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NGHIEN CUU PHAN UNG BENZOYL HOA MOT SO DAN XUAT
METHOXYBENZENE SU DUNG XUC TAC BISMUTH TRIFLATE
TRONG PIEU KIEN CHIEU XA VI SONG
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Tém tit

Phan vng benzoyl hoa sur dung bismuth trlﬂuoromethanesulfonate Bi(OT}), lam xuc tac giita hop
chat hwong phwang va benzoic anhydrlde dudi diéu kién chiéu xa vi song, khong st dung dung moi
duoc phat trién kha manh. Duéi diéu klen khéng dung méi, phan vmg diéu ché nhing aryl ketone voi
hiéu sudt cao va thoi gian phan iing ngdn. Pdc biét, sau khi phan wng, xiic tac Bi(OTf), dé dang dwoc
thu héi va tdi sir dung 5 lan véi hoat tinh giam di khéng dang ké.

Tir khod: Bismuth trifluoromethanesulfonate, acyl héa Friedel-Crafis, chiéu xa vi séng, héa hoc xanh.

1. Pit van dé

Phén tmg acyl hod Friedel-Crafts 1a mot trong
nhitng phan tmg quan trong trong tong hop hiru co
dé diéu ché nhiing ketone hwong phuong. Phan ting
nay da va dang 13 phan ing nén tang cho hod hoc
tong hop hiru co trong linh vyc khoa hoc co ban va
cong nghé, nhitng hop chit duge diéu ché tir phan
ung Friedel-Crafts la trung gian quan trong cho
nhiéu nganh nhu: duoc pham, huong liéu, pham
nhudm, nong nghiép [6]... Theo truyén thong,
nhiing phan tng acyl hoa da st dung xtc tac acid
Lewis nhu: AICL,, BF,, FeCl,, TiCl,, SnCl, [7]...
xUc tac ndy thu(mg khong thé thu h01 va tai s dung
lai dugc [7]. V6i viée st dung acid chloride hoac
anhydride acid lam tac nhan acyl ho4, tuy nhién,
voi xuc tac AICI, phéi dung v6i 2 duong luong va
xUc tac sau phan g khong thé thu hoi dugc. Qua
trinh tién hanh phan ng dung nhiing dung moi doc
hai, méi truong phan ng phai khan nudc va tro,
sau phan ung c6 san pham phuy 1a HCI gay nguy
hiém cho méi trudng, qui trinh ¢6 1ap lién quan dén
thuy giai trong moi truong acid [1], [4]. Phuong
trinh phan Ung:
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Hinh 1. Phan trng benzoyl hoa giira anisole
st dung xiic tac AICL/CS,
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Phan ung acyl hoa Friedel-Crafts dugc sur
dung kha rong rii trong viéc diéu ché cac ketone
huong phuong trong linh vuc ky nghé. Tuy nhién,
nhiing phan tng trude day cho hiéu suét tot nhung
lai tao ra nhiéu chat thai sau phan tmg. Khi ding
XUc téc; AICI,, phan trng chi c6 thé xay ra trén nhitng
tac chat c6 do phan ung cao nhung lai khong than
thién voi méi trudng sau phan tmg, tao ra nhiu san
phém phu doc hai v&i moi truong [2], [5]. Viéc st
dung benzoic anhydride thay cho acid chloride 1a
can thiét vi san pham sinh ra hoan toan vo hai voi
moi truong. Phan ing st dung benzoic anhydride
lam téc chét chi tao ra san pham phu duy nhat 1a
benzoic acid (it doc hai hon HCI sinh ra khi st
dung benzoyl chloride), than thi¢n v&i moi truong
hon so v6i cac phan tng acyl hoa truyén thong
khac. Triflate kim loai d& dang thu hoi va tai st
dung nén nhan dugc kha nhiéu su quan tam tur cac
nha khoa hoc trén thé gidi. Bén canh do, xtc tac
triflate d& dang duoc thu hoi va téi str dung nhiéu
lan ma khong 1am giam di hoat tinh cta xic tac.
Trong khi d6, nhiéu aryl ketone dugc diéu ché bang
phan g acyl hod Friedel-Crafts ciia cac hop chat
huong phuong dugc xtc tac boi trifalte kim loai,
viéc su dung anhydride acid 1am tac nhan phan Gng
acyl hod ciing c6 kha nhiéu bai bao trén thé giodi
duoc cong bd [3], [6]. Ké tir khi dugc gidi thidu
trong tong hop hiru co vao nam 1987 bai Frosberg
va cong su, tiép theo sau do 1a nghién ciru mo dau
cua nhom nghién ctru Kobayashi str dung Sc(OTY),,
Y(OTf), va Ln(OTf) lam xuc tac va co nhu’ng bai
bao duoc cong bd trén nhimng tap chi vé hod hoc
trén thé gioi [6].

Muc tiéu ctia bai viét nay 1a nghién ctru phan
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ung benzoyl hod trén cac aryl methyl ether st dung
benzoic anhydride 1a tac chét, phan ung dugc thuc
hién voi xuc tac triflate kim loai. Cac phan g nghién
ctru duge thuc hién trong 10 vi song chuyén dung
Discover (CEM). San phém tao thanh c6 d6 chon loc
rét cao, thong thuong thi lugng dong phan para cao
hon rét nhiéu so véi ddng phén ortho (p:o = 95:5).

Phuorng trinh phén ung:
© ©)k J\@ 10% moIB\ _10% mol Bi(0Tf)s C i ©/
Hinh 2. Benzoyl hoa giira anisole sir dung xiic tic

(1,0 mmol)
béi Bi(OTf), trong diéu kién chiéu xa vi song

COOH

(1,0 mmol)

2. Noi dung nghién ciru

2.1. Hoa chat

Anisole va cac dan xuét ciia anisole, benzoic
anhydride, B1(OTf) dugc mua tir Sigma-Aldrich c6
d6 tinh khiét rat cao. Cac dung mai ethyl acetate,
diethyl ether, chloroform, natrium hidrocarbonate,
natrium sulfate duogc mua tur Xllong (Trung Qudc).
Silica gel dung cho sic ky ¢dt, sac ky 16p mong
duoc mua tir Merck va An Do.

2.2. Thiét bi

Str dung céan dién tir Sartorius GP-1503P dé
can chinh x4c khéi lwong cac chat phan Gmg. Sy
chiéu xa vi song duoc thuc hién trong 16 vi song
chuyén dung Discover (CEM), may cd quay chan
khong Heidolph Laborora 4001, may sac ky khi
Hewlett Packard 5890 Series II v6i cdt mao quan -
HP5:30m x 320 pm x 0,25 pm, dau do FID, nhiét
d6 phan bom mau 1 250°C va dau do 13 300°C, toc
d6 cua khi mang N, 1a 1 ml/phut, chwong trinh nhiét
(15°C/phut) tur 50°C (1 phut) 1&€n 280°C (5 phut).
San pham dugc x4c dinh cau trac bang may GC-MS
Agilent: GC: 7890A - MS: 5975C. Cot: HP-5MS
va bang phd cong hudng tir hat nhan 'H-NMR va
C-NMR dugc do trong dung moi CDCI, trén may
Brucker Advance 500 MHz véi ndi chuan TMS.

2.3. Quy trinh thue nghiém

Phan tmg dugc thuc hién trong 10 vi séng
chuyén dung véi xtc tac Bi(OTf),. Cho vao ong
nghlem vi song chuyén dung mot hon hop gom
chét nén (1 mmolz, tac chat (1 mmol), Bi(OTf),
(0,1 mmol). Cho hon hgp phan tmg vao 16 vi song,
cong suét (80 W), nhi¢t do va thoi gian dugce khao
sat theo Bang 1. Sau khi phan ung két thuc, dé
ngudi dén nhiét 6 phong, 1y dng nghiém ra khoi

10 va tién hanh ly trich san phdm. Sau khi thuc hién
xong phan tg, hdn hop san pham duoc ly trich véi
nude va CH,CL, (3x10 ml). Lép hiru co duge rira
v6idung d1ch NaHCO bao hoa va rtra lai voi nude.
Hon hop san pham duoc lam khan v0i Na,SO, va
¢6 quay thu hdi dung moi. Hiéu suét cta phan ung
dugc xac dinh bang % GC theo phuong phap noi
chuén va khéi lugng can. Tién hanh sic ky cot thu
san pham tinh khiét, san pham duoc dinh danh bang
GC-MS va 'H-NMR, "*C-NMR.

2.4. Két qua va thao luin

Benzoic anhydride 14 tac cht acyl hoa yéu hon
SO V01 benzoyl chloride do nhom C H,COO- kho
xuét ra hon nhom Cl-. Do d6, phan tmg véi tac chit
anhydride can thoi gian phan tng dai hon, nhiét do
phén g co thé cao hon.

OR@L%M O)\© @COOH

(1,0 mmol)
Hinh 3. Benzoyl héa Friedel-Crafts cic din xuét
anisole bing xiic tic Bi(OTY),

(1,0 mmol)

Ap dung diéu kién hoa hoc xanh, chung toi
tién hanh thyc hién phan Gng trén chat nén vai
benzoic anhydride v6i ty 1€ mol 1a 1:1.

Bang 1. Khao sat anh hwéng ciia thoi gian, nhiét do
trong phan trng benzoyl hoa giira anisole va benzoic
anhydride véi xic tac Bi(OTf), dugi sw chiéu xa vi song

srr  Nhiét do Thoi gian Hiéu suat*

(9] (phut) (%)

1 70 30 74

2 90 30 82

3 110 30 90

4 130 30 92

5 110 5 67

6 110 10 72

7 110 20 83

8 110 40 87

Ghi chii: a: Hiéu sudt theo GC.

Qua nhiing khao sat trén ta théy diéu kién tdi

wu cho phan mg benzoyl hoa anisole véi tac chat
benzoic anhydride dudi sy chiéu xa vi song trong
thoi gian 30 phut ¢ 110°C VO’i 0,1 mmol xuc tac
Bi(OTY),. Sau khi tién hanh t6i uvu hoé nhiét do,
thoi gian thu dugc hiéu suat 1a 90%. Tuy nhién,
khi tang nhiét o 1én 130°C thi hi¢u suit tang 1&€n
92%, két qua nay thay doi khong dang ké nén chiing
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t6i chon hiéu suat tdi wu cho phan tng 12 90%. Tir
nhing két qua khao sét trén, chung toi tién hanh
phan ung bpnzgyl hoé st dung xtc tac Bi(OTT),
trén mot sO chat nén methoxybenzene thu duoc
két qua nhu sau:

Bang 2. Phan wng benzoyl hoa mdt s6 hop chat hwong phwong bing xiic tac
Bi(OTf), duéi sy chiéu xa vi séng

sau qua trinh phan tng. Triflate kim loai tan trong
16p nudc duge cd quay dudi ap suat kém, say kho
1a c6 thé tai st dung dugc. Hiéu suit cua qua trinh
thu hoi xtic tac tir 16p nude dao dong tir 93-96%.
Hoat tinh xtc tac dugc khao sat lai voi phan g
benzoyl hoa anisole &
110°C trong thoi gian

Nhi¢t  Thoi Chu tao Hiéu DP§ 30 phat.
STT Chit nén do gian % suat®  chon Toém lai, khi st
o B sdn pham o X ) ¢ ‘
(°C)  (min) (%)  loc dung tac chat benzoic
o anhydride lam tac nhan
9/0/91 1Ak a1
1 MGOO 110 30 eo ph 90 acyl hoa ching toi thu
\_ 7/ . A A, LA
duoc hiéu suat tot.
MeO MeO 100 bay la két qua rat tha
Ph o L ol
2 MeO—@ 150 30 Meom 95 vi vi trong tuong lai ¢6
thé thay thé tdc nhan
OMe OMe bengyl chloride dgc
3 100 10 oo Ph g9 100 hai bang mot tac nhgn
MeO on hoa hon la benzoic
anhydride. Qua do, nhan
(o] X . . N
Ph thay bismuth triflate 1a
4 MeOQOMe 100 10 87 100 o Al
MeO OMe xuc tac xanh va hi¢u qua

cho phan tng benzoyl

Ghi chii: a: Xac dinh bang GC-FID véi chdt ngi chudn naphthalene.

Anisole ¢6 1 nhém methoxy 1a nhém tang
hoat manh trén vong benzene, nén tac nhan benzoyl
hoa c6 thé tac kich vao vi tri ortho va para, do d6
san pham thu dugc co ty 18 o/m/p 14 9/0/91 (Bang
2, stt 1). Veratrole (1,2-dimethoxybenzene) c6 2
nhom methoxy lam tang hoat trén vong benzene
manh hon so véi anisole, nén tac nhan benzoyl
hoa d& dang tac kich vao vong, cho hiéu suét phan
g tang 1én va thoi gian phan tng ngan (Bang 2,
stt 2). Trong khi do, 1,3-dimethoxybenzene c6 2
nhom methoxy lam tang hoat trén vong va cung
dinh huéng vao mét vi tri lam cho dién tur trén vong
tang 1€n, tuy nhién, do nhom benzoyl tac kich vao
vi tri ortho so voi nhém methoxy nén cén tré khong
gian 1am cho hiéu suét phan tng giam di (Bang 2,
stt 3). Tuong tu, 1,4-dimethoxybenzene ciing chiu
anh huong cua hiéu tmg khong gian nén hiéu suit
phan tng giam hon so v6i 1,3-dimethoxybenzene
(Bang 2, stt 4). Sau phan tng tién hanh thu hoi va
tai sir dung xtc tac.

Thu héi va tdi sir dung bismuth triflate véi tac
chat benzoic anhydride:

Chung t6i tién hanh thu hdi bismuth triflate
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héa st dung benzoic
anhydride 1am tac chét,
xtic tac dugc thu hoi va tai su dung nhiéu 1an véi
hiéu suét giam khong dang ké.

100

Higu suat (%)

44

1 2 3 4
Lan thu hai
Hinh 4. T4i st dung xiic tac Bi(OTf), trong phén ting
benzoyl hoa giira anisole v6i benzoic anhydride

San pham dugc dinh danh bang phuong phap

sac ky khi ghép khdi phd (GC-MS) va phd cong
hudng tir hat nhan (NMR). Trén phd cong huong
tir hat nhan cho thay nhiing tin hiéu cia nhoém
carbonyl & vi tri > 190 ppm chiing té san pham da
tao thanh, cac sd liéu phé da duoc so sanh va kiém
chimg véi cac cong trinh di cong bd trudc day. Phod
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GCMS xac dinh dang cAu tric va vi tri cdc nhom
thé trong san pham tao thanh khi so sanh véi dir
liéu trong thu vién NIST tich hop san trong may.
4-Methoxybenzophenon: "H-NMR (300
MHz, CDCl, ) ¢ = 7,86-7,81 (m, 2H), 7,75 (dd,
J=238,3; 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). "C-NMR (75 MHz, CDCI,) ¢ = 195,6;
163,2; 138,3; 132,6; 131,9; 130,2; 129,8; 128,2;
113,6; 55,5: GC-MS (EL 70 eV) m/z : 212 ([M]").
3,4-Dimethoxybenzophenon: '"H-NMR
(300 MHz, CDCL,) 6 = 7,77 (dd, J = 8,4; 1,4 Hz,
2H), 7,49 (s, 1H), 7,46-7,36 (m, 3H), 6,53 (m,
2H), 3,86 (s, 3H), 3,69 (s, 3H). *C-NMR (75
MHz, CDCL)) ¢ = 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 eV) m/z : 242 ([M]").
2,4-Dimethoxybenzophenon: '"H-NMR (300
MHz, CDCl,) 6=17,77 (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), 3,69 (s,
3H). "C-NMR (75 MHz, CDCl,) 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-Dimethoxybenzophenon: "H-NMR (300
MHz, CDCL,): 6=7,89-7,77 (m, 2H), 7,59-7,51 (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),
3,66 (s, 3H). "C-NMR (75 MHz, CDCI,) 6 =196,2;
153,5; 151,5; 137,6; 133,0; 129,8; 129,5; 128,2;
117,3; 114,4; 113,1; 56,3; 55,8: GC-MS (EI, 70
eV) m/z: 242 (IM]") [1], [2], [6].

3. Két luan

Phan trng benzoyl hoa Friedel-Crafts dugc
thyc hién trong diéu kién hoa hoc xanh cho hiéu
suat cao. Xuc tac dé dang thu hoi va tai st dung
v6i hoat tinh xtc tac giam khong dang ké, tao
tién dé Gng dung xtc tac triflate thay thé cho
cac xtc tac acid Lewis truyén thong trong k¥
nghé. Nghién ciru gop phan tng dung hoa hoc
xanh, than thién vi méi trudng va phat trién
bén viing & Viét Nam.

Lo&i cam on: Nghién ctu dugc tai tro boi Pai
hoc Quéc gia Thanh phé H5 Chi Minh (PHQG-
HCM) trong khuon kh6 Dé tai mi s6 C2016-18-21./.
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BENZOYLATING METHOXYBENZENE DERIVATION BY BISMUTH TRIFLATE
UNDER MICROWAVE IRRADIATION
Summary

An efficient bismuth trifluoromethanesulfonate-catalyzed benzoylation of aromatic compounds and benzoic
anhydride under microwave-irradiated solvent-free have been developed. Under solventless conditions, this process
grants the preparation of aryl ketones in good yields and short reaction time. Especially, after reaction, Bi(OTf),-
catalyzed is easily recovered and reused five times without yield loss of the catalytic activity.

Keywords: Bismuth trifluoromethanesulfonate, Friedel-Crafts benzoylation, microwave irradiation, green

chemistry.

Ngay nhdn bai: 31/12/2015; Ngay nhdn lai: 29/01/2016,; Ngay nhdn dang: 29/8/2016.

103



