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~bstract - In order to study the possible influence of the tautomerism 

in the direction of cycliration by hydrogen halides of the 6-cyanmino-5- 

cyan0-3,4-dihydro-Z-pyridones ( 3 ) .  the non-tautomeric N-methylcyananina 

rubstituted derivatives &p have been synthesized. The reaction oF 10 with 
hydrogen halides leads regiospecifically to the U-halogeno-2-imino-l- 

methyl-5,6-dihydropyrido[2.3-~]pyrimidin-7(8~l-ones &?, t3 and t4, show- 

ing the insufficient reectlvity of the ~wcyano group in front of the 

conjugated one. on the basis of the results of the cyclizatlon of g, an 
interpretation of the mare complex cyc1ization of is proposed. 

The cyclizatian reaction of ol,w-dinitriles by addition of hydrogen halides is a useful 

method for the synthesis of heterocycles,?. and is known to be regiospecific when one of 

the cyan0 groups is bonded to a heteroatom or conjugated with a double bond o r  an aromatic 

ring, while the other one is attached to a saturated carbon. In these cases the former 

will always bear the halogen atom in the cyclized product.4 

Dinitriles Of the type 1 have received small attention although they are excellent precur- 
sors  of the aminopyrimidines ? (Scheme 1 1 .  In this case either or both of the two possible 

isome:.s could be expected since each cyano group of 1 fits with one of the above condi- 

tions, the direction of cycllratian being unpredictable. However, in most or the few re-  

ported cases the reaction with hydrogen chloride is regiospecific leading to one or the 

other isomer depending an the substituent GI, being G2 a cyano5.6 or a phenylsulphonyl 

group.7 None O f  the authors proposes an interpretation of these facts. 

Scheme 1 



We have recently reported8 the synthesis of 5-cyanamina-5-cyano-3,4-dihydro-2-pyridones 

( 3 )  which are new particular cases of 1, and we have studied the cyclization of 3% 1 and 
3 ~ 9  by addition of hydrogen halides. we found that hydrogen chloride always affords the 4- 

amino-2-chlara iubstituted pyrimidines 6 whereas hydrogen bromide and hydrogen iodide lead 
to both isomers, the direction of the cyclization depending on the thermal level. Thus, a 
and 5 are obtained at low temperature10 whereas 7 and 5 are the reaction products at high 

temperature. (Scheme 21. 

Scheme 2 

The complexity of these results cannot be easily explained by the sole effect of the tem- 

perature and the influence of the halide. If would rather seem that it is the tautomrrism 

I-;; which increases the possible reaction pathways. So. in order to achieve a better 

understanding of this type of cycliz~itions, we report here the synthesis of 1: -in which 

the structure of the tautomer has been kept fixed- and the study of its cyclization 

reactions with hydrogen halides. 

The preparation of 10 was carried out by the treatment of the sodium salts z 8  with dime- 

thy1 sulphate in refluxing acetone. Distillation of the solvent fallowed by extraction 

with dichloromethane gives a mixture from which 10 and the unavoidable dimethyl derivative 

can be separated by column chromatography. The overall yield of LO was 20%. 

spectroscopic data confirm the structure of ;Oh and as that of the N-methylcyanamino 

substituted derivative-. So, the ir spectra in the solid state exhibit two stretching N-H 

binds (3200, 3115 and 3210, 3165 cm-1 respectively) due to the associated amide, a C=O 

band (1695 and 1710 cm-l1, a C=C band (1635 and 1530 cm-I), and two sharp CzN bands (2235, 
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2200 and 2240, 2210 cm-1) that can be assigned to the N-cyan0 and C-cyan0 group respect- 

ively.l1 Moreover. an only methyl group singlet appears at 3.40 and 3.33 ppm respectively 

in the I H - n m r  spectra. 

Scheme 3 

  he reaction of and with hydrogen chloride, hydrogen bromide and hydrogen iodide12 

using dioxane as the solvent affords, in each case, only one product independently of 

the thermal level (Scheme 3). Yields are lower 150.70%) than in the case of ?, when the 

tautomerism is possible, and the reactmn times required are longer, particularly far 

hydrogen chloride. The cyc1ization products ga, and r4g show the same pattern in 
the ir and uv spectra, suggesting that the same isomer has been obtained. The same thrng 

was found to be the case far Lgb, &?b and 1 4 b . 1 3  
The 13c-,., spectra allow to determine the structure of the isomers obtained as that of 

the 4-halogeno-2-irnino substituted compounds !?, 1 2  and &$. Spectral data are presented 

in table 1. 

  he regiospeclficity of the cyclication of jG shows that in the absence of tautomerism 

the conjugated cyano group is that which finally bears the halogen atom in the cycliaed 

product in front of the N-bonded one, settling up the uncertainty which rr.w -dinitriles 

or the type 1 have presented, as rerards the direction of cyclizatian. Furthermore, the 
influence of the other factors become. null proving that they only have an effect when 

there are different reaction pathways because of tautomerism. 

These new results allow to undertake a first tentative interpretation of the cyclization 

process when there is tautamerism considering the role of the tautomeri themselves to- 



gether with the efrectofthe temperature and the nature of the halide involved. 

~irstly, we have to consider the four cyano groups or 3 independently or whatever the 

equilibrium ratio between the tautorners may be.16 assuming a fast enough interconversion 

rate in the strong acidic medium.   he N-cyano group or I; and the C-cyano group of ! are 
the mast suitable to undergo the attack (Scheme 4 ) .  In fact, the C-cyano group of 22 is 

banded to an sp3 carbon and it is known that in these cases the other cyano group is that 

which undergoes the attack, as mentioned above. On the other hand, the N-cyano group of ; 
has never shown any reactivity when this tautomer has been kept fixed i n  wont of the 

conjugated one. the reaction havmg always taken place by the attack to the latter. 

With regard to the results of the cyclization it is worth pointing out that hydrogen 

chlarlde, normally less reactive, yields, at low temperature, the iame isomer which hydro- 

gen bromide only does at high temperatures. It seems reasonable to assume that there are 

two difrerent ways to arrlve to and it is the rise in temperature which allows to sur- 

pass an energy barrier generating the change of mechanism.17 g hi^ ii the hypothesis pre- 

sented in the scheme 4. 

The reaction is always kinetically controlled and the direction of the cyc1iration depends 

on the nature of the halide. Thus, hydrogen chloride adds to the N-cyina of E; whereas 

hydrogen bramlde and hydrogen iodide react faster with the C-cyano of I. At low tempera- 

ture the mechanism is always the same but the addrtlon of a hydrogen halide takes place 

on different cyano groups leading to different isomers. However, from certain thermal 

level upwards the reaction involves the addition-elimination or halide raising R through 

a more energetic pathway. At the same time, hydrogen chloride still reacts the same "ay, 

probably due to the fact that the difference in reaction rate with the two active cyano 

groups is in this case greater than for the other halides, because neither its lower 

acidity provides sufficient concentration or ! nor the lesi nucleophilic character of its 
anlo" can afford the addition-elimination step. 
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Scheme 4 

---- Low temperature 

-- High temperature 
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