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Tém tit

Vit liéu khung hiru co ludng kim loai (Ni/Fe-MOF) dugc tong hop béng phu’(mg phap thay
nhiét. V01 dac tinh nhitng dic tinh doc dao nhu dién tich bé mat riéng 16n, ¢6 cau tric tinh thé,
khung ciu trac linh dong va cé thé thay ddi kich thude. Do d6, vat liéu MOFs dugc st dung
rong rai trong nhiéu linh vure nhu: xuc tac, hip phu va luu trir khi, y hoc. Trong noi dung nay,
vat lisu MOFs (Ni/Fe-MOF) duoc sir dung lam xuc tac trong phan tng tong hop pyridyl
benzamides tir 2-aminopyridine va trans-beta-nitrostyrene vai higu suat 82%.
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1 Gidi thiéu

Lién két amide 12 mot céu trac co so, dic trung trong nhiéu
phan tir sinh hoc va hop chat hitu co nhu peptide va amino
acid. Hon nira, cdu trac amide dugc tim théy nhu 1a nhom
chic chu yéu trong nhiéu loai thubc 1am sang va céc san
pham thién nhién gi tri [1]. Amide thuong mai dugc tong
hop dua vao phan tng ghép doi truc tiép giira acid
carboxylic va amine [2,3]. Qua nhiéu thap ki, nhiéu phuong
phép tong hop thay thé da duoc phat trién bao gom phan
ung Staudinger [4], phan ung ghép d6i gitta alkyne vai
azide [5], phan &ng amine hoa truc tiép tir aldehyde [6],
alcohol [7], ester [8], and alkyne [9] va&i amine. Pyridyl
benzamide 1a mét trong nhiing amide nito di vong quan
trong nhat c6 vai trd quan trong trong hoat tinh sinh hoc
nhu thuéc chdng loét, enzime phét sang trong té bao, thudc
tri nim...[10]. Mac du c6 rét nhiéu phuong phap tong hop
nhung viéc nghién ciru phuong phap tong hop méi van thu
hat rat nhiéu su quan tdm cia cong dong khoa hoc. Su phan
tach kién két C-C dai dién cho mét trong nhitng kiéu
chuyén doi lién két thu hat nhiéu sy quan tdm nhat trong
héa hitu co hién dai, va su kich hoat lién két C-C ciing nhu
g dung né cho viéc thiét ké cac phuong phap tong hop
hp din dang nhan dugc nhiéu quan tdm gan day [11,12].
Trong s6 cac kiéu lién két C-C da biét, sy phan tach lién két
C-C trong céc acid carboxylic théng qua su tdch nhém
carboxyl hoic bién doi cac lién két khac cho phép tong hop
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da dang cé&c san pham hitu co [13]. Gan day, cac phuong
phép tong hop pyridyl benzamide ngay cang dugc cac nha
khoa hoc quan tdm. Nam 2014, P.Subramanian va ddng
nghiép da dung xuc tac kim loai ddng oxi héa methyl
ketone tao thanh pyridyl benzamide [14] Ciing trong nam
nay, J.Liu va dong nghiép di cong bd nghién ciru vé amine
hdéa nhdm carboxyl cua acid a-keto hiéu qua dung &nh sang
nhin thiy lam trung gian trong méi truong khi oxi [15]. Sau
d6 vao nam 2016, tic gia A.Ragupathi va dong nghiép da
ding xuc tic ddng va anh sang nhin thiy oxi hoa 2-
aminopyridine va alkyl lién két boi cudi mach [16]. Bén
canh d6, nhom nghién ciru cta E.S.Devi va nhdm nghién
ctru cua R.Fu di thuc hién phan ung amine hoa tryc tiép
giira aldehyde va amine [17,18]. Trong nhirng niam gan déy,
xuc tac kim loai dat hiém ngay cang c6 ung dung tiém ning
trong vai tro acid Lewis cho phan wng tong hop hitu co.
Thém vao o, nhitng loai xdc tac nay cd nhiing dic diém
thuan lgi hon so véi xtc tac acid Lewis thuong nhu 1a chi
phi thap, hoat dong don gian, kha ning twong thich voi
nudc, higu qua cao va than thién véi moi truong [19].
Trong nghién ctu nay, ching toi s& bao cao vé vat liéu
khung hitu co luong kim loai Fe/Ni (Fe/Ni-MOF) véi mot
hozc nhiéu kim loai khéc cé thé lam ting dién tich bé mat
va thé 16 x5p cua vat liéu, va tao ra nhiu tinh chit doc dao
méi. Do d6 s& gilp nang cao va phat huy téi da hiéu qua
cua vat liéu cho cac ing dung sin ¢ va mé ra nhiéu huéng
ung dung mai. Tuy nhién, cac nghién cuu trong va ngoai
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nude trude d6 hau hét chua tap trung vao tong hop céac cau
trac vat liéu khung hiru co ludng kim loai Fe/Ni (Fe/Ni-
MOF) tng dung trong linh vyc xtc tic. Do d6 nghién ctu
ny s& mé ra huéng tiép can mai nham nang cao hiéu qua
sir dung cua vat lidu, cu thé 1a ung dung lam xdc tac trong
phan wng téng hop pyridyl benzamide tir 2-aminopyridine
va trans-beta-nitrostyrene.

2 Thuc nghiém

Céc hoa chét sir dung trong nghién ciu nay bao gém: acid
terephthalic (H,BDC, 98%, Sigma-Aldrich), lIron (1)
chloride hexahydrate (FeCl;.6H,0, 99%, Trung Qudc),
Nickel (Il) Nitrate hexahydrate (Ni(NO3),.6H,O, 98%,
Trung Quédc), N,N-dimethylformamide (DMF, 99.5%,
Xilong Chemical, Trung Qudc), 2-aminopyridine (99%,
Sigma Aldrich), trans-beta-nitrostyrene (99%, Sigma
Aldrich), dichloromethane (DCM, 98%, Xilong Chemical,
Trung Quéc).

Ni/Fe-MOF dugc téng hop bang phuong phap thuy nhiét.
Quad trinh dugc thuc hién khi hoa tan 9mmol of H,BDC,
6mmol of FeCl;-6H,0 va 1.8mmol Ni(NOs),.6H,0 trong
60mL DMF khoang 30 phut dé tao thanh hdn hop ddng
nhat. Sau d6, hdn hop duoc cho vao ng Teflon cé boc thép
khong gi va duogc gia nhiét & 100°C trong thoi gian 3 ngay
Cudi cing, san pham thu dugc c6 mau cam va dugc siy &
60°C trong 24 gio. Vat liéu tdng hop dugc dugc st dung
lam xuc tac cho phan tng gitra 2-aminopyridine va trans-
beta-nitrostyrene tao ra pyridyl benzamide trong méi trudng
khong khi. Cau trc vat liéu thu dugc dwoc phan tich vai
nhiéu phuong phap khac nhau. Phuong phap phd nhidu xa
tia X (XRD) duoc thuc hién trén may D8 Advance Bruke,
bng phat tia Rongen véi budc song 1=1.5406 A, & nhiét do
25°C, g6c 20 tir 2 dén 50°, téc do quét 0.04 do/gidy. Phép
do quang phd hdng ngoai ding phép bién d6i Fourier duoc
thuc hién trén may EQUINOX 55 (Bruker). Mau duoc tron
voi KBr ti 1é 1/10, nghién min va ép thanh vién. Phuong
phép kinh hién vi dién tr quét (SEM) duoc do trén thiét bi
JSM 7401F (Jeol). Phé Raman duoc do trén phd ké Raman
cua hdng HORIBA Jobin Yvon s dung bugc séng kich
thich & 633nm va phé duoc ghi ¢ ving budc séng tir 100 —
1900 cm™. Phuong phap ding nhiét hip phu, khir hdp phu
khi N, duoc thuc hién trén thiét bi TriStar 3000 V6.07 A
cuiia hang Micromeritics. Trudc khi do, mau hép phu dugc
lam sach bé mat bang dong khi N, & 300°C trong 5 gid. Cau
tric san pham hitu co pyridyl benzamide dwoc xac dinh
bang phwong phap sac ky khi ghép khdi phd (GC-MS) va
phuong phéap phd cong huong tir hat nhan (NMR).

3 Két qua va thao luan

Cau tric cua vat lieu tong hop duoc xac dinh bang céc
phuong phap khac nhau. Quan sat hinh 1 cho thiy, phd
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XRD cua NiBDC (hinh 1a) phi hop vai két qua da dugc
cong b trude day [20, 21]. Cac dinh nhiéu xa dic trung
Xuat hién tai vi tri 20 cua 11°, 11.5°, 14°, 15°, 16.5°, 17,5°,
28° va 29°. Bén canh d6, mau xtc tdc NiBDC van con céc
dinh nhidu xa cua tap chit. O hinh 1b thé hién két qua cua
mau MIL-53(Fe), cac dinh nhidu xa dic trung thé hién tai vi
tri 20 cua 9.1°, 9.4°, 14.1°, 16.5° va 18.8° tuong déng 2
két qua da cong bd trude day [22, 23]. Két qua mau Ni/Fe-
MOF (hinh 1¢), cac dinh nhiéu xa thé hién tai vi tri 20 cua
7.3°, 8.9 9.3° 9.9° 16.8°, 18.7°, 17.7°, 20.1° and 21.9° phu
hop véi két qua di cong bd trude day cua MIL-88B trong
dung mdi DMF [24]. Dic biét, khong co dinh nhiéu xa khéac
chang té6 miu c6 do tinh khiét cao. Bén canh do, két qua
cho thiy su c6 mat cua hdn hop ion kim loai Ni** va Fe**
sw anh huong rét I6n dén ciu tric tinh thé caa Ni/Fe-MOF,
va c4c ion nay c6 thé lién két tryc tiép voi H,BDC.
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Hinh 1 Phé XRD cua NiBDC (a), MIL-53(Fe) (b) va Ni/Fe-MOF

Dé hiéu 16 hon vé cau trdc vat ligu khung hitu co kim loai
trén phd FT-IR cua vat lieu NiBDC, MIL-53(Fe) va Ni/Fe-
MOF dugc thuc hién & ving buéc séng 400 — 4000cm™.
Hinh 2A cho thdy xuét hién cac dinh dao dong dac trung &
vi tri khoang 1657, 1601, 1391, 1017 va 749cm™ cua cac
lién két v(C=0), Vagym(OCO), Vgym(OCO), V(C-0) va 3(C-
H). Piéu nay cho thay c6 sy hién dién caa cau ni lién két
gitra ion kim loai va khung httu co [25, 26]. Bén canh do,
diy dao dong cuia DMF va H,O thé hién tai 1657cm™,
3387cm™. Pac biét, khong co dinh dao dong tai 1700cm™
ching to khong cé sy hién dién cua H,BDC [24]. O tang sé
dao dong thip hon, dinh dao dong & cac vi tri khoang
750cm™, 690cm™, and 660cm™ dic trung cho cac lién két
C-H, C=C va nhém chiac —OCO, cho thiy su c6 mit cua
cau néi hitu co BDC (hinh 2B) [24]. Tuy nhién, dinh dao
dong manh tai budc séng 547cm™ ¢6 thé dac trung cho dao
dong cua FeO hoac NiO [25]. Ngoai ra, dinh dao dong yéu
tai bugc séng 720cm™ phu hop véi dao dong cua Fe,NiO,
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ma dugc thim do trong miu Ni/Fe-MOF-x [24]. Két qua
nay cho thiy ring ion Ni** va Fe** c6 lién két voi H,BDC

trong cau tric Ni/Fe-MOF.
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Hinh 2 Phd FT-IR cia NiBDC (a), MIL-53(Fe) (b) va Ni/Fe-MOF (c)

Dé hiéu rd vé su thay ddi cua vat lieu, mau xic tic duoc
phan tich bing phé Raman buéc séng kich thich tai 633nm
va phd dugc ghi lai ¢ ving budc séng 100-1900 cm™ (hinh
3). Theo nhur cic cong bd trude day, cau ndi BDC trong ciu
tric MOF c6 céc tin hiéu dao dong dic trung cta dao dong
bién dang di xtng Vym(COO0) va bat ddi xtng Vagym(CO0)
tai 1445cm™ va 1501 cm™ ciia nhoém carboxylate. Dao dong
dic trung cua lién két C-C giita vong benzen va nhém
carboxylate tai 1140cm™, va dao dong bién dang cua lién
két C-H tai 865cm™ va 630cm™ [27]. Theo két qua trong
hinh 3 cho thiy, su ton tai cua cau néi BDC da duoc kiém
tra trong mau vat liéu, va khong c6 ddu hiéu ton tai cua
NiO, FeO hoic cac tap chit khac dugc tim thiy trong mau
xuc tac, didu nay phu hop véi két qua XRD cia mau. Pac
biét, ddu hiéu cua dao dong ddi xing Veym(COO) ctia nhom
carboxylate dugc phéat hién ¢ budc song thip hon va va
dinh dao dong bi ché doi khi tang ti 16 mol cua Ni**/Fe®*.
Két qua nay cho thiy c6 su thay doi trong céc lién két hiru
co khi chung lién két vai cac ion kim loai khac nhau. Vi ion
Ni** tao lién két vsi nhom OCO yéu hon Fe** nén dao dong
bién dang ddi xing veym(COO) ciia nhém carboxylate tao
lien két véi ion Ni?* di chuyén & bugc séng thip hon Fe®*
[28]. Két qua nay ph hop vai két qua phd FT-IR va XRD
cua xuc tac Ni/Fe-MOF. Bén canh viéc phan tich cau tric
vat liéu, chang toi con tién hanh khao sat dic tinh xtc tac
cua vat lieu cho phan tmg tong hop pyridyl benzamide tir
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2-aminopyridine va trans-B-nitrostyrene (bang 1). Dau tién,
hdn hop phan &ng gdm 2-aminopyridine 1a va trans-B-
nitrostyrene 2a duoc thuc hién trong dung mdi DCM vai sy
c6 mat cua Ni/Fe-MOF trong khong khi. N-(pyridin-2-yl)-
benzamide duoc tao ra khi hdn hop duoc thuc hién trong 24
gio. Sau do ta tién hanh khao sat cac diéu kién phan wng
nhu 13 nhiét do, phan tram khdi mol xdc tac, ti 1¢ tac chat...
Khi phan tng duoc thuc hién véi céc loai xudc tac khac nhau
nhu: Ni(NO,),.6H,0, FeCl;.6H,0, Ni-MOF, Fe-MOF,
Ni/Fe-MOF, ta thy rang vat lidu MOF c6 hai tam kim loai
Ni/Fe-MOF thé hién hoat tinh tét nhat dat hiéu suat 82%,
trong khi d6 ciing la vat liéu MOF nhung c6 mdt tdm kim
loai NiBDC, MIL-53(Fe) thi hiéu suat chi dat 65% va 70%
(bang 1, 1-5). Biéu kién tiép theo thuc hién phan ung & cac
nhiét @6 khac nhau. Khi thuc hién phan ang & nhiét do
phong thi phan &ng gan nhu khong xdy ra va khi tang nhiét
d6 1én 60°C va 80°C thi hiéu suat phan tng ting lén dang
ké dat khoang 57% va 82%. Khi tiép tuc ting nhiét do 1én
100°C thi hiéu suat san pham gan nhu khong ddi véi 80%
(bang 1, 6-8). Két qua nay cho thdy phan ung chi xay ra
trong diéu kién dugc gia nhiét. Tiép theo ta khao sat ham
lugng xuc tadc phan tng & cadc mac 5mol%, 7.5mol%,
10mol%, 12.5mol% va 15mol%. Ta thay rang khi thuc hién
phan ung véi ham luong cang tang thi hiéu suit phan tng
tang va hiéu suit dat két qua tét nhit la 82% véi 10mol%
xuc tac. Khi ham lugng xuc tac tiép tuc ting 1én 12.5mol%
va 15mol% thi higu suat phan ang gan nhu khong ting véi
79% va 80% (bang 1, 9-12). Cudi cing ta thuc hién phan
g Vi ti 1é tac chat khac nhau 1a 3:1, 2:1, 1:1, 1:2, 1:3.
Trong qud trinh khao sat ta thiy ring phan tng xay ra tot
nhat vai ti 16 tac chat 1a 1:1 vai hiéu suat 82%. Trong khi d6
khi ting ham lwong tac chéat 1a véi cac ti 16 3:1 va 2:1 thi
hiéu suét chi dat 56% va 35%, nhung khi ting ham luong
tac chit 2a véi cac ti 16 1:2 va 1:3 thi hiéu suét dat 78% va
75% (bang 1, 13-16).
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Bang 1 Diéu kién khao séat phan ting
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O N7 |
X NO, @(M—b catalyst (10mol%) NT X
+ —_—
(j/V N solvent, 24h H
1a 2a 3a
STT Xuc tac mol% xuc tac Dung moi Nhiét do Higu suat (%)
1 Ni/Fe-MOF 10 DCM 80 82
2 NiBDC 10 DCM 80 65
3 MIL-53(Fe) 10 DCM 80 70
4 Ni(NOs),.6H,0 10 DCM 80 50
5 FeCl;.6H,0 10 DCM 80 73
6 Ni/Fe-MOF 10 DCM rt 5
7 Ni/Fe-MOF 10 DCM 60 57
8 Ni/Fe-MOF 10 DCM 100 80
9 Ni/Fe-MOF 5 DCM 80 47
10 Ni/Fe-MOF 7.5 DCM 80 60
11 Ni/Fe-MOF 12.5 DCM 80 79
12 Ni/Fe-MOF 15 DCM 80 80
13° Ni/Fe-MOF 10 DCM 80 56
14° Ni/Fe-MOF 10 DCM 80 35
15° Ni/Fe-MOF 10 DCM 80 78
16° Ni/Fe-MOF 10 DCM 80 75

Diéu kién phan &ng: 1a (0.2mmol), 2a (0.2mmol), catalyst
(0.02mmol), dung méi 1mL, khudy tir khoang 24 gio trong
khong khi. °Phan ung duoc thuc hién véi cac ti 16 mol tac
chat khac nhau 2:1, 3:1, 1:2, 1:3.

4 Két luan

ToOm lai, vat liéu khung httu co luong kim loai Ni/Fe-MOF
da duoc téng hop thanh cong va dugc sir dung lam xic tac
thanh céng cho phan ung gitra 2-aminopyridine va trans-p-

nitrostyrene tao ra N-(pyridin-2-yl)-benzamide trong moi
trueong khéng khi. Vat liéu Ni/Fe-MOF duoc st dung lam
xuc tac cho phan ung tao N-(pyridin-2-yl)-benzamide dat
higu suat cao hon so véi vat liéu MOF chi c6 mot tam kim
loai. Vi vy, vat liéu Ni/Fe-MOF c6 tiém ning rat I6n trong
linh virc xdc tac cho phan &ng tong hop hitu co.
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The application of Ni / Fe-MOF bimetal metal material catalyzing the synthesis of pyridyl
benzamides from 2-aminopyridine and trans-beta-nitrostyrene
Oanh Thi Kim Nguyen, Trinh Nguyen Duy”

NTT Hi-Tech Institute, Nguyen Tat Thanh University, Ho Chi Minh City
“ndtrinh@ntt.edu.vn

Abstract Metallic bimetal material (Ni/ Fe-MOF) is synthesized by hydrothermal method. Featuring unique features such as
large surface area, crystal structure, flexible and resizable frame structure. Therefore, MOFs are widely used in many fields
such as catalysis, adsorption and storage of gas, medicine. In this context, MOFs (Ni / Fe-MOF) are used as catalysts for the
synthesis of pyridyl benzamides from 2-aminopyridine and trans-beta-nitrostyrene with an efficiency of 82%.

Keywords MOFs, pyridyl benzamides, xdc tac.
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