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TOM TAT

Phan ung acetyl héa Friedel-Crafts la mot
trong nhb?ngphdn ung quan trong trong cdac quy
trinh tong hop hitu co. Phdn iing acetyl hod trén
cde dan xudt cia indole véi tdc chat anhydride
acetic su dung triflate dong lam xiic tdc trong
diéu kién chiéu xa vi séng dwgc khdo sdt trong

nghién ciru nay. Khac voi xic tac la acid Lewis
truyén thong, sir dung xdc tac Cu(OTf), cho hiéu
sudt cao, dé chon loc cao , diéu kién phan ing
don gidn, xiic tdc sau phan vmg cé thé thu hoi va
tGi sir dung, gitip giam thiéu anh hwong dén méi
trueong.

Tir khoa: Acyl hoa Friedel-Crafts, Cu(OTf),, indole, vi song

MO PAU

Ngay nay, phan tng acyl hoa Friedel -Crafts
d6ng mot vai tro quan trong trong linh vuc tong
hop hitu co, dic biét 1a nhitng phan tng diéu ché
ketone huong phuong. Phan Gng nay da va dang
la phan ng nén tang cho hoa hoc téng hop hitu
co trong linh vuc khoa hoc co ban va céng nghé,
nhitng hop chit dugc didu ché tir phan {ng
Friedel-Crafts |a trung gian quan trong cho nhiéu
nganh nhu: dugc phim, huong liéu, pham
nhuom, ndng nghiép...[1]. Theo truyén théng,
nhitng phan ng acyl hoa da sir dung cac xuc tac
nhu: AICl;, BFs, FeCls, TiCl, SnCly,...[2].
Nhing xtic tic nay thuong khdng thé thu hoi va
tai st dung lai dugc. Khi str dung xudc tac AlCls,
phan tng khdng than thién v6i méi truong vi tao
ra nhidu san pham doc hai do AICI; phai dang
véi lugng thira, khong thu hoi va tai sir dung
dugc. Bé&n canh d6, st dung anhydride acetic
thay cho acetyl chloride 1a can thiét vi san pham
phu la acid acetic (it d6c hai hon HCI sinh ra khi
sir dung acetyl chloride), than thién voi moi
truong hon so vé6i cac phan ng acyl hoa truyén
thong khac [3-5]. Triflate kim loai c6 tinh acid
Lewis cao, bén nén nhan duoc kha nhiéu sy quan

tam tir cac nha khoa hoc trén thé gisi. Bén canh
d6, xuc tac triflate dé dang duoc thu hdi va tai sur
dung nhiéu lan ma khong lam giam di hoat tinh
ctia xuc tac. Trong khi d6, nhiéu aryl ketone duoc
diéu ché bang phan ung acyl ho& Friedel-Crafts
céc hop chat huong phuong duoc X(c tac boi
trifalte kim loai, viéc st dung anhydride acid lam
tac nhan phan tng acyl hoa ciing ¢6 kha nhiéu bai
bao trén thé gioi duoc cong bd. Ké tir khi dugc
giGi thidu trong tong hop hitu co vao nim 1987
boi Frosberg va cong su, tiép theo sau do la
nghién ctu m¢ dau cua nhom nghién cau
Kobayashi, Sc(OTf);, Y(OTf); va Ln(OTf); la
nhitng xtc tac dugc nghién cau va cd nhitng bai
bao duoc cdng bé trén nhirng tap chi vé& hoé hoc
trén thé gioi [6-10]. Muc tiéu cua dé tai nay la
nghién ciu phan wng acyl héa trén chat nén la
dan xuét cua indole st dung anhydride acetic lam
tac chat, phan tng duoc thuc hién voi xic tac
Cu(OTf),. CAc san pham tao thanh tir phan @ng
acyl hoa cac dan xuét cua indole c6 hoat tinh sinh
hoc va thudng dwoc ung dung dé san xuat dugc
pham. Cac phan ng nghién ciru dugc thuc hign
trong 10 vi song chuyén dung Discover (CEM).
San pham tao thanh c6 do chon loc dong phan rat
cao tai vi tri C3.
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Phuong trinh phan ung:
o)
X o O A
R N Cu(OTY) RO \)J\ + CH,COOH
| 2 | 3
N ° MW -

VAT LIEU VA PHUONG PHAP
Vit liéu
Héa chat

Anhydride acetic , anhydride propionic |,
anhydride butyric, anhydride benzoic, indole, 5-
methoxyindole, 5-chloroindole, triflate dong cua
Sigma-Aldrich c6 d6 tinh khiét rat cao va s
dung ngay khdng can phai tinh ché.

Ethyl acetate, diethyl ether, Na,SO,,
NaHCO; cuia Trung Quéc.
Dung cu

Cén dién tr Sartorius GP-1503P.

May cd quay chan khdng Heidolph Laborora
4001.

Lo vi song chuyén ding Discover CEM.

May sic ky khi Agilent 5890 Series II:

- Cot mao quan: DB-5: 30 m x 320 um x
0,25 um

- Pau do: FID

- Nhiét d6 phan bom maiu la 250 °C va
dau do 12 300 °C

- Tbc do ciia khi mang N2: 1mL/phit

- Chuong trinh nhiét: 50 °C (1 phut)
I57CNAt 980 ¢ (5 phit)

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

- Phé NMR dugc do trong dung moi
CDClj; trén may Bruker vdi chat chuan TMS.

Quy trinh thuc hién phan @ng tong quat: Cho
hén hop phan tng vao 10 vi song chuyén dung
indole (117 mg, 1 mmol), anhydride acetic (204
mg, 2 mmol) va triflate d6ng (18 mg; 0,05 mmol)
diéu chinh c6ng suét, nhiét d6 va thoi gian thich
hop. Sau khi phan tng két thuc, dé ngudi dén
khoang 50-60 °C, iy 6ng nghiém ra khoi 10 vi
s6ng va tién hanh ly trich san pham.

Cd lap san phim

Sau khi thuc hién xong phan g, hdn hop
san pham duoc ly trich voi nudc va diethyl ether
(10 mL/Ian). Sau 3 lan trich nhu vay, dung dich
san pham va chit nén s& & trong 16p dung moi
hitu co va phan nuéc chtra xdc tac. Lop hiru co
duoc rira véi dung dich NaHCO; bdo hoa va rua
lai v&i nue. HAn hop san pham duoc lam khan
véi Na,SO,. Sau khi duoc lam khan hdon hop
dugc ¢d quay thu héi dung méi. Hiéu suat trong
qua trinh khao sat phan ung acyl hda indole dugc
xac dinh bang GC, hiéu suit khi khao sat anh
huong cua chat nén Ia hiéu sut cd lap. San phim
duoc dinh danh bing GC-MS va 'H, *C NMR.
KET QUA VA THAO LUAN
Khao sat 4nh hwéng nhiét d§ va thoi gian

Dau tién, ti |é gitra chat nén va chét duogc ¢b
dinh 1a 1:2 cho céc khao sat trong phan ung
acetyl héa indole. Khéi lwong xdc tac sir dung l1a
5 % mol Cu(OTf),.
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Phan trng dugc thyc hién theo phuong trinh sau:

N 0o o Y
+ )J\ )J\ Cu(OTH), + CH,COOH
Yo T T T ey

2
O

3

Bang 2. Khao sat anh huéng cua thaoi gian, nhiét d6 st dung 5 % mol Cu(OTf),

Piéu kién phan irng

Pé chon loc® (%)

oA Aga
S Nhigtds (C)  Theigian (phut) i suat (%) 1213
1 60 10 62 5/1/94
2 80 10 80 5/0/95
3 100 10 9% 1/1/98
4 120 10 95 2/0/98
5 100 1 74 4/0/96
6 100 5 81 1/1/98
7 100 15 95 1/1/98

3 Hiéu sudt theo GC.
b Do chon loc theo GC.

Két qua & Bang 1 cho thiy, diéu kién téi vu
cho phan ung acetyl hoa indole voi tac chat
anhydride acetic 1a chiéu vi séng trong 10 phit &
100 °C, ti & mol indole:anhydride acetic la 1:2.
Nhiét d6 cao hon, thoi gian phan tng dai hon thi
hiéu suat phan tmg ting khong dang ké.

Khao sat anh huéng ty 1¢ mol giira chit nén va
tac chat, khoi lwgng xuc tac

Dua vao diéu kién da duoc tdi wu hoa ¢ trén,
ching t6i tién hanh khao sat sy anh huong ty 1&
mol gitra chat nén (indole) va tac chat (anhydride
acetic), khéi luong xtic tac Cu (OTf), trong diéu
kién chiéu xa vi song & 100 °C trong thoi gian 10
phut.

Bang 2. Anh hudng ty 1& mol giira chat nén va tac chat, khdi luong xiic tac trong diéu kién chiéu xa vi
séng & 100 °C trong thoi gian 10 phit

Ty 1é mol Khdi lwgng xiic tac e Dj chon loc” (%)
S Chit nén:tic chét (% mol) i e (8] 1/2/3
1 11 5 70 6/1/93
2 1:15 5 81 6/0/94
3 1:2 5 94 1/1/98
4 1:4 5 88 2/0/98
5 1:2 1 73 4/0/96
6 1:2 10 95 1/1/98
7 1:2 15 95 1/1/98

3 Hiéu suat theo GC.
b Do chon loc theo GC.
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Két qua thu dugc trong B ang 2, cho thay khi
st dung chat nén indole va tac chat anhydride
acetic theo ty 16 mol la  1:2 v&i 5 % mol xtc tac
cho hiéu sudtla 94 %. Tuy nhién, khi tiép tuc
tang khdi lwong xiic t ac 1én 10 hay 15 % mol thi
hiéu suét cta phan ung ting 1én khong dang ké
Vi vay, diéu kién t6i vu hoa cho phan tmg nay la
stt dung 5 % mol xuc tac Cu(OTf),. Khi tang ti I&
mol 1én 1:4, hiéu suat phan ¢ng giam di, diéu nay
c6 thé giai thich 1a do khi khéi lwong anhydride
tang 1én qua nhiéu khi d6 tac chat nay dong vai
tro nhu dung méi phan @ng. C6 thé do anhydride
it phé&n cuc nén khong an dinh dugc trung gian
phan cyc tao thanh trong phan ung acyl hoa dan
dén hiéu suat phan tng giam.

Khio sat anh hwong ciia cac tic chit khac
nhau

Téc chéat anh huong rat 1on dén hiéu suét va
d6 chon loc ctia phan tng , vi vdy, chung toi tién
hanh khao sat anh hudng cta cac loai anhydride
khac nhau dugc sir dung lam tac chét cho phan
g acyl hoa indole . Dya vao cac diéu kién da

dugc toi vu hoa ¢ trén , chung t6i ap dung cac
diéu kién d6 trén phan tmg , va theo phuong trinh

sau:
oo
N
1 O)/\R
o 0 0
@ UL Cu(OTh, @—( + R-COOH
N RTO0TR T mw N R

Nhin chung, tic chét 1a anhydride acetic cho
hiéu suit cao nhat 94 % trong 10 phUt chiéu xa vi
s6ng, voi do chon loc 1a 1/2/3 = 1/1/98. Khi chiéu
, thi
kha néng phan ung cta anhydride d6 va indole
cang thap. Didu nay co thé giai thich do khi gin
vao vj tri C-3 ctia nhém acyl bi twong tac 1ap thé
vai hydrogen tai vi tri C-4 trén vong phenyl . Vi
vay, chung toi chon tac chat 1a anhydride acetic

dai mach carbon trén anhydride ting thém

lam tac nhan acyl hod trén cac d  an xuét indole.

Bing 3. Khao sat sy anh hudng ciia tac chat

Pj chon loc® (%)

Stt Anhydride acid Hiéu suit® (%) U2/3
1 Anhydride acetic 94 1/1/98
2 Anhydride propionic 92 3/1/96
3 Anhydride butyric 90 6/2/92
4 Anhydride benzoic 85 8/0/92

& Hiéu suat theo GC.
® Bg chon loc theo GC.

Khao sit anh hwéng ciia chit nén

Vi két qua khao sat duoc thyuc hién ¢ trén |
chung t6i thay ddi cac chit nén khac nhau dé
khao sat sy anh huong cua chét nén trén phan
ung acetyl hoa. Cac phan ung dugc thyc hién dua
trén nhitng diéu kién di duogc t6i vu hod véi tac
chat 1a anhydride acetic.

Khi thyc hién phan tng acetyl hoa trén
indole, phan tmg xay ra dé dang trong khoang
thoi gian ngin , cho hiéu suét cao 1én d én 90 %.
Tuy nhién, khi chit nén c6 mang thém 1 nhém
thé o vitrisé6 5 (~OCH; va —Cl), phan tng kho

thuc hién hon , can thoi gian dai va nhiét o cao
hon. 5-Methoxyindole phai can thoi gian dai hon
so v6i indole dé thu duoc san phdm acetyl tai vi
93 %. Divéi 5-
chloroindole lai can nhiét cao hon nhiéu so véi

tri sO0 3 voi hiéu suat cao

indole va 5-methoxyindole dé thu dugc san pham
v6i hiéu sudt cao 92 %. Dua trén két qua thuc
nghiém cho thdy, phan (mg cang kho thyc hién
khi chit nén c6 mang thém nhom ddy dién tu,
phan tmg doi hoi diéu kién thuc hién khic nghiét
hon (nhiét d6 cao va thoi gian dai).
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Bang 4. Khao sat anh huong cua chat nén trong diéu kién chiéu xa vi song

Diéu kién phan irng

Hi¢u suat®

Stt Chit nén Nhiét do Thoi gian Sén phim (%)
€9 (phiit)
0
oY
1 N 100 10 A 90
H N
H
2 100 10 o) 87
MeO
\©\/\> MeO
3 N 100 15 A\ 93
H N
H
4 100 10 0 80
5 Cl 100 20 86
6 m 120 10 Cl 87
N A\
7 H 120 15 N 92
H

3 Hiéu sudt cé ldp

Cac san phém sau khi c6 1ap dugc dinh danh
bing GC-MS va 'H-NMR va C-NMR. Két qua
dir liéu ph 6 dwoc so sanh va thay twong hop Vi
cac dir liéu da duogc cong bd :
3-Acetylindole [11,12]

(0)

A\

N
H

'H-NMR (500 MHz, CDCl5):  8.76 (br s, 1H),
8.40-8.39 (m, 1H), 7.87 (s, 1H), 7.43-7.41 (m,
1H), 7.30-7.29 (m, 2H), 2.56 (s, 3H).
BC-NMR (125 MHz, CDCls): 6 193.6, 136.4,
131.4,125.4,123.7,122.7, 122.4, 118.7, 111.3,
27.6.
GC-MS (EI, 70 eV): m/z (%) = 159 (50, [M*]).
3-Propionylindole [11, 12]

(0]

A\
N
H

'"H-NMR (500 MHz, CDCl5): § 8.70 (br s, 1H),
8.41-8.40 (m, 1H), 7.88 (s, 1H), 7.43— 7.41 (m,
1H), 7.30-7.28 (m, 2H), 2.93 (g, J = 7.4 Hz, 2H),
1.28 (t, J = 7.4 Hz, 3H).

3C NMR (125 MHz, CDCl,): 6 197.1, 136.3,
130.9, 125.6, 123.7, 122.6, 122.5, 117.9, 111.4,
33.1,9.0.

GC-MS (El, 70 eV): m/z (%) = 173 (25, [M"]).
3-Butyrylindole [11, 13, 14]

o)

A\

N
H

'H-NMR (500 MHz, CDCl5): 5 8.85 (br s, 1H),
8.43-8.41 (m, 1H), 7.88 (d, J = 2.6 Hz, 1H),
7.43-7.41 (m, 1H), 7.30-7.28 (m, 2H), 2.86 (t, J
=7.4,2H), 1.83 (hext, J = 7.4 Hz, 2H), 1.03 (t, J
= 7.4 Hz, 3H).

BC-NMR (125 MHz, CDCls): 6 196.7, 136.4,
131.1,125.5, 123.7, 122.6, 122.5 118.3, 111.4,
41.9,18.6, 14.1.

GC-MS (EI, 70 eV): m/z (%) = 187 (25, [M™]).
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3-Benzoylindole [11, 13-16]

'H-NMR (500 MHz, CDCl5): 6 8.65 (br s, 1H),
8.43 (dd, J = 6.2, 2.9 Hz, 1H), 7.84 (dd, J = 8.2,
1.3 Hz, 2H), 7.69 (d, J = 2.7 Hz, 1H), 7.58 — 7.54
(m, 1H), 7.50-7.44 (m, 3H), 7.35-7.33 (m, 2H).
3C-NMR (125 MHz, CDCls): ¢ 207.8, 140.7,
136.3, 133.5, 131.3, 128.8, 128.3, 126.40, 124.0,
122.8,122.6, 111.3.
GC-MS (El, 70 eV): m/z (%) = 221 (50, [M*]).
3-Acetyl-5-methoxyindole [12, 17]

0

MeO
A\

N
H

'H-NMR (500 MHz, CDCI5): 6 8.54 (br s, 1H),
7.90 (d, J = 2.5 Hz, 1H), 7.81 (d, J = 3.1 Hz, 1H),
7.29 (d, J = 8.8 Hz, 1H), 6.93 (dd, J = 8.8, 2.5
Hz, 1H), 3.90 (s, 3H), 2.53 (s, 3H).

3C-NMR (125 MHz, CDCly): ¢ 193.5, 156.4,
131.6,126.2, 117.4, 114.4, 112.0, 106.7, 103.7,
55.8, 27.4.

GC-MS (El, 70 eV): m/z (%) = 189 (50, [M*]).
3-Acetyl-5-chloroindole [18]

o

cl
A\

N
H

'H-NMR (500 MHz, CDClI;): 6 8.63 (br s, 1H),
8.40 (d, J = 1.9 Hz, 1H), 7.86 (s, 1H), 7.33 (d, J =
8.6 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 2.54 (s,
3H).

BC-NMR (125 MHz, CDCls): 6 193.1, 134.6,
132.1,128.7,126.5, 124.3, 122.1, 118.4, 112.3,
27.6.

GC-MS (El, 70 eV): m/z (%) = 193 (25, [M™]).

Thu hdi xtc tac Cu(OTf),

Xdc tac duoc tién hanh thu hoi va tai sir dung
5 lan véi hoat tinh x(c tac giam di khong dang
ké, sau phan timg xtc tac tan trong pha nudc, tién
hanh loai nuéc dudi ap suit kém trong khoang
thoi gian 6 gio 1a c6 thé tai sir dung. Qua 5 lan tai
s dung, hiéu suat phan tng hau nhu giam di
khong déng ké.

Bang 5. Thu hdi xtc tac Cu(OTf),

Lan thu hoi Hiéu suit (%)
1 94
2 92
3 90
4 89
5 88
KET LUAN

Mot phuong phap acyl hoa indole méi duoc
phét trién nham giam thiéu lwong chat thai tao ra
khi sir dung triflate dong lam xdc tac. Phan wng
c¢6 do chon loc cao, san pham & vi tri s 3 chiém
wu thé rd rét. Phan ung xay ra tét ¢ nhiét do 100
— 120 °C va trong thoi gian ngén khoang 10 — 20
phit. Bdi v6i cac chit nén mang nhom thé 1a
nhém day dién tor, phan tmg kho xay ra , doi hoi
phan (g can ¢6 nhiét do cao va thoi gian phan
ung dai. Xdc tdc Cu(OTf), ¢6 hoat tinh manh va
cho hiéu suét cao, d& dang thu hoi va tai st dung
V6i hoat tinh giam di khong déng ké.

Loi cdmran: Nghién gtiu dwoc tai tro boi
Bai hoc Quoc gia TP. Ho Chi Minh (DHQG-
HCM) trong khuon kho Pé tai ma so C2016-18-
21.
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Friedel-Crafts acetylation of indole, 5-
methoxyindole and 5-chloroindole using
copper triflate under microwave irradiation

e Nguyen Truong Hai
e Tran Hoang Phuong
University of Science, VNU-HCM

ABSTRACT

Friedel-Crafts acetylation is an important
reaction in organic synthesis processes.
Acetylation of indole derivatives with acetic
anhydride as acylating reagent using Cu(OTf), as
a catalyst has been investigated under microwave
irradiation. Different from traditional Lewis

acidic catalyst, Cu(OTf), was found to be an
efficient catalyst for Friedel-Crafts acetylation of
indoles under mild conditions. Moreover,
Cu(OTf), was safe-to-handle, recovered and
reused several times without significant loss of
catalytic activity.

Keywords: Friedel-Crafts acetylation, Cu(OTf), , indole, microwave irradiation
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