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Study of the intramolecular hydrogen bonding in 4-hydroxyvaleramide was under-
taken to ascertain its correlation with the intramolecular catalyzed hydrolysis of amides.
The presence of a strong intramolecular hydrogen bond in the amide was confirmed by
infrared spectral analysis in chloroform solution. These results were supported by the
stabilization energy obtained from the molecular orbital calculation of the configuration
models of 4-hydroxyvaleramide.

It has previously been reported that glucuronamide was hydrolyzed to two different
products, glucuronolactone and glucuronic acid, by a simultaneous intramolecular reaction
process® and that, in the hydrolysis of some hydroxyamides as well as glucuronamide, neigh-
boring participation effect facilitated the reaction rates.® Numerous intramolecular cata-
lyzed hydrolyses can generally be explained by the intramolecular hydrogen-bonding mecha-
nism® or by kinetically identical general acid-base and nucleophil-catalyzed mechanism.?
In some cases, attempts®® have been made to discuss these reactions in terms of the mode of
intramolecular hydrogen bonding determined in a dilute solution of hydroxyesters in carbon
tetrachloride by infrared spectroscopy. Since amides are known to be strongly complexed
with alcohols,” hydroxyamides seem to make an intramolecular hydrogen bond between
internal hydroxyl group and amide group, if stereochemical condition were satisfied. Thus,
the present study on the intramolecular hydrogen bonding of aliphatic hydroxyamides using
infrared spectrophotometric method was undertaken in order to make a choice between
these alternative explanations.

Experimental

Butyramide and butanol used were of reagent grade and solvents used were of analytical grade. 4-
Hydroxyvaleramide was prepared by the known method,*® mp 56.0° (from ether) (lit.1® mp 56°). Anal.
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Calcd. for C;H,,0,N: C, 51.25; H, 9.48; N; 11.96. Found: C, 51.56; H, 9.62; N, 11.61. Ethyl 4-hydroxy-
butyrate was prepared by the method of Brown, et al.'V) and purified by distillation, bp 49—51° (0.2 mmHg)
[lit.'Y bp 43—44° (0.15 mmHg)]. v

Spectral measurements were carried out with a Jasco-DS-402 G spectrophotometer, using a 1 mm or
5 mm cell. : ' :

Result and Discussion

Infrared Spectra

For the investigation of an intramolecular hydrogen bond, measurements of infrared
spectral absorption is generally carried out at as low concentration as possible in a non-
polar solvent such as carbon tetrachloride.'® Unfortunately, however, hydroxyamides
synthesized in this work were not well soluble in carbon tetrachloride and only 4-hydroxy-
valeramide'® was found to be slightly soluble in chloroform which was used for the present
investigation. “

The spectra of 4-hydroxyvaleramide were measured between 3100 and 3700 cm~! at
various concentrations in chloroform solution and its absorption curves are given in Fig. 1.
The amide in a low concentration (0.02m) shows three bands at about 3540, 3480 and 3400
cm~L.  As the concentration of the amide increases, two new peaks appear at about 3340
and 3200 cm™. In the concentration range examined there was no free O-H absorption
band at 3600—3650 cm™. Because of the overlapping of the bonded and nonbonded N-H
and bonded O-H absorption bands in the region between 3200 and 3600 cm™1, it is difficult
to assign the absorption peaks in Fig. 1. In connection with the possible interpretation of
these bands, spectral measurements described below were carried out in chloroform solutions.

0.02 1 0.02 5,005 210 g0 0.0z
801 0.05 M
_0.05m T80
¥ 70F |
. Sk 0.10
g 3
g 60r g 160 0.25
E %
) sol 0.50 w Mg_,50 0.50 v
g 2
E—( 0.10 M E_:‘ 149
401
T30
! L I ! ! A 1 B
7 1 L | 1
3800 3600 %ﬁgg 3200 3000 3800350034003200 20 3600 340032003000
cm™? em™
Fig. 1. Infrared Spectra of 4-Hydroxy- Fig. 2. Infrared Spectra of Butyl Alcohol (A)
valeramide and Butyramide (B)

Spectra of dilute solutions of butyramide (Fig. 2-B) show sharp absorption peaks at
about 3400 and 3540 cm~!, respectively corresponding to the symmetrical and the anti-
symmetrical vibrations of the NH, group of the unassociated amides!¥ and that of concen-
trated solutions of the amide exhibits three absorption peaks at about 8480, 3340, and 3200
cm~t. The latter three bands may be attributed to the intermolecularly bonded N-H. The
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spectra of butanol show the free O-H absorption peak at 3640 cm—! and the broad O-H ab-
sorption peak at 3400 to 8500 cm~! which is due to intermolecular association and decreases
with dilution and almost disappears at 0.02m (Fig. 2-A). These results indicate that the
amide and the alcohol exist as a monomeric form below 0.02M concentrations and that the
two peaks at 3540 and 3400 cm~* in the spectrum of 4-hydroxyvaleramide (Fig. 1) can be
assigned to the monomeric N-H absorption bands and the broad peaks at 3340 and 3200
cm~! may be the intermolecular N-H bands. On the other hand, free O-H stretching band
of 4-hydroxyvaleramide was not observed even in a dilute concentration of 0.02m, whereas
butanol gave a sharp free O-H peak at 3640 cm~! at this concentration. This fact suggests
that all the O-H groups of the amide are forming intramolecular hydrogen bonds and this
may be supported by the following results.
Equimolar mixture of butyramide and butanol gives spectra essentially identical with
the spectra of 4-hydroxyvaleramide (Fig. 1) and does not show free O-H absorption band, as
“seen in Fig. 3-A. When the alcohol is in excess of butyramide, nonbonded O-H stretching
band appears at 3640 cm~! (Fig. 3-B). These results suggest that the amide forms a strong
complex with butanol and are consistent with the fact that the amide and the alcohol forms
al:1complex.” On the other hand, presence of a smaller amount of butanol than 4-hydroxy-
valeramide gives the free O-H absorption peak at 3640 cm~ as shown in Fig. 4. These
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results confirmed that most of 4-hydroxyvaleramide forms a strong intramolecular hydrogen
bonding in chloroform solution, and that the corresponding bonded O-H stretching frequency
appears at about 3480 cm~! (the difference between bonded and free O-H stretching
frequencies, 4», was ca. 160 cm—1) which was observed even at a dilution of 0.02m, as seen in
Fig. 1. In order to clarify the position of the intramolecular bonded O-H absorption bands
and to decide the bonded structure of 4-hydroxyvaleramide, the infrared spectra of ethyl 4-
hydroxybutyrate were measured in carbon tetrachloride and chloroform, the absorption curves
of which are shown in Fig. 5. In this curve sharp O-H absorption bands at 3640 cm~t in
both solvents are due to non associated O-H group of ester, and the absorption peaks at
3500 cm™! (4y=140 cm™, in CCl,) and at 3480 cm~! (4»=160 cm™1, in CHCl;), whose absor-
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bances change proportionally with the concentration of the ester, are probably attributed
to the intramolecular hydrogen bonding of the type O-H---O=C as previously suggested.1®
It may be concluded from this result that the absorption peak at 3480 cm~?! in the spectra
of 4-hydroxyvaleramide can be assigned to the intramolecular hydrogen bonded O-H stretch-
ing, and that the large 4v value (dv=160 cm?) is attributed to the hydrogen bonding O-H.---
O=C between the hydroxyl group and the amide carbonyl.

Molecular Orbital Calculation

Table I lists the total energies calculated by the extended Hiickel method® for various
systems of the hydrogen bonded structure in Fig. 6. In this calculation, covalent bond
length and hydrogen bonded distance were taken from the literature.1»1? As shown in
Table I, O-H---O=C hydrogen bonded model (Model 2) is more stable than the other hydrogen
bonded structures. This is consistent with the result!® that amides form strong complexes
with alcohols in the type of O-H:--O=C and not O-H:---NH,.
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As present molecular orbital calculation shows, high polarity of the carbonyl group in
amide is due to the interaction of = orbital of the carbonyl group and 2p, orbital of the
nitrogen atom.” Because of the polarity of carbonyl group, there may be a strong in-
teraction between alcohol-OH hydrogen and carbonyl oxygen of the amide. The total
energy in the molecular orbital calculation suggests that the predominant intramolecular
hydrogen bonded structure of 4-hydroxyvaleramide is presumably the same as Model 2.

The calculation of molecular orbital was carried out on the FACOM 230-35 at the Data
Processing Center, Kanazawa University.
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