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The tautomeric equilibria of acylmethylpyrazines and -quinoxalines in chloroform 
were studied by IH, ~N, and*70 NMR spectroscopy. It was shown that keto-enol 
tautomerlsm is realized in the acylmethylpyrazine series. Annelation leads to the 
development of an ylidene tautomer in the acylmethylquinoxaline series. A marked 
dependence of the position of the intrachelate equilibrium on the character of 
the solvent was observed. 

We have previously obtained reliable data on the intrachelate [l,5]-sigmatropic tautom- 
erism of acylmethylpyrldines with the use of data from the ~N and *70 NMR spectra [2]. With- 
in the framework of a systematic investigation of the tautomerism of derivatives of azines, 
in the present research we used *H, *~N, and *70 NMR spectroscopy to investigate the tautom- 
erism of acylmethylpyrazines and the corresponding benzo analogs. For them, just as for acyl- 
methylpyridines, two types of tautomeric transformations, viz., [1,3]- and [l,5]-sigmatropic 
tautomerism, can be realized in weakly polar solvents [3]. In the pyrazine series the first 
type of transformation is known in the case of pyrazinylmalononitriles [4], diacyl deriva- 
tives of methylpyrazine [5], and ethyl quinoxalinylpyruvate [6]. However, no reliable data 
on [l,5]-sigmatropi c tautomerism of the B~C type in the pyrazine and quinoxaline series are 
available. 
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I, VI R=CF~; II, VII R=C~Hb: III, VIII R=p-C~H4OCHs; IV, IX R=p-C6H,CN; V, X 
R = 4-CbH, N 

It is known that acylmethylpyrazines have chelate-forming properties [7], and information 
obtained regarding the structures of acylmethylpyrazines may prove to be useful in the search 
for complexing agents and in understanding the structures and reactivlties of such compounds. 

The aim of the present research consists in ascertaining the relative tendencies for the 
conversion of pyrazlne derivatives to the NH form (C), as well as the effect of annelation 
and of the substituent in the side chain on the position of tautomeric equilibria of the 
[i, 5] type. 

As subjects of the investigation we used acylmethylpyrazines I-V and -quinoxalines VI-X, 
which were synthesized by condensation of methylazines with esters of the corresponding acids 
in the presence of sodium hydride or sodium amide. For the three possible tautomers (aromatic 
keto form A, enol B, and ylidene C [6]) the equilibria of the A~--~B and AZC type are slow on 
the NMR time scale, and the percentage of aromatic keto form A is therefore readily determined 
by IH NMR spectroscopy [2, 6]. 

*See [i] for Co~nunication 15. 
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TABLE 
CDCI, 

Com- 
pound 

I 
II 

III 
IV 
V 

i. PMR Spectroscopic Data for I-X (in 
a t  4 0 " C )  

C h e m i c a l  shift~l [A] : 
6, ppm ][B + C], 

i % 
--CH2-- =CH-- I 

! 

I 
4,24 I 6,04 5 : 9 5  

4,411 6,07 60 : 40 
4,37 6,01 80 : 20 
4,54 6,22 22 : 78 
4,49 6,24 15 : 85 

Com- 
pound 

VI 
VII 

X 

C h e m i c a l  
shift ,  6, ppm 

--CH2-- =CH-- 

5 ,96  
4~'64 6,14 
4,71 6,19 
5,14" 6,24 
-- 6,22 

[A];: 
[B + C]. 
% 

0 : 1 0 0  
2 2 : 7 8  
3 7 : 6 3  
10 :90  

0 : 1 0 0  

TABLE 4. *~N and *70 NMR Spectral Characteris- 
tics and Tautomeric Compositions of Acylmethyl- 
azines I-X at 25eC in Chloroform 

X4N N~LR data  t~O NMR data  ] 

Com- chemical ] [A] : [B]: 
pound c h e m i c a l  [B]:[C], !shifts. [B]:[C]o 070[ [C]. 90 

s h i f t , *  % i ppm 

I ppm i 

I 
II 

I l l  
IV 
V 

VI 
VII 

VIII  
X 

--40 

- 2 1 6  
- -  196 
- 2 1 0  
--177 

100 :0  

9 : 9 1  
30 : 70 
1 5 : 8 5  
50 : 50 

108 
109 
105 
109 
105 
345 
299 

265 

100 : 0 5 : 9 5  : 0 
100 : 0 60 : 40 : 0 
1 0 0 : 0  8 0 : 2 0 : 0  
100 : 0 2 2  : 78 : 0 
100 :0  1 5 : 8 5 : 0  

8 : 9 2  0 : 9 : 9 1  
12 : 88 22 : 23 : 55 

37 : 9 : 54 
27 : 73 0 : 50 : 50 

*The widths of the peaks at half the heights (A~42) 
were 400-600 Hz for the =*H NMR spectra and 200- 
600 Hz for the *70 NMR spectra. The accuracy in 
the determination of the chemical shifts was 2 ppm. 

The results of an investigation of the tautomerism of acylmethylazines I-X by tH N'MR 
spectroscopy are presented in Table l, from which it is apparent that the percentage of tau- 
tomer A for acylmethylpyrazines I-V is substantially greater than in the case of the cor- 
responding benzo analogs VI-X. The tautomeric equilibria of the pyrazine derivatives proved 
to be more sensitive to the substituents attached to the carbonyl group than for the corre- 
sponding quinozaline derivatives. For I-X we observed a decrease in the percentage of the 
A form in the mixture with an increase in the acceptor character of substituent R in the side 
chain. A similar fact was also previously observed for aceylmethylpyridines [2, 8]. 

Fast equilibria of the B~C type were evaluated by *70 and *~N NMR spectroscopy from the 
positions of the averaged signals of the B and C forms relative to the signals of model com- 
pounds. The principles of modeling of tautomers of the B and C type and the accuracy of the 
determination were previously discussed in [2]. 

The results of an investigation of the [l,5]-sigmatropic tautomerism of the acylmethyl- 
azines I-X are presented in Table 2. The *4N NMR spectrum of phenacylpyrazine contains only 
a broad signal at ~--40 ppm. Judging from this value, the B~C intrachelate equilibrium is 
shifted markedly to favor the enol form, and x70 N'MR Spectroscopy is more informative in this 
case [2]. In the *TO N'MR spectra of acylmethylpyrazines I-V the range of change in the ~70 
chemical shifts of the averaged signal of the oxygen atoms of the B and C forms is rather 
narrow (5 ppm) and virtually borders on the experimental error (AS = • ppm). The ~70 chemi- 
cal shifts of I-V lie in the range of the t'O chemical shifts of compounds of the enol and 
phenol type with an intramolecular hydrogen bond [9]. A comparison withmodel compounds 
(Table 2) clearly indicates a complete shift of the intrachelate equilibrium of acylmethyl- 
pyrazines I-V to favor enol tautomer B. The UV spectra of I-V, in which the long-wave maxi- 
mum at 400 nm that is characteristic for ylidene structures [i0] is absent, are in good agree- 
merit with the total absence of ylidene tautomer C. 

Thus an equilibrium of A~B type (keto-enol tautomerism) is realized for acylmethylpyra- 
zincs I-V in weakly polar solvents. One's attention is directed to the high stability of the 
*70 chemical shift of the OH group, Which is virtually independent of the form of substituent 
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R. This makes it possible to use the data obtained to study fast equilibria of the BiC type 
also in the case of other acylmethylazines. 

It has been previously shown [2] that in the case of acylmethylpyridines the introduction 
of an acceptor substituent into the side fragment stabilizes NH form C. For example, the 
transition from acetonylpyridine to trifluoroacetonylpyridine leads to the development of a 
significant amount of the ylidene tautomer [2]. The corresponding trifluoroacetonylpyrazine 
(I) does not give an NH form, i.e., in the acylmethylpyrazine series the introduction of a CF3 
group is clearly insufficient for stabilization of the ylidene tautomer in CHCIn. Annelation 
of the heterorings may serve as another factor in stabilization of the ylidene form of acyl- 
methylazines. Thus, for phenacylpyridine the B~C intrachelate equilibrium is shifted to favor 
enol B, while for phenacylquinoline it is shlfted to favor ylidene tautomer C [2, 6]. A simi- 
lar effect is also manifested on passing from I-V to their annelated analogs VI-X. Thus the 
UV spectra of phenacylquinoline and quinoxaline VII contain long-wave maxima of the NH form 
at ~400 ran (see [6])~ The forms and positions of the absorption bands for these two compounds 
are similar in many respects, and this indicates the presence of substantial amounts of the 
ylidene form in the tautomeric mixture of quinoxaline VII. The signals in the X~N NMR spec- 
tra in the region characteristic for the NH forms of azinylmethanes [i0] confirm the existence 
of intrachelate [l,5]-tautomerism in the series of acylmethylquinoxalines VI-VIII and X (Table 
2). The XTO NMR data are in good agreement with this conclusion. Using the ~N and XTO chemi- 
cal shifts of I-V and XI-XIV as models, one can determine the position of the intrachelate 
equilibrium (Table 2). 

~ "~R ~ 

~, ~ XIII XIV 

XI R~=Ph; XlI RI=CHa; - - 6 . N , p p m  ~ XI 224 12, 11], XIII 130 [2], XIV 130 [12]; 
~ " o ,  ppm: XI 326 [2, II L XII 365 [2, 11] 

In the case of VII, VIII, and X one can see the character of the effect of substituents 
that are capable of conjugation effects. An increase in the electron-donor capacity of the 
substituent onpassing from phenacylquinoxaline VII to methoxy analog VIII is accompanied by 
appreciable stabilization of the ylidene tautomer, while the introduction of an acceptor sub- 
stituent (X) is accompanied by appreciable stabilization of the enol tautomer. In the first 
case energetically favorable conjugation of the donor (OCH3) and acceptor (C=O) groups of 
ylidene tautomer C is evidently important. On the other hand, for pyridyl derivative X con- 
jugation of the two electron-acceptor centers in tautomer X(C) (the pyridyl fragments and the 
carbonyl group) is energically unfavorable. 

Thus the data obtained on the intrachelate [l,5]-sigmatropic tautomerism of acylmethyl- 
quinoxalines showed that annelation markedly stabilizes the NH form~ In the pyrazine series 
annelation has a stronger effect than varying substituent R in the side chain. 

Considering the substantial rearrangement of the structures of the tautomers in transi- 
tions of the B~C type one might expect that the energies of solvation of the tautomers would 
differ substantially. In fact, we observed a strong effect of the solvent on tautomerism of 
the [1,5] type in the series of acylmethylazines. For acylmethylazines that form one of the 
chelate forms of the B or C type we were able to observe the development of another chelate 
tautomer. Thus, according to the preliminary data obtained by means of UV spectroscopy, the 
transition from solutions of trifluoroacetonylpyrazine in CHCIs to solutions in methanol is 
accompanied by the appearance in the intrachelate equilibrium of a new tautomer of the C type 
(%max 365 nm). The reverse effect -- shifting of the intrachelate equilibrium to favor the 
enol tautomer -- was observed in the case of phenacylquinoline on passing from solutions in 
CHCI3 to solutions in heptane; the intensity of the long-wave band of the NH form (%max 420- 
433 nm) decreases, and the absorption of the enol form at %max 393 nm increases in this case. 
The effect of solvents on intrachelate [l,5]-sigmatropic tautomerism is of general interest 
and will be investigated in greater detail. 

EXPERIMENTAL 

The UV spectra of solutions of the compounds (c = i0 -~ M) were recorded with a Specord 
UV-vis spectrophotometer. The PMR spectra of 5% solutions in CDCI3 at 40=C were recorded 
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TABLE 3. Characteristics of I, IV, IX, a n d  X 

iOrfl- I ound Trap, "C 

I 115--117 
IV 140--142 

IX 213--215 

X 192--194 

Rec~st~lizaRon 
sdvem 

Alcohol 
Benzene-- petroleum 

ether (I  : 3) 
Chloroform- alcohol 
(3 : 13 
Alcohol--water (5 : 1', 

Found, % 

C H N (F) 

,=, 
Empirical 
formula 

13,01(29,9) 1CTHsF~N~O 

72,0 14,5J 16,9 ]r 

I Ca/c. % 
c H N (F) 

442126100 69,9 4,0 18,8 

74,7 4,0 15,4 

72,3 4,4 16,9 

with a Varian A-56~60 spectrometer with hexamethyldisiloxane (HMDS) as the internal standard. 
The *~N and *70 NMR spectra for the natural percentages of the isotopes were obtained from 
10-15% solutions in chloroform at 25~ with a Bruker CXP-300 spectrometer at 40.69 MHz for 
the oxygen nuclei and at 21.68 MHz for the nitrogen nuclei. Saturated solutions were used 
for IV and X, which are only slightly soluble in CHC13. The chemical shifts are presented 
relative to the external standards CHsN02 (*~N NMR) and H20 (170 NMR). Positive signs cor- 
respond to a weak-field shift (deshielding). 

Compounds If, III, and V were synthesized by the method in [13], Vli and VIII were syn- 
thesized by the method in [15], and I, IV, IX, and X were obtained by the method in [14, 15]. 

General Method for the Acylatlon of Methyl Azines. A 35-mmole sample of NaH was added 
in an atmosphere of dry argon to a solution of 7 mmole of the 2-methyl azine and 8~ mmole of 
the ethyl ester of the corresponding acid in 40-50 ml of absolute monoglyme, and the mixture 
was refluxed with stirring for 5 h. The mixture was then cooled, and the unchanged NaH was 
decomposed cautiously with alcohol; 50 ml of water was then added. The mlxturewas made 
slightly acidic with 10% HCI, and the aqueous part was extracted with ethyl acetate. The 
organic extracts were combined and dried with anhydrous MgSO~, the solvent was removed by dis- 
tillation, and the crude substance was purified by column chromatography on silica gel (40- 
i00 Bm); the height of the column was 70 cm) the diameter was 2 cm, and the eluent was chloro- 
form. The characteristics of the new compounds are presented in Table 3. 
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