
Aluminium trichloride (AlCl3)1 had been used in Friedel–Crafts
reactions for the synthesis of aromatic ketones. However, this
method required more than stoichiometric amounts of AlCl3
and the discards were harmful to the environment, because
AlCl3 could not be reused owing to its instability in aqueous
solution.2,3 Acidic promoters and metal oxides had been used to
catalyse these reactions,4-7 but the substrates were limited to
activated benzenes. Unlike conventional Lewis acids, ytterbium
trifluoromethanesulfonate [Yb(OTf)3] in catalytic quantity
could promote these reactions smoothly and could be reused
easily. Kobayashi et al. have reported that [Yb(OTf)3] catalysed
Friedel–Crafts acylation of benzene and naphthalene with good
yields.8-13 Even some deactivated benzenes could be acylated
with catalysis by rare earth metal triflates.14-18 Most recently,
Kobayashi also reported Friedel–Crafts acylation of
heteroaromatics catalysed by [Yb(OTf)3].19 Herein we wish to
report Friedel–Crafts acylation of thiophenes with electron-
withdrawing substituents catalysed by [Yb(OTf)3] (Scheme 1).

Results and discussion

[Yb(OTf)3], as a reusable Lewis acid, can catalyse the
reactions of substituted thiophenes in nitromethane,
chloroform or nitrobenzene at room temperature (Scheme 1).
The results are listed in Table 1.

We found that the reactions proceeded smoothly with catalytic
amount of [Yb(OTf)3] at room temperature. The reactions did not
take place in the absence of lanthanide triflate or when
[Yb(H2O)9](OTf)3 was used as catalyst. The yields was not
obviously affected with different amount of [Yb(OTf)3], 0.1
equiv. of catalyst was enough (Entries 2–4) and an excessive
amount of [Yb(OTf)3] did not increase the yields. From Table 1,
we also found that the reaction of acyl chloride with substituted
thiophenes was quicker than that of anhydride, and the yield was
higher (Entries 2 and 5). Furthermore, alkyl acyl chloride reacted
with thiophenes more easily than aromatic acyl chloride (Entries
2, 10 and 17). In addition, the solvents also affected the yields, the
yield was the highest (Entry 7) when nitromethane was used as
solvent and the lowest when carbon tetrachloride was used (Entry
9). Unfortunately, when 2,5-dichlorothiophene was used as
substrate in the same condition, no desired product was detected.
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Table 1 Yb(OTf)3 catalysed Friedel–Crafts acylation of substituted thiophenesa

Entry Yb(OTf)3/eq. Time /h Solvent R1 R2 X Product Yieldb/%

1 None 4 CH3NO2 H CH3 Cl 3a NDc)

2 0.1 4 CH3NO2 H CH3 Cl 3a 91
3 0.05 4 CH3NO2 H CH3 Cl 3a 85
4 0.2 4 CH3NO2 H CH3 Cl 3a 91
5 0.1 4 CH3NO2 H CH3 OAc 3a 79
6 0.1 4 CHCl3 H CH2CH3 Cl 3b 83
7 0.1 4 CH3NO2 Br CH3 Cl 3c 89
8 0.1 4 CHCl3 Br CH3 Cl 3c 78
9 0.1 4 CCl4 Br CH3 Cl 3c 61

10 0.1 8 CH3NO2 H p-CH3C6H4 Cl 3d 78
11 0.1 8 CH3NO2 Br p-CH3C6H4 Cl 3e 76
12 0.05 8 PhNO2 Br p-CH3C6H4 Cl 3e 62
13 0.1 4 CH3NO2 Cl p-CH3C6H4 Cl 3f 74
14 0.1 4 CH3NO2 Cl CH2CH3 Cl 3g 90
15 0.1 4 CH3NO2 Cl CH3 Cl 3h 90
16 0.1 4 CHCl3 Br CH2CH3 Cl 3i 77
17 0.1 8 CH3NO2 H C6H5 Cl 3j 79
aThe reaction were carried out using 1 equiv. of substituted thiophenes and 1.5 equiv. of acyl chloride or anhydride (1 mole = 1 equiv.).
bBased on thiophenes or substituted thiophenes. 
cNot detected.



We have also investigated the effect of different acylating
agents on the reaction. The results were summarised in Table 2.
From Table 2 we found that 0.1 equiv. of [Yb(OTf)3] and 2
equiv. acetic anhydride was the optimised condition when
acetic anhydride was used as acylating agent (Entry 5) and 0.1
equiv. of [Yb(OTf)3] and 1.5 equiv. of acetyl chloride was the
optimised condition when acetyl chloride was used as acylating
agent (Entry 12).

To sum up, the reaction proceeded smoothly in the presence of
catalytic amounts of [Yb(OTf)3] at room temperature with
good yields. The effect of different solvents was obvious,
and the yield was the highest when nitromethane was used.

Experimental 
1H NMR spectra were recorded on a Bruker AC-80 instrument with
CDCl3 as the solvent with TMS as an internal standard. IR spectra
were recorded using KBr pellets on a VECTOR22 Infrared
Spectrophotometer. MS spectra were determined on a HP5989B
instrument. Melting points were uncorrected. Yb(OTf)3 was prepared
from ytterbium oxide and trifluoromethanesulfonic acid in water
according to the literature.20 All reagents used are commercially
available.

General procedure: 2-Bromothiophene (2 mmol, 326 mg),
[Yb(OTf)3] (0.2 mmol, 124 mg), acetic chloride (3 mmol, 235.5 mg),
nitromethane (5 ml) were sequentially added into a dry three-neck
flask. After the mixture was stirred at room temperature for 4 h, it
turned into red, then the mixture was washed with water (10 ml),
saturated sodium bicarbonate aqueous (10 ml), water (10 ml×3)
subsequently, then the mixture was extracted by chloroform and the
combined organic layer was dried by anhydrous Na2SO4, filtered and
concentrated in vacuo. It was purified by TLC to yield 3c (89%, 365
mg). The aqueous layer was concentrated in vacuo to give white,
crystal line [Yb(H2O)9](OTf)3 which was then heated at 190°C for 
4 h in vacuo to give 112 mg [Yb(OTf)3] (90.3%).

3a: M.p. 8–9°C (Lit.21, 8–10°C) 1H NMR (CDCl3) ppm δ:
2.56 (3H, s, CH3), 7.06–7.17 (1H, m, ArH), 7.60–7.72 (2H, m, ArH);
IR (cm-1) 3100, 2955, 2924, 1659 (C=O), 1517, 1414, 719.

3b: B.p. 114–115°C (Lit.22, 114–115°C) 1H NMR (CDCl3) ppm δ:
1.21 (2H, t, CH3), 2.87 (2H, q, CH2), 7.05–7.15 (1H, m, ArH),
7.55–7.72 (2H, m, ArH); IR (cm-1) 3103, 2979, 2938, 1665 (C=O),
1518, 1416, 723.

3c: M.p. 93–94°C (Lit.23, 94.5–95°C); 1H NMR (CDCl3) ppm δ:
2.48 (3H, s, CH3), 7.09 (1H, d, ArH), 7.38 (1H, d, ArH); IR (cm-1)
3098, 2974, 2933, 1650 (C=O), 1522, 1410, 685.

3d: M.p. 71–72°C (Lit.24, 72°C); 1H NMR (CDCl3) ppm δ: 2.43
(3H, s, CH3), 7.09–7.33 (3H, m, ArH), 7.62–7.83 (4H, m, Ar-H); IR
(cm-1) 3074, 3038, 2958, 2917, 1624 (C=O), 1603, 1512, 1414, 843,
727; MS m/z 202 (M+ 76.35), 187 (28.95), 174 (6.12), 119 (100.00),
111 (93.39), 91 (61.72), 84 (21.64), 65 (56.71).

3e: M.p. 75–76°C (Lit.25, 76–78°C) 1H NMR (CDCl3) ppm δ: 2.43
(3H, s, CH3), 7.10–7.42 (3H, m, ArH), 7.69–7.98 (3H, m, ArH); IR 
(cm-1) 3076, 3039, 2954, 2918, 1624 (C=O), 1604, 1516, 1412, 845, 729.

3f: M.p. 86–87°C (Lit.26, 87°C); 1H NMR (CDCl3) ppm δ: 2.46 (3H,
s, CH3), 7.20–7.37 (3H, m, ArH), 7.90–8.09 (3H, m, ArH); IR (cm-1)
3094, 3055, 2924, 2855, 1628 (C=O), 1609, 1513, 1417, 834, 750.

3g: M.p. 45–46°C (Lit.23, 46.5–47.5°C), 1H NMR (CDCl3) ppm δ:
1.21 (3H, t, CH3), 2.81 (2H, q, CH2), 6.96 (1H, d, ArH), 7.46 (1H, d,
ArH); IR (cm-1) 3098, 2979, 2938, 1666 (C=O), 1604, 1528, 1421, 724.

3h: M.p. 45–46°C (Lit.23, 45.5–46°C); 1H NMR (CDCl3) ppm δ:
2.46 (3H, s, CH3), 7.01 (1H, d, ArH), 7.41 (1H, d, ArH); IR (cm-1)
3100, 2885, 1655 (C=O), 1530, 1425, 692.

3i: M.p. 52°C (Lit.23, 52–53°C); 1H NMR (CDCl3) ppm δ: 1.20
(3H, t, CH3), 2.81 (2H, q, CH2), 7.09 (1H, d, ArH), 7.41 (1H, d, ArH);
IR (cm-1) 3087, 2975, 2934, 1659 (C=O), 1524, 1415, 723.

3j: M.p. 55°C (Lit.27, 56–58°C); 1H NMR (CDCl3) ppm δ:
7.11–7.89 (8H, m, ArH); IR (cm-1) 3099, 2981, 1632, 1414, 1294,
841, 722, 717.
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Table 2 Yb(OTf)3 catalysed Friedel-Crafts acylation of thiophene

Entry Yb(OTf)3 Acylating /equiv.b Yielda/%
/equiv. agent

1 0.05 (CH3CO)2O 1 70
2 0.05 (CH3CO)2O 2 76
3 0.05 (CH3CO)2O 3 76
4 0.1 (CH3CO)2O 1 75
5 0.1 (CH3CO)2O 2 83
6 0.1 (CH3CO)2O 3 84.5
7 0.2 (CH3CO)2O 2 86
8 0.05 CH3COCl 1 83
9 0.05 CH3COCl 1.5 87

10 0.05 CH3COCl 2 90
11 0.1 CH3COCl 1 88
12 0.1 CH3COCl 1.5 91
13 0.2 CH3COCl 1.5 92
aBased on thiophenes or substituted thiophenes.
b1 mole = 1 equiv.


