
.January, 1960] SHORT COMMUNICATIONS  119

Intramolecular Hydrogen Bonding in

α-Keto-andα-Alkoxy-carboxylic Acids1)

By Michinori OKI and Minoru HIROTA 

 (Received November 9, 1959)

 A number of hydroxylic compounds 
which carry a proton accepting group at 
a suitable position have been verified to 
form an intramolecular hydrogen bonding, 
but only a few examples of intramolecular 
hydrogen bonding involving the hydroxyl 

.group of a carboxyl group as a proton 
donor have been known. The structure 
of a normal carboxyl group has been
suggested to be non-planar, the O-H bond

being 30°away from cis-planar conforma-

tion2). However, when an acid has a

proton accepting group at a-or S-position

to the carboxyl group, the trans-structure 
will be stabilized owing to the formation 
of an intramolecular hydrogen bonding 
and will be allowed to exist in spite of 
the otherwise unfavorable conformation.

(I) cis-Structure (II) trans-Structure

 In this regard, the infrared spectra of 
such compounds including monomethyl 
oxalate, pyruvic acid, methoxyacetic acid, 
phenoxyacetic acid, and their homologues 
were examined with a Perkin Elmer 112G 
Spectrophotometer in carbon tetrachloride 
solution. The concentration of the solution 
was less than 0.002 mol./1. in order to 
minimize the effect of dimeric association. 
As summarized in Table I, the results 

 TABLE I. vo-H ABSORPTION OF THE CARBOXYL 
 GROUP OF VARIOUS CARBOXYLIC AClDS

show that a carboxylic acid which carries
a proton accepting group at a-position
bear two vo-H bands. The results may 
be interpreted as an evidence for the 
existence of a hydrogen bonding and con-
sequently for structure II. The peaks at 
higher frequencies appear between 3550 
and 3500cm-1 and are assigned to the 
vo-H bands of free monomeric acids. The 
peaks at lower frequencies can be assigned 
to the vo-H bands of the intramolecularly 
hydrogen-bonded forms. It may be also 
pointed out that the intramolecular hydro-
gen bonding is observed only when a five 
membered ring is formed (structure III).

(III)

 Since the proton accepting power of an 
atom is largely influenced by the electron 
density, the authors expected some elec-
tronic effects to be exerted on the hydro-

gen bonding ability; the spectra of various 
substituted phenoxyacetic acids were 
thus measured. The results are in accord-
ance with the expectation, as shown in 
Table II, where apparent integrated 
absorption intensities of the two bands
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TABLE II. vo-H ABSORPTION OF p-SUBSTITUTED 

 PHENOXYACETIC AClDS

 * The ratio is a more important factor 

than the individual integrated intensity in 

discussing the properties of the bands, since 
the effect of the dimeric form can not be 
completely neglected.

were obtained graphically instead of 
taking the absorption coefficient because 
of the closeness of the two bands. 
 Another evidence for the existence of 
the hydrogen bonding may be obtained 
from the measurement of the carbonyl 
region. The measurement revealed that 
two bands are also found for the mono-
meric acid when it carries a proton
accepting group at the a-position and that

the higher frequency absorption disappears 
when no hydrogen bonding is observed in 
the O-H stretching region. Thus, the peak 
at about 1790cm-1 is assigned to the vc=o 
band of structure II and that between 
1735 and 1730cm-1 to structure I. 
 The details will be reported in the near 
future. 

 Department of Chemistry 
 Faculty of Science 

 The University of Tokyo 
Hongo, Tokyo


