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The spectroscopic study of intramolecular hydrogen bonds of a
large number of compounds was developed by Wulf et al (1). They
showed that the change in frequency of vibration occurs at about
7000 cm-l (in wave-number units) corresponding essentially to th=
ctretching of O-H and N-H bonds in molecules containing these groups.
Cullinane and his co-workers (2) reported that the carbonyl stretching
modes in o-=hydroxy aromatic ketones were shifted to lower frequencies
by conjugate chelation.

On the other hand, Jaffe (3%) pointed out the additivity of elec-
tronic effects of substituents, ana Fuson (4) reported these effects
with carbonyl stretching modes of substituted benzoic acids.

Now, we wish to report the electronic effects of substituents
on intramelecular hydrogen bonds of 2-hydroxy-S-substituted aceto-
phenones [I] and on group frequencies of some reference compounds
involving p-substituted phenols and m- or p- substituted acetophenones.

The O-H stretching frequencies of p-substituted phenols ())gH)
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were much influenced by substituents, that is, the more electron with-

drawing the substituents are, the lower the frequencies become.
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X: H, CHy, CHO, C1, Br, NO,

On the other hand the C=0 stretching frequencies of m- or p-substituted
acetophencnes became higher with the electron withdrawal by the sub-
stituents. The effects of substituents on both stretching frequencies
of O-H and C=0 are respectively interpreted in terms of changes in
electronegativities of nydroxyl oxygen and carbonyl carbon atoms
corresponcing to changes of the substituents, because O-H bond of
p-substituted phenols is weakened and C=0 bond of m- or p-substituted
acetophencnes is strengthened as the electron withdrawal by the sub-
stituents increase.

2-Hydroxy-S-substituted acetophenones which do not show the ab-
sorption bands due to free O-H bonds in the 3600 cm_l region exhibit
broad and weak bands at 3100-2900 em™t.

In this region, as Martin (5) reported, there are very complex
patterns of C-H aromatic stretching vibrations which overlap with
the interacted O-H frequencies (1)2H). Therefore, assignment in this
region is very difficult. However, having been examined deliverately
with the aid of some reference compounds (Table 1), the new absorption

bands of 2-hydroxy-5-substituted acetoéhenones were found out as shovn

in Table 2.
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TABLE 1
The Infrared Absorption Frequencies of Refference Compounds
m-Substituted
Aceto~ Toluene p-Cresol p-Chloro-
acetophenone
phenone toluene
NO OH
2
2945 2950
2967 2973 2971 2966 2966
’.‘A 2981
g = 2008 2012(s)
a - 3032 2026 2032 3031 3009 3011
2 by
;5 g 2050(s)
L
g | o6
&1 3086 3083 3085 3083
3102(s) 3102(s) 3108 3100(s)
s: shoulder
TABLE 2
The Infrared Absorption Frequencies of 2-Hydroxy-5-substituted
Acetophenone
2-Hydroxy-5-substituted acetophenone
H CH3 C530 c1 Br N02
2952 2954(s)
2978 2972 2976 2974
5 2992%
s 5 3004
s . 3017 3016 2014 3016 3012
I 3033 3028*  3026"
s 3 * * *
= F 3046 3053(s) 3050
& 3062(s) 2064(s) 3064
2074(s)
3082(s) 3089 2087(s) 3078(s) 2089

% : The new absorption band
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Assuming that these new bands correspond to interscted O-H
stretching frequencies (\)SH) with oxygen atom of neighboring carbonyl
group, the frequency differences (AYOH = Y/gH - \)EH) were plotted
against ordinary Hammett ~ values. The best linear relationship has
been established between values of («m + HP)/Z and frequency shift
(A\/OH) as shown in Fig. 1.

This linear relationship seems to indicate that intramolecular
hydrogen bonding in 2-hydroxy-5-substituted acetophenones can be ex-
plained as an equivalent mixture of tautomeric structures [ii] and

EI%] . As another interpretation for linear relationship between

o
a=o
o

X (x1] X [III] x ( v]

A\)OH and (dp + dm)/2, meso-ionic structure [}Y] in which proton is
situated at an equal distance from the both oxygens may be also possi-
ble. This structure is, however, denied from the following considera-
tion: The structure [iV] implies that both aromatic carbon-oxygen
bonds have a half double bond character. If 2-hydroxy-S5-substituted
acetopherones are expressed by the structure @V] s, therefore, it

must be found that both absorptions corresponding to the stretching
vibrations of C=0 and C-0 disappear and a new band corresponding to
the stretching vibration of C::0 half double bond is revealed in the
1400 em™ region expected from the force constant (8.4 X 16° dynes/cm)

of C2=-0. The observation on infrared absorption spectra of [I] hae



2635

Effect of substituents on intramolecular hydrogen bonds

No.37

d
m\ﬁso+mbv :@ " e o @

sganTe) & 3JoWmBH pue mo)< usamjoq JTYSUOTIRISY aYL

1 *pId
L0 9°0 §'0 %0 £'0 2'0 T'0 0 1°0- e2°'o-
T T T T e L L Lg ¥ T
\O_u v
o a” B
R P F
< a®

095

048

08%

065

009

woy HO A g

(-



2636 Effect of substituents on intramolecular hydrogen bonds No, 37

shown that the hydrogen bonded carbonyl stretching vibration was found
at 1648-1€55 cm-l but C2:-0 stretching vibration was not.

Furthermore assuming that AVOH corresponds to the strength of the
hydrogen tond, positive slope in Fig. 1 suggests that the intramolec-
ular interaction between O-H and C=0 group is enhanced by introducing

an electrcn withdrawing group.
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