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Although sulfur atom has not been so well
recognized as a base in hydrogen bonding as
oxygen and nitrogen atoms, several reports have
appeared implying this atom as a proton acceptor.??
More recent infrared investigations have indicated
that, on the basis of the OH spectral shifts, the
sulfur atom in sulfides is a relatively strong proton
acceptor in both inter-34> and intra-molecular
hydrogen bondings;3% in the case of some typical
proton acceptors such as ethers, sulfides and ¢-
amines, the OH spectral shifts increase with the
proton acceptor atoms in the order: O<S<N.
However, this indication can not always be justified,
since, in general, spectral shifts can not be used
to compare the strengths, or more exactly the
enthalpies, of hydrogen bonds involving different
proton acceptors such as halogens.®> In order to

Taere 1.

clarify this point of problem, the w-ethylmercapto-
alkanol series has now been investigated as regards
intramolecular hydrogen bonding by means of
infrared spectroscopy, by comparing with the
corresponding series of compounds which contain
oxygen as well as nitrogen as the proton acceptor
atom instead of sulfur,

Table 1 summarizes the physical constants of
the compounds examined and the apparent in-
frared data observed in carbon tetrachloride
solutions of such low concentrations that any
intermolecular hydrogen bonding is negligible.

Each compound, where the number of n is 2 or
3, showed two bands due to the free and the bonded
OH groups, while the others showed no bonded
OH band. The range of n allowing the formation
of the hydrogen bond is narrower than those in

SUMMARY OF THE PHYSICAL CONSTANTS AND THE INFRARED DATA OF COMPOUNDS

N THE C;H;S-(CHs),-OH SERIES

n  Bp, °C/mmHg g Molatty  vom  Mue yogpr e Ks KoM Ky
2 84—84.5/20 1.4839  3.74 3637 30 0.28 68 1.4 123 15
(20°C) 3547 105 0.205 35
5.60 363 30 0.46 68 1.5

3548 96  0.3¢ 34
3 82—83/5 1.4830  4.03 3640 30 0.75 68 0.09 1.5 4.7

3502 127 0.18 180
4% 94-05[5 1.4813  2.50 3640 30 0.5 70 —  0.65 3.5
5 133—134/20 1.4796  3.20 3642 30  0.65 68 — == ol

#1 Ko and Ky are the equilibrium constants in the w-methoxy-? and the @-diethylamino-alkanol

series. 1)

*  Found: C, 53.70; H, 10.48%.

Caled for CgH,;,0S:

G, 53.71; H, 10.52%.

#  5-Methoxypentanol is internally bonded,!® but this compound is not described in Lit. 7.
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the comparative series of nitrogen- and oxygen-
containing compounds, and also the equilibrium
constants (Kg) between the bonded and the free
OH species are much lower than those (Ko and
Ky) in the latter series; these indicate that the
sulfide-sulfur atom is much lower in intramolec-
ular hydrogen bonding ability than the oxygen
and the nitrogen. Further, this suggests that the
enthalpy of the OH—S hydrogen bond formation
is considerably low as compared with that of the
OH—O as well as OH—N hydrogen bond forma-
tion, since these different proton-acceptor atoms
are expected to bring about nearly the same losses
in entropy for the formation of rings with similar
geometries through the hydrogen bonding. Ac-
cordingly, it may be concluded that (1) the spectral
shifts do not provide any significant information
on the strengths of the intramolecular hydrogen
bonds involving the different proton-acceptor
atoms, (2) the sulfide-sulfur atom has an ability
to form a ring with at most six members, and (3)
the intramolecular hydrogen bonding abilities of
these proton-acceptor atoms increase in the order:
S<O<N, as can be indicated by the order of
the K values (Ks< Ko< Ky) and also by the order
of the ranges of n allowing the formation of the
hydrogen bond.
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Experimental

The w-ethylmercaptoalkanols were prepared by the
known method® from the corresponding haloalkanols!t>
and ethylmarcaptan and then purified by fractional
distillation; their physical constants were in complete
agreement with those reported in the literature, except
for 4-ethylmercaptobutanol which has not hitherto
been described.

Determination of the equilibrium constants (Ks)
were carried out by the method previously described,!>
on the basis of the intensities of the free OH bands.
The molar extinction coefficients (&) were based on the
calculated concentrations of the free and the bonded
OH species.

The infrared spectra were measured by using a Perkin-
Elmer 21 single-beam spectrometer equipped with a
lithium fluoride prism and a cell of 3 cm long.
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