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The most stable 2,4-dioxo structure of uracil can be interconverted with five other protomers 

by hydrogen shifts between oxygen and nitrogen. However, in solution the equilibrium concentra- 

tions of the less stable protomers are very small,and the only practical approach for measuring 

equilibrium constants is the pK method." Protonation of 1 at 01, to give 2 is favored*' ' over 

protonation at 02. As a result only the equilibrium constant, Kl,s between 1 and its 4-hydroxy- 

l(H) protomer (5) has been reported. 
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'If pKa,,, were known, a value for the equilibrium constant between 1 and its 2-hydroxy- 

3(B) protomer. Kl,a, could be obtained. Unfortunately, the equilibrium concentration of 3 

is too small to measure directly in the presence of 4. In principle pKa, r can also be cal- 
, 

culated from the pKa's for deprotonatlon of dication 4 to monocations 2 and 3 as shown in . -. - 

equations 1 and 2. We now report a procedure for estimating pKaz c and pKa and consequently 
, 3,C 

~%,a = pKa2 4 - P&,~ 5 
, , 

(1) 

PKal 3 - P’h, 2 + PK2 5 (2) * , , 

pK's for all of the equilibria involving 1 - 4. The pK method ie then used to provide equilibrium I - 

constants for 1s 5 and lzZ6. -5 ..I 

pKa's for the second protonation of uracil, 2-methoxy-4-oxo-3(B)-pyrlmidlne, and 4-methoxy- 

2-oxo-l(E)-pyrimidine are available from a previous study. pKa's for monoprotonation 

three bases were measured using the same technique and are listed in Table I. Good Ii,, 

Table I. pKa'sa 

compound pRa' Illb PK,' nzb 
--- 

Uracil -2.98 0.88 -7.32 C 

2-Methoxy-4-oxo-3(K)-pyrimidine +O. 6. 1.22 -5.84 c 

4-Methoxy-2-oxo-l(B)-pyrimidine +0.60 0.95 -J.32 C 

of the 

behavior 

was found 

aCalculated using HA in H20-Ii2S04-SO3 solvents. 
b 
Slope of the log of ioaisatlon 

ratios versus EA. 'HA indicators, n = 1. 

for both protonatlons of all of the bases. Several values have been reported for 
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deprotonation of 2 to ,1. The pKa reported by us (-2.98) is similar to that obtained 

verting Katrltsky and Waring's data to Iin (-2.84)3d but differs from those published 

towvskii and coworkers (-2.20)3a or Parry and coworkers (- i&6).3= 

2173 

by con-m 

by Au- 

As mentioned previously, 2 is the rwst stable mouocatiou of uracil. 4-Uthoxy-2-oxo-l(E)- 

pyrixidlue and 2-methoxy-4-oxo-3(B)-pyriaidine both add a proton to the basic imidate nitrogens 

giving O-methyl analogs of ,2 and ,3, respectively. The omv spectra of all three monocations are 

similar. Howwer, the uv spectrum of monoprotonated 2-methoxy-4-oxopyriidine, A=, 248 um 

(E 5.9 x 103, 74,.4% H2S04-II20 is significantly different from those of ,2, A_ 274 nw (E 4.0 x 103, 

88.2% H2S04-B20) and monoprotouated 4-ethoxy-2_oxopyrimidine, A,, 284 (E 8.9 x 103, 

10% H2S04-H20). 
4d 

The nmr spectra of 4 and both O-methyl derivatives In H2S04-SO3 are similar to I -* 

those reported for the sane catlonic species in HS03F-SbF3-S02.5a 

pKa's for the O-methyl analogs of z and 2 were substituted for pKa2 , and pKa, , in equation 

la giving pK2,a’ -1.48 (K2,s - 30). The value for pKal , = -4.46 was deiermined acdording to 

9 
I 

equation 2. 

pKa's for dissociation of 2 and 3 to 1 were used to calculate the solution phase prowmeric 

298 I: i.8 x IO3 (-*p29g" equillbriuu constants; K15 
1.5 

- -4.9 kcallxol) and <Ti"- 1.1 x 10' (*y~~~" * 

-6.9 kcal/mol). Enthalpy differences between 1 and 5 (29.8 kcal/mol) and ,1 and ,6 (17.9 kcal/xol) 

have been estimated by semiempirical SCF-MO techniques. 
10 

Although the free energy differences 

which were found in solution cannot be directly compared with "gas phase" enthalpies, 
11 

the 

discrepancy between our work and the theoretical results seens to be too large to attribute to 

differences in solvation or in entropy in view of the structural similarities of the monohydroxy 

protomers. 

In conclusion, the pKa's for monoprotonation of uracll at 02 and OS have been determined and 

used to calculate the equilibrium constants between uracil and 4-hydroxy-2-oxo-l(B)- and 2-hydroxy- 

4-oxo-3(B)-pyrimidine. The technique for estimating the pKa for protonation of uracil at 02 

be applicable to other heterocyclic systems where the concentration of a minor cationic species 

cannot be measured directly. 
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Since pyrimidine bases follow the RA acidity function,' estimates for pKa 
are high by approximately 0.5 pK units. 1,2 

based on Ho 
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Apparently replacing an O-hydrogen by methyl does not alter the pKa appreciably as7evldenced 
by identical pKa's for the second protonatlon of 1 and 4_methoxy-2-oxo-pyrimmidine. 

Although the absolute errors in pKaz 3 and pKaJ o may be 2 0.2 pK units, the relative errors 

are much less. The error in pKr 9 should be < i 0.05 pK units. The error in pKa, j , is 

2 0.1 pK units. Since pKa, ) is'the difference between pKal 

shoul: be good to within 0.2 pK units.' 

2 and pK , cornparIs& involv- 

inp eKal 2 and eKal J The maxk& error In Kz,~, 

Kl,s , a;ld Kl,e shokld be no more than a factor of 1.7. 
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