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Synopsis. 12-Heteropolymolybdic acid, a hetero-
polyacid of Keggin-structure, behaves as an effective catalyst
of the Friedel-Crafts-type reactions for aromatic compounds,
such as alkylation by benzyl chloride and ¢-butyl chloride,
acylation by acetyl chloride, and sulfonylation by tosyl chlo-
ride. The catalyst mainly gives para-substituted products
for phenol and anisole. The reactions proceed via carbo-
cation-generation mechanism brought about by the strong
Brgnsted acid.

Except for the catalytic alkylation of benzene with
I-dodecene by silicotungstic acid supported on silica
gel,) no typical reaction catalyzed by heteropolyacid,
recognized as a solid-acid, has been demonstrated in
spite of advanced studies on its structure.?—1%

Nomiya et al. have shown the catalytic polycon-
densation of benzyl alcohol and its derivatives by
heteropolyacids of Keggin-structure such as HiSiM;,0,,
and H;PM,,0,, (M=Mo and W).1) These acids also
give the same polybenzyl from benzyl chloride by
dehydrohalogenation as that obtained from benzyl
alcohol in comparably high yields. We wish to report
that these heteropolymolybdic acids are active cat-
alysts in substitution reactions such as alkylation, acyla-
tion, and sulfonylation of aromatic systems as well
as polymerization reactions. The reaction scheme is
as follows.

< R,+R;-X — >(<=>R1 + HX
-

2

The reactions were performed by refluxing a mixture
of reactants A and B in the presence of the hetero-
polyacid. The results of typical experiments are given
in Table 1. The heteropolyacid homogeneously cat-
alyzes all reactions. The reaction products were iden-
tified by IR and 'H-NMR spectra. No poly-branched
product was detected. The substituent groups are
oriented mainly to the para-position of six-membered
aromatic rings of phenol and anisole, and the 2-position
of five-membered ring of thiophene. In the former
case, only a slight ortho-substitution was detected in
the products; no meta-substituted product was observed,
indicating that the reaction proceeds by an ionic
mechanism. On the benzyl chloride-benzene system
the alkylation takes place sparingly, albeit catalytically,
whereas on the benzyl alcohol-benzene system, instead
of such a reaction, condensation-etherization and poly-
merization of benzyl alcohol take place. In the acyla-
tion of toluene by acetyl chloride, only a trace of
the product was obtained.

In all polymerization and alkylation reactions, the
catalyst undergoes color change corresponding to the
reduced stages of molybdenum ions from original yellow
to green and finally to blue.’® However, the reduction
of catalyst would not be essential in the coupling
reaction since the initial activity of catalyst and the

selectivity and yields of products were not influenced
by the recharge of excess amount of reactants to the
blue acid obtained. The blue acid appears to be
an active catalyst.

In the acylation and sulfonylation reactions the
catalyst partly decomposes, producing an unidentified
black solid. This might be caused by a specific reaction
between the acetyl chloride or the tosyl chloride and
the catalyst. No typical color change of yellow-green-
blue was observed.

In the reaction of six-membered aromatic substrates,
the ease of coupling decreases in the order, alkylation>
acylation>sulfonylation. However, in the five-mem-
bered substrate such as thiophene, alkylation scarcely
takes place by #-butyl chloride. Thus, in the case of
five-membered substrate, acylation by acetyl chloride
takes place more easily than alkylation under the
same conditions.

Since the tetrabutylammonium salts of both the
unreduced yellow and the reduced blue heteropoly-
anions show no catalytic activity, the remarkable strong
acidity of catalyst would be important.

The catalytic activity of the acid appears to be
comparable to that of Mo(CO), and Arene-Mo(CO),
previously reported as ‘Friedel-Crafts” like catalysts,
with respect to the coupling reaction concerned.!3:14)
Although typical Friedel-Crafts catalysts, whether
homogeneous or heterogeneous, are all Lewis acids and
are capable of promoting carbonium ion formation
from certain organic molecules, the heteropolyacid
and the ‘“Friedel-Crafts” like catalysts would show no
Lewis acid property; particularly the former behaves
as Brensted acid. Mo(CO), is coordinatively satu-
rated molecules. However, the complex added in the
aromatic solvent is easily converted into Arene-Mo-
(CO); prior to the coupling reaction.’® In the present
work, no evidence has been obtained for the direct
coordination of arene rings of reactants to the molyb-
denum ions in the blue heteropolyacid during the
course of reaction. The type of reactions studied here
appears to be a carbonium-ion generation mechanism
brought about by the strong Brensted acid.

The essential feature of the heteropolymolybdic acid
is the stability of catalyst, appearing in particular in
the polymerization and alkylation, and the yielding
of products with high selectivity in the case of phenol
and anisole.

Although the heteropolyacid contains twelve molyb-
denums, all of them would not play a direct role as
active site as in the case of solid-surface catalyst. Thus
the turn-over numbers of catalyst have been simply
calculated as the molar ratio of catalyst to product.
The turn-over number per unit hour (Table 1) shows
that (1) all reactions proceed catalytically, not stoi-
chiometrically, and (2) the ease of carbocation forma-
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TaBLE 1. EXAMPLES OF REACTIONS CATALYZED By H,SiMo,,0,,
Reactant Amount of Reflux Turn-over number per hour
lyst time Remarks .
A B cataly . Mo(CO)s» Friedel-Crafs®
(mol) (mol) (mol) (h) This work catalysg catalyst
_ Benzyl chloride 4.81x10-5 0.1 1009% polybenzyl®
0.1
—_ Benzyl alcohol 4.81x10-5 0.1 1009 polybenzyl®»
0.1)
Benzene Benzyl chloride 4.00x 10-3 3 59%, alkylation 42 2.5x10-3
0.1) 0.1
Toluene Benzyl chloride 9.90x 10— 8 749, alkylation 47 66
(1.0) (0.05)
Toluene Benzyl alcohol 7.68x10-° 16 749, alkylation 60
(0.3) 0.1
Toluene t-Butyl chloride 2.63x10 5 879, alkylation 33 32
(0.05) (0.1)
Phenol t-Butyl chloride 8.01x10-5 8.5 409, alkylation 29 2.4x10-
(0.05) (0.05)
Anisole t-Butyl chloride 8.23x10-5 23 499, alkylation 26 21
(0.3) 0.1)
Toluene Tosyl chloride 2.75%x10-5 20 239, sulfonylation 4 3
(0.24) (0.01)
Anisole Tosyl chloride 5.49x10-5 23 149, sulfonylation 3 2
(0.23) (0.026)
Anisole Acetyl chloride 5.49x10-5 20 199 acylation 17 25
(0.23) 0.1
Thiophene  Acetyl chloride 5.49x10-5 30 449, acylation 16
(0.06) 0.1)
a) Ref. 11. b) Ref. 13. c) Ref. 15.

tion may be related to the electronic structure of the
halides, decreasing in the order

< =>GH2—> t-butyl->CH,CO-> CH3<=>SOZ—.

This tendency corresponds to that in the reactions
catalyzed by AICl;, Mo(CO),.

The parameters on the corresponding reactions by
Mo(CO)g catalyst and Friedel-Crafts catalyst have
been conveniently calculated by the data of Farona
and White,'® and reported data,'® respectively. The
parameters reflect the catalytic efficiency of catalysts,
indicating that the former reactions, including the case
of the 12-heteropolyacid, are catalytic, and the latter
reaction stoichiometric.

References

1) R. T. Sebulsky and A. M. Henke, Am. Chem. Soc.,
Diy. Petrol. Chem., 14, Al115 (1969); U. S. Patent 3346657
(Chem. Abstr., 68, P77941u).

2) M. Filowitz, R. K. C. Ho, W. G. Klemperer, and
W. Shum, Inorg. Chem., 18, 93 (1979).

3) W. H. Knoth, J. Am. Chem. Soc., 101, 759, 2211 (1979).

4) F. Zonnevijlle and M. T. Pope, J. Am. Chem. Soc.,
101, 2731 (1979).

5) K. Y. Matsumoto, A. Kobayashi, and Y. Sasaki,
Buil. Chem. Soc. Jpn., 48, 3146 (1975).

6) A. Kobayashi and Y. Sasaki, Bull. Chem. Soc. Jpn.,
48, 885 (1975).

7) M. T. Pope, Inorg. Chem., 15, 2008 (1976).

8) J. F. Garvey and M. T. Pope, Inorg. Chem., 17, 1115
(1978).

9) R. Strandberg, Acta. Chem. Scand., A, 29, 350, 359
(1975).

10) R. Acerete, C. F. Hammer, and L. C. W. Baker,
J. Am. Chem. Soc., 101, 267 (1979).

11) K. Nomiya, T. Ueno, and M. Miwa, Bull. Chem.
Soc. Jpn., 53, 827 (1980).

12) J. D. H. Strickland, J. Am. Chem. Soc., 74, 862, 868,
872 (1952).

13) M. F. Farona and J. F. White, J. Am. Chem. Soc.,
93, 2826 (1971); J. Organomet. Chem., 63, 329 (1973).

14) C. P. Tsonis and M. F. Farona, J. Organomet. Chem.,
114, 293 (1976).

15) C. C. Price, Org. React., Vol. III, 1 (1959).






