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Abstract-Reaction of 1.4-diaza-1.3-butadienes (1) with 
cyanotrimethylsilane gave 2.3-bis(arylamin0)propenenitriles (41, 

which were cyclized to 1.4-diaryl-2.3-dioxo-5-pyrazinecarbo- 

nitrilee (21 on treatment with oxalyl chloride. The propene- 

nitriles (4) were oxidized by oxygen to 2,3-bis(arylimin0)- 

propanenitriles ( I ) ,  which were chlorinated with thionyl 

chloride to yield 2,3-bis(ary1imino)-3-chloropropropanenitril (91. 

Cyanotrimethylsilene (TMSCN) has been extensively used in organic synthesis. 1 

However, the reaction of carbon-nitrogen double bonds with TMSCN~ and their 

synthetic applications remain comparatively unexplored. Reissert compounds became 

easy to prepare by the use of TMSCN in stead of potassium ~yanide.~ Heterocyclic 

amine ~-0xidesl were D(-cyanated by TMSCN, whereas nitrones5 gave cyano-0-silyl- 

hydroxylamines or d-iminonitriles. Treatment of 1-aza-1,3-butadienes with TMSCN 

followed by hydrolysis afforded p ,T-unsaturated amino acids.= On the other hand, 

2-F-alkylated 1-aza-1.3-butadienes underwent cyanation in the presence of 

palladium (11) salts at the 2- and/or 4-positions.' Recently, we have shown that 

the carbon-nitrogen double bonds of 1 ,2,4,5-tetrazines8 reacted with TMSCN to give 

4-arnino~yrazoles.~ In continuation of our studies on the use of TMSCN in 

heterocyclic synthesis, we have found that 2.3-bis(arylamino1propenenitriles 

obtained from 1,4-diaza-1,3-butadienes and TMSCN are useful starting materials for 

the synthesis of 2.3-dioxo-5-pyrazinecarbonitriles. 

1.4-Diaza-l,3-butadienes (La-2) readily available from glyoxal and arylamines 10 
were treated with 2.4 equivalent of TMSCN in acetonitrile under reflux to yield 
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2,3-bi~(ary1amino)propenenitriles ( 9 - d )  in 36.48% yields (Scheme 1 ) .  The 

structure 4 was confirmed on the basis of the analytical and spectral data (Table 

1 and 2). The ir spectra of 4a.d showed absorptions due to amino and cyano groups 
at 3380-3260 and 2180-2160 cm-', respectively, and in the nmr spectra no proton 

resonance was observed in the region of methine protons. This indicates that the 

initial addition product 2 would undergo 1.3-hydrogen shift to form more resonance 

-stabilized propenenitriles (4) or the second addition product( would eliminate 

hydrogen cyanide to give 4. This class of compounds 4 seems to be rare in the 

literature; 2,3-dianilinopropenenitrile was prepared from 1.2-dichloro-1.2- 

diethoxyethene.ll Since these polyfunctional ethenes appear to be useful 

starting materials for the synthesis of heterocyclic compounds, we studied the 

reactivities of &and found a facile preparation of 1,4-diaryl-2,3-dioxo-5- 

pyrazinecarbonitriles I&). The propenenitriles (4) reacted with oxalyl chloride 

in chloroform under reflux to yield cyclized products in 28-65% yields, which were 

assigned to be5. The ir spectra of z-2 showed cyano and carbonyl absorptions at 

2230-2210 and 1695-1680 cm-', respectively. Although the resonances of the proton 

at the C-5 position of 3 - c  in the nmr spectra were overlapped with those of 

aromatic protons, that of was observed at 6 7.05 as a singlet. Pyrazine-2,3- 

diones which have cyano groups at the position of C-5 and/or C-6 are scarecely 

known.' Recently, Mitsuhashi et al. have reported a synthesis of 2.3-dioxo-5.6- 

pyrazinedicarbonitrile end its condensed heterocycles. 13 

Synthesis of other heterocycles was further attempted. Reaction of Lwith thionyl 

chloride was expected to give 1,2,5-thiadiazole S-oxide (6-1 (Scheme 2). However, 
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the product obtained in a low yield on treatment wlth thionyl chloride in 

chloroform under reflux was revealed to be 2,3-bis(arylimin0)-3-chloropropane- 

nitrile ( 2 )  on the basis of the spectral and analytical data. The results 

suggest that & was at first oxidized by oxygen to 2.3-bis~aryliminolpropane- 

nitrile ( 2 1 ,  which was then chlorinated with thionyl chloride. In fact, when a 

solution of 3 in chloroform was heated in a stream of oxygen, 2 was obtained in 

46% yield after separation on column chromatography, accompanied by a by-product 

amide a. This tendency to autoxidation is in accord with the case £ram 2,3,3- 
tris(a1kylamino)propenenitrile to 3-alkylamino-2,3-bis(alky1imino)propanenitrile. 

l 4  Chlorination of 2 with thionyl chloride in chloroform under reflux gave, as 

expected, 2 in 12% yield. The propanenitrile derivatives i_b-a and s - c  were 
also obtained in a similar manner and are shown in Table 1 and 2. 
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Melting polnts were determined on a Yanagimoto micromeltlng point apparatus and 

are uncorrected. 'n-~mr, ir, and mass spectra were measured with a JEOL JNM-PMX 

60, a JASCO A-102, and a JEOL JMS-OX 300 spectrometer, respectively. Micro 

analysis was performed with a Shimadru UM-3B microanalyzer. 

General Procedure for 2.3-Bis(arylaminolpropenenitri1es ( & - & I .  

A mixture of 1 -4-diaryl-1 ,4-diaza-1 ,3-butadienes (1)10 (1.0 mmol) and TMSCN (2.4 

moll in acetonitrile (10 ml) was refluxed for 4-12 h under nitrogen atmosphere. 

After evaporation of the solvent the residue was recrystallized to give 4. 

Cyclization of - 4a-d - to 1,4-Diaryl-2.3-dioxo-5-pyrazinecarbonitriles ( z - d ) .  

TO a stirred solution of 4 (1.0 mmol) in anhydrous CHC13 (5 ml) was added oxalyl 

chloride (1 ml) dropwise at room temperature. The mixture turned green or black 

immediately. After refluxing for 2-5 h the precipitates formed were collected by 



Table 1. Physical and Analytical Data of Compounds 4, 5 ,  1, 8 ,  and 9 

Compound Yield M. p. Molecular Calcd. (%I Found (%I 

($1 (OC) Formula C 

filtration, washed with a small amount of MeOH, and were recrystallized to give 5. 

Oxidation of &-9 to 2.3-Bis~ary1imino)propanenitriles (La-g). 

A solution of La-2 (1.0 mmol) in CHC13 (20 mll or 4 2  (1.0 mmol) in acetonitrile 

(20 mll was refluxed for 5-17 h in a stream of oxygen. After evaporation of the 

solvent the residue was purified by recrystallization to give and 2, or column 

chromatography on silica gel with CHCl to give laand d. In the case of e, & 3 

was also separated from the silica gel column in addition to 2. 

Chlorination of La-2 to 2,3-Bislaryliminol-3-chloropropanenitriles @a-c). 
A mixture of 1 11.0 mmol) and thionyl chloride (1 ml) in anhydrous CHC13 (5 ml) 

was refluxed for 2-3 h. After evaporation of the solvent, the residue was 

purified by column chromatography on silica gel with CHC13 to give 9. 
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T a b l e  2 .  s p e c t r a l  D a t a  of Compounds Q, 5.  1, 8 ,  a n d  9 

Compound M s  (M') Ir IKBr)  H-Nmr 

l m / z )  ( a n - ' )  16 .  ppm) 

2 .28  ( s ,  6H) 4.40 ( s ,  1H)  6 .60 -7 .50  

( m ,  ? O H ) =  

3 .72  ( s .  3H) 3 .69  Is, 3H) 5 .62  f s ,  

1H)  6.73-7.61 ( m ,  10H)  b 

1 .40  ( t ,  J = 7  Hz,  6H) 4.00 ( q ,  J = 7  Hz,  

4H) 4 .30  ( s ,  1H) 6 .60 -7 .45  fm ,  1 0 ~ ) ~  

2 .05  f s ,  3H) 2 .25  f s ,  3H) 4.47 (s, 

1H)  6 .63 -7 .50  (m, 1 0 ~ ) ~  

2 .06  Is, 6H) 6 .97 -7 .13  (m, 9 ~ ) '  

3 .59  ( s ,  6H) 6 .71 -7 .12  (m, 9 ~ ) '  

1 .11  (t, J = 7  Hz, 6H) 3 .92  l q ,  J = 7  Hz, 

4H) 6 . 7 6 - 7 . 1 7  (m, 9 ~ ) '  

2 . 27  f s ,  6H) 7 .05  ( s ,  1H) 7 . 3 9  f s ,  

8 ~ ) =  

2 .38  ( s ,  6H) 7 .23  f s ,  4H) 7 .28  ( s ,  

4H) 8 . 3 5  Is, 

3 .87  Is, 6H) 6 .88-7 .65  (m, 8H) 8 .40  

I S ,  1 ~ ) ~  

1 . 4 5  I t ,  J=7  Hz, 6H) 4 .13  (q, J = 7  Hz,  

4H) 6 .88-7 .67  (m, 8H) 8 . 4 2  (s, 

2.30  ( s ,  3H) 2 .47  Is, 3H) 7 .23  ( s ,  

8H) 8 . 3 3  f s ,  1 ~ ) ~  

2 .35  ( s ,  3H) 2 . 4 5  Is, 3H) 7.07-7.62 

( m ,  8H)  8 . 9 5  ( b r  s , l ~ ) ~  

2 .39  Is, 3H) 2 .42  ( s ,  3H) 7 .25  ( s ,  

4H) 7 . 3 5  Is, 4 ~ ) ~  

3 . 8 7  Is, 6H) 6 .90 -7 .72  (m, 8 ~ ) ~  

1 . 4 3  f t ,  5 = 7  Hz, 6H) 4.08 f q ,  5.7 Hz, 

4H) 6 .83-7 .63  (m, 8 ~ ) ~  
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