
CHEMISTRY OF 1,1,2,2-TETRACYANOETHANE. REACTION OF 
1,1,2,2-TETRACYANOETHANE WITH o-DICARBONYL COMPOUNDS 
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1,1,2 2-Tetracyanoethane reacts with a-dicarbonyl compounds in water to form 7-amino-4-hydroxy.l,8-di- 
cyano-3-aza-6-oxabicyclo-[3.3.0]oct-7-en-2-ones. Their structures were confirmed by IR, lzC NMR and 
mass spectra. 

We have previously shown that 1,1,2,2-tetracyanoethane (I) reacts with aliphatic and aromatic aldehydes to give 5-amino- 
3,3,4-tricyano-2,3-dihydrofurans [1-3]. In the case of a ~-dicarbonyl compound (acetylacetone), the reaction also gave the cor- 
responding dihydrofuran, hence only involving one of the carbonyl groups. 

We now consider further the reaction of a-dicarbonyl compounds. Freshly prepared aldehydoketones and diketones IIa-c 
react with nitrile I but their reactivities are different. Aldehydoketones IIa, b react exothermically, but IIc does not. The 
unexpected products obtained in high yield are the 7-amino-4-hydroxy-1,8-dicyano-3-aza-6-oxabicyclo[3.3.0]oct-7-en-2-ones 
(via-c).  
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The reaction probably begins with formation of the dihydrofuran ring (intermediate III [1-3]) but there then occurs an 
unusually facile nucleophilic addition of water to one of the geminal nitrile groups. The latter process undoubtedly involves 
the a-keto group since a significant range of substiments at position 2 of the dihydrofuran ring gives no effect. The subse- 
quent course of the reaction can occur via two pathways, either as an induced intramolecular attack at the carbonyl group or 
via sequential formation of amide IV by intramolecular closing of the ~,-lactam ring. 

In the infrared spectra of VIa-c the absorption bands of the enaminonitrile fragment of the dihydropyran ring are observed 
in the region 3405-3195 cm -t, in agreement with literature data [4, 5]. The VNH pyrrolidine ring vibrations are also found in 

this region [5]. The presence of both conjugated and nonconjugated nitriles is evidenced by the corresponding bands of high 
and low intensity at 2265-2252 and 2220-2200 cm -1 (Table 1). Strong bands for the absorptions of the C=O (amide I) and the 
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6sn2 vibrations were seen at 1730-1710 and 1680-1665 cm -1. The carbon chemical shifts for the heterocyclic fragments 
agreed with [6] (Table 2). The mass spectra of VIa-c were characterized by low intensity peaks for the molecular ion (Table 
2), initially losing water (ion ~1) or HNCO (ion ~2). The latter further eliminates either the R 1 radical (ion ~3) or, with 
greater probability, the whole acyl R2CO residue with the formation of the oxonium ion ~4 (further stabilized by loss of hy- 
drogen, apparently from the B-position) (ion ~5). The mass spectra also showed quite intense peaks for the R1CO § ions (~6). 
For ion structures see Scheme 1. All of these fragmentations are in good agreement with the structures VIa-c. 

EXPERIMENTAL 

IR spectra were recorded on a UR-20 instrument in Vaseline mull. 13C NMR spectra were taken on a Bruker WH-90 in- 
strument and mass spectra on a Varian MAT-212 with ionization energy 70 eV and direct introduction of the sample into the 
ionization source. 

Monitoring of the purity of the synthesized compounds and the reaction course was carried out using TLC on Silufol 
UV-254 plates. 

Nitrile I (50 mmoles) was added portionwise to a soluton of the dicarbonyl compound (50-70 mmoles) in water (50 ml) 
and the temperature of the mixture held at 40-45~ (For the reaction with diacetyl the solution was held for 1 week at room 
temperature.) The product was heated at 50~ until disappearance of nitrile I (3.5-6 h), the precipitate was separated, washed 
with water, and recrystaUized from aqueous dioxane (1:1). Spectral and other data are given in Table 1. 
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