
394 LETTERS TO THE EDITORS 

3. DJERASSI, C., AND GUTZWILLER, J., J. Am. Chem. 
8oc. 88, 4537 (1966). 

4. BIELLMANN, J. F., AND LIESENFELT, H., Compt. 
Rend. %3C, 251 (1966) ; Bull. Sot. Chim. Fr., 
p. 4029 (1966). 

6. YOUNG, J. F., OSBORN, J. A., JARDINE, F. H., AND 
WILKINSON, G., Chem. Commun., p. 131 
(1965). 

6. CRAMER, R., J. Am. Chem. Sot. 88, 2272 (1966). 

A. L. ODELL 
J. B. RICHARDSON 

W. R. ROPER 

Urey Radio Chemical Laboratory 
The University of Auckland 
Auckland 
New Zealand 

Received June 1, 196’7 

Mechanism of Triphenylcarbonium ion Formation 

on the Silica-Alumina Surface 

Leftin and Hall (1) noted that the tri- 
phenylcarbonium ion formed spontaneously 
from triphenylmethane on silica-alumina, 
but they were unable to ascertain unambig- 
uously the fate of the H- which is stoichio- 
metrically removed in the process. How- 
ever, they showed that it was not evolved 
as H, by reaction with catalyst protons, nor 
was it transferred to a carbonium ion 
formed from an olefinic impurity. Since 
treatment of the catalyst with H, at 500” 
had no effect on the reaction, they argued 
that oxidation of triphenylmethane to tri- 
phenylcarbinol was not a necessary prereq- 
uisite for carbonium ion formation. On the 
basis of this information, they suggested 
that the hydride ion was abstracted and 
held by the silica-alumina surface, presum- 
ably by strong Lewis acid sites which had 
been frequently postulated. 

Recently, Hirschler (2, 3) presented evi- 
dence purporting to show that ion forma- 
tion did indeed result from oxidation to 
triphenylcarbinol. This question was re- 
examined by Porter and Hall (4) who 
refuted this claim by demonstrating that 
the oxidation is photolytic; it could not 
have been responsible for the results of 
Hall and co-workers, although it might 
have been a factor in Hirschler’s work. 
Since conclusive proof has been lacking, 
the authors maintained their respective 
positions in a later exchange (5, 6). 

The fate of the H- has now been ascer- 

tained; the triphenylcarbonium ion re- 
sults from the following Friedel-Crafts 
chemistry: 

Ph&H + Cat H+ --f CsH, + Ph&@H 0) 

Ph&@H + PhaCH + PhzCHz + Ph&@ (2) 

The pretreatments of catalyst and chem- 
isorption procedures are detailed elsewhere 
(4). The procedures for qualitative and 
quantitative determination of benzene, di- 
phenylmethane, and triphenylcarbinol were 
as follows: (1) The catalyst cell was placed 
on a vacuum line via a break-seal and the 
volatile benzene fraction was distilled into 
a trap at -195”. Benzene was identified by 
its PMR and its mass spectra. It was 
quantitatively determined by calibrated 
GLC and PMR. (2) The catalyst was 
transferred to a Soxhlet and extracted for 
several days with wet cyclohexane. The 
separation, identification, and quantitative 
determination of products were accom- 
plished by GLC calibrated with authentic 
samples. The diphenylmethane fraction 
was purified by preparative GLC and 
its identity was confirmed by mass 
spectrography. 

According to Eqs. (1) and (2), equimolar 
quantities of benzene, diphenylmethane, 
and triphenylcarbinol should be formed. 
The experimental results are summarized in 
Table 1, where this was established. The 
values for diphenylmethane and triphenyl- 
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carbinol were in good agreement with the 
carbonium ion concentration (1.8 X 10ls/g) 
determined spectrophotometrically (4) * 
The amount of benzene recovered was, 
however, somewhat higher. This could be 
explained by the following side reaction: 

Ph& @H + Ph,CH + o- or p-Ph&HCsH&HPhz 

+ Ha (3) 

The presence of a small amount of #(~,a~l(~‘a’- 
tetraphenylxylene was indeed detected in 
the GLC analysis. The amount of this by- 
product was found to depend on the length 
of heating at 100”. 

That the formation of carbonium ion on 
the solid surface depends mainly, but not 
solely, on the stability of carbonium ion 
was demonstrated by studying the related 
chemistry of diphenylmethane and p,p’- 
dianisylmethane. With the less stable di- 
phenylcarbonium ion, the catalyst remained 
white and no diphenylcarbinol (less than 
+lOl/g) was detected. C,, compounds 
were found in about the expected amounts, 
indicating that the major reaction was 
arylation [Eq. (3)] and that hydride trans- 
fer [Eq. (2)] was unimportant. This was 
supported by the recovery of a larger 
quantity of benzene, than with triphenyl- 
methane. Since the arylation reaction re- 
generates a proton, this reaction is not 
limited by the number of Bronsted sites on 
the catalyst. The C,, compounds were pu- 
rified by GLC and identified by mass spec- 
trography as the two isomers of cy,d-di- 
phenylxylene. The same Friedel-Crafts 
reaction was also found with decationated 
Y-zeolite (Table 1). 

When p,p’-dianisylmethane was chem- 
isorbed, the presence of a small amount of 
p,p’-dianisylcarbonium ion was readily de- 
tected, in addition to the recovery of a large 
quantity of anisole and phenol. The p,p’- 
dianisylcarbonium ion is more stable than 

diphenylcarbonium ion, but the presence of 
the methoxy group also activates the 
phenyl ring for substitution. 

Leftin and Hall (1) reported that ben- 
zene was formed when triphenylmethane on 
silica-alumina was heated above lOO”, but 
attached no significance to this, because 
they thought the carbonium ion concentra- 
tion was tenfold higher than it is now 
known to be (3, 4). Since triphenylmethane 
does not appear to undergo hydride ab- 
straction by Lewis sites, as previously sup- 
posed, convincing evidence for similar re- 
actions with paraffin molecules is lacking 
and other routes to carbonium ions should 
be sought. In conclusion, Hirschler was cor- 
rect in insisting that catalyst protons ef- 
fected the formation of carbonium ions, but 
wrong concerning the mechanism. Hall and 
co-workers were incorrect in their sugges- 
tion that electrophilic centers were respon- 
sible, but correct in insisting that catalyst 
oxygen was not a factor. 

This work was sponsored by the Gulf Research 
& Development Company as part of the research 
program of the Multiple Fellowship on Petroleum. 
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