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The near-ultraviolet absorption of six isomeric xylidines and mesidinc have
been studied in neutral solution. The transitions, in each case corresponding
to 2000 A and 2600 A of benzene, have been studied with particular
reference to the naturc of the substituents, their spatial orientation and the
steric interaction.

The near-ultraviolet absorption spectra of substituted benzenes have
been extensively studied both from the theoretical as well as the experimental
point of view. The main interest in the spectra of substituted benzenes
has been from the point of view of correlating the corresponding transitions
in substituted benzenes with those in benzene and, secondly, to study the
change in transition energies and intensities of the related transitions due
to substitution. It is now realized that such a change is dependent on the
nature of the substituents and their spatial orientation. The present investi-
gations were undertaken to study these in the case of xylidines with all possible
spatial orientations of substituents and, secondly, to study the effect when

—NH, group in xylidines is changed in an acid medium to —1¢TH3, the anili-
nium jon. The latter study forms the subject-matter of the second part.
The spectral characteristics of certain substituted anilines have been discussed
recently by Forbes and Leckie (1958). Previous workers, like Klevens and
Platt (1949), Platt (1951), and Wepster (1957), have studied the spectra of
anilines, N-alkylated anilines and their substituted compounds from the point
of view of steric factors involved. Among the methylated anilines, toluidines
have received much attention but xylidines have been partially investigated
by Conrad-Billroth (1933).

The effect of substituent on the spectrum of benzene depends on the
electronic interaction of the substituents with the electronic distribution in
benzene. Such an interaction depends on the inductive, mesomeric and
polarization characteristics of the substituent. The two groups involved
in the present study are the methyl group and the —NH, group. Methyl
group is electron-donating by inductive effect as shown by its dipole moment.
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It is also electron-donating by its mesomeric effect due to hyperconjugation
with the phenyl nucleus. Thus it is electron-donating by both effects. The
amino group, on the other hand, is electron-attracting by inductive effect
due to its electronegativity and electron-donating by mesomeric effect due -
to the lone pair of electrons. The amino group increases the electron density
on ortho- and para-carbon atoms due to pronounced mesomeric effect. Thus
both groups are activating and ortho-para-directing.

The substituent effect from the point of view of spectral studies has two
aspects, namely change in the intensity or the transition moment, and the
change in wavelength or transition energy.

In this paper B and C bands corresponding to 2100 A and 2600 A bands
of benzene are discussed. Doub and Vandenbelt (1955) have recently

-given a large amount of data on trisubstituted benzenes and have generalized
the results on the basis of the spectra of constituent chromophores. It may
be noted that they only studied those trisubstituted benzenes in which one
of the substituent is m-directing. This, however, is not the case in the present
series of compounds. Their conclusions, however, will be discussed along
with the present results.

EXPERIMENTAL

The near-ultraviolet solution absorption spectra of the compounds
ortho-toluidine, meta-toluidine, para-toluidine, 2-3-xylidine, 2-4-xylidine,
2-5-xylidine, 2-6-xylidine, 3-4-xylidine, 3-5-xylidine and mesidine have been
recorded on a Hilger Uvispec spectrophotometer, using n-heptane as solvent.
The concentrations used were such that the optical density was always within
the range 0-3 to 1-75 for maximum accuracy. The hydrogen arc supplied
by M/s. Hilger and Watt Company was used as a source of continuum. The
spectra were recorded in the range 200-300 mp. The results in terms
of wavelengths, maxima of absorption and the corresponding intensities in
terms of log € are given in Table I. Xylidines containing two methyl and one
NH, substituent on the phenyl nucleus can only be obtained in six isomeric
forms. The ultraviolet absorption spectra plotted as log ¢ ». wavelength
in n-heptane solution are recorded in the Figs. 1 and 2. Table I gives
the wavelength of maxima for the short wavelength, B band, together with
their intensities in terms of log e. These, to the best of our knowledge, have
not been recorded in the literature. It also records the wavelengths of the
absorption maxima and the intensities of the long wavelengths, C band, of
these compounds. It is observed that the agreement between the values
reported here and those given by Conrad-Billroth (1933) is quite satisfactory.
In this table the wavelengths of the absorption maxima and the intensities
of the corresponding bands of the constituent chromophores are also recorded.
These constituent chromophores are usually the possible combination of
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disubstituted benzenes which can be formed from a given trisubstituted
benzene.

All compounds were of A.R. quality and were further purified by distil-
lation and only the fraction showing the correct boiling point was collected
just before recording the spectra. The compounds are numbered as follows

and are referred to as such :(—
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RrsvLts AND DISCUSSIONS

The spectra of trisubstituted benzenes have not received a generalized
treatment from the point of view of substituent effect, except for the correlation
drawn by Doub and Vandenbelt (1955). On the basis of large data and the
polysubstitution formula given by Forster (1947) for polysubstituted benzenes
with identical substituents, Doub and Vandenbelt (1955) have concluded
that in these trisubstituted benzenes the most displaced band of the constituent
chromophore appears in the spectrum of the trisubstituted benzenes and
frequently is either slightly displaced or not displaced at all. This general-
ization is true for both the B band and the C band. This has been explained
on the basis of the fact that the mesomeric polar structures contributing
to the dipolar excited state mainly involve only two substituents at a time
and the third only acts by inductive effect.

In the case of compounds under study it is the toluidines that always
have a band on the longer wavelength side as compared to xylenes, hence
the constituent compounds for comparison would be one of the toluidines.
The present data mostly corroborate the findings of Doub and Vandenbelt
(1955) in so far as it is observed that both the B and C bands of xylidines
show absorption maxima at nearly the same position as the most displaced
bands from among the constituent chromophores. There are, however, certain
characteristics which need special consideration. It is observed that the
C bands of the trisubstituted benzenes are slightly shifted to the shorter
wavelength side and are more intense, as compared to that constituent com-
pound which shows absorption maxima at the longest wavelength for this
transition. There is, however, one exception, namely compound V, where
all three substituents are meta to one another. In this case exactly the
reverse is observed. In the case of the B bands, however, the bands of the
trisubstituted benzenes are reduced in intensity again, with the exception
in the case of compound V where the band shows increase in intensity. No
interpretation of the fact that only the lowest emergy one from the corre-
sponding transitions of the constituent disubstituted benzenes is observed
without much perturbation has yet been offered.

In order to understand these effects it would be worth while to summarize
the substituent effect in disubstituted benzenes. The experimental corre-
lation of Doub and Vandenbelt (1955) shows that in the case of disubstituted
compounds both the B (second primary) and the C (secondary) bands are
shifted most for dissimilar substituents, namely ortho-para-directing (electron-
donating) against meta-directing (i.e. electron-withdrawing). The shift is
small when both the substituents are electron-withdrawing, m-directing in
nature. Among the isomeric disubstituted benzenes, the para-substituted
compounds show maximum bathochromiec shift as compared to ortho- and
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meta-substituted compounds. The shift for both the ortho and meta
is usually similar but occasionally the enhanced steric effects in the ortho
position may disturb the general trend. Theoretically this has been predicted
by Sklar (1939, 1942) from the intensity and energy shift correlation for similar
substituents. The intensity factors of para, ortho and meta according to
the calculations are 4, 1, 1 respectively and hencé maximum shift as well
as maximum intensification is expected for para compounds. These conclu-
sions have been modified later by Goodman and Shull (1957). They have
shown that the shift is not the same for all transitions in benzene. Further,
Forbes et al. (1955-59), Burawoy and co-workers (1955-56), Sklar (1939, 1942)
and Goodman and Shull (1957) have shown that it is electron migration by
mesomeric effect which is operative in determining the wavelength shift of
“the bands for both the B and C bands. Only in case of halogens later workers
had to take help of other polarization effect to give the required order of
electron transfer. As far as substituted anilines are concerned, Forbes and
Leckie (1958) have analysed the spectra of substituted anilines based on
these considerations. Their data showed that the B and C bands are shifted
maximum in para-anilines even when the other substituent is ortho-para-
directing. They, however, observe that the intensity of the B band is reduced
relative to aniline in this type of substitution. This observation, though
true for para-hydroxy, para-amino, para-fluoro anilines, is not true for para-
methyl, para-chloro or para-brono anilines. In the case of meta-substituted
anilines whenever the non-amino substituent is electron-donating, the B band
practically remains at the same position as para compound but is greatly
reduced in intensity. The C band, however, resembles more the aniline
band in position and intensity. The B bands of ortho-isomers are shifted to
shorter wavelength and reduced in intensity. The wavelength of the C band
more or less is the same as that of aniline but it generally shows enhancement
in intensity. The hypsochromic and hypochromic effects on B band in
ortho-substituted anilines are assigned to steric factor. It is significant to
note that from the extent of wavelength shift of the B band and the intensi-
fication of C band, the authors cencluded that the amino group is not very sensi-
tive to steric effects for its spectral characteristics and, secondly, that the C
band is not as much sensitive to steric interaction as the B band.

In the case of xylidines, it is observed that whenever a para-substituted
aniline group is present, the spectrum resembles para-toluidine, as in compounds
II and IV. But when meta- and ortho-toluidines are the only contributing
structures, as in I and VI, the wavelength position is somewhat in between
the two and does not correspond to either. '

The spectrum of compound ITI has both ortho positions filled by methyl
groups and hence would be expected to show a further contribution to the
steric effect if it existed. But the spectrum shows that the C band is at the
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same position as in orthe-toluidine and is further intensified. The B band
is much the same as in ortho-toluidine. The absence of the hypsochromic
or hypochromic shift shows the absence of any further steric effect. It
presumably means that the original steric effect in ortho-toluidine must be
quite small, or that the amino group, due to the fact that it is a case of =-p
conjugation, is not sensitive to steric effect. The behaviour of the 1 : 3 : 5
compound (V) is quite characteristic and cannot be simply explained in this
case. In case of identical substituents it is known that it gives a symmetrical
molecule and the intensity of the long wavelength band is quite low since
the corresponding transition is forbidden.

The effect on the intensities of B and C bands is quite remarkable in so
far as the C bands show higher intensities than constituent compounds and
B bands show lesser intensity. The intensities are principally decided by
the vector addition of the mesomeric moment to the transition moment. The
changes in intensity of the B and C bands on substitution of aniline possibly
are due to the different orientation of transition moment. In the case of
C band, the intensity is greater in all three isomers, e.g. toluidines, and is
maximum in ortho-toluidine. In trisubstituted anilines also addition of
ortho and meta group to para-toluidine enhances the intensity. In the case
of B band the intensity for the ortho- and meta-toluidines is less than aniline
but for para-toluidine it is greater. The addition of meta- or ortho-methyl
group to para-toluidine reduces the intensity. Specially the addition of
meta-methyl group is more effective in reducing the intensity of this band in
all the isomers. This can be seen in compounds V and VI for ortho- and
meta-toluidines. In compound IT when both methyl groups are ortho there
is no pronounced effect on intensity of this band.

The spectra and their correlations show that these can also serve a useful
purpose of characterizing the compounds from the location and intensities of
the B and C bands.
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