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Solvent-Free Friedel-Crafts Acylation of Fluorobenzene Catalyzed
by Trifluoromethanesulfonic Acid and Rare Earth Triflates

Guo, Yun

Wang, Yanqin Lu, Guanzhong®
(Key Laboratory for Advanced Materials and Research Institute of Industrial Catalysis,
East China University of Science and Technology, Shanghai 200237)

Jia, Hongyan Xie, Zuosong Guo, Yanglong

Abstract Solvent-free Friedel-Crafts acylation of fluorobenzene with benzoyl chloride was investigated over the trifluoro-
methanesulfonic acid (TfOH) and rare earth triflate (Re(OTf);) composite catalyst. The results showed that the presence of
Re(OTH); leads to the decrease in a half amount of TfOH catalyst, and there is a synergistic effect between TfOH and Re(OTf);
in this composite catalyst. For the solvent-free acylation of fluorobenzene with benzoyl chloride, the catalytic activities of 11
kinds of rare earth elements Re(OTf); were tested, and it was found that among all Re(OTf); compounds La(OTf); exhibits the
best catalytic performance and it can be repeatedly used. After the acylation of fluorobenzene with benzoyl chloride over the
La(OTf); and TfOH catalyst at 140 ‘C for 4 h, the selectivity and yield to para-product fluorobenzophenone reach up to 99%
and 87%, respectively. For the acylation of different benzene derivatives with benzoyl chloride over the TfOH and Re(OTf);
catalyst, the promoting catalysis of different elements Re(OTf); is different, for instance, for the acylation of dimethylbenzene,
Ce(OTf); exhibits the best catalytic performance among the tested Re(OTf); promoters.

Keywords Trifluoromethanesulfonic acid and rare earth triflate; Fuorobenzene; Benzoyl chloride; Friedel-Crafts acylation;
Composite catalyst system.
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Figure 1 Effects of the amounts of La(OTf); and TfOH on the acylation of fluorobenzene and benzoyl chloride
Reaction condition: benzoyl chloride 10 mmol, fluorobenzene 20 mmol, reaction temperature 140 C, reaction time 4 h
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Table 1 Friedel-Crafts acylation catalyzed by La(OTf); and TfOH

Entry Substrate Acid chloride Product Yield®/%
F o] o
1 @ §C| 87
F
cl o} o}
2 §CI 83
cl
o} o)
3 © §CI 79
CHs 0 O
4 @ §C| 89
HaC
CHs o 0
QL o .
CHs HsC CH,
F 0O O %
6 @ yo)b 80
F

“ Acylating reagent 10 mmol, fluorobenzene 20 mmol, La(OTf); 0.30 g, TfOH 5 mol%, reaction temperature 140 °C, reaction time 4 h; * The yield of para-product,

the selectivity to para product is over 99%.
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Table 2 Effects of different catalytic systems on the acylation

R1

of fluorobenzene and m-xylene

Entry Catalyst Yield®/% Yield/%
1 Yb(OTf);+ TfOH 58 72
2 Ce(OTf);+ TfOH 78 92
3 Er(OTf);+TfOH 42 75
4 Sm(OTf);+TfOH 58 81
5 La(OTf);+TfOH 87 84
6 Nd(OTf);+TfOH 71 81
7 Eu(OTf);+ TfOH 60 63
8 Ho(OTf);+ TfOH 73 78
9 Lu(OTf);+ TfOH 71 82
10 Tm(OTf);+ TfOH 80 80
11 Sc(OTf);+TfOH 86 91

“ Benzoyl chloride 10 mmol, fluorobenzene or m-xylene 20 mmol, reaction
temperature 140 ‘C, reaction time 4 h; b RIZF, R*=H, the yield of
para-product, the selectivity to para-product is over 99%; ¢ R'=CH,, R*=
CHs; the yield of para-product, the selectivity to para-product is over 99%.
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Figure 2 Effects of the reaction temperature and reaction time
on the acylation of fluorobenzene

1.5 BMEUFIMBEREEREH

Re(OTh); 1EN—Fhex . INRAGAEA T, AT
AL S IR B HEAL PR REREAT T % %L, La(OTh); IRl
FEARM e RN GRS, FF BEBUK UM, 28 KK A
KRGy, FEARE TR BT R, SRS RO T B
WL, 5 AR AT JE B AL s LI 3. 45 SRR,
La(OTf); L ERALA] 5 i, B W RIE, HAERE

http://sioc-journal.cn/ 2575



B4 BEEAL SOV R HEAL IR R

BilikE HRIEX
KEGAE Y, HEREAR YR 99% L b, i Bl Jl
La(OTH); A& —Fks e (19 F0 5 [ W 1 kA7) R Nl Hdo
> <
7%
o 60; ; a a /@)OL? Re(OTf) ©/R2
BN Rz 5
SN NN 1
RN o
0077 :
/
2 3 4

Run/time

B3 La(OTf); 5 R A AN 2R B S A e I PE RE Y
Al

Figure 3 The effect of La(OTf); repeated reuse on the acylation
of fluorobenzene
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Figure 4 Assumed catalytic cycle of acylation
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