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170. Acylation and Allied Reactions catalysed by Strong Acids. Part
VIII.* A Comparison of the Action of Acetyl and Benzyl Perchlorates
on Benzene and Related Compounds.

By H. BurtoN and P. F. G. PrAILL.

The yield of aryl methyl ketone from acetylium perchlorate and aromatic
hydrocarbons is : benzene <toluene <m-xylene. Addition of acetic anhydride
diminishes the yield of ketone in the first two cases but increases that from
m-xylene. Benzyl perchlorate with benzene at room temperature rapidly
gives high yields of diphenylmethane and, under suitable conditions, higher
substitution products. The benzyl cation is shown to be unstable.

In Part IIT (J., 1951, 522) we showed that acetyl cations derived from acetylium per-
chlorate were capable of displacing benzyl cations from suitably constituted benzyl ethers
and that if the reaction was carried out in benzene a considerable amount of diphenyl-
methane was formed. We had also shown in Parts T and II (J., 1950, 1203, 2034) that acetyl-
ium perchlorate was a very efficient C-acetylating agent for anisole. It therefore appeared
of interest to compare the reactivity of acetylium perchlorate with that of benzyl per-
chlorate towards benzene. It must be pointed out that in our work on the benzyl ethers
we found no indication of the formation of acetophenone. Further, Diels and Alder
(Ber., 1927, 60, 716) have shown that, whilst acetylium perchlorate reacts readily with
acetophenone, toluene, or o-xylene in hot acetic anhydride to give substituted pyrylium
salts, benzene fails to react under similar conditions.

We now show, as briefly reported earlier (Ckhem. and Ind., 1951, 939), that only traces
of ketone are produced from benzene solutions of acetylium perchlorate after 24 hours at
room temperature. The yield of acetophenone was ~59%, when the reaction was carried
out in nitromethane : some intractable material was also produced. The yield was not
markedly affected by the addition of small amounts of acetic acid but was reduced to less
than 19, by addition of acetic anhydride. It appeared from the results in nitromethane
that some of the ketone might be attacked further to produce the intractable material
and this assumption was tested by treating acetophenone with acetylium perchlorate :
after 4 hours, 0-2 mole of benzoylacetone per mole of acetylium perchlorate could be
isolated, together with much intractable material. Some highly insoluble orange solid
was also formed which was undoubtedly a pyrylium salt of the type described by Dilthey
(J. pr. Chem., 1916, 94, 75).

In view of the similarity of the acetylium and benzoylium ions (., 1951, 529) and because
benzophenone is unlikely to undergo further condensation under the conditions employed,
we also carried out similar reactions with benzoylium perchlorate. In benzene alone less
than 0-02 mole of ketone per mole of the perchlorate was produced after 24 hours at room
temperature, but in nitromethane the yield was increased to 0-24 mole.

In marked contrast to these results benzyl perchlorate reacted rapidly with
benzene alone to give 0-7 mole of diphenylmethane and small amounts of more highly
substituted products : the yield of the latter was much increased in nitromethane solution.
The formation of the more highly substituted products should be favoured in nitromethane
because, in the absence of the * dilution effect '’ due to a large amount of benzene, diphenyl-
methane would be more susceptible to attack than benzene. Similar results were obtained
with toluene.

Acetylium perchlorate reacts with toluene to give p-methylacetophenone (0-44 mole);
the yield was markedly increased (to 0-57 mole) in nitromethane. These yields were
decreased by the addition of acetic acid or acetic anhydride and in the latter case an oil was
produced which had the properties of a B-diketone. When the more reactive m-xylene
was used the amount of ketone formed was increased by the addition of acetic anhydride
as was found for anisole (loc. cit.).

The effect of adding anhydride to the benzene and toluene experiments is readily
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explained if one assumes that the acetylium perchlorate attacks acetic anhydride more
readily than benzene or toluene. Some support for this assumption can be derived from
the fact that a solution of acetylium perchlorate in acetic anhydride darkens rapidly,
eventually depositing a crystalline perchlorate and some tar. Attention was drawn to this
point in our earlier work (Part II).

We have not yet discussed the mechanism by which the g-diketonic material is formed.
The reaction of acetylium perchlorate with acetophenone has already been mentioned and
so has its reaction with acetic anhydride; two mechanisms are therefore possible :

(1) RH + Act —> R:CO-CH, + H*
3

x
R-CO-CH,-CO-CH, + H*
%

(2) Ac,0 + Act —> CHy-CO-CH,"CO* + AcOH

We believe that mechanism (1) occurs to some extent in the absence of acetic anhydride
and that mechanism (2) accounts for the greater amount of high-boiling products in the
case of the less reactive hydrocarbons.

We have also carried out a number of experiments in which the acetylium perchlorate
was prepared from 729, perchloric acid and acetic anhydride, so that the mixtures of
necessity contained acetic acid. Two of our previous methods were employed, namely,
(A) adding the hydrocarbon to the preformed solution of the perchlorate and (B) adding
729, perchloric acid to the anhydride in the presence of the hydrocarbon. The results
obtained show that the reaction is governed by the nucleophilic properties of the hydro-
carbon and the nature of the cation. The reactivity of the substances investigated is in
the expected order, i.e., anisole>m-xylene>>toluene >benzene. The influence of relatively
large amounts of acetic acid gives further evidence for the weaker acylating properties of
the acetic anhydridium ion (Ac,OH*). The slow acetylation of m-xylene under these
conditions was also illustrated by adding acetic acid to the silver perchlorate-acetyl
chloride experiments, the yield of ketone was reduced from 0-86 to 0-18 mole. These
experiments also substantiate our earlier suggestion (Part I) that the reaction, RH +
Ac* —> R-COMe + H*, is relatively fast. The effect of increasing the dielectric constant
of the medium by adding nitromethane is very noticeable, especially in the case of benzene,
where the more highly conducting media give rise to increased amounts of ketonic material.

In the experiments with silver perchlorate we used our previous method (J., 1950,
2034) of preparing the organic perchlorate, viz., by addition of the appropriate halide to a
solution of silver perchlorate in the reaction medium. It has been suggested that silver
perchlorate can act as a Friedel-Crafts type of catalyst (Cauquil and Barrera, Bull. Soc.
chim., 1951, c132) and in order to test this view for the systems under consideration it
became necessary to modify our technique. We should point out that in an earlier com-
parison (Part II) of acetyl chloride-silver perchlorate and perchloric acid-acetic anhydride
we were unable to detect any catalytic effect of the silver salt, nor have we observed any
increase in the yield of ketone from benzene on use of two moles of silver perchlorate to
one of acid chloride. Our modified technique was to prepare a solution of the organic
perchlorate in an inert medium, namely, nitromethane, from equimolecular amounts of
organic halide and silver perchlorate. The precipitate of silver halide was filtered off under
dry conditions and the second reactant added to the solution of the perchlorate.

First, in the reaction of acetylium perchlorate with m-xylene we found that substantially
the same yield of ketone was obtained in the absence or presence of silver perchlorate
(owing to experimental difficulties it has not been possible to obtain absolutely quantitative
comparisons). However, the amount of ketone isolated when excess of silver perchlorate
had been added to the reaction mixture was somewhat lower, as would be expected if a
common-ion effect was involved. We also found that, with benzoylium perchlorate and
benzene, the presence of silver perchlorate was not essential for the reaction to occur.

The same technique with benzyl bromide and benzene gave no product when the mix-
ture was worked up in the normal way. By continuous solvent extraction of the “ silver
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halide >’ a resinous product was obtained which corresponded in amount to that to be
expected from the reaction :
nCH,Pht —> (CHPh), 4+ nH*

This type of * polymerisation " of the benzyl cation was postulated by Monicelli and
Hennion (J. Amer. Chem. Soc., 1941, 63, 1722) and was remarked upon in a previous com-
munication (Part ITI).

It is clear from these experimental facts that, whilst in the process of acylation the
hydrocarbon-silver perchlorate system is not necessary for the reaction to occur, in alkylation
it may be. In the case of benzyl perchlorate it is not easy to devise experiments which will
give an unequivocal answer to this point. If the production of diphenylmethane depends
upon an attack on the benzene-silver perchlorate complex by benzyl perchlorate (or the
benzyl cation) it is not apparent how this process occurs, for the aromatic nucleus in such a
complex might be expected to have at least a partial positive charge. A similar difficulty
obtains in some of the reaction mechanisms postulated for the normal Friedel-Crafts
reaction on benzene. It is possible that the reaction between the benzyl cation and the
aromatic compound takes place on the surface of the silver halide. The concentration of
ionic species in hydrocarbon solutions would not be expected to be appreciable at any time
but it must be apparent that if organic ions are present then these can react with the hydro-
carbon and allow more of the perchlorate to dissociate. It is not unlikely that the dissoci-
ation is aided to some extent by the polar properties of the hydrocarbon under investigation,
this would account for the particularly sluggish activity of benzene. The present work
shows that if organic cations are formed in the presence of hydrocarbons they are extremely
active entities. It also shows that the benzyl cation is much more reactive, and hence less
stable, than the acetyl or the benzoyl cations. This may be attributed to the presence of
the oxygen atom in the latter which enables the positive charge to be more evenly dis-
tributed than is possible in the case of the benzyl ion.

The work now described was undertaken to examine the overall effects of organic
perchlorates on hydrocarbons and is of a semi-quantitative nature. Although all reason-
able precautions were taken to exclude moisture, we do not claim to have used completely
anhydrous conditions as would be required for kinetic measure-
ments. We do not think that this invalidates any of our general
arguments but we draw attention to it here because we hope
subsequently to investigate the kinetics of some of the reactions.

EXPERIMENTAL

Materials.—Acetyl chloride, acetic acid, and acetic anhydride were
“ AnalaR " reagents. Traces of sulphur compounds in ‘“ AnalaR ”’
benzene were removed by several hours’ refluxing with Raney nickel
before drying over sodium wire and redistilling. This procedure was
found advisable in order to prevent the formation of small amounts of
solid perchlorates in the reaction product. Toluene was sulphur-free.
Silver perchlorate was treated as described in Part IT (., 1950, 2034).
Benzyl bromide was of laboratory-reagent quality, and benzoyl
chloride was freshly treated with thionyl chloride and redistilled.
All other reagents were dried and re-distilled.

General Procedure A.—The acid chloride or benzyl bromide (0-05
mole) was added during 10—15 minutes to a solution of silver
perchlorate (0-05 mole) in a suitable quantity of hydrocarbon (depend-
ing on the solubility of the silver salt), with or without nitromethane. After an appropriate time
the mixture was filtered rapidly through a sintered plate on to crushed ice, and the filter was
washed with ether and then with water. The filtrate was extracted thrice with ether and the
combined ethereal solutions were washed with water until the washings no longer gave an acid
reaction (Congo). The dried (Na,SO,) extract was then evaporated and the residue was
fractionated in a vacuum.

General Procedure B.—The apparatus used was of the type illustrated in the Figure. Silver
perchlorate was weighed in stoppered flask a and this was kept for at least 24 hours in a vacuum-
desiccator (P,0;) and reweighed before use. The silver salt was dissolved in nitromethane
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(125 g.) and the flask was then fitted with a dropping funnel, and a sintered filter b with a three
way adapter; the latter was fitted with a calcium chloride tube and a second flask ¢. The
solution was cooled in ice—salt for 30-—60 minutes and the organic halide, in an equal weight of
nitromethane, was then added with shaking, during the next 10—15 minutes. After 15—30
minutes the apparatus was inverted and the solution was sucked into ¢. The silver halide was
then washed rapidly with nitromethane (21 g.) and sucked as dry as possible. Flask & and the
filter were then replaced by a thermometer. The hydrocarbon (0-2 mole) was added and the
mixture was left for an appropriate period before working up as in procedure A.

Acylation experiments.

Reactions with Benzene.—When benzene was used as solvent it was necessary to use a relatively
large amount (230 g.) owing to the low solubility of the silver salt. Procedure A was employed
and acetyl chloride was added at 10—15°; the mixture was then left at room temperature for
24 hours. The small amount of acetophenone was isolated as the 2 : 4-dinitrophenylhydrazone
(0-0003 mole), m. p. and mixed m. p. 230°. When benzoyl chloride was substituted for acetyl
chloride the yield of ketone (as 2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p.) did not
exceed 0-001 mole. No ketone could be detected when benzoic acid (0-05 mole) was added to the
mixture.

Experiments in nitromethane (thrice the combined weight of benzene and acid chloride)
were carried out with benzene (0-2 mole) for 24 hours at room temperature. Under these
conditions approx. 0-002 mole of acetophenone was obtained together with 0-9—1-1 g. of in-
tractable material. By reducing the reaction period to 2 hours the total weight of product was
less but the amount of ketone isolated was 0-003 mole.

When a mixture containing an excess of silver perchlorate (0-05 mole) in benzene (0-4 mole)
and nitromethane (104 g.) was kept for 2 hours at room temperature the amount of ketone
isolated was 0-0015 mole.

Similar results were obtained in the presence of acetic acid (0:05—0-1 mole), but when acetic
anhydride (0-2 mole) was added to the mixture only traces of ketone were produced.

In nitromethane benzoyl chloride gave rise to benzophenone (0-012 mole) and some non-
distillable residue (1-5 g.). When procedure B was employed the yields were benzophenone
0-009 mole, and residue 1-0 g.

Reactions with Toluene.—In procedure A the silver perchlorate was dissolved in toluene
(0-2 mole) and the mixture was left for 24 hours at room temperature. The fraction, b. p.
100—110° (mainly 105—106°)/15 mm. (0-022 mole), was redistilled at atmospheric pressure
(b. p. 215—220°), and characterised as the 2 :4-dinitrophenylhydrazone, bright red needles
[from ethyl acetate-chloroform (1:1)], m. p. 256° (decomp.), which did not depress the m. p.
of p-methylacetophenone 2 :4-dinitrophenylhydrazone. There was also a small fraction
(0-6 g.) of higher-boiling material (140-—165°/15 mm.) and a viscous residue (0-8 g.).

‘When the reaction was carried out in nitromethane (36-8 g.) for 2 hours the yield of ketone
increased to 0-028 mole.

Similar experiments in which acetic anhydride (0-15 mole) was added before the acetyl
chloride gave only traces of p-methylacetophenone. The main product (1-3 g.) boiled in the
region of 150° at 20 mm.; it was a pale yellow, sweet-smelling oil, failed to give a 2 : 4-dinitro-
phenylhydrazone, but gave a crystalline sodium salt with 2N-sodium hydroxide and an intense
reddish-violet colour with alcoholic ferric chloride.

Reactions with m-Xylene.—Silver perchlorate was dissolved in m-xylene (0-2 mole) and
nitromethane (37 g.); the mixture was left for 2 hours at room temperature. The ketonic
fraction (0-043 mole) distilled at 82°/5—6 mm., and at 225°/1 atm. Only a small residue (0-3 g.)
remained. 2 :4-Dimethylacetophenone was characterised as the 2 : 4-dinitrophenylhydrazone,
bright orange-red needles (from ethyl acetate), m. p. 169—170° (Found : C, 58-1; H, 4-9;
N, 17-2. C,¢H,,O,N, requires C, 58-5; H, 4-9; N, 18:0%), and as the semicarbazone, m. p.
191° (Heilbron’s “ Dictionary of Organic Compounds *’ gives m. p. 185—187°).

When the experiment was repeated with the addition of acetic anhydride (0-15 mole) and
more nitromethane (15 g.), the yield of ketone was increased to 0-053 mole. The intractable
residue (2-3 g.) from the distillation contained traces of nitrogen (Lassaigne’s test).

The initial experiment was repeated with the addition of acetic acid (0-37 mole); the yield
of ketone was then only 0-009 mole.

‘When procedure B was used and the reaction mixture kept at 10—15° for 45 minutes the
vield of 2: 4-dimethylacetophenone was 0-032 mole. In a second experiment under identical
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conditions but in the presence of excess of silver perchlorate (0-05 mole) the yield of ketone was
0-029 mole.

Reactions with Acetophenone and p-Methylacetophenone.—Acetyl chloride (0-26 mole) was
added during 25 minutes to a precooled solution of silver perchlorate (0-26 mole) in nitromethane
(270 g.) and acetophenone (0-26 mole). The mixture was kept for 4 hours during which the
temperature was allowed to rise slowly from 5° to 14°. The dark mixture was then worked up
in the usual way.

Acetophenone (0-16 mole) was recovered. Benzoylacetone (0-054 mole) distilled at 118—
120°/9 mm. as a pale yellow oil which rapidly solidified on cooling; recrystallisation from
methanol gave long colourless needles, m. p. §6°. (Beyer and Claisen, Ber., 1887, 20, 2180, give
m. p. 60—61°.) The structure was confirmed by alkaline fission to acetophenone and a little
benzoic acid.

When the reaction was carried out with p-methylacetophenone and the mixture kept for 2
hours, about half of the ketone was recovered. The p-methylbenzoylacetone (0-053 mole), b. p.
126—132°/5—6 mm., distilled as a sweet-smelling pale yellow oil (Found: C, 74-8; H, 7-1.
C,,H,,0, requires C, 75-0; H, 6-8%,). Alkaline fission of the oil (2:0 g.) gave p-methylaceto-
phenone (1-2 g.) and p-toluic acid (0-3 g.) (m. p. and mixed m. p.).

S-Benzylthiuronium p-toluate recrystallised from ethanol as colourless needles, m. p. 188—
189° (Vogel, ‘“ Practical Organic Chemistry,”” Longmans, Green & Co., London, 1948, p. 737,
gives m. p. 164°).

Reactions using 729, Perchlovic Acid.—Series A. '72%, Perchloric acid (0-05 mole) was added
during 5—10 minutes to acetic acid (0-18 mole) and acetic anhydride (0-31 mole) cooled in ice
water. The hydrocarbon (0-1 mole) was added during 5 minutes at 6—8° and the mixture was
then left at 10—15° for 4 hours (48 hours in the case of benzene and 2 hours in the case of anisole).
The mixture was poured on crushed ice and then extracted thrice with ether. The combined
ethereal extracts were washed successively with aqueous sodium carbonate, 2x-sodium hydroxide,
and water. The dried (Na,SO,) solution was evaporated and the residue was fractionated.

Series B. A mixture of the hydrocarbon (0-2 mole) with acetic anhydride (0-16 mole) and
nitromethane (36-8 g.) was cooled to below 5° and 729, perchloric acid (0-05 mole) was added
during 15 minutes, so that the temperature did not rise above 15°. The mixture was left at
room temperature for 18 hours before being worked up as in series A.

The amounts of ketone formed (in moles) were :

CoH, PhMe m-CeH Me, PhOMe
Series A .....coieiiiiiiiiiis Trace Trace 0-004 0-033
Series B ...l Trace 0-0044 0-026 0-040

Alkylation experiments.

Reactions with Benzeme.—Silver perchlorate in benzene (230 g.) was allowed to react with
benzyl bromide at 5—6° for 45 minutes, procedure A being used. As a slight variation of tech-
nique the whole reaction mixture was poured on crushed ice and left for several hours before
filtration ; this prevented separation of solid benzene on the sintered plate. Distillation of the
residue gave a little (0-7 g.) unchanged benzyl bromide—possibly owing to the inhomogeneity
of the reaction mixture. The main fraction consisted of diphenylmethane (0-036 mole), b. p.
130—140° (mainly 134—135°)/16 mm., m. p. and mixed m. p. 25—26°. There was a viscous
high-boiling residue (1-0 g.).

When the reaction was carried out with benzene (0-2 mole) and nitromethane (72-8 g.), the
diphenylmethane (0-021 mole) was accompanied by a fraction (1-4 g.), b. p. 165—200° (mostly
185—190°) /4—5 mm., which partly solidified on cooling. The solid crystallised from alcohol
and from methanol as colourless needles which had almost completely melted at 65° but did
not become clear until 74° (Found : C, 93-1; H, 7-1. Calc. for C,)H;4: C, 93-0; H, 7-0%).
There was a non-distillable residue (1-8 g.).

‘When procedure B was used all but a trace of the material derived from the benzyl per-
chlorate was retained by the silver bromide which was rather greasy in appearance; it was
washed with water and dried. The powdered material (13-9 g.) was extracted (Soxhlet) with
chloroform; the adsorbed substance was not completely extractable with ether in which it was
sparingly soluble. Evaporation of the extract left a resin (42 g.) (Found: C, 87-6; H, 6-8.
Calc. for C,H,: C, 93-3; H, 6-7%), which was obviously impure. It appears probable that
oxygen was incorporated in the product at some stage.

Reactions with Toluene—The above experiments were repeated with toluene (0-2 mole).
p-Methyldiphenylmethane (0-032 mole), b. p. 120—130° (mainly 128—130°)/7 mm., was charac-
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terised by oxidation with chromic acid to p-methylbenzophenone, identified as the 2 : 4-dinitro-
phenylhydrazone, orange-red needles (from ethyl acetate), m. p. 198—201° (Found : C, 63:7;
H, 4-1; N, 14-7. Calc. for C,iH,;O4N,: C, 63-8; H, 4-3; N, 14-99). There was a high-
boiling residue (1-9 g.).

In nitromethane (72-8 g.) the same amount of p-methyldiphenylmethane (0-032 mole) was
obtained but there was more residue (2-4 g.).
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