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ABSTRACT 

An approximate model (D) for the calculation of lanlhamde-Induced sh1Fts 
for some tImIs-fused benzyhdene acetals which chelate to shift reagents IS described 
Shifts calculated for the model system 4,5-dlmethylveratrole us~n,o model D were In 
good agreement \+Ith the reported data With the ard of model D, rotamer conforma- 
trons of the methoxyl group on C-l of methyl 4 6-0-benzyhdene-3-O-methyl-Z-D- 

mannopyranoslde methyl 3-0-benzyl-4,6-0-benzylIdene-cc-D-mannopyrdnosrde, and 
methyl 4,6-O-benzyhdene-v-D-mannopyranoslde were mvestlgated 

INTRODUCTION 

In general. the Interpretatton of lanthamde-Induced n 111 r shifts (LIS) for 
systems with one dommant donor site IS StraIghtforward, and good agreement with 
predIctIons based on the sImpIe Form of the McConnell-Robertson relatIonshIp have 
been found For a wide range of substrate molecules’-’ Sultable carbohydrate-systems 
are no exceptIon, and quantltatlve treatments have been given with the hydroxyl as 
the umque donor-group’ ’ However, some ?ma/zs-Fused benzyhdene acetals that were 
thought mrtlally to possess a smgle, dommant donor-site gave shift data that could 
not be fitted to the simple, smgle-site model_ We now report that chelate effects are 
Important and describe an approximate method For their treatment 

RESULTS AND DISCUSSION 

‘H-N m r shifts Induced m the spectrum of methyl 4,6-O-benzyhdene-3-0- 
methyl-a-D-mannopyranoslde’ (2) are given m Table I Attempts to fit these data to 
a simple model (A) were not successful The models used m this work are described 
below 

Model A, with the magnetic axIs comcldent with the europlum-oxygen bond 
and with axIa1 symmetry m the Eu(fod),-substrate adduct, gave a best fit which 
placed the Eu atom at the unreahstlc distance of 5 03 A from the co-ordmatmg oxygen 
(Table II) 
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TABLE I 
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OBSERVED, 1H, RELATIVE SHIFT-GRAD1EhT.S” (G) FOR COhfPOUhDS 2-8 

Proton 2 2x 3 4 5 6 7 8 

H-l 
H-2 
H-3 
H-4 
H&a 
H-6e 
H-7 
MeO-1 
MeO-2 
MeO-3 
PhCHz 

10 08 9 47 
24 2s 21 95 

17 88 17 10 

20 25 1721 
3 06 2 14 
364 244 

- 
406 

- 
1208 
- 

- 
364 

- 

646 
- 

646 6 36 10 54 247 
16 11 1664 - 544 
1175 1195 - 10 17 

13S8 1544 - 906 
1 75 2 72 2 56 2 86 
2 33 2 86 3 01 1 90 

- - -147 406 
2 55 244 3 60 076 

- - 574 - 
- - 1216 - 
1011 - - 2 42 

17 76 15 39 

- - 
- 4 28 

3 80 500 
2 80 2 14 
8 06 6 67b 
610 - 

-008 12 50” 

“P p m per mol of Eu(fod)s per mol of substrate, except for 2\, where the shift reagent was Eu(dpm)z 
(21 shift gradients scaled to 2 Lalues for companson) *May be mterchanged 

It IS well estabhshed’ g that methyl glycoszdes and cychtols which contam three 
vlcmal czshydroxyl groups exhzbzt trzdentate chelatzon to a varzety of aqua-metal 
catlons mcludmg lanthanzdes Bzdentate chelatzon, mvolvmg conventzonal shzft- 
reagents, eg, Eu(fod),, by methoxyl and hydroxyl groups m substztuted cyclo- 
hexanols”, by carbonyl and methoxyl groups m 3-methoxycycloalkanonesll, and by 
methoxyl groups m dz- and trz-substztuted benzenes has been reported” l3 Some 
of the latter, however, gave data more typical of a contact mteractzon than a drpolar 
one_ Recently, It has been reported that fully methylated aldohexopyranosldes gave 
unexpectedly large shifts for thezr methoxyl resonances only when ezther two or three 
vlcmal czs-methoxyl groups were presentI Although few of these reports mvolved a 
quantltatrve mterpretatlon of LIS data, it must be concluded that 2 IS ahkely candidate 
for chelation, smce It contains vzcmal, czs hydroxyl and methoxyl groups 

Two of the basic methods which have been used to treat chelating systems’3 
are briefly described as models B and C For model B, an axially symmetnc, sus- 
ceptlblhty tensor IS assumed, and the magnetic axzs adopts an averaged posztlon 
(m systems wzth symmetry >C,,, the effectzve magnetzc axzs ~111 he along the sym- 
metry axis) For model C, a non-axzal susceptzbzhty tensor IS assumed (Eq I), and 
the orIentanon of the tensor components 1s determined either by symmetry or by 
expenment The induced pseudo-contact or dlpolar shift, d,, IS given by Eq. I 

(3cos%, - 1) 
r3 + (X.X - X,,) 

(sm*O,cos2f$,) 

r: 1 (1) 1 
Model B mvolves only the first part of Eq I, whereas model C Involves the full 
equatzon 
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TABLE II 

CALCULATED, ‘H RELATIVE SHIFT-GRADIENTS FOR MODELS A, B, A&D D FOR COUPOUNDS 2-4,6 

Model PI oton 2 2‘ 3 4 6 

A H-l 
H-2 
H-3 
H-4 
H-6a 
H-6e 
H-7 

rLn o-2 (A) 
rLn O-3 (A) 

R 

9 54 8 14 6 27 
24 4s 22 32 16 21 
17 83 1683 1157 
20 26 17 54 14 05 

421 3 19 249 
2 77 1 94 1 55 

- 

5 03 
- 

408 

- 
4 85 

- 
542 

- 

4 84 
- 

4 39 

3 03 
5 69 

10 12 
8 86 
2 30 
1 64 
426 

- 

49 
55 

B 

D 

H-l 
H-2 
H-3 
H-4 
H-6a 
H-6e 
H-7 

rLn O-2 (A) 
rLn O-3 (A) 

R 

H-l 
H-2 
H-3 
H-4 
H-6a 
H-6e 
H-7 

rLn O-2 (A) 
rLn O-3 (A) 
rLn O-4 (A) 

R 

945 8 I8 6 59 6 24 
24 46 22 95 1620 17 20 
17 88 17 10 11 75 1195 
20 27 1695 13 88 15 37 

3 30 2 82 1 70 3 45 
3 36 3 01 2 28 2 88 

- 

496 
541 
198 

- 
4 59 
470 
548 

- - 

3 90 3 61 
3 29 400 
079 3 48 

9 70 8 86 6 54 6 77 
24 42 22 16 16 08 16 52 
17 97 1676 11 87 13 34 
20 26 17 64 13 90 15 11 

3 13 204 1 80 2 83 
3 37 271 211 264 

- 

296 
3 17 
4 69 
1 32 

- 
2 92 
3 05 
4 51 
2 61 

- 

3 05 
3 26 
4 69 
111 

3 39 
3 36 
501 
266 

247 
544 

10 17 
9 06 
281 

1 95 
406 
5 87 
3 77 
0 45 

298 
571 

10 40 
8 39 
249 
1 72 
4 50 
7 60 
490 

- 

6 93 

The most detarled studres of chelatmg systems involve rrgrd substrates havmg 
C zv symmetry For example, De Boer et al I3 examined 4,5-drmethylveratrole 
(DMV) (Fig 1) and concluded that only the full, non-axral model C gave reasonable 
results Attempts to fit shift data for 2 to model B were not successful The best 
R-value was obtained with unreasonably long lanthamde-oxygen distances and with 
magnetic-axis orrentatron that did not even intersect the substrate molecule It IS 
interesting that srmrlar results with long lanthamde-oxygen drstances were obtamed 
by De Boer when model B was used for DMV To test our use of model B, the prevr- 
ously published data6 for methyl 4,6-O-benzyhdene-3-O-methyl-/I-D-glucopyranosrde 
(1) were repeated by usmg model B instead of A An almost ldentlcal lanthamde 
posltlon was obtamed using model B, and the magnetic axls deviated from the lantha- 
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mde-oxygen bond by less than 2”. In gomg from model A to model C, the number 

of unknown parameters mcreases from four to erght_ On the basrs of lH data alone, 

rt would not be possrble to use model C m the systems studred here as, m general, 

there are less than seven hydrogen atoms for whtch shaft data can be obtained 

Inclusron of r3C LB-data nnght solve thus problem, but large amounts of sample 

would be requtred, and a method for the extractton of contact contrtbuttons to 
the LIS would probably be necessaryx3 It would, therefore, be useful If some approxr- 

mate method for treatmg chelatmg systems could be devised whrch would reqmre 
fewer unknown parameters These consrderatrons led to model D 

H-7 H-60 H-7 H-60 

H-3 OR 

2R= RU=MeR =H 

3 R = Bzl R = Me R = H 

4R= R=HR”=Me 

sR= R = RI’= Me 

6 R = H R’ = Bzl R = Me 

H-7 H-60 H-7 H-6o 

7 8 

Model D mvolves alternate co-ordmatron and magnettc-ax’s generatton by 
each of the hgatmg atoms, axial symmetry about each lanthamde-oxygen bond, and 

only four unknown parameters When model D was apphed to the shaft data for 2, 
the reasonable fit descrrbed m Table II resulted Shaft data obtamed usmg Eu(dpm), 

could be used to define an almost ldentlcal posltlon for the lanthamde The close 
correspondence of Eu(fod), and Eu(dpm), data suggests that the observed ‘H-shifts 
do not contam large contact contrlbutlons I5 Methyl 3-O-benzyl-4,6-O-benzyhdene- _ 
u-D-mannopyranosIde7 (3) and methyl 4,6-O-benzylldene-z-D-mannopyranoslde’6 
(4) also gave very reasonable results with model D The apparent posItIon of the 
lanthamde was predicted to be approximately the same for 2-4 In an effort to co&km 

this predlctlon, Ime-broadenmg studies of lanthamde locatlon using Gd(fod)3 were 
carried out4 l7 It was possible to measure only approximate hne-broadenmg data 
for 2 Thus was as follows MeO-3 3 H-7 - H-l $ MeO-I Calculated hne-broadenmg 
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90- 

7O- 

50- 

R 

30 I 

I 

10 

; 

Me(7J 

Me(9) 

Me (10) 

DMV 

I t 1 I 1 

2 3 c 5 

I-Lrl- -0 (A) 

Fig 1 Plot of R L’S the lanthamde-oxygen dstance for DMV and model D -G- IH data 
-a-_ ‘H and IT data 

ratios were 10 0 1 0 0 9 0 012, and are m good agreement with experlmental data. 
A common feature of these glycosldes IS the presence of an axml hydroxyl group at 
C-2 Methyl 2-0-benzyl-4,6-0-benzylldene-~-D-mannopyranoslde1 ’ (6), which has 
HO-3 CIS to BzlO-2, gave poor results for models A, B, and D (Table II) The observed 
shift gradients for 6 are lower than those for 24, whereas the H-7 shift IS much larger, 
suggestmg either a different posltlon for the lanthamde or a different mode of bmdmg 
m the 6-Eu(fod), adduct For the fully substituted methyl 4,6-O-benzyhdene-2,3- 
dl-O-methyl-u-D-mannopyranoslde’g (5) and methyl 4,6-O-benz>hdene-2,3-dl-0- 
methyl-u-D-glucopyranoslde”’ (7), which, on the basis of closely related results’J, 
would be expected to chelate to Eu(fod),, very s_vcre lme-broadenmg was observed 
and only hmlted shift-data could be obtamed (Table I) Slmllar lme-broadenmg 
problems were also encountered using Pr(fod), The orlgm of this unexpectedly severe 
lme-broadening 1s not clear and InsufficIent shift data were avallable for lanthamde 
locatlon The hmlted shift-data for 5 are comparable to those obtamed for 2 and 
suggest that slmdar chelation IS occurrmg Quahtatlve results for lme broadenmg 

(MeO-3 - MeO-2 s H-7 - H-l $ MeO-1) with Gd(fod), also support thus posltlon 
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u fce3rees> 

FIN Z Plot of MeO-1 conformatIon u calculated shift-gradlcnts for compound 2 

for Eu The shift data for compound 7 and line-broadenmg results [Gd(fod), 

MeO-1 - MeO-2 > H-l - H-2 > MeO-3) are as expected for chelation of the shift 
reagent by MeO-1 and MeO-2 Unfortunately, satisfactory shift-data could not be 
obtained for methyl 4_6-O-benzyl~dene-3-O-n~ethyl-B_D-mannopyranos~de~1 (% 
which has two chelating-sites Most of the protons m this molecule appear to have 
slmllar shift-gradients, smce they were not resolved on addmon of Eu(fod), 

In explormg the usefulness of model D, attempts were made to define the 
conformatlon of the methoxyl group on C-l of 24 For each compound, the twist 

angle (x) of the OMe bond relative to a reference plane was used to define a set of 

possible posltlons for the methyl group A plot of calculated shift-gradients against 
a gave U-shaped curves with well-defined mmlma (Fig 2) in each case, the experl- 

mentally observed shift-gradient was close to the mmlmum pomt m the curve (z 
t160”) This conformatlon w&h the methyl group gauche to both the rmg oxygen 
and H-l IS reasonable, and agrees with that expected on the basis of sterlc consldera- 

tlons, the eso-anomenc effect, and crystal-structure data for related systems22_ 
Model D was also apphed to the model-system DMV exammed by De Boer 

et al 13_ Usmg reported shift-data the results dlustrated m FIN 1 were obtained, the 
agreement between observed and calculated shift-data was quite good As found by 
De Boer, It was necessary to use a multlpomt model rather than a simple, averaged 

posltlon for the methoxyl hydrogens to obtam these results The best-fit, apparent 

distance was not altered when reported 13C-LIS were Included The lanthamde- 
oxygen distance (2 6 A) 1s longer than that (2 1 +O 3 A) reported for DMV and 
model C_ but IS still a reasonable value 
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FIN 3 Chelation scheme 

CONCLUSION 

Thus, trans-fused benzyhdene acetals havmg a cls-arrangement of potenttal 

donor groups can chelate to Ianthamde shift-reagents, and a simple, approximate 
model can be used to determme rotamer conformatlons 

It IS Interesting to consider why model D grves reasonable results The super- 

posltron of two, dlstmct, axial models could grve a non-axial, overall effect and per- 

haps approximate the non-axial model C An alternatlve, although possibly less- 

hkely, explanation IS [Mustrated m FIN 3 A bldentate chelate (10) would form step- 

wise as dtustrated if, for sterlc reasons, effective, simultaneous blndmg oy both 

oxygens was not possible, conslderable Importance would attach to 9 and 11 Rotamer 

averagrng rn 9 and 11 could then generate two axially symmetnc, magnetic axes whose 

effect would be addltlve An approach of this type IS normal for a pair of remote 

bmdmg-sites, where It has been found that contrlbutlons to the experlmental LIS, 
due to Independent co-ordmatlon of the functlonal groups, are addltlve”3-‘h 

EXPERIMENTAL 

Calculations usmg model A were made by the gnd-search procedure6 Variable 

magnetrc-axls results (model B) were obtamed by usmg LISCA27 For model D, 

each pomt m a gnd-search procedure has two calculated-shift contrlbutlons (one 

from each magnetrc axls) These were added with equal weights, and scaled to 

experlmental shift-gradlents The best fit was that which had the lowest R-factor 

R= 

05 

x 100 
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When an extra varlabte was mcluded to atlow for unequat contrkmtions from each 
rnagnetlc aws. the best fit was that which had equal contrlbutlons 

‘H-N m r spectra (100 MHz) were recorded for solutions m CDCl, wth a 
JEOL MH-100 spectrometer Appropriate quantltles of shift reagent were added to 
samnle solutlons. and spectra were recorded after each addmon Good straight-lme 
plots of Induced shift IJ the molar ratlo of shift reagent to substrate \\ere obtamed 

for all of the compounds studled 
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