
Carbohydrate Resmrclr, 171 (19x3) 302-307 
Elsevier Science Publishers B V Amrrerdazn Printed I” The Netherlands 

Note 

Carbon-13 nuclear magnetic resonance-spectral study of branched-chain 
and 3-gem-di-C-substituted aldohexofuranoid derivatives 

“C-N.m.r. spectroscopy is a powerful tool for structural studies of carbr~ 

hydrates’.‘. in particlllar for rhc determination of configuration al quatcrnary ccn- 

ters in branched-chain sugars, a problem difficult to solve by other- methods. In six- 

membered ring systems. configurational assignments based on steric-shift effect\ 

are usually straightforward brcausc of the conformational stabilit) of the skcle- 

ton-‘-‘. In contrast. the conformational fexibility characterizing furanoid ring\ 

makes the correlations between structure and ‘Y-n.m.r. parameter\ less reliable”; 

however. if partial rigidity is imposed upon the five-mcmhcrcd ring by, for exam- 

plc. a fused 1 ,7-O-isopl-opylidenc group. such corl-elations can lx applied to tetra- 

hydrofuran derivatives. as shown previously in this laboratory for several acetrll de- 

rivatives of branched-chain pentulofuranoscs”.‘“. 

We have reported” recently the synthesis of a series of 1.2:5.6-di-O-isopro- 

pylidcnchexofuranoscs branched or gem-di-C-substituted at C-3. The “C-n.m.r. 
analysis of these new, bx-anched-chain sugars and of appropriate model compounds 

is described herein. together with the determination of specific substiluent effects 

which can bc useful for structural assignment at quaternary centers. 

The chemical shifts of the %monosubstituted derivatives 2-7. of the pairs of 

epimeric, tertiary alcohols S-1.3. and of the gent-di-C‘-alkylated hcxofuranoses 16 

20 are documcntcd in Table I. together with data previously obtained” for the re- 

fcrence 3-deoxy compound 1. The 3~deuxy-3-C-methyl-o-~~~~~,~~ derivative 4 was 

obtained as the minor isomer [-IO%) by hydrogenation of 3deoxy-1.2.:5,6-dl-0. 

is~~pr~~pylitlenc-~-C-methylrnr-N-o-ri~~~-h~xof~~r:in~~~e in the prewnce of Ranev 
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nickel, the main product”’ being 5. The different types of carbon atoms, namely 
methyl, mcthylenc, methine, and quaternary, were readily identified from off-reso- 
nance, decoupled spectra. Most of the signals were then assigned on the basis of 
the expected chemical shift’.‘.“, and the signals for the three methine carbon 
atoms appearing in the region 6 -7&X5 were attributed by comparison with data 
reported for related pento- and hexo-furanosides ‘),I’; in most cases, the signal of C- 
2 was observed downfield from that of C-4, the latter being downfield from that of 
C-5. 

Compounds l-20 provide a wide range of different suhstituents at C-3 in both 
of the pbssible configurations and allow a detailed analysis of the substituent-shift 
effects on the carbon nuclei of the I ,2:5,6-di-0-isopropylidenehexofuranose skele- 
ton. The available ‘J,,, coupling values (see original reference for each compound 
and ref. 14) indicate that, in each case, the furanoid ring adopts a 3rz(~) conforma- 
tion, the usual type of conformation of I ,2-0-isopropylidcnc-a-o-xylofuranoscs 

and of the corresponding hexofuranoses”. It is noteworthy that inversion of the 
configuration at C-3 does not affect the conformation of the five-membered ring to 
a large degree [see, for example, sJ,,tr values of 2 and 3 (ref. 14)]. Thus, conforma- 
tional homogeneity throughout the series should make secure a consistent additiv- 
ity of suhstituent effects. 

The most interesting substituent effects were observed on C-2 and C-4. The 
chemical-shift changes of these nuclei caused by the introduction of a substituent at 
C-3 in an exe or in an endo position (with respect to the bicyclic system) were detcr- 
mined from the difference between the 6 values for the 3-monosubstituted deriva- 
tives 2-7 and the corresponding 6 values for 1. The exe-CN and exe-CH,NO, ef- 
fects have been obtained from the difference between the shift effects of both of 
the substituents of the 3,3_disuhstituted derivatives and the effects of the endo sub- 

stitucnt (see Table II). The effects on C-2 and C-4 exhibit some interesting trends: 
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OH exe* +5.3 i3.2 
endo -“.4 0 

CH, exe +5.8 t2.1 
endo +3.0 C4.2 

CN exac +3.4(&0.6) t-2.0(+0.2) 
rndo -0.4 Cl.1 

CH,NO* exoc +2.1(+0.7) +2.1(+0.6) 
endo +0.4 +0.6 

‘In p.p.m. ‘The signs (+) and (-) denote a drshielding and shielding effect, respectively. ‘These em 
effects have been obtained by the difference hetwcen the shift effects of both of the suhstiturnts of the 
3,3-disubstituted derivatives and the effects of the endo substituent. 

(a) The (deshielding) effect on C-2 and C-4 of a 3-exe substituent is always larger 
than that of the same substituent in the endo position and, as a corollary, the inver- 
sion of configuration at C-3 (in monosubstituted derivatives) always produces an 
upfield shift of C-2 and C-4, the only exception being the effect on C-4 of a methyl 
group. (b) The effect of an exe substituent is always larger on C-2 than on C-4. (c) 
The change in chemical shift accompanying the inversion of configuration at C-3 
(difference between exe and endo substituent effects) is always larger for C-2 than 
for c-4. 

These observations may be rationalized by considering the most favorable 
conformation of the system (see Scheme 1). The 3-exo substituent, on adopting a 
quasi-anti disposition with respect to the substituent at C-2, is indeed expected to 
have a &shielding p-effect on C-2 (see ref. 8); however, because of its cis-relation- 
ship with O-2, a 3-endo substituent introduces a steric effect that leads to an upfield 
shift of C-2, a well-documented effect in furanosidess. As a result of the com- 
bined effects, the chemical shift of C-2 in 3-endo monosubstituted derivatives 
differs little from that of reference compound 1. The chemical-shift changes of C-4 
are less clear-cut in view of the fact that, in any case, the substituent at C-3 is in a 
pseudo-gauche relationship with the C-4 substituent; thus, the effects are more sen- 
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g) in ethanol (150 mL) was subjected to a hydrogen pressure of 0.33 mPa for 12 h 
in the presence of Raney nickel (5 mL of slurry). The reaction mixture was then 
filtered and the filtrate concentrated. Separation of the two components (RF 0.63, 
major; RF 0.66, minor; 5:l v/v benzene-ethyl acetate) by column chromatography 
(20: 1 v/v l,l,l-trichloroethane-ethyl acetate) afforded 5 (ref. 13) as the major iso- 
mer, and the desired gluco epimer 4 (210 mg, 10%); [a]:, -8.4” (c l.S, chloro- 
form); ‘H-n.m.r. (chloroform-d): 85.76 (d, 1 H,J,,*3.8Hz. H-l), 4.36 (d, 1 H, H- 
2), 4.22-3.76 (m. 4 H, H-4, -5, -6,6’), 2.16 ( m, 1 H, H-3), 1.55, 1.45, 1.39, 1.34 (4 
s, 4 X 3 H, 2 CMQ, and 0.96 (d, 3 H, J3,Mc 7.2 Hz, C-3 Me). 

Anal. Calc. for C13HZrOs: C, 60.4; H, 8.6. Found: C, 60.3; H, 8.6. 
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