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Therefore, convection cannot cause the observed
values of D in the H,O-D:O experiments to stray
appreciably outside the range from D; to D,
Thus we would have observed easily the enormous
decrease of D reported by Adamson and Irani, and
we must conclude that their measurements are er-
roneous.
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Mari10o E. BAUR

THE PREPARATION OF A CRYSTALLINE
gem-DITHIOL UNDER MILD CONDITIONS
Sir:

We wish to report the synthesis in 809, yield of
the first crystalline gem-dithiol, 2,2-dimercapto-1,3-
diphenylpropane, m.p. 81.5~83°, by the combined
action of hydrogen sulfide and hydrogen chloride
upon dibenzyl ketone at atmospheric pressure.
Since these conditions heretofore have been used
for the preparation of thioketones and thioalde-
hydes (or their polymers) in variable yield,! we
believe that previous investigators have failed to
recognize that gem-dithiols are among the reaction
products because the reaction mixtures have been
worked up by the use of procedures which would
have destroved gem-dithiols. It seems likely that
the formation of gem-dithiols from carbonyl com-
pounds is of far greater generality than has been
recognized up to the present time, and that their
presence can explain some puzzling reaction prod-
ucts which have been observed. We are exploring
the scope of the reaction, as well as the chemistry of
gem-dithiols, broadly. The first previous synthe-
sis? of gem-dithiols utilized pressures in the range of
35-8500 atmospheres without added catalysts, and
yields were commonly 15 to 35%,.

A solution of dibenzyl ketone (19.4 g., 0.0924
mole) in 50 ml. of ethanol was cooled in an ice-bath.
Dry hydrogen chloride and dry hydrogen sulfide
were simultaneously bubbled through the solution
for a period of six hours. The reaction mixture
was allowed to stand overnight in a refrigerator.
The precipitate was filtered, washed with cold etha-
nol, and dried in air to yield 19.6 g. (80%) of color-
less, granular crystals, m.p. 75-80°. Two recrys-
tallizations from ethanol (at temperatures not ex-
ceeding 50°) yielded 15 g. of colorless needles, m.p.
§1.5-83°. Infrared absorption at 2570 cm.™!
showed the presence of the sulfhydryl group; car-
bonyl absorption was absent. Sodium nitroprus-
side gave a positive sulfhydryl test. Lead acetate
produced a yellow precipitate which slowly turned
black on standing, a behavior typical of gem-di-

thiols.? Amnal. Caled. for CisHieS:: C, 69.18;
H, 6.19; S, 24.63. Found: C, 6941; H, 6.31;
S, 24.63.

The gem-dithiol yielded with 2,4-dinitrophenyl-
hydrazine reagent the same orange crystalline 2,4-
dinitrophenylthydrazone as dibenzyl ketone, m.p.

(1) (a) A. Schonberz, p. 705 ff., in '“‘Methoden der organischen
Chemie,”” (Houben-Wevl), 4th ed. (ed. E. Miiller), G. Thieme, Stutt-
wart, Vol. 9, 1955; (b) E. Campaigne, Chem. Rev., 39, 1 (1946).
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‘I'uis Journar, T4, 3982 (1952).
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08.5-09.5° after recrystallization from ethanol.
Identification was made by comparison of melting
points (no depression on admixture) and infrared
absorption spectra.
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EXCHANGE RATES OF ACETYLENIC HYDROGENS
IN AQUEOUS SOLUTIONS!
Sir:

Available studies on the exchange of acetylenic
hydrogens with those of aqueous solutions do not
establish definitely the details of the exchange
process but do imply that the rate is only mod-
erate, even when the aqueous phase contains one
molar hydroxide ion.??* In view of the acidic char-
acter of acetylenes,*® this is surprisingly slow. We
have consequently reinvestigated this exchange for
phenylacetylene and for acetylene itself. For the
first of these, CeH;C,D was prepared and aliquots
were shaken with aqueous buffer solutions at 25°.
Analysis was made with an infrared spectrometer on
solutions of the phenylacetylene in carbon tetra-
chloride. In the second case, acetylene was shaken
at 25° with buffers made up with water which con-
tained 60 atom per cent. deuterium. Analysis of
the C:HD formed was made by gas phase infrared.
In both cases the aqueous hydrogens were in large
excess and only initial rates were measured so that
reverse processes can be neglected. At pH values
below ten the rate of exchange easily could be made
independent of the degree of shaking, indicating
that the slow step occurred in the aqueous phase.
We therefore have used the observed half-times for
exchange and the measured mole ratios and solubili-
ties to calculate the listed values of the first order
rate coefficients for the solution reaction. The rele-
vant equation is kson = 0.694/ VSt where 4 is
total moles and S is aqueous solubility of the acetyl-
ene compound, Vg is volume of aqueous phase and
by, is the observed half-time for the two-phase ex-
change.

10%401n.,
Solution pH see, ~1
Acetylene
0.02 M total phosphate 8.60 2600
0.02 M total phosphate 9.04 6000
Phenylacetylene

0.01 M HC1 2 110 exchn.
0.04 M total acetate 5.03 2
0.02 M total phosphate 7.03 71
0.02 M total phosphate 7.91 510
0.02 M total phosphate .60 1300
0.05 M total phosphate 8.60 1500
0.014 M total horate 9.0 4600
0.012 M total borate 9.3 12000

(1) Work supported by a grant from the Atemic Energy Com-
mission.
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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-
domitant 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.

(6) H, B. Charman, M. Kreevoyv, G. V. D. Tiers and G. Filipovich,
J. Am. Chem. Soc., 81, 3149 (1959).
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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 9%, by volume aque-
ous pyridine is first-order with respect to both acet-
yvlene 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, 2, = 3.5 =+ 0.5 X 103
m.~! sec.™}, 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 ks in water is ~10% m.~! sec. ™! from which
AF* is ~13 kecal. mole~l, 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 kcal. 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, 7.3
The exchange process provides an additional mode
of relaxation so that the acetylenic hydrogen peak
height is proportional to the effective relaxation time
73, Where 1/73 = 1/T, -+ ki, k, being the first order
rate constant for the exchange. 7, was not con-
stant, and it even varied during a single sweep. To

(1) F. A. Long and P. Ballinger, Tais JoUurNaL, 81, 3148 (1959).
(2) W. K. McEwen, ibid., 58, 1124 (1936).

(3) J. D. Roberts, 'Nuclear Marnetic Resonance,” McGraw-Hill
Book Co., Inc., New York, N, V., 1859, p. 97,
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apply a correction methanol (~2%) was included
in the solvent, and the height of the methyl peak
was measured and taken as proportional to Ts.

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, PrC=CH,

% v. % V. 10 %
9.1 2.8 3.540.7
9.1 9.1 3.4+0.4
15.1 9.4 1.2 4+0.3¢

@ Dimethy! 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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Hucr B. CHARMAN

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,



