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The cor responding  2 -py r imidoy lace t a t e  e s t e r s  (I, II) and 2 -py r imidoy l - ace ton i t r i l e  (V) were  
obtained by condensat ion of p y r i m i d i n e - 2 - c a r b o x y l i c  acid e s t e r s  with methyl  aceta te  or  ace -  
toni t r i le .  The s t r u c t u r e s  of the t au tomer ic  f o r m s  were  de te rmined  by LR and PMR s p e c t r o s -  
copy. The effect  o f  a so lvent  and protonat ion of the pyr imidine  r ing on the k e t o n e - e n o l  
equi l ibr ium was examined .  

The l i t e ra tu re  contains  only a few examples  of the synthes is  of fl-keto e s t e r s  of azines containing a 
fi-keto e s t e r  grouping in the a posi t ion re la t ive  to the ni t rogen a tom of the he te ror ing  (for example ,  see  
[2, 3]). The t au tomer ic  equi l ibr ia  have not been studied for  known fl-keto e s t e r s  of a number  of az ines ,  
although the he te rocyc l ic  r ing may  have a subs tant ia l  e f fec t  on the re la t ive  pe rcen tages  of the ketone and 
enol f o r m s  and the s t ruc tu re  of the l a t t e r .  

We have synthes ized  2 -py r imidoy lace t a t e  e s t e r s  (I, II) by e s t e r  condensation of the cor responding  
methyl  e s t e r s  of p y r i m i d i n e - 2 - c a r b o x y l i c  acids (HI, IV) with methyl  ace ta te  in the p re sence  of sodium 
hydride .  D ime thy l fo rmamide  (DMF), which makes  it  poss ib le  to c a r r y  out the reac t ion  in the cold, was 
used  as the solvent  for  the synthes is  of keto e s t e r  I, whereas  1 ,2-dimethoxyethane (monoglyme) was used  as 
the solvent  for  the synthes is  of keto e s t e r  II, inasmuch as the use  of DMF in this case  hindered the i so la -  
tion of the final product .  
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Fig. 1. PMR spect ra  of I and V in CDC13; a) I; b) V. 

Fig. 2. IR spec t ra  of I andV:  la) I in CHC13; lb) I in KBr; 2) V in CHC13. 

TABLE 1. Percentage  of the Enol Form of fl-Keto 
Es te r s  I and II in Several  Solvents (according to 
the PMR data at 35~ for 3-5~ solutions) 

Percentage of Percentage of 
Solvent enol I, % . enol II, % 

CCt4 >33* 64 
CHCI~ 33 48 
CHsCOCH3 31 
DMF >-5 
CFsCOOH 65 

Data on the s t ruc tures  of p-keto es te r s  I and II were obtained f rom an examination of their IR and 
PMR spectra .  In addition to the tautomeric  forms A, B, and C (see the scheme above) known for p-di-  
carbonyl  compounds [4], enol form D with a f ive-membered  chelate ring, the presence  of which, for ex- 
ample, is discussed for some p-diketones of the pyridine ser ies  [5], is possible for I and II. 

Absorption bands are  absent at 3500-3700 cm -1 in the IR spec t ra  of dilute solutions of kete es te r  I 
in CHC13 and CC14, and this excludes the unlikely t rans-enol  form C with a free OH group f rom cons ider-  
ation. Signals of protons of ketone and enol forms (~ 30% enol), signals of aromat ic  protons,  and a broad 
signal of an OIt proton are  observed in the PMR spect rum of I in CDC13 solution (Fig~ 1). The IR spect rum 
of a KBr pellet  of I (Fig. 2, spec t rum lb) contains bands of carbonyl absorption that are  charac te r i s t ic  for 
the ketene (1720 cm -i) and es te r  (1740 cm -l) groups of ~-keto es te r s .  In the IR spec t rum of a CHC13 solu- 
tion of I (Fig. 2, spec t rum la) the intensity of the carbonyl absorption bands is reduced substantially as 
compared with the IR spec t rum in KBr, and a broad intense band appears at 1615-1670 cm -1, which is 
charac ter i s t ic  for s ix -membered  rings with an in t ramolecular  hydrogen bond (IHB), formed during the 
enolization of t3-dicarbonyl compounds [6]. On the basis  of the above-noted changes in the IR spec t rum 
and proceeding f rom the 6OH value (~ 12 ppm) in the PMR spectra,  which is charac te r i s t ic  for s ix -membered  
chelates of p-keto es te r s  [4], one may a s se r t  that the predominant fo rm is eric1 form B, although one cannot 
exclude the simultaneous presence  of a small  amount (~30% of B) of enol form D. 

The final conclusions were made on the basis  of a study of the spectra l  data for 4 ,6-d iphenyl -2-pyr i -  
midoylacetonitr i le  (V), synthesized by condens~ttion of es ter  III with acetonitri le under the case conditions 
as in the preparat ion of keto es te r  I. The PMR spectrum of this compound in CDC13 (Fig. 1, spec t rum 2) 
indicates s t rong enolization (~80% of the eric1), which is also retained in the solid state (the IR spectrum 
of a KBr pellet contains low-intensity absorption at 1735 cm-1). The IR spec t ra  of solutions of V in CHCI 3 
and CC14 (Fig. 2, spec t rum 2) contain an absorption band at 3350-3370 era-l;  absorption bands are absent 
at higher frequencies .  The small  amount of dependence of the position of this band on the concentration 
and the charac te r  of the solvent constitutes evidence for the part icipation of the enol hydroxyl group in an 
IHB, whereas the frequency of the band indicates that s t ructure  VB with a f ive-membered  chelate ring is 
real ized.  It should be noted that for a weak IHB with the ~ electrons of the nitrile group (s tructure VC) one 
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Fig. 3. Dependence of the percentage  of the enol 
form on the percent  CF3COOH in CDC~: 1) 2 -py r i -  
midoylacetate es te r ;  2)benzoyl  acetate es te r .  

should have expected a much higher vOH absorp-  
tion frequency [7], whereas an IttB with the ni t ro-  
gen atom of the C --- N group is impossible for V 
for s te r ic  r easons .  Inasmuch as the IR spec t ra  
of solutions of keto es te r  I in CHC13 and CC14 do 
not contain absorption bands at 3200-3700 cm -1 
it may be concluded that enol s t ruc ture  ID is p r a c -  
t ical ly absent and that the equilibrium IA ~ IB 
exists in solution. Pyr imidoylaeeta te  es te r  II has 
s imi lar  spect ra l  charac te r i s t i c s ,  and, as for I, 
equilibrium IIA ~ IIB is cha rac te r i s t i c  for it. Our 
resul ts  and the data in [8, 9] regarding the re la -  
tively small  change in vOH (and consequently, the 
s trength of the IHB) for var ious  f ive -membered  

chelates make it possible to assume that an enol s t ruc ture  of the ID type also will not be rea l ized for other  

-keto es te r s  of the aziue se r i e s .  

We studiedthe effect of the solvent on the position of  the tautomeric  equilibrium for/3-keto es te r s  I 

and 17 (see Table 1). 
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Unsubstituted pyr imidoylaceta te  es te r  II is enolized to a g rea te r  degree thar~ I in all of the examined sol-  
vents .  As in the case  of other fi-keto es te r s ,  the percentage of the enol dec reases  as the polari ty of  the 
solvent inc reases .  However, the percentage of the enol form in t r i f luoroacet ic  acid sharply increases  as 
compared  with the other  solvents.  The qualitative picture of the dependence of the percentage of the enol 
form of the 2-pyr imidoylaee ta te  es ter  {curve 1) and benzoyl acetate es ter  (curve 2) on the percentage of 
t r i f luoroacet ie  acid in a mixture with CHC13 (according to the PMR spectra) is presented in Fig. 3. Con- 
s ider ing that the pyridimidine derivat ives can be protonated in t r i f luoroacet ic  acid [10], this dependence 
can be explained as follows. 

Tantomer ic  equil ibrium ~ b is charac te r i s t i c  for segment ab (Fig. 3), and the percentage of the enol 
form decreases  somewhat  as the percen t  C F3COOH increases  because of deter iorat ion of the conditions 
for its solvation [4]. The role of protonation increases  in segment bc, two ketone-enol  equilibria (a ~ b 
and a' ~ b ')  exist  in solution, and the contribution of the la t ter  inc reases  as the CF3COOH concentrat ion 
inc reases .  Inasmuch as the two ketone forms (a and a') and the two enol forms (b and b')  exist  under con-  
ditions of rapid proton exchange, signals of two forms  are  observed in the PMR spect ra :  overal l  signals 
of the k~:me forms {rod overal l  signals of the enol forms,  averaged with r e spec t  to their  shifts and totalled 
with r e spec t  to their  intensi t ies .  As a consequence of this, a gradual shift of the signals in the PlVIl~ spee-  
rum to weak field (by 0.2-0.3 ppm) is o b s e r v e d  as the relat ive weight of equil ibrium a' ~ b'  inc reases .  
This shift ceases  as the CF3COOH concentrat ion approaches c, and this consti tutes evidence for complete 
protonation; segment  cd is subsequently charac te r i zed  by tautomer ic  equil ibrium a' ~ b ' .  It is not difficult 
to show that KT2 = KT1 (Kbaseb/Kbase  a) ,where  KT1 and KT2 are the corresponding constants of the tauto- 
mer i c  equilibria, and Kbase a and Kbase b are  the basic i ty  constants of tau tomers  a and b. It may be a s -  
sumed that Kbase b > Kbase a, and then Kbaseb /Kbase  a > 1 and KT2 > KT1 , i.e.,  one should expect a high 
degree  of enolization for equil ibrium a' ~-- b ' ,  and this is observed  f rom the PMR data. Thus protonation 
of the he teror ing  in our  case has a such g rea te r  effect on the position of the tautomeric  equil ibrium than the 
s imultaneously operat ing solvatinn factor ,  which tends to shift the equil ibrium to favor the ketone fo rm.  
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The chemica l  p r o p e r t i e s  of the 2 -pyr imidoy lace ta t e  e s t e r s  will be desc r ibed  sepa ra t e ly .  

E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  were  r eco rded  with UR-10 s p e c t r o m e t e r .  The PMR s p e c t r a  were  r eco rded  with an 
A-56/60A s p e c t r o m e t e r  ( 5 scale)  with t e t r a m e t h y l s i l a n e  as the ex te rna l  s tandard .  

4 ,6 -Dipheny l -2 -pyr imidoy lace ta te  E s t e r  (I). S 0.86-g (0.036 mole) sample  of sodium hydride was 
added to a solution of 8.7 g (0.03 mole) of III [11] in 45 ml  of DMF, and a solution of 2.5 ml  (0.03~ mole} 
of methyl  aceta te  in 10 ml  of DMF was added dropw~.se in the course  of 5 h to the s t i r r e d  suspension.  The 
mix tu re  was s t i r r e d  fo r  another  hour,  the res idua l  sodium hydride was decomposed  with 1.5 ml  of  methanol ,  
and the mix tu re  was poured into 250 ml  of wa te r .  The resu l t ing  fine prec ip i ta te  of the sodium sal t  of I was 
coagulated by rapid  heating to 60-70 ~ with s t i r r ing ,  and the resul t ing prec ip i ta te  was r e m o v e d  byi f i l t rat ion,  
vacuum dr ied over  P205, washed onthe f i l te r  with 40 ml  of ch loroform,  and r ed r i ed .  The dry  sa l t  (6.5 g) 
was d i spe r sed  in 100 ml  of pe t ro l eum ether  and acidified with a mix tu re  of 3 ml  of acet ic  acid and 0.6 ml  
of concentra ted  HC1. The mix tu re  was s t i r r e d  v igorous ly  until the yellow color  of the solid d i sappeared  
(usually 30 min}. The solid was r e m o v e d  by f i l t rat ion,  vacuum-dr i ed ,  washed thoroughly with wa te r ,  and 
r e d r i e d  in vacuo over P205 to give 5.6 g of I (55%) with mp 120-125 ~ Recrys ta l l i za t ion  f r o m  pe t ro leum 
ether  (bp 70 -100 ~ gave a product  with mp 122-125 ~ Found: C 72.1; H 4.59; N 8.28%. C20H16N203. Cal-  
culated: C 72.3; H 4.85; N 8.43%. 

4 ,6 -Diphenyl -2-pyr imidoylace ton i t r i l e  (V) o This  compounds was synthes ized  as  in the preceding  ex- 
p e r i m e n t  using ace toni t r i le  in place of methyl  aceta te  and reducing the dropwise  addition t ime  to 2 h. The 
prec ip i ta ted  sodium sal t  was r emoved  by f i l t ra t ion and, without coagulation, was worked up as  in the preceding  
expe r imen t  to give V with mp 155-160 ~ ( f rom acetone) in 67% yield.  Found: C 76.2; H 4.14; N 13.8%. 
CIgHI3N30. Calculated: C 76.2; H 4.38; N 14.0~. 

2 -Py r imidoy lace t a t e  Es t e r  (II). A 0.29-g (0.012 mole) Sample of Nail was added to a sgluti~n of 1.38 
g (0.01 mole) of IV [11] in 25 ml  of monoglyme,  and a solution of 0.85 ml  (0.0105 mole} of methyl  aceta te  
in 5 ml of monog~yme was added dropwise in the course  of an hour to the s t i r r ed  suspension.  After  this,  
two to three  drops  of methanol  were  added, the t e m p e r a t a r e  of the mix ture  was r a i s ed  to 80 ~ and it  was 
s t i r r e d  at this  t e m p e r a t u r e  for 3 h. It  was then cooled, and the resul t ing yellow prec ip i ta te  was sepa ra t ed  
by centr ifugation.  It  was then s t i r r e d  thoroughly with a mix ture  of 20 ml  of monoglyme and 0 2  ml  of 
methanol  (for decomposi t ion of the res idua l  Nail), af ter  which it was again centr ifuged.  The resu l t ing  
sodium sal t  of the ~-keto e s t e r  was vacuum-dr i ed .  The dry sa l t  (2 g} was added in sma l l  por t ions  to acet ic  
acid containing dry  HC1 (10 ml  of glacia l  acet ic  acid was sa tu ra ted  with 0.6 g of dry  HC1), and the bulk of 
the solvent was r e m o v e d  in vacuo.  The res idual  oil was t i r tu ra ted  with 5 ml  of ch lo ro form and pas sed  
through a column (10 by 150 ram) containing s i l ica  gel with elution by  b e n z e n e - e t h e r  (1:1) to give a f r a c -  
tion that gave a red  colorat ion with FeC13 solution. Removal  of the solvent  in vacuo gave 0.9 g (50~) of II 
with mp 56-61 ~ (from CC14-pe t ro leum ether) .  Found: C 54.0; H 4.27; N 15.5~c. CsHsN20 ~. Calculated:  
C 53.3; H 4.48; N 15.5%. IR spec t rum in KBr,  v, cm-1; 1730 (ketone C = O) and 1745 (es t e r  C ~ O). 
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