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ABSTRACT 

5Lm.r. line-shifts (‘H and 13C) induced by E u( fod), in the spectra of methyl 
4,6-0-benzyIidene-3-0-methyl+?-D-glucopyranoside (I), methyl 4,6-O-benzyIidene-3- 
0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl)-~-D-mannopyranoside (21, and 
methyl 4,6-O-benzylidene-2-0-(2,3,4,6-tetra-O-acetyl-~-~-glucopyranosyl)-cr-~-gluco- 
pyranoside (3) have been measured. The shift data allow a complete assignment of 
the ‘H- and 13C-n.m.r. spectra of 1. However, it was necessary to consider the 
spectra of the component monosaccharides, together with the shift data, in assigning 
the 13C-spectra of 2 and 3. Atom positions were measured on Drieding models, and 
shifts calculated by using the axial symmetry approximation were in excellent agree- 
ment with the observed values. 

INTRODUCTION 

Previous n.m.r. studies involving Ianthanide shift reagents on carbohydrate 
systems have been largely of a qiclalitative nature I_ Exceptions were the studies of 

Armitage and Hall, where lanthanide-substrate equilibrium constants were deter- 
mined’ and the effect of rotation about the lanthanide-donor axis was examined3. 
The qualitative use of shift reagents in the simplification of n.m.r. spectra will continue 
to be of great value in aidin, = both the direct assignment of ‘H-spectra and the 

assignment of 13C-spectra by selective ‘H-decoupling. A quantitative approach is 
necessary, however, if any of the structural information inherent in the shift data is 
to be extracted. 

In general, a ligand co-orclinated to a paramagnetic ion can experience (i) con- 
tact effects, proportional to unpaired electron density at the nuclei examined; and 
(ii) dipolar or pseudo-contact effects, described by equation 1 for lanthanide- 
substrate systems with one set of axially symmetric, magnetic axes, 

AH= 
K . (3cos28 - I) 

R3 
U> 
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so that relative shifts depend only on the lanthanide-nucleus distance, R, and the 
angle 0 made by this vector and the principal magnetic axis. The dipolar effect has 
been exploited in some studies of lanthanide-substrate confIguration in soluti~n~-~. 
Both dipolar and relaxation data have been used to obtain solution conformations 
of the structurally similar nucleotides ‘. In view of the lack of data on carbohydrate 
systems, this shift-reagent study was undertaken. 

Systems were chosen which possessed two characteristics: a single, relatively 
dominant, donor group, to ensure a range of shifts and define a magnetic axis, and 
a set of nuclei of known fixed geometry whose shifts could be used to calculate a 
europium position. The compounds chosen were methyl 4,6-O-benzylidene-3-G 
methyl-B-D-_glucopyranoside7 (l), methyl 4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O- 
acetyl-ol-D-mannopyranosyl)-cr-D-mannopyranoside* (2), and methyl 4,6-O-benzylid- 
ene-2-U-(2,3,4,6-tetra-O-acetyl-~-D-,glucopyranosyl)-a-D-glucopyranosideQ (3). The 
‘II- and 13C-n.m.r. shifts induced by Eu(fod), (fod = 1,1,1,2,2,3,3-heptafluoro-7,7- 
dimethylocta-4,6-dione) were obtained and compared with values calculated by 
using a computer search procedure. At present, the program’is being modified to 
allow the position of substituent groups, with variable conformation relative to the 
set of fixed nuclei, to be determined. It is hoped that this work will provide informa- 
tion on the solution structures of some di- and oligo-saccharides. 

Ph 

, R = R’ = Me 

4 R = R’ = PhCH2 

5 R = PhCHz.R’= ?-ie 

k-7 
H-7 H-Box 

H-6 Ox 

RESULTS AND DISCUSSION 

Compound 1. The ‘H-n.m.r. spectrum of 1 (100 MHz, CDCI,) could be only 
partially assigned directly, as follows: 6 7.15 (m, 5 H, Ph), 5.3 (s, 1 H, PhCN), 3.54 
(s, 3 H, OMe), 3.44 (s, 3 H, OM e ), and 2.85 (broads, 1 H, OH; confirmed by deuterium 
exchange). A 2-proton resonance at 6 4.2 was probably due to H-l and H-6eq, by 
analo,z with the spectra of related compounds previously reported”. Resonances 
due to the ‘reqnaining pyranoside-ring protons and H-6ax were overlapping and ob- 
scured by the methoxyl signals. After the first addition of Eu(fod),, the signal at 6 4.2 
shifted and was resolved into a doublet (J1 ,z 7 Hz) for H-l, and a doublet of doublets 

V6.6# 10, J6.5 4 Hz) for H-6eq. Further additions of europium resolved the reso- 
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trances due to H-2, H-3, and H-4, which were all triplets with J -9 Hz. This result 
is as expected for /3-D-glucopyranoses in the 4C, conformation, where the ring 
protons are all trans-diaxial. These assignments were confirmed by spin-decoupling 
experiments. 

Good straight-line plots of induced shift VS. molar ratio [Eu(fod),/substrate] 
were obtained. Extrapolation to zero concentration of europium gave the chemical- 
shift values listed in Table I. Although these chemical shifts were derived by ignoring 
possible AB interactions (and are therefore approximate), they correlate well with 
known values for similar systems10-12. 

The ‘3C-n.m.r. spectrum of 1 is given in Table II. This assignment is in good 
agreement with assignments reported by Guthrie et al. l3 for a series of related com- 
pounds. However, 13C europium-s hift data and selective ‘H-spin-decoupling experi- 
ments allowed direct assignment of all resonances. The methoxyl resonances were 
individually assigned by comparing the spectrum of 1 with those’ of 4.and 5. 

Compound 2. The ‘H-n.m.r. spectrum of 2 (CDC13) was assigned in a manner 
similar to that described for 1; the ‘H-chemical shifts are given in Table I. Extra- 
polated chemical-shift values were not obtained for poorly resolved resonances 
(H-5’, 6’). 

The ‘3C-n.m.r. spectrum was partially assigned by using Eu(fod), shift data 
and selective ‘H-decoupling. The remaining resonances were assigned by comparison 
with spectra of methyl 4,6-O-benzylidene-E-D-mannopyranoside (6) and methyl 
2,3,4,6-tetra-U-acetyl-a-D-mannopyranoside (7). The i3C-spectrum of the former 
has been assigned previously13, and that of 7 was completely assigned by selective 
lH-spin-decoupling. The shift data for 2, 6, and 7 are given in Table II. 

Compound 3. On addition of Eu(fod), to a CD,CI, solution of 3, the ‘H-n.m.r_ 
spectrum was not as well resolved as that of 2. The extrapolated chemical shifts 
obtained for well-resolved resonances are given in Table I. 

The 13C spectrum was again partially assigned by using the shift reagent. 
The complete assignment given in Table II was obtained by comparison with the 
spectra of methyl 4,6-O-benzylidene-~-D-glucopyranoside’3 (8) and methyl 2,3,4,6- 
tetra-O-acetyl-P-D-glucopyranoside (9). The spectrum of the latter was assigned by 
selective ‘H-spin-decoupling. 

Calculation of Eu(fod&indaced shift. The relative shift gradients, G (p.p.m./ 
mol of Eu(fod),/mol of substrate), derived from the experimental plots of induced 
shift VS. mole ratio, are given in Table III. Drieding models of 1, 2, and 3 were con- 
structed and (x,y,z) co-ordinates for ring carbon and hydrogen atoms were measured 
with respect to an arbitrary origin. An 0.2-A grid within a 12-A cube was generated 
about the molecule. Geometric factors were calculated by using equation I for each 
point in the grid, and scaled to the experimental ‘H-shift gradients by the least- 
squares procedure. The best fit, that which had the lowest R-factor, was obtained. 
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P-h 

TABLE III 

‘H RELATIM Si-nFr GRADIENTS= (G) 

Compormd Proton Experimental Calcrtlared R-factor 

1 13.80 13.84 o-40/, 
2 21.00 21.01 
3 14.70 14.67 
4 6.90 6.79 

6eq 3.20 3.25 
1 3.80 3.88 2.5yo 
2 6.70 6.68 
3 3.40 3.28 
4 5.20 5.25 
5 2.30 2.16 
6ax 1.20 1.23 

6eq O-94 1.08 

aP_p_m. per mol of Eu(fod)a per mol of substrate. 

R = CGbs - Gad2 ‘-’ ( %Zd2 1 
This fit was refined by searching a smaller cube (3.0-A side, 0.08-A grid) about the 

calculated europium position_ 

The refined position of europium for 1 yielded an excellent R-factor of O-4%, 
and placed Eu 3.1 A from O-2, equidistant (5.3 A) from C-l and C-3; Eu was 26” 

off the C-2-O-2 line, directed towards H-2 (10). Calculated and observed shift- 

gradients are given in Table III. 

Co-ordinates for 2 were determined for ring A only (that containing the fused 
benzylidene acetal), and the europium position was refined as before. An R-factor 

of 2.5% was obtained by using the ‘H-data in Table III. Eu was located 3-7 A from 

O-2, equidistant (4.9 A) from C-2 and C-3, and 6.3 rf from C-l, and the Eu-0-2-C-2 

angle was 137” (11). The europiumioxygen distance (3.7 A) is longer than expected. 
Steric hindrance about O-2 is unlikely, but models indicate that competition for 
Eu by the acetoxyl groups of the B ring is possible_ The presence of some acetoxyl 
competition for the dominant OH co-ordination would tend to alter the effective 
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magnetic axis away from the G-O-2 line to an unknown position. This would also 
explain the somewhat larger R-factor obtained in this case. 

The Eu(fod);-induced ‘H-shifts for ring A in 3 were small and the resonances 
were not resolved. In contrast, the resonances of ring-8 hydrogens lvere resolved 
(Table I), strongly suggesting that, in this case, acetoxyl competition for Eu co- 
ordination is dominant. Therefore, it is not possible to define a magnetic axis position, 
and calculations were not performed for this molecuie. Examination of models 
indicates that there are several possible configurations in which acetoxyl groups 
could chelate Eu effectively. It has recently been demonstrated14 that favourably 
disposed C = 0 groups complex strongly with ELI. 

CONCLUSION 

The use of lanthanide shift reagents in aiding the assignment of ‘H- and 13C- 
n.m.r. spectra of complex molecules has been demonstrated. There is a correlation 
between the calculated position of Eu and substrate properties. Where there is one 
predominant, co-ordinating atom, europium-substrate geometry is well-defined; 
however, when competing acetoxyl groups are present, competition effects lead to 
uncertainty in the choice of magnetic axes, and poorer agreement between observed 
and calculated shifts. 

EXPERIMENTAL 

‘H-N.m.r. spectra (100 MHz) were recorded with a JEOL MH-100 spectro- 
meter, and ‘H- and ‘3C-n.m.r. spectra (59-75 MHz and 15.03 MHz, respectively) 
were recorded with a JEOL FX-SO spectrometer. Chemical shifts are in 6 units (lH> 
and p-p-m_ downfield from Me,Si (13C). CDCI, (99.8 atom-% D) and CD,C12 
(99+’ atom-% D) were supplied by Aldrich Chemical Co., Ltd. 

Appropriate quantities of solid Eu(fod), (supplied by Fluorochem, Ltd.) were 
added to sample solutions, and spectra were recorded after each addition. 
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