
SCF CI P P P Study of the Electronic Structure 
of Isomeric Pyridodiazaphenanthrenes 

aW. ŠLIWA* and bM. MIELNICZAK 

^Institute of Chemistry, Pedagogical University, Cze.stochowa, Poland 

hBabimost School, Zielona Góra District, Poland 

Received 30 September 1997 

For three isomeric pyridodiazaphenanthrenes the molecular diagrams, wavenumber, oscillator 
strength, and dipóle moment values have been calculated by the SCF CI PPP method. 

The theoretical oscillator strength and wavenumber values were compared with the experimental 
UV data; also comparison of UV spectra of studied compounds with those of parent diazaphenan-
threnes has been made. Good correlations of plots of calculated and experimental wavenumber 
values of studied compounds have been found. 

Diazaphenanthrenes (DAPs) and their derivatives 
are interesting for biological activity - antibacterial 
and antifungal [1—3]; some of them show also anti­
neoplastic properties [4]. 

DAPs possess two nitrogen atoms in the molecule, 
thus they form N-oxides [5, 6] and quaternary salts [2, 
7]. Some quaternary salts of DAPs are precursors of 
ylides useful in 1,3-dipolar cycloaddition reactions [8, 
9]. 

Quaternary salts of azaaromatics are interesting 
from the theoretical and practical points of view [10], 
e.g. as systems for electronic devices [11], as DNA in­
tercalates [12], pharmaceuticals [13], dyes [14], cata­
lysts [15], and surfactants [16]. 

The presence of two nitrogen atoms in molecule of 
DAPs allows the formation of complexes with transi­
tion metal ions [17]. 

In the continuation of our research concerning 
chemistry and physical chemistry of DAPs [1, 18, 
19], we present here the electronic structure of iso­
meric pyrido-DAPs /—III. These compounds have 
been obtained from amino derivatives of 4,10-, 4,9-, 
and 9,10-DAPs IV— VI, i.e. 5-amino-4,10-DAP VII, 
8-amino-l,9-DAP VIII, and 3-amino-9,10-DAP IX by 
the Skraup procedure [20] (see Scheme 1). 

The molecular diagrams and UV theoretical values 
have been calculated by the SCF CI PPP method; this 
procedure has been chosen having in view the big size 
of molecules under consideration. 

The theoretical UV spectra values have been com­
pared with the experimental ones. Similar investiga­
tion has been made previously in our group for formyl-
[21], methyl- [22, 23], amino- [24], and bromo-DAPs 
[25], as well as for quaternary salts of DAPs [26]. 

E X P E R I M E N T A L 

The calculations have been made on an IBM P С AT 
computer using Gaussian 92 [27] program. The UV 
spectra of /—III were recorded in 1,2-dichloroethane 
solution (c = 10~4 mol d m - 3 ) on a UV VIS Specord 
spectrophotometer. (In [20] ethanol was used as a sol­
vent.) 

RESULTS A N D D I S C U S S I O N 

As in our previous works [24, 25] we assumed the 
monocentre Coulomb integral as being equal to 

Ъ» = 7 - An 

where / - ionization energy of \i orbital, A - affinity 
of the electron described by the /x potential. 

The Coulomb integrals have been calculated in the 
Mataga—Nishimoto approximation and the resonance 
integrals ß in the Katagiri—Sandorfy approximation, 
where к is equal to -0.25. 

The semiempirical parameters used in our calcula­
tion are: 

V e V 7/WeV Dß/eV e(l 

C+ 
N+ 

11.16 
14.12 

11.13 
12.34 

14.5 
23.5 

1.625 
1.950 

Eigenvalues of the energy operator of 7r orbit als, 
ionization and total energy values along with dipóle 
moments for /—III are summarized in Table 1; molec­
ular diagrams are presented in Fig. 1. 

*The author to whom the correspondence should be addressed. 
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Table 1. Eigenvalues of the Energy Operator of 7г Orbitals, 
Ionization Energy / and Total Energy E Values along 
with Dipole Moments for /—/// Calculated with the 
SCF CI P P P Method 

Molecular Eigenvalues of the energy operator of n orbital 
orbital 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

/ II 

-17.0648 
-15.3211 
-13.7040 
-12.4616 
-11.8619 
-10.3757 
-10.0943 

-9.0654 
-8.5000 
-2.1417 
-1.4941 
-0.7512 
-0.3464 

0.2693 
0.3959 
1.1688 
1.9354 
2.5392 

/// 
-16.9995 

-15.4720 

-13.5066 

-12.7079 

-11.5190 

-10.5982 

-10.3318 

-8.9686 

-8.3654 

-2.0440 

-1.3555 

-1.1737 

-0.0701 

-0.0178 

0.6458 

1.0736 

1.9124 

2.5907 

-17.0084 

-15.3328 

-13.6823 

-12.3895 

-11.8872 

-10.4403 

-10.1773 

-9.0390 

-8.7810 

-2.4809 

-1.9650 

-0.8204 

-0.5303 

-0.0622 

0.2878 

0.9891 

1.7617 

2.3108 

7/eV 

E/eV 

Mx/D 

My/D 

Mz/D 

M(M)/D 

8.5000 

-741.9369 

-1.618 

-0.533 

0.000 

1.704 

8.3654 

-732.6318 

0.829 

1.059 

0.000 

1.345 

8.7810 

-736.4454 

-0.232 

-2.545 

0.000 

2.555 

It was established that the ionization energy values 
increase in the order II < I < III] the same sequence 

was found for dipóle moments. The total energy in­
creases in the order / < III < II, this fact suggests the 
higher stability of / as compared with compounds II 
and III. 

The analysis of molecular diagrams of I—III shows 
that in /and lithe electron density values at nitrogen 
atoms are similar, while in III these values at neigh­
bouring nitrogen atoms are significantly lower. The 
electron density values at ß positions of pyridine rings 
of /—III are higher as compared with those of a and 
7 positions. 

Wavenumber and oscillator strength values calcu­
lated in the dipóle length and dipóle velocity approx­
imation for I—777 are summarized in Table 2; for the 
comparison of the theoretical and experimental UV 
spectra, the oscillator strength values in the dipóle 
length approximation were taken into account. 

Theoretical and experimental data for a, p, and ß 
bands of 7—777 are given in Table 3; experimental UV 
spectra of 7—777 along with their oscillator strength 
values are shown in Fig. 2. 

The calculated values reveal a good compatibility 
with the experimental ones; slight discrepancies may 
result from the fact that the molecules under consid­
eration are rather large. For compounds 7—777 the 
straight line correlation of theoretical and experimen­
tal values has been found. 

The correlations of calculated and experimental v 
values for the a, p, and ß bands of I—III are given 
in Fig. 3 (r — 0.9880). The correlations of calculated 
and experimental v values of 7—777 and of their corre­
sponding three-ring analogues, i.e. DAPs IV—V7are 
shown in Fig. 4; the correlation coefficients range be­
tween 0.9881—0.9931, increasing in the order III—VI 
< II— V < I—IV 

The analysis of experimental UV spectra of 7—777 
(Fig. 4 and Table 3) shows that the v value of the a 

Table 2. Wavenumber v and Oscillator Strength Values in the Dipole Length and Dipole Velocity Approximation f(L) and f(V) 
for I—III Calculated with the SCF CI P P P Method 

ř>/(103 c m " 1 ) 

27.3 
32.7 
36.1 
36.9 
39.4 
41.1 
42.8 
43.9 
44.4 
46.1 
47.4 
47.7 
50.4 
50.8 

/ 

f(L) 

0.3648 
0.0064 
0.2971 
1.0521 
0.4045 
0.2953 
0.1016 
0.0558 
0.1586 
0.0632 
0.2876 
0.5155 
0.0488 
0.1408 

f(V) 

0.1833 
0.0038 
0.1318 
0.4635 
0.1335 
0.1603 
0.0529 
0.0185 
0.0568 
0.0294 
0.1092 
0.2238 
0.0236 
0.0594 

i>/(103 c m " 1 ) 

28.9 
30.2 
34.8 
35.9 
37.4 
40.4 
43.4 
44.2 
45.5 
47.5 
48.5 
49.1 
50.5 
51.4 

II 

f(L) 

0.1973 
0.2927 
0.0000 
0.0531 
1.7868 
0.3520 
0.1835 
0.6231 
0.0012 
0.2649 
0.1359 
0.0055 
0.2418 
0.0014 

f(V) 

0.1077 
0.1049 
0.0002 
0.0176 
0.8873 
0.1543 
0.1047 
0.2622 
0.0015 
0.1211 
0.0610 
0.0026 
0.1214 
0.0012 

£>/(103 cm" 1) 

26.9 
30.3 
33.4 
35.3 
37.5 

38.8 
41.0 
43.8 
44.2 
45.6 
46.3 
47.0 
47.7 

49.1 

III 

f(L) 

0.0322 
0.1938 
0.9583 
0.5096 
0.0804 
0.2317 
0.2112 
0.2043 
0.1102 
0.0888 
0.4116 
0.5854 

0.0870 
0.4110 

/00 

0.0051 
0.0793 
0.4117 
0.1817 
0.0256 
0.1197 
0.1159 
0.0871 
0.0421 
0.0374 
0.1484 

0.2588 
0.0402 

0.1849 
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0.8861 

1.0202 

0.9449 

1.0206 

0.9497 

1.0089 

^У оАдбэГЧ? * Q* n ie-N 1.2272 

1.0071 0.8835 

0.8699 

1.2362 

0.9468 

1.0243 

1.0311 

0.9230 

0.8791 

1.2222 

0.8946 

// 

1.0228 
1.2278 

1.0020 

0.9835 

1 1269 

0.9889 
1 1350 

/// 

Fig. 1. Molecular diagrams of I—III calculated with the SCF CI PPP method. 
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// III 

VII 
IX 

Scheme 1 

log{*} 

50 45 40 35 30 50 45 40 35 30 50 45 40 

v/(103 cm'1) 

Fig. 2. Experimental and calculated UV spectra of /—III. 

band for II is slightly higher as compared with those 
values for I and III] similar regularity exists in the 
case of the ß band. The intensity of the a band for III 
is higher than those for / and 77, the sequence of the 
intensity of the a band of I—III being II < I < III 

The comparison of UV spectra of I—III with those 
of their parent DAPs IV—VI shows that in the a band 
of / a n d II, as compared with 1,5- and 1,6-DAPs, IV 
and V, respectively, the red shift occurs, only in the 
case of III a slight blue shift is observed. In p and ß 

750 Chem. Papers 52(6)747—752 (1998) 



PYRIDODIAZAPHENANTHRENES 

Table 3 . Calculated (SCF CI P P P Method) Wavenumber and Oscillator Strength Values along with the Experimental IJV Data 
for / — / / / 

Compound 

Calculated Experimental 

and 

a 

P 
0 
a 

P 
ß 
a 

P 
ß 

/>/(103 cm" 1 ) 

27.3 
36.9 
44.4 
28.9 
37.4 
44.2 
30.3 
38.8 
43.8 

/ 

0.3648 
1.0521 
0.1586 
0.1973 
1.7868 
0.6231 
0.1938 
0.2317 
0.2043 

£>/(103 c m " 1 ) 

27.2 
38.5 
43.5 
28.6 
38.3 
44.6 
28.2 
39.0 
43.5 

log{*} 

3.716 
4.631 
4.176 
3.000 
4.690 
4.301 
4.310 
4.716 
4.358 

// 

III 

Table 4. Differences in the Experimental Wavenumber Values 
of a, p, and ß Bands for / — / / / as Compared with 
Corresponding DAPs (Positive Values Denote Red, 
Negative Blue Shifts) 

Band 

a 

P 
ß 

i 

j 

I 
IV 

4-0.4 
-0 .4 
- 0 . 7 

iPi - * ; ) / ( i o 3 

II 
V 

+0.5 
- 0 . 1 
-1 .0 

cm" -1) 

III 
VI 

- 0 . 1 
-0 .5 
-0 .6 

*\_, 
o 

o 

^ 
o H o 

bands of I—III, as compared with their parent DAPs, 
there is found a blue shift, the strongest for the ß band 
of III relatively to VI. The differences between exper­
imental v values for /—III and their corresponding 
DAPs IV—VTare summarized in Table 4. 

vCexpyClO^m"1) 

Fig. 3 . Correlation of calculated and experimental wavenum­
ber values for / — / / / (full line, the experimental cor­
relation; broken line, the theoretical correlation): a = 
0.9307, 6 = 2.5300, г = 0.9880. 

В о 
о 

40 

35 

« 
I-IV / 

/ 
/ 

/ 
А 

/ 
/ 

II-V 

/ 
/ч 

ý 

/А 
•' 

lll-VI у 

Z 
/ 

у 

30 

25 

// 
/ 

/ 

• 
25 30 35 40 25 30 35 40 

v(exp)/(103 cm-1) 

25 30 35 40 45 

Fig. 4. Correlation of calculated and experimental wavenumber values for /—/// and corresponding DAPs IV—VI (full line, the 
experimental correlation; broken line, the theoretical correlation), / a n d IV: a = 1.0192, 6 = -0.8024, г = 0.9931; II and 
V: a = 0.9327, 6 = 2.1620, r = 0.9909; /// and VI: a = 0.9603, b = 1.6473, г = 0.9881. 

Chem. Papers 52 (6) 747—752 (1998) 751 



W. ŠLIWA, M. MIELNICZAK 

REFERENCES 

1. Chrzastek, L., Mianowska, В., and Sliwa, W., Aust. J. 
Chem. 47, 2129 (1994). 

2. Matusiak, G. and Sliwa, W. Acta Chim. Hung. 125, 
267 (1988). 

3. Kovacic, P Kassel, M. A., Ames, J. R., Feinberg, B. 
A., and Sliwa, W. J. Biopharm. Sei. 1, 331 (1990). 

4. Sliwa, W. Benzonaflyrydyny. (Benzónaphthyridines.) 
Polytechnical University, Wroclaw, 1978. 

5. Sliwa, W. and Mielniczak, M., Prace Naukowe WSP w 
Cz$stochowie. (Pedagogical University Issues, Cze_sto-
chowa.) Chemistry 1, 131 (1997). 

6. Zujewska, Т. and Bachowska, В., Aust. J. Chem. 49, 
523 (1996). 

7 Sliwa, W. and Chrzastek, L., Pol. PL 165,956 (1995); 
Chem. Abstr. 125 (1996) P275 674. 

8. Bachowska, В., Monatsh. Chem. 126, 227 (1995). 
9. Matusiak, G. and Sliwa, W., Monatsh. Chem. 124, 161 

(1993). 
10. Sliwa, W., N-Substituted Salts of Pyridine and Related 

Compounds. Pedagogical University, Cze_stochowa, 
1996. 

11. Tsivgoulis, G. M. and Lehn, J. M., Angew. Chem., Int. 
Ed. Engl. 34, 1119 (1995). 

12. Breen, A. P and Murphy, J. A., J. Chem. Soc, Perkin 
Trans. 1, 2927 (1993). 

13. Okazaki, K., Maeda, Т., Nagamune, H., and Kourai, 
H., Biocontrol Sei. 2, 39 (1997); Chem. Abstr. 127, 
50519 (1997). 

14. Fuji Photo Film Co., Ltd, Japan, Jpn. Kokai Tokkyo 
Koho, JP 09,176,164 (1997); Chem. Abstr. 127, 108927 
(1997). 

15. Hampl, F., Mazac, J., Liska, F., Srogl, J., Kabrt, L., and 
Suchánek, M., Collect. Czech. Chem. Commun. 60, 883 
(1995). 

16. Takagi, K., Kurematsu, Т., and Sawaki, Y J. Chem. 
Soc, Perkin Trans.f 2, 1667 (1995). 

17. Gaudyn, A. and Sliwa, \V Chem. Papers 48, 306 
(1994). 

18. Paluszewski, M. and Šliwa, W., Aust. J. Chem. 46, 1115 
(1993). 

19. Bachowska, B. and Zujewska, T. Pol. J. Chem. 70, 
1324 (1996). 

20. Šliwa, W. and Szulc, Z., J. Prakt. Chem. 319, 362 
(1977). 

21. Peszke, J., Mianowska, В., and Sliwa, W., Spectrochim. 
Acta 53A, 2565 (1997). 

22. Mianowska, B. and Sliwa, W. Spectrochim. Acta 52A, 
397 (1996). 

23. Mianowska, B. and Sliwa, W., Acta Chim. Hung., Mod­
els Chem. 131, 761 (1994). 

24. Mianowska, B. and Sliwa, W. Acta Chim. Hung. 128, 
93 (1991). 

25. Mianowska, B. and Sliwa, W., Spectrochim. Acta 46A, 
767 (1990). 

26. Matusiak, G., Nowek, A., and Sliwa, W., Studies in Or­
ganic Chemistry 15, Chemistry of Heterocyclic Com­
pounds, p. 409. Elsevier, Amsterdam, 1988. 

27. Frisch, M. J., Trucks, G. W. Head-Gordon, M. Gill, 
P M. W. Wong, M. W., Foresman, J. В., Johnson, B. 
G., Schlegel, H. В., Robb, M. A., Gomperts, R. An­
dres, J. L., Raghavachari, K., Binkley, J. S., Gonzales, 
C , Martin, R. L., Fox, D. J. DeFrees, D. J., Baker, 
J., Stewart, J. J. P and Pople, J. A., Gaussian 92, 
Revision A. Gaussian Inc., Pittsburgh, PA, 1992. 

752 Chem. Papers 52(6)747—752 (1998) 


