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ON THE GROUND STATE FREQUENCIES OF SOME DERIVA TIVES OF
1,3,5,8-TETRA- AZAN APHTHALENE

KANIK RAM & B,R. PANDEY
Department of Physics, University of Gorakhpur,
Go rakhpur 273001,

INDIA
omd,

Vishnu Ji Ram
Department of Chemistry, S.C. College, Ballia, India,

ABSTRACT

The infrared spectra of three derlvatives of
1,3,5,8-Tetra-azanaphthalene viz., 3-Methyl-8-hydroxyethyl-
lumazine, 6,7,8-Trimethyllumazine and 2-Dimethylamino-6,7-
diphenylpterine have been determined in the region 400 -
4000 cm~! and correlated. Band essignments of these complex
molecules are discussed in relation to those of naphthalere,
azanaphthalenes and their derivatives, The shifs ocouring
in symmetric and antisymmetric stretching and symmetric
deformation frequencies of C-H in methyl group when attached
to the nitrogen have been examined in relation to the
structure of the molecules, A strong intermolecular
hydrogen bonding in 3-Methyl-8-hydroxy ethyl lumazine and
2-Dimethylamino-6,7-diphenyl pterine has been observed,
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INTBODUCTION

Among the most interesting problems of science to
date are determination of the structure and properties of
substances of biological importance. Of great significance
is the investigation of hydrogen bonding, resonance, isomaric
changes, tautomeric equilibria etc. Vibrational spectroscopy
provides a sensitive pProbe formany such blomolecular inter-
actions of interest. The present lovestigation concerns with
the study of infrared spectrum of three blologicel pilgments
namely 3-Methyl-8-hydroxyethyllumazine, 6,7,8-Trimethyl
lumazine and 2-Dimethylamino-6,7-diphenylpterine (hereafter
called compounds A,B and C respectively as shown in Fig. 1)
making an assessment of the possibllitles of hydrogen bond

formation and other effects mentioned above.

E MENT,

All the compounds were synthesised in pure form by
one of us 1n the Chemical Laboratory, University of Konstauz,
West Germany (unpublished work). These compounds were in
80lid form. The infrared spectra were recorded by dispersing
them 1in KBr dises on double beam grating spectrophotometer
model Beckman IR-12 1n the reglon %0 - 4000 cm™1, The
accuracy of the frequency measurements was estimated at several
specific frequencies to be within 0,3 em‘l at 400 cm‘l,

* 0,4 cr~1l at 740 om‘l, +0,6 et at 1330 om"l, *ro,.7 cwl at
2220 cmw ) and *0.8 el at 45000 cml. The slit programming

was normal.
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RESULTS AND DISCUSSION

The frequencies observed are listed in Table 1.
All the compounds umder present investigation are highly
unsymmetrical, therefore all vibrations are allowed in
both infrared and Raman spectrum. Further the skeltal
motions in azanaphthalenes are practicaglly the same as that
of naphthalene, mt their intensity and position may differ
according to the nature and position of the substituents. A
number of band assignments can thus be made on the basis of

similarly substituted naphthalenes and azanaphthalenes.

Ring Vibrations

Out of the four bands usually found in the range

1

1620 - 1560 cm + and five bands in the range 1500 - 1350 cm™ !

as ring stretching vibration in naphthalene, azanaphthalenes

and most of their derivativeslv2v3’4v596. only two bands in

the first range and one band in the second range have been

observed in all the three compounds. Thelr counterpart

1

bands 1n naphthalene™ are belonging to the species B, and

lg
Ag respectively. However the two bands in compound B at

-1 -1

1510 cm™ ~ and 1390 cm — may be due to skeletal stretching

mode and can be correlated wlth the specles Bsu and Ag of

naphthalene. The other ring vibrations are shown in table 1
and their probable mode of vibrations are indicated therein.
The larger shift in ring modes observed does indeed indicate

considerable coupling with the C® group.
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Group frequencies

Carbonyl groups

The compounds A and B belong to the class of
compounds containing the group CO-NH-CO in cyclic materials
generally designated as cyclic discyclimides. The diacycli-
mides have heen eXtensively studied by Randall et al’ and
the carbonyl frequencies well characterised, The carbonyl
frequencies observed by Randall et al were in the range
1720 - 1780 cm™ ! for the 4 position carbonyl and in the
range 1655 - 1712 en™! for the 2 position carbonyl group.

In the present investigation the two carbonyl frequencies in
compounds A and B were ldentified with one lying between
1720 - 1760 cm™ L attributed to 4 position and the other

-1

between 1690 - 1695 cm correlated with 2 position carbonyl

group (Table 1l). From Table 1 it is apparent that the 4
position carbonyl frequency in compound 4 1s less by 40 cm'1
than the corresponding 4 position carbonyl frequency in com-
pound B. This lowering of the frequency may be due to the
presence of CHb group at 3 position in compound A. Our
results agree fairly well with those obtained by Culbertson
et al6 for alkylated qulnazalones substituted at 2 or 3
position or both.

In compound C the 4 position stretching frequency
of carbonyl group has, however, been obtained at 1670 cm_l.

Although a slight shifting may occur in carbonyl stretching

frequency due to vibrational coupling with NH deformation
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mode8, thils large shifting may be explained assuming strong

intermolecular hydrogeng’lo honding which 1s being evldenced

by very low value of NH stretching (3130 cm-l) frequency.

Methyl group:

The overall frequency ranges of methyl group in

variously substituted tolunes, methylnaphthalenes and anthra-

cenes,methylated polycyclic aromatics and heterocycliesll are
02 (2934 - 2967 em™l), wi (2956 - 2938 cm™ 1), Vs (2951 - £919
em™ 1), 28a(2875 - 2859 em™l), and 28s (2930 - 2740 em™l),

Henbest et a112 however observed that when methyl
group is attached to oxygen instead of carbon, the symmetric
CHy stretching vibration is lowered by about 50 cm"1 and
antisymmetric CHpz stretching vibration 1s raised up by about
the same amount. Dalton et alls, Hill and Meakins14 and
Braunholtz et al15 reached at similar conclusion when
CHy group 1s attached to the nitrogen atom and associated
the band in the 2800 cm—l region with that of CHz symmetric
stretching mode but with one important reservation. They
pointed out that the medium to strong band does not normally
occur in this region as symmetric mode of -N-CHy or -N-(CH5)2
groups for molecules in which nitrogen lone pair of electron
is no longer present as such 1.e. when it is fully involved
in bond formation.

A medium strong band 1s present at 2820 em ! in
compound B in which CH5 group is attached to the nitrogen atom
present in the ring at 2 position, whereas no such band was
observed in compound A where CH3 group is attached to ring nitrogen
at 3 position and in compound C in which two methyl groups are attached to

the same nitrogen of amino group attached to the ring at 2 position
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(see Fig. 1). 1In view of the above facts it may therefore be
concluded &hat in compounds A and C the nitrogen lone nvalr

electrons are somehow invelved in bond formation. A medium

strong band at £740 em™ T

may be taken as overtone of symmetric
methyl deformation (¥ x&s = £660 cm™Y). Tn compounds 4 and C
any band uround it is undekectable. <The intensification of the
cand in compound T may be due to the fact that it has picked
up the appreciatle intensity from its ee closest CH fundamental
(£820 cm'l) through Fermi resonancell

£850 e and £950 cm™ 7 in compound B may be correlated to

. lhe two strong hrands atb

symmetric and antisymmetric modes of CH3 attached to the

carbon atom of the ring.

Altnough a corresponaing shift of symmetric
deformation mode of methyl nitrogen compounds has been less
studied, we have noted the similar trend of shift (1355 cm-l
in 4, 1330 em ! in 3 and 160 em” ! in C) as discussed above.
Jo splitting of CHz symmetric deformation mode in compound C
has been o"served indicating there'y that the angle between
two methyl groups attached to the same nltrogen atom is very
small. PFurther a pair of frequencies in all the three
compounds noted in the range 1410 - 1460 cm_l may however

be correlated with asymmetric deformation mode of the CHz

grouplo. However overall slight shifting in the frequencies
may be due to the presence of corbonyl as a polar group

in the ringll.

Hydroxyl group :

In most of the alcohols the 0H for monomers,

dimers and polymers occcurs at 3642, 3434 and 3346 cm_l

respectivelyl7'18. A broad band near 3400 cm_l in compound
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A 1s an indication of the hydrogen tonding of the type

OH ... 0OH. The band at 1120 cm * may be due to OH planar
deformation mode. The weaker freguencies in the region

1865 - 1430 cm"l in compound A are probably arlsing due to

1
interaction of OH bonding with the adjacent methyl group.g
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