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Abstract: The co-catalysts was first used to catalyse the acylation reaction of anisole with an acylating agent, acetyl chlo-

ride. It was found that the single use of various zeolites gave only a very low yield of 4-methoxyacetophenone, but that the

co-catalysts consisting of HY (SiO,/Al, 0, molar ratio = 40) or USY zeolite and SnO possessed much higher activity than

the use of zeolite only. Increasing the amount of SnO present in the co-catalysts consisting of USY zeolite and various

amounts of SnO led to a rise in the yield of 4-methoxyacetophenone. The activity of the co-catalysts consisting of H form ze-

olites (HY, H-B and HZSM-5) and SnO in the reaction of anisole with acetyl chloride mainly depended upon the SiO,/Al,

O, molar ratio of the zeolite used.
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It is well known that Friedel-Crafts acylation is
one of the most important methods for the synthesis of

1 . .
U Lewis acids or some other cata-

aromatic ketones
lysts are applied in order to allow the reaction of ani-
sole to proceed at a convenient rate. But, the use of
some conventional catalysts, such as aluminium chlo-
ride, polyphosphoric acid, etc. results in a lot of prob-
lems such as corrosion, pollution and waste, and loss
of the catalysts. On the other hand, the use of environ-
mentally friendly catalysts such as solid catalysts can o-

2l 4-Methoxyaceto-

vercome many of those problems
phenone (4-MAP) is one of important aromatic ketones
and very important perfumes. It has widely been ap-
plied in the perfume etc. industries. 4-Methoxyaceto-
phenon can be prepared by the acylation reaction of
anisole with an acylating agent in the presence of a cat-
alyst. It is very interesting to see whether recoverable
solid catalysts could be used to catalyse the reaction of
anisole with an acylating agent. The acylation of ani-

sole by acyl chlorides or carboxylic acids over 1 g of

zeolite per mmol substrate in 50 mL of solvent gives
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modest yields of the acylated product®’. The acylation
of anisole with carboxylic acids over HZSM-5 zeolite at
reflux for 48 h was reported to give two products, p-
RCOC,H,OMe and RCO,Ph'*.

ted zeolite-catalyzed Friedel-Crafts reaction of anisole

Wang et al. "’ repor-

with carboxylic acids. The zeolites used by them in-
cluded HY zeolites with two different framework Si/Al
ratios, 5.0 and 9. 1, respectively, and HZSM-5 with a
framework Si/ Al ratio of 30. Another literature also re-
ported the use of zeolites as catalysts in the acylation of
anisole'®’. The liquid phase acetylation of anisole with
acetic anhydride over a HBEA zeolite was de-
scribed'”! | and the aim of this paper'’’ was to under-
stand the origin of the deactivation of the HBEA zeolite
(Si/Al = 10) during the acylation. Yin et al. "**) re-
ported the regioselectivity and catalytic activity of
Friedel-Crafts acylation of anisole using microwave
modified ZnCl,/HY zeolite catalysts.

Clearly, there is still considerable scope for deve-
lopment of superior methods which could be applicable

on a commercial scale. The co-catalysts was first used
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to catalyse the acylation reaction of anisole with acetyl
chloride. In this paper, we would like to report our re-
sults obtained from the acylation reaction of anisole by

acetyl chloride in the presence of co-catalysts.

1 Experimental

1.1 Main chemicals

Anisole (99% , Lancaster) and acetyl chloride
(98% , Aldrich) were used.
1.2 Catalyst

All heterogeneous catalysts used in this work were
activated in an air atmosphere at 400 “C or higher tem-
peratures for 2-3 h prior to use.
1.3 General procedure for catalytic acylation

reaction of anisole

The co-catalysts was added to a solution consisting
of anisole, and a fixed amount of acetyl chloride (4
mmol ). The mixture was stirred at 25 “C or under
heating for a given time. The reaction products were
filtered after a certain reaction time, and the co-cata-
lysts was washed 4 times with diethyl ether. The filtrate
and washings were combined and evaporated on a rota-
ry evaporator. The obtained residue was analysed by
GC, or purified further by distillation under reduced
pressure.

The yield of 4-methoxyacetophenone was deter-

mined by GC. The GC conditions used were as fol-
lows: Apiezon for stationary phase, column length 2
m, column temperature 175 °C, and carrier gas (N,)
flow rate 35 mL/min.
1.4 Characterization and analysis of the

acylated product

The' H NMR spectra were recorded in CDCI, solu-
tion at 400 MHz using a Bruker AC-400 instrument.
"C NMR spectra were taken on a Bruker AC400 spec-
trometer at 100 MHz. ] values were given in Hz. IR
spectra were recorded on a Perkin-Elmer 1 725 X FT-
IR Spectrometer. The mass spectra were obtained at
the EPSRC Mass Spectrometry Centre, University of
Wales Swansea, UK, by means of electron impact
(ElI) and ammonia chemical ionization ( CI) tech-
niques. The melting point was determined on a Griffin

melting point apparatus, and was uncorrected.

2 Results and Discussion

2.1 Comparison of the activities for different
catalysts
To compare the activities of various catalysts,
keeping anisole/acetyl chloride molar ratio = 1/1, a
series of catalysts was used for the reaction of anisole
with acetyl chloride. Table 1 summarizes the results

obtained.

Table 1 Comparison of catalytic activities for different catalysts®

G or mmol catalyst Reaction Reaction Yield of 4-MAP Conversion of Selectivity for

Catalyst ('mmol anisole) temp. (°C) time (h) (%) anisole (% ) 4-MAP (%)
HY 0.100 g 75 1 4.7 4.8 98
Usy 0.050 g 25 2 1.2 1.22 98
P,0; 0.500 mmol 25 1 2.9 3.3 88
ZnCl, 0.500 mmol 25 1 15.1 16.4 92
SnCl, - 2H,0 0.500 mmol 25 1 7.9 8.6 92
H,PO, 0.500 mmol 25 1 2.5 2.8 89
PPA" 0.500 mmol 25 1 2.1 2.4 88

“The zeolites were calcined at 400 °C for 2.5 h prior to use.

*Polyphosphoric acid
The results listed in Table 1 indicate that only
ZnCl, possessed higher catalytic activity, while all the
zeolites gave only very low yields of 4-methoxyaceto-
phenone even in the case of heating. This could be due
to formation of HCI during the reaction, which inhibits

the reaction to proceed further. But zeolites showed the

highest selectivity for 4-methoxyacetophenone within all
the catalysts studied. The zeolites were therefore stud-
ied further by modifying.
2.2 Co-catalysts consisting of zeolite and oxide

To improve the catalytic activities of the zeolites,

the zeolite was first mixed with an oxide, and then cal-
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cined at a certain temperature for a given time, prepar-
ing a co-catalysts. The co-catalysts consisting of HY
zeolite and various oxides were applied to catalyse the
reaction of anisole with acetyl chloride. Tables 2 and 3
list the results achieved, respectively. .

The results given in Table 2 show that the use of

Table 2 Reaction of anisole with acetyl chloride

b
over co-catalysts™

Catalyst Yield of 4-MAP (% )
HY only 6.9

HY + SnO 45.8

HY + MgO 4.4

HY + ZnO 20.1

“HY zeolite (Si0,/Al,0, = 40) and oxide were first mixed
and then calcined at 400 °C for 3 h prior to use.
"All reactions were carried out using (0.400 g HY zeolite +
4 mmol oxide) , acetyl chloride (4 mmol) , anisole
(48 mmol) , i.e. (0.100 g HY zeolite + 1 mmol oxide)/
1 mmol acetyl chloride/12 mmol anisole
at 25 °C for 3 h.

Table 3 Reaction of anisole with acetyl chloride

over co-catalysts®"

Catalyst Yield of 4-MAP (% )
USY + SnO 42.0
USY + Al,O, 2.8
USY + ZnO 21.0
USY + MgO 3.4
USY + Synclyst 13° 3.0

*All reactions were carried out using (0.100 g USY
zeolite + 1 mmol oxide)/1 mmol acetyl chloride/

12 mmol anisole at 25 °C for 5 h.

*USY zeolite was first mixed with oxide, and then calcined
at 400 °C for 3 h prior to use.

¢ An amorphous solid compound containing

Si, Al and O etc. elements

single HY zeolite in the reaction of anisole with acetyl
chloride gave only a very low yield of 4-methoxyaceto-
phenone, the co-catalysts consisting of HY zeolite and
SnO exhibited much higher activity than HY zeolite on-
ly, the co-catalysts consisting of HY zeolite and ZnO
gave better yield of 4-methoxyacetophenone than HY
only, but the co-catalysts consisting of HY zeolite and
MgO gave a poor yield of 4-methoxyacetophenone.

The results listed in Table 3 show that the co-cata-

lysts consisting of USY zeolite and SnO possessed the

highest activity, while the co-catalysts consisting of

USY zeolite and other oxides besides ZnO gave only

very low yields of 4-methoxyacetophenone.

Therefore, SnO was selected for further studying
co-catalysts.

2.3 Comparison of the catalytic activities for vari-
ous co-catalysts consisting of different zeolites
and SnO
The co-catalysts consisting of SnO and various ze-

olites were used for the reaction of anisole with acetyl

chloride at the same ratios of co-catalysts/anisole/ace-

tyl chloride in order to compare their activities. Table 4

summarizes the results obtained.

Table 4 Comparison of the catalytic activities for various

co-catalysts consisting of different zeolites and SnO*"

Zeolite in Si0,/AL 0, Yield of
co-catalysts (mol. ratio) 4-MAP (%)

USY Unknown 42.1
H-B 25 40.0
HY 5.0 16.0
HY 5.2 16.3
HY 12 29.2
HY 40 43.1
HY 53 49.0
HY 80 49.4

H-ZSM-5 80 44.0

*Zeolite was first mixed with SnO, and then calcined

at 400 °C for 3 h prior to use.

"All reactions were carried out using (0. 100 g zeolite +
1 mmol Sn0)/12 mmol anisole/

1 mmol acetyl chloride at 25 C for 5 h.

The results listed in Table 4 suggest that the yields
of 4-methoxyacetophenone obtained mainly depended
upon the Si0,/Al, O, ratio of the zeolite in the co-cata-
lysts, i. e. in general, the yield of 4-methoxyacetophe-
none increased with a rise in the Si0,/Al, O ratio of
the zeolite. It is well known that an increase in the
Si0,/Al, 0, ratio of the zeolite generally leads to a rise
in the strength of its acid sites. Therefore, we conclude
that the acylation reaction of anisole with acetyl chlo-
ride could mainly be catalysed by the strong acid sites.

While the structure of the zeolite produced only a little
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effect on the reaction.
2.4 Effect of the amount of SnO present in the co-
catalysts
To investigate the effect of the amount of SnO
present in the co-catalysts consisting of SnO and USY

zeolite on the reaction, a series of tests was performed
by varying the amount of SnO but keeping the amount
of USY zeolite and the ratio of anisole/acetyl chloride
constant. The results obtained are given in Table 5.

It is clear from Table 5 that the yield of 4-

Table 5 Effect of the amount of SnO present in co-catalysts®"

Amount of SnO

==}
5]
=

Yield of 4-MAP

( mmol/mmol acetyl chloride) (% )
1 0.1 19.0
2 0.2 22.1
3 0.3 24.3
4 0.4 28.0
5 0.5 34.1
6 0.6 38.1
7 0.8 39.2
8 0.9 42.1
9 1.0 43.2

*USY zeolite was mixed with SnO, and then calcined at 400 “C for 3 h prior to use.

" All reactions were carried out using (0. 100 g USY zeolite + various

amounts of Sn0)/12 mmol anisole/1 mmol acetyl chloride at 25 °C for 3 h.

methoxyacetophenone increased with a rise in the a-
mount of SnO present in the co-catalysts.
2.5 Effect of the amount of anisole

In addition, the effect of the amount of anisole on
the reaction in the presence of the co-catalysts consis-
ting of HY zeolite (Si0,/Al, 0, = 40) and SnO has

been examined. Table 6 shows the results obtained.

Table 6 Effect of the amount of anisole™”

Anisole/acetyl chloride Yield of 4-MAP

(mol. ratio) (% )
4/1 30.1
6/1 33.1
12/1 43.2

*HY zeolite was first mixed with SnO, and then calcined
at 400 °C for 3 h prior to use.
" All reactions were carried out using
(0.100 g HY zeolite + 1 mmol oxide)/1 mmol acetyl
chloride at 25 °C for 5 h.
It is clear from Table 6 that when the molar ratio
of anisole/acetyl chloride = 12/1, the reaction gave

the highest yield of 4-methoxyacetophenone.

3 Conclusions

The co-catalysts consisting of HY ( SiO,/Al, O,
molar ratio = 40) or USY zeolite and SnO exhibited

much higher activity than the use of zeolite only. A rise
in the amount of SnO present in the co-catalysts consis-
ting of USY zeolite and various amounts of SnO resulted
in an increase in the yield of 4-methoxyacetophenone.
The activity of the co-catalysts consisting of H form ze-
olites (HY, H-B and H-ZSM-5) and SnO in the reac-
tion of anisole with acetyl chloride mainly depended

upon the Si0,/Al, O, molar ratio of the zeolite used.
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