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ELECTRONIC SPECTRA AND 

STRUCTURE OF METHYL DERIVATIVES 

OF 4-NITROPYRIDINE N-OXIDE 

L. Wasylina. A. Puszko 

The Ul'spectra o/seven methyl derivatives O/'4-nitropyridine N-oxide in ethanol have been examined. The 
electronic spectra were calculated by a modi/ied /NDO method. Transition energies, intensities and 
assignments were compared with UI" .v~eclra. Sl>eclro.~'copic man(/'eslalions ~?['inlramolecular interaction 
indicate that meth.vl ffl'Ottps modff.i" the electronic interaction between the N-o.ride and NO_, grottps mainh" 

through a steric strain. 
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A four-band system at the lowest energy is known to exhibit vibrational structure under low resolution and 
was extensively investigated experimentally [I-6] and theoretically [7-10]. The first transition at 3.81 eV is 
assigned to the lowest ~B, (~zrt*) excitation, which agrees well with some recent theoretical and experimental data 
on pyridine N-oxide [4, 5, 7, 10]. The electronic spectra of pyridinc N-oxide were analyzed and it was indicated, in 
particular, that the strong band appearing near 280 nm in aprotic solvents has ~A) symmetry and is characterized by 
the largest contribution of intramolecular charge transfer conjugation (HOMO-LUMO) from the N-oxide group 
oxygen atom to a ring ~-system [11]. Molecules with high molecular [3-hyperpolarizability possess a highly 
delocalized re-electron system hearing an electron-donor (push) and clcctron-acceptor (pull) ~oups  in such 
positions that there occurs an intramolecular charge transfer. 

Among the many organic molecules meeting the above molecular requirements, in recent years attention 
was attracted to 3-methyl-4-nitropyridine N-oxide because it has high nonlinear optical coefficients, high optical 
damage threshold, and excellent phase matching properties [12]. 

In this paper we have concentrated on the influcncc of methyl substituents on polarity and intramolecular 
charge transfer in seven methyl derivatives of  4-nitro-pyridinc N-oxide 1=7: 

NO, NO. NO, N(), 

CIt~ ~ C H x  H I C _ ~ C H ~  

CH, ~i/- CH, ",,,.'~-'/,~ C H, 

O O O O 
I 2 3-6 7 

3 [2CH~, 3CH@ 
5 [2CH3, 6CH~]: 

4 [2CH3, 5CHq: 
6 [3CH~. 5CH3] 
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The influence of methyl groups on charge transfer, which is rarely cxplaincd in the literature, was 
discussed in terms of M,., and the spectral characteristics of  low-energy rt---~rt* transitions. 

EXPERIMENTAL 

The rnethyl derivatives of 4-nitropyridinc N-oxide used in the study wcrc synthesized using previously 
described methods [I 3-17]. 

The UV absorption spectra wcrc recorded on a UV-Vis (Zciss, Jena) spectrometer (alcohol solutions, 
concentration ~10 -~ M, cell thickness 0.097 cm): calculations of  electronic spectra and electronic structure of the 
studied compounds wcrc pcrtbn'ncd within the framcwork of  the modified all-valence electrons INDO method [I 8] 
utilizing some of its modifications [19-21] and including 100 single excited configurations in the configuration 
interaction procedure. The ground state geometry of the species was optirnizcd using the ah initio method in the 
3-21 G HF basis. 

RESULTS AND DISCUSSION 

Properties of  the Ground State 

As can bc sccn in Table I, thc HOMO energies depend significantly on the positions of  methyl groups in thc 
range o f - I  1.049 to -11.22,",i cV. Table 1 summarizes the calculated excess charge density on the atoms of pyridinc 
N-oxide [22], and the studied compounds point out that the dcgrcc of intramolccular charge transfer in the ground 
state is the highest in 3-mcthyl-4-nitropyridinc N-oxide. For example, a discussion of excess charge distribution can 
bc helpful considering the reactivity of  the studied compounds. The charge distribution explains the mechanism 
and kinetics ofcthanolysis of  mcthyl derivatives of 4-nitropyridinc N-oxides [23]. The latter, like pyridinc N-oxide 
[22], exhibit the highest negative charge at the oxygen atom of  the N-oxide group. The highest positive charge on 
C-4 (0.079) in 3,5-dimcthyl-4-nitropyridinc N-oxide predicts the highest nuclcophilic susceptibility arnong the 
compounds studied. The susceptibility to nuclcophilic substitution in relation to the positions of  methyl groups is as 
lbllow: 2,6- > 2.3,6- > 2- > 2,3- > 2.5- > 2.6- "> 3.5-. A detailed discussion of  dipole moments of  the studied 
compounds has bccn reported previously [24]. The paper [24] contains the correlation between the interaction 
dipole moments and the wave number of  the intramolccular charge-transfer transition of methyl--4-nitropyridine 
N-oxides and 4-nitropyridinc N-oxide and the correlation between the interaction dipole moments and the I~C(4) 
chemical shifts of mcthyl-4-nitropyridinc N-oxides. While the linear relation pro, - vwr with M = 14.01 - 4.7 • l0 4 v 
is very poor (correlation coefficient r = 0.74), the best correlation between Mm, and 613C (r = 0.97) was obtained by 
the polynominal M = 7.11 - 9.84 8 + 0.036"-. It can bc stated that introduction of methyl groups into the 
4-nitropyridinc N-oxide molecule modifies the charge transfer mainly by mcans of steric interaction. The 
simultaneous introduction of  two methyl groups in positions 3 and 5 weakens the clcctron-acceptor properties of  
the 4-nitro group significantly. On the basis of  the value p,,, one can expect that the contribution of  the resonance 
from abquinoid structure would bc highest in the resonance hybrid of 3,5-dirncthyl-4-nitropyridinc N-oxide [24]. 

N~ N+ \ / 
I ~ H ~ C ~  

~+ '4H,C" "~ -CH'" 
I 

q , /  c, 7 
Fig. I. Enumeration of atoms. 
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Spectra and Exci led Stale Properl ies  

Figures  2 and 3 show the absorption spectra of  methyl-4-nitropyridine N-oxides. The observed and 
calculated energ ies  o f  electron transit ions and their intensities are given in Table 2. The spectra o f  all compounds 

exhibit character is t ic  bands in the regions 196-242 and 242-333 nm. These bands are due to the ~**--rc transition o f  

Ihe aromat ic  pyr id ine  ring or ~,,,~',,~--~r,,,~ and are common to the ~*~--~ band o f  aromatic amine N-oxides in which 
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Fig. 2. UV spectra of  derivatives of  4-nitropyridinc N-oxide: 

I 2-rncthyl-4-nitropyridine N-oxide, c = 9.99 • 10 .411101 / d m  ~ 
2 3-methyl-4-ni t ropyridine N-oxide, c = 9.99 x 10 -4 tool / d m  ~. 
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Fig. 3. UV spectra of  methyl derivatives of  4-nitropyridinc N-oxide: 
3 2,3-dimethyl-4-ni tropyridine N-oxide, c = 5. l0 x 10 .4 rnol /dm~: 

4 2,5-dirnethyl-4-nitropyridinc N-oxide, c = 5.55 • 10 .4 tool /dm~: 

5 2,6-dimethyl-4-ni tropyridine N-oxide, c - 5.42 x 104 tool / drn~; 

6 3,5-dimethyl-4-ni tropyridine N-oxide, c = 6.66 x 10 .4 rnol /dm~: 

7 2,3,6-trirnethyl-4-nitropyridine N-oxide, c = 4.41 • ] 0  .4 mo[ / dlTl ~. 
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TABLE 2. Comparison of the Computed and Experimental Spectra of 
M ethyl--4-nitropyridinc N-Oxides 

(.OlllpOulld 

the N-O and C=C groups foma a conjugated svstem. All spectra of the compounds studied are characterized by a 
three-band structure. The band in the region 242-333 nm contributes a large share of  the electron transmission 
from the highest occupied MO and brings about a large charge transfer from the N-oxide group to the nitro group 
via the pyridine nucleus, i.e., a CT band. All spectra of  methyl-4-nitropyridine N-oxides are shifted in comparison 
to 4-nitropyridinc N-oxide ( 196, 233, 329 nm) to longer wavelengths, but the intensity in particular bands in the 
longest wavelengths decreased ( 13487, 12422, 2023 I, Table 2). 
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TABLE 2 (continued) 

2.b-Di- 
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A comparison of  the spectra o f  the studied compounds shows the intensity o f  the CT band being decreased 
_ "~ 2,3-. by ortho substituents to NO, group in the tbllowing order: 2.3.6- > . ,3-  > 3,5- > The partial disorder of  the 

conjugation effect of  the nitro group is a result o f  the mutual electrostatic as ,,veil as steric interactions between the 
3-methyl and 4-nitro group (ortho effect) [1]. The twist o f  the nitro group from the molecular plane Q was 
evaluated on the basis of  the relation: c/c. = cos-" Q, where c,, is the absorption coefficient at 329 nm CT of  
4-nitropyridine N-oxide. It is clear that the 329 nm ~A) (CT) band decreases in intensity with the twist of  the NOz 
group, especially at anQlcs lower than - 50 ~ although the transition energy does not vary so markedly, The value 
of  72~ ' obtained fbr 2,3,6-trimethyl-4-nitropyridine N-oxide  is the highest among all the compounds studied. The 
value of  the twist angle of  the nitro group decreased in the following order: 2,3.6- (72010 ') > 3.5- (67o30 ') > 
3_(59018 ' ) > -.-v '~_ 157~ Yamakawa [I] measured the UV spectrum in ethyl ether o f  _,._-dnnethyl-4-" '~ " 
nitropyridine N-oxide and obtained the value Q = 60 ~ 

In this study the nature and importance o f  intramolecular charge transfer in the excited state was examined. 
The calculated electric dipole moments o f  the ground and five excited singlet states provide a measure of  the 
electron transfer. 

The change in the dipole moment during electron excitation to the first excited singlet state is calculated as 
10.07-10.75 D Ibr the derivatives with one methyl group, 9.76-11.53 D lbr the ones with two methyl groups, and 
10.02 D lbr one compound with three methyl groups. On transition from the ground state to the first excited state 
in the compounds studied, the value of  the negative charge at the oxygen o f  the N-oxide group is lowered and 
increases at position 4. The above observations, as well as the increase in the negative charge at the carbon atom in 
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positions 3 and 5 in the first excited state, show that the intramolecular charge transition occurs from the oxygen 
atom of N-oxide group to the ring. Among the compounds studied, the degree of the above-mentioned 
intramolecular charge transfer is the highest in 2,6-dimethyl-4-nitropyridinc N-oxide. 

The values of  LUMO energies (E) on electrophilic substitution are as follows: E (2,3,6-) > E (3,5-) > 
E(2,6-) > E (2,5-) > E (2-) > E (3-). Values of the difference in HOMO-LUMO energies oscillate for the 
compounds examined from -8.028 or to -8.179 cV and arc smaller than those for 2-halopicoline N-oxides (-9.31 - 
-9.35 eV) and pyridine N-oxide (-8.97 eV) [22]. These facts point to the higher susceptibility of photochemical 
reactions in comparison with 2-halopicolinc N-oxides, pyridine N-oxide, and their carboxyl and thiol derivatives 
[22, 25-27]. 
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