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TONG HOP MEQUINOL TU TINH DAU QUA PAI HOI
TRONG PIEU KIEN HOA HQC XANH

NGUYEN THI HOAI',
NGUYEN MINH DUONG”, LE NGOC THACH™

TOM TAT

Trong bai b&o nay, ching t0i tong hop mequinol tir tinh dau qud dai héi trong diéu
kién Hoa hoc Xanh. Qué trinh nay bao gom 2 giai doan: cd ldp (E)-anetol tir tinh dau dai
hoi; oxid héa (E)-anetol thanh anisaldehid bang KMnO4-CuSQ,4.5H,0 dudi s chiéu xa Vi
song; thuc hién phan ng Baeyer-Villiger chuyén hoa anisaldehid thanh mequinol bang
peracid formic (H.0, va HCOOH) du6i s chiéu Xg siéu am.

Tar khoa: Héa hoc Xanh, (E)-anetol, anisaldehid, mequinol.

ABSTRACT
Synthesis of mequinole from anis oil under green chemistry conditions

The article is about the synthesis of mequinole from anise oil under green chemistry
conditions. This synthesis is carried out in two stages: firstly, anethole is isolated from anis
oil; oxidized anethole to anisaldehyde with KMnO,-CuSO,.5H,0 under microwave
irradiation; secondly, anisaldehyde is converted to mequinole by Baeyer-Villiger oxidation

with performic acid (H,O,and HCOOH) under ultrasound irradiation.
Key words: green chemistry, (E)-anethole, anisaldehyde, mequinole.

1.  Patvandé

Dai hdi 1a dac san cua tinh Lang
Son, Viét Nam, cay hdi duge xac dinh la
cay kinh t& miii nhon va chién luoc lau
dai (chiém 71% dién tich trong hdi trén
ca nude). Ham lugng tinh dau cé trong
qua dai hoi tir 5-15% véi ciu phan chinh
la (E)-anetol tir 80-95% [12].

(E)-Anetol ¢ thé dugc tinh ché d&
dang tir tinh dau qua dai hdi bang phuong
phap chung cat phan doan &p suat kém
hodc sir dung phwong phap sic ki cot
[11].

"HVCH, Trwdng Pai hoc Khoa hoc Tw nhién,
PHQG TPHCM

" CN, Trwong Pai hoc Khoa hoc Ty nhién,
PHQG TPHCM

" GS TS, Trwong Dai hoc Khoa hoc Tw nhién,
PHQG TPHCM

54

Mequinol dugc st dung nhu mot
chét khang oxid héa cho dau béo, vitamin
va mi pham. Mequinol cé tac dung wc
ché tia cuc tim, hdn hop 2% mequinol va
0,01% tretinoin dugc ding dé diéu tri céc
van dé vé da gay ra boi birc xa mit troi
[5]. Mequinol 1a thanh phan chinh trong
thuéc Leucodinine B 10%, cé tac dung
diéu tri tai chd cac truong hop ting sic td
melanin, dic biét trong chimg da doi moi
& ngudi 16n tudi, nhidm hic t6 sau phau
thuat hoic do hoa chét.

P4 c6 rat nhiéu tac chat oxid hoa
alkenilbenzen thanh benzaldehid twong
ung d& dugc su dung nhu anhidrid
cromic, MnO, [4], trimetilsililclorocromat
[1], bicromat kalium [15], oxon
(2KHSO5.KHS0O,.K,S0O,4) xuc tdc OsO,
[13], tetroxid osmium vi  bao
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(microencapsulation) trong poliure [8],
hidrogenperoxid tert-butil (TBHP) xdc
tdc Au(l) trong neocuproin (2,9-dimetil-
1,10-phenantrolin) [16]. Tuy nhién, céac
tac nhan oxid hoa trén hoac 1a khong than
thién voi moéi truong hoac la phai s
dung dung méi va xuc téc, thoi gian phan
Gng tir vai chuc phut dén vai gio. Tac
nhan oxid héa KMnO, la mot tac nhan
oxid hoéa manh, an toan nhung nhugc
diém l1a van dé hoa tan va khi oxid hoa
alkenilbenzen trong moi truong acid tao
thanh aldehid thi aldehid nay dé dang bi
oxid héa tiép tuc thanh acid carboxilic.
Viéc str dung KMnO, tam Ién chat mang
ran 1a CuSO,.5H,0 d4 lam cho d¢ hoat
dong va do chon loc cua chat oxid hoa
nay thay do6i dang ké. Phan ung thuc hién
trén chat mang rin c6 wu diém la diéu
kién phan tng nhe nhang Ngoai ra, viéc
¢ 1ap san pham ciing rat d& thuc hién
[7.9].

Cho dén nay c6 rat nhiéu tac nhan
oxid hoa dugc su dung cho phan wng
Baeyer-Villiger [6] nhu: H,0, [3,14]; cac
peracid nhu acid meta-
cloroperoxibenzoic  (MCPBA); acid
peroxibenzoic (PBA); acid performic
(PFA); monoperoxiptalat magnesium
(MMPP) [10], Baeyer-Villiger
monooxigenaz [2]. Mac du céac phan ung
dugc thuc hién trong diéu kién khuay tir
cho hiéu suat twong d6i cao nhung thoi
gian tién hanh phan ung khé dai (tir vai
gio cho dén vai chuc gio).

Do d6, muc dich cua nghién ctu
nay la chuyén héa (E)-anetol c6 sin trong
thién nhién thanh mequinol trong diéu
kién Hoa hoc Xanh nhu str dung tac nhan
xanh, phan ung khong dung moi dudi sy

chiéu xa cua vi séng hoic siéu &m. Qué
trinh nay bao gom 3 giai doan: giai doan
1 1a cd lap (E)-anetol tir tinh dau qua dai
hoi; giai doan 2 la oxid héa (E)-anetol
thanh  anisaldehid bang KMnO,-
CuS0,.5H,0 duéi su chiéu xa vi song;
giai doan 3 la thuyc hién phan tng oxid
héa  Baeyer-Villiger  chuyén hoa
anisaldehid thanh mequinol bang acid
performic (H,O, va HCOOH) dudi su
chiéu xa siéu am.

2. Thwc nghiém

2.1. Nguyén ligu, héa chat

Qua dai hdi c6 ngudn gbc tai tinh
Lang Son.

KMnO,, CuS0,.5H,0,
HCOOH, H,C,0,.2H,0 (Aldrich).
2.2. Thiétbj

Lo vi séng gia dung cai tién
SANYO ED-D9553N.

Bon siéu &m Power Sonic 405.

2.3. Co ldp (E)-anetol tir qud dai hoi
2.3.1. Li trich tinh dau

Qua dai hdi dugc xay nho, 50 g
nguyén liéu va 300 ml nuéc dugc cho
vao binh cau 1000 ml, ngdm trong 3 gio.
Tién hanh chung cit hoi nuéc dudi sy
chiéu xa vi séng cong suat 900 W trong
thoi gian 60 phat. Li trich lay tinh dau
trong dng gan bang dietil eter (10 ml x 3).
Lam khan dung dich eter béng Na,SO,.
Loc, thu hdi dung moi dudi &p suét kém.
Tinh dau thu duoc c6 ham lugng (E)-
anetol 1a 88% [12].

2.3.2. C0 lgp (E)-anetol

Tinh dau sau khi thu duoc tur
phwong phap chung cét hoi nuéc dugc
chung cét phan doan &p suat kém dé thu
ldy (E)-anetol, khi 4p suat dat 20 mbar thi
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nhiét @6 dung & 96 °C, (E)-anetol thu
duogc c6 do tinh khiét 96% (GC).

2.4. Piéu ché KMnO,-CuS0O,.5H,0
(potassium permanganate-copper
sulfate.pentahydrate, PP-CSP)

Hoa tan hoan toan KMnO, (d&
chuan d6 lai) va CuS0,.5H,0 theo ti I¢
mol 1:4 trong mét thé tich nudc tdi thiéu.
Sau d6, loai nudc dudi 4p suat kém cho
dén khi dat dwgc mot chat rin véi trong
lwong bang tong trong lwong nguyén liéu.
Chat ran nay duoc nghién trong cbi cho
dén khi thu duoc bot min [9].

25. Tong hep anisaldehid tir (E)-
anetol

Lan luot cin va cho vao 6ng
nghiém m, g (E)-anetol va m, g PP-CSP.
Tron déu va dat dng nghiém vao 10 vi
s6ng. Sau phan @ng, dé nguoi o nhiét do
phong, li trich hn hop san pham bing
Et,O (10 ml x 3) va loc qua Celite. Dung
dich nay dwoc rira véi nude cho dén khi
trung hoa, sau do duoc lam khan bang
Na,SO,. Loc, thu hdi dung méi bang co
quay. Can va ghi két qua sac ki khi.

2.6. Tong hep mequinol tzr anisaldehid

Cho vao 6ng nghiem V; ml
HCOOH va V, ml H,0, (d4 chuan d6 lai)
sau d6 dé yén 30 phat. Sau do can cho
vao thém m g anisaldehid va dat 6ng

nghiém vao bon siéu &m. Khi sy chiéu xa
cham duat, l1ay éng nghiém ra dé yén &
nhiét do phong, sau do li trich hon hop
san pham bang Et,0 (10 ml x 3). Dung
dich li trich nay duoc rua véi nudc cho
dén khi trung hoa, sau d6 duogc 1am khan
bing Na,SO,. Loc, thu hdi dung mdi
bing c6 quay. Can va ghi két qua sac ki
khi.
2.7. Xac dinh co cdu sdn pham va higu
sudat phdn #ng

Co cau cua cac hop chat trong hdn
hop san phim dugc xac dinh bang
phuong phap sic ki khi ghép khéi phd
(GC-MS) trén may Agilent 6890N. Cot
mao quan HP 5MS: 30 m x 250 pm x
0,25 pm. Nhiét d6 dau nap 250 °C, nhiét
d6 dau do 300 °C. Téc do khi mang (He)
14 0,9 ml/phat. Thu vién phd NIST 2008.

Hiéu suat phan ung dugc xac dinh
bang phuong phap sic ki khi trén may
Agilent 6890N: Nhiét do dau nap va dau
do (FID) la 250 °C; Cot mao quan: 30 m
X 320 um x 0,25 mm; Tbc do dong khi
mang 37,1 ml/phat; Chuong trinh nhiét:
Nhiét do dau 100 °C giir 1 phat, tang 20
°C/phit dén 250 °C giir 5 phit.
3. Kétqua va thao luan
3.1. Tong hep anisaldehid t (E)-
anetol dwdi sw chiéu xg vi séng

O/ O/ O/ O/
PP-CSP
N H o HO O
O

(E)-Anetol
1 2
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Anisaldehid 4-Metoxiphenilaceton Acid anisic

2a 2b
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Khao sét cac yéu t6 anh huong dén
hiéu suat phan ung:

- Khao sét cong suat: Hon hop phan
tng gom anetol (1 mmol), PP-CSP (2
mmol). Cé dinh thoi gian 4 phit dé khao
sat cong suat cua 10 vi séng.

- Khao sat thoi gian: Hon hop phan
tng gom anetol (1 mmol), PP-CSP (2

mmol). C6 dinh ¢ 150 W dé khao sat thoi
gian.

- Khao sét ti 1& mol: Phan ung duoc
thue hién ¢ 150 W, trong 3 pht. Lan luot
thay d6i s6 mol PP-CSP so véi chat nén
dé khao st ti 16 mol. Két qua duoc trinh
bay trong bang 1.

Bdng 1. Hiéu suat phan ¢ng oxid hda (E)-anetol thanh anisaldehid

Stt Congsuat | Thoi gian 1:PP-CSP % (GC-FID) Higu suat
(W) (phat) - 1 2 2a 2b (%)
1 80 4 1:2 5511393 | 44 - 34
2 150 4 1:2 08 [ 699 | 32 | 195 66
3 300 4 1:2 04 | 734 | 34 | 185 65
4 450 4 1:2 - 733 | 38 | 161 63
5 150 1 1:2 76,7 1 20,1 | 2,5 - 17
6 150 2 1:2 68,0 | 26,5 | 4,7 - 24
7 150 3 1:2 12 [ 810 ]| 64 | 64 77
8 150 5 1:2 - 659 | 41 | 258 60
9 150 3 1:1 80,8 | 168 | 2,4 - 16
10 150 3 1:3 06 | 439 | 2,1 | 464 41
11 * 3 1:2 98 | 686 | 84 | 84 65

*: dun néng truyén théng tai 96 °C, do ciing 1a nhiét dé cia hén hop phan g
dwrge do ngay sau khi sw chiéu xa vi séng vira cham dizt (thi nghiém 7)

Véi ti 1€ mol anetol:PP-CSP la 1:2,
trong thoi gian 4 phat thi hiéu suat phan
g cao nhét 1a 66% khi chiéu xa vi séng
& cong suat 150 W. Khi cong suit 10 ting
lén thi d6 chuyén hoa ting theo (cong
suat 450 W, do chuyén hoa dat 100%) va
%GC ciia 2 ciing ting nhung hiéu suat
giam dan.

Vi ti 1€ mol anetol:PP-CSP la 1:2,
chiéu xa vi song voi cong suat 10 1a 150
W thi hiéu suit phan ung thu dugc cao
nhét 12 77% trong 3 phat. Thoi gian chiéu

Xa Vi song cang dai d6 chuyén héa cang
tang, %GC cua 2 cliing tang, nhung khi
chiéu xa trén 3 phat thi hiéu suét bat dau
giam do 2 bi oxid hoa thanh 2b.

V6i cong suét 10 vi séng 1a 150 W,
thoi gian 3 phat thi hiéu suat phan tng
cao nhat 12 77% véi ti 16 mol anetol:PP-
CSP la 1:2. Khi st dung ti I¢ mol 1:PP-
CSP 14 1:1 thi 1 bi oxid héa rt it, con khi
st dung ti 1€ mol 1:PP-CSP la 1:3 thi 2b
sinh ra rat nhiéu do PP-CSP thira oxid
héa tiép tuc 2 thanh 2b.
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Nhu vay su oxid hoa (E)-anetol
thanh anisaldehid dudi sy chiéu xa vi
song dat hiéu suat cao nhét 1a 77% khi
thuc hién phan @ng trong 3 phuat, cong
suat 10 150 W va ti 1& mol cua (E)-
anetol:PP-CSP la 1:2.

HO O
2b

Thuyc hién lai phan &ng noi trén (thi
nghiém 11, bang 1) trong diéu kién dun
néng truyén théng tai 96 °C, day ciing la
nhiét do caa hon hop phan tmg duge do
ngay sau khi sy chiéu xa vi song vira
cham dut (thi nghiém 7, bang 1). Két qua
higu suat chi ¢ 65%.

3.2. Téng hgp mequinol tir anisaldehid duwdi sw chiéu xa siéu &m

H
_H0p
HCOOH
°<
Anisaldehid Mequmol
2 3

Khao sét cac yéu t6 anh huong dén
hiéu suat phan ung:

Khao sét thoi gian: Hon hop phan
tng gébm H,0, (1 mmol), HCOOH (1
mmol) va anisaldehid (1 mmol). Phan
ung duoc thuc hién ¢ nhiét 6 phong va
khao sat phan tng ¢ céc thoi gian khac
nhau.

Khao sat nhiét do: Hon hop phan
tng gébm H,0, (1 mmol), HCOOH (1
mmol) va anisaldehid (1 mmol). Phan
ung duoc thyc hién trong 60 phat va

58

Format mequmll

O

=585

Hidroquinon  Acid anisic

3a 3b 2b
khao sat phan tng & cac nhiét do khéac
nhau.

Khao sat ti 1€ mol:

- Khao sat ti 1€ mol H,O, va
HCOOH: Phan ung dugc thuc hién &
nhiét &6 phong trong 60 phat. C6 dinh sé
mol cua anisaldehid (1 mmol), lan luot
thay d6i dong thoi sé mol cua H,0, va
HCOOH.

- Khao sat ti 1é mol H,O,: Phan ung
duoc thuc hién & nhiét @6 phong trong 60
phat. Cb dinh sb mol cua anisaldehid (1
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mmol) va HCOOH (5 mmol), lan luot
thay ddi s6 mol cua H,0, dé khao sat.

- Khao sat ti 1é mol HCOOH: Phan
ung duoc thyc hién ¢ nhiét d6 phong
trong 60 phat. C6 dinh s6 mol cua

anisaldehid (1 mmol) va H,0O, (5 mmol),
lan luot thay d6i s mol cia HCOOH dé
khao sét.

Két qua duoc trinh bay trong bang 2

Bdng 2. Hiéu sudt phan ¢ng Baeyer-Villiger chuyén hoa anisaldehid 2
thanh mequinol 3

Thoi gian | Nhiét do . ] % (GC-FID) Hiéu suat
Stt (phtt) °C) 2:H,0,:HCOOH 2 3 3a 3 | 2b (%)
1 30 Ndp 1:1:1 359 | 279 | 340 - 2,3 21
2 60 Ndp 1:1:1 343 | 37,3 | 27,9 - 0,5 33
3 90 Ndp 1:1:1 246 | 42,7 | 303 | 0,2 | 2.2 26
4 60 40 1:1:1 37,1 28,1 | 32,2 - 2,5 18
5 60 50 1:1:1 345 | 285 | 350 | 01 | 19 17
6 60 60 1:1:1 288 | 36,2 | 331 | 0,2 | 17 16
7 60 Ndp 1:3:3 83 | 514 368 | 11 | 24 45
8 60 Ndp 1:5:5 12 | 842 29 99 | 18 78
9 60 Ndp 1:7:7 20 | 781 | 74 86 | 39 72
10 60 Ndp 1:9:9 - 71,7 | 19 | 185 | 79 66
11 60 Ndp 1:3:5 - 89,2 | 0,9 78 | 21 84
12 60 Ndp 1:5:5 12 | 842 29 99 | 18 78
13 60 Ndp 1:7:5 - 88,7 | 1,7 80 | 1,6 77
14 60 Ndp 1:9:5 - 843 08 | 11,2 | 3,7 76
15 60 Ndp 1:5:3 28 | 658 | 244 | 46 | 24 58
16 60 Ndp 1:5:5 12 | 842 29 99 | 18 78
17 60 Ndp 1:5:7 15 | 895 24 6,1 | 04 83
18 60 Ndp 1:5:9 - 86,6 | 09 | 10,3 | 2,1 80
19 60 Ndp 1:3:5 05 | 653 | 288 | 38 | 1,6 57

Ndp: nhiét do phong

19: phirong phdp khudy tir truyén thong

Véi ti 1€ mol 2:H,0,;:HCOOH la
1:1:1 va phan tng duoc thuc hién tai
nhiét d6 phong thi hiéu suét thu dugc cao
nhét 12 33% khi thuc hién phan ng trong
60 phat. Khi thoi gian phan (ng kéo dai
thém thi hiéu suit phan ung giam do sb
lwong san pham phu ting 1én.

Véi ti 1€ mol 2:H,0,;HCOOH la
1:1:1, phan tng thyuc hién trong thoi gian
60 phut thi hiéu suat thu dugc cao nhat 1a

33% tai nhiét d6 phong. Khi tang nhiét
d6 phan ung thi hiéu suat caa phan @ng
giam vi sb lugng san pham phu ting 1én.
V6i phan ung duoc thuc hién &
nhiét @6 phong trong thoi gian 60 phat.
Tang dan ti I¢ mol H,0,:HCOOH s0 Vi
2 thi hiéu suit phan ung thu duoc cao
nhét 12 78% khi ti 1 2: H,0,:HCOOH la
1:5:5. Khi ti 16 H,0,:HCOOH thip hon
5:5 thi higu suat con thap do chua chuyén
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héa hét 2 thanh 3. Khi ti Ié
H,0,:HCOOH cao hon 5:5 thi mac du 2
dugc chuyén héa gan nhu hoan toan
nhung dong thoi sé lugng san pham phu
tang 1én rat cao.

Véi phan ung duogc thuyc hién ¢
nhiét d6 phong trong 60 phit. Cé dinh ti
1€ mol cua 2 va HCOOH la 1:5 thi hiéu
suat phan tng thu duoc cao nhat 1a 84%
khi ti 1€ 2:H,0,;HCOOH la 1:3:5. Khi
tang luong H,0, thi hiéu suat cua phan
ung giam do H,0O, thira oxid hoa 2 tao 2b

ngay cang tang.
H ;O
°<

Anisaldehid
2

Vay mequinol diéu ché bang phan
ing Baeyer-Villiger du6i sy chiéu xa
siéu am dat higu suat cao nhat 1a 84% khi
thuc hién phan tng trong 60 phat & nhiét
d phong va ti ¢ mol cua
anisaldehid:H,0,:HCOOH la 1:3:5.

Thuc hién lai phan ung Baeyer-
Villiger diéu ché mequinol theo nhiing
diéu kién t6i wu nhu trén nhung kich hoat
phan ng bang phuong phap khudy tir
truyén thong dé so sanh. Két qua duoc
ghi trong thi nghiém 19 (bang 2).

Két qua trén cho thay diém wu viét
cta phuong phéap chiéu xa siéu am so Véi
phuong phap khudy tir truyén thdng.
Trong nhitng nghién cu trude day,

60

Vi phan ang dugc thuc hién ¢
nhiét do phong trong 60 phat. C6 dinh ti
1& mol caa 2 va H,0, 1a 1:5 thi hiéu suat
phan &ng thu duoc cao nhét 1a 83% khi ti
1€ 2:H,0,;:HCOOH la 1:5:7. Nhu vay, khi
tang vira di luong HCOOH thi hiéu suat
tang vi co ché phan ng Baeyer-Villiger
1a sy chuyén vi than dién tir xay ra trong
moi truong acid. Mat khac HCOOH thwra
con diung dé thiry giai 3a thanh 3. Nhung
khi lwuong HCOOH 1én mrc qué thura thi
ndi CH3-O cua eter 3 bj cat dut tao 3b ra
cang nhiéu.

o)

o)kH OH
H,0, H*
—_—
HCOOH © o ©
O\ O\

Format mequinil
3a 3

Mequinol
mudn dat hiéu suat trén 70%, phan {ng
phai duoc tién hanh trong nhiéu gio.
Nhung phuong phap chiéu xa siéu am
gilp rat ngan thoi gian phan Gng xudng
chi con 1 gio.
4.  Kétluan

Phan tng oxid hdéa anetol thanh
anisaldehid bang KMnO,-CuS0O,.5H,0
duoc tién hanh thuan lgi khi chiéu xa vi
song trong diéu kién khong dung moi.
Phuong phap kich hoat phan @ng bang vi
séng khéng nhitng cho hiéu suat cao ma
con rdt ngan thoi gian phan tng. Piéu d6
la do vi séng lam néng hén hgp nhanh,
ddng déu tir bén trong khac véi phuong
phap gia nhiét truyén théng. Pong thoi
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KMnO,-CuS0,.5H,0 la tac nhéan oxid Nhitng diéu ndy mé ra mot huéng
hda xanh va c6 tinh chon loc. di mai cho téng hop hitu co theo tiéu chi

Phan ung oxid hoa anisaldehid cua H6a hoc Xanh la than thién vai moi

thanh mequinol bang acid performic  truong, nhanh chéng, thuan loi, hiéu suat
(H,0, + HCOOH), duoc tién hanh thuan  cao.

loi khi chiéu xa siéu am trong diéu kién

khong dung méi.

10.
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