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TOM TAT

Phan &rng benzoil héa la phan ung quan
trong trong téng hop hitu co. Phén ing
benzoil héa mét sé hop chét huong phuong
V&I tac nhéan la acid benzoic dwdi hé xuc tac
Gd(OTf)/MSAA dugc nghién ciru trong diéu
kién héa hoc xanh. Khac véi xuc tac la acid
Lewis truyén théng, st dung hé xic téc

Gd(OTf)s/MSAA cho hiéu suét cao, diéu kién
phan trng don gian, xuc tac sau phan rng cé
thé thu héi va tai siv dung gidp gidm thiéu dnh
huéng dén mobi trwong. Pdc biét trong qui
trinh nay, sdn phdm phu sinh ra chi la nwéc,
hoan toan than thién véi méi trirong.

Tur khéa: acil hda Friedel-Crafts, Gd(OTf)s, MSAA, vi séng, acid benzoic

MG PAU

Phan tng acil hoa Friedel-Crafts la mot trong
nhitng phan tng quan trong dé diéu ché ceton
huong phuong. Theo truyén thdng, phan tng nay
sir dung clorur acid hoic anhidrid acid lam tac
nhan acil hoa. Pi véi phan tng truyén thong 1a
dung xuc tac AICI; phai dung véi 2 duwong lugng,
xUc tac sau phan tng khong thé thu hoi dugc. Qué
trinh tién hanh phan tmg ding dung méi doc hai,
moi treong phan tng phai khan nudc va tro. Sau
phan ing c6 san pham phu 1a HCI gay nguy hiém
cho méi trudng, qui trinh ¢ l4p lién quan dén thuy
giai trong moéi truong acid [1, 2]. Phuong trinh
phan &ng:
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Hinh 1. Phan ung benzoil hoa anisol su dung xdc tac
AICl3.

Phan ing acil hoa Friedel-Crafts duogc ung
dung rong rdi dé téng hop cac ceton hwong
phuong trong k¥ nghé. Tuy nhién, xuc tac truyén
thdng cho hiéu suat tot nhung lai tao ra nhiéu chat
thai sau phan tng. Bén canh d6, khi ding clorur
nhom lam x(c tac, phan ung chi xay ra trén tac
chat co d6 phan tng cao nhung lai khdng than
thién véi mai truong, thong thuong dung clorur
acid (théng thuong duwoc diéu ché tir acid
carboxilic trong tng va clorur thionil) tao ra nhiéu
san pham phu doc hai [3, 4]. Viéc sir dung acid
carboxilic thay cho clorur acid va anhidrid acid la
rat cip thiét va hoan toan than thién véi moi
truong, vi san pham phu sinh ra chi 1a nuée hoan
toan vo hai v6i moi truong [5-7].
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Phan tng str dung acid carboxilic chi tao ra
mét san pham phu duy nhat 1a nudc, an toan véi
moi trueong hon so v6i cac phan ung acil hoa
truyén thong. Hon nira, cic hop chat cua acid
carboxilic da dang, dé dang Iuu trit va qui trinh
phan tmg duoc thuc hién don gian hon nhiéu so
vai céac clorur acid hogc anhidrid acid twong tng
8, 9].

Muc tiéu cua dé& tai nay 1a nghién ctu phan
tmg acil héa trén chat nén aril metil eter sir dung
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acid benzoic lam tac chat, phan tng duoc thuc
hién trong hé xuc tac gom triflat kim loai va
anhidrid metansulfonic (MSAA). Cac phan ung
nghién ctru duoc thuc hién trong 10 vi séng chuyén
dung Discover (CEM). San pham tao thanh c6 do
chon loc rat cao, thong thuong thi lwong dong
phan para rat cao so voi dong phan orto
(p:0=95:5). Phuong trinh phan (ng dugc trinh bay
trong Hinh 2.

Hinh 2. Phan tng benzoil héa anisol véi tAc chét acid benzoic xc tac bai GAd(OTfa/MSAA.

THU'C NGHIEM

Anisol duoc mua tir Merck; acid benzoic, cac
loai triflat, MSAA dugc mua tir Sigma-Aldrich c6
do tinh khiét rat cao. Dung mdi CH,Cl, mua tir
Chemsol va Na,SO4, NaHCO;3 cta Xilong.

Can dién tir Sartorius GP-1503P dé can chinh
xé&c khdi Iwong cac chat phan tng. Su chiéu xa vi
séng dugc thuc hién trong 10 vi song chuyén ding
Discover (CEM), may cd quay chan khong
Heidolph Laborora 4001, may sic ky khi Hewlett
Packard 5890 Series Il véi c6t mao quan HP 5MS:
30 m x 320 um x 0,25 um, dau do FID, nhiét do
phan bom mau 1a 250 °C va dau do 1a 300 °C, tc
do6 cua khi mang N, la 1 mL/phdt, chuong trinh
nhiét (15 °C/phat): tie 50 °C (1 phat) 1én 280 °C (5
phat). San pham duoc xac dinh ciu tric bang méay
GC-MS Agilent: GC: 7890A — MS: 5975C. Cot:
HP-5MS va bing phé cong huong tir hat nhan H-
NMR va ¥C-NMR dugc do trong dung méi
CDCls trén may Bruker 500 MHz véi noi chuan
TMS.

Qui trinh thuc hién phan (ing, phan tng duoc
thuc hién trong may vi séng chuyén dung véi hé
xuc tac Gd(OTF)s/MSAA. Cho vao dng nghiém vi
séng chuyén dung mot hdn hop gdm m; (g) chat
nén, m; (g) tac chét, ms (g) triflat va ms (g) MSAA.
Cho hdn hop phan tng vao 10 vi séng, diéu chinh
cong suat, nhiét do va thoi gian thich hop. Sau khi
phan tng két thuc, dé nguéi dén nhiét do phong,
Iy 5ng nghiém ra khoi 10 va tién hanh ly trich san
pham. Sau khi thuc hién xong phan @ng, hdn hop
san pham duoc ly trich véi nudc va CH,Cl, (3x10
mL). Lép hiru co dugc rira vai dung dich NaHCO;
bio hoa va rira lai véi nuéc. Hon hop san pham
duoc lam khan véi Na;SOs va ¢d quay thu hoi
dung mai. Hiéu suit cua phan tng duoc xac dinh
bang % GC theo phuong phép noi chuan va khéi
lwong can. Tién hanh sac ky cot thu san pham tinh
khiét, san pham duoc dinh danh bing GC-MS va
IH-NMR, B3C-NMR.

KET QUA VA THAO LUAN
Khao sét anh huéng cac loai triflat, ban dau,
sir dung 1 mmol anisol va 1 mmol acid benzoic,
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cb dinh luong MSAA 12 0,5 mmol, thuc hién phan
Gng trong may vi séng véi didu kién o
80 °C va trong 15 phut, tién hanh 1am thi nghiém

véi mét sb loai triflat khac nhau véi ti 16 mol 1a 10
% s0 Véi tac chat. Thu dwoc két qua nhu & Bang
1.

Bang 1. Khao st anh huong caa mot s loai xdc tac triflat kim hoai (0.1 mmol)

Stt Triflat Hiéu suit (%)
1 Bi(OTf)s 38,13
2 Gd(OTf)s 45,96
3 LiOTf 27,80
4 Cu(OTf), 25,68
5 Dy(OTf)s 18,57
6 La(OTf)s 40,22
7 Pr(OTf)s 20,03

Xuc téc triflat GA(OTf)3 cho hiéu suat phan
tng cao nhat con Dy(OTf)3 cho hiéu suat thip
nhét (Bang 1, Stt 2 va 5). Theo diéu kién tién hanh
phan ng cta hoéa hoc xanh, ching t6i ap dung
diéu kién ti I¢ giita chat nén va tac chat theo ti Ié
1:1 cho cac khao sat sau day.

Diéu kién téi wu cho phan tmg acil héa anisol
véi tac chat acid benzoic Ia chiéu vi séng trong 5
phut ¢ 80 °C, ti I¢ mol anisol:acid benzoic la 1:1,

lwong xdc tac téi wu 1a 0.5 mmol MSAA va 0.1
mmol Gd(OTf)s (Bang 2). Sau khi tién hanh tbi wu
héa nhiét 4, thoi gian va cac diéu kién phan @ng
khac thu duoc higu suét téi wu 1a 82 %. Tir két qua
khao sét trén, chdng t6i tién hanh phan ung benzoil
hoa sir dung hé x(c tac Gd(OTf),/MSAA trén mot
s6 chit nén dimetoxibenzen thu duoc két qua nhu
trong Bang 3.

Bang 2. Khao sat anh hudng cua ti 1€ x(c tac, thoi gian, nhiét d6 trong 0,5 mmol MSAA
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Stt | Tile® | Thoi | Nhiét | Higu

gian do suat®

(phut) | (°C) | (%)
1 | 110 15 80 13
2 |1.1.0.02 | 15 80 21
3 | 1:1:005 | 15 80 28
4 |1:1:0.10 | 15 80 46
5 ]1:1:0.15 | 15 80 19
6 | 1:.1:.0.20 | 15 80 19
7 11010 |1 80 28
8 |1:1:.010 |3 80 51
9 |[1:1:010 |5 80 82
10 | 1:1:0.10 | 10 80 53
11 | 1:1:0.10 | 15 80 46
12 | 1:1:0.10 | 5 60 28
13 | 1:1:0.10 | 5 90 49
14 | 1:1:0.10 | 5 100 31

15 | 1:1:0.10 | 5 120 6

2 Chat nén:tdc chat:xiic tdc
b Higy sucftgo” lap
Bang 3. Khao sat phan tng benzoil hda mot dan xuat metoxibenzene trong hé xtc tac Gd(OTf)s/MSAA
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Veratrol ¢6 2 nhom metoxi lam ting hoat
vong benzen, tac nhan benzoil héa dé dang tac
kich vao vong, nén hiéu suit phan tmg ting 1én va
diéu kién phan ung ém diu hon. Trong khi do,
trwong hop 1,3-dimetoxibenzen ¢é 2 nhom metoxi
lam tang hoat vong benzen va cung dinh hudéng
vao mét vi tri lam cho mat do dién tir trong vong
cling tdng 1én, tuy nhién do nhém benzoil tac kich
vao vi tri orto so véi nhdm metoxi nén can tro 1ap
thé, dan dén hiéu suat phan tng giam. Tuong tu
1,4-metoxibenzen ciing

chiu anh huéng cua hiéu tng 1ap thé, nén hiéu suét
phan tng giam. Sau phan ung, xuc tac duoc tién
hanh thu hdi va tai str dung 3 1an véi hoat tinh xdc
tac giam di khong dang ké (Bang 4). Qua trinh thu
héi xuc tac dwoc thuc hién d& dang sau phan @ng
do xdc thc Gd(OT)s tan tét trong pha nude hon 1a
dung méi hitu co. Sau khi ly trich san pham, l6p
nuéc chira GAd(OTH)s duoc loai nude dudi 4p suat
kém va rdt chan khong trong khoang thoi gian 1-3
gio 1a c6 thé tai st dung. Hiéu suat thu hoi
Gd(OTH)s trén 90 %.

Bang 4. Thu hdi hé xtc tac Gd(OTF)s/MSAA trong phan tng benzoil hda anisol

Lan

Hiéu suat

(%)

N -

82
80
80

Chung t6i d4 tién hanh &p dung diéu kién tdi
wu trong truong hop benzoil hoa anisol va dé diéu
ché thanh cbng hop chat trung gian 1-(4-
etoxiphenil) -2-(4-metilsulfonil phenil) etanon (5)
v6i hiéu suit 85 %. Day la trung gian quan trong
dé diéu ché chat wc ché chon loc COX-2. Trong

OEt

M(OTf),,/MSAA
— = O
MW, khéng dung méi _~ \\O

tuong lai, tién hanh &p dung hé xic tac nay trong
t6ng hop toan phan GW401386X la chat uc ché
chon loc COX-2 gibng nhu Celecoxib va
Rofecoxib nhung khéng gay t6n hai cho hé than
kinh

OEt

GW406381X

Hinh 3. Téng hop trung gian 1-(4-etoxiphenil)-2-(4-metilsulfonilphenil)etanon.
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Céc san pham dugc dinh danh bang phuong phap sic ky khi ghép khéi phd (GC-MS) va phé NMR:
4-Methoxibenzophenon (1)

IH NMR (500 MHz, CDCls) & = 7.86 — 7.81 (m, 2H), 7.75 (dd, J = 8.3, 1.4 Hz, 2H), 7.55 (d, J = 7.5 Hz,
1H), 7.50-7.44 (m, 2H), 6.96 (d, J = 9.0 Hz, 2H), 3.88 (s, 3H, -OCHs). *C NMR (125 MHz, CDCl3) § =
195.6, 163.2, 138.3, 132.6, 131.9, 130.2, 129.8, 128.2, 113.6, 55.5. GC-MS (EI, 70 eV) m/z : 212 ([M]").

3,4-Dimetoxibenzophenon (2)

IH NMR (300 MHz, CDCls) 8 = 7.77 (dd, J = 8.4, 1.4 Hz, 2H), 7.49 (s, 1H),7.46 — 7.36 (m, 3H), 6.90 (m,
2H), 3.86 (s, 3H, -OCHs), 3.69 (s, 3H, -OCHs). 3C NMR (75 MHz, CDCls) & = 195.6, 153.0, 149.0,
138.3, 131.9, 130.2, 129.7, 128.2, 125.5, 112.1, 109.7, 56.1, 56.1. GC-MS (EI, 70 V) m/z : 242 ([M]*).

2,4-Dimetoxibenzophenon (3)

!H NMR (300 MHz, CDCl3) 8 = 7.77 (dd, J = 8.4, 1.4 Hz, 2H), 7.49 (s, 1H), 7.42 (dt, J = 1.8, 0.6 Hz,
1H), 7.39 (s, 2H), 6.53 (dd, J = 9.6, 5.3 Hz, 2H), 3.86 (s, 3H, -OCHj), 3.69 (s, 3H, -OCHj3). **C NMR
(75 MHz, CDCls) 6 = 195.6, 163.4, 159.6, 138.8, 132.3, 132.2, 129.7, 128.0, 121.5, 104.6, 98.8, 55.6,
55.5. GC-MS (EI, 70 eV) m/z: 242 ([M]*).

2,5-Dimetoxibenzophenon (4)

!H NMR (300 MHz, CDCls): 6 = 7.84 — 7.80 (m, 2H), 7.57 — 7.52 (m, 1H), 7.47 - 7.38 (m, 2H), 7.01
(dd, J =9.0, 3.0 Hz, 1H), 6.92 (dd, J = 6.0, 3.0 Hz, 2H), 3.78 (s, 3H, -OCHs), 3.66 (s, 3H, -OCHj3). °C
NMR (75 MHz, CDCls) 6 = 196.2, 153.5, 151.5, 137.6, 133.0, 129.8, 128.2, 117.3, 114.4, 113.1, 56.3,
55.8. GC-MS (EI, 70 eV) m/z: 242 ([M]*).

1-(4-Etoxiphenil)-2-(4-metilsulfonil phenil) etanon (5)

!H NMR (500 MHz, CDCls) 8 = 7.98 (d, J = 8.9 Hz, 2H), 7.90 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.3 Hz,
2H), 6.94 (d, J = 8.9 Hz, 2H), 4.33 (s, 2H), 4.11 (d, J = 7.0 Hz, 2H, -OCH>-), 3.04 (s, 3H, S-CHj3), 1.45
(t, J = 7.0 Hz, 3H, -CH,CHs). 3C NMR (125 MHz, CDCl3) § = 194.9, 162.9, 141.4, 139.3, 130.8, 130.6,
130.0, 127.6, 114.5, 63.9, 44.7, 44.5, 14.6. GC-MS (El, 70 eV) m/z: 318 ([M]").

KET LUAN

Phan tng acil hoa Friedel-Crafts s dung tac
chat acid benzoic trong hé xlc tac
Gd(OTf)s/MSAA cho hiéu suat cao voi do chon
loc cao, san pham para chiém wu thé rd rét. Phan
g nay chi xay ra tot & nhiét d6 thap (khoang 80-
90 °C) va trong thoi gian ngan, nhiét dé cao hay
thoi gian phan tng kéo dai tao ra nhiéu san pham

phu khdng mong muén. MSAA c6 hoat tinh manh
nhét khi két hop véi triflat kim loai. Vi nhiing két
qua nghién ctu trong bai bao nay, ching t6i mong
muén gop phan kham pha cac huéng xdc tac méi
dé thyc hién phan tng benzoil héa n6i riéng va acil
héa ndi chung dat hiéu qua cao hon, than thién vai
mai truong hon.
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Benzoylation of aryl methyl ether using
catalytic system of Gd(OTf)s/MSAA

e Tran Hoang Phuong
e Nguyen Truong Hai
e Le Ngoc Thach

University of Science, VNU-HCM

ABSTRACT:

The Friedel-Crafts acylation is an
important reaction in organic synthesis.
Benzoylation of aromatic compounds with
benzoic acid as acylating reagent using
catalytic system of Gd(OTf)s/MSAA was
investigated under microwave irradiation.

Catalytic system of Gd(OTf)s/MSAA was
found to be an efficient catalyst for Friedel-
Crafts benzoylation under mild conditions. In
addition, Gd(OTf)s/MSAA is safe-to-handle,
simple clean work-up and gives good yield.

Keywords: Friedel-Crafts acylation, Gd(OTf)s, MSAA, microwave.
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