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Th polymerizability of lactams becomes very

sma1l by N-alkyl substitution1,2).N-Methyl-ε-

caprolactam, for instance, is too stable to

polymerize at a temperature above 200℃ and

N-methyl-s-aminocaproic acid converts easily

into N-methyl-e-caprolactam by heating. The

increase in the stability of the ring structure by 

the N-alkyl substitution of lactams is explained') 

from the increase of resonance in the amide 

group as shown below:

 If the resonance effect of the amide group 

increases by N-alkyl substitution, it is expected 

that the basicity of the amide group will de-

crease. In this connection, an addition reac-

tion of hydrogen chloride with several cyclic

or chain amides has been investigated by the 

measurement of the infrared spectrum. 

 Experimental 

Measurement of the Infrared Spectrum of Ad-

dition Products of Hydrogen Chloride and Amide 

Compounds.-A chloroform solution of hydrogen 

chloride of 0.15 mol./l. was prepared by introducing 

dry hydrogen chloride gas into chloroform. This 

hydrogen chloride solution was diluted with chloro-

form to the concentrations of 0.08, 0.04, 0.02 and 

0.01 mol./l. and 3.5 cc. of each of the solutions 

was mixed with 3.5 cc of a chloroform solution 

of several amide compounds of 0.04 mol./l. 

The infrared spectra of the mixtures and the 

amide solutions were measured by a Hitachi model 

EPI-2 spectrophotometer with a rock salts prism, 

using hydrogen chloride-chloroform solution or 

pure chloroform as reference, respectively. 

 Determination of Equilibrium Constant of the 

Addition Reaction between the Amide Group and 

Hydrogen Chloride.-The equilibrium constants of 

the addition reaction between the amide group and 

hydrogen chloride were determined for several 

cyclic or chain amides by the intensity measurement 

of the carbonyl absorption in the infrared spectra. 

 The calibration curves for several amide com-

pounds in chloroform were determined by measuring 

absorbances of the amide I band at 20•Ž which are 

shown in Figs. I and 2. The calibration curves at
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Fig. 1. The calibration curves for several 
 lactams in chloroform solutions.

Fig. 2. The calibration curves for several 
 amides in chloroform solutions.

40and 55℃ were almost the same as those at

20℃.

 The concentrations of amide [-NHCO-] in chloro-
form solutions in the presence of hydrogen chloride 
were determined by these calibration curves. As 
hydrogen chloride has a tendency to be volatilized 
with rise of temperature, infrared spectra were 
measured for the narrow range of 1400-x1800cm-1 
to avoid the change of concentration. The concen-
tration of hydrogen chloride in chloroform was 
determined by titrating with N/100 sodium 
hydroxide. 
 The equilibrium constant K of the addition reac-
tion between the amide group and hydrogen chlo-
ride can be calculated as follows:

Results 

Figs. 3-9 show the spectra, where a solid 

line represents the spectrum of the chloroform 

solution of the amide compound in the presence 

of hydrogen chloride and a dotted line the 

spectrum of the amide compound only. 

In the presence of equal moles of hydrogen 

chloride and amide, the N-H absorption of 

cyclic or chain amides in the 3400^-3500cm-1 

region is replaced by a broad absorption in the 

20002400cm-1 region and the intensity of 

the C=O absorption near 1650cm-1 becomes 

weaker, accompanied by the appearance of a 

weak absorption in the 1750-1800cm-1 region 

as shown in Table I. 

The whole infrared spectrum of secondary 

or tertiary chain amide is not much altered 

in the presence of hydrogen chloride, while 

that of cyclic amide is altered considerably, 

accompanying a new absorption in the 1560-

1640cm-1 region. 

The broad absorption in the 2000-2400cm-1 

region which appears in the chloroform solu-

tion of the amides in the presence of hydrogen 

chloride is supposed to be due to the>N+H2 

stretching motion. 

 The values of K at various concentrations of 

hydrogen chloride at 20, 40 and 55•Ž are 

shown in Table II. Table III shows the mean 

values of K for several amide compounds. The 

value of K decreases with the rise of tempera-

ture. K for chain amides is considerably 

smaller than that for cyclic amides. The 

values of K for cyclic amides increase with the 

enlargement of the lactam ring and those for 

tertiary amides are smaller than those for the 

corresponding secondary amides, especially for 

lactams. 

 From the slope of the linear relationship 

between the logarithm of K and reciprocals 

of absolute temperatures as shown in Fig. 10, 

heats of the addition reaction of the amide 

with hydrogen chloride are obtained. These 

are shown in Table IV. The heats of the ad-

dition reaction for cyclic amides become lower

TABLE 1. THE CARBONYL ABSORPTION OF SEVERAL AMIDES IN THE PRESENCE OF HCl

* Maximum absorption
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TABLE II. THE VALUES OF K
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TABLE III. THE EQUILIBRIUM CONSTANT OF THE ADDITION REACTION OF SEVERAL AMIDES AND HCl

Fig.3. The infrared spectrum of α-pyrrolidone in the presence of HCl(Chloroform solution).

Fig.4. The infrared spectrum of α-piperidone in the presence of HCl(Chloroform solution).

Fig.5. The infrared spectrum of ε-caprolactam in the presence of HCl (Chloroform solution).
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Fig.6. The infrared spectrum of N-methyl-α-piperidone in the presence of HCl(Chloroform

 solution).

Fig.7. The infrared spectrum of N-methyl-ε-caprolactam in the presence of HCl(Chloroform

 solution).

Fig. 8. The infrared spectrum of N, N-dibutylacetamide (Chloroform solution).

Fig. 9. The infrared spectrum of N-hexylacetamide in the presence of HCl (Chloroform solution).
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Fig. 10. The relationship between In K and 
 1/T.

TABLE IV. THE HEAT OF ADDITION REACTION OF 

SEVERAL AMIDES AND HCl

with the enlargement of the ring and those 

for chain amides are generally lower than 

those for cyclic amides.

 Discussion 

 The configuration of the amide group takes 
a planar structure owing to the resonance and 
two configurations of trans and cis forms 
are possible. It is known'-1) that chain 
amides take the trans form, while cyclic amides 
of less than 9 membered rings take the cis 
form. 
 Although the basicity of the nitrogen atom 
of the amide becomes very weak by the +E 
effect of the carbonyl group, the amide group 
acts as a base, adding a proton). It has been 
reported') that chain amide reacts with hydro-
gen chloride forming an addition product with 
1/2 or 1 mol. of hydrogen chloride to 1 mol. 
of amide. The structure of the 1/2 mol. salt 
is proposed') as follows:

 The intensity of the absorption which ap-
pears in lactams near 1800cm-1 in the presence 
of hydrogen chloride becomes stronger with 
the enlargement of the lactam ring. This ab-
sorption shifts towards 1759cm-1 in the case 
of N-methyl lactams or tertiary amide. 

 It has been presumed10) that the higher 
frequencies of the carbonyl absorption of acid 
halide, which appears near 1800cm' 1, is due to 
the strong +1 effect of the halogen atom. 
Therefore, it is expected that the absorption 
near 1800cm-I in the amide-hydrogen chloride 
addition product may be the free carbonyl ab-
sorption which shifts towards higher fre-
quencies by the increase in the electron affinity 
of the nitrogen atom of the amide. 

 It is supposed that a proton adds to the 
nitrogen atom of the amide group as shown 
in the following equation, since the N-H ab-
sorptiond new absorption due 

to the stretching 

motion (near 1800cm-1) appear in the infrared 
spectrum of the amide hydrogen chloride ad-
dition product.

Primary and secondary amides show a strong 

absorption in the 1600-1500cm-1 region, which 

is absent from those of cyclic lactams, and 

this band is refered to generally as the amide 

II band. The origin of the amid II band is 

generally supposed to be due to a mixed vib-
ration which can be described as an out-of-

phase combination of OCN and NH vibrations. 
The frequency of the amide II band of secondary 

amide shifts from 1530cm-1 to 1550cm-1 in 

the presence of hydrogen chloride, as shown 

in Fig. 9. This is explained from the increase 

in the ionic character of the N-H linkage by 

the addition of a proton. 

 The addition products of lactams and hydro-

gen chloride show a sharp absorption in the 
region of 1570-1640cm-1. This absorption does 

not appear in N-methyl lactams or tertiary 

chain amides in the presence of hydrogen 

chloride. It is supposed that this band may be 

assigned to the N-H deformation vibration. 

The assignment of this band to the C-N 

stretching motion is not accepted, since no 

absorption in the 1570-1640cm-1 region ap-

pears in tertiary cyclic or chain amides in the 
presence of hydrogen chloride.
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 9) E. H. White, J. Am. Chem. Soc., 77, 6215 (1955). 

 10) L. J. Bellamy, "The Infrared Spectra of Complex 
Molecules ", John Wiley & Sons, Inc., New York (1958), 
p. 125.
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 The equilibrium constants K of the addition 
reaction of hydrogen chloride and cyclic amide 
(cis form) are considerably greater than those 
of chain amide (trans amide). It is supposed 
that the basicity of the nitrogen atom of the 
cis amide may increase owing to the decrease 
of resonance in the amide group. The addition 
of hydrogen chloride to cyclic amide becomes 
easier with the enlargement of the ring, as 
shown by the greater value of K and the lower 
heat of addition reaction. 
 The values of K for N-methyl lactams are 

considerably smaller than those for the cor-
responding lactams and they are almost the 
same as those for tertiary chain amide. The 
heat of the addition reaction of hydrogen 
chloride with amide becomes higher with the 
N-methyl substitution of an amide hydrogen 
in lactams. This is expected to be due to the 
fact that the amide group is stabilized by 
hyperconjugation of methyl group as well as 
the increase in resonance by the-I effect of 
methyl group. It is presumed that the small 
polymerizability of N-methyl-substituted lactams 
is due to the increase of resonance in the 
amide group. 

Summary 

 The addition reaction of hydrogen chloride 
with several cyclic or chain amides has been 
investigated by the infrared absorption measure-

ment in order to study the correlation between 
the polymerizability of lactams and the 
resonance in the amide group. The equilibrium 
constant K for the addition reaction with 
cyclic amide (cis form) is 150^-180 and it 
becomes greater with enlargement of the ring 
size, while K for N-methyl lactams is about 
30-40. The K value for secondary chain 
amide (trans form) is 60. The heat of the ad-
dition reaction of hydrogen chloride with 
lactams becomes lower with the enlargement 
of the lactam ring and also with the N-methyl 
substitution of the amide hydrogen. 
 The stronger basicity of the cis amide com-

pared with the trans amide may be due to the 
decrease of resonance in the amide group, and 
the stabilization of the lactam ring by the 
N-methyl substituion may be ascribed to the 
increase in resonance by hyperconjugation of 
the methyl group. 
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