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Geometry optimisation of the six tautomers of cytosine in a 3-21G basis, and subsequent inclusion of solvent 
effects, yields relative stabilities in agreement with experimental data for aqueous solution: the ordering of the 
stabilities is predicted to be different in the gas phase from that in aqueous solution. 

The relative stability of the tautomers of the pyrimidine 
bases (uracil, thymine, and cytosine) is of fundamental 
importance to the structure and functioning of nucleic acids.' 
The occurrence of rare tautomers has been put forward as a 
possible mechanism of spontaneous mutation Although the 
most stable tautomer of each species has been determined 
experimentally,3 the relative energies of the rare tautomers 
are difficult to measure, so that accurate theoretical treat- 
ments can make an important contribution in this area. 

Ab initio theoretical studies including geometry optimis- 
ation using a 3-21G basis have shown that the relative energies 
of the 2-pyridone/2-hydroxypyridine tautomers can be predic- 
ted to 10 kJ mol-1,4 an accuracy far superior to that obtained 
from semi-empirical treatments. Previous theoretical studies 
of cytosine have led to very different predictions of the relative 
stabilities of its six possible tautomers.5 To clarify this 
situation we have carried out geometry optimisation calcu- 
lations in the 3-21G basis6 of the six tautomers of cytosine in 
order to predict their relative stabilities in the gas phase, and 
furthermore, we have taken account of base-water inter- 
actions to yield relative stabilities in aqueous solution which 
may be compared with available experimental data. 

The calculations were carried out using the program 
GAMESS7 on the CDC 7600 computer of the University of 
Manchester Regional Computing Centre. The relative ener- 
gies of the four most stable tautomers of cytosine I-IV are 
given in Table 1. The remaining two tautomers are predicted 
to be more than 45 kJ mol-1 less stable than IV and are hence 
not discussed further herein. In agreement with experiment I 
is predicted to be the most stable tautomer, the relative 
stabilities in the gas phase being predicted to be I > I1 > I11 > 
IV. However, Dreyfus et a1.8 using temperature-jump spectro- 
scopy to study the tautomerism of cytosine and 3-methylcyto- 
sine in aqueous solution have obtained relative stabilities in 
the order I > IV > 11, I11 being unobserved, in disagreement 
with our gas phase predictions. However, it is well-known that 
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Table 1. Relative energies (kJ mol-1) and dipole moments (Debye) of 
cytosine tautomers. 

Base-water Aqueous 
Gas phase Dipole interaction solution 

Tautomer energy moment energy energy 
I 0 7.2 -59.2 0 
I1 1.7 5.3 -32.1 28.8 
I11 15.9 3.7 -15.8 59.3 
IV 29.8 8.6 -84.5 4.5 

such tautomeric equilibria are sensitive to phase change, the 
equilibrium constant for 2-pyridone/2-hydroxypyridine chang- 
ing by 103 between the gas phase and solution.9 

The electrostatic base-water interactions (ignoring base- 
water hydrogen bonding)lo may be estimated by the reaction 
field continuum mode1,ll using the molecular dipole moments 
calculated from our ab initio wavefunction, together with the 
molecular polarizabilities calculated by the method of Miller 
and Savchik,l2 yielding the values shown in Table 1. The 
modification of the calculated gas phase stabilities by these 
values leads to a change in the relative stabilities due mainly to 
the large dipole moment of IV. The order of stabilities in the 
aqueous phase is now predicted to be I > IV > 11, in 
agreement with experiment,s with I11 being too high in energy 
to be observed. It should be noted that we have used a rather 
crude model to include solvation effects which estimates only 
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enthalpic terms. Thus, the relative energies calculated for the 
aqueous phase are not as accurate as those predicted for the 
gas phase. However, in spite of this reservation it is 
encouraging that agreement with solution data is achieved. 
We thus conclude that state of the art ab initio calculations 
predict a different order of stabilities of the tautomers of 
cytosine in the gas phase and in aqueous solution. 
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