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Hydroxide kép Cu-Al: Tong hop va khao sat
kha nang xuc tac cho phan ung alkyl hoa
indole st dung tac chat benzaldehyde
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TOM TAT

Hydroxide kép sau khi nung dwoc ung dung
rong rai dé lam xiic tac cho cac phdn img hitu co.
Trong bdi bdo ndy, ching t6i diéu ché hydroxide
kép (Cu-Al)-CO;3 (ki hiéu HT-Cu-Al) vdi ty 1é mol
kim loai Cu/Al (3:1) bang phwong phdp dong két
tia, sau dé san pham dwoc nung & 500 °C trong
khéng khi. Cdu triic va tinh chdt cia hydroxide kép
trudc va sau khi nung dwoc phdn tich thong qua

cdc phiong phdp quang phé phat xa nguyén tir
(ICP), nhiéu xqa tia X (XRD), hién vi dién tir quét
(SEM), phdn tich nhiét (TGA). Vat liéu sau khi
nung ¢ 500 °C dwoc tmg dung lam xiic tdc cho
phan vmg alkyl héa indole véi tic chat la
benzaldehyde va cdc dan xuat. Uu diém cia xiic
téc nay so véi cdc acid Lewis truyén théng la cho
hiéu sudt cao VA thoi gian phdn ieng ngdn.

Tir khéa: hydroxide kép, hydroxide kép Cu-Al, alky! hda indole, kich hoat vi song

MO PAU

Hydroxide kép hay khoang sét anion (sét trao
dbi anion) di va dang duoc nghién ctu rong rai
nhu mot vat liéu xac tac. Pay 1a loai vat liéu co
tiém ning trong nhiéu ng dung nhu quang héa
hoc, dién hoéa hoc, sinh y hoc, méi truong va xdc
tac. Hydroxide kép duoc nung tao ra hdn hop
oxide c6 tdm acid Lewis, tir d6 vat liéu hydroxide
kép nung dugc nhan thiy c6 nhiing tng dung dic
biét trong nhiéu phan wng hitu co [1].

Hydroxide kép ¢ ciu tao dang 16p gom: Lép
hydroxide [M?**1.,,M*",(OH),]** 1a hdn hop cua cac
hydroxide cua kim loai héa tri (IT) va (III) trong d6
mot phan kim loai hoa tri (II) duoc thay thé biang
kim loai héa tri (IIT) nén mang dién tich duong, tai
dinh 1a cac nhém OH, tam 1a cac kim loai, c6 céu
trac twong tu nhu cau tric brucite trong tu nhién.
Lé6p xen giita [A"n].mH,0 14 cdc anion mang dién
tich am va céc phan tir nuéc nam xen gitra 16p
hydroxide, trung hoa 16p dién tich dwong cua 16p

hydroxide. Lép hydroxide kép lién két véi 16p xen
gitra bang lyc hit tinh dién. Lién két gitra cac phan
tr nuwdc va cac anion trong 16p xen giira 1 lién két
hydrogen [1-4].

Trong nghién ctru nay, ching tdi khao sat qua
trinh didu ché hydroxide kép bang phuong phap
ddng két tua chwa dung dich Cu®* va AP*, viéc
thay thé kim loai chuyén tiép vao cau tric nén
khoang hydrotalcite [MgsAl,(OH)16](CO3).4H,0
dé khao sat kha ning xiic tic cho phan tng hiru co
cua c4c tam acid Lewis trong vat lidu. Vat liéu diéu
ché dugc phan tich thanh phan héa hoc, ciu tric va
hinh thai tinh thé, cac bién d6i khi nung va dién
tich bé mat riéng bang phuong phap chuin do
complexon, nhiéu xa tia X (XRD), phan tich nhiét
(TGA), kinh hién vi (SEM). Sau do6, cic mAau
nghién ciru dugc khao sat kha nang xac tac cho
phan @ng alkyl héa indole véi céc dan xuat
benzaldehyde.
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Dan xuit indole duoc biét dén trong mot loat
cac hop chat cé hoat tinh dugc va sinh hoc. Thi du
san pham bisindolyl va cac dan xuét dugc tim thay
trong cac chat chuyén héa hoat tinh sinh hoc c6
ngudn gdc tir bién va dat lién. Vi vay viéc tong hop
céc hop chit nay dang 1a mdi quan tam lon. Dé
tang hiéu suat phan ung cua indole va aldehyde
hoac ketone, cac nghién curu trude d6 da su dung

H

céc chat xuc tac c6 tinh acid Lewis, acid Bronsted
hay dat sét montmorillonite [5-6].

Trong béo céo nay, ching t6i mudn giéi thiéu
xUc tac acid Lewis c6 hiéu qua cao trong viéc lam
xUc tac cho phan tng nay d6 l1a hydroxide kép
(HT). Céc phan ung dugc thyc hién trong 10 vi
song chuyén dung Discover (CEM). Phuong trinh
phan tng:

R. _R®
0 >
@U + 1/”\ ) HT-Cu-Al_500 r;_;’-:"-\i_ | /@
H H

Hinh 1. Phan {mg cta indole v6i céc aldehyde hodc ketone duge xiic tac bdi xuc tac hydroxide kép Cu-Al nung 500 °C
(HT-Cu-Al-500).

VAT LIEU VA PHUONG PHAP
Téng hop va phan tich cic miu hydroxide kép
Tong hop hydroxide kép Cu-Al

Xuc tac hydroxide kép dwoc tong hop bing
phuong phap dong két taa hdn hop mudi nitrate
cia cac kim loai véi dung dich base
NaOH/Na,COs. Chuén bi dung dich A chira 50 mL
mudi nitrate kim loai chira AI** (0,02 mol) va Cu**
(0,06 mol). Dung dich B chira 500 mL dung dich
base véi 6 g NaOH va 12,4 g Na,CO3. Nap dung
dich A vao buret va nho tir tr véi téc do 1,50
mL/phdt xudng becher chira sdn 500 mL dung dich
B. Hdn hop phan tng dugc khudy tron lién tuc
bang may khudy tir voi téc do 500 vong/phit va
giit pH 6n dinh trong khoang 10. Sau khi nho hét
dung dich hdn hop mudi kim loai, tiép tuc khudy
thém 15 phuat. Sau d6 dem di gia hoa ¢ nhiét 46 60
°C trong 24 gio. Loc va rira két taa nhiéu lan rdi
sdy & 80 °C trong 24 gio. Nghién min va thu san
pham qua ray. San pham dugc nung & 500 °C trong
4 gio dugc dung lam xdc tac.
Cdc phwong phdp phdn tich mau xUc tac

Mau xtc tac dugc phan tich nhiu xa tia X,
thiét bi dugc s dung 14 may D2 Phaser cua hing
Bruker (Puc) vai biac xa Cu Ko, goc 26 quét tur 5—

70°, budc nhay goc 26 1a 0.02°. Kinh hién vi dién
tr quét dugc thuc hién trén mady FE SEM S4800
HITACH (Nhat Ban). Po dién tich bé mat, hap thu
dang nhiét khi nitrogen dugc thyc hién trén may
Quantachrome Instruments. Phan tich nhiét trong
luong dugc thyc hién trén mdy TGAQS500. Phéan
tich thanh phan nguyén té dugc thuc hién bing
phuong phap phan tich quang phd phat xa nguyén
te ICP — OES voi may optima 4300DY Perkin
Elmer.

Phin tich sin phim

Khéi lwong cac chat phan tng duoc can chinh
Xac bang can dién tur Sartorius GP-1503P. Cac mau
phan &ng dugc chiéu xa vi séng va thyc hién trong
10 vi song chuyén dung Discover (CEM), may cb
quay chan khéng Heidolph Laborora 4001. San
phim duoc x4c dinh cdu tric bing may GC-MS
Agilent: GC: 7890A — MS: 5975C. Cot: HP-5MS
va bang phd cong huong tir hat nhan *H-NMR va
BC-NMR duoc do trong dung mdi CDCls trén may
Brucker 500 MHz véi noi chuan TMS.

Quy trinh téng quat: Phan mg dugc thyuc hién
trong may vi song chuyén ding véi mau xuc tac
HT-Cu-Al_500. Cho vao 4ng nghiém vi song
chuyén dung hdn hop gdm benzaldehyde (0.106 g,
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1 mmol, indole (0,234 g, 2 mmol) va xdc tac HT-
Cu-Al-500 (0,02 g). Sau khi phan ung két thic thi
dé éng nghiém nguoi dén nhiét do phong va tién
hanh trich ly san pham. San pham dugc ly trich véi
nudc va ethyl acetate (3x5 mL). Lép hiru co dugce
raa véi dung dich NaHCO; bdo hoa (3x5 mL) va
nuéc (3x5 mL). Hon hop san pham dugc 1am khan
bang Na,SO, va cd quay thu hdi dung méi. Hiéu
suét ¢ lap dugc xac dinh sau khi tién hanh sic ky
cot. Co cau san pham dugc dinh danh bang GC—
MS va 'H-NMR, *C-NMR.

KET QUA VA THAO LUAN

Két qua phan tich phd phat xa nguyén tir ICP

Két qua phan tich thanh phan miu duoc thé
hién trong Bang 1. C6 thé nhan thay rang, ty lé
Cu/Al luc sau la 2,923:1, thap hon ty 1& ban dau
can diéu ché mot chat. Nguyén nhan cé thé 1a do
ngoai khoéang hydrotalcite con c6 céc thanh phan
hydroxide don ctia ddng, nhém va ddng oxide. Cac
hydroxide nay ton tai ¢ trang thai vo dinh hinh nén
khong thé quan sat duoc trén gian dd6 XRD. Nhan
thiy sy xuit hién cua dong oxide trong gidn dd
XRD (Hinh 3), ¢6 thé chiing duoc hinh thanh trong
qué trinh dong két tua va qua trinh & nhiét khi diéu
ché vat ligu.

Bang 1. Ty 1¢ thanh phan cac nguyén té

STT Ky hiéu mau Ney Nal Ty 1é theo s6 mol
1 HT-Cu-Al 0,2128 0,0728 2,923:1
Gian d6 TGA

Gian d6 phan tich nhiét TG cia mau HT-Cu-Al duoc trinh bay trong Hinh 1

\ 7515

A

12.20%
(1.742mg)

|

04

Phin tréim khéi lrang (%)

|
|

s

Tich phan khéi luong (%/°C)

26.40%
(3.741mg)

Nhiét d8 (°C)

Hinh 1. Gian d phan tich nhiét TGA cta miu hydroxide kép Cu-Al.

Khi tac dong nhiét 1én mau, xuit hién 3 hiéu
g thu nhiét kém véi viéc giam khéi lugng & mau
(1) Qué trinh giam khéi luong tir 5 °C-75 °C la do
mét nudc hat am. (2) Qué trinh giam khdi luong tir
75 °C-200 °C la do mit nudc két tinh gitra cac 16p
xen giira. (3) Qué trinh giam khdi lugng tir 200 °C—

500 °C & do mét nudc cdu trGc va phan huy
carbonate. Tir gian d6 phan tich nhiét caa mau HT-
Cu-Al, ching t6i chon nhiét d6 nung cia mau
hydroxide kép 1a 500 °C trong vong 4 gio dé
chuyén hoa thanh hdn hop oxide, st dung lam chat
xuc tac cho phan ng alkyl hoa indole.
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Két qua kinh hién vi dién tir quét
§ “:\‘:‘A\ 7 o

(A)
Hinh 2. Anh SEM ciia miu hydroxide kép Cu-Al nung & 500 °C trong 4 gir & cic d6 phong dai khac nhau (A) do
phong dai 10000 14n, (B) d6 phong dai 20000 1an, (C) d6 phong dai 60000 lan.

Anh SEM cua m3u HT-Cu-Al nung ¢ 500 °C
trong 4 gio cho thdy san phiam thu dwoc cé dang
két tu cac phién mong dic trung cua hydroxide
kép.

Két qua phan tich nhiéu xa bat tia X cua cac
mau hydroxide kép Cu-Al.

Ph6 nhidu xa tia X cua mau hydroxide kép
khac v&i mau xuc tac sau khi nung ¢ 500 °C trong

Cubmg d§

®

4 gio. Mau hydroxide kép truée khi nung (Hinh 3)
Xuét hién cac miii ¢6 vi tri va cudng do trang khop
Véi cac mii dic trung cua khodng hydrotalcite Cu-
Al, chitng t6 su hinh thanh mét loai khoang la
hydrotalcite vai ty 1&¢ M(11)/M(111) trong san phim
1a 3/1. Bén canh d6 c6 sy xuét hién mii dic trung
ciia dong oxide nhung voi cudng do thap cé thé do
hinh  thanh trong qud trinh G nhiét.

HT-Cu-Al

| l | P I . Cyud

‘ J lll L

T T | L | T

T T T
5 10 15 20 25 30 35 40 45 50 §
2theta

1 Cu/al hydrotalcite

T T T 171
5 60 65 7D 75 B0 85

Hinh 3. Gian d nhiéu xa tia X ctia miu hydroxide kép Cu-Al.
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HT-Cu-Al_500
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Cuong do
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Hinh 4. Gian d4 nhidu xa tia X ciia mAu xc tac hydroxide kép Cu-Al nung & 500 °C trong 4 gioy

DPuong nén phd cia mau hydroxide kép trudc
khi nung nhin chung c6 phan gb ghé, chang to do
tinh thé hoa chua cao.

Phé XRD cua mau HT-Cu-Al sau khi nung &

500 °C trong 4 gid (Hinh 4) xuat hién nhitng miii
dic trung ctia nhom oxide, dong (11) oxide va con
¢6 miii cua sidium nitrate c6 thé con lai trong qué
trinh déu ché mau.

Khio sat kha ning phén {ng ciia xiic tac trong phan @ng ciia indole va cac din xuit benzaldehyde

H

o\\_© ©/\'\> HT-Cu-Al_500
- (0 e

benzaldehyde indole

/-

£

HN NH

So d6 2. Phan tmg cua indole v&i benzaldehyde duge xuc tac boi xuc tac HT-Cu-Al_500

Bang 2. Khao sat cac diéu kién nhiét do, thoi gian cua xuc tdc HT-Cu-Al-500 trén phan ¢ng cua indole va

benzaldehyde
STT | Nhiét dd Khdi lwong xiic Ty 1§ Thoi gian Hiéu suit
(°C) tac (%)* indole:benzaldehyde (phut) (%)°
1 100 10 2:1 20 9
2 120 10 2:1 20 62
3 160 10 2:1 3 83
4 160 10 2:1 10 94
5 160 1 2:1 10 68
6 160 10 3:1 10 42
7 140 10 4:1 10 90

®Kho6i lugng chat xtc tac duoc tinh theo phan trim khoi lwong indole

PHiéu suét co lap
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Diéu kién t6i wu cho phan tng 14 chiéu vi séng
trong 10 phat & 160 °C, ty 1& mol
benzaldehyde:indole 1a 1:2, khbi luong xuc tac 1a
0,02 g. Sau khi tién hanh ti wu héa nhiét do, thoi

gian thu dwoc hiéu suit tdi da 1a 94 %. Tir cac khao
st trén, chdng tdi tién hanh phan ang sir dung xdc
tac HT-Cu-Al-500 trén mot sb chat nén dan xuét
benzaldehyde thu dugc két qua trong Bang 3.

Bang 3. Khao séat phan ung cua indole va mot sé din xuét cua benzaldehyde véi xtc tac HT-Cu-Al-

500
STT Chit nén Diéu kién phin San pham Hiéu sut (%)
ing
1 (o) : ‘ 94
\
160°C, 10 pht
benzaldehyde , \
HN NH
2 (0] : 83
\
160°C, 10 pht O
p-tolualdehyde O O
| |
HN NH
3 e) F 98
\‘—< >—F
160°C, 10 pht O
4-fluorobenzaldehyde O O
| \
HN NH

Tir két qua thuc nghiém cho thdy, sy xuét hién
cia nhom day methyl ¢ vi tri para trén vong
benzaldehyde lam giam hiéu suat phan ung. Diéu
nay dugc giai thich 1a do nhém methyl cho dién tu
vao vong lam cho carbon trong nhdm carbonyl bot
duong dién va két qua 1 indole khé tac kich than
hach vao. Nguoc lai, khi gdn nhém thé fluoro rit
dién tir thi hiéu suat tong hop bisindolyl ting 1én

do nhém thé fluoro lam carbon trong nhém
carbonyl nghéo dién tir va indole dé dang tac kich
Vao.
Cac san phﬁm sau khi c6 1ap dugc dinh danh
bang "H-NMR va *C-NMR:
3-((1H-indol-3-yl)(phenylmethyl)-1H-indole
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C
. L0
HN NH

'H - NMR (500 MHz, CDCly) & = 7,90 (s, 2H); 7,41 — 7,39 (d, J = 8,0 Hz, 2H); 7,36 — 7,34 (t, J = 6,0
Hz, 4H): 7,30 — 7,27 (t, = 7,5 Hz, 2H); 7,23 — 7,20 (t, J = 7 Hz, 1H); 7,19 — 7,16 (t, J = 7,5 Hz, 2H); 7,02 —
6,99 (t, J = 8 Hz, 2H); 6,63 (s, 2H); 5,89 (s, 1H). *C NMR (125 MHz, CDCls) & = 144,0; 136,7; 128,7;
128,2; 127,1; 126,1; 123,6; 121,9; 119,9; 119,7; 119,2; 111,0.

3-((1H-indol-3-yl)(p-tolylmethyl)-1H-indole

(J
oA

NH
'H - NMR (500 MHz, CDCl;) 6 = 7,90 (s, 2H); 7,41 — 7,39 (d, J = 8 Hz, 2H); 7,35 — 7,34 (d, J = 8 Hz, 2H);
7,24 -7,23 (d, J = 8,0 Hz, 2H); 7,18 — 7,15 (t, J = 7 Hz, 2H); 7,09 — 7,08 (d, J = 7,5 Hz, 2H); 7,02 — 6,99 (t,
J =75 Hz, 2H); 6,66 (s, 2H); 5,85 (s, 1H). *C NMR (125 MHz, CDCl,) & = 141,0; 139,7; 136,7; 135,5;
130,2; 128,9; 128,6; 127,1; 126,2; 123,6; 121,9; 121,2; 120,0; 119,9; 119,2; 115,0; 111,0.
3-((4-flourophenyl)(1H-indol-3-yl)methyl)-1H-indole
F

®
L0
HN NH

'H — NMR (500 MHz, CDCl3) 6 = 7,95 (s, 2H); 7,38 — 7,35 (t, J = 7,0 Hz, 4H); 7,31 - 7,28 (9, J = 5,5 Hz,
2H); 7,19 - 7,16 (t, J = 7,5 Hz, 2H); 7,03 - 7,00 (t, J = 8,0 Hz, 2H); 6,98 — 6,94 (t, J = 8,5 Hz, 2H); 6,64 (s,
2H); 5,87 (s, 1H). B¥C NMR (125 MHz, CDCl3) 8 = 161,4 (d, J = 243,9 Hz); 139,7; 136,7; 130,1(d,J=7,9
Hz); 126,9; 123,5; 122,0; 119,9; 119,6; 119,3; 114,9 (d, J=21,2 Hz); 111,1.

KET LUAN

Qua két qua thuc nghiém, ching t6i c6 thé rat
ra cac két luan sau: di didu ché dugc vat liéu
hydroxide kép Cu-Al biang phuong phap dong két
tua tir dung dich chira Cu®* va AP véi ti 16 tac chét
M(ID/M(111) (3:1). Vit liéu thu dugc c6 thanh phan
pha chu yéu 1a khoang hydrotalcite, cau tric dang
két tu cua cac phién mong dic trung cua vat lidu
hydroxide kép. Phan (rng alkyl hda indole sir dung

tac chat benzaldehyde trong xuc tac hydroxide kép
Cu-Al nung 500 °C cho hiéu suat cao véi thai gian
phan &ng ngan.

Loi cdm on: Phan tong hop bisindolyl dwoc
tai tro boi Pai hoc Quoc gia TP. Ho Chi Minh
(PHOG-HCM) trong khuén khé Dé tai ma so
HS2014-18-01.
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Layered double hydroxides Cu-Al: Synthetic
and catalytic applications in the alkylation
reaction of indole with benzaldehydes

¢ Nguyen Hoang Thanh Truc
e Tran Hoang Phuong

e Nguyen Quoc Chinh
University of Science, VNU-HCM

ABSTRACT

Layered double hydroxides derived Cu-Al
metal oxides were found to be an efficient catalytic
reagent for the reaction of indole benzaldehydes.
In this report, we prepared series of (Cu/Al)-CO3
layered double hydroxides with the unchanging
ratio of Cu/Al = 3 : 1 and it was subsequently
calcinated in air at 500 °C. The materials were

characterized by means of Inductively Coupled
Plasma emission (ICP), X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM) and,
thermogravimetry (TG). The materials were
calcinated at 500 °C and tested as catalysts in the
alkylation reaction of indole with benzaldehydes.

Key words: layered double hydroxides, layered double hydroxides Cu-Al, microwave irradiation,

bisindolyl
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