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N.m.r. spectroscopy has proved extremely fruitful for studying the configura- 

tion and conformation of many carbohydrates and their derivatives. The reactions 

of boric acid with dials in solution have been used for almost a centur! lo examine 

structural differences among carbohydrates. However. studies of sugar% reacting 

with B203 in non-aqueous solvents have not hitherto been reported. 

The hydroxyl-proton resonances of sugars in dimethyl sulfoxlde are usually 

well resolved peaks. but the 100-MHz spectra of sugars genernllq, show very poor 

separation of the ring-proton signals. Most ‘H-n.m.r. work on the ring-proton sig- 

nals have been made on sugars substituted by such groups ah nitrcr’. halogen’, 

thlo3, O-acetyl’ ~‘, benzylldene’. henzoyloxy”.“‘. O-methyl”. and O-isopropyl- 
idene’2.13, 

Lanthanide shift-reagents’J,‘5 have proved useful for improving n.m.r.-spect- 

ral dispersion of carbohydrates”- “). Lanthanide salts can also be used to effect 

small induced shifts for carbohydrates in (CD3)$0 and other polar sovents. 

Solvents effective for mixtures of B203 and sugars are dimethyl sulfoxide. 

N,N-dimethylformamide, morpholine, and hexamethylphosphortc trrnmide. The 

present study used dimethy sulfoxide and N.Il’-dimethylformamide. and the 

spectra of those sugar-B,O, mixtures investigated were substantially the same in 

the two solvents. 

Most spectra were measured at 100 MHz. The normal spectrum of n-D-gluco- 

se in (CD3)2S0 (Fig. la) shows the hydroxyl proton signals well separated (4.34.7 

p.p.m.); the ring-proton signals were in the range 2.9-3.7 p.p.m. except for the H-l 

quasi-triplet at 4.9 p.p.m. The hydroxyl-proton signals in (CD,)$O. whose chemi- 

cal shifts are independent of concentration in the range 5-X)? (w/v). have alread! 

been assigned by Casu et al.“. 

The chemical shifts of hydroxy, methine, and methylene protons of (X-D- 

glucose in (C&)W were found to depend on the molar ratio of B20i to glucose. 

Addition of 0.25 mol of B-0, to glucose markedly affected the spectra in the ~.g- 
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Fig. 1. (a) Normal spectrum of a-o-glucose (lo%, WV) m (CD&SO; (b) spectrum of 10% (w/v) a-~- 

glucose containing Bz03. ([B103]i[glucose] = 1:l); (c) spectrum of a-o-glucose containing Bz03. 
([B203]/[glucose] = 2: 1). 

5.5-p.p.m. region and the signals of ring protons were moved slightly downfield. 

An equimolar amount of Bz03 caused significant changes, with dispersion of the 

ring-proton signals of &D-glucose, as shown in Fig. lb. Two molar equivalents of 

B203 to glucose collapsed all hydroxyl resonances into a broad peak at 7.1 p.p.m. 

(Fig. 1~). This broad peak shifts farther downfield and sharpens with addition of 

more BzOs. 

Under the conditions of Fig. lc, but with a doubled molar amount of B203, 
the peak for -OH * . - B203 was observed at 7.7 p.p.m. and all ring-proton signals 

were slightly broadened, because of an increase in the viscosity of the solution. The 
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Fig 2 Spectrum ot cr-n-glucose C IO ‘;.w/v)and H?BO,m (Ct)):SO ([H~BO~]i[pluco~e~ = 3 ) 

OH . . . B203 peak broadened considerably with dilution of the 2.5: I B,O,: D- 

glucose mixture from 10% (w/v) to 1% (w/v), and it was scarcely observed at the 

lowest concentration. Such a significant dilution-shift suggests that there is no cova- 

lent bonding between the sugar and B?O?. However, a large hydroxyl-proton peak 

is observed (4.7-5.6 p.p.m.) on addition of 3 mol of H3B03 to 1 mot of u-rr-glucose 

in (CD3)$0 (Fig. 2). and the formation of an ester linkage between the sugar and 

reagent is possible. 

The signal assignments in Fig. lc were verified by integration and by ‘H-de- 

coupling and ‘?I-‘H coupling. The absence of protons in B703 is advantageous for 

the quantitative determination through spectral integrals of hydroxyl groups of 

sugars in anhydrous systems. 

The H-l resonance is a readily identifiable, low-field doublet at 5.91 p.p.m., 

showing Jr ,? 3. I5 Hz. Operating with a 89.6-MHz spectrometer, irradiation of the 

H-l doublet collapsed a doublet at 4.59 p.p.m. to a singlet. and the latter was thus 

assigned to H-2. However, no coupling between H-2 and H-3 was observed. ‘This 

absence of coupling between H-2 and H-3 suggests that these protons are fruns-dis- 

posed, with a dihedral angle of ~90”. Assignments of H-3 and H--l were therefore 

made by correlation with the characteristic C-3 and C-4 signals in the “C-n.m.r. 

spectrum. The “C-n.m.r. spectrum obtained under the experimental conditions of 

Fig. Ic was substantially in agreement with that reported” for cu-n-glucose in H70. 

Table I gives the ‘3C-chenlical shifts and “C-‘H coupling constants. which were 

confirmed by selective proton decoupling. The signal at 4.39 p.p.m. Has thus de- 

finitely assigned to H-3 and that at 4.17 p.p.m. to H-4. The signals of H-4 and H-5 

overlapped, so that certain first-order couplings were of questionable validity. In 
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TABLE I 

“C-‘H COUPLINGCONSTANTSAND~~C-CHEMICALSHIFTSFOR 10% (W/V) SOLUTIONS OF LX-D-GLUCOSE AND 

B203 IN (CD&SO ([B303]/[~~~~~S~]= 2:l) 

Parameter C-l, H-l C-2, H-2 C-3, H-3 C-4, H-4 C-5, H-5 C-6, H-6,6’ 

Coupling constants (Hz) 185.55 166.01 160.70 148.73 147.02 150 44 

‘3C-Chemical shifts (p.p.m.) 102.02 84.16 74.49 71.16 74.23 62.31 

“C-Chemical shifts” (p.p.m.) 92.5 73.3 72.0 70.1 71.8 61.3 

of cY-D-ghIcopyranose in Hz0 

-OH----B203 

.A 7 6 :, : wm 

Fig. 3. Spectrum of a-D-mannose (5%. w/v) and BZ03 in (CD&SO. ([Br03]l[mannose] = 5 1 ) 

addition, the H-5, H-6, and H-6’ signals were sufficiently strongly coupled for the 

H-4 signal to be broadened by “virtual coupling” effects. 

There are some differences in the 4.0-3.5p.p.m. region between the spectra 

in Fig. lc and in Fig. 2. The highest-field peak in Fig. 2 may be attributable to H-6 

and H-6’. 

Analysis of ring-proton resonances of a-D-mannose with B203 by spin-de- 

coupling experiments was also performed. The spectrum (Fig. 3) shows a sharp 

singlet for H-l at 4.82 p.p.m., separated from other proton signals and indicating 
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