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Nghién ctiu téng hgp 1,4-dihydropyridine trén xtc tac di thé amberlyst-15

Amberlyst-15, an efficient heterogeneous catalyst for the 1,4-dihydropyridine synthesis
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The paper reported synthesizing 1,4-dihydropyridine (1,4-DHP) from B-
ketoester, aromatic aldehyde, and ammonium acetate via a two-step,
using heterogeneous catalyst Amberlyst-15 in high vyields at room
temperature. The method was applied to synthesize some 1,4-DHP
derivatives. Moreover, the catalyst was reused at least five times without
loss of catalytic activity under eco-friendly conditions.

Gidi thiéu chung

Ngay nay, cac hap chét di vong chira nitc da thé hién
dugc tdm quan trong trong dugc hoc. Trong sé cac
cau trldc di vong, 1,4-Dihydropyridine (1,4-DHP) la di
vong tham séau canh c6 chira N & vi tri thit nhét va no
G vi trf 1va vi tri tht 4, 13 mét trong nhitng vong di
vong quan trong nhét. Vi tri thuong dugc thé céc
nhom chidc khac nhau cho cac hoat tinh phong phu
clia hé vong nay la vi tri 4. Hoat tinh dugc biét dén
réng rai nhat cla ki€u vong nay 1a ha huyét ap theo co
ché chen kénh canxi [1]. Ngoai ra, cac hoat tinh khac
nhu  chéng dau [2, 3], khang u [4], khang viém [5],
gidm dau [6], chéng tu huyét khéi [6], gian mach [7],
chéng co giat [8], chdng cang thang [9], hoat tinh Uc
ché tim mach [10]. Do tdm quan trong cla cac dan
xudt 1,4-DHP trong viéc t6ng hop cac nhom thudc
khac nhau, mét s& quy trinh t6ng hop dd dugc phat
trién. Phuong phap phd bién nhat dugc biét dén dé
téng hop 1,4-DHP la téng hop Hantzsch [11]. Bang

phuong phap nay, cac thudc huyét ap nhu nifedipine 1,
Lacidipine 2 va Felodipine 3 dugc t6ng hop ti dan
xuat fB-ketocarboxylic acid, aldehyde va amoniac [12,
13].

Cl

Nifedipine Lacidipine Felodipine
1 2 3

Hinh 1: M6t s6 thuéc 1,4-DHP dugc téng hap bang
phucng phap Hantzsch

Cong bé cla Hantzsch d& mang dén mét phuong
phép téng hgp 1,4-DHP hiéu qud, don gian tuy nhién
doi hoi thai gian phan Ung 1au va hiéu suét san pham
thdp dén trung binh. Cho dén nay, di c6 nhiéu nd luc
khéac nhau dé cai thién phan Ung Hantzsch bang cach
st dung cac chét xtc tac thay thé va phucng phap
xanh han [14]. Tuy nhién, do hiéu suét san pham van
chua cao, nhiéu cai tién vé phucong phap nay da dugc
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phéat trién bao gdm ca viéc st dung chét xudc tac nhu
boronic acid [15], Yb(OTf); [16], p-TSA [17], i6t [18],
TMSI [19], BusNHSO4 [20], men lam banh [21], Ceric
Ammonium Nitrate (CAN) [22], in situ HCl [23], acid
mang trén silica [24], beta-cyclodextrin [25], PhsP [26],
ammonium carbonate v&i dung méi la nudc [27], ionic
liquid [BPy][BF4] [28]. Mét s6 phuang phap khong
dung méi dé téng hap 1,4-DHP cling da dugc nghién
clu nhu st dung siéu am [29], sat (Ill) trifluroacetate va
trifluromethanesulfonate [30], thiamine hydrochloride
[31]. Cac phucng phép dé dugc cong bé thudng s
dung tac nhan dét tién, dung moi nguy hiém, thai gian
phan Ung lau va quy trinh x ly phén Ung phuc tap. Vi
vay, viéc tim kiém cac phuong phap mdi van cd tam
quan trong ngay cang lén.

Nham huéng dén muc tiéu xanh hon, mét trong
nhiing phucng phap dugc cac nha hda hoc hitu ca ua
chudng la st dung cac chét xdc tac di thé trong viéc
tang hiéu qua cac téng hop hitu co, dé dang thu hoi
xUc tac, phu hop cho céng nghiép dugc phédm. Xu
huéng nay dudc hd trg bdi su sdn cé clia cac véat liéu
xUc tac va cac ky thuat hién dai dé€ bién tinh xuc tac
s&n o [32-34]. Nhém nghién clu Sridhar da cong bé
mot quy trinh hiéu qua va thuén tién dé téng hop mot
ndi cac dan xuét 1,4-DHP vd&i hiéu sudt cao bang cach
ngung tu cac S-dicarbonyl, andehyde va amonium
acetate, sit dung chét xtc tac dj thé (HCIO4-SiO,) trong
diéu kién khong dung méi. Quy trinh phan Ung don
gian, thuén tién va cé kha nang dung nap nhiéu loai
nhoém chiic khac nhau trén vong phenyl cla céc
aldehyde thom nhu metoxy, nitro, hydroxyl va
halogenua. Hon nlta, & diéu kién t6i uu cla phan Ung,
xUc tac da thé hién pham vi Ung dung réng. Cac
aldehyde tham, béo va di vong khac nhau dugc su
dung trong qué trinh ngung tu Hantzsch vdi xdc tac di
thé (HCIO4-SiOy) [35].

M6t ndm sau, Zonouz va cong sy da phét trién su
ngung tu moét ndi, ba cdu phan aldehyde,
ethylacetoacetate va NH4OAc sif dung xUc tac di thé
(montmorillonite K10 clay) dé diéu ché 1,4-DHP vdi
hiéu suat t6t. Quy trinh nay ¢ uu diém thai gian phan
Ung ngan, hiéu suét cao va quy trinh x(r ly phan Ung
don gian [36]. Nam 2009, nhém nghién clu clia Rafiee
da diéu ché 12-tungstophosphoric acid (PW) dinh trén
cac oxit kim loai khac nhau va hoat tinh xUc tac cla
ching da dugc dénh gid qua phan Ung ngung tu ba
thanh phén cla benzaldehyde, ethyl acetoacetate va
amonium acetate diéu ché 1,4-DHP. Két qua cho théy
hoat tinh xUc tAc cao cla cac xUc tac nay. Anh hudng
cla lugng PW tai trén chat mang, lugng xdc tac su
dung va dung méi da dugc tac gia téi uu hoa. 40% PW

lén SiO; (0,2 g) trong diéu kién khéng dung moi la
diéu kién t6i uu dé téng hop 1,4-DHP [37].

Nham tiép tuc phéat trién cac phuong phap su dung
xUc tac di thé dé téng hap 1,4-DHP, trong bai bao nay,
chiing t6i cong bé phuong phap diéu ché 1,4-DHP st
dung xuc tac Amberlyst-15, tif chat dau aldehyde, S-
ketoester va NH4OAC la ngudn Nita.

Thyc nghiém va phuong phap nghién clu

Héa chdt

Trong nghién clu nay, Amberlyst-15, Amberlyst-16 va
Amberlyst-70 cling nhu cac tac nhan Aldehyde, [-
ketoester, NH4OAc va cac dung méi nhu MeOH, EtOH,
-PrOH, BUOH c¢6 ngudn gdéc tu Sigma- Aldrich va
dugc s dung truc tiép ma khong can tinh ché.

Quy trinh téng hgp cdc dén xudt 1,4-DHP

Quy trinh chung 2 budc téng hop dimethyl 4-(4-

chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate

o Oy
o Xuc tac
+ +  NH4;O0Ac ————————> COOCH;3
07 CH,4
Cl

Cl

COOCH;
i-PrOH ]

Nhiét do phong HeT N NCH
3 H 3

Ong phdn (g s6 1:

4-chlorobenzandehyde  (141mg,  Immol),  mety!
acetoacetat (116mg, Tmmol) va 20mg xUc tac Amberlyst
15 dugc cho vao éng phan Uing dung tich 10ml (6ng 1),
2ml i-PrOH dugc thém vao. Phan Ung dugc khudy &
nhiét d6 phong trong 8h.

Ong phdn (g s6 2:

Methyl acetoacetate (116mg, Tmmol) va amonium
acetate (77mg, ITmmol), dugc cho vao 6ng phan Ung
dung tich 10ml (6ng 2), 0,5ml i-PrOH dugc thém vao.
Hon hop phan Ung dugc khudy & nhiét do phong
trong 8 h.

Dung pipette hit hédn hgp phan Ung trong 6ng 2, cho
vao 8ng phan Ung s6 1, tiép tuc khudy hdn hop phan
Ung & nhiét db phong trong 24h. Két thidc phan Ung,
hon hop dudc loc va ria vdi etyl acetate dé€ thu hoi xtc
tac. Phan dich loc sau do dugc cé quay dé loai dung
moi, phan can dugc tinh ché bang sac ky cot silica gel
vdi hé dung mdi hexane/ethyl acetate (3/1), thu dugc
san phdm la chét ran mau tréng, 16Tmg hiéu suét 48%.
'H NMR (500 MHz, Chloroform-d) & 7,24 — 7,10 (m,
4H), 5,80 (s, MH), 4,97 (s, TH), 3,64 (s, 6H), 2,32 (s, 6H).
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BC NMR (126 MHz, Chloroform-d) & 167,86; 146,00;
144,34; 131,83; 129,08; 128,14; 103,65, 51,02, 38,98;
19,55.

Dimethyl  2,6-dimethyl-1,4-dihydro-[4,4'-
bipyridine]-3,5-dicarboxylate ducc téng
o"lhgp theo quy trinh chung si dung 4-
aldehydpyridine (107mg, 1mmol), Methyl
acetoacetate  (232mg, 2mmol)  va
amonium acetate (77mg, Tmmol). Hon hgp phan Ung
dugc tinh ché bang sac ky cot silica gel (hexane/ethyl
acetate, 1/2). San pham la chét ran mau trang, 197mg
hiéu sudt 65%. 'H NMR (500 MHz, Chloroform-d) &
8,46 — 8,41 (m, 2H), 7,24 — 719 (m, 2H), 6,50 (s, OH),
5,03 (s, 1H), 3,66 (s, 6H), 2,35 (s, 6H). BC NMR (126
MHz, Chloroform-d) & 167,57, 156,16; 149,11, 145,50;
123,09; 102,30; 51,10; 39,20; 19,39.

Dimethyl 2',6'-dimethyl-1',4'-dihydro-
[3,4'-bipyridine]-3',5'-dicarboxylate dugc
o“|téng hap theo quy trinh chung st dung
3-Pyridinecarboxaldehyde (107mg,
Immol), Methyl acetoacetate (232mg, 2mmol) va
amonium acetate (77mg, Tmmol). Hén hgp phan Ung
dugc tinh ché bang sac ky cot silica gel (hexane/ethyl
acetate, 1/2). San phém la chét rdn mau trang, 136mg
hiéu sudt 45%. 'H NMR (500 MHz, Chloroform-d) &
8,53 -8,50 (m, TH), 8,38 (s, H), 7,64 (d, J = 7,7 Hz, TH),
7,20 (dd, J = 7,8, 4,6 Hz, TH), 6,39 (s, TH), 5,00 (s, TH),
3,64 (s, 6H), 2,35 (s, 6H). ®C NMR (126 MHz,
Chloroform-d) & 167,57; 145,21; 136,01; 102,93; 51,10;
37,61, 19,41.

Két qua va thao luan

Co ché phan Ung téng hop 1,4-DHP da tac nhan cé
thé theo hai con dudng (hinh 2). Con dudng thi nhat,
phadn Ung Knoevenagel gita hgp chét S-ketoester
(chtra nhém methylene hoat ddng) vai benzyldehyde
dé tao chét trung gian benzylidene, sau do, hgp chét
trung gian nay ngung tu véi B-ketoester khac tao chat
trung gian 1,5-diketone, cudi cung la phan Ung déng
vong vdi nguén amonium (la mudi amonium  hodc
amonia). Con dudng thd hai, ngung tu B-ketoester vdi
ngudn amonium, tao chat trung gian ester enamine,
sau do, ngung tu Michael v&i benzylidene tao san
pham trung gian va cudi cung la ngung tu dong vong
dé tao san phdm. Co ché nay da dudc chiing minh vdi
cac bang ching vé& su xudt hién sadn phém
Knoevenagel, enamine va 1,5-diketones [38].

San pham thu dugc & phan Uing Knoevenagel thu ducc
hén hop hai dang dong phan E va Z. Thong thudng

doéng phén Z sé bén han do uu thé vé khéng gian nén
co ti 1é nhiéu hon. Tuy nhién, dung maéi cling gdp phan
anh hudng dén ti 1& hai déng phan. Béng phan 7 sé
tiép tuc di vao phan Ung tiép theo.

[e] o

R Ar R
0 + /g + 0" + NH40Ac
H” 0

Me o O~ Me

l Ngwng tu

l Knoevenagel

o Ar o R R
R = R > "0 0"
© [ 9" cong Michael
0ng Michael Mg Me
Me” S0 H,NT “Me OHN
(o}
R. .
O Tautomer héa
Cong Michael
Me o
o) Ar O O Ar O
R R
R\O O/R 0 o
ol
Me™ Yy & Me Me \~1Nl—l\2ne
Nguwng tu
NH,O0Ac déng vong
o A O
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Me N™ "Me
H

Hinh 2: Co ché clia phan Ung Hantzsch t8ng hop 1,4-
DHP

Thong thudng dung moi dugc st dung la cac dung
moi phan cuc. Hon nlfa, trong budc nay, dung mdi
phén cuc nhu cac alcohol cling cho hiéu suét cao han,
phan Ung nhanh hon cac dung méi kém phan cuc nhu
DCM, toluene [39, 40]. Dung mdi dugc st dung phai
dam bdo hoa tan cac chét phan Ung déc biét la ngudn
amonium thudng st dung la cac mudi amonium. Do
do, dung moi phai la dung moi phan cuc [41]. Ngoai
ra, dung méi alcohol con thé hién mét uu thé dac biét
trong trudng hap téng hop cac 1,4-DHP la dé dang két
tinh sdn phdm sau phan Ung, lam cho viéc phan tach
dé dang haon [42). Nghién ctu da chi ra rang khi st
dung cac dung méi phéan cuc khéng cép H (aprotic
polar solvent) nhu NMP, DMSO, DMF nhiing chét
trung gian sé bj phan hdy tU tUr bdi nhiét thdng qua
phan Ung tach loai dan dén hiéu sudt thdp, thanh phan
phuec tap, khd phan 1&p san phdm sach [43]. Do do, dé
t6i uwu hda phan Ung téng hop 1,4-DHP, phan Ung
t8ng hop 7b dugc chon lam phan tng mau dé khao
sat vdi cac dung modi alcohol khac nhau. Két qué cho
thay dung méi iso-propanol (i-PrOH) cho hiéu suét cao
(dén 65%), thanh phan hén hap phan tng don gian,
dé phan tach, trong khi cac dung méi alcohol khac déu
cho hiéu sudt thdp Dac biét khi khéng st dung dung
moi, phdn Ung cho hiéu sudt rat thap, thanh phan
phan Ung phic tap, do sinh ra nhiéu san phdm phu.
Tiép dén, cac xUc tac di thé cé tinh acid cho phan Uing
trong dung mdi i-PrOH dugc khdo sat nhu trinh bay
trong bang 1. Bén canh cac Amberlyst-15, 16 va 70 thi
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Zeolite, Al-MCM-41-SOsH, hay siéu acid
Zﬁ_95A|o_o5.y%SO4, thdm chi Cellulose bién tinh bé
mat cling da dugc s dung. Két qua cho thay hiéu
suat phan Ung tang theo tinh acid cla xuc tac. Hiéu
suat thadp nhat thu dugc khi s dung siéu acid
Zr195Al005.y%S0a4, diéu nay cé thé ly giadi do céu
trdc cla vat liéu siéu acid nay khéng cd nhiéu tam
acid Bronted, tiép dén la céc zeolite CBV 500 va
720. Cac nghién clu trudc day clng da chi ra
rang, amberlyst c6 chdfa nhiéu tdm axid Bronted
dac biét trong Amberlyst-15, tuong ducng vdi
Amberlyst-16 va gédp doi Amberslyt-70 [44, 45].
Tuy nhién, can chu y rang, dién tich bé mat riéng
clla amberlyst-15 cao hon han so vd&i hai loai
Amberslyts- 16 va 70 [44, 46], do ching c6 mébt
phan cau tric mang khéng gian lam giam dién tich
bé mat. Chinh vi cac ly do nay, Amberlyst-15 cho
hiéu qud t&t nhat. Ngoai ra, mét diéu rat thu vi
trong phan Ung nay la khi tdng nhiét dé thi hiéu
sudt lai gidam, diéu nay co vé mau thuédn nhung lai
hoan toan phu hgp. Cac nghién cdu cling chi ra
rang khi nhiét dé tang thi lugng tdm bronted acid
trong amberlyst s& gidm theo nhiét dé va lam
gidm hiéu suét phan (ng.[44]

Bang 1: T&i uu hoa diéu kién phan Ung

. Hiéu
stt XUc tac Dung moi Ngéet Suét’

' (%)
1 Amberlyst 15 MeOH RT® 35
2 Amberlyst 15 EtOH RT 53
3 Amberlyst 15 i-PrOH RT 65
4 Amberlyst 15 n-Butanol RT 40
5 Amberlyst 15 - RT 10¢
6 Zr195Alo.05.y%SO4 -PrOH RT 25
7 Al-MCM-41-SO3H -PrOH RT 58
8 Amberlyst 16 -PrOH RT 56
9 Amberlyst 70 Dowex -PrOH RT 57
10 zeolite Y (CBV500) -PrOH RT 55
- zeolite Y -PrOH RT 57

(CBV 720)

12 Amberlyst 15 -PrOH 40 63
13 Amberlyst 15 -PrOH 60 55

9RT: Nhiét d6 phong
bHiéu sudt thu dugc |a hiéu sust tach bang cot sic ky silica gel.
Thanh phan hén hap phan Ung rat phic tap, khé tinh ché

Hoat tinh va khd nang téi sinh xic tac da dugc nghién
ctu (hinh 3) bang cach s&t dung phan Ung téng hop
7b, st dung xdc tdc Amberlyst-15, theo diéu kién da téi
uu hoda & trén. Sau khi hoan thanh phan Ung, chét xdc
tac dugc ly tdm, va sau do rira nhiéu lan (it nhat 5 lan)
bang i-PrOH va nudc. Kiém tra dé sach cla xuc tac
bang sac ky I6p mdng cla I6p nudc rira. Sau dd xic
tac dugc séy kho dén khéi luong khong déi va st dung
cho phan Ung tiép theo.

70

D
o

&u suét (%)
B [4.]
(=] o

Hi
&

S
o

o

o

1 2 3 4 5
Lan chay phan tng

Hinh 3: Tai sinh xUc tac Amberlyst-15

V@i diéu kién t6i uu hda, pham vi Uing dung cla phan
Ung dugc md réng vdéi cac benzaldehyde khac nhau
thu dugc san phdm 1a cac dan xudt 1,4-DHP vdi hiéu
sudt 1én dén 65% (bdng 2).

Bang 2. T6ng hop céc dan xuét 1,4-DHP

o) Amberlyst-15
o+ TN+ nHoae DTSR
Ar i-PrOH
o)

Nhiét @6 phong, 6h

O Ar O

N

Phuong phéap Ung dung xdc tac Amberlyst-15 cho
phan Ung téng hop cac dan xuét 1,4-DHP cho thay
hiéu qua cao (hiéu suét |en dén 65%), dé 1ap lai tét,
xUC tac cd thé tai sinh dugc nhiéu lan.

K&t luadn

L&n dau tién, chdng t6i cong bd xic tac Ambelyst-15
thuong mai c6 thé ting dung lam xuc tac cho qué trinh
t8ng hap 1,4-DHP va cac dan xudt, hiéu qua, don gian,
tlr cac hoa chét ré tién, san co, st dung xuc tac dj thé,
tai s&r dung dugc nhiéu lan. Quy trinh téng hop dua
trén phan Ung hai budc, mét néi, thao tac daon gian,
diéu kién phan &ng ém diu, hiéu suét cao, than thién
moi trudng. Cac yéu té anh hudng dén phan Ung da
dugc khao sat. Quy trinh nay cho théy tiém néng cé
thé phat trién Ung dung trong cdng nghé hdéa dugc va
quy trinh phan Ung dong.
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LSi cdm on

Nghién cltu nay dugc tai trg bai Quy Phét trién Khoa
hoc va cong nghé Quéc gia (Nafosted) trong dé tai ma
56 104.01-2017.320.
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