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D-tlzreo-2,5-Hexodiuiose (1; ‘ZLketo-D-fructose”, 5KF) is a symmetrical 

hexodiulose isolated from cultures of several strains of Acetobacter growing on D- 
fructose as the sole source of carbon’-3. Our previous ‘3C-n_m.r. spectral studies 
established the structure of 5KF in solution&; in aqueous solution at 25”, it exists 
mainly (> 95 %) in the j&pyranose form, 2, in which the 5-ketone group is hydrated 
to form a gent-dial. In anhydrous MezSO-d6, on the other hand, the sugar appears 
to exist as a tricyclic, spiran dimer, 3, of fused /3-pyranose and j?-furanose rings. 
X-Ray crystallographic analysis of 5KF indicated’ that, in the crystal state, it exists 
as the dimer 3_ 

Recent instrumental advances have allowed high-resolution ‘3C-n.m.r_ spectra 
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Fig. 1. (A) Magic-angle spinning, cross-polarization 13C-n.m.r. spectrum, recorded at 15.1 MHz, of 
5keto-D-fructose, 1.8 ms contact time and 50,000 scans. (B) 25.2-MHz, proton-decoupled, IT-n.m.r. 
spectrum of 0.8hi 5-keto-D-fructose in MezSO-& at 30’. 18,200 scans [reprinted, with permission, 
from Biochemistry, 21 (1982) 75-81, copyright (198X) by the American Chemical Society]. 

of solid samples to be measured with magic-angle spinning (m.a.s.) and cross polariza- 

tion (c.p.) under high-power, proton-decoupling conditions6*‘. Several m.a.s.-c-p. 

‘3C-n.m r spectra have recently been reported for high-molecular-weight polysacchar- . . 

ides of limited solubilitysV9 and high solution-viscosity”, where natural-abundance, 

“C-n.m.r. spectroscopy of polysaccharides in solt_tion is of limited value. Because of 
the similarity in structure of 5KF in crystal form and Me,SO-d,, we have examined 

the m.a.s.-c.p., 13C-n m r spectra of SKF under various conditions_ . . . 

The m_a.s_-c.p_ ’ 3C-n m r. spectrum of solid 5KF is shown in Fig. 1 A. Nine reso- _ _ 

nances are observed between 60 and 120 p-p-m_, relative to tetramethylsilane, with a 
chemical-shift pattern very similar to that observed for 5KF in MezSO-d6 (see Fig. 

1B). The resonance at 72 p_p.m., upon resolution enhancement, is resolved into two 
overlapping resonances (not shown). No resonances are observed in the carbonyl 

region, as would be expected for structure 3. Tentative assignments of the solid-state 
resonances were made by comparison with the previously assigned resonances of 

5KF in Me,SO-d, (see Fig. 1 B; p andfrepresent pyranose and furanose, respectively). 
The line widths are -2.3 p-p-m. (35 Hz) under these conditions, and compare 
favorably with other reported m.a.s.-c.p., 13C-n.m.r. linewidths. Under the most 
favorable circumstances, linewidths of 7 Hz have been reported for sucrose”. The 
chemical-shift pattern for solid 5KF differs somewhat from that of 5KF in Me,SO-d,; 

for instance, the larger splittin g between 2f and 5f may be noted. Chemical-shift 

differences between solution and the solid state have been observed for amino acids, 

peptides, and proteins’“*‘3. 
The four low-field resonances assigned to C-2 and C-5 of 5KF have no directly 

bonded prc Ions, and thus, the cross-polarization time, Ti,, should be longer for these 
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Fig. 2. Magic-angle spinning, cros+polarization, IT-n.m.r. spectrum, recorded at 15.1 MHz, of 
5-keto-D-fructose, 75 ps contact time and 12,000 scans. 

atoms than for other sugar carbon atoms possessing directly bonded hydrogen atoms. 
When the contact time was shortened from 1.8 ms (used to obtain the spectrum in Fig. 
IA) to 75 /*s, the intensities of the signals of these four carbon atoms are lessened 
relative to those of the other resonances (see Fig. 2), confirming their assignments 
as quatemary carbon atoms. 

In summary, by comparing the high-resolution 13C-n.m.r. spectrum of 5KF 
in Me$O-d, with the m.a.s.-c.p. ‘3C-n.m.r. spectrum of the crystalline sugar, addi- 
tional evidence has been obtained for the existence of structure3forXFin Me,SO-d,. 

EXPERIklENTAL 

D-?/2reo-2,5-Hexodiulose (5-keto-D-fructose) was isolated from Ghconobacter 

ceriirus cultures as described previously’, and was a pure product (m.p. 172-174”, 
uncorr.) as analyzed by thin-layer chromatography on cellulose. 

The natural-abundance, proton-decoupled ‘3C-n.m.r_ spectrum of 5KF in 
anhydrous MelSO-& was recorded at 25.15 MHz with a JEOL p.F.t.-n.m.r. spectro- 
meter operating in the pulsed Fourier-transform mode and interfaced with a Nicolet 
1080 series computer. Spectra were recorded by using an internal deuterium lock, 
and ‘3C-chemical shifts arc expressed as p.p.m. downfield from tetramethylsilane, 
with interna Me,SO-d, (40.5 p-p-m_) as the reference standard_ 

The solid-state, m.a.s.-c.p. 13C-n.m.r. spectra of 5KF were recorded at 15.1 
MHz with a home-built n.m.r. spectrometer_ The sample (0.7 g) was packed in a 
Beams-Andrew, 700-pL, hollow rotor, and spun at I-667 kHz, with a 3-s repetition 
time, 40-ms proton-decoupling time, using IO-gauss rH-decoupling power. Solid- 
state, 13C-chemicaI shifts are expressed as p_p.m_ downfield from Me,Si. 
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