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The present investigation is concerned with
intramolecular hydrogen bonding in the systems
of poly-functional compounds in which one
or more proton-donating groups can form a
hydrogen bond with a few proton-accepting
groups. Such systems are complicated because
various types of intramolecular hydrogen
bonding may simultaneously appear, depending
on the thermodynamical stability of the geo-
metries to be formed through the intramolecu-
lar hydrogen bonding between the groups. Of
such compounds, some phenylalkane-diols, such
as diaryl pinacols® and phenylcycloalkane-
diols,” have recently been investigated by
means of infrared spectroscopy in the OH-
stretching region.

This paper will deal with intramolecular
hydrogen bonding in phenyl-a, w-alkane-diols
and with its limitation through the length of
an alkylene chain intervening between the
hydroxyl groups.

Intramolecular hydrogen bonding occurs in
«, w-alkane-diols HO-(CH.),~OH and in -
phenylalkanols Ph-(CH:),~OH when n is an
integer of from 2 to 4% in the former®® and
from 1 to 2 in the latter.”"®® As n increases,
the separation between the free and the bonded
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OH band (4y) increases from 32 through
78 to 156 cm ™! in the former™ and from 17 to
30cm~! in the latter.”> Moreover, the intensity
ratio of the free OH band to the bonded OH
generally grows with the increasing n.

In consideration of these facts, it is to be
expected, in the present series of Ph—-CHOH-
(CH:)»—~OH, that the primary alcoholic hydroxyl
group will predominantly form a hydrogen
bond with both the secondary hydroxyl group
and the r-electrons of the phenyl group when
n is equal to 1, and with only the former
when n is 2 or 3. However, it forms a hydrogen
bond with neither of them when n is 4. At
the same time, the secondary hydroxyl group
may be expected to form a hydrogen bond
with both the proton-accepting groups when
n is an interger of from 1 to 3, but with the
m-electrons only when 7 is 4.

In this paper, the free OH group is that OH
which contains an unbonded H atom, i.e.,
which includes an OH group not participating
in any hydrogen bond and an OH group
whose oxygen atom hydrogen-bonds to the
hydrogen of another OH. The bonding of
the oxygen atom of a free OH group to the
hydrogen of another OH group has, in general,
little effect upon the frequency of the free
OH group.’!®  Accordingly, the following
discussion and assignments will be made mainly
on the basis of the frequencies and the inten-
sities of the bonded OH bands, with some
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Fig. 1. IR spectrum of phenylethane-1,2-diol
(D).
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consideration also of those of the free OH
bands.

The spectrum of phenylethane-1,2-diol (I)
contains a partially resolved doublet with
maxma at 3624 and 3600cm~!; this doublet
can graphically be separated into two sym-
metric components, as is shown in Fig. 1,
which can reproduce almost the same doublet
as the original one by overlapping with each
other. The former frequency accords with the
free vom of 3627cm~! of a-phenylethanol,®
and the latter, with the bonded vom of ca.
3605cm~! of B-phenylethanol.”:®11> Conse-
quently, diol I may predominantly take form
Ia rather than form Ib:

Ph---1 H---Fh

0 0

H o
Ia Ib

The secondary OH group in Ia is completely
free, but in Ib it is hydrogen-bonded with the
primary one. Form Ib may be absent because
this diol shows no OH band near 3550 cm™!,
at which point cis-1-phenylcyclohexane-1, 2-diol
containing a hydrogen-bonded conformation
similar to form Ib shows a strong band due
to the tertiary OH group bonded to the
secondary OH.**> Also, the diol may be free
from hydrogen bonding between the secondary
OH group and the r-electrons because there
is no absorption band near 3616 cm™?, at which
point a-phenylethanol shows a bonded OH
band.®

1-Phenylpropane-1, 3-diol (II) shows two un-
symmetric bands at 3615 and 3547cm~!, the

log Ip/1

cm™!

Fig. 2. IR spectrum of I-phenylpropane-1,3-
diol (II).
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former having a shoulder on the higher fre-
quency side and the latter, a shoulder on the
lower frequency side. Therefore, the bands
can be resolved into four substantially sym-
metric components by graphical separation, as
is shown in Fig. 2. The bands at 3638 and
3531cm~! may be assigned to the free and
the bonded OH group, as in Ila, and similarly,
the other pair of 3615 and 3547cm™!, to the
bonded OH groups, as in IIb.

"H 3615
IIb

The separation between the primary OH
bands is 91cm™!, but for the secondary OH
bands it is 84cm~' In the latter case,
however, it is increased to a reasonable value
of 93cm~! by replacing the bonded secondary
OH frequency in IIb by the free one of 3624
cm~! of compound I.

1-Phenylbutane-1, 4-diol (III) similarly shows
two unsymmetric bands, with peaks at 3614
and 3452 cm~!, which have shoulders at about
3636 and 3473cm~! respectively, as Fig. 3
shows. The former band could graphically be
separated into two components, whose maxima
are at 3636 and 3614cm™!, but the latter band
was difficult to divide into components and
the apparent shoulder was taken to be the
peak of the additional unresolved components.
As is shown in forms IIla and IIIb, these
bands may, respectively, be assigned to the free
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Fig. 3. IR spectrum of 1-phenylbutane-1,4-
diol (III).
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primary OH group, the secondary OH bonded
to the m-electrons, the primary OH bonded to
the secondary OH, and the secondary OH
bonded to the primary OH.

Pp‘ /0-,‘ H—0
P . ca. 3473
h ‘1’ 3614 !
IIIb

1-Phenylpentane-1, 5-diol (IV) shows a strong
band at 3615cm~! and a very weak, broad
band at about 3491 cm~!. The former has a
shoulder on the higher frequency side and can
be separated into two symmetric bands, at
3636 and 3615c¢m~!, which may be due to the
free primary OH group and the secondary OH
bonded to the n-electrons respectively. Since
the absorbance of the free primary OH band
is lower than that of the secondary OH band,
the weak band is probably due to the primary
OH group whose H atom hydrogen-bonds with
the oxygen of the bonded secondary OH group,
in spite of the fact that the phenyl group
makes the secondary OH group more acidic
than the primary OH.3*> 5-Methoxypentanol
shows a weak, broad band due to the internally
bonded OH group at 3501 cm~1.%
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Fig. 4. IR spectrum of 1-phenylpentane-1,5-
diol (IV).

2-Phenylpropane-1, 3-diol (V) shows two
almost symmetric bands at 3634 and 3553 cm™—},
which accord with those of 2-alkylpropane-1, 3-
diols.'? The following internally-bonded form
Va may be the most favorable for this com-
pound:

Ph o’
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The phenylalkane-diols will also contain a
certain proportion of molecules in which both
the OH groups are free and/or one of them
is free and the other forms a hydrogen bond
with the phenyl group; this proportion may
not be significantly high in the case of diols
other than I and IV.

TABLE I. SUMMARY OF INFRARED DATA FOR

Ph-CHOH-(CH,) ,-OH

Compound n von, cm~1 log Io/I dvyse

I 1 3624 0.60 35
3600 0.52 46

I 2 3638 0.74 25
3615 1.10 30
3547 0.60 52
3531 0.50 60

III 3 3636 0.49 16
3614 0.76 25
3473
5 452} 0.43 136

v 4 3636 0.61 22
3615 0.94 23
3491 0.13

A% 3634 0.19 27
3553 0.12 24

Experimental

Compound I was prepared from styrene by the
method described in the literature.'® Compounds
II and V were synthesized in the usual way by the
hydrogenolysis of ethyl S-phenyl-g-hydroxypropio-
nate'®) and diethyl phenylmalonate!®> with lithium
aluminum hydride, while compounds III and IV
were similarly prepared from the ethyl esters of
w-benzoyl-propionic and -butyric acid!® and recrys-
tallized from ether. Their properties and data of
analysis are shown in Table II.

TaBLE II
Com M. p., °C Calcd. Found
pound (B.p., °C/ ' *
mmHg) C H C H
I 65—6613
I (152/510)
25—l 4528
II1 For CmH“OQ
(155/2) 72 26 B8.49 72.53 B.78
v 53.5 or Cy1Hg0:

(165—166/4)

A% 48.5—49.51%
(167/9)
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The infrared measurements were carried out by
a method previously reported,!> at a concentration
of 0.004 mol./l. in carbon tetrachloride, except that
saturated solutions of compounds I and V were
used because of their low solubility. The infrared
data are summarized in Table 1.

The authors wish to express their thanks to
Mr. Teruo Kajiura and Mr. Tadao Tamura of
the Government Chemical Industrial Research

[Vol. 38, No. 10

Institute of Tokyo for the infrared measure-
ments.

Department of Chemistry
Tokyo College of Science
Kagurazaka, Shinjuku-ku, Tokyo
(N. 0. & Y. T)

The University of Yamanashi

Research Institute of Fermentation
Kofu, Yamanashi (S. 0.)




