
LITERATURE CITED 

i. M. A. Yurovskaya, A. Z. Afanas'ev, V. A. Chertkov, E. M. Gizatullina, and Yu. G. Bun- 
del', Khim. Geterotsikl. Soedin., No. 12, 1625 (1987). 

2. S. P. Gromov and Yu. G. Bundel', Dokl. Akad. Nauk SSSR, 281, 585 (1985). 
3. M. A. Yurovskaya, V. A. Chertkov, A. Z. Afanas'ev, F. V. Ienkina, and Yu. G. Bundel', 

Khim. Geterotsikl. Soedin., No. 4, 509 (1985). 
4. A. Z. Afanas'ev, M. A. Yurovskaya, and Yu. G. Bundel', Khim. Geterotsikl. Soedin., 

No. i, 134 (1987). 
5. N. Hansenand H. J. Jakobsen, J. Magn. Reson., 12, 340 (1973). 
6. L. Ernst, V. Wray, V. A. Chertkov, and N. M. Sergeev, J. Magn. Reson., 25, 123 (1977). 
7. R. S. Sagitullin, S. P. Gromov, and Ao N. Kost, Dokl. Akad. Nauk. SSSR, 236, 634 

(1977). 
8. E. Matsumara, Y. Tohda, and M. Ariga, Bull. Chem. Soc. Jpn., 55, 2174 (1982). 
9. A. V. Belik, I. Yu. Envaeva, and R. S. Sagitullin, Khim. Geterotsikl. Soedin., No. 

i0, 1386 (1985). 
10. R. G. Parker and J. D. Roberts, J. Org. Chem., 35, 996 (1970). 
11. P. J. von Rijn, Rec. Trav. Chim., 45, 267 (1926). 
12. A. T. Balaban and C. D. Nenitzescu, Annalen, 625, 74 (1959). 
13. J. Bolle and G. Tomaszewski, French Patent No. 1,340,970; Chem.Abstr., 60, 5463 (1964). 
14. T. Severin, D. Batz, and H. Lerche, Chem. Ber., 102, 2163 (1969). 
15. L. L. Vasil'eva and K. K. Pivnitskii, Summaries of Papers Presented at the lnternation- 

al Symposium on Chromatography in Biology and Medicine [in Russian], Moscow (1986), 
p. 200. 

16. J. E. LuValle, D. B. Glass, and A. Weissberger, J. Am. Chem. Soc., 70, 2223 (1948). 
17. R. Stoermer, Berichte, 31, 2535 (1898). 

BISPYRAZOLE[3,4-b:4',3'-e]PYRAZINES ASSELF-CONDENSATION 

PRODUCTS FROM 4,5-DIAMINOPYRAZOLES 

V. D. Orlov, Kh. Kiroga, and N. N. Kolos UDC 547.779.1'863o07:543.422:542.953 

Bispyrazolo[3,4-b:4',3'-e]pyrazines have been obtained by self-condensation 
of 4,5-diaminopyrazoles and their structures confirmed by independent syn- 
thesis. The spectral data for these compounds is discussed. 

We have recently shown [i] that refluxing a toluene solution of 4,5-diamino-3-methyl- 
l-phenylpyrazole (la) leads to self-condensation and formation of 3,5-dimethyl-l,7-di- 
phenylpyrazolo[3,4-b:4',3'-e]pyrazine (lla). Evidence for similar reactions has only been 
reported for 5,6-diamino-l,3-dimethyluracil [2]. 

The aim of this work was an investigation of the self-condensation of diaminopyra- 
zoles to bispyrazolopyrazines which are of interest as luminophores. 

It has been shown that diamines Ib,c like la, form the bispyrazolopyrazines lla-c in 
40-60% yields when heated for 1-2 h in toluene whereas diamine Id remains unchanged (route 
A). In methanol diamines I a,b take part in a cross-ring 4,5-interaction (route B) to form 
compounds llla,b whereas llc,d are unchanged under these conditions. Prolonged refluxing 
(15 h) of Ilia in ethylene glycol led to compound IV. The reaction mixture also contained 
compound lla, butthe mechanism of its formation is not clear. Separation of this mixture 
was difficult hence lla and IV were identified by comparison of their Rf values and elec- 
tronic absorption spectra with standard samples. 
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I--III,  V, VIa  R'=C~Hs, R2=CH3; b R'=R2=C6Hs; c RI=H, R2=C6H,~; d R'=C6H4NO2, 
R2=CH3; e RI=C6H4COOH-4, R2=CH3; II f RI=R3=C6Hs, R2=CH3, R 4=H, g RI=R 2= 

R4=C6Hs, R~=CH3; h RI=R2=CsHs, R3=C~H4NO2-4, R4=CH3; i RI=CsH4NOr4, 
R2=Ra=CH3, R4=C6H$; j RI=C6H~NO~-4, R~=CH3, R3=R4=C~Hv; k R'=C6H4COOH-4, 

R2= R3=CH3, R4=C6H5 

The structures of compounds lla-c were confirmed by elementalanalytical data, by 
spectroscopic characteristics (Table i), and independent synthesis according to [3] in 
which the authors treated the 5-aminopyrazoles V with their 4-nitroso substituted analogs 
VI in glacial acetic acid. Changing this solvent to DMF increased the yield of the tri- 
cycle IIa from 20-25% to 60%. Compound IId (which could not be prepared by self-condensa- 
tion of Id) was synthesized in the same way. In addition, the nonsymmetrical compounds 
IIf-k were prepared by changing the components V and VI. 

With the same method we have prepared the bispyrazolopyrazine IV from 4-amino (VII) 
and 5-amino-4-nitroso-3-methyl-l-phenylpyrazole (Via). 

Compounds IIa and IV are classified as high symmetry systems (their symmetry point 
groups being C2v and C2h, respectively). The dipole moment of compound IIa was 1.82 D and 
compound IV zero which was in full agreement with the proposed structures. 

The effect of the medium on the course of the self-condensation is probably due to 
solvation effects. The amino group at the pyrazole 5-position is susceptible to enamine- 
imine tautomerism [4]. In protic polar solvent (methanol) the tautomeric equilibrium is 
shifted towards the imino form because of significant solvation effects and the cross reac- 
tion is most favored (route B). In aprotic nonpolar solvent (toluene) this solvating ef- 
fect is absent, the fraction of imino form is small and the synchronous reaction of the 
diamines (route A) is observed. Self-condensation of diamine Ia in DMF, resulting in for- 
mation of IIa and IIIa in the ratio 3:1, confirms that mentioned above, DMF causes virtu- 
ally no solvation of a nucleophilic center [5] hence the relative basicity of the amino 
groups in diamine Is is not changed. At the same time, the presence of polar solvents 
partially promotes stabilization of the imino form leading to formation of a small amount 
of compound III a. 

The course of the self-condensation reaction depends upon the substituents introduced 
into the heterocyclic ring. 4,5-Diamino-3-methyl-(4-nitrophenyl)pyrazole (Id) did not self- 
condense, probably because the electron accepting nitrophenyl radical significantly lowers 
the nucleophilicity of the amino groups. For 4,5-diamino-3-phenylpyrazole (Ic) the nucleo- 
philicity of both amino groups remains high (according to CNDO/2 calculations qs_NH 2 = 

-0.218 and q4_NH 2 = -0.252) but there is also a significant lowering of the fraction of the 

imino form (preferential equilibrium occurs via the endo-imino group) which hinders the 
self-condensation of Ic in methanol. 

The bispyrazolopyrazines II show intense yellow-green fluorescence in toluene solution. 
A rigid relationship between the electronic character of the introduced substituents RZ-R 4 
and the %max fluorescence values (Table i) was not observed. Because introduction of the 
substituents generally has identical effects on the absorption and the fluorescence spec- 
tra there is little change in the Stokes shift (with the exclusion'of the values for 
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compounds IId,j which contained a nitrophenyl group). The fluorescence of these nitro com- 
pounds is unusual [6]. It seems likely that the contribution of the N-aryl radicals to 
the electronic transitions, responsible for their long wavelength absorption and corre- 
sponding emission, is small. 

The quantum yields are given in Table i for some of the synthesized compounds measured 
in toluene~ It was interesting to note that the fluorescence quantum yields for isomeric 
molecules IIa andlV differ by almost 2.5 times but a clear dependence of this characteris- 
tic on the structure of II is not observed. 

The generating ability of compounds IIa,e,f* is absent, probably because of the low 
intensity of the long wave absorption of the compounds studied [e = (2-4).i0-~]. 

EXPERIMENTAL 

UV absorption spectra were measured using a Specord UV-vis spectrophotometer for tolu- 
ene solutions of i-3"10 -s M. IR spectra were taken on a Specord IR-75 spectrophotometer 
(in KBr tablets) and PMR spectra on a Tesla BS-2487-B (80 MHz) in CDCI 3 with TMS internal 
standard. Fluorescence spectra were measured on apparatus consisting of a monochromator 
from an SF-4A spectrophotometer, an FEU-38 radiation detector, V7-16 digital voltmeter, 
recorder, and DRSh-500 mercurylamp as light source. Measured spectra were corrected 
through the spectral sensitivity of the apparatus. Fluorescence quantum yields were 
measured by method [7] using quinine bisulfate in 1.0 N H2SO ~ as standard with a quantum 
yield of 0.546 [7]. Dipole moments were measured in benzene at 25~ by method [8]. Quan- 
tum chemical calculations of electronic distributions by diamine Ic used the CNDO/2 method 
with standard parameters. Preparative chromatographic separation of the compounds obtained 
was carried out on an AI203 grade III activity (i cm diameter, packing height i0 cm) using 
CHCI 3 as eluent. 

Compounds IIa and Ilia are described in [i]. 

3,.5-Diphenylbispyrazolo[3~4-b:4~'3'-e]pyrazine (IIc). A__~. A solution of diamine Ic 
(0.28 g, 1.6 rmnole) in toluene (50 ml) was refluxed for 2 h, the solvent distilled off, 
and the residue chromatographed collecting the luminescent fraction (0.i g) with Rf 0.38. 

Compound IIb was obtained similarly. 

B___. A solution of amine Vc (0.3 g, 1.7 Emlole) and 5-amino-4-nitroso-3-phenylpyrazole 
(VIc, 0.35 g, 1.7 nm~ole) in DMF (i ml) was refluxed for 3h, cooled, and the precipitated 
solid was filtered off and chromatographed to give IIc (0.34 g). 

Compounds IIa,d,f-k, and IV were obtained similarly. 

Condensation of Diamine I with DMF. A solution of Ia (0.3 g, 1.6 mmole) in DMF (i 
ml) was refluxed for 2 h, cooled, and the precipitated solid was filtered off and chromato- 
graphed. The first luminescent fraction (0.18 g, 60%) had Rf 0.62 and was compound Ila. 
The second fraction (0.06 g, 20%) with Rf 0.45 was compound IIla. 

1 ~3-Diphenyl-5-imino-4-(l ~3-diphenyl-4-aminopyrazol-5-yl)-imin0-2-pyrazoline (IIIb). 
A solution of diamine Ib (0.3 g, 1.2 mmole) in methanol (15 ml) was allowed to stand over- 
night at 200C. The precipitate was filtered off and crystallized from chloroform to give 
the product (0.12 g, 40%) with mp 248~ IR spectrum: 3290, 3415 cm -I (NH, NH2). UV 
Spectrum (in alcohol), Imax: 450 nm. Found, %: N 20.1. C30H23N ?. Calculated, %: N 
20.4. 
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OXIDATIVE CYCLIZATION OF 2-AMINO-I-ARYLIDENEAMINO- 

BENZIMIDAZOLES INTO 1,2,4-TRIAZOLO[I,5-a]BENZIMIDAZOLES 

T. A. Kuz'menko, V. V. Kuz'menko, 
A. F. Pozharskii, and N. A. Klyuev 

UDC 547.792.9'785.5.07:542.943 

When heated in nitrobenzene, l-arylideneamino-2-methyleminobenzimidazoles 
convert in a 20...30% yield into 2-aryl-3-methyl-l,2,4-triazolo[l,5-a]- 
benzimidazoles. In addition, 2-methylaminobenzimidazole and the corre- 
sponding benzoni~rile are formed as a result of a thermal splitting of the 
N-N bond. Under the same conditions, 2-amino-l-arylideneaminobenzimida- 
zoles and l-arylideneamino-3-methylhenzimidazoline-2-imines give only 
products of spiltting off of the nitrile. In several cases, the subsequent 
reaction of the nitrile with 2-amino-l-methylbenzimidazole leads to the 
formation of benzamidines. 

2-Aryl-l,2,4-triazolo[l,5-a]benzimidazoles are usually synthesized from 1,2-diamino- 
benzimidazoles and anhydrides or acid chlorides of aromatic acids [1-4]. Another theoreti- 
cally possible method for the preparation of these compounds could be the oxidative cycli- 
zation of 2-emino-l-arylideneaminobenzimidazoles, similar to the transformation of o-phenyl- 
enediemine anils into 2-arylbenzimidazoles [5]. It should be noted, however, that an at- 
tempt to oxidize 2-amino-l-benzylideneaminobenzimidazole (I) into 2-phenyl-l,2,4-triazolo- 
[l,5-a]benzimidazole (II) by the action of copper acetate [6] was unsuccessful. In the 
present article, we describe the results of our experiments on the cyclization of 2-amino- 
l-arylideneaminobenzimidazoles in nitrobenzene medium. This oxidant gives good results 
in the preparation of 2-arylbenzimidazoles from o-phenylenediamine anils [7]. 

Boiling compound I in nitrobenzene leads to partial resinification and formation of 
a complex mixture of compounds, which does not include 2-phenyl-l,2,4-triazolo[l,5-a]- 
benzimidazole (II). However, an appreciable amount of 2-aminobenzimidazole can be detected 
in this mixture. This compound is clearly formed as a result of splitting of the N-N bond, 
as in the case of the N-aminopyridinium hydrazone series [8]. 

N=CH-C6S 5 

i 
Col l5  - ,, 

I I  I 

We assumed that this course of reaction can be explained by the lower nucleophilicity 
of the 2-amino group in compound I, as a result of which the elimination of nitrile, com- 
peting with the cyclization, proceeds much more rapidly. To increase the probability of 
closing the triazole ring, we decided to increase the nucleophilicity of the amino group 
by introducing a methyl substituent into it, and also by converting it into a fixed imine. 
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