cong b da cho thay khi thay thé cac nguyén
tr Si trong khung silica cia MCM-41 bing cac
nguyén tir kim loai (M-MCM-41), chang han
nhu AI®* [17], Ga®[18], dan dén ting tinh axit
cua MCM-41. Hon nira, vat liéu MCM-41 vai
céc nhom Si-OH hoat dong c6 thé dé dang dua
cac nhém -SOzH Ién trén bé mat vat liéu dé
tang tinh acid. Do d6, M-MCM-41-SOsH dugc
ky vong la mot axit ran day hira hen vai hoat
tinh xuc tac cao, do on dinh tuyét voi va thoi
gian ton tai lau dai.

Do d6, dé khic phuc nhitng han ché néu trén
va téng hop cac dan xuit aza phong pha, chiing
t6i da cong bd mot quy trinh hiéu qua st dung
didu kiene ém diu va thuan tién dé tong hop
phenyl-[1,2,4]-triazolidines st dung xuc tac di
thé Ga-MCM-41-SOsH. Sau khi hoan thanh
phan &ng, chit xudc tac c6 thé dugc thu hdi dé
dang chi bang céach loc don gian va duoc tai st
dung ma khéng giam hoat tinh trong ti da ba
lan thyc hién phan tng.

2. THUC NGHIEM

2.1. Héa chit, phwong phap

Trong nghién cau nay, cic xuc tac, cac tac
nhan Ga(NOs);, TEOS, CTABr, NH.F,
(EtO)sSiC3HeSH, H,0,, aldehydes, urazole,
dimedone va cac dung moéi nhu MeOH, EtOH,
i-PrOH, BuOH, toluene c6 nguon gbc tir
Sigma- Aldrich va duoc sir dung truc tiép ma
khéng can qua tinh ché.

Phé HL-NMR duoc ghi trén thiét bj Bruker
AVANCE |11 500 MHz Gian dd nhiéu xa tia X
(XRD) duogc do trén thiét bj XRD-6100 cua
hang Shimazu, Nhat Ban sir dung budc séng
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Cu Ka = 1.5406 A°. Buong hap phu va giai
hdp N, dugc do trén thiét bi Bellsor mini cua
hang BEL Japan Inc ¢ -196°C. Phé ning lugng
tan xa tia X (EDX) dugc ghi trén thiét bi EDX-
oxford Instruments, gin cing véi kinh hién vi
dién tir quét S-4800 cua hang Hitachi, Nhat
Ban.

2.2. Téng hep xlc tac Ga-MCM-41-SOsH
Pau tién Ga-MCM-41 dugc tong hop don gian
theo cac quy trinh di dugc cong bd trude day.
CTABr, NH4F va Ga(NOs)s dugc hoa tan trong
H,O deion va gia nhiét & 50°C cho dén khi hdn
hop tan hoan toan. Sau d6 TEOS dugc nho tu
tir vao dung dich trong diéu kién khuay manh.
Han hop duoc tiép tuc gia nhiét & 50°C trong 4
gio. Chét rin duoc loc, rira véi H,0, EtOH va
lam khd & 110°C trong 2 gid sau d6 nung trong
khong khi & 550°C dé loai bo chat hoat dong
bé mit trong 6 gio thu dugc Ga-MCM-41. Vit
lieu Ga-MCM-41 duoc lam khd ¢ 120°C sau
d6 thém dung moi toluene va nho tu tu
(Et0)3SiCH,CH,CH,SH, hén hop duoc dun
hdi Iuu qua dém. Chat rin duoc loc, rira Voi
toluene, sau do dugc xir ly vai H2O, trong 5
gio thu dugc Ga-MCM-41-SO3H.

2.3. Quy trinh téng hop cac din xuat
phenyl-[1,2,4]-triazolidines

Quy trinh chung 1 budc tong hop phenyl-
[1,2,4]-triazole dines:

\FC

R —

N

o N\
J( o o O Ga-MC o N’&
HN \w Ga-MCM-41-SO;H o
| N—Ph + + _—
H»\’\< R i-PrOH/H,0
o]
1 2 3

4

4-phenyl  urazole (1 mmol), dimedone
(12 mmol), and aldehydes (1 mmol) va 20 mg
xic tdc Ga-MCM-41-SOsH duoc cho vao éng
phan ang dung tich 20 ml, 3 ml hén hop H.0
va IPA duoc thém vao (1/1 ty 1¢ thé tich). Phan
tmg dwoc khudy & nhiét do phong trong 6 h.
Két thac phan tng, hdn hop duoc loc va rua
VGi etyl acetate dé thu hoi xuc tac. Phan dich
loc sau d6 dwoc c6 quay dé loai dung méi,
phan can dugc tinh ché bang sac ky cot silica
gel véi hé dung mdi hexane/ethyl acetate (1/2).
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Chit rdn mau tring, 97 %.
'H NMR (500 MHz,
CDCls): 1.20 (s, 6H, 2CHs3),
2.33 (s, 2H, CHy), 2.93 (2H,
AB system, 2 JHH = 18.0
Hz, CH,), 5.54 (s, 1H, CH-
Ar), 7.07-8.01 (m, 10H,
Ar) ppm; BC NMR (126
MHz, CDCls): 28.2, 28.7,
34.8, 355, 513, 64.1,
120.1, 125.6, 127.1, 128.8,
128.9, 129.3, 130.7, 136.8,
149.0, 150.7, 151.0, 192.0.
Chat rin mau tring, 'H
NMR (500 MHz, CDCly): &
1.21 (s, 6H, 2CHs3), 2.35 (s,
3H, CHs), 2.82 (s, 2H,
CHy), 2.92 (s, 2H, CHy),
6.18 (s, 1H, CH), 7.19-7.48
(m, 9H, H-Ar) ppm. 3C
NMR (126 MHz, CDCly): &
21.3, 28.3, 28.8, 34.8, 35.5,
51.3, 64.0, 120.1, 125.6,
127.0, 128.7, 129.3, 129.6,
130.8, 133.9, 138.8, 148.9,
150.5, 150.9, 192.0 ppm.
Chat rin mau tring, 'H
NMR (500 MHz, CDCly): &
1.20 (s, 6H, 2CHs3), 2.44 (s,
2H, CH,), 2.90 (2H, AB
system, 2 JHH = 18.7 Hz,
CHy), 5.61 (s, 1H, CH-Ar),
7.08-7.87 (m, 9H, Ar) ppm;
3C NMR (126 MHz,
CDCls): & 28.2, 28.7, 34.7,
355, 51.2, 635, 119.7,
125.6, 128.6, 128.8, 129.0,
129.4, 130.7, 134.6, 135.6,
149.1, 151.0, 151.3, 192.0
ppm. ,

Chat ran mau trang, H
NMR (500 MHz, CDCls): §
1.20 (s, 6H, 2CH3), 2.33 (s,
2H, CHy), 2.90 (2H, AB
system, 2 JHH = 19.6 Hz,
CHy), 6.17 (s, 1H, CH),
7.32-7.54 (m, 9H, H-Ar).
3C NMR (126 MHz,
CDCls): § 28.3, 28.7, 34.8,
35.5, 51.2, 63.6, 119.7,
122.9, 125.6, 128.8, 129.4,
130.6, 132.1, 135.9, 149.1,
150.9, 151.2, 191.9 ppm.

3. KET QUA VA THAO LUAN
3.1. Pic trung vat ligu Ga-MCM-41-SO3H
(a) (b)
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Hinh 1. Gidn dé nhiéu xq tia X cua vt liéu (a)
Ga-MCM-41-SOzH; (b) Ga-MCM-41

Hinh 1 chi ra gian d6 nhidu xa tia X cua vat
lieu Ga-MCM-41 truéc va sau bién tinh. Ga-
MCM-41 (hinh 1b) ¢6 mét dinh nhidu xa sic
nét & khoang 26 = 2 ° twong ung véi mat phan
xa (100) ctia mot mang tinh thé lyc ling. Ngoai
ra, cac dinh nho (110), (200) va (210) dac
trung cho vat liéu mao quan ciing dugc quan
st thdy & goc 3 °© <20 < 5 ° [19]. Nhiing két
quéa nay da cho thay sy hinh thanh cua mot ciu
tric mao quan luc ling cua vat liéu. Sau khi
bién tinh bang nhém SO3H, hau hét vi tri cua
cac dinh nhidu xa déu gidng nhau ngoai trir sy
giam nhe cuong do cua ching, cho thiy ring
cu tric mao quan cua Ga-MCM-41 da duogc
gitr nguyén sau bién tinh.
Su hinh thanh cau tric mao quan ciing dugc
chirg minh bang cac phép do hip phy-giai hip
Ng, trong d6 ca hai duong dang nhiét di theo
duong cong loai IV dién hinh dic trung cho vat
liéu mao quan trung binh nhu trong hinh 2.
Ngoai ra, c6 thé thay dugc sy giam nhat dinh
dién tich BET (900 m?g* d6i véi Ga-MCM-41
va 812 m?g*? véi Ga-MCM-41-SO3H) do su
hién dién cua cac phoi tir SO3H trén céc thanh
mao quan.
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Hinh 2. Cdc dwong dang nhiét hap phu — gidi
hdp N ciia Ga-MCM-41 trueéc va sau bién tinh
Phé nang luong tan xa tia X (EDX) ciing da
dugc nghién ciru dé danh gia thanh phan bé

mat cta vat liéu va duoc chi ra ¢ hinh 3.

Hinh 3. Phé néng lwong tan xa tia X(EDX) ciia vit
liéu Ga-MCM-41-SOsH: (a) Ga Lal, (b) S Kal
Két qua hinh 3 cho thiy Ga va SOsH duoc
phan bé ddng déu trong cau tric mao quan va
thanh phan nguyén t6 dugc chi ra ¢ bang 1.
Két qua cho thdy thanh phin nguyén té gan
nhu phu hop véi tinh todn chi c6 sy sai khac

nho.
Bang 1. Thanh phan nguyén té bé mat vat liéu
Ga-MCM-41-SOzH

3.2 Téng hop din xuit phenyl-[1,2,4]-
triazolidines

Hoat tinh x(c tac cua vat lieu Ga-MCM-41-
SOzH di dugc st dyng trong phan tng da tac
nhan dé téng hop cac dan xuat phenyl-[1,2,4]-
triazolidines. Phan ng gitra 4-pheny-lurazole
(I mmol) 1, dimedone 2 (1 mmol), and
benzaldehyde 3 (1 mmol) dwoc sir dung dé
nghién ciru anh huong cua cac yéu tb t6i qué
trinh  téng hop phenyl-[1,2,4]-triazolidines.
Trong phan ng nay, dung méi thudng dugc sit
dung 1a cac dung moéi c6 do phén cuc 16n va
phai hoa tan tét cac chat phan ¢ng, hoic
khéng st dung dung mdi. Do d6, chung toi
chon dung mdi phan Gng la cac dung moi
alcohol, ciing nhu hdén hop cua alcohol va
nuéc. Qua tbi wu hoa vai cac dung méi khac
nhau, phan ng cho hiéu sut tt nhat vai hdn
hop dung méi iso-propanol (i-PrOH) va nuéc
(97%). Diéu kién khong dung moi ciing da
duogc khao sat. Két qua cho thay khi sir dung
diéu kién khong dung méi, nhiét 6 phan tng
tang 1&n 80°C. Ngoai ra, dé thdy duoc sy uu
viét cua xuc tdc Ga-MCM-41-SOsH, cac xuc
tdc nhu zeolite cling da duogc s dung trong
phan g dugc chi ra & bang 2.

Bang 2. Toi wu héa diéu kién phan ing?

N. to Loai % K. % N. tir
lwgng
o] K series 52.56 66.90
Si K series 42.56 30.86
S K series 2.37 1.50
Ga L series 2.52 0.74
Tong 100.00 100.00

Stt X.tac D.moi N.do (t/f)
1 Ga"\s/'gsl\lf'l'“' MeOH 50 °
2 Ga"\s/'gsl\lf'l'“' EtOH 50
3 Ga"\s/'gm'“' iproH 50
4 Ga—I\S/IOCsI\:M— n-Butanol 50 69
i Ga—I\S/IOCsI\|5I|—4l— ] 0 90
6 Ga"\s"gs':'"“l' -PrOH/H,0 50 °'

(g)\'j;egg) i-PrOH/H0 50 O

(éeé’ii/fz;) i-PrOH/H;0 50 'O

a Sir dung phan ung téng hop 4a dé khao sat
diéu kién téi uu
bHiéu suét tach bang cot sic ky silica gel.



Két qua nghién ctu cho thdy ddi voi cac
xuc tac zeolite thwong mai cling cho hiéu
suit kha cao do co6 lwong tm acid bronted.
Tuy nhién, xtc tic Ga-MCM-41-SO3H van
cho hiéu suét cao nhat diéu nay c6 thé giai
thich do ciu tric cua Ga-MCM-41-SO3zH
c6 mao quan rong hon, cac tac nhan dé
dang tiép can thanh mao quan noi cé tdm
hoat dong xtic tac dé phan ung xay ra dé
dang.
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Hinh 4. Tai sinh xic tdc Ga-MCM-41-SOsH
Kha ning tai sinh xuc tac da dugc nghién ctu
bang cach sir dung phan tng téng hop 4c, st
dung xic tdc Ga-MCM-41-SOs3H, trong
iPrOH/H,0 & nhiét @6 50°C (Hinh 4). Sau khi
két thic phan wng, chat xac tac dugc tinh ché
bang ly tim, va sau d6 rira nhiéu lan (it nhat 5
lan) bang i-PrOH va nudc. Kiém tra do sach
cua xuc tac biang sic ky 16p mong phan nuéc
rira. Sau do xic tac duoc siy kho dén khdi
lwong khong di va sir dung cho phan ng tiép
theo. Két qua nghién ciu cho thay xdc tac cé
thé tai st dung it nhat 5 1an ma gan nhu khong
c6 su mat hoat tinh.

Ngoai ra, 4p dung diéu kién téi vu, chung t6i
tong hop cac din xuit cua phenyl-[1,2,4]-
triazolidines cho hiéu suét cao.

Bang 2. Tong hep cac dan xudt phenyl-[1,2,4]-

triazole dines

j o o R N )LN/
HN N Ga-MCM-41-HSO; \
N T T — o N
HN\( R i-PrOH/H,0 o)
o
1 2 3 4

cl Br
Qg Qs Qs
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N N N
G o o
b 4c 4d
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95%
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Phuong phap tung dung xlc tac di thé Ga-
MCM-41-SOsH, mét loai zeolite bién tinh, cho
phenyl-[1,2,4]-
triazolidines cho hiéu suat cao (1én dén 96 %),

tong hop cac dan xuét

cho dan xuit c6 nhdm thé phong phu.

4. KET LUAN

Cac dan xuat phenyl-[1,2,4]-triazolidines da
dugc tong hop bang phwong phap tong hop da
tac nhan, sir dung xuc téc di thé Ga-MCM-41-
SO3H. Quy trinh téng hop don gian, diéu kién
phan ung ém diu véi higu suit cao. Ngoai ra
vat liéu xdc tac bén va co thé tai s dung it
nhat 5 1an ma khong lam giam hoat tinh xdc
tac.
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