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The data support the assumption of a slow, aque-
ous phase rate step and show that both exchange re-
actions are base catalyzed. The intrinsic rates for
the two compounds are large and are quite similar.
The data for phenylacetylene indicate that neither
water nor hydrogen ion is an effective catalyst.
They also suggest that for all conditions the pre-
dominant base catalyst is hydroxide ion. This is of
interest since the expected mechanism for this ex-
change predicts general base catalysis. The sec-
ond order rate coefficient for reaction of phenylacet-
ylene-d; and hydroxide ion is 460 1. mole~ sec.™},
which is close to the value reported in the ac-
companying communication by Kreevoy and co-
workers for the analogous exchange of the hydrogen
compound in aqueous pyridine! Further work is
in progress.
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RATE OF BASE CATALYZED HYDROGEN EXCHANGE
BETWEEN PHENYLACETYLENE AND WATER
Sir:

The rate of exchange of the acidic hydrogen of
phenylacetylene with water in 99 by volume aque-
ous pyridine is first-order with respect to both acet-
vlene and hydroxide ion. The rate-determining
step is presumably the abstraction of a proton from
phenylacetylene by the base. Rates were meas-
ured from the broadening of the acetylenic hy-
drogen n.m.r. peak caused by the exchange. The
second-order rate constant, k2, = 3.5 % 0.5 X 103
m.~! sec.7}, is in satisfactory agreement with that
obtained in water by deuterium exchange! (k; =
460 m.—! sec.™!) when the isotope effect and differ-
ence in solvent are considered.

Our results and those of Long and Ballinger?! indi-
cate that %, in water is ~10% m.—! sec.~! from which
AF* is ~13 kcal. mole=!, McEwen? has estimated
pK, for phenylacetylene in water as 21. Combin-
ing this with the pK for dissociation of water, AF?
for the reaction of phenylacetylene with hydroxide
ion is ~7 kcal. mole—!, The difference between
these numbers is the free energy of activation for
the reaction of the phenylacetylide ion with water.
Since AS® for liquid water at 25° is 17 cal. mole—!
deg.™?, the free energy increase accompanying the
total immobilization of a water molecule would be
~5 keal. mole—1,

Aqueous pyridine was chosen as the solvent so as
to separate the acetylenic hydrogen peak from the
solvent spectrum. Peak height is approximately
proportional to the transverse relaxation time, 7%.%
The exchange process provides an additional mode
of relaxation so that the acetylenic hydrogen peak
height is proportional to the effective relaxation time
72, Where 1/72 = 1/7, -+ ky, ky being the first order
rate constant for the exchange. 7% was not con-
stant, and it even varied during a single sweep. To
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apply a correction methanol (~29%,) was included
in the solvent, and the height of the methyl peak
was meastred and taken as proportional to 7.

The second-order rate constants tabulated were
obtained using 10-%-10—* M tetramethylammo-
nium hydroxide at 24.5 = 1° The first of these
was invariant (within its uncertainty) under a 10-
fold variation in hydroxide ion concentration.

Water, PhC=CH,

% V. %o v. 10 =%
9.1 2.8 3.540.7
9.1 9.1 3.440.4
15.1 9.4 1.2 40.3¢

@ Dimethivl sulfoxide and mesitylene were used in place
of methanol for some runs in this solvent.

In 109, aqueous pyridine there was a nearly
linear relation between base concentration and con-
ductivity, giving a limiting equivalent conductance
of ~30 ohms~—! cm.2. The ratio of the viscosity of
109, aqueous pyridine to that of water is 1.7 at
25°. This suggests that the base exists principally
as free ions in this solvent.
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APPLICATION OF MASS SPECTROMETRY TO
STRUCTURE PROBLEMS. II. STEREOCHEMISTRY
OF EPIMERIC, CYCLIC ALCOHOLS

Sir:

During an investigation of the mass spectra of
epimeric, cyclic alcohols, we have observed that the
spectra of epimers, which are in general very similar
as is to be expected, differ distinctly in the abund-
ance of the molecular ion, M+. This peak was
found to be more intense in the spectrum of the less
crowded epimer (equatorial hydroxyl) of secondary
alcohols, whereas in tertiary alcohols the epimer
with the axial hydroxyl and equatorial alkyl group
exhibited the more intense M+ peak (Table I).

We interpret this effect as a consequence of a dif-
ferent rate of decomposition into fragments of the
molecular ion (M™), formed on electron impact,
which is slower in the case of the more stable ion
M+, (Since the fragments of the two isomers are
the same, their formation need not be considered;
the ionization step cannot give rise to the observed
difference because the cross sections of epimeric
alcohols are at least nearly the same.)

A secondary, cyclic alcohol with the hydroxyl
group in the more crowded position will therefore
yield a molecular ion which has a greater tendency
to decompose (and show a less intense M ¥ peak)
than its less crowded epimer. Since a hydroxyl
group requires less space than an alkyl group, the
situation is reversed in the case of tertiary alcohols.

The spectra of the acetates of secondary alcohols
show the same effect, enhanced due to the larger
size of the acetoxy group compared with hydroxyl.

The main difference in the decomposition of M+
appears to be in the path leading to the fragment
M-18 (or M-60 for the acetates) whose abundance
is in turn always greater for the more crowded epi-
mer.



