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The acid-catalyzed dehydration of 1,2-diphenyl-2-propanol, 1, when performed under kineti-
cally controlled conditions, produces a 1:1 mixture of trangs-a-methyl-stilbene and o-benzyl-
styrene (1). During our
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study of this dehydration, we became interested in the effect of substituents in the aromatic
rings upon the rate of dehydration. In preparation for this study, the kinetics of the
dehydration of 1 was examined in some detail.

Dehydration of the alcohol was effected in acetonitrile using p-toluenesulfonic acid as
a catalyst. The reaction progressed at a convenient rate in the temperature range of 50-70°
and samples, withdrawn periodically, were quenched on anhydrous sodium carbonate and analyzed
by v.p.c. (2).

Analysis of the data showed that the alcohol reacted at a rate which was neither umiformly
first order nor uniformly second order in the alcohol. Instead, the first portion (ca. 60%)
of the reaction showed a second-order dependence on the alcohol concentration, the last portion
(ca. 30%), a first-order dependence with, of course, a transitional region separating the two
portions.

As an explanation of this kinetic behaviour, the following sequence of reactions appears

to be the simplest:
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Two equilibria are suggested, one involving reversible carbonium ion formation, the other
reversible ether (protonated) formation through the carbonium ion. Two rate controlling steps
follow, one the rate-controlling loss of a proton from the carbonium ion as suggested by Noyce
(3) for a similar alcohol, the other a rate-controlling decomposition of the protonated ether
to alkenes.

The overall kinetic expression contains two terms, a first-order term due to equations 1

and 3 and a second~order term due to equations 1, 2 and 4. As the reaction progresses and the
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alcohol concentration decreases, the partial rate due to the bimolecular portion surrenders its
dominant role to the unimolecular portion. The concentration of water is an important feature
of the pseudo-first and pseudo-second-order rate constants. Contributions to this are made by
the catalyst, the solvent and by the dehydration itself
+[820] +{H0]

i.e. [H,0] = [H0] = {H,0]o+[H20]

solvent catalyst reaction reaction
At any particular time t, the concentration of water

[B0], = [H.0]o+ [RoH]o - [ROH],
and to afirst approximation remains constant throughout the reaction and equal to the sum

[B:0}, + [ROH]o.

Pseudo-Rate Constants for the Dehydration at 50°¢,

[ RoH)? ks ki

0.668 0.0186 0.00475
0.334 0.101 0.0116
0.186 0.354 0.0273
0.067 1.616 0.0538
0.334b - 0.00407
0.334¢ No reaction No reaction

a) all runs 0,0186 M in p-toluenesulfonic acid
b) 0.334 M in water.
c) 5.25 M in water.

An examination of the data of the Table shows the dependence of the pseudo-rate constants
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upon the initial alcohol concentration; as the initial concentration decreases, the rate
constants increase. Again, adding water injtially to the system should decrease both pseudo
rate constants. In one experiment performed, a large concentration of water imhibited the
dehydration completely. If the amount of water added is equimolar with the alcohol, the
kinetics become chiefly first-oxder in alcohol concentration since the carbonium iom is largely
confined to the equilibrium of equation 1 unless it escapes by decomposition as in equation 3.
This undoubtedly explains why Noyece (3) observed only first-order dependence in the acid-
catalyzed decomposition of 1,2-diphenylethanol since he employed aqueous ethanol as solveat.

Broadly speaking, ethers are considered relatively stable compounds particularly under
the mild conditions employed in these experiments. More direct evidence that an ether may form
and decompose under the conditions of dehydration was obtained by carrying out the reaction in
benzene-methanol. The methyl ether, 2-methoxy-1,2-diphenylpropane, was formed in amounts as
high as 25% of the reaction products before it too decomposed to the alkene mixture. This
methyl ether was isolated and its rate of decomposition, measured under conditions idemtical
to those used for the dehydration of 1, proved to be approximately half that of the alecohol
itself.

The postulated intermediate, the protonated bis-tertiary ether 2, would be expected to be
much less stable than the methyl ether. However, if its rate of decomposition were not greatly
in excess of that of the alcohol, a measurable concentration should be formed at some point
during the dehydration and treatment with base would convert it to the ether 2.

CH; CHj
Eh—Cl-Lz—C—O—(ll—Cﬂz—Eh
Fh Ph
2

Using t.l.c. (4), the reaction mixture was examined during the course of the dehydration.
A small amount of a product which was neither the original alcohol nor the product alkenes was

indeed formed during the reaction but disappeared before dehydration of the alcohol was complete.

This material was isolated from a large experiment by a combination of crystallization and
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column chromatography (v.05% yield) and its apectral properties and analytical data were
compatible with the structure 2.

Thus the demonstrated presence of the bis-tertiary ether 2, the sensitivity of the methyl
ether to acids, and the observed bimolecular kinetics, all indicate that the dehydration of the
alcohol 1 can proceed, at least imn part, through the intermediate Rzgﬂ, the protonated form of
ether 2.

While ether formation during acid-catalyzed dehydrations is not an unknown occurrence(6),
it is believed that this is the first indication that a protonated ether can be considered as an
intermediate in the dehydration of an alcohol. In this instance, its appearance is no doubt a
rather special case and is related both to the relative longevity of the carbonium ion and to
the fact that the ether, being a bis-tertiary benzylic ether, readily decomposes.
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