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Synopsis. The isolation of diketohexose dianhy-
drides, produced during the dehydration of n(—)-fructose and
L(—)-sorbose with concentrated hydrochloric acid, in a mix-
ture containing water, an organic solvent and a catalytic
amount of a surface-active agent is described.

The chemistry of 2,5-disubstituted furan derivatives
has attracted attention recently in connection with the
transformation of carbohydrates into useful organic
intermediates. We ourselves have previously reported
an improved method for synthesizing 5-chloromethyl-
2-furaldehyde (CFAL), a potent intermediate of syn-
thetic pyrethroid, in a high yield from saccharides with
mineral acids.? The present work will describe the
isolation and structural determination of diketohexose
dianhydrides produced during the early stage of the
reaction.

Experimental

In a typical run, o(—)-fructose, 4 equiv. of concd hydro-
chloric acid, and a catalytic amount of a cationic surface-
active agent (C12H2sN+(CH3)3Cl~) were mixed and stirred at
15—20°C for 2h (“pre-reaction solution’’). This “pre-
reaction solution’’ was then added, drop by drop, to an inert
organic solvent (benzene, toluene, or chlorobenzene), and
maintained at 80 °C for about 30 min with stirring. After the
temperature of the solution had been allowed to drop to
room temperature under continuous stirring (1—2h), a
small amount of water and some active charcoal were added
and the mixture was stirred further. The organic layer sepa-
rated after filtration was washed with a saturated aqueous
NaCl solution twice, dried over anhydrous sodium sulfate,
and concentrated to obtain CFAL in a yield of 70%.2

Results and Discussion

The polarimetric analysis of the “pre-reaction solu-
tion” revealed that the addition of a catalytic amount
of a surface-active agent accelerated the pyranose-
furanose mutarotation rate of p(—)-fructose twice as
much as in a solution containing p(—)-fructose and
concd hydrochloric acid. The HPLC analysis of the
“pre-reaction solution”® revealed that the two com-
pounds, 1 and 2 (total 45%;% 1/2=2.5/1) were equib-
rated with the remaining p(—)-fructose 3 (55%) at the
end of the “pre-reaction.” Theisolation of these prod-
ucts using HPLC or cellulose-column chromatogra-
phy® was carried out, and then they were studied spec-
troscopically. 1 and 2 were attributed to be difructose
dianhydrides.® The b-fructose rings in 2 were found
by periodate oxidation to be pyranoid moieties only;
1 possessed one pyranoid and one furanoid resudue.
The proton signals of YH NMR? of the peracetylated
difructose dianhydrides in benzene-d¢ were resolved
to permit first-order analysis; each of these sugars was
thus found to possess three rings, one substituted 1,4-

dioxane and two bp-fructose.? The conformations of
the ring systems and the anomeric configurations were
determined by means of 13C NMR? (Table 1). The
structures of 1 and 2 were found to be 1’,2-anhydro-1-
O-a-fructopyranosyl-(1C)-B-p-fructofuranose-(E3) ([a]®
=—36° ¢ 3.5, H20) and l’,2-anhydro-1-O-a-p-fructo-
pyranosyl-(1C)-a-p-fructopyranose-(Cl) ([a]¥=—49°
¢ 3.1, H20) respectively, which coincided with the
known difructose dianhydrides.® A 13C NMR study!?
of the remaining p(—)-fructose fraction, 3 ([a]¥=—41—
—44°; ¢ 2.6, H20, 2 h), by means of the measurement

TasLe 1. BBCNMR cHEMICAL SHIFTS®) OF 1 AnD 2
Chemical shifts of 13C resonances of
Assignment
1 20
C-2
p-o-Fructofuranose 103.1
p-p-Fructopyranose
a-p-Fructopyranose 96.5 95.6, 94.2
C-3, C4, C-5
p-p-Fructofuranose 84.4, 82.7, 78.6
p-Fructopyranose  69.8, 69.8, 69.4 71.6, 71.2, 69.3, 69.3
C1, C6
Pyranose 64.3, 62.4 64.0, 63.6
Furanose 62.1, 62.1 61.6, 61.2, 60.0

a) Chemical shifts are expressed in  downfield from the 1*C resonance
of MeSi. b) Measured in D,0. ¢) Measured in DMSO-d,.

TABLE 2. CHEMICAL SHIFTS AND COUPLING CONSTANTS
OF THE METHINE AND METHYLENE PROTONS
OF HEXAACETATES* OF 4 AND 5

Chemical shifts, § (Coupling
constants/Hz in benzene-dg)

Proton
4 5
H-1 4.02 3.71
H-1 3.71 3.71
H-1 3.65 3.84
H-1’ 3.50 4.09
H-3 (J 3,4) 5.53(10.4) 5.62(10.5)
H-4 (J 4,5) 5.75( 3.7) 5.82( 3.6)
H-5 (J 5e,6a) 5.46( 1.6) 5.48
H-6 (J 5e,6€) 3.42( 1.7) 3.41
H-6 (J 6e,6a) 3.52(—12) 3.53(—11)
H-3'(J 34)» 5.44( 1.7)
H-4'(J 4,5)» 5.23( 5.6)
H-5'(J 5,6%) 5.39( 8.7) 4.09( 3.6)
H-6'(J 5.,6) 3.57( 4.5) 4.30( 4.5)
H-6'(J 6°,6") 3.90(—10) 4.54(—11)

a) Acylation conditions: A 0.9-g portion of 4 (or 5) in
pyridine (12 ml) was reacted with acetic anhydride (8
ml) at 15°C for 3d (yield=709,). b) As the signals
for H-3’, H-4’, and H-5" in the second pyranoid ring
of 4 were not resolved, its conformation was determined
by an analysis of the H-6" resonance patterns.
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1BC NMR CHEMICAL SHIFTS?) OF 4 AND 5
Chemical shifts of *C resonances of

TaBLE 3.

Assignment

4») 5%
C-2
a-L-Sorbofuranose 100.5
p-L-Sorbopyranose 97.9, 97.7
a-L-Sorbopyranose 95.2
C-3, C4, C-5
a-L-Sorbofuranose 83.9, 81.9, 77.0
C-3, C4, C-5
L-Sorbopyranose 74.0, 72.3, 72.3 74.1, 72.5, 70.0
71.9, 69.9, 69.0
C-1, C-6
Pyranose 62.9, 62.5, 62.2 62.6, 62.6
Furanose 59.6 62.0, 61.9

a) Chemical shifts are expressed in § downfield from the 1C re-
sonance of Me,Si. b) Measured in D,O.

of the integration of the peak intensities, clarified the
equilibrium composition at 20 °C: a-p-fructofuranose
25%, B-p-fructofuranose 17%, B-p-fructopyranose 57%.
It should be noted that the isolated 1 was converted into
CFAL in a yield of only about 40%2 under the present
reaction conditions.

In the same way, the treatment of L.(—)-sorbose with
4 equiv. of concd hydrochloric acid in the presence
of a catalytic amount of a surface-active agent (e.g.,
C16HasN+(CH3)sCl~ or C12H2sN+(CHa)sCl~) under stir-
ring at 20 °C for 4 h afforded two compounds, 4 and 5
(total 20%), equibrated with the remaining L(—)-
sorbose (80%). The isolation of 4 and 5 using HPLC?
was then carried, and the spectroscopic data were
obtained. 4 and 5 were thus identified as disorbose
dianhydrides.!? The L-sorbose rings in 4 were found
by periodate oxidation to be pyranoid moieties only; 5
possessed one furanoid and one pyranoid residue. A
1H NMR? of the peracetylated disorbose dianhydrides
(Table 2) showed the conformational structures of 4
and 5 to be 1’,2-anhydro-1-O-L-sorbopyranosyl-L-sorb-
opyranose and 1’,2-anhydro-1-O-L-sorbopyranosyl-L-
sorbofuranose respectively. 13C NMR was used to
determine the anomeric configurations of the two
compounds (Table 3). The structures of 4 and 5 were
thus identified as new disorbose dianhydrides, 1’,2-
anhydro-1-O-B-L-sorbopyranosyl-(1C)-B-L-sorbopyr-
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Fig. 1.

Disorbose dianhydrides.

anose-(Cl) ([a]®=-107° ¢ 0.17, H:0) and 1’,2-an-
hydro-1-O-a-L-sorbopyranosyl-(E3)-a-L-sorbopyranose-
(1C) ([a)f=—121° ¢ 0.40, H20) respectively (Fig. 1).
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