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D-Fructose :n D20 has been studled by ’ 3C-n m r spectroscopy ’ 2 and the 

hydroxyl-proton resonances m methyl sulphoxide have been exammed2 From the 

13C-n m r data, It was concIudedlV2 that D-fructose exists m water as an eqmhbrmm 

of the P-pyranose, fi-furanose, cr-furanose, and cr-pyranose m the ratios of 6 3 1 traces, 

whereas m methyl sulphoxlde the ratios were 1 3 1 3 traces 

Usmg lH-n m.r spectroscopy at 300 MHz, we have determmed completely the 
spectrum of the most abundant Isomer (1) of D-fructose in D20, namely the D-fnlcto- 

pyranose form The data are shown m Table I and FI,O 1 Isomer 1 occurs m the 

Id(D) form 

TABLE I 
IH-NM R SPECIRAL DATA OFTHE Two MAJOR ISOMERS OF D-FRUCTOSEIN D20 

Chemrcd shifts (d p p m ) 

H-Z W-Z’ w-3 H-4 H-S H-6 H-6’ 

Major Isomer (1) 3 71 3 57 3 80 3 89 3 99 4 03 3 71 
Second Isomer (2) 3 59 3 56 -4 11 -411 - - - 

CoupImg constants (Hz) 

1 -118 100 

2 -122 <--o) 

From a previous study3, It was concluded that the chemical sIzfts of H-3 and 

H-4 of fructofuranosyl moleties are found below 6 3 95 p p m As thus IS not the case 

for 1, a pyranold rmg IS mdlcated The fact that H-5 resonates at a lower field than do 

H-3 and H-4 mlcates that the former nught be eq, both other protons bemg ax m 
the IC(D) form of fructose The vaIue (10 0 Hi) of J3 4 mdlcates an anbpenplanar 



296 NOTE 

c 
H+in(I’ II 

D 

f-FL (1’ 1OHz , 

I 1 

.i 
I 

3 90 380 3 70 b 

H3 ‘I1 

Fig 1 IH-N m r spectrum of D-fructose at 300 MHz m D20 at 500- (A) and IOO-Hz sweep-width 
(B-D), 1 (i)maJor Isomer, 2 (1I)second Isomer 
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conf?,j$ation of H-3 and H-4 The value (1 3 Hz) for JSe6 IS typxa15 of an eq-eq 
relatuxAup, when one of the protons IS antipenplanar urlth a substltuent bearing 
lone pairs of electrons The values of 3 2 and 1 8 Hz for J4 5 and J5 6t seem to be 
typlcal for au ax-q relatlonshlp havmg two and one subst&uents, respectively, m an 
antipenplanar posItIon (consldenng the nng oxygen as a substituent) These data were 
confirmed by INDOR expenments at 100 MHz, subsequently refined by simulations 
with a SIMEQ 16/H programme 

For the Isomer 2, only the posItIon of H-1,1’ can be asslgued with precalon, 
as we11 as J,,, However, the remammg sfufi parameters are consistent urlth a 
furanold nng The doublet-like pattern at 6 4 11 integrates for two protons, and their 
posItion at a field lower than 3 95 p p m IS an mdlcation3 that they nught be H-3 and 
H-4 of a furanord rmg Because of the proaounced degeneration of the pattern at 
6 - 4 I and overlap with the slgnal for H-6 of 1 at 100 MHz, no precise homo-INDOR 
expenments were possible, although It IS clear that responses ascribed to H-5 and, 
presumably, H-6 m 2 are located tigher field than 3 9 p p m , as are the resonances of 
H-5 m fructofuranosyl-contarmng lsacchandes We can assume that the doublet- 
hke structure IS due to two singlets, where J3,4 z J4 5 x0 Hz The resultmg chhedral 
angles6 are H-3/H-4 M H-4/H-S M 78”, wluch are typlcal for a furanold nng m a 
time averaged, flattened E4 conformatlon, for which the theorehcal angle IS 70” 
As shown by Perhn2, a hydrogen bond occurs between HO-l and probably HO-4, 
a surrmse based on a comparison with the HO spectrum of lactulose In this case, the 
& or 3T4 conformatlon IS expected 

There IS no ‘H-n m r proof of the a or fl configuration of I or 2 From other 
techmques, however, It IS obvrous that both must be /3-D Isomers’ ’ The ‘H-n m r 
spectra obtamed for solutions of D-fructose m methyl SUlphOXIde-C& or methyl 
sulphoxrde-d, ftniluoroacet~c acid also drd not allow anaIysxs of the D-fmctofuranose 
form., although an Increased Intensity of the doublet-l&e pattern at low field suggests 
the occurrence of a substantially larger proportlon of thx form 

EXPERIMENTAL 

The 300-MHz spectrum was recorded on a Varian HA 300 instrument, and 
INDOR expenments were performed at 100 MHz on a Vanan HA 100 spectrometer, 
usmg 10% solutions mth sodmm 2,2,3,3-tetradeuteno-3-(tnmethyblyl)proplonate as 
internal standard 
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