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GAIN IN MAGNETIC SHIELDING OF THE 15N NUCLEUS IN 

A SUCCESSIVE SERIES OF RELATED 10, 12, AND 14 7r- 

ELECTRON HETEROCYCLES: 2,1,3-BENZOTHIADIAZOLE, 

1,3,2,4-BENZODITHIADIAZINE, AND 1,3,5,2,4- 

BENZOTRITHIADIAZINE* 

M. M. Shakirov, I. V. Beregovaya, and A. V. Zibarev 

A significant (~ 85 ppm) increase in shielding of the 15N nucleus is observed in the successive series of 10, 

12, and 14 r-electron hete rocycles : 2,1, 3-benzothiadiazole, 1, 3, 2, 4-benzodithiadiazine, and 1, 3, 5, 2, 4-benzo- 

trithiadiazine, as compared to the gain from both the full and the re-charge of the nitrogen atom. Possible 
antiaromaticiO, of the 12 r-electron dithiadiazine, containing a low-lying activation state, does not appear 
clearly in the 15N NMR. 

The ready development of the chemistry of r-excessive sulfur-nitrogen heterocycles in earlier times [2, 3] resulted 

in a series of nontrivial results. In particular, 1,3,2,4-benzodithiadiazine and its 5,6,7,8-tetrafluoro derivative (IIa, b; Scheme 

I) with a remarkable combination of some formal signs of antiaromaticity (planar geometry, 12 7r-electron system) with 

thermodynamic stability were recently synthesized [4-8]. In distinction to the closely-related 10 7r-electron 2,1,3-benzo- 

thiadiazole and the 14 rr-electron 1,3,5,2,4-benzotrithiadiazepine (Ia, b and III, respectively, see Scheme I), the compounds 

IIa, b possess low-lying excitation states (see Table 1) which also can often be considered as attributes of antiaromaticity [9]. 
The possible antiaromaticity of compound IIa contrasts with the increased shielding of the H 5 and the H 8 nuclei in the H 1 NMR 

(6 1H 5.70 and 5.50 ppm) [4], but in the 19F NMR spectrum of compound lib such features are absent [6]. 

In an extension of the study of heteroatom reaction rates [7] and the electronic structures [8] of compounds IIa, b, the" 
present work studied their 15N NMR spectra by comparison with the spectra of compounds Ia, b and III, as well as with some 

other related and model compounds (see Scheme I). 

As indicated, in the series of thiadiazoles la(b)b, dithiadiazines IIa(b) and trithiadiazine III, the magnetic screening of 

the 15N nucleus is significantly increased to - 8 5  ppm between its extreme members (see Table 1). Notably, a similar effect 

is observed in a series of acyclic analogs of I-III (compounds V-VII, see Scheme I), but on a significantly smaller scale and 

in a less distinct form (VI defaults, see Table 1); the latter may be caused by the fact that, in distinction from I-III, V-VII in 

sodium undergo complex isomeric equilibria (cf. for example, [10]). 

It is well known that in a series of related compounds the change of 615N is connected, as a rule, with the change of 

average electron excitation energy AE and/or the effective charge on the N atom [11, 12]. From MNDO calculation data, I-III 

in fact increase in succession both as the full charge on the N atom q(N) and its 7r-charge qTr(N) (see Table 1), basically 

because of the mixing of the electron density with the sulfur atom, but a rigid correlation with 615N was not observed. Under 
these conditions, however, when the 15N nucleus becomes part of a chromophore (compounds I-III), particularly one possessing 

*Part IX in the series "Cyclic Aryleneazachalcogenins." For Part VIII, cf. [1]. 
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TABLE 1. Spectral and Calculated Characteristics of Compounds I-VII* 

Com- 
pound 

I a 

l b  

II a 

l ib  

III 

1V 

V 

VI 

VII 

Charge, e 

-q(N) ~7~(N) 

0,31 0,20 

0,28 0,18 

0,68 (N2), 0,37 (N2), 
0,57 (N 4) 0,49 (N 4) 

0,67 (N2), 0,32 (N2), 
0,61 (N 4) 0,52 (N 4) 

0,86 0,50 

0,36 0,22 
0,5l (NZ), 0,34 (NZ), 
0,60 (N E) 0,41 (N E) 

0,66 (NZ), 0,39 (NZ), 
0,60 (N e) 0,46 (N E) 

0,79 0,47 

515N, ppm 

332,4 

306,6 

269,5, 263,5 

255,3, 233,1 

248,8 

292,9 

296,7 

328,7, 264,9 

277,5 

hma x, nm, Ig(e) 

experimental 

311 (4,15) 

326 (3,39) 

617 (2,7) 

615 (2,26) 

384 (3,7) 

645 (2,70) 

420 (4,07) 

434 (4,15) 

450 (4,03) 

CNDO/S 

267 (4,13) 

646 (3,92) 

653 (3,99) 

380 (4,30) 

476 (4,91) 

403 (3,37) 

404 (4,79) 

*For compounds IIa, lib, III, IV, VI, and VII, the spectral data were obtained in the 
percent work, and the rest from the literature, 15N NMR; Ia [19] (cf. (514N [20]), Ib 
[21], V ((514N) [20], UV: Ia [22], IIa, [4], III [4], IV [22], V [23]. The coefficients 
used for conversion of 515N to NH3; 20.68 from NH4NO 3 (saturated aqueous 
solution), 375.80 from HNO 3 (1 M), 380.23 from MeNO 2 [24]. The value of 615N 
for V [19] was incorrect [25], whereas 515N for IV [19] agrees with that obtained in 
the present work. The isomeric equilibrium of V-VII in solution was neglected in the 
CNDO/S calculations; the configurations discovered in crystals [E, Z, E, Z, and Z, 
Z, respectively (cf. [10, 15] and works cited therein)] were used. For IV the 
CNDO/S significantly overestimates the ~kma x (870 rim); PPP-CI gives better results 
(733 [26] and even 661 nm [22]). 
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a low-lying excitation state (compounds IIa, b), the most essential factor may be the change in AE [11, 12]. In the I-III series 
as well as in IV (an additional example of a 147r-electron thiadiazine; see Scheme I) having, as with IIa, b, a low-lying 
~xcitation state, any correlation with (515N/kmax is absent (see Table 1), which, on the one hand, is typical for sulfur-nitrogen 
:ompounds [2, 11], and on the other, agrees with the results of calculations of the UV spectrum of these materials by the 
2NDO/S method (see Table 1), indicating the nonmagnetoactive [ 11] r-7r* character of the corresponding electron excitation 
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(for III this is independently supported by the results of a study of the magnetic circular dichroism spectrum [13]). Thus, the 

change of AE apparently does not contribute significantly to the discovered effect, and its basic cause is probably the above- 

noted shielding of the electron density around the nitrogen nucleus. 

On the whole, it can be said that the formal possible antiaromaticity of compounds IIa, b is not clearly exhibited in 

the ~515N NMR spectra. This agrees with the conclusion [8] that IIa, b are more similar to conjugated nonaromatic, than to 

traditional antiaromatic materials. 

EXPERIMENTAL 

Compounds IIa [4], lib [6], III [4], IV [14], VI [15], and VII [16] were synthesized by known methods. Their tSN 

NMR spectra were measured under natural isotope content with a Bruker AM-400 spectrometer and a frequency of 40.55 MHz 

in a 3:1 CHC13/C6D 6 solution, external standard NH 3 (g); their UV spectra were determined in heptane solution. Data for the 
remaining compounds are from the literature (See Notes, Table 1). 

MNDO calculations were conducted with complete optimization of geometry by the MNDO-89 program, an extension 

of program MNDO-85 [17, 18]. The CNDO/S calculations were completed with the NDOL program [18] for molecular 
geometry optimized by the MNDO method. 

The authors thank the Russian Fund for Fundamental Studies (Project 93-03-04729) and the International Science 
Foundation (Grant RCWOOO) for financial support. 

REFERENCES 

1. 

2 .  

3. 
4. 

5. 

6~ 

7. 

. 

9. 
10. 

11. 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
20. 

I. Yu. Bagryanskaya, Yu. V. Gatilov, A. O. Miller, M. M. Shakirov, and A. V. Zibarev, Heteroatom Chem., 5 
(1994). 

T. Chivers, Chem. Rev., 85, 341 (1985). 

C. W. Rees, J. Heterocyclic Chem., 29, 639 (1992). 

A. W. Cordes, M. Hojo, H. Koenig, M. C. Noble, R. T. Oakley, and W. T. Pennington, Inorg. Chem., 25, 1137 
(1986). 

A. P. Hitchcock, R. S. DeWitte, J. M. Van Esbroek, P. Aebi, C. L. French, R. T. Oakley, and N. P. C. West-wood, 
J. Electron Spectrosc. Relat. Phenom, 57, 165 (1991). 

A. V. Zibarev, Yu. V. Gatilov, and A. O. Miller, Polyhedron, 11, 1137 (1992). 

A. V. Zibarev, Yu. V. Gatilov, I. Yu. Bagryanskaya, A. M. Maksimov, and A. O. Miller, J. Chem. Soc., Chem. 

Comm., No. 3 ,298 (1993). 

N. E. Petrachenko, Yu. V. Gatilov, and A. V. Zibarev, J. Electron Spectrosc. Relat. Phenom., 67, 489 (1994). 
V. I. Minkm, Aromaticity and Antiaromaticity, Wiley, New York (1994), p. 325. 

I. Yu. Bagryanskaya, Yu. V. Gatilov, M. M. Shakirov, and A. V. Zibarev, Mendeleev Commun., No. 4, 136, and 

No. 5, 167 (1994). 

J. Mason, Chem. Rev., 81,205 (1981). 

G. W. Buchanan, Tetrahedron, 45, 581 (1989). 

H.-P. Klein, R. T. Oakley, and J. Michl, Inorg. Chem., 25, 3194 (1986). 

A. V. Zibarev, O. M. Fugaeva, A. O. Miller, S. N. Konchenko, I. K. Korobeinicheva, and G. G. Furin, Khim. 
Geterotsikl. Soedin., No. 8, 1124 (1990). 

I. Yu. Bagryanskaya, Yu. V. Gatilov, M. M. ShakSrov, and A. V. Zibarev, Zh. Strukt. Khim., in press. 

A. V. Zibarev, S. N. Konchenko, G. G. Furin, and M. A. Fedotov, Izv. Akad. Nauk SSSR, Ser. Khim., No. 11, 
2101 (1986). 

A. A. Bliznyuk and A. A. Voityuk, Zh. Strukt. Khim., 27, 190 (1986). 

Specialized Fund for Quantochemical Program of the Siberian Branch of Russian Academy of Sciences, Novosibirsk, 
Institute for Chemical Kinetics and Combustion. Siberian Region, Russian Academy of Sciences. 

I. Yavari, R. E. Botto, and J. D. Roberts, J. Org. Chem., 43, 2542 (1978). 

J. Mason, W. van Bronswijk, and O. Glemser, J. Phys. Chem., 82, 463 (1978). 

233 



. 

. 

3. 
4. 

, 

6. 

G. N. Dolenko, A. V. Zibarev, S. A. Krupoder, and G. G. Furin, Izv. Akad. Nau,~ gSSR, Ser. Khim., No. 4, 86 

(1980). 
J. Fabian, R. Mayer, and S. Bleisch, Phos. Sulf., 7, 61 (1979). 
E. S. Levchenko and Z. I. Shokol, Zh. Org. Khim., 5, 472 (1969). 
G. C. Levi and R. L. Lichter, Nitrogen-15 Nuclear Magnetic Resonance Spectroscopy, Wiley, New York (1979), p. 

32. 
W. Sicinska, L. Stefaniak, M. Witanowski, and G. A. Webb, J. Mol. Struct., 158, 57 (1987). 
R. Bartetzko and R. Gleiter, Angew. Chem., Int. Ed. Engl., 17, 468 (1978). 

34 


