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Abstract

Modified Binh Thuan bentonite catalyst was prepared by exchanging with aqueous solution of PdCl,, giving a
catalyst loading of 0.14 mmol of Pd/g (AAS). The Pd*" - exchanged bentonite effectively catalyzed the Heck carbon-
carbon coupling reaction between iodobenzene and styrene. The reaction was performed using 0.5 mol% catalyst at 120
°C in dimethylformamide (DMF) in the presence of Na,COs as a base, affording the coupling products in excellent
conversions (GC). It was also observed that the catalyst could be facilely separated from the reaction mixture and could
be reused in subsequent reaction without significant degradation in activity.

1. MO PAU

Phan ung ghép d6i xay dung bo khung carbon tur
nhimg phan tu don gian nho vao cac xic tac kim
loai chuyen tiép da va dang thu hut sy quan tdm cua
cong ddng cac nha khoa hoc trong suét hon 30 nim
qua [1]. Trong d6, phan rng ghép d6i Heck giira cac
dan xuét halogen cta hydrocarbon thom véi cac
anken dau mach nhu styren va dan xuét ciia n6 dugc
xem 12 mot trong nhitng phan ng quan trong nhét,
duoc tmg dung rong ri trong nganh san xudt cac
hoa chat cao cip cling nhu cac vt liéu k¥ thuat co
tinh ndng cao [2]. Phan ing Heck thuong st dung
xuc tac Pd & dang déng thé hodc dj thé, trong do6 xuc
tac Pd di thé dang dwoc quan tim do van d& tach va
tinh ché san pham dé dang hon, ciing nhu xtc tac di
thé s& c6 kha ning thu hoi va tai sir dung tt hon [3].
Ngay nay, nguoi ta van phai st dung cac xiic tac
phic Pd dit tién cho phan ung Heck, va cac nha
khoa hoc van dang nghién ciru v6i muc dich s& tim
ra mot loai xtic tac tt nhat cho phan tng nay.

Viéc sir dung bentonit Binh Thuan bién tinh lam xitic
tac cho cac phan tmg tong hop hiru co da dugc cac
nha khoa hoc trong nuéc nghién ctru tir nhiéu nam
qua, dac biét 1a nhom nghién ctu cua tac gia Ngo
Thi Thuén va cac cong sy ¢ Dai hoc Quéc gia Ha
Noi [4]. Cac nghién clru ndi trén tap trung vao viéc
trao doi bentonit Binh Thuan véi cac kim loai nhu
Fe**, AP, Zn*"... lam xuc tac axit ran trong céc
phan tmg ankyl hoa hodc déng phan hoa, hoic sir
dung bentonit Binh Thuan lam chit mang cho cac
tac nhan oxy hoa. Trong bai bao nay, nhom nghién
ctru ciia ching t6i cong bd cac két qua nghién ciru
ban dau vé kha néng st dung bentonit Binh thuan
trao d6i v6i Pd*" 1am xtic tac cho phan mng ghep doi
Heck giita iotbenzen va styren. Theo hiéu biét ciia

ching toi, cac nghién ctru vé phan tmg ghép doi
Heck ciing nhu viéc sir dung xtic tac Pd rin ¢ dang
bentonit Binh Thu4n bién tinh trong phan tmg Heck
chua dugc cong bd ¢ Viét Nam trude déy.

2. THUC NGHIEM
2.1. Diéu ché xic tac

Bentonit Binh Thuin dugc so ché va tinh ché
theo quy trinh di cong bd trudc day cua ching toi
[5]. Bentonit tinh ché dugc hoat hoa bang dung dich
HCI 10% véi ty 1é ran:long 1a 1:22 (tinh trén khoi
luong kho tuyét d6i), khudy lién tuc & 70 °C trong 6
h. Hon hop sau dé dem loc, rira béng nude cit cho
dén hét ion CI (kiém tra bang dung dich AgNO;),
séy kho va nghién min, thu dugc bentonit-H'.
Bentonit-H™ dugc tién hanh trao d6i véi dung dich
mubi PACL, 0.016 M véi ty 1¢ rén long 1a 1:8 (tinh
trén khoi luong kho tuyét dbi), khudy lién tuc ¢ 70
°C trong 24 h. Hon hop sau khi trao d6i xong duoc
dem loc, rura bﬁng nude cit cho dén hét ion CI
(kiém tra bang dung dich AgNO;), siy kho va
nghién min, rdy qua riy 100 mesh, thu duoc xtc tac
bentonit-Pd**, bao quan trong binh hut am.

2.2. Xac dinh mot vai dac trung cia xuc tic

Mau bentonit-H' duoc xac dinh phé nhiu xa
Ronghen tai Vién Déau Khi Viét Nam, st dung may
Ronghen Siemens ctia Dtic trong diéu kién dng phat
tia bang Cu, budc séng K, = 1,5046 A, cuong do
ong phat 35 mA, dién ap 40 KV, goc quét 20 thay
d6i tir 3-65°, phim loc Ni.

Bé& mit riéng cta xuc tac bentonit-Pd*" dwoc xac
dinh bang phuong phap hép phu BET theo N, & 77
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K. Mau dugc do tai Phong Thi nghiém Phéan tich
thugc Vién Coéng nghé Hoa hoc TP. H6 Chi Minh.
Ham luong Pd trong xuc tac bentonit-Pd*" dwoc xéac
dinh bang phuong phap quang phd hap thu nguyén
tr (AAS). Mau duoc do tai Trung tdm Dich vu Phan
tich Thi Nghiém TP. H5 Chi Minh.

2.3. Kiém tra hoat tinh xuc tic trong phan tng
Heck

Hoat tinh cua xuc tic bentonit-Pd*" dugc xéc
dinh trong phan ung ghép doi Heck giita iotbenzen
va styren. Quy trinh phan ung dugc thuc hién dua
theo céac tai liéu dd cong bd trude day [6]. Pha 250
ml dung dich géc cua C¢Hsl trong cac dung moi
tuong Ung, c6 chira mdt lugng hexadecan C;sHj4
dung 1am noi chuan cho phan ung, véi ty 1& mol
C6H51 . C16H34 lal:l.

Moi phan tng thyc hién v6i 5 ml dung dich hon
hop noi trén, twong tng véi 0,12 ml C¢Hsl. Dung
dich phan tng dugc cho vao binh cau 2 ¢b ¢ chira
san mot luong xuc tac twong ung, va cho thém mot
luong bazo tuong tng véi ty 1€ mol C¢Hsl : bazo
duoc ¢ dinh 13 1:3. Sau d6 cho 0.2 ml styren vao
dung dich phan tng, twong tng véi ty 1€ mol C¢Hsl :
styren ¢ dinh 1a 1:1,5.

Phan Thanh Son Nam va song sy

Hdn hop phan tmg dugc nang dén nhiét d6 thich hop
bang bép khudy tir gia nhiét. Tai thoi diém ban dau
va cach mdi gio phan tng, dung kim tiém lay 0.2 ml
mau, hoa tan vao 1 ml ete va trich ly voi 1 ml nude
cit. Tac chat va san phim tan trong pha ete va bazo
tan trong pha nudc. Pha ete dugc dem di phén tich
sdc ky khi (GC), tir d6 tinh d6 chuyén hoé ciia phan
{mg theo phuong phap dua trén ndi chuan. San pham
clia phan tmg con duoc kiém ching bang phuong
phap sic ky khi ghép khéi phd (GC-MS).

3. KET QUA VA THAO LUAN

Tuong tu nhu céng bd trudc diy cia nhom
nghién ciru chung t6i khi didu ché xuc tac bentonit
Binh Thu4n bién tinh cho phan ung alkyl hoa [5],
két qua phd nhiéu xa Ronghen ctia mau bentonit-H"
cho thay bentonit Binh Thuén hoat hoa bing dung
dich HCl 10% chira thanh phan chu yéu la
montmorillonit va qué trinh hoat héa da loai bé hoan
toan luong khoang canxi. Két qua phan tich bé mat
riéng BET cho thdy dién tich bé mit riéng cta xiic
tac bentonit-Pd*" 1a 160,36 m*/g. Két qua phan tich
quang phd hip thu nguyén tir (AAS) cho thdy ham
lugng Pd c6 trong xuc tic bentonit-Pd*" 1a 0,14
mmol/g x1c tac.

©+5%+

0) Q)

So d6 I: Phan tmg Heck giita iotbenzen va styren

Hoat tinh cta xtc tic bentonit-Pd*" duoc danh
gia thong qua phan ung ghép do6i Heck gitia
jotbenzen va styren (So d6 1). Phan tung duoc thuc
hién trong dung moi voi sy c6 mat cia mot bazo.
San pham cua phan tng 1a trans-stiben (I) va 1,1-
diphenyl etylen (II), trong d6 san phdm chinh luén
ludn 14 trans-stiben [2], dugc phén biét dva trén thoi
gian luu cta cac chat chuin (Sigma-Aldrich) trén sac
ky db. Can luu y 1a trong hon hop phén 1 g con Xuét
hién vét cua dong phan cis-stiben. Két qua nay
tuong ty nhu két qua nghién ctru ciia nhom nghién
citu Varma va cdng sy & Truong Pai hoc Sam
Houston State (Hoa Ky) trong d6 xuc tac Pd duoc
diéu ché dwa trén khoang sét montmorillonit
K10 [7].

Két qua phan tich sic ky khi cho thiy ty 18 san
pham (I) : (II) hau nhu khong thay d6i nhiéu, c6 gia
tri vao khoang 7,5 — 8,5 : 1. Vi du ddi véi phéan ng
thuc hién trong dung moi DMF ¢ 120 °C va sir dung
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bazo 1a Na,COs, sau 1 gio, 2 gio, 3 gio, 4 gio, 5 gid
va 6 gio phan tng, ty 1& san pham (1) : (II) lan luot 1a
7,6; 7,9; 8,1; 8,4; 8,0 va 2. Phan ung thyc hién
trong cac diéu kién khac ciing cho ty 1¢ san pham
tuong ty. Mot sd xac tac duoc cong b trude diy
cho ty 1& san pham (I) : (IT) vao khoang 5 — 7 : 1 [2,
8], mot s6 xuc tac khac cho ty 18 cao hon, tiy thudc
vao ban chét xiic tac va tac chat tham gia phan ung
[2, 7]. Lan luot khao sat anh huéng cua cac yéu td
dung moi phan tng, loai base, nhiét 46 phan tng,
ham luong xtc tac 1én do chuyén hoa tong cong cua
phan tng.

3.1. Anh huwéng ciia dung méi phan g

Phan Umg Heck st dung xtc tac bentonit Binh
Thuan bién tinh duoc thuc hién trong 3 loai dung
mdi khac nhau: dung méi phan cyc khong cé proton
la dimetyl formamid (DMF), dung méi phan cyc co
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proton la ancol isoamylic (CsH;;OH), va dung moi
khong phan cyc 1a xylen. Nhiét do cua phan tGng la
120°C, bazo st dung la trietyl amin (Et;N), ham
luong xuc tac st dung la 0,5 mol% (ty 1€ mol giira
Pd va C¢HsI). Két qua nghién ctru cho thiy phan tng
dat d6 chuyén hoa tong cong cao nhat khoang 86%
trong dung m6i DMF sau 6 h phan ung, trong khi d6
cac dung moi CsH;;OH va xylen chi cho d6 chuyén
hoa khoang trén 10% trong cung thoi gian phan Gng
(hinh 1).
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Hinh 1: Anh huéng cta dung mdi 1én do chuyén hoa
cua phan Ung

Tir d6 cho thiy DMF la dung méi thich hop cho
phan tng. C6 nhidu quan diém cho riang cac dung
modi phan cuc khéng c6 proton nhu DMF c6 kha
ning gop phan hd trg cho qua trinh khir Pd (IT) vé Pd
(0), va Pd (0) moi la xtc tac thyc sy cho phan tng
Heck [2]. Qua trinh khir Pd (I) v& Pd (0) cang thuan
loi thi cang thuc ddy cho phan ung Heck xay ra.
Tuy nhién, co ché cia qua trinh nay van chua dugc
giai thich 0 rang trong cac cong trinh khoa hoc da
cong bo.

3.2. Anh huéng ciia loai bazo dwoc sir dung

Phan tng Heck giita iotbenzen va styren sinh ra
san pham phu 14 HI, va axit nay s& phan tmg voi xtc
tac Pd. Vi vy, can phai st dung mot bazo dé trung
hoa luong axit nay, tai sinh lai xuc tac [2]. Pé khao
sat anh hudng cia cac bazo st dung, phan Gng dugc
thuc hién trong dung m6i DMF & nhiét 46 120 °C
v6i ham lugng xtc tac 1a 0,5 mol%. Céc nghién ctru
truge ddy cho thiy c6 thé st dung nhiéu loai bazo
khac nhau cho phan Gng Heck, tuy thudc vao loai
xuc tac ciing nhu diéu kién phan tng [6]. Cac bazo
duoc st dung cho phan tng gitta iotbenzen va styren
trong nghién ctru nay lan luot 14 trietyl amin (Et;N),
Na,COs, va CH;COONa.
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Nghién ciru str dung bentonit...

100 -
. 80 -
S
xg 60 -
=
o
z 401 ——EnN
S 20 —=— Na2CO3
=0} -
=] —A&— CH3COONa
O L) L) L) L]
0 1 2 3 4 5 6
Thai gian (h)

Hinh 2: Anh huéng cta bazo 1én @6 chuyén hoa cua
phéan Gng

Két qua nghién ciru (hinh 2) cho thiy trong giai
doan dau, phan ung sir dung bazo ¢ dang hoa tan 1a
Et;N cho d6 chuyén hoa cao hon so vdi cac truong
hop st dung Na,CO; va CH;COONa. Do xuc tac Pd
st dung ¢ dang rén, lwgng HI sinh ra van con két
hop v6i cac trung tim Pd & dang rin nay. Vi vay,
qué trinh trung hoa HI phu thudc vao qua trinh
khuéch tan bazo vao bentonit. Trong giai doan dau,
bazo Na,CO; ¢ dang bot ran c6 do tan trong DMF
thip hon so v6i EtsN nén phan mg twong tmg cho
d6 chuyén hoa thap hon. Sau khoang 4 h phan tng,
lugng Na,COs tan trong DMF du 16n, d6 chuyén hoa
cua phan ng tang lén va dat 96% sau 6 h, cao hon
so v6i phan tmg su dung Et;N (86%) va CH;COONa
(72%). Nhu vdy Na,CO; thich hgp cho phan tng
Heck sir dung xuc tic bentonit bién tinh.

3.3. Anh hudng cia nhiét dd
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Hinh 3: Anh huéng cta nhiét d6 1én do chuyén hoa
cua phéan ung
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Trong nhiéu nghién ctru, phan tmg Heck véi xtc
tac Pd ran duge thuc hién trong mot khoang nhiét o
kha rong, khoang tir 80°C dén 150°C, tuy thudc vao
loai xuc tac va tac nhan phan ung [9]. Nhiét d cao
gitip cho phan ung xay ra dé dang hon. Tuy nhién
DMF d& bi phan huy mot phan & nhiét d6 gan nhiét
do6 so6i (153°C) nén trong nghién ctru nay, cac phan
ung dugc khao sat ¢ cac nhiét do lan luot 1a 120°C,
110°C va 100°C. Céc phan tng st dung ham luong
xuc tac 1a 0,5 mol% va bazo 1a Na,CO; trong dung
moi DMF. Két qua nghién ctru (hinh 3) cho thay sau
6 h phan ng, phan g thuc hién & nhiét d6 120 °C,
110°C va 100°C c6 d6 chuyén hoa lan luot 1a 96%,
65% va 50%.

3.4. Anh huéng ciia ham lwong xic tic

Phan ung Heck gifta iotbenzen va styren duogc
khao sat voi cac ham lugng xuc tac khac nhau: 0,7
mol%, 0,5 mol%, 0,3 mol% va 0,1 mol%. Cac phan
ung dugc thuc hién trong dung méi DMF, & nhiét do
120 °C v6i bazo 1a Na,CO;. Két qua thi nghiém
(hinh 4) cho thdy sau 6 h phan tmg, d6 chuyén hoa
dat duoc 1an lugt 1a > 99% (¢ ham lugng xtc tac 0,7
mol%), 96% (& ham lugng xuc tac 0,5 mol%), 47%
(6 ham lugng xuc tac 0,3 mol%) va 30% (¢ ham
lugng xuc tac 0,1 mol%). Két qua nay twong tu nhu
nhiéu nghién ctru khac, trong d6 toc do phan tmg
tang theo ham lugng xtc tac sit dung. Tuy nhién do
Pd 1a mét kim loai quy va xuc tdc co chi phi cao,
trong thuc té tuy diéu kién cu thé ma chon luwong xtic
tac thich hop. Két qua nghién ciru con cho thiy xuc
tac bentonit Binh Thuan bién tinh c6 hiéu qua trong
phan tng Heck & ham luong tuong ddi thép.
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Hinh 4: Anh huong cua ham luong xuc tac 1€n do
chuyén hoa ctia phan tng

3.5. Kha niing thu hoi va tdi sir dung xiic tic

Mot van dé can quan tdm cta cac phan tng st
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dung xuc tac rin 1a kha ning thu hdi va tai s dung
xuc tac. Sau khi cac phan ung két thuc, luong xuc
tac bentonit-Pd* dugc loc rita nhiéu 1an véi cac dung
méi nhu toluen, DMF, nudc, etanol dé loai bd cac
tac chat hip phu vat 1y trén bé mit xuc tac. Sau d6
xtc tac thu hodi duge sa"iy kho va st dung lai cho
phan tmg méi giita iotbenzen va styren. Piéu kién
phan ung tuong tu nhu phan ung véi xic tac moi:
dung moi st dung la DMF, bazo st dung 1a Na,COs,
nhiét d phan tng la 120°C, khoi lwong xtc tac thu
hdi va luogng tac chat phan tng tuong ty nhu trudng
hop phan tng sir dung xtc tac méi. Két qua nghién
ctru cho thdy sau 6 h, phan tmg sir dung xtic tac thu
hdi cho dé chuyén hoa 89% (phan mg sir dung xUc
tac méi trong cung diéu kién cho d6 chuyén hoa

96%). Nhu vay mac du hoat tinh giam, xtc tac
bentonit Binh Thu4n bién tinh Van c6 kha nang thu
h01 va tai st dung. Tuy nhlen van dé nay can dugc
tiép tuc & cac nghién ciru tiép theo.

4. KET LUAN

T6m lai, nhom nghién ctru chung t6i da diéu ché
xuc tac bentonit Binh thuan bién tinh theo phwong
phap trao dbi cation v6i dung dich PdCl,, voi ham
lugng Pd cé trong xtic tac la 0,14 mmol/g xtc tac.
Xtc tac Pd diéu ché duge co hoat tinh cao trong
phan tng ghép doi Heck giira iotbenzen va styren,
dat duoc d6 chuyén hoa 96% (trong d6 ty 1& san
pham trans-stiben : 1,1-diphenyl etylen vao khoang
88:12) sau 6 gio phan tng véi dicu kién: dung moi
phan tng la DMF, ham lugng xtc tac 1a 0.5 mol%,
nhiét d6 phan tng la 120°C, bazo sir dung la
Na,COs. Két qua nghién ciru con cho thiy xtc tac
diéu ché dugc c6 kha nang thu hdi va tai st dung
trong phan tng Heck. Mac du day moi chi 1a nhitng
két qua budc dau nhung da mo ra trién vong sir dung
bentonit Binh Thuén bién tinh lam xuc tac cho cac
phan ung ghép d6i xay dung bo khung carbon — la
cac phan ung quan trong dang dugc cac nha khoa
hoc trén thé giéi quan tdm nhung van chua duoc
nghién ctru nhidu & Viét Nam - va huéng nghién ciru
nay can duogc tiép tuc.
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