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REACTION OF 1,2-DIAMINO-4-NITROBENZENE WITH 1,5-DIKETONES. 
SYNTHESIS AND OXIDATIVE REACTIONS OF NITROBENZIMIDAZOLES 

V~ Ao Kaminskii, O. Yu. Slabko, and M. V. Gomolach UDC 547.785.5'546'442.5.04 

Reaction of ],5-diketones with 1,2-diamino.4-nitrobenzene gave a mixture of the 6- and 7-nitro derivatives of 
4a,9-diaza-l,2,4a,9a-tetrahydrofluorene. Oxidation of the 6-nitro derivatives with Mn02 gives para-quinone 
imines with elimination of the nitro groups. Oxidation of the 7-nitro derivative and oxidative conjugation of 5- 
nitro-2 2-pentamethylene-1,2-dihydrobenzimidazole with primary amines in the presence of Mn02 gives nitro 
ortho-quinone imines. 

1,5-Diketones react readily with o-phenylenediamine to form 4a,9-diaza-1,2,4a,9a-tetrahydro-9H-fluorenes containing a 
1,2,2-trisubstituted benzimidazole fragment [1]. In the presence of MnOa this is oxidized to para-quinoids [2-4]. The reaction 
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of 1,5-diketones with substituted o-phenylenediamines has not been investigated. The interest in analogous reactions is con- 
netted with their regiodirectionality and the effect of substituents on the oxidative reactivity of the compounds obtained. 

We have studied the reaction of 1,2-diamino-4-nitrobenzene with the alicyclic diketone Ia and the half cyclic diketone Ib. 
The reaction occurs readily but not regioselectively with relation to the amino component and leads to mixtures of 6- and 7- 
nitro-4a,9-diaza-l,2,4a,9a-tetrahydrofluorenes. 

The symmetrical diketone Ia gives the 6-nitro flla) and 7-nitro derivatives (IIIa) in the ratio 1:1.3. The nonsymmetric 
diketone Ib theoretically can give four diazahydrofluorenes. In practice, refluxing in xylene gives three of these, viz., the 6-ni- 
tro derivatives IIb and IV and the 7-nitro derivative IIIb in the ratio IIb:IIIb:iv = 1:1:0.7. Under milder conditions (refluxing 
in ethanol) virtually only IIb and IIIb (in approximately equal amounts) are formed with traces of IV. Thus, in this case, re- 
gioselectlvity is observed with respect to the diketone although to a lower degree than that in the reaction of diketone Ib and 
analogs with unsubstituted o-phenylenediamine. Formation of IV type din7:ahydrofluorenes is not observed, probably because 
of their lower the~a-~odynamic stability [1]. Observation of IV is probably explained by a significant decrease in the stability 
of the alternative IIb on account of the steric repulsion of the nitro group and the phenyl radical (R4). At the same time, for- 
marion of a 7-nitro type IV compound was not observed (an alternative to IIIb in which analogous repulsion is absent). 

Oxidation of the 6-nitro derivatives IIa, b and IV with MnO2 leads to elimination of the nitro group and formation of the 
p-quinone monoimines Va, b (described earlier [2]) and VII. Upon oxidation of nitro derivative IIa, compound Va is only one 
of a complex mixture of products. If one carries out a combined oxidation of IIa and malononitrile in the presence of MnO2 

there is formed a mixture of only two compounds, viz., Va and the product of oxidative conjugation with malononitrile 6-di- 
cyanomethylene-4a,9-diaza-l,2,4a,9a-tetrahydro-6H-fluorene (X) which has been described before [3]. Its formation also in- 
volves oxidative elimination of a nitro group. Oxidation of the 7-nitro derivative IIIa with MnO2 gives a complex mixture of 
products but not including Va. At the same time, oxidation of IIIb forms VI in quantitative yield. In contrast to the products 
of oxidation of diazafluorenes not containing a nitro group [2], it is an o-quinone monoimine. A similar orienting effect of 
electron acceptors was noted [5] for the reaction of nucleophiles with 2H-benzimidazoles. For 5-arylsulfonyl-2H-benzimida- 
zoles, nucleophilic attact is oriented to position 4 and not 6 as in the case of 2H-benzimidazoles not having electron-acceptor 
substituents in position 5. 

With these data in mind we carried out conjugative oxidation of 5-nitro-2,2-pentamethylene-l,2-dihydrobenzimidazole 
VIII [6] with the primary amines cyclohexylamine and 4-amino-2,2,6,6-tetramethylpiperidine and obtained the corresponding 
quinone diimines. These were assigned the structures IXa, b (and not the amino 2H-benzimidazoles) by analogy with the 
products of treating 5-phenylsulfonyl-2,2-pentamethylene-2H-benzimidazole with primary amines [5]. We have previously 
studied the conjugative oxidation [4] of diazatetrahydrofluorenes (not containing a nitro group) with primary amines which led 
to formation of p-quinone diimines. Thus, in this series, introduction of a nitro group into the benzimidazole fragment 
changes the orientation of the oxidative conversion to the formation of ortho-quinonoid structures. 

The structures of the synthesized compounds were confmned by IR and PMR spectral data. In particular, the PMR spec- 
tra of the ortho-quinonoid compounds VI and IXa, b showed signals for the quinoid protons (5-H and 6-H in VI, 6-H and 7-H 
in IXa, b) as 10 Hz spin-coupled doublets. In the alternative para-isomers these signals occur as singlets. The PMR spec- 
trum of the p-quinoid VII is analogous to the spectra of diazahydrofluorene p-quinone monoimines [2]. 

EXPERIMENTAL 

IR spectra were recorded on a Specord IR-75 instrument for CHC13 solutions, PMR spectra on a Bruker WM-250 in 
CDCI3 with TMS internal standard, and mass spectra on an MX-1320 with direct sample introduction and an ionization inten- 

sity of 70 eV. 
Elemental analytical data and molecular weights (mass spectrometric) agreed with those calculated. Parameters for the 

compounds synthesized are given in Table 1. 
Reaction of 1,5-Diketones with 1,2.Diamino.4-nitrobenzene. A. A mixture of diamine (6.4 g, 0.04 

mole), diketone Ia or Ib (0.04 mole), and p-toluenesulfonic acid (0.2 g) was refluxed in ethanol (150 ml) for 5 h (Ia) or 9 h 
0"b). For Ia the ethanol was evaporated under reduced pressure, the residue chromatographed on a silica gel column (100/250, 
150 g), eluting with hexane--ethyl acetate (3:1) to give IIIa (1.6 g), a mixture of IIa and IIIa (4.1 g), and IIa (1.8 g). The over- 
all yield of IIa and IIIa was 7.5 g (59%). For compound Ib the reaction mixture was cooled, the precipitated solid filtered off, 
and the filtrate evaporated to one third volume and an additional amount of precipitate filtered off to give a mixture of IIb and 
IIIb (13.8 g, 82%). This mixture was chromatographer on a silica gel column (100/250, 300 g) eluting with hexane-ethyl 
acetate to give IIIb (1.3 g) and IIb (3.3 g). 
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Bo A mixture of diketone Ib (12 g, 0.04 mole) the diamine (6.4 g, 0.04 mole), and p-toluene sulfonic acid (0.3 g) was 
refluxed in xylene (200 ml) for 5 h with a Dean and Stark trap. Xylene was evaporated under reduced pressure and the residue 
chromatographed on silica gel (100/250, 300 g) using hexane--ethyl acetate (ratio varying from 5:1 to 3:1) to give IIIb (1.3 
g), a mixture of IIIb and IV (2.2 g), IV (1.1 g), a mixture of IV and IIb (1.4 g), and IIb (1.5 g). The overall yield of isomers 
IIb, IIIb, and IV was 7.5 g (45%). The isomer ratios in the mixtures were determined by PMR spectroscopy and the com- 
pounds were recrystalli7.ed from ethanol. 

Oxidation of Nitro Derivatives of 4a,9-Diaza-l ,2,4a,9a.tetrahydrofluorene~ A. A tenfold excess of 
MnO2 was added with stirring to a solution of the nitro derivatives (IIb, IIIb, IV, 0.2-0.5 g) in acetone (IIIb, IV) or benzene 
(IIb) (15-30 ml). The mixture was stirred for 2-4 h and the MnO2 filtered off, washed on the filter with reaction solvent, and 
the combined filtrate evaporated to remove solvent. Quinone imines Vb, VI, VII were separated by preparative TLC on un- 
bonded silica gel plates (100/160, 30 x 24 cm) in corresponding yields of 30 (eluent chloroform--ether 5:1), 71 (ether-hexane 
2:1), and 15% (hexane-ethyl acetate, 1.5:1). Compound Vb was identified by mixed melting point with a known sample and 
by IR spectroscopy. 

B. 3,-MnO2 (0.25 g, 3 mmoles) was added with stirring to a solution of IIa (0.1 g, 0.3 mmole) and malononitrile (0.05 
g, 0.8 mmole) in acetone (10 ml) and stirred for 2 h. The products Va and X were identified in the reaction mixture by TLC 
in three systems: hexane-~thyl acetate (2:1), chloroform, and hexane-ether (1:1). 

Oxidative Conjugat ion of  5-Ni t ro-2 ,2-pentamethylene- l ,2 .d ihydrobenzimidazole  with Pr imary  
Amines~ 7-MnO2 (2.5 g, 37 mmoles) was added with stirring to a solution of VIII(0.3 g, 1.3 mmoles) and the amine [0.3 
g, cyclohexylamine (A) or 4-amino-2,2,6,6-tetramethylpipefidine (B)] in ethanol (15 ml) and stirred for 1 h. The MnO2 was 
filtered off and washed on the filter with ethanol in case B and in ethanol and then acetone in case A. For A the acetone 
filtrate was evaporated, the ethanol diluted with water, and the precipitated solid filtered off. From both filtrates pure 
compound IXa was obtained (overall yield 78%). For B ethanol was distilled off under reduced pressure and the residue 
recrystallized from a mixture of benzene-hexane to give IXb in 77% yield. 
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