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The pattern of Me0 signals in the p.m.r. spectra of methyl 2,3,4,6-tetra- 
U-methyl+ (I) and -or-D-galactopyranoside (2) can be used to identify methyl ethers 
of D-galactose’. For solutions in benzene (or deuteriobenzene), five distinct methoxyl 
signals for both 1 and 2 were found’*‘. In an attempt to improve the separation of 
these signals, the effect of europium(III) and praseodymium(II1) tris-( l,l, 1,2,2,3,3- 
heptafluoro-7,7-dimethyl4,6-octanedione) [Eu(fod), and Pr(fod), , respectively] 
was investigated since these reagents can produce large lanthanide-induced shifts 
with relatively little line-broadening 3. Very little work has been done on the use 
cf lanthanide shift reagents with polyfunctional substrates3-’ due to the complexity 
of such systems. No attempt will be made to furnish a quantitative explanation of the 
observed effects. 

The effects on the Me0 signals of 1 and 2 (in CDCls) of the addition of in- 
creasing proportions of either Eu(fod), or Pr(fod), up to a molar ratio (x) of five are 
shown in Fig. 1 (for 1) and Fig. 2 (for 2). Line-broadening is most apparent where the 
Me0 chemical-shift changes are greatest, but the quality of the spectra was not unduly 
affected. 

Small proportions of shift reagent produce a spread of the five Me0 signals of 1 
(Fig. 1A) and a crossing of the line for MeO-2 over those for Me04 and MeO-3 
(Pr reagent), and the line for Me04 over those for MeO-3 and MeO-1 (Eu reagent). 
The chemical shifts of the Me0 groups of 1 continue to increase @?r(fod)s, Fig. lB] 
or decrease [Eu(fod),, Fig. lB], gradually, with an increase in X. The shapes of the 
curves indicate’ relatively low values of the equilibrium constants for the interactions 
between the shift reagents and the Me0 oxygen atoms. The shift reagents saturate the 
six available donor sites slowly and simultaneously at a high value of x. For 1, both 
shift reagents have the least effect on ax MeO-4. These results suggest rapid mono- or 
bi-dentate interchanges3 (faster than the n.m.r. time-scale) of the shift reagents with 
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Fig. 1. The effect on the chemical shifts (r) of MeO-1,2,3,4,6 of 1 (in deuteriochloroform) on adding 
small amounts (A) and larger amounts (B) of Pr(fod)s (solid lines) or Eu(fod), (broken lines): 
x = [LSRl/[l]. 
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Fig. 2. The effect on the chemical shifts of MeO-1,2,3,4,6 of 2 (in deuteriochloroform) on adding 
small amounts (A) and larger amounts (B) of Pr(fod), (solid lines) or Eu(fod)B (broken lines). 

the equatorial oxygen atoms (and including O-5) but negligibly with the axial O-4 
[in the U(D) conformation]. There are no definite and consistent trends for 
MeO-1,2,3,6, comparing the two lanthanides: at x = 1, Eu(fod)3 affects MeO-2 and 
MeO-3 more than MeO-1 and MeO-6, whereas, with Pr(fod), , this order is reversed. 

The lanthanide-induced shifts for 2 (Fig. 2) are considerably daerent from those 
of 1. The initial shapes of the curves (Fig. 2A) for 2 indicate a relatively large value of 
the equilibrium constant’ for the binding at O-l and O-2, and suggest that the first 
mole of shift reagent binds bidentately thereto. The lines for Me04 and MeO-6 are 
aiso shifted but to a much smaller extent. There is only a very slight decrease in the 

chemical shift of MeO-3 on addition of Eu(fod),, and whereas the effect of Pr(fod), 
is small, it too produces a downfield shift (Fig. 2A). These effects on MeO-3,4,6 could 

be produced by long-range interaction of a shift-reagent molecule situated around 
O-l and O-2. Me04 and MeO-6 are directly opposite a shift-reagent molecule in such 
a position (0 -0” in the McConnell-Robertson equationg), whereas MeO-3 would be 
at an angle e - 54”. These trends continue up to x = 1. 
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Beyond x = 1 (i.e., after saturation of the bidentate site at O-l and O-2), there 
is a sudden increase in the induced shift of MeO-3 and a decrease for Me0-4 and 
MeO-1 [pr(fod),, Fig. 2B], or MeO-6 and MeO-1 [Eu(fod),, Fig. 2B]. These trends 
possibly indicate* a change in the geometry of the complex around O-l and O-2. The 
effects on 2 are slightly dierent with Pr(fod), compared with Eu(fod), , which may be 
due to a difference in their shift mechanisms49 low1 l. 

For 1, the induced shifts are all either upfield [pr(fod),] or dowfield /Eu(fod),] 
indicating that the lanthanide atom is at a considerable distance from the pyranose 
ring’, the angle 0 towards the methoxyl protons in the McConnell-Robertson 
equation being ~55”. A closer approach of the shift reagent to the pyranose ring (as 
would be required in the formation of a bidentate complex with 2) could increase the 
angle 6 to 12.5--180’ for some protons and to 55-125’ for others, so producing the 
abnormal shifts observed for 2. 

Thus, lanthanide shift reagents can be used to increase the dispersion of the 
spectra of polyfunctional molecules, even when the molecules are substituted by 
groups which individually have a low intrinsic afhnity for the shift reagent. Further- 
more, similar functional groups may be differentiated when in different structural 
environments. Graphs such as those in Figs. 1 and 2 may then be used to determine 
the optimum concentration of shift reagent required to give the best separation and 
spread of methoxyl signals. However, considerable line-broadening3 is observed for 
high values of x. 

A more exact explanation of the interactions of polyfunctional sugar moIecules 
with lanthanide shift reagents would involve determinations of the equilibrium 
binding constantsl’ or spin relaxation times at each donor site. 

EXPERIMENTAL 

P.m.r. spectra were determined on a Varian XL-100 spectrometer at 35’ for 
solutions in CDC13 (dried over Linde Molecular Sieve type 3A) with Me,Si as internal 
reference. The shift reagents, dried in ttclcuo over phosphorus pentaoxide, were added 
to the samples (25 mg) in the n.m.r. tubes, either dropwise as a solution in CDC13 (for 
the initial addition of small quantities of shift reagent) or as a solid powder. The Me0 
signals were identified by using partially deuteriomethylated derivatives’ of 1 and 2, 
or by extrapolation to x = 0 where the assignments are known2. 
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