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An understanding of l3 C spin-lattice relaxation-times (I?, values) of carbo- 
hydrate derivatives is fundamental to the efficient measurement of l3 C n.m.r. spectra by 
the Fourier-transform (F-t.) method, and it also provides unique new insight into the micre 
dynamics of the motion of carbohydrate molecules in solution. Some of these points will 
now be illustrated with respect to the four D-glucopyranose derivatives (14) whose T1 

values are summarized in Table I. 

The practical relevance is that an approximate magnitude of the carbon-13 T1- 
value is needed in order that a suitable time for the inte’rval between successive (90”) pulses 

may be selected; ideally, this delay should be no less than five T1 periods. Too short a 
time leads to progressive saturation of those resonances having the longer T1 values, with 

the result that their intensities in the fiial spectrum are low; in the limit, such resonances 

can entirely disappear from the spectrum, and this is a common occurrence for carbon 
atoms that bear no directly-bonded hydrogen substituent, such as a carbonyl carbon atom, 
or a carbon atom bearing a deuterium atom. Proper use of carbon-13 signal integrals’, to 
determine compositions of mixtures, also requires a knowledge of the l3 C relaxation-times 

and relaxation-mechanisms. It is important to note (see Table I) that the T1 values increase 
with decrease in concentration2, but are not significantly affected by degassing to remove 
dissolved oxygen. On the other hand, the T1 values are quite sensitive to temperature 
changes3, so that temperature control is normally required if reproducl%le data are to be 
obtained; this is especially important because the noise-modulated, proton decoupling so 
widely used tends to warm the sample. 

The relaxation of a single l3 C nucleus by a set of NH directly bonded protons, 
operating vziz the intramolecular dipole-dipole mechanisms, has the form4 

l/T1 =NH l y~*&*7~=(rc_H)~ (I) 

where 7~ and YH are the magnetogyric ratios of l3 C and ‘H, respectively, rC__H is the 

carbon-hydrogen bond-length, and 7~ is the motional correlation-time of the carbon 
nucleus. That this is the dominant mechanism for the relaxation of compounds l-4 is con- 



c4 PRELIMINARY COMhWNICATiON 



PRELIMINARY COMMUNIC.4TiON C5 

fumed by the high values for the nuclear Overhauser enhancement (n0.e.) factors’ found 
for 1 and 4. 

For each sugar, the close similarity* of the T1 values of the individual ring-carbon 
atorns(C-l-C-5) indicates that (0) these carbon atoms have closely similar correlation-. 
times, all other parameters in equation (I) being identical, and, hence, (Zr) each molecule 
tumbles isotropically in solution. That the Tr value of Cd is approximately half that of the 
ring-carbon atoms (a) is in accord6 with the fact that this atom bears two hydrogen 

substituents and, importantly, (b) implies that its correlation time is not seriously in- 

fluenced by rotation about the C-5-C-6 bond. In marked contrast, the Tr values of the 
glycosidic methyl carbon atoms of compounds I-4, and of the acetate methyl carbon 
atoms of compounds 3 and 4, are approximately three times longer than those of the ring- 
carbon atoms, rather than being a third of their value; this indicates6 that these carbon 
atoms undergo essentially free rotation in solution. That the Tr values of the carbonyl 
atoms of 3 and 4 are so much longer than any others reflects the fact that these carbon 
atoms bear no hydrogen substituents; even so, their n.0.e. factors indicate that they still 
acquire most of their relaxation from protons in the same molecule. Not surprisingly, the 
relaxation of these carbonyl carbon atoms was found to be influenced by degassing, the Tr 
values then increasing by -20%. 

Although the Tr values that are given here now provide for a rational basis for the 
use of carbon-13 Ft. measurements, it is clear that many further studies will be needed in 
order to permit full delineation of the microdynamics of sugar conformations. 
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*The experimental error for each value is at least f5%, and for the shorter T,-vaiues of the C-6 
resonances, it is higher. 


