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A R A B I N O -  A N D  R I B O P Y R A N O S I D E S  A N D  F U R A N O S I D E S  
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Agricultural Research Service 
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College Station, TX 77841 

Bradford P. Mundy 

Department of Chemistry, Montana State University 
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Received  May 3 1 ,  1983 

A 13C NMR fingerprint method previously developed for galactosides 
and glucosides is extended to arabino 'des and ribosides. This 
approach demonstrates the capability of "C NMR to determine ring 
size and anomeric configuration in four isomeric arabinosides 
and ribosides. 

I-ION 

Due to the frequent incorporation of carbohydrates into 

complex natural products, it is desirable to have methods for 
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254 BEIER AND MUNDY 

their structure determination that do not require degradation of 

the sample. Recent renewed interest in carbohydrate-containing 

natural products is being generated because of the impact of these 

molecules on man. Although commonly thought of as simply car- 

riers of the active aglycone moieties, a developing theme may 

place a much greater emphasis on the role of the carbohydrate 

portion for the actual biological activity. 

Thus, it is becoming increasingly important to be able to 

examine the total complex molecule (of ten isolated in minute 

quantity) by spectroscopic methods that will accurately define the 

sugar, ring form, and anomeric configuration. Because of the 

ubiquitous nature of carbohydrates in natural products chemistry, 

and the increasing number of research personnel with extremely 

varied backgrounds that are becoming involved with structural 

determinations, it is of importance to develop simple, accurate 

and consistent methods to help analyze spectral data on these 

compounds . 
In a previous study,' correlation of the 13C NMR resonances 

for a -  and B -D-galacto- - and glucopyranosides and furanosides 

permitted all of the possible isomers to be identified. By simul- 

taneously observing resonances for all of the carbons in the 

carbohydrate moiety of the galacto- and glucosides, correlation 

diagrams (referred to as fingerprints) were constructed. These 

fingerprint diagrams could then be used to identify the carbohy- 

drate moiety, ring size and anomeric configuration of "unknown11 
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ASSIGNMENT OF ANOMERIC CONFIGURATION 255 

carbohydrates. We now present the necessary data and means for 

applying this technique to glycosides of arabinose and ribose. 

RESULTS AH) DI-IW 

Published 13C NMR data for arabinosides and ribosides have 

been ~ollected.~-~~ The 13C NMR chemical shift resonances were 

used to construct a fingerprint diagram. The actual literature 

data for the carbohydrate residues in a- and f3 -g&)-arabinopy- -- 

ranosides are presented in Table 1; the a- and B-p(I.J-ribopy- 

ranosides are presented in Table 2; a -  and W(W-arabinofuranc- 

side data are found in Table 3, and the information on the a- and 

6 -pribofuranosides are found in Table 4. For each reported corn- 

pound a value was tabulated for each carbon of the carbohydrate 

moiety ( C-1 through C-5). Since downfield shifts from 7-10 ppm 

can be expected for carbons with 0-methylation or - 0-glycosyl- 
ation,16 all carbons ( C-2 - C-5) involved in these substitutions 
were not used in the determination of resonance intervals or 

means; however, carbons adjacent to these positions where substi- 

tution occurred were included in the resonance intervals and 

means. Data were also included from materials run in DM- and 

pyridine-3, since resonance values obtained using these solvents 

were within 1 ppm of the values obtained in D20.’ 

- _  

_ =  

- 

The fingerprint diagram incorporating the data from Tables 

1-4 is presented in Figure 1. A rectangular box is drawn to en- 

close the maximum and minimum resonance values for each carbon 
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2. Reported 13C Chemical Shift values for the Carbohydrate Residues in.t - and 5 -D Ribopyranosides 

Meal shifta 

-(reference) Cl 0 c3 c4 c5 

a -  

ethyl a -Dribgyr-ide I 5) 100.41 69.18 70.41 67.40 60.78 

6 -  

HethylB -britoWranosi& (5) 103.07 71.0 68.6 68.6 63.9 

Wthfl6 -Pribo&yranosi& (3) 103.85 72.69 70.ePd 69.84 65.55 

ethyl @ -Drmranoside (9) 103.85 72.69 69.8sd 70.4‘. 65.55 

kan 103.6 72.1 69.6 69.6 65.0 

%elative to external RIS. 
blhese nur&rs have been interchanged with those designated to conform vith assignments by Bock and Fdersen (5). 
4kse I’IuIberS may be inter&?aqxed due to lack of positive assigrmnts. 
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ASSIGNMENT OF ANOMERIC CONFIGURATION 259 

atom of the carbohydrate moiety (C-1 - C-5). A vertical line 

within the box shows the position of the mean value, and a 

horizontal bar expresses the standard deviation about the mean 

value. It becomes clear from examination of Figure 1 that each 

arabinoside isomer has a different set of intervals, as does each 

riboside isomer. There is only one compound representing the a-D- - 

ribopyranosides, and as a result, only one value for each carbon 

was used in the construction of the correlation diagram. without 

defined intervals for these compounds, the difference between 

methyl Q- and 8- D-ribopyranosides - must be considered as 

marginal. 

By using these intervals, one might be able to determine the 

anomeric configurqtion and ring size of the carbohydrate moieties 

for arabinosides and ribosides. Admittedly, the data are not as 

well-defined as those found in the galactosides and glucosides;’ 

however, they should provide some help in examination of carbohy- 

drate structure. We must comment that since the resonance inter- 

vals for the B - pribo- and arabino- pyranosides are so small, 

the fingerprint method should not be used as the sole evidence for 

structure. 

In conclusion, the 13C NMR chemical shift method for finger- 

printing carbohydrates can be extended to other systems. A finger- 

print derived from resonance intervals can be used to determine 

the difference between most isomeric forms of arabinosides and 

ribosides. It appears that all isomeric forms of arabinosides are 
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-(reference) cl Q (3 c( cs 

Methyb-D-arabinofuraidp (2) 109.3 81.9 71.5 84.9 62.4 

kthyla-barabinofurai& (10) 109.2 81.8 77.5 84.9 62.4 

Methyl 2-(haPthyl-a-~arabmo€uanoside (11) 107.3 91.4 75.5 84.3 62.0 

Methfl 3-(krrthfl-a~arabinofuai& (11) 109.6 78.8 87.sd 84.3 62.7 

Methyl S-(kaethyl-a+arabmofuanoside (11) 109.3 81.7 11.0 83.1 73.0d 
Methjl 2-O-isopr~l-a~arabinofuanoside (11) 1m.2 87.P 76.3 84.0 62.1 

Methyl a-L-arabinofuanoside (12) 109.5 82.0 77.9 84.8 62.5 

a -L-ArabinofuraMsyl in avicularin (9) 108.1 82.1 n.2 86.22 61.0 

mall 
Standard Deviation 

108.8 81.4 77.1 84.6 62.2 
0.8 1.3 0.9 0.9 0.6 
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103.2 77.5 15.1 83.1 64.2 

kttyl a-Garabinofurancside (10) 103.1 11.4 15.1 82.9 62.4 

MefAyl 2-O-aettyl-g-D-arabinofuranc6ide (11) 101.7 869 14.6 83.3 64.2 

MWl 3-O-m~ttyl-&Darabinofluanoside (11) 103.6 n.1 85.6 82.5 64.8 

Methyl 5-O-uethyl-t%hrabinofuranoside (11) 103.3 11.2 15.9 81.0 15.ld 

102.3 82.8d 
82.6 

14.8 82.8 
82.6 

64.4 

kttyl 6-Garabinofuranoside (12) 103.3 ll.+ l6.F 83.1 64.3 

nean 
Standard Deviation 

102.9 
0.1 

71.4 
0.3 

15.5 
0.1 

82.1 
0.1 

64.1 
0.8 

Waative to external m. 
‘%tee nmters have been interchanged with those desigrated c to conform with assigrpents ty tarin and lh~urek (2). 
%he dovnfield shift of this resoMnce is due to Wbstitutim. 
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Methyl a -D-ribofuranoside (2) 

Mettyl a Uribofuranoside (10) 

Methyl 2-O-mthyl-a-Dribofuranoside (11) 

Metbl 3-O-mettyl-a-Dribofuranoside (11) 
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Methyl 2-0-isopc~l-a+ritmfuranoside (11) 
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Methyl a-Dribofuranoside (12) 

nmn 
Standard Deviation 
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nean 
Standard Deviation 
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LO9.1 

108.0 
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108.3 

1W.O 
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75.0 

80.7b 
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amative to external m. 
4he darnfield shift of this resonance is due to sutstitutim. 

Giml shifts were wined in DISD-~~ relative to'interna M. 
cdioxane was the internal standard. 
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c 3  
E E E I l  c 1  
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c 2  
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Figure 1. Chemical S h i f t  Fingerprint Map 

distinguishable. Since carbons adjgcent to sites of 

0-substitution were included in this study, the method 

may be applicable to substituted carbohydrates; 

however, the large downfield shifting of the 

Substituted carbon may preclude it8 direct assignment; 

by this method. 

- 
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