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Abstract: D-Allose (D-All), a C-3 epimer of D-glucose (D-Glc), is a naturally rare monosaccharide,
which shows anti-proliferative activity against several human cancer cell lines. Unlike conventional
anticancer drugs, D-All targets glucose metabolism and is non-toxic to normal cells. Therefore, it has
attracted attention as a unique “seed” compound for anticancer agents. However, the anti-proliferative
activities of the other rare aldohexoses have not been examined yet. In this study, we evaluated the
anti-proliferative activity of rare aldohexoses against human leukemia MOLT-4F and human prostate
cancer DU-145 cell lines. We found that D-All and D-idose (D-Ido) at 5 mM inhibited cell proliferation
of MOLT-4F cells by 46 % and 60 %, respectively. On the other hand, the rare aldohexoses at 5 mM
did not show specific anti-proliferative activity against DU-145 cells. To explore the structure-activity
relationship of D-Ido, we evaluated the anti-proliferative activity of D-sorbose (D-Sor), 6-deoxy-D-Ido,
and L-xylose (L-Xyl) against MOLT-4F cells and found that D-Sor, 6-deoxy-D-Ido, and L-Xyl showed
no inhibitory activity at 5 mM, suggesting that the aldose structure and the C-6 hydroxy group of
D-Ido are important for its activity. Cellular glucose uptake assay and western blotting analysis of
thioredoxin-interacting protein (TXNIP) expression suggested that the anti-proliferative activity of

D-Ido is induced by inhibition of glucose uptake via TXNIP-independent pathway.
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INTRODUCTION

Rare sugars are certain monosaccharides and their deriv-
atives that rarely existing in nature.” Recently, rare sugars
have attracted attention owing to their biological activities.
For example, D-allulose (D-Alu, D-psicose), a C-3 epimer
of D-fructose, has antihyperglycemic® and anti-obesity ac-
tivity.Y D-Allose (D-All), a C-3 epimer of D-glucose (D-
Glc), has been shown to have plant growth-regulatory,”
anti-oxidant,” and neuroprotective activities.®” In addition
to these activities, D-All also showed anti-proliferative ac-
tivity against several human cancer cell lines (ovarian,¥
prostate,” liver,'” leukemia,'” and tongue'?) without af-
fecting normal cells.'® D-All strongly induced the expres-
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sion of thioredoxin-interacting protein (TXNIP) via the
glucose-sensing transcription factor MondoA, which led
to biological events such as endocytosis of glucose trans-
porters (GLUTS).!15 2-Deoxy-D-glucose (2DG) is another
anti-proliferative monosaccharide, which is known to be a
glycolytic inhibitor.'® Unlike conventional chemotherapeu-
tic drugs interacting with the DNA or cytoskeleton, D-All
and 2DG suppressed cell growth through modulation of
carbohydrate metabolism. Therefore, D-All is considered
a potential anticancer agent with a novel mechanism of
action and fewer side effects than conventional chemother-
apeutic drugs. Although the promising biological activities
of certain rare sugars such as D-Alu and D-All have been
shown, the anti-proliferative activity of other rare sugars
had not been investigated yet.

Sato et al. examined the growth inhibitory activity of all
aldo- and ketohexoses against Caenorhabditis elegans (C.
elegans) and found that L-idose (L-Ido, a C-5 epimer of
D-glucose) and D-talose (D-Tal, a C-2 epimer of D-galac-
tose and a C-4 epimer of D-mannose) along with D-Alu
and D-All exhibited significant activity, which prompted us
to evaluate the anti-proliferative effects of the rare sugars
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Fig. 1.  The structure of rare aldohexoses.

All, allose; Alt, altrose; Gul, gulose; Ido, idose, Tal, talose; Glc,
glucose; Man, mannose; Gal, galactose.

other than D-Alu and D-AIL'7'®

In this study, we evaluated the anti-proliferative activi-
ty of thirteen types of rare aldohexoses (Fig. 1) against
MOLT-4F human leukemia cell line, and found that D-All
and D-idose (D-Ido) showed significant anti-proliferative
activity. To the best of our knowledge, this is the first
report describing the biological activity of D-Ido. On the
other hand, the tested aldohexoses did not show significant
anti-proliferative activity against DU-145 human prostate
cancer cell line at 5 mM. In addition, we investigated the
structure—activity relationship of D-Ido and the results sug-
gested that the aldose structure and a C-6 hydroxy group
of D-Ido are important for its anti-proliferative activity.
To clarify the anti-proliferative mechanism of D-Ido, we
also conducted the 2DG uptake assay and western blotting
analysis using anti-TXNIP antibody. These experiments in-
dicated that the activity of D-Ido was induced by inhibition
of glucose uptake via TXNIP-independent pathway.

RESULTS AND DISCUSSION

Anti-proliferative activity of rare aldohexoses.

There are sixteen stereoisomers of aldohexoses: Eight
D-forms and eight L-forms. Among the aldohexoses, only
three members, D-Glc, D-Man, and D-Gal, are abundantly
found in nature. The other thirteen members are classified
as rare sugars. To evaluate the anti-proliferative activity of
these rare aldohexoses, at first, we used MOLT-4F human
leukemia cell line, which is known to be susceptible to

D-All, for performing growth inhibitory assay.

MOLT-4F cells were incubated in the presence of differ-
ent concentrations of the rare aldohexoses (1, 3, 5, 10,
and 20 mM for D-All, D-Alt, D-Gul, D-Tal, L-All, L-Alt,
L-Glc, L-Man, L-Gul, L-Gal, and L-Tal, each and 1, 3, and
5 mM each for D-Ido and L-Ido) and the cell viability was
measured as previously described.') Cell growth was ex-
pressed as the relative percentage of viable cells compared
to those in the untreated control group (Fig. 2). Because
D-Ido and L-Ido were commercially available only as 140
mM aqueous solutions, they could not be tested with a
concentration of more than 5 mM.

Among the D-form rare aldohexoses, D-Ido showed sig-
nificant inhibitory activity at 5 mM, while D-Tal and D-Alt
showed activity at 20 mM. However, among the L-forms
of aldohexoses, only L-talose showed significant inhibitory
activity at 20 mM. Cell growth in the presence of 5 mM
D-Ido (60 %) was comparable to that in the 5 mM D-All-
treated group (46 %). To the best of our knowledge, this is
the first report on the biological activity of D-Ido.

We next examined the anti-proliferative activity of rare
aldohexoses against DU-145 human prostate cancer cell
line, which is also known to be susceptible to D-All.”
While MOLT-4F cells was reported to undergo cell cycle
arrest upon treatment of D-AlL'Y DU-145 cells was repor-
ted to undergo apoptosis by 20 or 40 mM of D-AIL? We
evaluated the effect of the 5 or 20 mM of the rare aldo-
hexoses (D-All, D-Alt, D-Gul, D-Tal, L-All, L-Alt, L-Glc,
L-Man, L-Gul, L-Gal, L-Tal, D-Ido, and L-Ido) against
DU-145 cells. Among 5 mM of the aldohexoses, only L-
Ido (77 %) inhibited cell growth to less than 80 % (Fig.
3). On the other hand, to our surprise, at 20 mM, not only
D-All but also the rest of the rare aldohexoses, except for
D-Ido and L-Ido due to the sample concentration limit,
showed low to moderate anti-proliferative activity. This
result implies that the anti-proliferative activity of those
rare aldohexoses against DU-145 cells are partly caused by
physicochemical factors such as osmotic stress rather than
biochemical processes specific to type of sugars.

In light of these results, we used MOLT-4F cells which
seems to be sensitive to D-Ido for the further analysis of the
anti-proliferative activity of D-Ido.

Structure—activity relationship study on D-Ido.
Previous studies on D-Ido mainly focused on its charac-
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ted-boat conformations.'” Because of its instability, D-Ido
can isomerize relatively easily into D-sorbose (D-Sor, Fig.
4) in acidic or basic conditions via Lobry de Bruyn—van
Ekenstein transformation.?”? Therefore, we evaluated the
activity of D-Sor to clarify whether it contributes to the
activity of D-Ido.

While phosphorylation of the hydroxy group at the C-6
position of D-All is crucial for its anti-proliferative activity,
it was reported that the phosphorylation of the hydroxy
group at the C-6 position of D-Ido did not occur in Ehrlich
ascites cells, Jensen sarcoma, or Walker carcinoma.?’ To
examine the role of the C-6 hydroxy group of D-Ido on
its bioactivity, we evaluated the anti-proliferative activity
of 6-deoxy-D-Ido and L-xylose (L-Xyl) that have the same
configurations as D-Ido at the C-1 to C-4 positions (Fig. 4).

6-Deoxy-D-Ido was synthesized from D-xylose accord-
ing to a previously reported procedure with several modifi-
cations (Fig. 5).22®Protecting a hydroxy group at the C-1
position of D-Xyl followed by benzylation of secondary
hydroxy groups at position C-2 to C-4 gave 2. Deprotection
of methyl acetal at the C-1 position afforded 3, which was
followed by an addition of a methyl group to C-1 aldehyde
group using CH;MgBr to give 4 with almost 100% stereo-
selectivity.”? Selective Corey—Kim oxidation of a primary
hydroxy group of 4 to an aldehyde group gave 5. Final-
ly, deprotection of benzyl groups at C-2 to C-4 positions
with catalytic hydrogenation afforded 1 (a-pyranose:B-pyr-
anose:p-furanose:a-furanose = 7.7:4.0:1.3:1 in D,0). The J
value of H-1 (J = 7.0 Hz) of a-pyranose form of 1 was
larger than that of D-Ido (J = 6.0 Hz). This difference might
be attributed to the effect of the removal of the hydroxy

1

Fig.5.  Synthesis of 6-deoxy-D-idose.

(a) (1) H,SO,-silica, MeOH, 14 h, reflux, (ii) NaH, BnBr, TBAI,
DMF, 0 °C to rt, 14 h, 63 %; (b) 1 M H,SO,, AcOH, 90 °C, 62 %;
(c) CH;MgBr, Et,O, THEF, rt to reflux, 2 h, 83 %; (d) N-chlorosuccini-
mide, Me,S, Et;N, toluene, —25 °C, 4 h, 13 %; (e) H,, Pd(OH),/C,
MeOH, rt, 2 h, 88 %.

group at the C-6 position of 1 on its conformation.

The anti-proliferative activity of D-Sor, 6-deoxy-D-Ido,
and L-Xyl against MOLT-4F cells was evaluated by the
same method as above (Fig. 6). D-Sor weakly inhibited the
growth of MOLT-4F cells at 20 mM. This result suggests
that if D-Ido isomerizes to D-Sor in the assay condition, it
would not affect the cell growth. 6-Deoxy-D-Ido and L-Xyl
showed little or no activity at 5 mM. These results suggest
that both the aldose structure and the hydroxy group at
the C-6 position of D-Ido are important for its activity.
Although the role of the C-6 hydroxy group of D-Ido is
unknown, it might be involved in the interaction with the
protein-related sugar metabolism or intracellular signaling.

Analysis of the mechanism of action of D-Ido.

Although D-Ido showed anti-proliferative activity, there
was no information on its mechanism of action. Thus, we
first examined effect of D-Ido treatment on cellular glucose
uptake by using the 2DG Uptake Measurement Kit (Cosmo
Bio). The 2DG uptakes of 5 mM D-Ido- and D-All-trea-
ted groups were 78 % and 65 % of the untreated group,
respectively (Fig. 7), which has some correlation to the
suppression of cell growth in the presence of 5 mM of
D-Ido or D-All (60 and 46 %, respectively). Therefore, the
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Fig. 7. 2DG uptake by MOLT-4F cells treated with D-All and D-
Ido.

MOLT-4F cells were treated with D-All (1 and 5 mM) or D-Ido (5
mM) for 48 h, and then washed by KRPH buffer and incubated with
1 mM of 2DG for 20 min. After incubation, cells were collected and
sonicated. The 2DG concentration of the cell extract was measured
by using 2DG Uptake Measurement Kit (Cosmo Bio). Values are
means + standard deviation (n = 2). p < 0.001 vs. Control (Dun-
nett’s test).

anti-proliferative activity of D-Ido might be ascribable to
the inhibition of cellular glucose uptake and consequent
depletion of intracellular glucose and metabolites of gly-
colytic pathway. D-All was reported to inhibit glucose up-
take via induction of TXNIP expression and subsequent
downregulation of GLUTs.!) Therefore, to clarify whether
the TXNIP expression is involved in the anti-proliferative
activity of D-Ido, we examined the TXNIP expression in
MOLT-4F cells treated with D-Ido. Western blotting experi-
ment showed that D-Ido did not induce TXNIP expression
at 5 mM (Fig. 8). This result suggests that, unlike D-All,
D-Ido inhibited uptake of D-Glc via TXNIP-independent
mechanism. Although the specific mechanism of action of
D-Ido remains unknown, it is found that other rare sugars
such as 2DG?Y and D-arabinose® act as glycolytic inhibi-
tors. Thus, D-Ido might act as a glycolytic inhibitor and
thereby slow uptake of D-Glc.

CONCLUSION

We evaluated the anti-proliferative activity of rare aldo-
hexoses against MOLT-4F human leukemia and DU-145
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Fig. 8. TXNIP expression induced by D-All and D-Ido.

MOLT-4F cells were incubated with 5 mM of D-All or D-Ido for
48 h, and then the expressions of TXNIP and B-actin proteins were
analyzed by western blotting. The experiment was repeated twice and
a representative result is shown.

human prostate cancer cell lines and found that D-Ido in-
hibited growth of MOLT-4F cells by 40 % at 5 mM, which
was comparable to the effect of 5 mM of D-All. To the
best of our knowledge, this is the first report on the biolog-
ical activity of D-Ido. To understand the structure—activity
relationship of D-Ido, we evaluated the anti-proliferative
activity of D-Sor, 6-deoxy-D-Ido, and L-Xyl. D-Sor, 6-de-
oxy-D-Ido, and L-Xyl did not inhibit the MOLT-4F cell
growth. These results suggest that the aldose structure and
the C-6 hydroxy group of D-Ido are important for its ac-
tivity. In addition, we found that D-Ido as well as D-All
inhibited cellular glucose uptake through TXNIP independ-
ent mechanism. This study paves the way for exploring the
biological activity of rare sugars and its derivatives other
than well-studied D-All and D-Alu. Screening of rare sugar
derivatives and further investigation of their mechanism of
action is now underway.

EXPERIMENTAL

General remarks.  The following spectroscopic and an-
alytical instruments were used: 'H and *C NMR, JOEL
INM-ECA 600 (JEOL, Japan; tetramethylsilane (TMS)
was used as an internal standard for 'H and '3C; HPLC,
JASCO PU-4086 Intelligent HPLC pump with a JASCO
UV-4075 Intelligent UV/VIS Detector (JASCO, Tokyo,
Japan); HPLC was carried out on a YMC-Pack SIL
SL12S16-1520WT (YMC, Kyoto, Japan). Wakogel® C-200
and C-300 (silica gel, Wako Pure Chemical Laboratory,
Osaka, Japan) were used for column chromatography.
RPMI-1640 medium with L-glutamine, phenol red and
HEPES, glucose-free RPMI-1640, Penicillin-Streptomycin,
and Cell Counting Kit-8 (DOJINDO) were purchased from
Wako Pure Chemical Corporation. Fetal Bovine Serum was
purchased from Equitech Bio. Anti-TXNIP antibody (Med-
ical & Biological Laboratories Corporation), anti-B-actin
antibody (Wako Pure Chemical Corporation), horseradish
peroxidase conjugated anti-mouse IgG (Sigma), and West-
ern Lightning Plus-ECL (Perkin Elmer) were used for
Western blotting. All other chemicals and reagents were
purchased from chemical companies and used without fur-
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ther purification.

Cell culture.  MOLT-4F human leukemia and DU-145
human prostate cancer cell lines were purchased from RIK-
EN Cell Bank in Japan (RCB1936, RCB2143, respectively)
and grown in RPMI-1640 medium with 10 % heat-inacti-
vated FBS (Fetal Bovine Serum), 100 IU/mL penicillin,
and 100 pg/mL streptomycin in a 5 % CO,, humidified
incubator at 37 °C. For the growth inhibition assay, cells
were cultured in a low-glucose medium that was prepared
using glucose-free RPMI-1640 medium supplemented with
1 g/L (5 mM) D-glucose and 10 % heat-inactivated FBS,
100 IU/mL penicillin, and 100 pg/mL streptomycin.
Growth inhibition assay.  The assay was conducted as
previously described by Hirata et al.'V with modifications.
Test compounds were dissolved in H,O and the aqueous
solution was diluted to each concentration. MOLT-4F or
DU-145 cells were seeded in 96-well plates at a density of
5 x 10* cells/well in 95 pL of assay medium, and then a
5 uL solution of each aldohexose was added. After 48 h in-
cubation, 10 pL of Cell Counting Kit-8 was added to each
well, and the plate was incubated at 37 °C for another 4 h
(for MOLT-4F cells) or 1 h (for DU-145 cells). Absorbance
was measured for the control wells (C) and test wells (7) at
450 nm along with the absorbance at time 0 (C,). The blank
value was subtracted from each value. Cell growth (% of
control) was expressed as 100[(T — C)/(C — C)] (T = Cy)
or 100[(T — Cy)/Cy] (T < Cy).

Glucose uptake measurement. MOLT-4F cells were in-
cubated with D-Ido (5§ mM) or D-All (1 and 5 mM) for 48
h in a 6-well plate. After 48 h, the medium was removed
and cells were incubated with serum-free RPMI-1640 for
6 h and then washed three times with Krebs-Ringer-phos-
phate-HEPES (KRPH) buffer (1.2 mM KH,PO,, 1.2 mM
MgSO,, 1.3 mM CaCl,, 118 mM NaCl, 5 mM KCl, 30
mM HEPES, pH 7.5). The cells were further incubated with
KRPH buffer containing 2 % bovine serum albumin and 1
mM 2DG for 20 min. Then, cells were washed three times
with ice-cold PBS and collected with 10 mM Tris-HCI buf-
fer (pH 8.0). Collected cells were sonicated, heated at 80
°C for 15 min, and centrifuged at 15,000 x G for 20 min at
4 °C. The supernatant was collected and the concentration
of 2DG was measured using the 2DG Uptake Measurement
Kit (Cosmo Bio) according to the manufacturer’s protocol.
Western blotting.  MOLT-4F cells were seeded in 6-well
plates at a density of 2 x 103 cells/well and treated with
D-Ido or D-All. After 48 h incubation, the cells were col-
lected and washed with PBS. The cells were solubilized
in lysis buffer and incubated at 100 °C. The protein con-
centration of the cell lysate was determined by the Lowry
method with bovine serum albumin (BSA) as a standard,
and SDS-PAGE was carried out according to the method
of Laemmli®® in slab gels consisting of a 10 % (w/v) acryl-
amide separating gel and a 3 % (w/v) stacking gel. The
resolved proteins were electrophoretically transferred to ni-
trocellulose membranes. After transfer, the membrane was
blocked with 0.5 % skim milk in phosphate buffered saline
with Tween 20 (PBST) and incubated with anti-TXNIP
antibody diluted 1:1,000 or anti-B-actin antibody diluted
1:5000 for overnight at 4 °C. The membranes were then in-

cubated with horseradish peroxidase-conjugated anti-mouse
IgG diluted 1:2,000 for 1 h, and the immunoreactive bands
were detected using the chemiluminescent substrate, West-
ern Lightning Plus-ECL.

Synthetic procedures.

Synthesis of (3R,4S,5R)-3,4,5-tris(benzyloxy)-2-methoxy-
tetrahydro-2H-pyran (2). To a suspension of D-Xyl
(1.01 g, 6.73 mmol) in MeOH (13.5 mL) was added H,SO,-
silica and heated under reflux for 14 h. The reaction mix-
ture was filtered, and the filtrate was concentrated in vacuo.
The residue was added DMF (20.2 mL) and NaH (1.48 g,
37.0 mmol) at 0 °C under an Ar atmosphere. After 15 min
of stirring, the reaction mixture was added tetrabutylammo-
nium iodide (TBAI, 480 mg, 135 mmol) and BnBr (4.4 mL,
37.0 mmol) at rf. After 15 h of stirring, the reaction mixture
was cooled to 0 °C and quenched with H,O (30 mL). The
resulting mixture was extracted with EtOAc (30 mL x 3),
The combined organic layers were washed with brine, dried
over Na,SO,, filtered, and concentrated in vacuo. The resi-
due was purified by column chromatography (silica gel, 10
% EtOAc in hexane) to afford 2 (1.84 g, 63 %).

Synthesis of (3R,4S,5R)-3,4,5-tris(benzyloxy)tetrahy-
dro-2H-pyran-2-ol (3).  To a mixture of 2 (1.09 g, 2.52
mmol), acetic acid (AcOH, 9.7 mL) and 1 M H,SO, (1.3
mL) at 90 °C under an Ar atmosphere. After 1 h of stirring,
the reaction was quenched with sat. NaHCO; aq. (10 mL)
and then the resulting mixture was extracted with EtOAc
(15 mL x 3). The combined organic layers were washed
with brine, dried over Na,SO,, filtered, and concentrated
in vacuo. The residue was purified by column chromatogra-
phy (silica gel, 5-30 % EtOAc in hexane) to afford 3 (656.6
mg, 62 %).

Synthesis of (2R,3S,4S,5R)-2,3,4-tris(benzyloxy)hex-
ane-1,5-diol (4). The 1.0 M CH;MgBr solution (3.0 M
CH;MgBr in Et,0 560 pL, Et,0 1.12 mL) was cooled to
0 °C under an Ar atmosphere. The solution was added
dropwise to the mixture of 3 (41.4 mg, 0.099 mmol) in
THF (420 pL) and heated under reflux for 1 h. The reaction
was quenched with sat. NaHCO, aq (3 mL). and then the
resulting mixture was extracted with EtOAc (5 mL x 3).
The combined organic layers were washed with brine, dried
over Na,SO,, filtered, and concentrated in vacuo. The resi-
due was purified by column chromatography (silica gel, 40
% EtOAc in hexane) to afford 4 (35.5 mg, 83 %).

Synthesis of (3S,4R,5S,6R)-3,4,5-tris(benzyloxy)-6-meth-
yitetrahydro-2H-pyran-2-ol (5). A solution of N-chloro-
succinimide (109.2 mg, 0.818 mmol) and dimethyl sulfide
(98 pL, 1.13 mmol) in toluene (5.5 mL) was cooled to —25
°C under an Ar atmosphere. After 30 min, the mixture was
added dropwise to 4 (291.1 mg, 0.667 mmol) in toluene
(1.1 mL) at =25 °C. After 4 h of stirring, the reaction was
quenched with triethylamine (Et;N, 93 pL, 0.667 mmol) in
toluene (1.1 mL) and then the resulting mixture was extrac-
ted with EtOAc (10 mL x 3). The combined organic layers
were washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by column
chromatography (silica gel, 10-30 % EtOAc in hexane)
to afford mixture of 6-deoxy-D-idose derivative and 1-de-
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oxy-L-sorbose derivative. The mixture was further purified
by HPLC (column: YMC SL12S16-1520WT;, solvent: 30
% EtOAc in hexane, flow rate: 8.0 mL, UV detector 254
nm, retention time: 13.5 min) to afford 5 (51.8 mg, 13 %).

Synthesis of 6-deoxy- D -Ido (I). A solution of 5 (22.2
mg, 0.051 mmol) in MeOH (820 pL) was stirred in the
presence of 20 wt% palladium hydroxide on activated car-
bon (24.5 mg, purchased from Sigma-Aldrich) under hy-
drogen atmosphere by using an aluminum bag for 2 h. The
reaction mixture was filtered and concentrated in vacuo.
The filtrate was purified by column chromatography (silica
gel, 10 % MeOH in EtOAc) to afford 1 (12.8 mg, 88
%). '"H NMR (600 MHz, 296 K, D,0, 0.0451 M, o-pyra-
nose:B-pyranose:p-furanose:a-furanose = 7.7:4.0:1.3:1) for
the a-pyranose, J 1.25 (3H, d, J = 7.0 Hz, H-6), 3.31 (1H,
t, J = 7.8 Hz, H-2), 3.70 (1H, dd, J = 8.5, 5.0 Hz, H-4),
3.67 (1H, t, J = 8.3 Hz, H-3), 4.23 (1H, qd, /= 7.0, 4.8 Hz,
H-5), 4.88 (1H, d, J= 7.0 Hz, H-1) ppm; for the B-pyranose
(overlapped), 6 1.26 (3H, d, J = 6.7 Hz, H-6), 5.04 (1H,
d, J = 1.6 Hz, H-1) ppm; for the B-furanose (overlapped),
0 5.46 (1H, d, J = 4.1 Hz, H-1) ppm; for the a-furanose
(overlapped), 6 5.21 (1H, br.s, H-1) ppm. 3C NMR (150
MHz, 297 K, D,0, 0.0451 M) for the a-pyranose, 0 15.5
(C-6), 72.6 (C-3), 74.4 (C-5), 74.7 (C-2), 76.7 (C-4), 95.1
(C-1) ppm; for the B-pyranose, 0 18.5 (C-6), 72.5 (C-3),
72.7 (C-2), 73.0 (C-5), 73.2 (C-4), 95.2 (C-1) ppm,; for the
B-furanose, 6 21.0 (C-6), 69.1 (C-5), 77.7 (C-3), 78.3 (C-2),
85.1 (C-4), 98.8 (C-1) ppm, for the a-furanose, J 69.9
(C-5), 79.1 (C-3), 83.7 (C-2), 88.7 (C-4), 104.9 (C-1) ppm.
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