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148. Infrared Absorption of NMe and NMe, Groups in Amines.
By R. D. Hitr and G. D. MEAKINS.

The following correlations have been established for the infrared spectra
of amines. An NMe group attached to, or contained in, an aromatic system
gives a characteristic band between 2820 and 2810 cm.”. When the group
is in an aliphatic, or a non-aromatic heterocyclic, system the band occurs in
the 2805—2780 cm.™ ™. range.

The NMe, group directly attached to an aromatic system absorbs near
2800 cm.™?, while an NMe, group not so attached has two specific bands, one
between 2825 and 2810 cm.™?, and the other between 2775 and 2765 cm.™.

RECENTLY ! it was shown that the frequencies of the characteristic infrared absorption
bands of the methyl group vary according to the nature (carbon or oxygen) of the atom
to which the group is attached. This variation led to a method for detecting methoxyl
groups in organic compounds by a specific band between 2832 and 2815 cm. ™!, arising from
the symmetric CH stretching vibration of the OCHj unit.

The work has now been extended by examining the spectra of a series of amines
containing NMe and NMe, groups (see Table). This topic has been briefly mentioned by
Colthup.? With few data available the tentative (erroneous) conclusion reached was that
the symmetric CH stretching frequency of the methyl group is increased when the group
is attached to nitrogen.

Absorption spectra of 1, aniline; and 2, N-ethyl-; 3, N-methyl-; and 33, NN-dimethyl-aniline.
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Some amines react with carbon tetrachloride.®#4 Preliminary work showed that
amines (marked * in Table) containing an NH group in aliphatic, or non-aromatic hetero-
cyclic, systems react rapidly at room temperature with the deposition of crystalline

Henbest, Meakins, Nicholls, and Wagland, J., 1957, 1462.
Colthup, J. Opt. Soc. Amer., 1950, 40, 397.

1
2
3 Russell and Thompson, J., 1955, 483.
4 Collins, Ckem. and Ind., 1957, 704.
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material (? amine hydrochlorides). The other compounds in the Table did not react
appreciably during the time needed for spectral examination.

The bands in the Table thought to be specifically associated with NMe and NMe,
groups are in italics, and the amines are divided into four types according to the environ-
ment of the basic centre. Inspection of compounds 1 to 19 shows that amines possessing
an NMe group attached to, or contained in, an aromatic system [type (I)] are distinguished
from the reference compounds by a band occurring between 2820 and 2810 cm.”>. The
spectra shown in the Figure illustrate the ease with which the NMe group can be detected
by the characteristic band on the low-frequency side of the main CH absorption. It is
noteworthy that the band is not given by NEt groups [see N-ethylaniline (No. 2): note
also that the NMe band’s intensity in N-methylaniline (No. 3) is very close to that in
N-ethyl-N-methylaniline (No. 4)].

With type (IT) (Nos. 20—31) the overall distribution of CH bands between the frequency
intervals shown in the Table differs from that of type (I). The main change, a higher
proportion of bands with frequencies below ca. 2950 cm. ., is to be expected on passing
from compounds with a high proportion of aromatic hydrogen to the reduced systems
of the second type.? Despite this increased general absorption in the lower-frequency
intervals the NMe group in aliphatic, or non-aromatic heterocyclic, systems can be
recognised by a band between 2805 and 2780 cm.™. The alkaloids calycanthine ¢ and
folicanthine 7 [Nos. 30 and 31, partial structures (A) and (B) respectively] illustrate the
possibility of application to natural products.

N— <:H2 OMe

@ @ CN(CHZ CHI NMCZ
N CH N— N CH N—'

The intensities of the NMe bands in types (I) and (II) fall into two well-defined groups,
and are much higher in the second type. It seems likely that the enhanced intensities of
type (II) arise from the increased general absorption below 2950 cm.? rather than from
any appreciable change in the spectral properties of the NMe group. In folicanthine (B),
with type (I) and type (II) NMe groups, it is presumably the second type which is mainly
responsible for the absorption at 2795 cm. 2.

The NMe, group directly attached to an aromatic system [type (III)] gives a band
near 2800 cm.™, s.¢., very close to the position found with the corresponding monomethyl-
amino-group [type (II)]. Thus the main consequence of replacing the hydrogen of an
-NHMe group attached to an aromatic system by a second methyl group is to intensify
the band ~2800 cm.™! [cf. NN-dimethylaniline (No. 33) and N-methylaniline (No. 3) in the
Table and Figure: this effect supports the assignment of these bands to N-methyl
vibrations]. Selection of the NMe, peak in NN-dimethyl-o-toluidine (No. 34) is difficult
since it possesses two bands, one above and one below the expected frequency. This
exceptional behaviour may be connected with substitution ortho to the dimethylamino-
group.

When the NMe, group is not directly attached to an aromatic system [type (IV)] a new
pattern emerges. Instead of intensification of the 2805—2780 cm.”! band in the corre-
sponding monomethyl compounds [type (II)], two well-separated bands appear in the
2825—2810 and 2775—2765 cm.™! ranges. The strength of these bands, especially the
lower-frequency components, makes detection of this type particularly easy, even in a
complex molecule such as the cholesterol derivative (No. 42).

5 Bellamy, “ The Infra-red Spectra of Complex Molecules,”” Methuen, London, 1954, pp. 13, 54.

¢ Robinson and Teuber, Chem. and Ind., 1954, 783.

* Hodson and Smith, J., 1957, 1877.
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764 Bacon, Irwin, Pollock, and Pullin:

By reasoning similar to that used with methyl ethers! the characteristic bands
discussed above can be assigned to the symmetric CH stretching of CH; groups attached
to nitrogen. Splitting of bands by vibrational coupling, such as that found with the
second type of NMe, group [type (IV)], occurs frequently when two similar groups are
attached to a common atom. It should be stressed that the NMe and NMe, correlations
are confined at present to amines: preliminary work with substituted amides indicates
that they may need modification in different structural types.

We are grateful to Miss S. Hackney for technical assistance, to Manchester University for a
research scholarship (to R. D. H), to Dr. G. F. Smith for providing compounds 30 and 31, to
Dr. H. B. Henbest for compound 42, and to Messrs. May and Baker Ltd. for compound 41.

THE UNIVERSITY, MANCHESTER, 13. [Recetved, August Tth, 1957.]






