
Ttrmhcdmn. Vol 32. pp It%! lo 1067 Pcrgamon Press 1976. Pnnkd in Grcac Bntun 

14N AND “C NMR OF TAUTOMERIC 
OF HYDROXY-PYRIDINES 

SYSTEMS 

LECH STEFANIAK* 
Institute of Organic Chemistry, Polish Academy of Sciences, 01-224 Warszawa, Poland 

(Receisedin UK 10 Nooember 1975; Acceptedforpubficarion 9December 1975) 

Abstract-l’N NMR is shown to be an efficient method of investigation of the tautomeric equilibria in hydroxy-and 
related substituted pyridines. Large relative “N chemical shifts within tautomeric pairs estimated from N-Me and 
O-Me derivatives make possible quantitative determinations of the equilibria. Qualitative conclusions may be drawn 
from “N line widths as well as from “C and proton chemical shifts. 

INTRODUCI’ION 

Numerous methods have so far been employed for 
investigating the tautomeric equilibria in aza-aromatic 
ring systems. These involve UV and IR spectroscopy, 
X-ray methods dipole moments, basicity determination 
and proton NMR, and have been reviewed in detail by 
Katritzky and Lagowski.’ Only qualitative estimations of 
the equilibrium constants were possible in these studies as 
well as in the more recent proton,‘.3 “C”’ and “N’ NMR 
studies. However, the preliminary measurement of 
nitrogen chemical shift? indicated that the method may 
be well-suited to quantitative determinations. 

RESULTS AND DISCUSSION 

Usually large changes in nitrogen nuclear screening 
constants are observed upon tautomeric changes which 
directly involve N atoms. Since in most cases of such 
tautomeric equilibria the observed chemical shift is a 
weighted average of those of the individual tautomeric 
forms, it is necessary to obtain reasonable accurate 
estimates of the latter for quantitative determinations of 
the equilibria. One method employs measurements for 
model molecules where tautomerism has been made 

impossible by replacing H atoms with blocking groups 
(e.g. Me groups) and the estimation of corrections for the 
shifts resulting from such substitutions. The other 
approach is based on calculations of the shifts by 
empirical and theoretical methods and must be based on a 
considerable amount of experimental data that show good 
correlations with empirical additivity rules or nuclear 
screening constants calculated by various theoretical 
methods. Both of these approaches introduce uncer- 
tainties due to arbitrary assumptions which may critically 
atfect the validity of quantitative estimations. However 
the former has a definite advantage if the tautomeric shifts 
are sufficiently large compared with the maximum 
reasonable limits of corrections for the shifts resulting 
from the Me substitution. 

This is the case with the tautomeric equilibria exhibited 
by the hydroxy-pyridines. The data contained in Table 1 
for N-Me and O-Me derivatives indicate that a difference 
of about lOO-150ppm in the screening constant for 
nitrogen is involved in a tautomeric shift of the type 
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Table I. “N NMRof hydroxy-pyridinederivatives 

edrow-- Aootono 1r3 v/v 
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Table 2. “C NMR of hydroxy-pyridine derivatives 

Chemical shifts' in ppm referred to tetrametbylsilane 

C-2 G-3 09 c-5 C-6 
(93 

2-Derlvatlree 

Pl-4d -l62.9 -120.4 -140.1 -io5.4 -140.1 -37.4 

0-P 165.0 -121.0 -142.3 -f06.7 -136.2 - 

0-d -164.9 -111.4 -139.2 -117.3 d47.7 -53.3 

A (NUe-oHe) l 2.0 -9.0 -0.9 d1.9 +7.6 

3-Dsriv'ativss 

rIdI0 -133.1 170.6 -135.7 -427.3 -12i.9 -47.3 

0-P -i38*? -154.9 -123.2 -125.0 141.2 - 

0-d -Is5 -l56.6 -l20.5 -l24.5 -l42.6 -55.7 

A LliHO-OMe) l .4 14.0 45.2 -2.8 +20.7 

CDerivatives 

n-d 442.4 -lie.2 -l78.3 -II%2 -142.4 43.3 

0-3O -141.6 416.7 -176.4 -1qb.l -141.6 - 

O-Id -451.7 -llO.6 166.3 -110.6 -151.7 -55.5 

AiNNe-OMe) +9.3 -7.6 -12.0 -7.6 +9.3 - 

a - Iegatlvs lndioates desh1eldin.g b - III aoetone 1:3 Y/Vi o - S~br.ma 

solution in aoetane. 
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they were ready for recalibration and noise-averaging procedures 
in a computer system and subsequent line-shape fitting proce- 
dures. About IO-20 spectra were accumulated in each case to give 
satisfactory results for the concentrations and line widths 
involved. The data processing was performed on the ODRA-1204 
computing system of the Polish Academy of Sciences. 

The carbon and proton NMR spectra were measured in I : 3 V/V 
or saturated solns of acetone-& with TMS as an internal standard. 

The “C NMR spectra were obtained by PFf technique with a 
Bruker WH-90 spectrometer operating at 22.6364MHz with a 
deuterium internal lock and proton noise-decoupling (6psec 
pulses repeated at 0.68 sec. 3OtNJ-IooooO scans). 
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