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Previous infrared studies of the azomethine 
derivatives have dealt with their carbon-nitrogen 
double-bond stretching mode, but there have 
been few references to the other vibration of the 
compounds.1) As a part of the infrared studies of 
the aromatic molecule,2) the spectra of twenty-nine 
kinds of N-(p-substituted-benzal)-anilines and N-
benzal-p-substituted-anilines were measured; it was 
found that three characteristic absorption bands 
appear in the 1200-850 cm-1 region. In the 
present report, we wish to present the observed 
data and to assign them qualitatively. 
  In comparison with the spectra of N-benzyl-

aniline, N-propylidenecyclohexylamine, azobenzene, 
acetophenoneoxime, p-nitrostilbene, benzalacetone, 
and styrene, the three absorption bands which 
appeared at about 1190 cm-1, 975 cm-1, and 880 
cm-1 in the spectra of the present type of compounds 
seem to be characteristic of the benzalaniline 
skeleton. The wave numbers of the above observed 
characteristic absorption bands are listed in Table 1. 

A sharp band at 1191 cm-1 in N-benzalaniline 
may be assigned to the aryl carbon-nitrogen (Ar-N) 
bond-stretching vibration, since the band is not 
observed in the spectra of N-benzylaniline; the 
corresponding Ar-N stretching mode of N-benzyl-
aniline can be assigned to a sharp and strong 
absorption band at 1322 cm-1. 
  In addition, the above reference compounds do 

not have an absorption band in the 1200-1170 cm-1 
region with the exception of a few medium bands 
in the 1170-1100 cm-1 region which may be due 
to the aromatic C-H in-plane deformation vibra-
tion. 

N-propylidenecyclohexylamine, on the other 
hand, has its carbon-nitrogen single-bond-stretching 
band at 1100 cm-1. 
 As is listed in the table, the Ar-N stretching 
frequency of benzalanilines is far lower than that of 
aromatic amine, and also the frequencies are kept

TABLE 1. THE CHARACTERISTIC ABSORPTION BANDS 

OF BENZALANILINES

* measured in KBr disk 
** by under 3 mmHg 

*** measured in CHCl3 soln . 
**** by under 15 mmHg
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in a narrow range (1186-1196 cm-1), even when 
a subsitutent is introduced into the para position 
of either the aniline or benzaldehyde ring. This 
fact can reasonably be understood by taking the 
non-planar structure of the benzalaniline molecule 
into account; the conjugation effect between the 
aniline ring and the benzalamino skeleton may be 
substantially interrupted, since the plane of the 
aniline ring is twisted from that of the benzalamino 
part, as is shown in Fig. 1.3)

Fig. 1

 That is to say, the above frequency region can 
safely be assigned to the stretching vibration of 
the non-conjugated sp2 carbon-sp2 nitrogen single 
bond which is expected to appear in the inter-
mediate region between the C-N stretching frequ-
ency of aromatic amine and that of aliphatic 
amine.4) 

 A strong electron-donating p-substituent in the 
aniline ring can, however, increase the Ar-N bond 
order by releasing an electron to the lone-pair 
lobe of the azomethine nitrogen, as is shown in 
Fig. 2. The vAr-N of such derivative as N-benzal-N', 
N'-dimethyl-p-phenylenediamine will then appear 
at a little higher frequency (1210 cm-1). When 
this group is in the benzaldehyde ring, on the 
other hand, the VAr-N shifts to a little lower frequ-

ency; the Ar-N stretching band of p-dimethyl-
aminobenzal-aniline then appears at 1178 cm-1. 
The above frequency shift is probably due to 
the fact that the electron-rich azomethine nitrogen 
can repel the aromatic ring of the aniline part.

Fig. 2

  It was also confirmed that the sharp absorption 
bands at about 972 cm-1 and 883 cm-1 give spectral 
information about the azomethine skeleton. The 
former is probably due to the C-H in-plane de-
formation vibration of the azomethine group, and 
the latter, to the C-H out-of-plane deformation 
mode, since the above pair of bands do not appear 
in the spectra of N-benzylaniline and other reference 
compounds. In the case of N-propylidenecyclo-
hexylamine, the bands are observed at 956 cm-1 
and at 845 cm-1 respectively. However, they have 
not been verified. 

Experimental 

  Materials. Twenty-nine kinds of aromatic azo-
methines were prepared by usual condensation reactions 
between the corresponding aldehyde and amine, and 
were purified by recrystallization from methanol or 
ethanol or by distillation under reduced pressure.5) 

  N-Propylidenecyclohexylamine was also prepared by 
the condensation of cyclohexylamine and propion-
aldehyde and was distilled repeatedly under reduced 
pressure. The purity of the materials was checked by 
thin-layer chromatography. 

 Infrared Spectra. The IR spectra of the above 
compounds were measured by using a JASCO DS-301 
infrared spectrophotometer in a carbon tetrachloride 
or chloroform solution or in a disk of potassium bromide. 
The wave numbers determined in the present experiment 
are listed in Table 1, along with their physical constants. 

 The authors wish to express their deep gratitude 
to Mrs. Moriharu Nagase of the Tokyo College 
of Pharmacy for her helpful measurement of the 
infrared spectra.
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