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Diéu ché chat long ion 1-allyl-3-
methylimidazolium trifluoromethansulfonate
lam dung mo1 xanh trong phan trng
acyl hoa Friedel-Crafts

Ngo Thi Kim Dung, Tran Hoang Phuong

Tom tit — Chit 16ng ion 1-allyl-3-methylimidazolium
trifluoromethansulfonate ([AMIJOTf) két hep véi
ZnClz dwge tim thay 1a xiic tac tot cho phén ing acyl
héa Friedel- -Crafts, sin phim thu dwgc c6 hiéu suit va
dé chon loc dong phén cao. Phin ing chiéu xa vi séng
gilip rit ngin thoi gian phin ung va hi¢u suit cao hon
s0 v6i cac phwong phap truyén thong Hon nira, chat
l6ng ion (ILs) dworc tai sir dung nhiéu lin ma hiéu suit
giam khéong dang ké, than thién véi méi treong so voi
dung moéi hitu co khiac. Phin @ng acyl héa Friedel-
Crafts trong dleu kién nay dap wng cac tiéu chi caa hda
hoc xanh, vé van dé méi trwong ma cac nha khoa hoc
dang quan tam.

Tir khéa — acyl héa, chit léng ion, chiéu xa vi
séng, ZnCl;

1 MODPAU

han rng acyl hoa Friedel—Crafts la phan Gtng quan

trong trong nganh cong nghé Hoéa hitu co ndi
riéng cling nhu trong cdng nghiép noéi chung. Trong
hau hét truong hop, phan tmg thu dwoc hiéu suat tdt
va do chon loc cao véi xtc tac AICls, nitrobenzen
dong vai trdo dung mdi [1]. Tuy nhién cac chloride
kim loai (dién hinh cho phan ung acyl hoa Friedel-
Crafts la AICI3) lai gdy ra nhiéu van dé: sy tao phuc
gilta chung véi san phiam ketone tao thanh nén can
thém budc trung gian dé thu dugc san pham ketone
va thé hé acid Lewis nay rat ky nudc, thuong dung
gip d6i duong lwong mol so véi tac chat, sau phan
tmg khong thu hoi va tai st dung dugc, can dung
dung moi dé chay va doc hai. Hau qua la tao ra mot
lwong 16n chat thai sau phan tmg gy 6 nhiém moi

truong nghiém trong va ton rat nhidu chi phi dé xur 1y
chang [2-5].
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Ngay nay, muc tiéu cia nganh tong hop hitu co
hudng dén phat trién méi trudng bén vimg dong thoi
dap g céc tiéu chi ciia Héa hoc xanh vi thé cac nha
khoa hoc di tim cach thay thé aluminium chloride—
nitrobenzene hoidc BFs—HF bang nhing xuc tac khac
hiru hiéu hon.

Nam 2004, Ying Xiao va Sanjay V. Malhotra [7]
ngh1en clru phan tng alkyl hoa Friedel-crafts ddi véi
chit nén benzen sir dung xtic tac 1a chit long ion
khung pyridinium. Anh hudng cta thanh phan chat
xuc tac, khéi lugng chét xuc tac, nhiét do phan tng
déu dwoc nghién ciru. O didu kién binh thudng, san
pham dugc ¢6 1ap dé dang. Chét long ion dic trung
cho héa hoc xanh, chét 1ong ion dwoc thu hdi va tai
st dung nhiéu 1an, d6 13 vu diém ma cac xtc tac
truyén thong khong c6 duoc. O day, tac gia chi
nghién ctru trén chat nén 1a benzene, chua mo rong
trén nhiéu chit nén tang hoat khac.

Nim 2014, Tran Hoang Phuong va cong su [8] tai
B6 mon Hoa hitu co, Khoa Hoéa hoc, Truong Pai hoc
Khoa hoc Ty nhién, PHQG-HCM dia st dung
bismuth trifluoromethansulfonat trong chat léng ion
1-butyl-3-methylimidazolium trifluoromethansulfonat
nham cai thién ning suit cho phan ung benzyl hoa
Friedel-Crafts voi thoi gian ngén khi dugc chiéu xa vi
song. Hé xuc tac nay d& phuc hdi va tai sir dung nhiéu
lan ma hiéu suat giam khong déng ké. Nghién ctru
nay tap trung chu yéu vao chat nén huong phuong va
tac chat than dién tir manh 1a benzoyl chloride (khong
phai 1a tac cht than thién v6i moi truong), chua thuc
hién trén tic chat khac nhu anhydride acid.

Trong bai b4o nay, chiing t6i nghién ctru hoat tinh
xtic tac ctia ILs két hgp véi ZnCl, trén cac chat nén
hwong phuong véi tac chit anhydride acid, nhdm
khic phuc nhitng han ché dbi véi xtc tac cb dién
(ZnCly, AICI3,...), dong thoi két hop véi chiéu xa vi
song dugc thuc hién trong 10 vi soéng chuyén dung
Discover [9], nham tiét kiém thoi gian, ndng cao hiéu
suat. Hon nira, cac thé hé ILs khung imidazolium da
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thu hit cac nha hoa hoc tir nhitng nam dau thap nién
80 do no6 s¢ hitu nhitng tinh chit hoa 1y wu viét nhu:
khong co ap suat hoi, nhiét 6 nong chay, nhiét d6 soi
cao, than thién v4i moi truong ma it dung moi hiru co
nao c6 duoc [10].

Phuong trinh phan tng:
i fk
ZnCl,
RO@ * °© [AMIJOTF ROO—(

2 THUC NGHIEM
Hoa chit

Chit nén, xuc tac triflate, anhydride acetic dugc
mua tir Sigma-Aldrich

Thiét bi

Can dién tir Sartorius GP-1503P.

May cb quay chan khdéng Heidolph Laborora
4001.

Lo vi séng chuyén dung Discover CEM.

Méy GC-MS Agilent: GC: 7890A-MS: 5975C.
Cot: DB-5MS.

May cong hudng tir hat nhan Bruker Advance 500
MHz.

Qui trinh phan @ng
Piéu ché ILs

Khudy tr hén hop géom 5 mmol 1-
methylimidazolium, 5 mmol allyl bromide va 5 mmol
liumtrifloromethansulfonate & nhiét do va thoi gian
can khao sat. Sau khi phan tng két thiic, hoa tan hdn
hop v6i 5 mL acetonitril. Cho phan dung dich di qua
cot loc celite dé loai bé mudi LiBr sinh ra sau phan
tg. Dung dich sau khi loc dem ¢6 quay dé loai bot
dung méi. Tiép tuc rira hon hop véi (10 x 4 mL)
diethyl ether dé loai bo cht nén sau phan tng. Phan
nude rira duoc kiém tra GC-MS. C6 quay hdn hop ¢
80 °C, 30 phut dé loai bé dung mdi va nude. San
phim thu dugc 13 chit 16ng mau vang nhat. Ciu tric
clia chit long ion duge xac dinh biang phd cong
hudng tir hat nhan *H va 3C-NMR.

Phan ung acyl hoa phan ti

Chiéu xa vi song hdn hop gdm 1 mmol chit nén, 2
mmol anhydrid acetic; 0,1 mmol ZnCl; 0,1 g ILs &
nhié¢t 6 va thoi gian khao sat.

Sau khi phan tng két thuc, éng vi song dugc dé
ngudi dén nhiét do phong, hdn hop san pham duge ly
trich bang diethyl ether (5 x 10 mL). Dich ether thu
duge duge trung hoa bang NaHCO; bio hoa dé hoa
tan hét chat nén acid con du sau phan tmg, tiép tuc
rira dich ether voi nude cat, 1am khan bé‘mg NayS0Oq,

loc, ¢6 quay va thu hoi dung méi. P9 chuyén héa cia
phan mg duoc tinh bang GC sir dung ndi chuan. Cau
trac cia san pham duoc xac ding bang 'H, 3C NMR
va MS.

3 KET QUA VA THAO LUAN
Khio sat ti 1¢ chit nén : tac chat
Lan luot, tic chit anhydride acetic duoc thém vao
hon hop phan ung véi lugng khac nhau trong khi
lugng anisol 1a 1 mmol, thoi gian phan tng 1a 10
phuat, nhiét d6 120 °C; 0,1 g ILs; 0,1 mmol ZnCl,.
Két qua dugc trinh bay trong Bang 1.

Bang 1. Phan ung acyl ,héa‘anisol-anhydrid acetic theo ti ¢
chat nén : tac chat

Do chuyén hda Do chon loc
STT Ti 1é mol
(%) (o-/p-)
1 1:1 56 9/91
2 1:2 95 9/91
3 1:4 93 3/97
4 1.5 92 7/93

Két qua thu dugc ¢ Bang 1, cho thiy phan tng dat
hiéu sudt cao nhét khi st dung chét nén anisol va tac
chét anhydride acetic theo ti 1¢ mol 1:2 véi ti 1€ xtic
tac nhu dd dé cap & trén dat hidu suit 95%. Tuy
nhién, hiéu suét lai giam xuéng khi tiép tuc tang ti 1&
mol ctia tac chit anhydride acetic. Piéu nay co thé
giai thich 1a do khi khéi luvong anhydride ting 1én qué
nhiéu khi d6 tac chét nay déng vai trdo nhu dung moi
phan Uung va chinh do anhydride it phan cuc nén
khong an dinh dugc trung gian ion acylium phéan cuc
tao thanh trong phan tng acyl ho4, din dén hiéu suat
phan tng giam. Do d6, chon ti mol 1: 2 1a ti 1¢ t6i uwu
clia phan tng va tién hanh khao sat cac diéu kién anh
hudng khac trén phan tng.

Anh hwéng cia ILs dén phan tng acyl héa

Phan ing duoc thuc hién véi diéu kién ti 16 mol
1:2, nhiét d6 120 °C

0
\ \ \
o} + (CHaCO),0 om -+ %

Két qua thyc nghiém cho thiy GC-MS (%) chi dat
d6 chuyén hoa 1a 46%, do chon loc o/p 1a 11/89. Piéu
nay chirng minh cho vai tro xuc tac cua ILs tham gia
trong phan Gng, mic du ZnCl, Ia acid Lewis kha
manh, dong vai trd xuc tac trong phan tng Friedel-
Craft, tuy nhién hiéu suit va do chon loc thp khi
khong c6 su hd trg cua ILs (vira dong vai tro dung
mdi vira chit déng xiic tac cho phan mg). Dic biét 1a

ILs:0 g
—
ZnCl,



36 SCIENCE AND TECHNOLOGY DEVELOPMENT JOURNAL -

néu khong c6 chat 16ng ion thi ZnCl, dong thoi ciing
khong tai stt dung dugc sau phan tng do bi phan huy.
Khdo sat nhiét do phan vng

Cb dinh ti 1& mol 1:2 thay doi nhiét d¢ tir 80 °C dén
140 °C, trong diéu kién chiéu xa vi séng 10 phut, do
chuyén héa ting tir 42 dén 95% sau d6 giam xudng
dén 47% tai 160 °C.

Bang 2. Phan tng acyl hoa anisol — anhydride acetic theo nhiét d§

STT Nhiét do Do chuyen Do chon loc
(°C) héa (%) (0-/p-)
1 80 42 7/93
2 100 76 11/89
3 120 95 7/93
4 140 97 9/91
5 160 47 13/68

Qua Bang 2, nhan thiy phan tmg dat hiéu sut cao
(95% va 97%) lan luot tai 120 °C va 140 °C, song
120 °C duoc chon do 1a nhiét do tdi wu cua phan Gng
vi d6 chénh 1éch hiéu suit khong déng ké. Ngoai sy
hé trg ctia hé xuc tac, chiéu xa vi song ciing gop phan
khong nho dé dat duoc két qua nhu trén.

Tai 160 °C hiéu sudt giam dén 47%, nguyén nhan
din dén diéu nay 1a do nhiét d6 phan umg vuot quéa
diém so6i cua anisol (154 °C), vi thé kha ning tham
gia phan (g cua anisol giam dang ké khi bi hoa hoi.
Bén canh d6, nhiét d6 cao trong vi séong cod thé dan
dén sy phan huy cta san pham lam giam hiéu suat
phan ung.

NATURAL SCIENCES, VOL 2, NO 1, 2018

Khao sat thoi gian phan ung

C6 dinh nhiét do 120 °C dé khao sat thoi gian phan
g vai cac khoang thoi gian chiéu xa khac nhau. Két
qua thu dugc trong Bang 3.

Thoi gian phan Gng ting tir 1 dén 10 phat, do
chuyén hoa ting twong tng tir 77 dén 95% dong thoi
c6 d6 chon loc cao tai thoi gian 10 phut. Trong khi
6, khi ting nhiét do 1én dén 15 phat thi do chuyén
hoéa lai giam, d6 chon loc ciing giam twong {rng.
Nguyén nhén nay cé thé duoc giai thich vi téc do
phan tng chi dat cuc dai tai mdt thoi diém nhét dinh,
chiéu xa vuot qué thoi gian, nhiét d§ co thé 1am cho
san pham bi phan huy. Chiéu xa vi séng gitp rit ngin
thoi gian phan Gmg rat nhiéu lan so véi dun khudy tir
vi han ché thét thoat nhiét hon cac phwong phap
truyén thong khéc, lwong nhiét hau hét tap trung vao
hdn hop phan ng véi cudng d6 manh trong thoi gian
nhét dinh.

Bang 3. Phan tng acyl héa anisol — anhydrid acetic theo thoi gian

STT Thai gian Do chuyén hoa Do chon loc
(phut) (%) (0-/p-)
1 1 77 14/86
2 3 83 12/88
3 5 84 10/90
4 10 95 7/93
5 15 81 10/90

Anh hwéng chat nén trong phan img acyl héa voi hé
xdc tac ZnCl/[AMI]OTf

Béng 4. Phan (g acyl hoa trén cac chat nén khac nhau

Chét nén Nhiétdo | Thoi gian

San pham

Hiéu suat
(%)°

Do chuyén
héa (%)

Do chon loc
(0-/p-)

120 10

140 30

o 4
40@ 110 10 é@—{) 98 94 4/96
3o oy

\
o]
/
Q \ /
N >: / 120 20 o e} 94 90 2/98
O O
]
/
\ N

O
N O 130 20 \ :< / 93 87 7/93
O O
o

95 90 7/93

95 91 5/95

®Hiéu suat c6 lap sau khi lén cot
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Phan ung acyl hoa xay ra kha dé dang ddi véi cac
chit nén mang nhom thé tang hoat, cho hiéu sult va
do6 chon loc cao. Nhom methoxy c6 tac dung lam giau
dién tr cho nhan benzen bang hiéu ing cong hudng
do d6 nhom thé tang hoat manh hodc chua nhiéu
nhém thé ting hoat phan mg dé xay ra, song can chu
¥ dén can tro 1ap thé, didu ma gay tré ngai cho triflate
acyl tan cong vao nhan benzene & vi tri para.

S6 liéu Bang 4 cho thay rd nhém ethoxy ting hoat
manh hon nhém methoxy nén hiéu suét phan (g xay
ra cao hon, yéu td tré ngai lap thé c6 thé ciing anh
huong mot phan dén phan tmg, vi thé ma vong
benzene chtra 2 nhom thé tro 1én phan Gng xay ra &
nhiét d6 cao hon hodc thaoi gian phan tng 1au hon. Do
d6, hiéu suét thu dugc khi chit nén c6 2 nhom metoxi
tang hoat thap tir 2-5% so véi vong benzen chi chira
1 nhém thé methoxy.

Tai sir dung

Kha ning tai st dung ZnCly/[AMI]JOT dugce tién
hanh kha d& dang, sau khi ¢6 14p san pham sau phan
tmg thi ZnCl/[AMIJOTf con nam lai trong dng vi
song. Pem c6 quay chan khong khoang 80 °C trong
1h dé loai bo hét dung mdi va nudc con lai. Sau do,
can chét nén va tac chit mdi va tién hanh phan tng
theo qui trinh acyl hoa. Hiéu sudt tai sir dung thu
duogc trong Bang 5.

Bang 5. Tai su dung ZnCL/[AMI]OTf

STT Do chuyén héa (%) Do chon loc (0-/p-)
0 95 6/93
1 93 12/88
2 91 9/91
3 88 6/94
4 89 9/91

Hoat tinh cta ZnCIly/[AMI]OTf giam khong dang
ké thé hién qua hiéu suit thap hon so véi
ZnCl,/[AMIJOTT tinh khiét 4% khi tai st dung lan 2,
tuy nhién khi tai st dung dén 1an thtr 4 hidu suit giam
6%. Du vdy, day la uwu diém ndi troi cua
ZnCly/[AMI]OTf ma & nhiing xac tac kim loai
chloride truyén théng trong dung méi hiru co khac
khong co6 dugc.

Cac san pham dugc dinh danh bang phuong phap
sdc ky khi ghép khdi phd (GC-MS) va phd NMR.

4-Methoxyacetophenone

O

oM

'H NMR (300 MHz, CDCls): 6 7,93 (d, J = 9,0 Hz,
2H, Ar-H); 6,93 (d, J = 9,0 Hz, 2H, Ar-H); 3,86 (s,
3H, OMe); 2,55 (s, 3H, CH3).
13C NMR (75 MHz, CDCls) 6 196,7; 163,5; 130,6;
130,3; 113,7; 55,4; 26,3;
GC-MS (El, 70 eV): m/z 150 [M™].
3,4-Dimethoxyacetophenone
(0]
H&ﬁwe
OMe
'H NMR (300 MHz, CDCls): § 7,58 (dd, J = 8,3; 2,0
Hz, 1H, Ar-H); 7,53 (d, J = 2,0 Hz, 1H, Ar-H); 6,89
(d, J = 8,3 Hz, 1H, Ar-H); 3,95 (s, 3H, OMe); 3,94(s,
1H, OMe); 2,57 (s, 3H, CHs).
13C NMR (75 MHz, CDCls) 6 196,1; 152,6; 148,3;
129,8; 122,6; 109,4; 109,3; 55,4; 55,3; 25,6
GC-MS (El, 70 eV): m/z 180 [M*].
2, 4, 5-Trimethoxyacetophenon
O OMe

e

OMe
OMe
'H NMR (500 MHz, CDCls): 6 7,41 (s, 1H, Ar-H);
6,48 (s, 1H, Ar-H); 3,93 (s, 3H, OMe); 3,90 (s, 3H,
OMe); 3,85 (s, 3H, OMe); 2,57 (s, 3H, CH3).
13C NMR (125 MHz, CDCl3) § = 197,2; 155,6; 154,0;
143,1; 119,3; 112,7; 96,6; 56,3; 56,1; 56,1; 31,9.
GC-MS (El, 70 eV): m/z 210 [M™].
4-Ethoxyacetophenon
o}

Hsc)‘\©\
OEt

IH NMR (500 MHz, CDCls): § 7,91 (d, J = 8,9 Hz,
2H, Ar-H); 6,90 (d, J = 8,9 Hz, 2H, Ar-H); 4,09 (q, J
= 7,0 Hz, 2H, O-CHy); 2,54 (s, 3H, OCHs); 1,43 (t, J
=7,0 Hz, 3H, CHa).

13C NMR (125 MHz, CDCls) § 196,7; 162,9; 130,6;
130,2; 114,1; 63,7; 26,2; 14,6.

GC- MS (El, 70 eV): m/z 164 [M™].
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2,4-Dimethoxybenzenacetophenone
O OCHs

H3C

OCHg
'H NMR (500 MHz, CDCls): 6 7,83 (d, J = 8,7 Hz,
1H, Ar-H); 6,52 (dd, J = 8,7; 2,3 Hz, 1H, Ar-H); 6,46
(dd, J = 2,3 Hz, 1H, Ar-H); 3,85 (s, 3H, OMe); 2,57
(s, 3H, CHs); 3,89 (s, 3H, OMe).
13C NMR (125 MHz, CDCls) § 197,7; 164,5; 161,1;
132,7;121,2. 105,1; 98,3; 55,5; 55,5; 31,8.
GC- MS (El, 70 eV): m/z 180 [M*]

4 KET LUAN

Qua viéc khao sat didu kién t6i wu cua phan tmg
Friedel-Crafts d6i véi hé xtc tic ZnCl/[AMIJOTf
chung t6i rat ra mot s6 nhan xét sau: ZnCly/
[AMIJOTf xuc tac tot cho phan tng Friedel-Crafts
tao ra san phém para c6 d6 chon loc cao, han ché
sinh ra san phiam phu. Sy két hop cuia hé xUc tac nay
nhim khic phuc nhitng han ché cua viéc su dung
chloride kim loai khong thé thu hdi va tai s dung
dugc. Chiéu xa vi song gitip rit ngén thoi gian phan
g tuy nhién can Iuu y néu chiéu xa vi séng qué lau
¢ thé 1am giam hiéu sudt phan tng. Chat léng ion
dong vai tro la moi truong phan {ng thiic day phan
g xay ra voi hidu sudt cao hon. Tdng hop ra cac
ketone huong phuong la san pham trung gian quan
trong trong nganh tong hop thudc, do d6 viéc nghién
clru tim ra phuong phap tong hop hiéu qua ngay cang

NATURAL SCIENCES, VOL 2, NO 1, 2018

hoan thién vira dap ung yéu cau cua sy phat trién
cong nghi¢p vira dam bao sy than thién véi moi
trudng ludn 1a thach thue cho cac nha khoa hoc trong
tuong lai. Vi v@y, viéc tim ra céac thé hé ZnCly/
[AMIJOTf méi hi¢u nang cao va than thién véi moi
truong hira hen kha niang 4p dung vao thyc té san
xuat.
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Abstract — ZnCl, in 1-allyl-3-methylimidazolium
trifloromethanesulfonate was found to be a good
catalyst for the Friedel-Crafts acylation. The ketone
product was isolated easily from the reaction
mixture. The reactions were found to proceed

smoothly under microwave irradiation. The
isolated yield was high with 95% selectivity of p-
isomer within a few minutes. Moreover, ZnCl; and
ion liquid have been recovered and reused several
times without significant loss of catalytic activity.

Index Terms — Acylation, Friedel-Crafts, imidazolium ionic liquid, ZnCl,, microwave



