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TOM TAT

Phan vng acyl héa ngi phin nr cac 3-
phenylpropionic acid va 4-phenylbutyric acid la
mét phan vng than thién voi moi truong, tao nén
cac hop chdt trung gian cé gid tri trong cong
nghiép dioc phiam. Bén canh do, triflate kim logi
1a xic tac hiéu qud véi dé chon loc dong phdn
cao, khdc phuc nhitng han ché cia cdc Lewis

acid truyén thong gdp phdi. Hé xic tic
Gd(OT)/[BMIIBFs dudi su kich hoat vi song
cho hiéu sudt phan img cao, diéu kién phan img
ém diu, thoi gian phan img ngdn, giam thiéu 6
nhiém méi truong, dé dang thu hoi va tai sir dung
chdt xiic tac véi hoat tinh xiic tdc gidm khéng
ddng ké.

Tir khéa: acyl héa ngi phdn tir, triflate kim logi, chdt long ion, chiéu xa Vi séng

MO PAU

Cac chét long ion (Ionic Liquid - IL) duoc
quan tam ddc bi¢t vi 1a nhiing dung moi than
thién v&i moi truong va da dugc st dung rat hiéu
qua trong nhiéu linh virc nhu phan Gmg hiru co
[1-9], dién hoa [10, 11], héda sinh [2, 12],... 1,3-
dialkyl-imidazolium tetrafluoroborate dugc dung
nhu mét hop chit trung gian cho nhiéu phan tmg
tong hop nhu ngung tu benzoin [13], phan tmg
Mitsunobu [14],... Thong thudng, loai chat 1ong
jon nay dwgc diéu ché bing phuong phap dun
néng truyén théng véi mot quy trinh gém hai giai
doan: alkyl héa 1-methylimidazol theo sau do 1a
trao d6i anion. Str dung phuong phap dun nong
truyén théng, viéc téng hop ILs khung
imidazolium phai duoc tién hanh trong dung méi,
thoi gian téng hop kéo dai ¢ diéu kién nhiét do
cao [7].

Vao thé ky 21, su phét trién manh mé caa vi
séng trong tong hop hitu co dd va dang mo ra
mot ky nguyén gia nhiét méi, giai quyét duoc
nhimg bat loi cia phuong phap dun néng truyén
théng va 1a cong cu hiéu qua trong téng hop hiru
co. Thong qua su kich hoat vi séng, nhiét do
phan tng d& dang dat dén trong thoi gian ngin,
hiéu suét cling nhu d6 tinh khiét, d6 chon loc cua
san phdm duoc ting 1én dang ké. Bén canh do,
kich hoat vi séng trong diéu kién khong dung méi
giai quyét mot s6 van dé nhirc nhéi lién quan dén
moi truong ma phuong phap dun néng truyén
théng khong thé giai quyét [15]. Sir dung vi séng
kich hoat phan tmg diéu ché 1,3-dialkyl-
imidazolium tetrafloroborate cho hiéu suit phan
{mg cao, thoi gian phan tmg ngan [13, 14, 16].
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Su acyl héa Friedel-Crafts 1a mot phan tmg
quan trong trong viéc diéu ché cac hop chit
Ketone thom, tao ra cac tién chat dé tong hop nén
cac hop chét ¢ hoat tinh sinh hoc [17-25]. Tuy
nhién, x0c tac thuong dugc st dung cho phan
ung nay la cac Lewis acid nhu AlCls, FeCls,
TiCl,... lai khong thé thu hdi ciing nhu tai sir
dung [26-28]. Hoa hoc xanh can dén nhimg quy
trinh dugc thiét ké than thién véi moi treong, cac
Lewis acid truyén thong nay rd rang 1a khong dap
ung duoc cac ti€u chi ctia Hoa hoc xanh vi chung
la cac xuc tac doc hai, &n mon [29, 30]. T cac
han ché nay, cac triflate kim loai da duoc ching
minh 13 cac xuc tac tot cho phan tmg acyl héa
Friedel-Crafts va dé dang tai st dung ma khong
mat di hoat tinh [31-32]. Gan day, su acyl héa
Friedel-Crafts sir dung xuc tac triflate trong ILs
da dugc nghién cru mdt cach réng rai va that
tuyét voi khi triflate trong ILs 1a hé xuc tac cuc ki
hiéu qua cho hiéu suit phan tng cao, d& dang thu
hdi va tai sit dung nhiéu lan ma hiéu sut phan
tmg thay doi hdu nhu khéng dang ké [33-35].
Phan tmg acyl hda ndi phéan tr cua aryl acid, mot
nhanh ctia phan ing Friedel-Crafts, la mot phan
tmg quan trong dé didu ché cac Ketone vong.
Indanone va tetralone, nhitng hop chat trung gian
quan trong trong tong hop dugc pham, dugc diéu
ché bing phuong phéap acyl hoa déng vong truc
tiép tir cac carboxylic acid tuwong tng, 1a nhing
thi du dién hinh cho phan tmg acyl hoa ndi phan
tir va 1a phuong phap than thién vai méi truong
vi san phdm phu sinh ra sau phan tmg 1a nudc
[36].

Dua trén cac ti€u chi cuia Hbéa hoc xanh,
chung t6i bdo cdo mot phuong phap hiéu qua dé
tong hop 1-butyl-3-methylimidazolium
tetrafluoro-borate trong diéu kién khéng dung
moi dudi sy kich hoat vi song va tng dung vao
phan Gng acyl héa doéng vong ndi phan tir trén 3-
phenylpropanoic acid va 4-phenylbutanoic acid
dé tong hop nén indanone va tetralone tuong tmeg.

VAT LIEU VA PHUONG PHAP
Héa chit

Chat nén va xuc tac triflate dugc mua tir
Sigma-Aldrich, silica gel mua tr HiMedia, dung
mdi cua Trung Qudc.

Sy chiéu xa vi séng dugc thyuc hién trong 10
vi s6ng chuyén dung CEM-Discover. May sic ky
khi ghép khéi phé Agilent GC7890 — MSD
5973N voi Triple-Axis Detector, c6t mao quan
Agilent 190915-433: 30 m x 250 pm x 0.25 pm.
San pham thé duoc tién hanh sic ky cot (silica
gel, hé giai ly n-hexan:ethyl acetate, 9:1) va ciu
tric héa hoc duoc xac dinh bang phd cong huong
tir hat nhan 'H va 3C NMR.

Quy trinh phéan ing

Diéu ché ILs: chiéu xa vi séng hdn hop gom
5 mmol 1-methylimidazolium, 5 mmol 1-
bromobutane va 5 mmol sodium tetrafloroborate
& nhiét do va thoi gian can khao sat. Sau khi phan
tmg két thic, hoa tan hén hop voi 5 mL
acetonitril. Cho phan dung dich di qua cot loc
celite dé loai bo mudi NaBr sinh ra sau phan mg.
Dung dich sau khi loc dugc ¢6 quay dé loai bét
dung mai. Tiép tuc rira hdn hop véi (10 x 4 mL)
diethyl ether dé loai bo chat nén sau phan ing.
Phan nudéc ria dwoc kiém tra GC-MS. C6 quay
hén hop & 80 °C, 30 phut dé loai bo dung méi va
nuéc. San pham thu dwoc 1a chat long mau vang
nhat. CAu tric héa hoc caa chit long ion dugc
xéac dinh bang phd cong huong tir hat nhan H va
BC-NMR.

Phan ung acyl h6a noi phan tir: Chiéu xa vi
s6ng hdn hop gdm 1 mmol chat nén, 5 % mmol
triflate, 0,1 g ILs & nhiét do va thoi gian khéo sat.
Sau khi thyc hién xong phan tng, dng vi song
dugc dé nguoi dén nhiét do phong, hdn hop san
pham duoc ly trich bang diethyl ether (5 x 10
mL). Dich ether thu duoc dwogc trung hoa bang
NaHCO; bdo hoa dé hoa tan hét chat nén acid
con du sau phan ng, tiép tuc rira dung dich ether
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v6i nuéc cat, lam khan bang Na,SO., loc, co
quay va thu hdi dung méi.
KET QUA VA THAO LUAN
1-Butil-3-metilimidazolium tetrafluoroborate
([BMI]BF,) dugc didu ché bang kich hoat vi song
trong diéu kién khong dung méi theo phwong
phép hoén vi anion. Vi ti I& cac tién chit phan
tmg 1a 1:1:1. Pau tién, chdng toi cb dinh thoi
gian phan tng la 20 phit dé khao séat nhiét do
(Bang 1).

Bang 1. Hiéu suat phan tmg diéu ché [BMI]BF,
theo nhiét do

o
MW [T \® BFy

-
—N__N +C4HgBr + NaBF, —NN-c,H, + NaBr

khéng dung méi

Nhiét d6 (°C) Hiéu suat (%)

60 73
80 89
100 85

aHiéu sudt o lap.

Cb6 dinh nhiét d6 80 °C dé khao sat thoi gian
phan tng voi nhitng khoang thoi gian chiéu xa
khac nhau, két qua thu dugc trong Bang 2.

Bang 2. Hiéu suat phan tng diéu ché [BMI]BF,
theo thoi gian

Thoi gian (phut) Hiéu suat?® (%)
5 78
10 83
20 89
30 90

aHiéu sudt co lap.
Sau khi dat dwoc diéu kién diéu ché
[BMI]BF, ti wu, ching t6i két hop [BMI]BF,

(0,1 g) vai cac triflate kim loai khac nhau cho
phan uing dong vong 3-phenylpropanoic acid tao
indanone, két qua thu duoc trong Bang 3.

Bang 3. Hiéu suit phan ung déng vong tao
indanone voi cac triflate kim loai khac nhau
6]

COOH _M(OTHWIBMIBF 4

@\) MW, 220 °C, 30 phat @é + HO
STT | Triflate kim loai (5 % mol) Hl(eou/o)s;lat

1 LiOTf 3

2 Cu(OTf)2 40

3 Gd(OTf)s 80

4 La(OTf)s 45

5 Nd(OTf)s 70

6 Bi(OTf)s 60

7 Pr(OTf)s 65

aHigu suét co lap.

Hiéu suit dong vong kha tét ddi voi
Gd(OTf)s, Nd(OTf)s, Pr(OTf); va Bi(OTH)s, diéu
nay phd hop véi ban chat cua cac triflate kim loai
la cac Lewis acid manh, trong d6 Gd(OTf)s thé
hién hoat tinh xdc tac tét hon ca. Véi LiIOTf, mot
Lewis acid yéu, hién nhién 1a hiéu suat dong
vong kém. Bén canh do6, hiéu suit dat duoc ¢
mtc trung binh ddi véi Cu(OTf),, La(OTf)s mic
du La(OTf); cling 1a mét Lewis acid manh.

Vi hé xtc tic Gd(OTHs/[BMI]BF4 cho hiéu
suit t6t hon ca nén duoc ching toi sir dung dé
tién hanh dong vong trén cac chit nén khac va
tim ra diéu kién t6i wu cho timg chat nén, trong
d6 thoi gian téi wu cua cac chat nén déu la 30
phat (Bang 4).
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Bang 4. Téi uu hoa sy dong vong noi phan tir voi hé xidc tac Gd(OTF)s/[BMI]BF, & 30 phat

STT Chat nén® San pham | Hiéu suat (%)°

COOH o
1 ©\/r @iﬁ 90

1 4

COOH ?
2 ©\/ @é 80

2 5

MeOD\jOOH MeO 7

3 MeQ s Meojcgé 87

aNhiét dQ phan ung: 1: 180 °C, 2: 220 °C, 3: 200 °C.

bHiéu suét ¢ 1ap.

4-Phenylbutanoic acid cho hiéu suit cao (90
%) trong khi 3-phenilpropanoic acid cho hiéu
suit thip hon (80 %) cho thdy phan tmg dong
vong 6 tao tetralone rat d& xay ra vuot troi hon
han phan @mg dong vong 5 tao indanone, nhiét do
phan @ng ciing thap hon han. Truong hop chat
nén 3-(3,4-dimethoxiphenyl)propanoic acid, tuc
la dwoc gian thém hai nhém thé —OCHs; day
electron manh, hiéu suat phan tmg dat duoc cao
hon va nhiét d6 phan @ng ciing thip hon. Vi —
OCHjs tao cong hudng vai nhan benzene lam giau
dién tur tai carbon tac kich vao nhém —-COOH.
Hoat tinh cua chat nén duoc tang 1én dang ké nén
hién nhién 13 hiéu suit déng vong sé cao hon.

Cubi cung, chang toi tién hanh tai s dung
xUc tac dé khao sat xem hoat tinh xic tac cua hé
xuc tac Gd(OTH)s/[BMI]BF, c6 bi giam hay mat
di sau khi dad phan tng hay khoéng. Qua trinh nay
duoc tién hanh trén chat nén 4-phenylbutanoic
acid ¢ nhiét @6 180 °C trong vong 30 phut. Sau
phan ung, 16p chét long ion va triflate khong tan
trong dung mdi hiru co dugc giir lai trong dng vi
song, dem 16p nay di c6 quay dudi &4p suat kém &
80 °C trong khoang thoi gian 30 phat dé loai
dung méi va nuéce roi dem di tai sir dung. Két qua
cho thiy hoat tinh xdc tac cua hé xuc tac giam di
khong dang ké sau ba lan tai sir dung (Bang 5).

Bang 5. Tai sir dung hé xtc tdc Gd(OTf)s/

[BMI]BF,
Lan tai sir dung Hiéu sudt (%)
0 90
1 85
2 84
3 80
aHiéu suat co lap.
Xic dinh co cdu san pham
1-Butyl-3-methylimidazolium
tetrafluoroborate  [BMI]BFs.. *H NMR (500

MHz, CDCls) & = 10.09 (s, 1H), 7.53 (t, 1H,
J=1.7 Hz), 7.42 (&, 1H, J=1.7 Hz), 4.29 (t, 2H,
J=7.4 Hz), 4.07 (s, 3H), 1.87 (m, 2H), 1.36 (m,
2H), 0.93 (t, 3H, J=7.4 Hz). *C NMR (125 MHz,
CDCls) & = 137.3, 123.5, 121.9, 49.9, 36.3, 31.8,
19.2, 13.2.

1-Tetralone (4). *H NMR (500 MHz, CDCls)
8 =8.04 (m, 1H), 7.47 (dt, J = 7.5, 1.4 Hz, 1H),
7.30 (t, J=7.9 Hz, 1H), 7.25 (m, 1H), 2.97 (t, J =
6.1 Hz, 2H), 2.66 (m, 2H), 2.14 (m, 2H). 3C
NMR (125 MHz, CDCl3) 6 = 198.3, 144.5, 133.3,
132.7,128.7, 127.2, 126.6, 39.2, 29.7, 23.3. GC-
MS (El, 70 eV) m/z: 146 ([M]").

1-Indanone (5). *H NMR (500 MHz, CDCls)
8=17.77(d,J =7.7Hz, 1H), 7.63 - 7.55 (m, 1H),
7.48 (d,J =7.7 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H),
3.15 (m, 2H), 2.70 (m, 2H). **C NMR (125 MHz,

Trang 67



Science & Technology Development, Vol 19, No.T2-2016

CDCl3) 6 = 206.9, 155.1, 137.1, 134.5, 127.3,
126.7, 123.7, 36.2, 25.8. GC-MS (EI, 70 eV) m/z:
132 (IM]9).

5,6-Dimethoxy-1-indanone  (6). H NMR
(500 MHz, CDCls) & = 7.15 (s, 1H), 6.87 (s, 1H),
3.94 (s, 3H), 3.88 (s, 3H), 3.02 (M, 2H), 2.64 (m,
2H). 3C NMR (125 MHz, CDCl3) § = 204.6,
154.4, 149.4, 148.4, 128.9, 106.5, 103.2, 55.2,
55.1, 35.5, 24.6. GC-MS (El, 70 V) m/z: 192
(IMT).
KET LUAN

Ha xdc tac Gd(OTF)s/[BMI]BF4 thé hién hoat
tinh xdc tac tét, hoat tinh giam khong dang ké khi
tai sir dung nhiéu lan. Bén canh do, sy hién dién
cua chat long ion gip cho quéa trinh thu hdi
triflate kim loai don gian hon, hiéu qua hon. Bén
canh dé, viéc str dung vi song dé kich hoat phan

tng c6 nhidu wu diém vuot troi hon so Vi
phuong phép dun néng truyén théng: thoi gian
phan @ng ngan, dé dang dat dén nhiét do phan
g mong mudn, khéng sir dung dung méi,... T
d6 han ché duoc nhiéu van dé lién quan dén 6
nhiém mai truong.

Lan dau tién, 1-indanone va 1-tetralone dugc
téng hop trong diéu kién tuan theo cac tiéu chi
cua Héa hoc xanh, xdc tac dwoc tai st dung nhiéu
lan véi hoat tinh khong giam dang ké, san pham
phu sinh ra sau phan (ng chi 1a nugc hoan toan
than thién voi méi truong, tao tién dé thuan loi
cho cac nghién ciru sau nay.

Loi cdam on: Nghién cuu nay dwoc tai tro boi
Dai hoc Quoc gia Thanh phé H6 Chi Minh
(PHQG-HCM) trong khudn kho dé rai ma so
C2014-18-08.

Microwave-assisted intramolecular Friedel-
Crafts acylation of some aryl aliphatic acids
using Gd(OTf)s/ [BMI]BF4 catalytic system

e Tran Hoang Phuong
e Huynh Hieu Vy
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University of Science, VNU-HCMC

ABSTRACT

Intramolecular Friedel-Crafts acylation of
aryl acids is a ‘‘green” reaction and
environmentally benign, generates some valuable
intermediated compounds for pharmaceutical
uses. In addition, metal triflates under microwave
irradiation are efficient catalysts, solving many
problems when using traditional Lewis acids.

Gd(OTf)s/[BMI]BF4, a good catalyst for the
intramolecular Friedel-Crafts acylation under
mild condition with high vyield, reduced the
reaction time and pollution. Furthermore,
Gd(OTf)3 in [BMI]BF4 was easily recovered and
reused without significant loss of its activity.

Keywords: intramolecular Friedel-Crafts acylation, ionic liquids, metal triflate, microwave irradiation
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