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pmr results clearly show the presence of two spectral 
processes: one (B) with a AG* of 4.4 ± 0.1 kcal/mol 
(at - 177°) and the other (C) with a AG* of 4.9 ± 0.1 
kcal/mol at - 1 6 8 °. At -165 °, kB/kc is about 15.1 1 

The detection of one spectral process in the 13C spec
trum, and two processes in the 1H spectrum, is consis
tent with the twist boat as the ground conformation of 
I. It rules out the boat, chair, and skew forms as sole 
conformations, as well as 1:1 mixtures of a chair (or 
skew form) and a boat (or twist boat). It does not 
exclude the presence of small concentrations (<10% 
at low temperatures) of conformations other than the 
twist boat. 

The likely degenerate interconversion paths for the 
twist boat are as follows: (1) pseudorotation via the 
boat, (2) pseudorotation via the skew form, and (3) 
interconversion of the boat, as obtained in path 1, into 
the chair.12 It will be assumed in the following dis
cussion that the boat, the skew form, and the chair are 
present in unobservable concentrations at low tempera
tures. Spectral process B cannot correspond to path 
3, since this leads to a complete averaging, in disagree
ment with experiment. If B corresponds to path 1, C 
can be path 2 or 3, and this statement remains true if 
1 and 2 are interchanged. In either case, process A 
observed in the 13C spectrum is not simple, but corre
sponds to the sum of processes B and C seen in the 1H 
spectrum. However, since ks » kc, processes A and 
B should have about the same free energies of activa
tion, as found experimentally. Whether process B in
volves path 1 or 2 can in principle be determined ex
perimentally or by accurate strain-energy calculations. 
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(11) No attempt has been made at precise line-shape analysis of 
these spectra because of the very rapid increase in the line width re
sulting from dipole-dipole relaxation in the temperature range —165 
to —178°. Nevertheless, the changes in line shapes are qualitatively 
in agreement with the scheme shown in Figure 1. It is planned to 
carry out a line-shape analysis on suitably deuterated derivatives of I, 
which should give much sharper lines than I itself. 

(12) Although path 3 suffers from rather large internal angle strains,1 

it has very little eclipsing strain, and thus cannot be dismissed, in the 
absence of quantitative calculations, for process C. 

(13) Holder of a Fullbright-Hays fellowship. 
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Erratum. Tautomerism of Nucleic Acid Bases 

Sir: 

Recently several papers from this laboratory indi
cated that cytosine and guanine exist in their minor 
tautomeric forms to the extent of 15 % at room temper
ature in neutral aqueous solution.1-4 This conclusion 
was based on a detailed analysis of the unusual selective 
line broadening observed for the cytosine H5 and gua
nine H8 nuclear magnetic resonance signals. 
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In view of the important implications of the above 
findings, we felt compelled to confirm these observa
tions. Unfortunately, we have found it impossible to 
duplicate the basic experimental data reported earlier, 
even though identical methods were used to purify the 
samples. The purification of the nucleotide derivatives 
was essential to this work since many of the compounds 
were known to be contaminated with paramagnetic 
impurities, which could lead to the observed line 
broadening. Subsequently we have found that a num
ber of samples, whose data were reported, were not 
purified as stated in the earlier publications, and, in 
addition, that some of the control experiments were 
carried out incorrectly. 

The following additional experiments were under
taken in light of the above observations, (a) Guanine 
and cytosine derivatives were purified using both 
Dowex 50W-8X and Chelex-100 cation exchange resins, 
(b) Cytidine was purified by recrystallization from 
ethanol-water mixtures. Both the recrystallized sam
ples and those purified using the chelating resin Chelex-
100 gave sharp nuclear magnetic resonance signals. 

Under certain conditions, however, broad guanine 
H8 and cytosine H5 proton line widths were obtained 
for samples passed through Dowex 50W-8X columns. 
In the case of 2'-GMP at pD 6.0, a temperatue of 18°, 
and at 220 MHz this residual line width was 5.5 Hz. 
The addition of 4 X 10-6 M EDTA to a 0.03 M solution 
sharpened the resonance. Since it was initially sug
gested that EDTA caused line narrowing by catalysis 
of the exchange between tautomeric structures, the line 
narrowing should depend only on the EDTA concen
tration and should be independent of the nucleotide 
concentration. This was not observed. Instead it 
was found that the amount of EDTA required to 
sharpen the line depended on the nucleotide concentra
tion. This immediately suggested that the line broad
ening was induced by a paramagnetic impurity. Cu2+ 

is the most likely candidate, as suspected earlier by us.1 

More recently, in fact, Kearns, et al., have shown that 
all the experimental data can be reproduced by adding 
10-6-io-e M Cu2+ to 0.05 M solutions of 2'-GMP and 
5'-CMP.5 

In summary, then, it appears that the line broadening 
previously attributed to tautomerism can be traced to 
the presence of paramagnetic impurities in the samples, 
the most likely being Cu2+. 

One of us (S. I. C.) would like to apologize to the 
scientific community for permitting this fiasco. 

(5) Y. P. Wong, K. L. Wong, and D. R. Kearns, Biochem. Biophys. 
Res. Commun., in press. 
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Chemistry of Metalated Heterocycles. 
Rearrangement and Dimerization of Lithiothiazoles, 
Thiadiazoles, and Oxadiazoles 

Sir: 
We wish to report a remarkable property of metalated 

aromatic heterocycles bearing the structural feature A. 
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