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It was shown that hetarylation of benzimidazol-2-ylacetonitriles by 2,3-dichloro- 
quinoxaline proceeds at the methylene group. The reaction of 2-chloro-3-[~-cyano- 
~-(benzimidazol-2-yl)methylene]-3,4-dihydroquinoxalines formed with primary 
amines leads to l-R-2-amino-3-(benzimidazol-2-yl)pyrrolo[2,3-b]quinoxalines. 

Products of hetarylation of the methylene group of cyanoacetic ester and malononitrile 
by 2,3-dichloroquinoxaline found application in the syntheses of 2-aminopyrrolo[2,3-b]quinox- 
alines [i] and 2-aminothieo[2,3-b]quinoxalines [2]. It was of interest to study the hetaryl- 
ation of ambidentate anions, generated from benzimidzol-2-ylacetonitriles by the action of 
bases. 

We found that in the reaction of 2,3-dichloroquinoxaline with benzimidazol-2-ylaceto- 
nitriles in aprotic organic solvents in the presence of potassium carbonate, hetarylation 
proceeds at the methylene group, and not at the other nucleophilic center, i.e., the nitrogen 
atom of the benzimidazole ring. 

This path of the reaction is confirmed especially by the PMR spectra of the reaction 
products I and II showing signals of the NH group protons, which can undergo a deutero ex- 
change, in the 12.5...13.5 ppm region: a two-proton signal in compound I and a one-proton 
signal in compound II. 

CN / 

~ N~ N N..R 

H...NTN.~ R H--N N.~R -,-T 

,b ix b Ic 11 c 

I R=H; II R=CH~ 

In the IR spectra of the two compounds, the stretching vibrations of the NH group appear 
in the form of broad absorption bands in the 3500...3400 cm -l region (compound II) and 3500... 
3400, 3300...3100 cm -l region (compound I). The high intensity and the position (2180 cm -I) of 
the stretching vibrations band of the CN group indicate a conjugation of the nitrile group 
with the double bonds. From the above data it can be concluded that compounds I and II are 
not present in form la, lla, either in solution or in the solid state. However, until 
this time it is still difficult to make a definite statement on the preferential content 
of tautomers Ib or Ic, lib or llc and on the presence of an equilibrium. 

The chlorine atom at the 2-position of the quinoxaline ring in compounds I and II readily 
undergo nucleophilic substitution; on brief warming with excess piperidine, the chlorine atom 
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is readily substituted, while the nitrile group remains unaffected. 
diethylamine has been described in [I]. 

mb rVb 
VVV ~ = H ;  IV RfCH~ 

A similar reaction with 

H - - N  N 

I I Ic  IV C 

The spectral parameters of compounds I, II, and correspondingly, of III, IV, are similar. 

The reaction of compounds I and II with primary amines proceeds more extensively, and 
is concluded by closing of a pyrrole ring. 

~N 

N = 

u a-C 

V R=H; VI R=CH~; V, VI a R'=i-C~HT; b RI=C4Hg; c R==CH=--CH=CH2; d 
R I = cyclo.CsH11; e R~=CH2Ph 

The reaction proceeds readily and rapidly on heating of compounds I and II with excess 
amine at temperatures of 120...170~ In the case of low-boiling amines, the reaction was 
carried out either in DMFA or in a sealed ampule. 

In the PMR spectra of compounds V and VI, signals are observed of interchanging protons 
of the NH and NH= groups, as well as the corresponding multiplets of the hydrocarbyl radicals. 
In the IR spectra, the stretching vibration band of the C-N group is absent, which indicates 
that an intermolecular interaction of the nitrile and amino groups takes place with the forma- 
tion of a heterocyclic system of pyrrolo[2,3-b]quinoxaline. 

EXPERIMENTAL 

The PMIR spectra were recorded on a WP-100 SY Bruker spectrometer, using TMS as internal 
standard. When the signal of the amino group fails in the absorption region of the aromatic 
protons, the position of this signal is determined by themethod of differential spectroscopy, 
based on the spectrum of the sample with and without the addition of heavy water. The IR 
spectra were run on a SP3-300 Pye Unicam spectrophotometer in KBr tablets. The electronic 
spectra of the methanolic solutions of compounds I-VI were recorded on a Specord UV-vis spec- 
trometer. 

2-Chloro-3-[a-cyano-~-benzimidazol-2-yl)methylene]3~4-dihydroquinoxalines (I, II).* 
A. A 6.9 g portion (50 mmoles)of a calcined and finely ground potassium carbonate is added to 
a solution of i0 g (50 mmoles) of 2,3-dichloroquinoxaline and 50 mmoles of the corresponding 
benzimidazol-2-ylacetonitrile [3, 4] in 150 ml of dioxane. On the surface of contact of 
potassium carbonate with the reagent solution, an orange-red coloration gradually develops. 
The reaction mixture is boiled, then cooled, and the precipitate is filtered, washed with a 
cold dioxane (30 ml), and suspended in 150 ml of water with the addition of 15 ml of acetic 
acid, then filtered, washed with water and dried. 

B. A 1.38 g portion (10m moles) of a calcined finely ground potassium carbonate is 
added, with stirring, to a solution of 2 g (i0 mmoles) of 2,3-dichloroquinoxaline and I0 
mmoles of the corresponding benzimidazol-2-ylacetonitrile in 75 ml of DMSO. A deep pink-red 
coloration develops at once. The mixture is stirred at room temperature and, at the end of 
the reaction is poured into 500 ml of cold water, and 7 ml of concentrated HCI are added. 
The precipitate that separates out is filtered, washed with water, and dried. 

*The time of the reaction, the yield and characteristics of the compounds synthesized are 
given in Table i, and the spectral data in Table 2. The melting points given in Table I 
are uncorrected. 

926 



2-(Piperidin-~-y~)-3-[~-cyan~-e-benzimidaz~-2-y~)methy~ene]3,4-dihydr~quin~xa~ines 
(!II~ IV) and l-RI-2-Amino-3-(benzimidazoi-2-yl)pyrrolo[2~3-b]quinoxalines (V~ VI).* C. A 
5 ml portion of the corresponding amine is added to I0 mmoles of compound I or II. The solu- 
tion over the precipitate immediately becomes deep pink-red colored. The reaction mixture 
is boiled, and on completion of the reaction, the color of the solution brightens, turns 
red (in thin layer, into yellow), while the precipitate becomes transformed. The reaction 
mixture is cooled, i00 ml of water and 5 ml of acetic acid are added. The separated precip- 
itate is filtered, washed with water, and dried. 

D. A mixture of 3m moles of compound I or II, 3 ml of DMFA was heated for 4 h at 130~ in a 
sealed ampul (length 150 ml, external diameter 17 mm, internal diameter 14 mm). The ampul 
is then cooled, opened, and the reaction product is isolated as described in method C. 

E. A mixture of 3 mmoles of compound I or II, 3 ml of the corresponding amine and 15 
ml of DMFA is boiled, and at the end of the reaction, treated in the same way in methods 
C and D. 

1. 
2. 

3. 
4. 
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3-N,N-Disubstituted aminofuroxans in the adamantane series have been obtained by 
the oxidation of anti[l,(3-R-adamantyl)]-amphi-glyoximes with excess K3Fe(CN) 6 in 
the presence of the corresponding amines. Preparation of 3-amino and 3-methyl- 
amino-4-(l-adamantyl)furoxans requires initial synthesis of 2-(l-adamantyl)-2- 
hydroximinoacetonitrile oxide followed by addition of the corresponding amines 
and oxidation of the resulting glyoximes. Substituent positions in the furoxan 
ring were determined by PMR spectroscopy. 

Aminofuroxans attract the attention of investigators because of their known depressive 
effect on the central nervous system and their anti-spasmodic activity [I]. A single stage 
preparation of arylaminofuroxans from amphi-glyoximes in the presence of potassium ferri- 
cyanide and the amine has been reported [2]. It was therefore of interest to study the use 
of [2] for synthesis of N-substituted aminofuroxans of the adamantane series. 

We haveshown that anti-[l-(3-R-adamantyl)]-amphi-clyoximes [3] (Ia-e, aR =H, bR =CH3, cR = 
p-CH3C6H ~, d R = CI, e R = OH) form the N,N-dimethylaminofuroxans IIa-e in 50-65% yield when 
treated with a 30 fold excess of dimethylamine in the presence of an 8 fold excess of 
K3Fe(CN) 6 for 2-3 h at room temperature. Decrease in the amount of oxidant to a 4-5 fold 
excess leads to a decreased yield of the furoxans IIa-e. The N,N-substituted furoxans 
IIf-h are formed by treatment of glyoxime Ia with diethylamine, morpholine, and piperidine 
under the conditions above. 
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