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The equilibria between the pyrazinyl and 2(1H)-pyrazylidene ibrms of 
pyrazineacetonitrile derivatives were studied by II~, ~H-NMR and UV spec- 
troscopy. The excess charges and dipole moments for the two tautomers were 
calculated by the CNDO/2-MO method. 
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Untersuchungen iiber die Pyrazinyl-Pyraziliden-Tautomerie von 
Pyrazinacetonitril-Derivaten 

Die Gleiehgewichte zwischen Pyrazinyl- und 2(1H)-Ps~azyliden-Formen 
yon Pyrazinacetonitril-Derivaten warden mittels It£-, PMR- und UV- 
Spektroskopie untersueht. Die LTberschuBladungen und Dipolmomente der zwei 
Tautomeren wurden nach dem CNDO/2-MO-Verfahren berechnet. 

Introduction 
Heterocyclic compounds with an active methylene moiety are 

known to have analgetic and ant i inf lamatory act ivi ty ~' ~. Therefore it 
seemed of interest to synthetize pyrazine derivatives containing the 
above mentioned moiety and to s tudy the tautomeric equilibria 
resulting from the migration of the methine proton to the pyrazine (N~) 
nitrogen. 

The aromatic nueleophilic substitution of chlorine in 2-ehloropy- 
razine and in 2,6-dichloropyrazine with ethyl eyanoacetate and with 
malononitrile has been the subject of two recent patents  a' 4 

In this paper the tautomeric  equilibria between the pyrazinyl and 
pyrazylidene forms is discussed. I t  is well known tha t  compounds 
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containing the CH/CN/X group,  when X is COR, COOR, CN, C O N H  2, 
exist essentially complete ly  in the N H tau tomer ic  form. 

!' c . .  ( L > .  
\x I \x H 

Tautomeric equilibria of this type have been described for the following 
nitrogen heterocyclic systems: pyridine ~-s, quinoline 9'1°, phenanthroline 1°, 
naphtyridine 1, pyrimidine 11 - la, quinoxaline TM 15. The spectra of 
diacylmethylpyrazine 16 show a mixture of three tautomers: CH, NH and OH 
forms. 
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R e s u l t s  a n d  D i s c u s s i o n  

Spectral Analysis 

The UV absorpt ion  (Table l) indicates t h a t  the subs t i tu t ion  
p roduc ts  exist in 2(1 H) -pyrazy l idone  form 3 ' - -5 ' .  This is due to the 
p ro tona t ion  of  the  mesomeric  anion (A- ) .  

RI~N~ C[ / Rz 

I ~ N ~ "  -'1- No C~,CN 

1 2 

3 R I = H ,  R ~=COOC~H~ 
4 R 1 = H, R ~ = CN 
5 R 1=C1,  R ~ = C N  
6 R 1 =C1, R 2 = COOC2H 5 

R'"y/NL'~ "C( R2 Na* 

CA-] 

H R2 
1 I / I R ... /-N-~.C RI... fN... /CH 

I \CN - T, " ~ T I  

3 ' - - 6 '  3 - 6  

This conclusion has been suppor ted  by  the observed pH dependence 
of  the UV absorpt ion  spectra:  I n  the pH range of  14-10 compound  3 
exists complet ly  in an anioni  c form (A -) .  The different UV spectra  in the 
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Table 1. U V absorption spectra of compounds 3'--5 '  in aqueous solutions 

Compound No. 2max(nm ) s 
(concentration) 

3' 227 12400 
294 22200 

7 .04-10-Smoldm -3 400 8 500 

4' 225 21100 
293 44900 

3 .7-10-~moldm -3 395 14900 

5' 224 13000 
301 19 800 
390 7 000 

Table 2. Dependence of the U V absorption characteristics of compound 3' on the pH 
of the solution 

p H }~max(nm) 

14 

10 

1 , 2 , 4  

240 20200 
296 22600 
370 8400 

240 20200 
296 23000 
370 8500 

227 13600 
294 23300 
400 9900 

225 13700 
293 23200 
403 10000 

p H  r ange  1-4 sugges ts  t h a t  here  p r o t o n a t i o n  of  (A - )  t a k e s  p lace  (Table  
2). 

The  in f ra red  spec t r a  of  c o m p o u n d  3 (Fig. 1), t a k e n  in K B r  pel le ts ,  
show a c o n j u g a t e d  n i t r i l e  b a n d  a t  2 220 cm -1 ( = C - - C - N ) .  The  es ter  
c a r b o n y l  b a n d  is a b s e n t  in t he  1 700-1 7 7 0 c m  -~ region which  covers  
n o r m a l  c o n j u g a t e d  and  n o n e o n j u g a t e d  esters .  There  are  s t rong  b a n d s  
p re sen t  a t  1 645 c m - '  (C = 0 )  and  3 0¢0 e ra -1  ( N - - H ) .  The  cha rac t e r i s t i c  



182 B. Pilarski et al.: 

low frequency of the ester earbonyt suggests that compound 3 exists in 
the 2 (1 H)-pyrazylidene form 3', in which a hydrogen bonding between 
the N---H moiety and the ester earbonyl is possible. The hydrogen 

bonding stabilizes the Z-configuration. 

H.-'O-,.C~...~OC 2 Hs 

N z C~, C N 

As the absorption of the N---it: group in the ring system was not 
displayed clearly in the I g  spectra (broad band and abnormal ab- 
sorption at 3040em -~) we attempted to detect the N---H group by 
deuteration. 

Upon deuteration the 3040 em -I band was shifted to 2 300 cm -1 
(N---D) and the strong band at 1 610 era-1 moved to 1 565 era-1 (N--D). 
In the 1H-NMI/. spectra o f ]  in CDC1 s and in d6-DMSO the signal due to 
the Clt /CN/R 1 group was not detectable. 

The IR spectrum of the malononitrile derivative 4 displays a split 
niLrile absorption at 2 190 and 2 220 em-~; this suggests that  the two CN 
groups are spectroscopically different. In the N-deuterated compound 4 
instead of the N--H bands at 3 220 and 1620 em-1 two bands are visible 
at 2310 and 1 570em -1, respectively (Pig.2). 

In the ~H-NM!it spectrum of 4 in d6-DMSO the signal of the methine 
woton was absent. 

l~eaet, ion of 2,6-diehloropyrazine with malonitrile afforded 5 which 
existed in the 2(1H)-pyrazytidene fbrm 5' (see UV data). 

The UV, IR and 1H-NMI£ spectra, when considered together, prove 
the predominance of the 2 (1H)-pyrazylidene form tbr the eompounds 3', 
4' and 5'. 

The reaction of 2,6-diehloropyrazine with ethylcyanoaeetate gives 
the expected ethyl-~-cyano-~-2-(6-chloropyrazinyt)aeetate (6), but 
spectroscopic evidence suggests a 6 ~ 6' tautomerie equilibrium. The Ii~ 
spectrum (neat film) shows a strong band at 1 760cm -1 (ester C =O), 
and a split nitrile absorption at 2210cm -~ (=C--C~N)  and at 
2 260 era- 1 (noneonjugated CIt --C -- N). 

The relative intensities of the two nitrile bands indicate the tautomer 
6 to predominate. In the ~tt-NMR spectrum in CDCIa the --eItR~CN 
signM at 5 = 5 ppm (s, 1 H) was detected. If  the ~H-NMR spectrum was 
registered in da-DMSO, the tautomerie equilibrium shifted and the 
2(1H)-pyrazylidene form 6' was favored. Identical UV spectra of 6 in 
0.05 N HC1 and in CDCIa support this conclusion, 
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Quantum Chemical Calculations 

I t  seemed worthwhile to compare the spectral data  with the 
electronic structure of the compounds considered. Reliable electronic 
data  may easily be gained from quantum chemical calculations by the 
CNDO/2-MO method. The program 17' 18 was adapted for the R I A D  
system computer. 

For the pyrazine ring system the bond lengths and angles were 
assumed according to Wheatley TM, whereas the standard values were used 
for the aut-of-ring moieties. The dipole moments and the excess charges 
for both types of tautomers 3, 4, 5 and 6 are given in Table 3. Based on 
the data the following regularities were found: 

1. In  the case of 4 and 5 the excess charge values calculated for the 
atoms C a and t I  s of the C - - H  acids make the formation of such forms 
impossible. On the other hand, for 3 and 6 the difference between excess 
charges on atoms C 3 and H s is 0.0552 and 0.0757, respectively. In  the last 
case the existence of the both tautomeric forms at equilibrium is actually 
observed. 

2. Significant differences of excess charges of the N - - H  moieties for 
the pyrazylidene tautomers 3', 4', 5', 6' (0.3715, 0.2872, 0.3028 and 
0.3863, resp.) may  be meaningful for stabilization. 

The correlation between tautomerisation and electronic structure 
will be further studied with a series of derivatives. 

Based on the quantum chemical calculations one may explain why 
the double absorption band, typical for a nitrile group =C(CN)~, 
appears for compound 4'. This is due to the different electron densities at 
the C and N atoms of the dinitrile system (Table 3). 

Comparing the electron densities on the ring nitrogens one can 
expect the 2 ( 1 H)-pyrazylidene form to be more easily quarternized. This 
may be of importance for the analgetic activity of the compounds 
considered, since it has been suggested 2° that  the presence of a nitrogen 
atom able to quarternize at physiological p H  is essential for that  type of 
biological action. 
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Experimental Part 
1-NMR spectra were recorded on a Tesla-Brno BS-487 80 MHz spectrometer 

with HMDSO as internal standard. IR spectra were taken on a Perkin-Elmer ~- 
357 spectrometer in KBr pellets for solids or as a neat film for liquids. UV spectra 
were recorded on a UV-VIS Carl-Zeiss Jena spectrometer. 
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Deuterium Exchange 

50 mg of 3' or 4' were refluxed for 75 h with l0 ml of DeO. Then the D20 was 
evaporated to dryness and the products of deuter~tion were recrystallized from 
D20. The percentage of deuteration (70~o) was determined by NMt~. 
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