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ABSTRACT

Heating galactitol, D-glucitol, D-mannitol and L-iditol
in a 5% aqueous sulfuric acid solution at 200 °C for 30 min
afforded 1,4-, 3,6-, 1,5-, 2,6- and 1,6-monoanhydrohexitols
with retained configuration as well as 2,5-monoanhydrohex-
itols with inverted configuration at C-2 or C-5. 1,4;3,6-,
1,5;2,6- and 1,4;2,6- = 1,5;3,6-Dianhydrohexitols were also
identified. Cyclization of the hexitols via their O-tosyl
derivatives in pyridine gave products completely free of 2,5-
anhydrohexitols but with increased amounts of dianhydrohex-—
itols. All mixtures were separated by capillary GC (CGC)> and
their components identified by CGC-MS and by co-injection
with standards.

IKTRODUCTION

The dehydration _af alditols'~ in aqueous hydrochloric
or sulfuric acid has been known to afford a variety of cyclic
products depending on the conditions of reaction and
structure of reactants. Thus, tetritols in a 50% sulfuric
acid solution gave 1,4-anhydrotetritols+ and 2,5-d4i-(1,2-
dihydroxyethyl)-1,4-dioxans® as a result of intra- and

intermolecular elimination of water, respectively.
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Inspection of the cyclization products of pentitols in 2X
HCl or in 1% and 5% H=S0a revealed five~membered anhy-
dropentitols with either retained®* ® or inverted® config-
uration at C-2 or C-4.* The presence of diastereomeric cyclic
products can be explained in terms of isomerization taking
place during cyclization. Reactions of ©pentitols with
concentrated hydrochloric acid in a sealed ampoule'® afforded
cyclic products with retained or inverted configuration at
c-2 or GC-4 and also chlorodeoxy, and dichlorodideoxy
derivatives of pentitols and anhydropentitols.

Cyclization of O-tosyl derivatives of pentitols gave
monocanhydropentitols, their chlorodeoxy and dichlorodideoxy
derivatives and also dianhydropentitols.'?

Heating of hexitols in concentrated sulfuric acig*=.7=
gave 1,4(3,6)-mono— and 1,4;3,6-dlanhydrohexitols. Refluxing
of D-mannitol in 3M sulfuric acid'# or hydraochloric acid'®s
afforded a mixture of 1,4- and 1,5-monocanhydrohexitols with
retained configuration of the reactant and 2,5-anhydrohexitol
with inverted configuration at C-2 or C-5.

Analogous reactions of D-mannitol in a sealed ampoule
afforded the aforementioned mono- and dianhydrohexitols and

also their monochloro derivatives.'®

RESULTS AND DISCUSSION

Heating a 5% aqueous sulfuric acid solution of
galactitol, D-glucitol, D-mannitol and L-iditol for 30 min at
200 °C gave a variety of mono- and dianhydrohexitols. The
products, as their peracetates, and product yields are listed
in the Table. CGC's of the dehydrations are presented 1in
FIGs. 1-4.

Mixtures of the dehydration <(cyclization) products were
separated by Capillary Gas Chromatography as their
peracetates (CGC, FIGs. 1-4) and particular components were
identified by CGC-MS and by co-injection with standards.

Comparison of the recarded mass spectra with those taken from
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FIG. 1. CGC of per-0-acetylated dehydration (cyclization) products of
galactitol: a) in 5% HZSOA’ 200 0C, 30 min; b) via its O-tosyl deriva-
tives in basic medium (pyridine, sodium methoxide).

Peak: 1 = 1,4:2,6-dianhydrogalactitol; 2 = 1,5-anhydrogalactitol; 3 =
1,4-anhydrogalactitol; 4 = 1,6-anhydrogalactitol; 5 = galactitol

the literature allowed only the size of the heterocyclic ring
to be established. A suggested cyclization (dehydration)
pathway of the hexitols is shown in Scheme 1 using D-glucitol
as an example.

The results presented in the Table shaw that
monoanhydrohexitols with tetrahydrofuran rings, i.e. 1,4-
anhydro-D,L- galactitol (99% yield), 1,4-anhydro-D-glucitol
and -L-gulitol <(together, 68%), 2,5~anhydro-L-iditol (27%,
1,4-anhydro-D-mannitol (37%), 2,5-anhydro-D-glucitol (61%)
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FIG. 2. CGC of per-0-acetylated dehydration (cyclization) products of D-
glucitol: a) in 5% H,S0,; 200 C, 30 min; b) via its 0O-tosyl derivatives
in basic medium (pyridine, sodium methoxide).

Peak: 1 = 1,4:3,6-dianhydroglucitol; 2 = 1,5:3,6-dianhydroglucitol; 3 =
1,4-anhydroglucitol and 3,6-anhydroglucitol; 4 = 1,5-anhydroglucitol and
2,6-anhydroglucitol; 5 2,5-anhydromannitol; 6 = 2,5-anhydroiditol; 7 =
1,6-anhydroglucitol; B8 = glucitol

non

and 1, 4-anhydro-L~-1ditol (96%) are formed in the highest
amounts irrespective of the acidic reaction conditions. This
outcome is in keeping with the spatial requirements of the
molecules being formed. Far instance, the favorable
arrangenent of bulky substituents (devoid of l,2~cis
groupings) favors formation of 1,4~anhydro-D-galactitol (99%)
on the one hand whereas unfavarable interactions (two cls-1,2

groupings? result in formation of much less 1,4-anhydro-D-
mannitol (37%).
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CHZUH
0
0
CHZDH
1,4~anhydro-D-galactitol 1,4-anhydro-D-mannitol
In the two remaining cases, 1,4-anhydro-D-glucitol

(68%)'7 and -L-iditol (96%), respectively the stability of

those molecules is each influenced by a single cis 1,2-

grouping.
HZUH CHZUH
0 0
1,4-anhydro-D-glucitol 1,4-anhydro-L-iditol

The six-membered 1,5- and 2,6-monocanhydrohexitols are
formed in low yields, this resembling the dehydration
experiments with pentitols.® However, unlike pentitols,
isomers with inverted configuration at C-4 and C-3 ware
missing in the 1,4¢(3,6) dehydration products of hexitols,
possibly due to the shielding effect of the -CHzOH group (at
C-5 or C-2) during attack of the oxygen atom bonded with C-1
or C-6 on positively charged C-4 or C-38.

Cyclization of D-glucitol gave 2,5-anhydrohexitols with
inversion of configuration at C-2 or C-5, in overall yield of
30%. The 2,5 debhydration of D-glucitol (Table) results in
varying yields ranging from 3% for 2,5-anhydro-D-mannitol
(inversion of C-2; FIG. 2a, peak 95) to 27% for 2,5-anhydro-L-
iditol (inversion of C-5; FIG. 2a, peak 6). Under the acidic
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conditons employed in the cyclization of hexitols,
dianhydrohexitols are also formed. Again formation of a S5-
membered ring is preferred (FIG. 2a, peak 1; FIG. 3b, peak 3;
FIG. 4b, peak 1) rather than a 6~membered one.

The dehydration of hexitols via corresponding O-tosyl
products in pyridine in the cold, followed by heating the
mixture with sodium methoxide proceeds readily. First, O-tos-
yl derivatives of only primary alcoholic groups are formed
which undergo rapid cyclization (mostly 1,4 or 3,6) to form
S-membered rings (FIG. 1b, peak 3, FIG. 2b, peak 3, FIG. 3c
peak 4 and FIG. 4c¢, peak 2). The formed monoanhydrohexitols
undergo secondary cyclization {mostly 3,6 or 1,4 to form
primarily S-membered rings (FIG. 2b, peak 1, FIG. 3¢, peak 3,
FIG. 4c, peak 1).

EXPERINENTAL

Reaction 1. Dehydration of hexitols in 5% aqueous sulfuric
acid.
a. Sealed ampoules each containing 20 mg <(0.11 mmol) of an
alditol (galactitol, D-glucitol, D-mannitol or L-iditol) and
0.2 mL of 5% H=S0. were heated at 200 ©°C for 30 min. The
reaction mixtures were allowed to cool to room temperature,
neutralized with BaCOs, filtered and the filtrates
concentrated to dryness under a nitrogen stream. The residues
were acetylated with 0.6 mL of acetic anhydride in the
presence of catalytic amounts of sodium acetate during 1h at
100 ©C.

The procedure was repeated but with extended heating at
200 °C for D-mannitol (40 h) and L-iditol (1.5 h).
Reaction 2. Cyclization of hexitols via O-tosylation.
a. D-Glucitol or D-mannitol (5.5 mg; 0.03 mmol each) were
placed in two screw capped glass vials to which 14.3 mg
(0.075 mmol> of p-toluenesulfonyl .chloride (TsCl) and 0.3 mL
of freshly distilled pyridine were added. The tightly closed
vials were left for 5 days at ambient temperature. The sol-

vent was then expelled under nitrogen and 0.1 mL of abs
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methanol together with 0.3 mL of 0.31 M methanolic solution
of sodium metboxide were added to each vial. The mixtures
were heated for 2 h at 70 °©C, cooled, neutralized with N
H=50. and concentrated to dryness under a nitrogen stream.
The residue was acetylated with 0.3 nL of acetic anhydride as
in la.

b. Galactitol and L-iditol <¢5.5 mg; 0.03 mmol each) were
placed in separate screw capped vials to which 11.5 mg (0.06
mmel) of TsCl and 0.3 ml of freshly distilled pyridine were
added. The tightly closed vials were heated at 60 ©C for 4 h.
After cooling, the solvent was removed under a nitrogen
stream and the residue was cyclized in the methanolic sodium
methoxide solution as described for 2a.

Reaction products 1 and 2 were analyzed by CGC.

Isolation of 3, 6—-anhydro—-D-glucitol.

The mother liquors left after isolation of 1,4-anhydro-D-
glucitol, obtained by dehydration of D-glucitol,'® were
dissolved in boiling ethyl acetate and treated with ethanol.
The resulting precipitate was dissolved in boiling ethyl
acetate and reprecipitated with ethanol. The procedure was
repeated four +times to give a homogeneous, crystalline
substance with the mp and optical rotation identical with
those of 3, 6—anhydro-D-glucitol (1,4-anhydro-L~gulitol).'®
The following standards have been synthesized by the cited
methods: i,4-anhydro-D-galactitol,'® 1,4-anhydro-D-gluci-
tol,'% 3, 6-anhydro-D-glucitol,'® 1,4-anhydro-D-mannitol,=°
1,5-anbhydro-D-galactitol,=?* 1,5~anhydro-D-glucitol, =? 2,6-
anhydro-D-glucitol,®= 1,5-anhydro-D-mannitol,=" 2,5-anhydro-
D-glucitol,=*® 2,5-anhydro-D-mannitol,=+ 1,4;3,6-dianhydro-D-
glucitol,== 1,4;3,6~-dianhydro-D-mannitol,=* 1,4;3,6-dianhy-
dro-L-iditol,=*" 1,4;2,6-dianhydro-D-galactitol,=* 1,5;3,6-d1i-
anhydro—-D~glucitol,®* 1,5;3,6~dianhydro-D-mannitol,=2%® 1,5;2,6
-dianhydro-D-mannitol. = '

Capillary Gas Chromatography (CGC)

The instrument used was a CHROM-5 (Laboratorni Pristroje,
Prague) gas chromatograph equipped with a flame ionization
detector (FID) and a capillary column (50m x O.3mm) coated
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with an SP-2340 stationary phase (film thickness Q.15pm on
BaCOx).=® Hydrogen was used as a carrier gas. The temperature
of both the detector and injection port was held at 240 ©C.
The oven temperature was programmed as follows: 140 ©C,
4 °C/min.
Capillary Gas Chromatography — Mass Spectrometry (CGC-KS)
Mass spectra were recorded on a Hewlett-Packard CG-MS
System Model 5992B instrument equipped with a capillary col-
umn (Carbawax 20M; 20m x 0.2mm). The injection port tempera-
ture was 240 ©C. The mass spectrometer was equipped with a
Jet separator. Samples were lonized with a 70-eV beam of

electrons.
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