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2-
(2-methoxynaphthal ene) Friedel-
Crafts acylation

Friedel-Crafts

Abstract

This is the last year period of the three-
year long term research project. Since the
results of previous two years have been
reported before, this report contains two parts
of the work which was carried out in the past
one year. One is one step-oxidation of
benzene to phenol catalyzed by copper-
substituted  aluminophosphate  molecular
sieves. The other is Friedel-Crafts acylation
of 2-methoxy-naphthalene over various
zeolites.
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Table 1. Lattice parameter of different Cu-loading
AlIPO,-5

volume (A®)

AIPO,-5 13.614 8.484 1362
0.5%CuAPO- 13.637 8.491 1367
i%cmpo-s 13.681 8.445 1369
29%CUuAPO-5 13.654 8.486 1370
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Table 2. Benzene oxidation catalyzed by different Cu-
containing catalysts.

Sample ab (A) c(A) Unit cell

Catalyst Conv. (%)* Phenol yield
1%CU-APO5 28 o
1%Cu-APO-5 (imp) 54 9
Cuo* 78 8
Cu,0° 66 4




Table 3
Cu-AP0O-5

Table 3. Benzene oxidation with different amount of
Cu(NO3)».3H,0 in water as catalyst.

Catalyst weight (g) Conv. (%)*  Phenol yield (%)

8X10° 13 6
4X10°3 6 4
2X10° 2 2
1X10° 1 1
Table 4
AIPQ.-5 1%Cu-APO-5

0.5%Cu-AP0O-5

1%Cu-APO-5  2%Cu-APO-5

2%CuAPO-5

Cu0
2%Cu-APO-5 ,

0.5%Cu-APO-5 1%Cu-APO-5

Table 4. Benzene oxidation with different Cu-
loading AIPO,-5
Catalyst Conv. (%) Phenol yield(%)
APO-5 0 0
0.5%CuAPO-5 12 12
1%CuAPO-5 28 28
2%CuAPO-5 45 29
Table
5
acetonitrile
acetonitrile
Table 5. Solvent effect on Benzene oxidation
Solvent Conv. (%) Phenol/Cu TON

DMSO 0 0

DMF 0

acetone 0

acetonitrile 28 98

Acetic acid 0 0

(2) 2- (2-methoxynaphthal ene)

Friedel-Crafts acylation

Acylation reaction was carried out under
batch conditions with reflux setup in the
temperature range of 100-150°C. Both acetyl
chloride and acetic anhydride was used as the
acylating agent to study the effect of the
nature of the acylating agent. Sulfolane was
used as the solvent. A typical reaction was as
follows : 3.2 mmol of 2-methoxynaphthalene
and 3.2 mmol acetyl chloride were well
mixed in 10 ml solvent along with 1 ml
nitrobenzene (internal standard). To this
mixture 150 mg of freshly activated (400°C,
2 h) catalyst was added quickly while still hot.
Samples were taken periodicaly and
analysed by gas chromatography to monitor
the progress of the reaction.

The results of the acylation of 2-
methoxynapthalene with acetyl chloride
catalysed by different zeolites are presented
in Table 6. All the three catalysts investigated
showed about 30-40% conversion of 2-
methoxynaphthalene in  the  reaction
temperature range of 100-150°C. It can be
seen that at 100°C, HY showed higher
activity than other two catalysts. However, as
the reaction temperature was raised to 150°C,
conversion dropped sharply with the progress
of reaction, indicating rapid deactivation of
the catalyst. Zeolite H-beta also showed some
deactivation at higher temperatures but the
drop in conversion was not as sharp asHY'.

Table 6 aso shows the selectivity
towards different acylated isomers of 2-
methoxynaphthalene for different catalysts
studied. A high selectivity towards 6-acylated
isomer was noticed. It is well known that

presence of an electron-donating group like
Table 6. Acylation of 2-methoxynaphthal ene by acetyl
chloride in sulfolane solvent catalysed by different
zeolites



Catdyst Rxn  Conv (%) Selectivity to
Temp acyl- isomers
(°C) ()T
after ofter 6 1- 8-
1lh 3h
H-beta 100 336 347 650 298 52
150 420 396 76.8 129 103
H-Y 100 369 413 358 599 43
150 462 345 818 - 182
H- 100 303 307 382 586 32
mordenite 150 365 402 68.8 232 8.0

Substrate : acylating agent = 1:2

methoxy activates the 1-, 6- and 8- positions
of the naphthalene ring. The 1-position is
most active than the other two positions, and
acylation of 2-methoxynaphthlene generaly
occurs at this kinetically controlled 1-
position. However, migration of the acyl
group from 1- to 6-position and
protiodeacylation of the acyl group at the 1-
position results in the formation of the
thermodynamically most stable 6-acylated
isomer. Steric hindrance to acylation isin the
order 1- > 8 > 6-position. Hence the
isomerisation of the sterically hindered
ketones like 1-acyl-2-methoxynaphthal ene to
sterically less hindered isomers like 6- and 8-
acyl-2-methoxynaphthalene will thus be
favored.

To investigate the effect of the nature of
the acylating agent we have conducted some
experiments using both acetyl chloride and
acetic anhydride as the acylating agent
(Substrate : acylating agent = 1.1 molar ratio).
It was found that at 100°C, acetyl chloride
showed higher conversion than that obtained
with acetic anhydride. It was proposed that
the acid chloride or HCI liberated during the
reaction interact with the extra-framework
aluminum species in the catalyst to form
catayticaly active auminum complex.
However, as the reaction temperature was
raised conversion increased rapidly and
reached the maximum value much faster and
at higher temperatures both acylating agents
yielded almost similar conversion. It can aso
be seen that with acetyl chloride deactivation
sets in faster pace at higher temperatures as
indicated by a drop in conversion after 3 h at
150°C.

With acetic anhydride as acylation agent,

1-acyl-2-methoxynaphthalene was obtained
as the major product because the 1-position
in the naphthalene ring is highly activated by
the presence of the nearby methoxy group.
As the reaction proceeds minor quantities of
the other isomer, 6-acyl-2-methoxy-
naphthalene was aso formed. No 8-acyl-2-
methoxynaphthal ene was detected with acetic
anhydride as the acylating agent. However,
with acetyl chloride the product pattern
obtained was quite different. Initialy, 1-acyl-
2-methoxynaphthalene was formed as the
predominant product, but as the reaction
proceeds major fraction of it rearranged to
the thermodynamically more stable 6-acyl-2-
methoxynaphthalene. A small quantity of 8-
acyl-2-methoxynaphthalene was also
detected.
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