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ELECTRONIC SPECTRA AND
STRUCTURE OF METHYL DERIVATIVES
OF 4-NITROPYRIDINE N-OXIDE

L. Wasylina, A. Puszko

The UV spectra of seven methvl derivatives of 4-nitropyridine N-oxide in ethanol have been examined. The
clectronic spectra were calculated by a modificd INDO method. Transition encrgies, intensities and
assignments were compared with UV spectra. Spectroscopic manifestations of intramolecular interaction
indicate that methvl groups modify the clectronic interaction between the N-oxide and NO: groups mainly
through a steric strain.
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A four-band system at the lowest energy is known to cxhibit vibrational structure under low resolution and
was extensively investigated experimentally [1-6] and theorctically [7-10). The first transition at 3.81 ¢V is
assigned to the lowest 'Bs (r*) excitation, which agrees well with some recent theoretical and experimental data
on pyridine N-oxide [4. 5. 7, 10}. The clectronic spectra of pyridine N-oxide were analyzed and it was indicated, in
particular, that the strong band appcanng 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 m-system [11]. Molecules with high molecular B-hyperpolarizability possess a highly
delocalized m-clectron system bearing an clectron-donor (push) and clectron-acceptor (pull) groups in such
positions that there occurs an intramolccular charge transfer.

Among the many organic molecules mecting the above molecular requirements, in recent years attention
was attracted to 3-methyl-4-nitropyridine N-oxide because it has high nonlincar optical coctticients, high optical
damage threshold, and cxcellent phase matching propertics [12].

In this paper we have concentrated on the influence of methyl substituents on polarity and intramolecular
charge transter in seven methyl derivatives of 4-nitro-pyridine N-oxide 1-7:
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The influence of methyl groups on charge transfer, which is rarely cxplained in the literature, was
discussed in terms of puy and the spectral characteristics of low-cnergy n—n* transitions.

EXPERIMENTAL

The methy! derivatives of 4-nitropynidine N-oxide used in the study were synthesized using previously
described methods [13-17].

The UV absorption spectra were recorded on a UV-Vis (Zeiss, Jena) spectrometer (alcohol solutions,
concentration ~107 M, cell thickness 0.097 ¢m): calculations of clectronic spectra and electronic structure of the
studied compounds were performed within the framework of the modified all-valence clectrons INDO method [ 18]
utilizing some of its modifications [19-21] and including 100 single excited configurations in the configuration
interaction procedurce. The ground state gcometry of the specics was optimized using the ab initio method in the
3-21 G HF basis.

RESULTS AND DISCUSSION
Properties of the Ground State

As can be seen in Table I, the HOMO cncrgies depend significantly on the positions of methyl groups in the
range of ~-11.049 to -11.228 ¢V. Table | summarizes the calculated cxcess charge density on the atoms of pyridine
N-oxide [22], and the studied compounds point out that the degree of intramolccular charge transfer in the ground
state is the highest in 3-mcthyl-4-nitropyridine N-oxide. For example, a discussion of cxcess charge distribution can
be helpful considering the reactivity of the studied compounds. The charge distribution explains the mechanism
and kinctics of cthanolysis of methyl derivatives of 4-nitropyridine N-oxides [23]. The latter, like pyridine N-oxide
[22]. exhibit the highest negative charge at the oxygen atom of the N-oxide group. The highest positive charge on
C4 (0.079) in 3.5-dimcthyl-4-nitropyridine N-oxide predicts the highest nucleophilic susceptibility among the
compounds studicd. The susceptibility to nucleophilic substitution in relation to the positions of methyl groups is as
follow: 2,6- > 2.3,6- > 2- > 2.3- > 2.5- > 2.6- > 3.5-. A dectailed discussion of dipolec moments of the studicd
compounds has been 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-nitropyridine N-oxide and the corrclation between the interaction dipole moments and the “Cu
chemical shifts of methyl-4-nitropyridine N-oxides. While the linear relation pim — vicr with g = 14.01 — 4.7 x 107 v
is very poor (correlation coctficient - = 0.74), the best correlation between pin and 5"C (r=0.97) was obtained by
the polynominal p = 7.11 - 984 § + 0.035. It can be stated that introduction of mcthyl groups into the
4-nitropyridine N-oxide molecule modifics the charge transter mainly by means of steric interaction. The
simultancous introduction of two methyl groups in positions 3 and 5 wecakens the clectron-acceptor propertics of
the 4-nitro group significantly. On the basis of the value pin one can cxpect that the contribution of the resonance
from abquinoid structure would be highest in the resonance hybrid of 3.5-dimethyl-4-nitropyridine N-oxide [24].
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Fig. 1. Enumeration of atoms.
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Spectra and Excited State Properties

Figurcs 2 and 3 show thc absorption spectra of methyl-4-nitropyridine N-oxides. The observed and
calculated encrgies of clectron transitions and their intensitics are given in Table 2. The spectra of all compounds
exhibit characteristic bands in the regions 196-242 and 242-333 nm. These bands arc duc to the <« r transition of
the aromatic pyridine ring or mo.yeené—1me and are common to the 1* <7 band of aromatic aminc N-oxides in which
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Fig. 2. UV spectra of derivatives of 4-nitropyridine N-oxide:

1 2-mcthyl<4-nitropyridine N-oxide, ¢ = 9.99 x10™ mol / dm’
2 3-methyl-4-nitropyridine N-oxide. ¢ = 9.99 x10™ mol / dm”.
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Fig. 3. UV spectra of methyl derivatives of 4-nitropyridine N-oxide:
3 2.3-dimethyl-4-nitropyridine N-oxide. ¢ = 5.10 x 10™ mol / dm";
4 2.5-dimethyl-4-nitropyridine N-oxide, ¢ = 5.55 x 10™ mol / dim";
5 2,6-dimethyl-4-nitropyridine N-oxide, ¢ = 5.42 x 107 mol / dm';
6 3.5-dimethyl-4-nitropyridine N-oxide, ¢ = 6.66 x 10™ mol / dm";

7 2,3,6-trimethyl-4-nitropyridine N-oxide, ¢ = 4.41 x 107 mol /dm’.
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the N-O and C=C groups form a conjugated system. All spectra of the compounds studicd arc 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 transter from the N-oxide group to the nitro group
via the pyridine nucieus, i.c.. a CT band. All spectra of methyl-4-nitropyridine N-oxides are shifted in comparison
to 4-nitropyridine N-oxide (196, 233, 329 nm) to longer wavelengths, but the intensity in particular bands in the
longest wavelengths decreased (13487, 12422, 20231, Tablce 2).

TABLE 2. Companson of the Computed and Experimental Spectra of
Methyl-4-nitropyridine N-Oxides

Calculated Experimental
Campound State Sym. | Fnergy |Oscillator Dipale _ lnergy ) R Dipole
teV) | strength "":'11)‘:'"(‘ am) . (eV) SR '"‘:'[')‘T'"
I 2 3 4 3 O A 10
2-Methyl- Su 0.63% 1.06
4-nitro- Syma*) A 32| 0000 1138
pyndine Somr®) | oA | 4 | o637 | ossa 330 277 108
N-oxide N ) .
Si(m.*) A 250 | o000 | 9472
Sotma*y | A | 4293 | 0038 | 7815
Sq(mm*) A 4736 0.000 10860
Su(m.*) Al S0 | nom 236 83 743
S-(nr*)y | AT | Se0x | 0087 196 632 1372
Svn®y AT | 6073 | 070 ‘
Satmm*) | A | 6118 | 0038 !
Swian*)y | A | 7210 0.000
3Methvl- | S, 1.00s j.01
J-nitro- S)(mm*) AL 323 0 0000 | 1eTT
pyrdine Sumrt) | AT [ 178 | 0720 | owasa o 3230 374 o3
N-ovide Sumat) | A | 4320 | oo | 1o0s)
Son*) | AT | 4335 | 0021 7345
Sc(m*) A 4TSS 0000 | 11439
So(m*) AL 5177 ) 0001
S-tn*)y | A" | 3006 | 0.088
Sty | AT | 5999 | 0.589 239 325 1Ty
Sen.*) LA [ eds0 | 0107 198 632 1465
Sistmm*) Al 7.320 0000
2.3-Di- Sa 1.547 1.60
methyl- S, (m.*) A 3240 | 0000 | (E308
+-ntro- Samm*) | AT | 4080 | ve0d | xoevs o319 3SR 7.28
g‘::fl'";: Sty | AT | 4270 | 0022 | 7613
Son®y L AT | 4329 1 0001 9.271
Senu*) | AT | 4787 1 0000 | 164
Se(m.r*) A | so0 | 0000
S-(n.x*y | A" | 8507 | 0.220 JERNTEE T
Son.m*) A" | 5093 .552 200 619, 2023
So(mm*y | A | GISE | 0045 '
Sintnn*) A" 7. 160 0.000
2.5-Di- Su 0335 0.72
methyl- Si(a.n*) A ]34 0.000 IS
4-mitro- Sy (m*) AU 4125 | 0639 1 Re97 33 3720 1077
pyrdine Saxaty | A | 4203 | 0021 | 737
N-ovide . .
Sy (mm*) A 4296 0.001 V332
S« (M%) A 43S | oome | noa
S (%) A OSORe | 0.001
S-(n.c*} A" 3482 .173 142 S22 hIRI
Sunm*) | A" | 5975 | 0551 199 623 0 2340
San*) | A" | 6147 | 0087 ‘ ‘ ‘
Swimr*) | A | 7250 | 0.000 |
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TABLE 2 (continucd)

1 2 ) 4 s o T T x T v T
2.6-Di- S, 0,193 ‘ ‘ 125
methyl- Sty AL 3258 L o000 | 11T :

Ao g e AT [ d0ex | 0590 | 9360 333 0372 j208
R‘::g::j‘: Sum®) AU 4220 | 0000 RK37 |
Sio®) | A" | 3259 | 0027 R.072 i
Sama*) | AT | 4719 | 0000 | 10417 ) '
S.tn.*) A" 4 963 (.001
S-(m.m*) AT SARI 0.138 2504 780
Soin.m*) A" | 6.035 0.676 199 623 1 2311
Sty A et (1.006 :
Swtmr®) | A [ TO48 1 0000 02} i : 1.20
3.5-Di- Sa ‘ }
methyl- Siim*y | A 3327 | 0000 | 11053 |
d-mitro- Surmt) | AL 4210 | 0677 | s06T 279 444 774
';V[:f::;: Samrty | AT | 4303 | o016 | 7ass ‘
Sitmn*) Al 44063 0.001 1N.233 !
Ss(m.m*) AL 4950 | 0000 | 11833
Somr*y | A | 5125 1 o001
S-(n.1*) A" 5.60% 0.259 ' i
Sona*) A" 6,050 0.324 2 6.20 0 1625
Samn*) A 608 .002
S ) A 7.266 0.000 i
23.6-Tn- Su 1.23% ‘ 1.20
methyl- S n.a*) A 3347 0.000 11.256 | '
-mtro- Semrty | A | 4129 | 0sex | xS0 3220 axs
L\:::l::;: Sty AL 4247 0.024 7658 . :
Sitmn*) A 35300 1001 v 74 ; i
Sama*) A 4963 | 000 11621
Sy AL sk o000 .
S-(n*y | AT | SSIR | 0369 Mo 504!
Soin.e*) A | 6073 | 0023 ;
Sanm*) | AU} 6083 | 0417 24 607
Swima® | A | 7000 | oo : !

A comparison of the spectra of the studied compounds shows the intensity of the CT band being decreased
by ortho substituents to NO: group in the following order: 2.3,6- > 2.3- > 3 5~ > 2 3- The partial disorder of the
conjugation ctfect of the nitro group 1s a result of the mutual clectrostatic as well as steric interactions between the
3-methyl and 4-nitro group (ortho cffect) [1). The twist of the nitro group from the molecular plane Q was
evaluated on the basis of the relation: g/gn = cos” Q, where ¢, is the absorption coefficient at 329 nm CT of
4-nitropyridine N-oxidc. It is clear that the 329 nm 'A} (CT) band decreases in intensity with the twist of the NO-
group, cspecially at angles lower than ~ 50°, although the transition energy docs not vary so markedly. The value
of 72°10' obtained for 2,3.6-trimethyl-4-nitropyridine N-oxidc is the highest among all the compounds studied. The
valuc of the twist angle of the nitro group decreased in the following order: 2.3.6- (72°10') > 3.5- (67°30" >
3-(59°18) > 2.5- (57°48). Yamakawa [1] measured the UV spectrum in cthyl cther of 3.5-dimcthyl-4-
nitropyridine N-oxide and obtained the value Q = 60°.

{n this study the nature and importance of intramolecular charge transfer in the excited state was examined.
The caleulated clectric dipole moments of the ground and five excited singlet states provide a mcasure ot the
clectron transfer.

The change in the dipale moment during clectron excitation to the first excited singlet state is calculated as
10.07-10.75 D for the derivatives with one methyl group, 9.76-11.53 D for the ones with two methy! groups, and
10.02 D for onc compound with threec methyl groups. On transition from the ground state to the first excited state
in the compounds studicd, the value of the negative charge at the oxygen of the N-oxide group is lowered and
increases at position 4. The above obscrvations, as well as the increase in the negative charge at the carbon atom in
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positions 3 and S in the first excited state. show that the intramolcecular 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-nitropyridine N-oxide.

The values of LUMO cnergics (£) on clectrophilic substitution arc as follows: £(2.3,6-) > £ (3.5-) >

E{2,6-) > E (25-) > E (2-) > E (3-). Valucs of the difference in HOMO-LUMO cnergics oscillate for the
compounds cxamined from -8.028 or to -8.179 ¢V and arc smallcr than those for 2-halopicoline N-oxides (-9.31 -
-9.35 ¢V) and pyridine N-oxide (-8.97 ¢V) [22]. These facts point to the higher susceptibility of photochemical
rcactions in comparison with 2-halopicoline N-oxides, pyridinc N-oxidc, and their carboxy! and thiol derivatives
[22,25-27].

REFERENCES
l. M. Yamakawa, T. Kubota, and M. Akazowa, Theor. Chim. Acta, 15. 244 (1969).
2. M. Ito and N. Hata., Bull. Chem. Soc. Jpn., 28, 260 (1955).
3 M. [zo and W. Mizushima, J. Chem. Phys., 24, 495 (1956).
4, K. Scibold, G. Wagmerc. and H. Lobharb, Helv. Chim. Acta, 52, 789 (1969).
5. J. C. D. Brand and K. T. Tang. /. Mol. Spectrosc., 39, 171 (1971).
6. J. Sidman, Chem. Rev., 58, 689 (1958).
7. E. M. Evlcth, Theor. Chim. Acta, 11, 145 (1968).
8. J. Delbemz and H. H. Jaffe, J. Chem. Phvs., 49, 1221 (1968).
9. S. Kobinate and S. Nagakura, Theor. Chim. Acta, 14,415 (1969).
10. C. Leibovici and J. Streith, Terrahedron Lew., 5. 387 (1971).
1. H. Myazaki and T. Kubota, Bull. Chem. Soc. Jpn., 45,78 (1972).
12 S. X. Don. D. Jossc. R. Hverle, and J. Zyss. .J. Opt. Soc. Am.. B9. 687 (1992).
13. J. M. Essery and K. Schoficld, /. Chem. Soc., No. 9, 4953 (1960).
14. H. J. den Hertog, C. R. Kolder, and W. P. Combe, Rec. Trav. Chim., 70, 593 (1951).
15. E. C. Taylor, Jr. and A. J. Crovetti, J. Org. Chem., 19, 1633 (1954).
16. R. F. Evans and W. Kynaston, J. Chiem. Soc., No. 7, 5556 (1961).
17. E. Profit, W. Krueger, P. Kuhn, and W. Lictz, Germ. Pat. (East), 69126 (1969); Chem. Abstr.. 72, 90309
(1970).
18. J. A. Pople and D. L. Bevendge, Approximate Molecular Orbital Theory, McGraw-Hill, New York (1970).
19. J. Lipinski. A. Nowak. and H. Chojnacki. Acta Phys. Pol. 4, 53,229 (1978).
20. J. Lipinski and J. Leszezyuski, /nt. J. Quantum Chem., 22,253 (1983).
21 J. Lipinski, J. Quantum Chem., 34, 423 (1988).
22 A. Puszko, Khim. Geterotsikl. Soedin., No. 2, 197 (1998).
23. R. Katritzky and J. M. Lagowski, Chemistry of Heterocvelic Compounds, Academic Press, London
(1971).
24 A. Puszko, 1. Wasylina, and Z. Pawclka, Monatsh. Chem., 127, 601 (1996).
25, A. Puszko, Chem. Papers, 49, 182 (1995).
26. A. Puszko, J. Crastallogr. Spectrosc. Res., 23/1, 1 (1993).
27. A. Puszko. Chem. Papers, 52, 29 (1998).

692



