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The Resonance Effect of Amide Group on the Polymerizability of Lactam 
Derivatives. I. The Infrared Spectrum of N-Methyl Lactams* 

By Naoya OGATA 

 (Received July 7, 1960)

 The amide linkage of chain amide molecule 

tends to take a planar structure owing to the 

resonance in the molecule'). The two con-

figurations of cis and trans forms shown below 

are possible:

 It it known that the trans form of an amide 

group is more stable than the cis form and 
monosubstituted acid amide RCONHR' takes 

the trans"2) form, while lactams of less than 

9 membered rings take the cis form owing to 

the steric hindrance'). 

 It has been reported on the polymerizability

of s-caprolactam that the confiQUration of the

amide group relates to its reactivity') and N-

alkyl-substituted derivatives of the cis amide 

such as N-methyl-e-caprolactam are too stable 

to polymerizes). 

 The great stability of N-alkyl-substituted 

lactams can not be explained from the differ-

ence in the ring strain or in the thermodynami-

cal characters) caused by the intramolecular 

rotational isomerism, but it is supposed to be 

due to the increase of resonance in the amide 

group'). Therefore, the infrared spectra of 

several chain and cyclic amide compounds have 

been measured with special interest in the 

range of 1600•`1800cm-1, and the effect of 

the resonance on the characteristic band of the 

amide group has been investigated. 

 Experimental 

 The infrared spectra of several amide compounds 

were measured with a Hitachi model EPI-2 spectro-

photometer in the range of 2～15μ, with a rock

salt prism. The cell thickness was 0.01mm.

 The infrared spectra of chloroform solution of 

N-alkyl-substituted chain or cyclic amides were
measured in the range of 5.5～6.5μat various con-

centrations and temperatures. The cell thickness 
was selected suitably so that the transmittance at 

the absorption maximum is within the range of 20 
-80%. Although it is desirable to use a nonpolar 

solvent such as carbon tetrachloride, N-methyl 
lactams do not dissolve in carbon tetrachloride.

 Results 

 The infrared spectra of several amide com-

pounds are shown in Figs. 1-5. The fre-
quencies of the carbonyl absorption (amide I 
band) of these compounds are shown in Table 
I, in which values in parentheses mean the 
frequencies of shoulders in the amide I band. 
The absorptions of the chloroform solution of 
N-methyl lactams are shown in Fig. 6. N, N-
Disubstituted chain amide shows a sharp 
absorption at 1626cm-1 (Fig. 7), while the 
amide I band of N-methyl lactams splits into 

 TABLE I. THE FREQUENClES OF THE CARBONYL 
ABSORPTION

TABLE II. THE MOLAR EXTINCTION COEFFIClENT

OF N-METHYLε-CAPROLACTAM IN

 CHLOROFORM SOLUTION
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TABLE III. THE MOLAR EXTINCTION COEFFIClENT OF-N-METHYL-α-PIPERIDONE

IN CHLOROFORM SOLUTION

TABLE IV. THE MOLAR EXTINCTION COEFFIClENT 

 OF N-METHYL-a-PYRROLIDONE IN CHLOROFORM 

 SOLUTION

TABLE V. THE MOLAR EXTINCTION COEFFIClENT 

OF CHAIN AMIDE IN CHLOROFORM SOLUTION

TABLE VI. THE FREQUENClES OF THE AMIDE I 

BAND OF N-METHYL LACTAM

two or three absorptions. The molar extinction 

coefficients at the absorption maximum of the 

amide I band for these N-methyl lactams are 

almost constant regardless of concentrations, 

but change with temperature, as shown in 

Tables II-V.

Fig.1. The infrared spectrum of N-methyl-ε-

caprolactam(Liquid).

Fig.2. The infrared spectrum of N-methyl-α-

 pyrrolidone (Liquid).

Fig.3. The Infrared spectrum of N-methyl-α-

 piperidone (Liquid).

Fig. 4. The infrared spectrum of N, N-dibutyl-
 acetantide (Liquid).



February, 1961] The Resonance Effect of Amide Group on the Polymerizability. I  247

Fig. 5. The infrared spectrum of N-hexylacet-
amide (Liquid).

Fig. 6. The carbonyl-absorption of N-methyl 
 lactams in chloroform solution at the con-

 centration of 0.1 mol./1.

Fig. 7. The carbonyl absorption of N, N-

 dibutylacetamide in chloroform solution 
 at the concentration of 0.1 mol./l.

 TABLE VII. THE INTEGRATED ABSORPTION

INTENSITY OF THE AMIDE I BAND (S.5～6.5μ)

 OF N-METHYL LACTAM

Discussion

N-Methyl-e-caprolactam is too stable to poly=

merize at a temperature over 200℃ and N-

methyl-e-aminocaproic acid transforms easily

into N-methyl-e-caprolactam by heatinge).

The rate of hydrolysis's of N-methyl-e-capro-

lactam into N-methyl-e-aminocaproic acid is

much slower than that of e-caprolactam. Since

the cyclic structure of N-methyl-s-caprolactam

is the same as that of s-caprolactam, it is

supposed that this stability of N-methyl-e-capro一

lactam is not due to the change in the ring 

strain, but to the increase of the resonance in 

the amide group as shown below by the-I 

effect of the methyl group:

All N-monosubstituted acid amides show a 
strong absorption band usually near 1640cm-1 
in the solid state 8.9). The lower frequencies of 
the carbonyl absorption of these amides are 
considered to be due to the resonance with 
the ionic form. The shifts of the carbonyl 
absorption towards lower frequencies by the 
N-alkyl substitution, therefore, seem to suggest 
the increase of the resonance in the amide 
group. 
 As stated before, the infrared spectra of N-
methyl lactams with less than 7 membered 
rings exhibit a doublet or triplet in the region 
of the amide I band, and this is not caused 
by the interaction among molecules or by the 
solvent effect, since the molar extinction coef-
ficients of these amide I bands in the chloro-
form solution are hardly influenced by the 
change of the amide compounds. The changes 
with temperature of the molar extinction coef-
ficients of these absorption peaks are different 
from each other, as can be seen from Fig. 6. 
The elucidation of the cause of this interesting 
fact requires further investigation. The fre-
quency of the maximum intensity among these 
doublets or triplets shifts towards lower fre-
quencies with the enlargement of the ring. 
These bands are now named amide I-a, I-b and 
I-c in the order of the increasing frequency, 
respectively. These are shown in Table VI. 
 The integrated intensity of these split amide 

I bands was measured as follows: a point by 
point measurement of log(Io/I) was made at
intervals of 0.02μin the range of 5.5～6.5μ

and these data were plotted against the wave-
length and the area under the curve was
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graphically determined. The true integrated 
absorption intensities were obtained by the 

method proposed by Ramsey10). The integrated 

absorption of the amide I band is almost 

unaltered with the ring size, as shown in Table 

VII. Therefore, these split absorptions are 

estimated to be due to the amide group. 

Summary 

 The infrared spectra of several N-methyl 

lactams and acid amides have been measured 

in chloroform solution in order to investigate 

the correlation between the polymerizability 

of lactams and the frequencies of the carbonyl 

absorption of the amide group. The observed

frequency lowering of the amide I band by N-

methyl substitution can be related to the 

increasing contribution of the ionic structure 

to the resonance in the amide group, and to 

the low polymerizability. The infrared spectra 

of N-methyl lactams exhibit doublets or triplets 

in the carbonyl stretching region. 
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