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INTRODUCTION

Red-seaweed polysaccharides have received attention' from many workers, but,
because of variations in their structures, many more will have to be investigated
before definitive generalisations can be made.

Aeodes orbitosa, a red seaweed belonging to the Grateloupiaceae and easily
recognised by its broad, flat fronds, grows abundantly on the Atlantic coast of the
Cape Peninsula.

RESULTS AND DISCUSSION

Hot-water extraction of the fresh weed yielded a highly sulphated polysaccharide,
acodan, which was purified by conventional methods. The pure polysaccharide
(sodium salt) exhibited a single, sharp peak in an ultracentrifuge, indicating that it
probably was homogeneous, and an extended type of molecule. Chromatography of a
hydrolysate revealed the presence of D-galactose and 2- O-methyl-p-galactose as major
components, together with small proportions of p-xylose and glycerol. All four
components were isolated and characterised. In demonstrating the presence of glycerol
as a polysaccharide component, special care (see Experimental) was taken to ensure
that it had not arisen as a contaminant from an exterior source.

D-Galactose (58%4, calc. as CgH,,05) was determined by the Somogyi2 micro-
method after separation by chromatography. This method was unsatisfactory for the
determination of 2-O-methyl-D-galactose (102, calc. as C;H,,05), the concentration
of which was calculated from the methoxyl content (1.9%) of the purified polysacchar-
ide. Attempts to determine the glycerol have so far been unsuccessful. However, on the
amounts isolated from large-scale hydrolyses of the polysaccharide, it is estimated to
be present to the extent of 1-2%{. From the above values and the sulphate content
(27.5%;, cale. as NaSO3), the approximate molecular ratio of D-galactose:2-0O-methyl-
D-galactose:sulphate (NaSO3J ) is 12:2:9. Such arepeating unit has an equivalent weight
of 366 (found 375) and a methoxyl content of 1.88%. No account has been taken of
glycerol in these calculations.

Treatment of aeodan with alkali and sodium borohydride® resulted in the
liberation of ca. 167, of the sulphate, and the formation of an equivalent amount of
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3,6-anhydro-D-galactose, indicating that ca. 5.7% of the D-galactose was substituted
in either the 2- or 4-positions, or partly in each. This substitution could be interpreted
as (1-»2)- or (1-»4)-linked p-galactose 3(or 6)-sulphate.

The infrared spectrum showed peaks at 1240 (characteristic of carbohydrate
sulphates) and 815 cm™! (sulphated primary hydroxyl group®). The latter peak was
very broad, the peak area spreading well past the 830 cm™! wavelength, and possibly
masking a second peak in this area, which would be indicative of equatorial secondary
sulphate (possibly at position 2).

No conditions were found for the complete desulphation of the molecule.
The lowest sulphate values were achieved by shaking with 0.15M methanolic hydrogen
chioride® for 114 h at room temperature, which gave 369 of degraded polysaccharide
having 3.45%; of sulphate. Paper chromatography of an acid hydrolysate of the
methanol-soluble material revealed that desulphation had removed some of the
D-galactose and 2-O-methyl-D-galactose residues. The infrared spectrum of the
desulphated polysaccharide displayed a peak at 1240 cm™?, but no other well-defined
peaks.

Oxidation of aeodan with periodate ceased after 48 h at room temperature
(Table I), when 0.170 mole of periodate had been consumed per hexose residue. In

TABLE I
AMOUNT (MOLE) OF PERIODATE REDUCED PER HEXOSE RESIDUE
Time (h) 3 24 48 72 96 120
Aecodan 0.051 0.142 0.170 0.170 0.170
Desu];_)hated aeodan

(SOj‘, 6.3%) 0.456 0.610 0.675 0.698 0.718 0.723
Desulphated aeodan

(SOE“, 3.45%) 0.444 0.545 0.607 0.634 0.641 0.659

the case of each specimen of desulphated acodan, no definite end-point was reached
even after 120 h. However, the rate of reduction was then extremely low. After this
time, both specimens had consumed about four times as much periodate per hexcse
residue as aeodan. The low consumption of periodate by aeodan suggests the presence
of (a) alarge proportion of (1 —3)-links; () (1 —»3)-links, together with units containing
other glycosidic links, but carrying sulphate or methoxyl groups in such positions
as to render these units immmune to periodate; or (¢) a large proportion of units con-
taining other glycosidic links, and carrying sulphate or methoxyl groups in such
positions as to render these units immune to periodate.

Aecodan and desulphated aeodan were oxidised with periodate, and the resulting
oxopolysaccharides were reduced with borohydride®. Complete, acid hydrolysis
of the polyalcohols, foilowed by paper chromatography, revealed the presence of
threitol, glycolaldehyde, and a trace of glycerol as degradation products of acodan,
together with unchanged bD-galactose and 2-O-methyl-D-galactose, whereas only
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threitol and the above two sugars were detected in the case of the polyalcohol from
desulphated aeodan. No xylose was detected on any of the chromatograms. Most
of the threitol and glycolaldehyde are considered to have arisen from D-galactose
residues substituted at position 4, probably by glycosidic links, and unsubstituted at
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posItions 2, 3, and 6. Suppuu. IOT IS 10ierence is pruvxded b_‘y’ the presence o1 2,3,5-
tri- O-methyl-D-galactose in the hydrolysis products of methylated acodan and methyl-
ated, desulphated aeodan. In addition, alkali treatment of acodan indicates thatonly a
small portion of the p-galactose residues carry sulphate on position 6 (or 3). The
presence of glycerol in the degradation products of aeodan could have arisen from
glycerol glycosidically linked through position 2 as an end group. On the other hand, it
could have arisen through oxidation of 6-substituted p-galactose residues having
positions2, 3,and 4 free, a view partly supported by the presence of a trace of 2,3,4-tri-
O-methylgalactose in the hydrolysate of methylated aeodan. However, not only could
the trace of tri-O-methylgalactose have arisen from undermethylation, but no glycerol
was detected in the desulphated aeodan hydrolysate, results that tend to rule out the
second explanation for the presence of glycerol in the hydrolysate. The only other
possibility, viz, 2-substituted galactose having positions 3, 4, and 6 free, is ruled out
by the absence of glyceraldehyde in the hydrolysate.

Methylation of desulphated aeodan was accomplished by a modification of
Kuhn and Trischmann’s method?, followed by several treatments with Purdie’s
reagents®. Hydrolysis of this material, followed by separation of the products by paper
and charcoal-Celite column chromatography, revealed the presence of 2,3,6- and
2,4,6-tri-O-methyl-D-galactoses as the main components with 2,6- and 4,6-di-O-
methyl-D-galactoses and 2,3,4,6-tetra- O-methyl-D-galactose present in small propor-
tions. The presence of 2,4,6-tri-O-methyl-D-galactose provides additional, strong
evidence for the presence of (1 —3)-linkages, whereas the presence of the 2,3,6-isomer
confirms the presence of (1 »4)-linkages in the molecule.

In common with other sulphated polysaccharides, acodan was difficult to
methylate, and a maximum methoxyl content of 19.8%/ only was achieved. The final
product contained 16.5%] of sulphate and gave a faint, positive reaction for a 3,6-
anhydrogalactose. The methylated polysaccharide was hydrolysed with N sulphuric
acid, and the components were separated by column chromatography on cellulose
and charcoal-Celite. 2,3,4,6-Tetra-O-methyl-D-galactose, 2,3,6- and 2,4,6-tri-O-
methyl-D-galactoses, 2,6- and 4,6-di-O-methyl-D-galactoses, and 4-O-methyl-D-
galactose were isolated. In addition to the above sugars, a trace of a sugar chromato-
graphically identical with 2,3,4-tri- O-methylgalactose was detected.

The results of the methylation of acodan must be treated with some caution
because of the uncertainty of the extent of methylation. The isolation of 4,6-di-O-
methyl-D-galactose suggests the presence of (1 —3)-linked units sulphated at position 2.
The isolation of 2,4,6-tri- O-methyl-D-galactose would appear to indicate that not all
of the (1-—3)-linked D-galactose residues are sulphated. The 2,6-di-O-methyl-
p-galactose could have arisen from (1 — 3)-linked units sulphated at position 4, although
the spectroscopic evidence* (no band at 850-860 cm™! for axial secendary sulphate)
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is against this. On the other hand, it may represent a genuine (1 —+4)-linked unit or,
possibly, undermethylation. 4-O-Methyl-D-galactose, isolated in good yield from the
methylation of the polysaccharide but not detected in the methylation of the desul-
phated polysaccharide, is added evidence for a (1 —»3)-link, and possibly arises from
(1—3)-linked units sulphated at positions 2 and 6.

At present, no unique structure can be proposed for aeodan. It is fairly clear,
however, that the molecule is composed of D-galactose residues linked (1—3) and
(i—»4), with, apparently, the former in greater concentration. Aeodan resembles the
A-fraction of carrageenan® in several respects. It is not precipitated from solution in
the presence of potassium chloride, it is highly sulphated, and it contains (1—3)-
linked residues of p-galactose 4-sulphate. On the other hand, aeodan differs from
A-carrageenan in having most of the (1—4)-linked D-galactose units free from sulphate
and therefore a lower proportion of alkali labile sulphate.

Evidence from a study of the partial hydrolysis products of acodan will be
presented in a further paper.

EXPERIMENTAL

Unless otherwise stated, concentration of solutions was carried out at 40°/20mm,
and specific rotations were measured in water. Paper chromatography was carried
out with Whatman Nos. 1 and 20 filter papers. The following solvent systems were
used: (1) ethyl acetate-acetic acid-formic acid-water (18:3:1:4), (2) butyl alcohol-
pyridine-water (9:2:2) and (3) butyl alcohol-ethanol-water (40:11:19). p-Anisidine
hydrochloride!®, periodate~benzidine!*, and aniline-diphenylamine—phosphoric acid2
are sprays a, b, and c, respectively. Thin-layer chromatography (t.I.c.) was carried
out on plates coated with Silica Gel G containing calcium sulphate as binder, employing
methyl ethyl ketone-water (85:7) as solvent. Infrared spectra were recorded on a
Beckman IR-8 instrument, using KBr discs.

Isolation and purification of aecodan. — Wet Aeodes orbitosa (6 kg) was mixed
with hot water, and acetic acid was added to pH 2-3. The acid caused the rapid disinte-
gration of the weed and did not appear to degrade the polysaccharide. The mixture was
heated for 0.5 h with constant stirring after the disintegration of the weed had begun,
during which time the pH rose to between 6 and 7. The extract was strained through
muslin and centrifuged while still hot, yielding a murky, pale-brown liquid. Steam was
passed into the mixture for 10 min., and the crude extract was centrifuged a second
time. This afforded a clear, pale, yellow-brown liquid. A colloidal precipitate which
appeared on cooling was removed by centrifugation. Precipitation into ethanol (5 vol.)
and washing with ethanol and finally ether afforded an off-white product (570 g,
9.5%; on a wet wt. basis) [Found (on material dried at 60°/0.S mm): ash (sulphated),
16.8%]. Analysis of the ash indicated the presence of sodium as the main cation.
Further purification of the polysaccharide for analysis was effected by repeated
(5 times) dissolution in water, centrifugation of the solution, and precipitation in
ethanol (5 vol.). Finally, a solution was passed through Amberlite IR-120 resin,
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and the acid eluate was exactly neutralised with aqueous sodium hydroxide, after
which the solution was concentrated, and precipitated in ethanol (10 vol.)). The
polysaccharide was collected in a’centrifuge, washed with ethanol, and dried; [«]18
+79° (¢ 0.53) [Found (on material dried at 60°/0.5 mm): 3,6-anhydrogalactose!?, 0.1;
ash (sulphated), 16.9; OMe, 1.9; N, 0.0; SO%™, 25.59%;; equiv. wt. (from SO32~ detn.),
375; Vmax 1240 and 815 cm™* (KBr disc)]. The polysaccharide failed to precipitate
from solution when mixed with potassium chloride solution.

Chromatographic examination (solvents 1, 2, and 3) of the hydrolysate
(N sulphuric acid for 16 h at 100°) revealed spots corresponding to galactose (major),
2-O-methylgalactose (minor), and xylose (trace) with spray a. Spray b revealed, in
addition to the above monosaccharides, the presence of a very faint spot having the
mobility of glycerol.

Separation and characterisation of the components of aeodan. — The poly-
saccharide (70 g) was hydrolysed with N sulphuric acid (400 ml) for 16 h. After neutrali-
sation with barium carbonate, the solution was deionised with Amberlite IR-120 (H™)
and Amberlite IR-4B (OH ™) resins. The neutral, aqueous effluent, after evaporation
to a partially crystalline syrup (33.5 g), was applied to a cellulose column (6i x 5.4cm),
which was eluted with butyl alcohol half saturated with water, and fractions (ca. 50 ml)
were collected. On the basis of paper chromatography, the fractions were combined
into five fractions.

Fraction 1. The syrup (500 mg), chromatographically indistinguishable from
glycerol, was decolourised with charcoal in water. After filtration and freeze drying,
there was obtained a colourless syrup, which yielded glycerol tris(p-nitrobenzoate),
m.p. and mixed m.p. 188-190° (Kofler hot-stage). Nunn and von Holdt!% reported
m.p. 191-193°.

Fraction 2. An aqueous solution of the syrup (212 mg) was decolourised with
charcoal, filtered, and evaporated, and the residue was recrystallised from methanol-
ethyl acetate, yielding colourless prisms of 2- O-methyl-D-galactose, m.p. 148-149°, [«]1¢
+84.9° (final) (¢ 0.53) (Found: C, 42.9; H, 7.1, C;H,,0q calc.: C, 43.3; H, 7.2%).
Oldham and Bell'® reported m.p. 147-149°, [«], + 53— +82.6°. This sugar had the
mobility of authentic2-O-methyl-D-galactosein solvent systems 1 and 2, and gave spots
of the same colour as given by the authentic sugar with spray a. When a similar paper
was sprayed with triphenyltetrazolium chloride, neither the sugar derived from the
polysaccharide nor authentic 2- O-methyl-D-galactose were revealed, whereas authentic
3-0-methyl-D-galactose, eluted on the same paper, was readily revealed (pink spot).

Demethylation!® of the sugar gave p-galactose and unchanged 2-C-methyl-D-
galactose (paper chromatogram). The derived “anilide” had m.p. and mixed m.p.
(with authentic 2-O-methyl-N-phenyl-D-galactosylamine!®) 164—165°.

Fraction 3. The syrup (2.2 g) was shown to be a mixture of 2-O-methylgalactose
(major component) and xylose. A portion (500 mg) of this fraction was separated on
Whatman 3MM paper, using solvent 1. Extraction of the appropriate portion of the
papers with methanol yielded a product, which, on recrystallisation (charcoal) from
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ethanol, gave D-xylose (19 mg), m.p. and mixed m.p. 145-146°; [«]1® 4 18.1° (c 0.55).
Percival and Wold!? reported m.p. 144-145°; [o]p, +18.3°.

Fracrion 4. The syrup (730 mg) was shown by chromatography to be a mixture
of galactose (trace), xylose (trace), and 2-O-methylgalactose.

Fraction 5. A portion of this fraction (19.2 g) was recrystallised from methanol
(charcoal), giving D-galactose, m.p. and mixed m.p. 166-167, [x]5¢ +90.1° (¢ 0.71). It
gavemucicacid, m.p. and mixed m.p. 212-213°, on oxidation with nitricacid—-water (1:1).

Ether extraction of a hydrolysate of aeodan. — In order to ensure that the glycerol
was not a contaminant in the above large-scale hydrolysis, and that it represents a
true component of the polysaccharide, the highly purified polysaccharide (0.967 g) was
heated on a boiling-water bath with N sulphuric acid (5 ml) for 16 h, and the neutralised
hydrolysate was diluted and then extracted with ether continuously for 24 h. Removal
of the ether from the dried (Na,SO,) solution, followed by paper chromatography of
the residue, showed spots having the mobility of glycerol (spray b).

Action of alkali on aeodan. — Polysaccharide (3 g) in water (200 ml) containing
sodium borohydride® (0.4 g) was kept for 48 h at room temperature. Sodium hydroxide
(20 g) and sodium borohydride (2 g) were then added, and the mixture was maintained
at 80°. After 4 h, a further amount of sodium borohydride (2 g) was added, and, after
7 h, the solution was cooled and made slightly acid with hydrochloric acid. The
mixture was dialysed against frequently changed distilled water, concentrated, and
freeze-dried, yielding a white foam (2.1 g), [¢]L’ +76° (c 0.5) (Found: SO3~, 21.57;
3,6-anhydrogalactose!3, 5.19{). Chromatography (solvent 1) of a hydrolysate showed
spots corresponding to galactose, 2-O-methylgalactose, and xylose.

Desulphation of aeodan by treatment with methanolic hydrogen chloride®. —
Polysaccharide (1.99 g) was shaken with 0.15M methanolic hydrogen chloride (100 ml)
for 72 h at room temperature. Undissolved material was centrifuged off, and the
supernatant liquid, after neutralisation with silver carbonate and concentration,
gave a non-reducing syrup (582 mg). Paper chromatography of an acid hydrolysate
showed the presence of galactose and 2-O-methylgalactose.

The insoluble material was washed with methanol, dissolved in water, and
dialysed against distilled water. After concentration, the polysaccharide (1.14 g, 57%()
was isolated by freeze drying (Found: SOZ2 ™, 7.65%,). The peak at 815 cm™! recorded in
the infrared spectrum of the parent polysaccharide was absent, and the peak at
1240 cm~! was much smaller.

Decreasing the strength of the methanolic hydrogen chloride to 0.09M resulted,
after a single treatment (48 h), in an 83% yield of polysaccharide, [a];® +77° (¢ 0.64)
(Found: SO2™, 24.8%;). Further shaking with 0.15M methanolic hydrogen chloride for
114 h gave a 36% yield of polysaccharide, [«]L® +94° (c 0.34) (Found: SO, 3.45%).
Paper chromatograms of both an acid hydrolysate of the polysaccharide and an acid
hydrolysate of the non-reducing, methanol-soluble syrup revealed the presence of
galactose and 2-O-methylgalactose.

In a third experiment, the polysaccharide was shaken with 0.15M methanolic
hydrogen chloride for 48 h at room temperature and isolated (yield, 819¢) as above.
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(Found: SO%™, 16.8%). After a further 48-h treatment, the yield was 37}, (Found:
S0zZ-, 6.3%). :

Periodate oxidation of polysaccharides. — Aeodan (29.5 mg) and desulphated
polysaccharides (SO2 7, 6.3 and 3.45%;; 24.7 and 24.2 mg, respectively) were dissolved
separately in water (5 ml), and 0.288M sodium metaperiodate (5 ml) was added to each
solution. The solutions were set aside at room temperature in the dark, and, at
intervals, aliquots (0.10 ml) were removed, and the reduction of periodate was
measured*® (Table I).

Reduction of periodate-oxidised polysaccharide®. — (@) A solution of polysacchar-
ide (3 g) and sodium metaperiodate (21.4 g) in water (500 ml) was kept in the dark at
room temperature for 36 h, when reduction of periodate was complete. After removal
of excess of periodate with ethylene glyclol, sodium borohydride (5 g) was added, and
the mixture was set aside overnight. The solution was dialysed (4 days) against
frequently changed, distilled water, and concentrated, and the polysaccharide alcohol
(2.55 g) was isolated by freeze drying. The polysaccharide alcohol (500 mg) was heated
with N sulphuric acid on a boiling-water bath for 12 h, and the neutralised (BaCO,)
hydrolysate was filtered, and concentrated by freeze drying to a syrup. Paper chromato-
graphy revealed the presence of galactose and 2-O-methylgalactose with spray a,
whereas chromatograms treated with spray b revealed spots having the mobilities
of glycolaldehyde and glycerol (trace), in addition to the above two sugars. The syrup
was diluted with water {10 ml) and shaken with Amberlite IRA-400 (OH™) until the
solution gave a negative Molisch test (removal of reducing sugars). The solution was
then filtered, and concentrated to a colourless syrup by freeze-drying. Paper chromato-
graphy of an aliquot revealed spots having the mobilities of glycerol (trace) and threitol
(spray b); similar chromatograms failed to reveal any spots with spray a. T.l.c. of a
second aliquot (ethyl acetate-propyl alcohol-water, 2:7:1) revealed spots having the
mobilities of glycerol and threitol (alkaline permanganate spray).

(8) A solution of desulphated, degraded polysaccharide (SO%~, 6.3%; 0.32¢g)
and sodium metaperiodate (2.14 g) in water (30 ml) was kept for 96 h and then treated
as in (@). The oxidation in this case took much longer. Paper chromatograms of a
neutralised hydrolysate of the oxopolysaccharide (recovered, 0.1 g) revealed the
presence of galactose and 2-O-methylgalactose. The oxopolysaccharide, after reduction
with borohydride and subsequent treatment as in (a), yielded a solution, which
exhibited a single spot having the mobility of threitol on chromatography.

Methylation of aeodan. — Polysaccharide (24.7 g) in water (500 ml) was treated
slowly and simultancously with methyl sulphate (150 ml) and sodium hydroxide
solution (309 w/v; 450 ml) with vigorous stirring during 7 h, after which the mixture
was stirred for a further 17 h. This was repeated a further four times, when the
final solution was dialysed against running water (2 weeks), and the polysaccharide
was isolated by freeze-drying. Methylation was incomplete as shown by the presence
of a large proportion of galactose on chromatography of a neutralised hydrolysate.
After a further fourteen additions of the above reagents, a hydrolysate was found to
contain only a minute trace of galactose, The product was isolated by concentration
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of the dialysed solutions, followed by freeze-drying (vield, 11.2 g) (Found: OMe, 19.8;
S03~, 16.5%).

Hydrolysis of methylated polysaccharide and separation of the products. —
Methylated polysaccharide (11.0 g) was hydrolysed on a boiling-water bath with
N sulphuric acid (100 ml) for 16 h. The hydrolysate was neutralised with barium
carbonate, centrifuged, and concentrated to a brown syrup, which was applied to a
cellulose column (60 x5.4 cm), and eluted with butyl alcohol—water (95:5). On the
basis of paper chromatography, appropriate fractions were recombined into the
following seven fractions.

Fraction 1 contained traces of tetra-O-methylgalactose (paper chromatography),
together with degradation products arising from the hydrolysis.

Fraction 2, a syrup, chromatographically identical with tetra-O-methylgalactose,
gave a crystalline “anilide”, m.p. and mixed m.p. (with 2,3,4,6-tetra-O-methyl-N-
phenyl-pD-galactosylamine) 188-189°. Clingman and Nunn!® reported m.p. 189-190°.

Fraction 3, a syrup, shown by t.l.c. (spray ¢) to be a mixture of 2,4,6- and 2,3,6-
tri-O-methylgalactose, together with a trace of the 2,3,4-isomer, was applied, in the
minimum volume of water, to a charcoal-Celite column (60 x 5.4 cm). Linear-gradient
elution was effected with aqueous methyl ethyl ketone, initially at 12/ and finally at
5% of the latter component over 10 litres of eluant. On the basis of t.1.c., the fractions
were recombined into three fractions.

Fraction 3a, a syrup, [a]}? +91.5° (¢ 0.5), chromatographically (t.l.c., spray c¢)
identical with 2,4,6-tri- O-methylgalactose, yielded an “anilide” which, after recrystal-
lisation from ethanol-ethyl acetate, had m.p. and mixed m.p. (with 2,4,6-tri-O-
methyl-N-phenyl-D-galactosylamine) 171-172°. Clingman and Nunn'® reported
m.p. 170.5-171.5°. The phenylosazone®, on recrystallisation from aqueous ethanol,
had m.p. 154-155°.

Fraction 3b, a syrup, was shown by chromatography (t.l.c., spray ¢) to be a
mixture of 2,3,6- and 2,4,6-tri- O-methylgalactose.

Fraction 3c, a syrup, [¢];® +90° (¢ 0.37), was chromatographically identical
with 2,3,6-tri-O-methyl-D-galactose. The derived 2,3,6-tri-O-methyl-p-galactono-1,4-
lactone?® had m.p. 97-99°.

Fraction 4 contained a mixture of 2,6- and 4,6-di-O-methyl-D-galactose, which
was fractionated on a cellulose column (60 x 5.4 cm) by elution with solvent 1. The
2,6-di-O-methyl-p-galactose, after crystallisation from ethyl acetate, had [«]}® +86°
(c 0.5), m.p. and mixed m.p. (with an authentic sample'®) 129-130°.

Fraction 5 contained 4,6-di-O-methyl-D-galactose which, after several recrystal-
lisations from ethyl acetate, had m.p. 136-138°, [a]}® +117.6 (5 min) — +73.8°
(c 0.87) (Found: C, 46.1; H, 7.9. CgH,s0; calc.: C, 46.1; H, 7.8%). Dolan and Rees®
reported m.p. 146-147°, [a], + 120 (5 min) — +74°, whereas Bell*! reported m.p.
131-133° for 4,6-di-O-methyl-D-galactose. Demethylation'®, followed by paper
chromatography, showed the presence of galactose. It readily gave a phenylosazone (on
treatment with redistilled phenylhydrazine in the presence of sodium metabisulphite),
m.p. and mixed m.p. (with the phenylosazone derived from fraction 3a) 154-155°;
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Dolan and Rees® reported m.p. 155°. This sugar, when treated with aniline and a trace
of glacial acetic acid, gave a crystalline “anilide> which, after recrystallisation from
ethanol, had m.p. 149-150°. Hirst and Jones?? reported m.p. 207° for 4,6-di-O-methyl-
N-phenyl-p-galactosylamine.

Fraction 6 crystallised when triturated with methanol, and was a mixture of 4,6-di-
O-methylgalactose and 4-C-methylgalactose (paper chromatography).

Fraction 7 crystallised from ethanol or ethanol-water, yielding prisms of 4-O-
methyl-D-galactose, m.p. 202-209°, [¢]3° +63.5 (5 min) — +82.5° (¢ 1.26). The
“anilide” crystallised from ethanol as needles, m.p. 166-167°. Hirst and Jones??
reported m.p. 207° for 4-O-methyl-D-galactose, and 168° for 4-O-methyl-N-phenyl-
D-galactosylamine.

Methylation of desulphated aeodan. — Polysaccharide (4.8 g; SO3~, 6.3%) was
dissolved in methyl sulphoxide (60 ml) with gentle heating, and then N,N-dimethyl-
formamide (60 ml) was added. After cooling in ice for 0.5h, barium hydroxide octa-
hydrate (60 g) was added with stirring. This was followed, after a further 0.5 h, by
methyl sulphate (10 ml). Further additions of methyl sulphate (10 ml) were made after
1, 1.5, 2, and 2.5 h. The mixture was stirred in a closed system for 72 h at room
temperature, and conc. ammonia solution (25 ml) was then added, followed by
vigorous shaking for 0.5 h to decompose the excess of methyl sulphate. After the
addition of water (300 ml), the mixture was dialysed against running tap water for
two weeks. The dialysate was centrifuged, and extracted with chloroform (6 %400 ml).
Evaporation of the combined chloroform solutions yielded a gum (2.4 g) that was
incompletely methylated as revealed by the infrared spectrum. The aqueous solution
containing the chloroform-insoluble material, on concentration and freeze-drying,
yielded a partially methylated polysaccharide (2.15 g). This fraction was not
further investigated.

The chloroform-soluble gum (2.4 g) was dissolved in N, N-dimethylformamide
(15 ml), methyl iodide (20 ml) and silver oxide (20 g) were added, and the mixture
was shaken for 48 h. After a further three treatments with methyl iodide (15 ml) and
silver oxide (15 g), the methylated polysaccharide (1.25 g) was isolated (Found: SO3~,
1.65; OMe, 35.0%). The infrared spectrum of the product showed a very small
hydroxyl peak. Further treatment with Purdie’s reagents failed to increase the methox-
vyl content.

Hydrolysis of desulphated, methylated polysaccharide, and separation of the products.
— Hydrolysis of the methylated polysaccharide (OMe, 357, ; 1.2 g) with N sulphuric
acid for 16 h, followed by neutralisation with barium carbonate, filtration, and evap-
poration, afforded a syrup (0.7 g), chromatographic examination of which revealed
the presence of tetra-O-methylgalactose, two tri-O-methylgalactoses, and two di-O-
methylgalactoses. The hydrolysate appeared to be devoid of monomethylgalactoses
and unmethylated sugars.

A portion of the hydrolysate (500 mg) was fractionated on Whatman No 20
paper by elution with solvent 2 for 36 h, and the fractions were examined as follows.

Tetra-O-methyl fraction. The syrup (25 mg) was chromatographically (t.l.c.)
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identical with 2,3,4,6-tetra-O-methylgalactose. The derived aniline derivativel,
after recrystallisation from ethanol, had m.p. and mixed m.p. 188-189° with 2,3,4,6-
tetra- O-methyl-N-phenyl-D-galactosylamine.

Tri-O-methyl fraction. The syrup (250 mg) was shown by chromatography
(tl.c., spray c) to be a mixture of 2,4,6- and 2,3,6-tri- O-methylgalactose. This syrup
was separated into two fractions on a charcoal-Celite column (60 x 5.4 cm) by gradient
elution with aqueous methyl ethyl ketone (1 to 5%;) over ten litres of eluant. The major
fraction, [«]5}® +90° (c 0.47), on treatment with aniline yielded an “anilide™ which,
after recrystallisation from ethanol-ethyl acetate, had m.p. and mixed m.p. (with
2,4,6-tri- O-methyl- N-phenyl-D-galactosylamine'®) 171-172°. The minor fraction gave
a single spot on chromatography (t.l.c.), which was identical both in colour (grey) and
mobility with that of authentic 2,3,6-tri-O-methylgalactose, but different from 2,4,6-
and 2,3,4-tri-O-methylgalactoses eluted on the same plate.

Di-O-methyl fraction. The syrup (50 mg) was shown by chromatography to be
a mixture of approximately equal parts of 2,6- and 4,6-di-O-methylgalactoses.
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SUMMARY

A highly sulphated, methylated galactan, acodan, isolated from Aeodes orbitos a
was shown {o contain D-galactose, 2-O-methyl-D-galactose, and glycerol. It was
desulphated with methanolic hydrogen chloride. Both acodan and desulphated acodan
were studied by periodate oxidation and methylation. In addition, acodan was
subjected to alkaline degradation. Evidence is presented for the presence of (1—3)-
and (1—»4)-glycosidic linkages with sulphate on positions 2 and 6.
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INTRODUCTION

In a previous study’, it was found that the 2-, 3-, and 6-methyl ethers of methyl
p-D-glucopyranoside and gentiobiose are hydrolyzed in acid solution somewhat
more slowly than the unsubstituted compounds. Ho6k and Lindberg? noted a
stabilization towards acid when methyl «- and f-D-glucopyranosides are substituted
with isopropyl at O-5, but a considerable destabilization when an isopropyl group is
introduced at each of the three other hydroxyl groups. Theander® found that methyl
B-D-gluco-hexodialdo-1,5-pyranoside is hydrolyzed 20 times, and its 4-methyl ether
70 times, as fast as methyl f-D-glucopyranoside. He attributed this behavior to the
formation of a cyclic hemiacetal between O-5 and O-3, which caused the hexodialdose
to assume the /C (p) conformation, in which all of the hydroxyl groups are axially
attached.

A 5,3-lactone might be formed by p-glucopyranosiduronic acids; it would be
expected to influence the acid-catalyzed hydrolysis of such compounds. 1t was
therefore of interest to establish the rate of hydrolysis of p-glucopyranosiduronic
acids methylated at O-3 and incapable of giving a 5,3-lactone. The aglycons chosen
were isopropyl and 2-chloroethyl, which are the least and the most stable, respectively,
of the p-glucopyranosiduronic acids previously investigated*. Comparison was made
with the corresponding f-D-glucopyranosides. For the isopropyl and 2-chloroethyl
B-D-glucopyranosides, the effect of a methyl group on O-6 was also studied.

RESULTS

Isopropyl (1) and 2-chloroethyl (2) 3-O-methyl-g-p-glucopyranosides were
synthesized by conventional methods. The corresponding S-p-glucopyranosiduronic
acids (3 and 4) were obtained by catalytic oxidation of the p-glucopyranosides.
Isopropyl (5) and 2-chloroethyl (6) 6-O-methyl-f-D-glucopyranosides were prepared
by standard methods. Hydrolyses were conducted as previously described:~7.
Pseudo-first-order rate-coefficients, and energies and entropies of activation, are
presented in Table I, which also contains data for the hydrolysis of methyl 6-deoxy-6-
fluoro-B-D-glucopyranoside.

It was found that the 3-O-methyl-p-glucosides 1 and 2 are hydrolyzed at
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o. or 1 CH(Me)s Me CH20H
2 CH2CH.Cl Me CH-OH
OR’ 3 CH(Me)2 Me CO:=H
HO 4 CH=CH:Cl Me CO2H
OH 5 CH(Me)2 H CH:OMe
6 CH:CH:Cl H CH:>OMe

slightly higher rates than the unsubstituted p-glucosides?, whereas the acids 3 and 4,
are hydrolyzed twice as fast as their unsubstituted analogs, indicating that the rapid
hydrolysis of these D-glucopyranosiduronic acids is not attributable to formation of
5,3-lactones. The energies and entropies of activation of acids 3 and 4 were lower than
those of the p-glucosides 1 and 2. The 6-methyl ethers 5 and 6 were hydrolyzed slightly
more slowly than their unsubstituted analogs*. The methyl, isopropyl (5), and
2-chloroethyl (6) 6- O-methyl-f-p-glucopyranosides did not differ considerably in their
rates of hydrolysis, in notable contrast to the corresponding D-glucopyranosiduronic
acids*®. Methyl 6-deoxy-6-fluoro-a-D-glucopyranoside was hydrolyzed at approxi-
mately the same rate as the 6-chloro and 6-iodo compounds studied previously®.

DISCUSSION

It was noted previously! that methyl 3-O-methyl-f-D-glucopyranoside is
hydrolyzed slightly more slowly than methyl f-p-glucopyranoside, as would be
expected from the considerations of Edward®. Compounds 1 and 2, on the other hand,
are hydrolyzed slightly more rapidly than the corresponding, unsubstituted p-gluco-
pyranosides. The differences in rates are, however, quite small, and do not warrant
further speculation.

The fact that the 3-methyl ethers 3 and 4 are hydrolyzed twice as fast as the
corresponding, unmethylated p-glucopyranosiduronic acids was unexpected. It is

TABLE 1

RATE COEFFICIENTS AND KINETIC PARAMETERS FOR THE HYDROLYSIS OF MONO-(O-METHYL-3-D-GLUCO-
PYRANOSIDES, MONO-O-METHYL-3-D-GLUCOP YRANOSIDURONIC ACIDS, AND METHYL 6-DEOXY-6-FLUORO-
B-D-GLUCOPYRANOSIDE IN 0.5M SULFURIC ACID

Glycoside k% 10-86, sec—1 E (kcal ASF at 60°
50° 70° S0° mole—1) (cal deg—1
mole—1)

3-0-Methyl-8-p-glucopyranoside

isopropyl (1) 2.95 12.2 49.6 330 +13.7

2-chloroethyl (2) 2.13 9.39 37.1 334 +14.2
3-0-Methyl-f-p-glucopyranosiduronic acid

isopropy! (3) 41.7 144.5 430.5 27.3 + 1.7

2-chloroethyl (4) 0.365 1.32 4.75 30.0 + 0.5
6-0-Methyl-g-D-glucopyranoside

isopropyl (5) 2.10 9.7 36.3 333 +13.9

2-chloroethyl (6) 1.51 6.60 26.2 33.3 +13.2
6-Deoxy-6-fluoro-a-p-glucopyranoside

methyl —_ 0.55 2.56 37.1 +19.1
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possible that introduction of a substituent at O-3 facilitates the catalytic action of
the carboxyl group, as postulated previously?; if this is the case, the effect of the
3-0O-methyl substituent must be conformational, and similar to the influence of the
4-0O-methyl group in the compounds studied by Theander>. Interestingly, he found®
that introduction of a methyl group at O-4 of methyl f-p-glucopyranosiduronic acid
had no noticeable effect on the rate of hydrolysis.

The similar rates of hydrolysis of the methyl, isopropyl (5), and 2-chloroethyl
(6) 6-O-methyl-B-p-glucopyranosides shows that, on substitution at C-5 with methoxy-
methyl, a group having the same size as the carboxyl group, the rate of hydrolysis
remains independent of the polarity of the aglycon. It was shown previously* that
D-glucopyranosiduronic acids are hydrolyzed at rates that are strongly affected by the
electron affinity of the aglycon. Obviously, this effect is not associated with the size of
the carboxyl group on C-5.

The influence, on the rate of hydrolysis, of different substituents at C-5 was
studied previously®, and it was concluded that inductive and conformational factors
are both probably operative. In Fig. 1, the logarithm of the rate coefficient at 80°
for various, 5-C-substituted methyl a-D-xylopyranosides has been plotted agains

-4.00

—4.50}-
x =500 coo” COOH
Qe ® [
-

-550f R

0
e ;
HO OMe CHzNH3
-6.001- 5 ]
1 ] 1

-0.20 -Oth 0 +0.10 +Of20 +0.30
Oz

Fig. 1. Relation between the electron affinity of the substituent at C-5 and the rate of hydrolysis

of 5-C-substituted methyl e-p-xylopyranosides.

Charton’s® polar substituent constant (o), using values reported here and in a
previous studyS. In most cases, there is an inverse relationship between the rate of
hydrolysis and the electron affinity of the substituent at C-5. For hydrogen, the meas-
ured rate is somewhat higher than that expected, undoubtedly because of the lower
conformational stability of this glycoside®. The size of the other substituents at C-5
has no influence on the rate of hydrolysis.

In Fig. 1, there are three notable exceptions to the linear relationship between
log k and o;. Methyl 6-amino-6-deoxy-a-D-glucopyranoside is hydrolyzed 10 times,
and methyl o-D-glucopyranosiduronic acid 44 times, more rapidly than calculated.
The recent results of Capon and Ghosh!? show the significant contribution made by
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the carboxylate anion at higher pH values. In the past, it has been generally assumed
that, in acid solutions of the concentration used here, protonation of the carboxylate
anion is complete, but this is not correct. The data in Fig. 1 permit estimation of the
relative rates of ionized p-glucopyranosiduronic acid, p-glucopyranoside, and un-
ionized D-glucopyranosiduronic acid. The values obtained at 80°, namely, 2820:
74:1, are of the same order of magnitude as those reported by Capon and Ghosh'?,
namely, 1580:78:1. If pK, for D-glucuronic acid is assumed*! to be 3.2, and if the rate
is assumed to be equal to k, [RCOO~] + k, [RCOOH], where k, = 480 x10 % sec™*
and k,= 0.17 x107° sec™? (see Fig. 1), it is found that, in an 0.05M solution of sugar
in 0.5M aqueous sulfuric acid, the rate will be (15.8+8.5) x107° mole liter ™! sec™1.
Clearly, in this case, the contribution of the carboxylate anion, despite its low con-
centration, cannot be ignored. The rate thus obtained, namely, 24.3 x10™° mole
liter "'sec™!, is 15 times lower than that measured, namely 370 x 10~2 mole liter™1!
sec™1. The possibility of an increase in rate through anchimeric assistance of the
carboxyl group, as suggested previously®, is thus indicated. Such intramolecular
catalysis could involve the carboxyl group on C-5 in its ionized or un-ionized forms, or
both'?. Polar and conformational factors and intramolecular catalysis might thus
influence the acid hydrolysis of D-glucopyranosiduronic acids.

EXPERIMENTAL

General experimental conditions, kinetic measurements, and calculations were
the same as in a previous investigation*. Purity of noncrystalline compounds was
checked by paper, thin-layer, and gas-liquid chromatography. Experimental and
analytical data for all compounds synthesized are summarized in Tables II and 111.

Isopropyl 3-O-methyl-B-D-glucopyranosiduronic acid (3). — 1,2:5,6-Di-O-iso-
propylidene-a-pD-glucofuranose, m.p. 109-110°, ], — 14°, was methylated, and the
product was hydrolyzed to give 3-O-methyl-D-glucose'?; yield 85%;, m.p. 161-163°,
[elp +56°. This was converted into 2.4,6-tri-O-acetyl-3-O-methyl-a-D-glucosyl
bromide'#'!> (42 g); a solution thereof in purified chloroform (100 g) was added to a
mixture'® of isopropyl alcohol (200 ml), chloroform (250 g), mercuric oxide (20 g),
mercuric bromide (1.5 g), and Drierite (60 g). The mixture was stirred for 36 h at
room temperature, the suspension was filtered through Celite, the filtrate was evapo-
rated to dryness, the residue was mixed with chloroform, the suspension was filtered,
and the filtrate was evaporated to dryness. The resulting syrup was dissolved in iso-
propyl alcohol (500 ml), and the glycoside was allowed to crystallize, giving 33.2 g.
Deacetylation was conducted with sodium methoxide in methanol, affording crystal-
line isopropyl 3-O-methy}-f-D-glucopyranoside (1).

Compound 1 (9 g) was dissolved in water (200 ml) in a 3-necked flask, and 10%
platinum-on-charcoal (2 g) was added. Oxygen was introduced with rapid stirring
for 6 h at 55°, while M sodium hydrogen carbonate (52 ml) was added occasionally
to maintain alkalinity. The suspension was filtered through Celite, the filtrate was
treated with Amberlite IR-120 (H™) ion-exchange resin, the suspension was filtered,
and the filtrate was added to the top of a column of Dowex 1-X4 (OAc™) ion-exchange
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TABLE 11
EXPERIMENTAL AND ANALYTICAL DATA FOR THE MONO-O-METHYL-f§-D-GLUCOP YRANOSIDE AND MONO-
O-METHYL-f-D-GLUCOPYRANOSIDURONIC ACID PERACETATES

Glycoside Yield,% M.p., [edp, Carbon, % Hydrogen, %
degrees degrees Calc. Found Calc. Found

2,4,6-Tri-0-acetyl-3-0-
methyl-f-p-glucopyranoside
isopropyl 79 107-108.5 —~32.5 53.03 53.22 7.23 7.30
2-chloroethyls 62 61.5-62.5 ~—229 4706 46.67 6.06 5.91
Methyl (2,4-di-O-acetyl-
3-0-methyl-g-p-gluco-

pyranosid)uronate
isopropyl 60 103-104 —52.1
2-chloroethyl 65 94-95 —38.4

2,3,4-Tri-O-acetyl-6-0-

methyl-f-p-glucopyranoside
isopropyl 75 130-131 —23.6 53.03 52.21 7.23 7.10
2-chioroethyl? 37 102-103 ~11.4 47.06 47.63 6.06 6.26

aCalc.: Cl, 9.26. Found: Cl, 9.16. 2Calc.: Cl, 9.26. Found: ClI, 9.34.

TABLE III

EXPERIMENTAL AND ANALYTICAL DATA FOR THE MONO-O-METHYL-{3-D-GLUCOPYRANOSIDES AND MONO-
O-METHYL--D-GLUCOPYRANOSIDURONIC ACIDS

i M.p., [edp, Carbon, % Hydrogen, %
Glycoside degrees degrees Calc. Found Calc. ¢ Found
3-0-Methyl-f-p-glucopyranoside

isopropyl (1) 78-81 —37.7 50.83 50.81 8.53 8.68
2-chloroethyle (2) 110-111 —28.1 42.11 41.80 6.68 6.91
3-0-Methyl-g-p-glucopyranosid-
uronic acid
isopropyl (3) —54.0 47.98 46.06 7.25 7.46
2-chloroethyl (4) —42.2
6-0-Methyl-f-p-glucopyranoside
isopropyl (5) —35.3
2-chloroethy! (6) —25.5

aCalc.: Cl, 13.81. Found: Cl, 13.53.

resin. Elution with water (5 liters), followed by evaporation of the eluate, gave
crystalline isopropyl 3-O-methyl-f-p-glucopyranoside (3.8 g). Further elution with
50% aqueous acetic acid (2 liters), followed by evaporation of the eluate, afforded a
glass (6.9 g) which had an equivalent weight of 273 and was isopropyl 3-O-methyl-
B-D-glucopyranosiduronic acid (3).

This compound (1 g) was converted into the methyl ester with diazomethane in
ethanol-ethyl ether, and the esier was acetylated with acetic anhydride in pyridine.
The acetate was recrystallized from ethanol.
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Compounds 2 and 4 were synthesized in a similar manner.

Isopropyl (5) and 2-chloroethyl (6) 6-O-methyl-B-D-glucopyranosides. — 6-0-
Methyl-p-glucose!7*!8, m.p. 139-142°, [a], +63°, was converted in the usual way
into 2,3,4-tri-O-acetyl-6-O-methyl-a-D-glucosyl bromide!S. Condensation as above,
but in the presence of silver carbonate, with isopropyl alcohol and 2-chlorcethanol,
respectively, followed by deacetylation, gave the desired compounds, 5 and 6.
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SUMMARY

Isopropyl and 2-chloroethyl 3-O-methyl-g-p-glucopyranosiduronic acids, but
not the corresponding B-p-glucopyranosides, are hydrolyzed in acid solution at a
rate higher than that for the unmethylated compounds. The hydrolysis of 6-O-methyl-
B-p-glucopyranosides is independent of the polarity of the aglycon. Several 5-C-sub-
stituted methyl a-D-xylopyranosides are hydrolyzed at rates inversely proportional to
the electron affinity of the substituent on C-5.1t was shown that, in N sulfuricacid, the
contribution of the carboxylate anion to the rate cannot be ignored. The rate of
hydrolysis of methyl «-D-glucopyranosiduronic acid is 15 times that calculated on the
basis of polar effects, suggesting anchimeric assistance of the carboxyl group.
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ABSTRACT

Methyl 4,6-O-benzylidene-3-O-vinyl-a-p-glucopyranoside (2), methyl 4,6-0O-
benzylidene-2,3-di-O-vinyl-a-D-glucopyranoside (6), and methyl 4,6-O-benzylidene-2,3-
di-O-ethyl-o-D-glucopyranoside (7) have been prepared and characterized. The 2-vinyl
ether (3) rearranges on alumina chromatography to methyl 4,6- O—benzyhdene-z 3-0-
ethyhdene-a-n—glucopyrano51de (4).

INTRODUCTION

Studies of the synthesis, optimum conditions for preparation, and structure of
vinyl ethers of carbohydrates have been the subject of previous papers’™*. It was
found that these vinyl ethers are usually quite hydrophilic, and, when polymerized,
do not yield products having the desired properties. The vinyl ethers of methyl 4,6-0-
benzylidene-a-D-glucopyranoside appeared more suitable as monomers, and their
synthesis by vinylation with acetylene was undertaken.

DISCUSSION

Mono-O-vinylation of methyl 4,6-0O-benzylidene-a-D-glucopyranoside (1) was
accomplished by using a p-dioxane-water solvent system and relatively mild reaction
conditions?'®, and a crude mixture (a) was obtained by recrystallization from ether.
T.l.c. showed two widely separated spots, the faster-moving of which probably
contained two compounds having Rp values almost identical with that of methyl
4,6-0-benzylidene-3- O-ethyl-a-D-glucopyranoside (5), and the slower-moving spot
corresponded to the starting material (1).

When a portion of the original reaction mixture was recrystallized repeatedly
from ether, a mixture (b), m.p. 107-109°, was obtained, which showed only the faster-
moving spot on tlc. From the n.m.r. spectra of this mixture, obtained in methyl
sulfoxide-ds and chloroform-d, it was possible to estimate the ratio of free 3-OH and
2-OH present. This estimate was based on the area under the 3-OH and 2-OH
lines, and their field position and line-width, by analogy with the spectra of methyl
4,6-O-benzylidene-2- and -3-O-ethyl-a-D-glucopyranosides® (3 and 2). The chemical
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shifts of the 2-OH and -3-OH in the starting material (1) appear as doublets
at 7 535 (J 2.3 Hz) and 7 5.08 (J 6.7 Hz) respectively, whereas the 3-ethyl
ether (5) exhibits a doublet at 7 5.35 (J 1.8 Hz) attributed to the 2-OH resonance.
The total line-widths are 6 and 12 Hz., respectively, and this is assumed to be the case
for compounds 2 and 3. _

Chromatography of mixture (a), and subsequent recrystallization of the eluted
solid from ether, yielded pure methyl 4,6-O-benzylidene-3-0O-vinyl-a-D-glucopyrano-
ide (2), m.p. 134-134.5°, [¢]3* +95.6° (¢ 1, chloroform). The n.m.r. spectra in chloro-
form-d and methyl sulfoxide-d, confirmed the position of the vinyl group. Satisfactory
chemical evidence for the identity of this compound was obtained by hydrogenation
of 2 to methyl 4,6-O-benzylidene-3-0O-ethyl-a-D-glucopyranoside (5), which was
identical in all respects with an{authentic sample.

Ph/\o _HC=CHKOH /\o HC_CH HescH, Q
o]
Ch=CHO CHZ-—-CHO uo )

CH;=CHO OMe

[} 1
O .
p HC=CH, Ha Pa-C

gi
Ha 4 Pd~C <& KOH
Ph&%
Ph
ph/v o /YO o
o (o
EtO HO s
B0 L. o

2

SCHEME 1
\ Me OoMe
=

Concentration of the mother liquors from which mixture (a) had crystallized
gave a crude solid (mixture c). The n.m.r. spectrum in methyl sulfoxide-d, indicated
that ¢ was a mixture of starting material with the 2- and 3-vinyl ethers (3 and 2).
The last two were present in the ratio of 3 to 2. Chromatography of mixture (c)
on Woelm alumina gave three fractions, A, B, and C. The most polar component (C)
was the starting material 1. Fraction B was a mixture of several compounds that was
not examined further. Fraction A, the least polar, was a single compound, m.p.
139-140°. Its i.r. spectrum indicated that there was no hydroxyl group in the molecule.
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The n.m.r. spectrum of A in chloroform-d showed a high-field, methyl doublet
(= 8.98, J 5 Hz) in addition to the usual features of methyl 4,6-O-benzylidenehexo-
pyranosides®. These data support a structural assignment as methyl 4,6-O-benzylidene-
2,3-0-ethylidene-x-D-glucopyranoside (4). The stereochemistry of 4 is probably that
shown, since models of the alternative structure showed considerable steric crowding
between the 1-methoxyl group and the ethylidene methyl groups. Orthoesters'® ™2,
which form during acyl migration, show similar structural configurations.

Based upon tl.c. evidence, the vinylation reaction-mixture contained some
30-50% of starting material, together with both monovinyl ethers. No divinyl ether
was present, nor did the crude mixture (a) contain any O-ethylidene derivative (0.5%
could have been detected by n.m.r.). Crystallization and chromatography on Woelm
alumina gave only the 3-vinyl ether (2), the 2,3-ethylidene acetal (4), the starting
material 1, and a mixture of products that, according to the i.r. spectrum, contained
no benzylidene group.

Recoveries of 90%/ indicated that the 3-vinyl ether 2 is reasonably stable to
chromatography, and thus did not give rise to the ethylidene acetal 4. The formation
of the latter thus appears to have been due to the cyclization of the 2-vinyl ether 3 on
the alumina column.

The O-benzylidene di-O-vinyl derivative 6 was prepared easily by using
p-dioxane alone as the solvent for the vinylation reaction. No hydroxyl groups were
apparent in the i.r. spectrum of 6, and both the i.r. and n.m.r. spectra were consistent
with the structure assigned (see Table I). Confirmation of the structure was obtained
by hydrogenation of 6 to the corresponding diethyl ether (7), and comparison of this
product with the diethyl ether synthesized independently from 1.

EXPERIMENTAL

Melting points are uncorrected. T.l.c. was performed on Silica Gel G (E. Merck,
Germany), with benzene—ethanol or benzene—butyl alcohol. The plates were developed
by spraying the dried chromatogram with a 109/, (w/v) solution of phosphomolybdic
acid, followed by heating for 5 min at approximately 100°. Lr. spectra were recorded
on a Perkin—Elmer Infracord spectrometer, Model 137, and optical rotations were
measured on a Bendix Automatic polarimeter or a Rudolph polarimeter Model 80.
N.m.r. spectra were measured on a Varian Associates A-60 spectrometer (60 MHz),
and tetramethylsilane (z=10.00) was used as the internal or external standard.
Methyl sulfoxide-dg and 19/ tetramethylsilane in chloroform-d (Silanor) were obtained
from Merck, Sharp and Dohme, Ltd., Canada, and were used without purification.
Most of the samples for n.m.r. were degassed. All peaks assigned to hydroxyl groups
were confirmed by deuterium oxide exchange. Elemental analyses were performed by
Schwarzkopf Microanalytical Laboratory, Woodside, New York.

Mono-O-vinylation of methyl 4,6-O-benzylidene-a-D-glucopyranoside (1). — A
mixture of 20 g (0.07 mole) of methyl 4,6- O-benzylidene-«-D-glucopyranoside, 2 g of
potassium hydroxide, 100 ml of redistilled p-dioxane, and 100 ml of water was placed
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in a 300-ml, stirred autoclave. The autoclave was flushed with nitrogen and heated
to 150°. Acetylene gas, compressed to 400 p.s.i.g., was admitted and maintained
at that pressure for 6 h. The cooled autoclave was then vented, and carbon dioxide
was used to carbonate the reaction mixture. After filtration, the filtrate was evaporated
to dryness, and the residue was recrystallized twice from ethyl ether. This mixture (a)
showed two spots on t.l.c. (0.25 mm silica gel G, 3% BuOH in benzene). The slower-
moving spot corresponded to starting material. The faster-moving spot appeared to
‘contain two substances having Ry values close to that of compound 5.

When a portion of the reaction mixture was recrystallized five times from ether,
a mixture (b) was obtained; m.p. 107-109°, [x]3*> +86.8° (c 1, chloroform). T.lL.c.
showed only the faster-moving spot. The n.m.r. spectra of this mixture (b) indicated
that it contained methyl 4,6-O-benzylidene-3- and -2-O-vinyl-a-D-glucopyranosides
(2 and 3) (see Table I).

Anal. Cale. for C,4H,,04: C, 62.33; H, 6.49. Found: C, 62.18; H, 6.59.

Mixture (a) (3.3 g) was dissolved in benzene and chromatographed on Woelm
alumina, activity I (60 g) with benzene as the eluent. After the first 50 ml of eluate
had been discarded, the next 150 ml was evaporated, to give 2.65 g of crystalline
product which showed one spot on t.l.c. After three recrystallizations from ether, the
pure monovinyl ether 2 was obtained and dried; m.p. 134-134.5°, [x]3° + 95.6°
(c 1, chloroform); n.m.r. and i.r. spectral data are given in Tables I and II.

Anal. Calc. for C,¢H,,06: C, 62.33; H, 6.49. Found: C, 62.12; H, 6.40.

Identification of the pure methyl 4,6-O-benzylidene-mono-O-vinyl-a-D-gluco-
pyranoside. — Compound 2 (200 mg, 6.5 mmoles) was hydrogenated in 959 ethanol,
with 59¢ Pd/C as catalyst. Three recrystallizations from ethanol gave 150 mg (74%)
of crystalline product, m.p. 168-169°, [«]Z? 4 111.1° (¢ 0.99, chloroform). On admix-
ture with authentic methyl 4,6-0-benzylidene-3-0-ethyl-a-p-glucopyranoside (5),
this product showed no depression of m.p. The n.m.r. and i.r. spectra of the product
could be superimposed on those of the authentic sample (see Tables I and II).

Formation and isolation of methyl 4,6-O-benzylidene-2,3-O-ethylidene-x-D-
glucopyranoside (4). — The mother liquors from which mixture (a) had been removed
were evaporated, to give 16 g of crude solid. This was dissolved in benzene, and chro-
matographed over Woelm aluminum oxide, activity I (300 g). Fraction A (2.5 g)
was obtained by eluting with 1.8 liters of benzene; and fraction B (5.8 g) with 2 liters of
5%, of ether in benzene. The column was then washed with 5% of methanol in benzene
to give 7.2 g of fraction C, which was identified as methyl 4,6-O-benzylidene-a-D-
glucopyranoside (1). (Fraction B was a mixture of at least four compounds, and was
not characterized further. The i.r. spectrum of B showed hydroxyl bands and a band
at 1680 cm ™! (PhCHO), but no vinyl bands.) Fraction (a) was identified as methyl 4,6-O-
benzylidene-2,3-O-ethylidene-«-b-glucopyranoside (4), m.p. 139-140°. The arguments
in favor of this assignment are outlined in the Discussion.

Anal. Calc. for C,4H,,04: C, 62.33; H, 6.49. Found: C, 62.21; H, 6.35.

Methyl 4,6-O-benzylidene-2,3-di-O-vinyl-a-D-glucopyranaoside (6) — A mixture of
methyl 4,6-0-benzylidene-¢-D-glucopyranoside (20 g, 0.07 mole), 10 g of powdered
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potassium hydroxide, and 200 ml of redistilled p-dioxane was placed in a 300-ml
autoclave and stirred. The autoclave was flushed with nitrogen, and acetylene gas was
admitted and maintained at 400 p.s.i.g. for 6 h. The autoclave was cooled, and vented,
and carbon dioxide was introduced to carbonate the reaction mixture. After filtration,
the filtrate was evaporated to dryness, the residue was extracted with ethyl ether, and
the extract was dried (anhydrous potassium carbonate), and evaporated. The resulting
crude solid was mixed with a minimal volume of Skellysolve B, the suspension was
filtered, the filtrate was evaporated, the residue was dissolved in a large volume of
ether, and the solution was treated with charcoal. The solid resulting after filtration
and evaporation was recrystallized four times from ether; m.p. 92-93°, [«]3°? +87.3°
(c 1, chloroform), vSS$!¢ 3050, 2950, 1640, 1625 (sh), 1465, 1410 (sh), 1385 (sh), 1370,
1350 (sh), 1325, 1310, 1280, 1200 (sh), 1190, 1170, 1150 (sh), 1120, 1105, 1090, 1055,
1030, 995, 970, 940, 915, 878, 835, 690 cm™~!. N.m.r. spectral data are given in TableI.
Anal. Calc. for C,;gH,,04: C, 64.67; H, 6.58. Found: C, 64.51; H, 6.39.
Preparation of methyl 4,6-O-benzylidene-2,3-di-O-ethyl-a-D-glucopyranoside (7)
Jrom (6). — To a suspension of 0.5 g of 5% Pd/C in 100 ml of 95%; ethanol was added
1 g (~ 3 mmoles) of methyl 4,6-O0-benzylidene-2,3-di- O-vinyl-a-D-glucopyranoside;
after 3 h, the theoretical amount of hydrogen had been absorbed. The reaction
conditions were maintained for a further 2 h, but no more hydrogen was taken up.
The product was recrystallized three times from absolute ethanol; m.p. 91-92°%
[«]35 +86.2° (c 1, chloroform).
Anal. Calc. for C,gH,c06: C, 63.90; H, 7.69. Found: C, 64.08; H, 7.90.
Methyl 4,6-O-benzylidene-2,3-di-O-ethyl-a-D-glucopyranoside (7). — To a
solution of 2.82 g (10 mmoles) of 1 and 6.0 ml (75 mmoles) of ethyl iodide in 50 ml of
N,N-dimethylformamide was added 10.5 g (45 mmoles) of dry silver oxide, and the
suspension was stirred for 28 h at room temperature. The silver oxide was then removed
by filtration, and the filtrate was evaporated to dryness. The crude product was
recrystallized to constant optical rotation, yield 2.1 g (62%), m.p. 91-92°, [«]3®

TABLE I

CHARACTERISTIC INFRARED ABSORPTION BANDS? OF THE METHYL 4,6-O-BENZYLIDENE-O-VINYL-0-D~
GLUCOPYRANOSIDES

Compound OH H H CH Ring Type

\ / vibrations 2a bands

C=C
/
H

2+3 3550, 3450 3085, 1640, 1620, (1601) 2930, 2860 913 835
3 3600, 3400 3100, 1645, 1625, (1605) 2950, 2870 919 842
4 (1605) 2950 918 832
6 3080, 1640, 1625 (sh', (1608) 2940, 2850 918 840
7 (1601) 2995, 2950, 2850 917

aln CHCl3 solution (polystyrene calibration); frequencies in cm 1.
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+86.2° (c -1, chloroform). The product proved to be identical in all respects (m.p.,
i.r., and n.m.r. spectra, and behavior on t.1.c.) with the hydrogenation product prepared
from the divinyl compound.
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ABSTRACT

The structure of 4-(D-arabino-tetrahydroxybutyl)-4-thiazoline-2-thione (1) was
determined by means of synthesis, and was in agreement with the recent structural
assignment by Jochims er al. Procedures of carbohydrate chemistry afforded typical
derivatives of T, and provided a total synthesis from D-glucose. The heterocyclic ring

of 1 gave reactions characteristic of HS-(IE=N- and S=(IZ-II\IH forms of a 4-thiazoline-
2-thione. Periodate oxidation of 1 provided a route to the lowest homolog 11, which
was alternatively prepared by a known method from the appropriate a-chloroketone
and ammonium dithiocarbamate. An unequivocal preparation by a similar reaction
with 3,4,5,6-tetra- O-acetyl-1-bromo-1-deoxy-D-arabino-hexulose led to 1. The forma-
tion of carbohydrate-derived 4-thiazoline-2-thiones appears to be a general reaction
of a-halo ketoses with ammonium dithiocarbamate.

INTRODUCTION

The title compound (1) is of particular interest, since it exhibits certain pro-
perties both of a carbohydrate and of a thione-substituted heterocycle that is capable
of tautomerism. Zemplén et al.! reported 1 as a substance, melting at 218°, that can
be separated in 2%/ yield from the products of the reaction of D-fructose with thio-
cyanic acid in hydrochloric acid solution. Jochims et al.? recently proposed the
structure now assigned to 1. They reported that the reaction of 2-amino-2-deoxy-pD-
glucose with carbon disulfide yielded a 5-hydroxythiazolidine®, an example of a new
class of compound. Subsequent dehydration and acetylation gave a tetraacetate that
was identical with the tetraacetate of the substance reported! by Zemplén et al. The
structures reported by Jochims and co-workers were based on elemental and spectral
analyses and determination of molecular weight.

The procedure of Zemplén et al. had previously been applied to L-arabinose,
p-fructose, D-galactose, D-glucose, D-lyxose, D-mannose, D-ribose, and D-xXylose.
The products were isolated in good yield, but, in some cases, there was uncertainty
as to the structure* 6. Subsequent studies revealed these structures to be those of
oxazolidine-2-thiones fused with furanoid or pyranoid ring-systems®7~°. The
present article reports a structural determination based on the chemical properties
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of 1, and an unequivoca! synthesis of 1. The results obtained support the concurrent
characterization® by Jockims et al.

RESULTS AND DISCUSSION

The reactions of 1 are typical of HS-(|1=N- and S=(IJ-I\IIH tautomers, and of
primary and secondary hydroxyl groups. Although 1 is readily recrystallized from
water, it is insoluble in the solvents commonly used in ebullioscopic or cryoscopic
methods for determination of molecular weight. However, titration of 1 with standard
sodium hydroxide or iodine solution permitted the determination of a neutralization
equivalent and of an empirical formula. Treatment of 1 with sodium hydrogen carbon-
ate plus an equivalent of sodium chloroacetate gave the S-alkylated derivative
2-(carboxymethyl)thio-4-(D-arabino-tetrahydroxybutyDthiazole (2). Use of chlorodi-
phenylmethane in pyridine also afforded an S-derivative (3), but similar use of
chlorotriphenylmethane in pyridine gave the trityl ether (4). Complete acetylation of
1 yielded the pentaacetate (5). Oxidation of 1 with iodine or ammonium persulfate
afforded 2,2’-dithiobis[(4-D-arabino-tetrahydroxybutyl)thiazole] (6), and tritylation
of this disulfide 6 gave a ditrityl ether (7).

The disulfide 6 was found to be cleaved readily by aqueous sodium hydroxide,
carbonate, or hydrcgen carbonate, to give 1in approximately 8294 yield; a by-product,
4-(D-arabino-tetrahydroxybutyl)thiazole (8), was also isolated (ca. 137;). Facile
cleavage by alkali was also characteristic of the other thiazolyl disulfides encountered

Ls‘\rs ﬁ\is o ﬁTS_R

NH N 2 R=CH,COMH
HOCH HOCH HOCH 3 R=CHPhy
HCOH HCOH HCOH
HCOH HCOH HCOH
CH,OTr CH20H CH,0H
4 / 1{ 6 Disulfide
S\rSAc s\‘ B s\’/s—J—
AcOCH HOCH HOCH
HCOAC HCOH HCOH
HCOAc HEOH HCOH
CH0Ac CH,OH CHLOTr L
5 8 7
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in the study. These reactions suggest that 1 contains three secondary hydroxyl groups,
one primary hydroxyl group, and a tautomeric thiol-thione group.

Compound 1 showed a maximum absorption in the w.v. spectrum at 317 nm,
comparable to that of 4-thiazoline-2-thione at 314 nm and to that of 4-methyl-4-
thiazoline-2-thione at 321 nm, but in contrast to that of the saturated ring of thiazol-
idine-2-thione at 273 nm. The S-derivatives of 1 showed maximum absorption at
262-282 nm.

The type of heterocyclic ring in 1 and the position of substitution were indicated
by typical reactions. Preparative, periodate oxidation of 1 or 6 yielded the disulfide (9),
which showed, in its i.r. spectrum, absorption for an aldehyde group. Alkaline cleavage
of the disulfide 9 yielded the thione (10). The aldehydes 9 and 10 formed Schiff-base
derivatives. Reduction of 10 with potassium borohydride provided 4-(hydroxymethyl)-
4-thiazoline-2-thione (11), the lowest homolog of 1. Oxidation of 11 under mild
conditions gave the disulfide (12). Base-catalyzed, conjugate addition at the nitrogen
hetero atom of 4-thiazoline-2-thiones has been shown to be a characteristic reaction
of the heterocyclic system'®. Treatment of 11 with 3-buten-2-one in this way afforded
the adduct (13), which showed, in its u.v. spectrum, maximum absorption at 321 nm.
Alternatively, 11 was prepared by a known, synthetic method'* for 4-thiazoline-2-
thiones. By this procedure, the reaction of 1-acetoxy-3-chloro-2-propanone and ammo-
nium dithiocarbamate gave a typical intermediate'?, 4-(acetoxymethyl)-4-hydroxy-
thiazolidine-2-thione (14). Facile, acidic dehydration of 14 gave the 4-thiazoline
structure (15), and subsequent alkaline hydrolysis of 15 gave 11. The observed proper-

Thiosemicarbazone Oxifme
S S .S, S
HIO, ,/ Cleavage
P e —
|—'N o] NH
CHO
CHO N
o 10
KBH,
3 s s T" s
l \lr O =) I l \f CH;=CHCCHy l 2
N Cleavage NH NCH,CH, CCHa
CHOH
H
CHyO > CH,OH . 13
12 1 Hydrolysis
s S. S S. S

CH,CI i

I NH4SCNH; —H20 l

Cc=0 _— HO NH NH

CH;0Ac CH0Ac CH,0AC

14 15
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ties of 11 as obtained from 1 by way of periodate oxidation, and by the synthesis
from an a-halo ketone and ammonium dithiocarbamate, were the same.

The configuration of the tetrahydroxybutyl substituent in 1 was confirmed by
preparation by known methods of carbohydrate chemistry. D-Glucose in aqueous,
methanolic potassium hydroxide was oxidized with oxygen to afford potassium
D-arabinonate!®(76%) which, after acetylation with aceticanhydride-hydrogen chloride,
yielded tetra-O-acetyl-p-arabinonic acid'* (48%). Thionyl chloride'® converted the
latter into tetra-O-acetyl-D-arabinonoyl chloride!® (85%;) which, on treatment
with diazomethane, yielded 3,4,5,6-tetra-O-acetyl-1-deoxy-1-diazo-D-arabino-hexul-
ose!? (84%/). Subsequent addition of hydrogen bromide to the diazo ketone in ether
provided 3,4,5,6-tetra- 0-acetyl-1-bromo-1-deoxy-p-arabino-hexulose'” (85%4). Use of
the latter «-bromo ketone permitted synthesis, by the ammonium dithiocarbamate
method, of a 4-thiazoline-2-thione bearing a 4-substituent of known configuration.

18

Disulfide
< }
CH,Br i S S S s
] NH,4SCNHp
—0 —_— e —_— I —_— 1
HO NH NH
AcOCH AcOCH AcOCH
HCOAC HCOAC HCOAC
HCOAc HCOAc HCOAc
CH,0Ac CH.0AC CH,0AC
16 7

The intermediate, 4-hydroxy-4-(D-arabino-tetraacetoxybutyl)thiazolidine-2-thione (16)
was isolated, and was readily dehydrated to give 4-(D-arabino-tetraacetoxybutyl)-4-
thiazoline-2-thione (17). The tetraacetate 17 was independently obtained by Jochims
and co-workers? from the more stable 5-hydroxythiazolidine by boiling the latter for
16 h in pyridine. Oxidation of 17 under mild conditions gave the disulfide 18. Hydro-
lysis of either 17 or the precursor 16 gave 1. The overall yield from p-glucose was
17%4; all products were obtained crystalline. The observed properties of 1, as prepared
from D-fructose by the method of Zemplén et al.* and from the a-bromo ketose derived
from D-glucose, were the same.

The preferred method of synthesis of 4-thiazoline-2-thiones derived from carbo-
hydrates depends largely upon the availability of the starting material. Of the required
ketoses, only D-fructose has been reported to have been used for this purpose by the
method of Zemplén et al.* The procedure of Jochims et al.2 via a 5-hydroxythiazolidine
has been reported to be a general reaction of a-amino carbonyl compounds with carbon
disulfide. The method described here, via a 4-hydroxythiazolidine, has been found to
have significant application. Homologs of 1, prepared from a«-halo ketoses by this
method, will be described in a subsequent paper.
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EXPERIMENTAL

Melting points, determined in thin-walled capillary tubes, are corrected. Infrared
spectra were recorded for potassium bromide disks on a Baird Atomic spectrophoto-
meter, Model NK-1, having sodium chloride optics; and ultraviolet spectra on a
Cary spectrophotometer, Model 11-M. Specific rotations were determined in a 2-dm
polarimeter tube.

4-(D-arabino-Tetrahydroxybutyl)-4-thiazoline-2-thione (1). — Modification of
the method of Zemplén et al.! provided 1. To a stirred solution of p-fructose (1,080 g,
6 moles) and potassium thiocyanate (600 g, 6.18 moles) in water (240 ml) was added
hydrochloric acid (7.2 moles), in portions during 30-40 min, with cooling to 20-30°.
The mixture was cooled for 30 min longer, nucleated with 1, and kept overnight at
room temperature; solids were precipitated. Crushed ice (500 g) was added, and the
mixture was stirred for 2 h in an ice bath. The solids remaining, which were collected
and rinsed with cold water, weighed 42 g. (Oxazolidine-2-thiones can be separated
by concentration of the filtrate?.) Excess sodium carbonate was added, with stirring,
to a suspension of the crude product in water {400 mil), and the resultant solution was
stirred with powdered charcoal, and filtered. Acidification with hydrochloric acid
precipitated 1. Recrystallized from water (650 ml), the product weighed 28 g (277);
m.p. 218° (lit.! m.p. 218°); AM*°H 317 nm (g 13,700); 1., (aqueous sodium hydroxide,
PH 11) 293 nm (& 9,600); pK2*® 7.05-7.10 (0.001N solution); solubility 0.25 g/100 ml of
water at 25°, and 5 g/100 ml at 100°; {«]3°> —77 +2° (c 1, N,N-dimethylformamide)
flit.2 [«]3° —75° (c 1, N,N-dimethylformamide)].

2-(Carboxymethyl)thio-4-(D-arabino-tetrahydroxybutylthiazole (2). — To a
boiling mixture of 1 (23.7 g, 0.1 mole), sodium chloroacetate (12.8 g, 0.11 mole), and
water (130 ml) was added sodium hydrogen carbonate (10 g) in portions. The resulting
solution was boiled for 5 min, cooled, and acidified with hydrochloric acid to give 2,
yield 27.5 g (93%), m.p. 151°. Recrystallized from water, it had AMic0™ 277 nm (& 6,600),
[63° —143 +1° (c 1, N,N-dimethylformamide).

Anal. Calc. for CoH,;NOGS,: C, 36.6; H, 4.4; N, 4.7; S, 21.7. Found: C, 36.5;
H, 4.5; N, 4.8; S, 21.5.

2-(DiphenylmethyD)thio-4-(D-arabino-tetrahydroxybutyl)thiazole (3).— A solution
of 1 (23.7 g, 0.1 mole), chlorodiphenylmethane (20.3 g, 0.1 mole), and pyridine
(175 ml) was kept for 2 days at room temperature. After removal of most of the
pyridine in vacuo, with warming, and dilution to 1 liter with an excess of aqueous
hydrochloric acid, precipitation occurred, to give 14.2 g of crude 3. (Concentration
of the filtrate yielded 10.7 g of unreacted 1). Two recrystallizations from ethanol gave
pure 3, yield 11 g (27%), m.p. 157°. AM:OH 282 nm (g 7,500); [«]3° —52 1 (¢ 1,
N,N-dimethylformamide).

Anal. Calc. for C,H,;NO,S,: C, 59.5; H, 5.2; N, 3.5; S5, 15.9. Found: C, 59.8;
H, 54; N, 3.5; S, 15.6.

4-[D-arabino-2,3,4-Trihydroxy-1-(trityloxy)butyl]-4-thiazoline-2-thione (4). —
Treatment of 1 with chlorotriphenylmethane for 7 days by the preceding method
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gave 4 (25%); recrystallized from chloroform-petroleum ether, it had m.p. (unsharp)
ca. 100°; AHCONMe2 398 nm (g 12,300); [«]3° —37 +2°(c 1, N,N-dimethyl-formamide).

max

Anal. Calc. for C,cH,sNO,S,: C, 65.1; H, 5.3; N, 2.9; S, 13.4. Found: C, 65.2;
H,54; N, 2.7; S, i3.2.

2-Acetylthio-4-(D-arabino-tetraaceroxybutyl)thiazole (5). — A solution of 1
(10.8 g, 0.046 mole) and potassium acetate (12 g) in acetic anhydride (120 ml) was
kept for 1 h at 100°, and, after concentration in vacuo, the mixture was poured into
water (3 liters) to yield 15 g (81%;) of solid, m.p. 94-96°. Several recrystallizations
from petroleum ether gave 7 g of 5, m.p. 97-98°.

Anal. Cale. for C;;H,;NOgS,: .C, 45.7; H, 49; N, 32; S, 14.6. Found:
C,458; H,4.6; N, 3.2; S, 14.3.

2,2’-Dithiobis[(4-D-arabino-tetrahydroxybutyl)thiazole] (6). — Oxidation of 1
(30 g, 0.127 mole) in boiling water (2.5 liters) by the iodine method!® gave 6, yield
27.7 g (82%4), m.p. 218° (alone; but 203-205° if mixed with 1).

Anal. Calc. forC, ,H,,N,04S,:C, 35.6; H, 4.3; N,5.9; S, 27.1. Found: C, 35.8;
H, 4.3; N, 6.2; S, 27.5.

2,2’ Dithiobis[(4-D-arabino-2,3,4-triiydroxy-1-trityloxybutyl)thiazole] (7) — Tri-
tylation of 6 (10.8 g, 0.023 mole) by the method just described gave 7 yield 129 g
(59%4), after repeated recrystallization from benzene—petroleum ether, m.p. (unsharp)
at ca. 84°; AMeOH 268 nm (¢ 10,900); [«]3° —24 +2° (¢, 1 N,N-dimethylformamide).

Anal. Cale. for Cs,H4gN,0455,: C,65.2; H, 5.1; N, 2.9; S, 13.4. Found: C, 65.6;
H,54; N, 238; 85, 13.2.

4-(D-arabino-Tetrahydroxybutyl)thiazole (8). — A mixture of 6 (40 g,0.085 mole)
sodium hydrogen carbonate (22 g), and water (1 liter) was boiled until a solution formed.
The solution was cooled, and acidified with hydrochloric acid. Collection of 1 (in two
crops) gave 32.7 g (82°%). Concentration of the filtrate to dryness, and extraction with
hot ethanol gave 8, yield 4.5 g (13%7), m.p. 172-173°; recrystallized from ethanol it
had AMOH 242 nm (g 3,300); [«]3° —35 +1° (¢ 1, N,N-dimethylformamide).

Anal. Cale. for C;H,,NO,S: C, 41.0; H, 5.4; N, 6.8; S, 15.6. Found: C, 41.2;
H, 5.3; N, 6.6; S, 15.2.

2,2'-Dithiobis(4-thiazolecarboxaldehyde) (9). — Oxidation of 1 (25 g, 0.11 mole)
by the sodium metaperiodate method!® gave 9, yield 10.9 g (72%{). Recrystallized
from xylene, it had m.p. 193°, AXBr 596 (conjugated CHO), 6.2 um (C=C).

Anal. Calc. for CgH,N,0,S8,: C, 33.3; H, 1.4; N, 9.7; S, 44.5. Found: C, 33.5;
H, 18;N,99; 8,442,

Treatment of 6 by the same procedure gave similar results.

The thiosemicarbazone of 9 melted at 245° after recrystallization from pyridine—
water.

Anal. Calc. for C,oH,oNgSq: N, 25.8. Found: N, 26.0.

4-Thiazoline-2-thione-4-carboxaldehyde (10). — Treatment of 9 (5.8 g, 0.02 mole)
with sodium carbonate (3.5 g) and water (8 ml) gave 10; yield 2.8 g (482%4). Twice
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recrystallized from water, it had m.p. 173°, AXBf 598 (conjugated CHO), 6.2 um
(C=C); 20 313 nm (¢ 14,700).

Anal. Cale. for C.H;NOS,;: C, 33.1; H, 2.1; N, 9.6; S, 44.2. Found: C, 33.2;
H,2.1;N,94;S, 43.8.

Oxidation of 10 with iodine!® gave 9.

The oxime of 10 melted at 192° after recrystallization from methanol-water.

Anal. Cale. for C,H,N,O0S,: N, 17.5. Found: N, 17.3.

4-(Hydroxymethyl)-4-thiazoline-2-thione (11). — A solution of 10 (3.2 g,
0.022 mole) in methanol (35 ml) was treated with a solution of potassium borohydride
{1.2 g, 0.022 mole) in water (5 ml), and the solution was concentrated in vacuo.
Treatment with excess hydrochloric acid gave 11, yield 1.6 g (50%;). Twice recrystal-
lized from water, it had m.p. 121°; AX2r 2.95-3.6 (OH, NH, hydrogen bonding, CH),
6.23 um (C=C); AM%H 316 nm (¢ 14,800).

Anal. Calc. for CLHsNOS,: C, 32.6; H, 3.4; N, 9.5; S, 43.6. Found: C, 33.0;
H, 3.6; N, 9.3; S, 44.0.

2,2’ Dithiobis{4-(hydroxymethyD)thiazole] (12).— Oxidation of 11 (30 g, 0.22 mole)
by the ammonium persulfate method?® gave 12; yield 19.5 g (61%%), m.p. 115° after
recrystallization from water; AXBf 2.90 ym (OH); AMOH 266 nm (e 9,400).

Anal. Calc. for CgHgN,0,S,: C, 32.9; H,2.8; N, 9.6; S, 43.9. Found: C, 32.6;
H, 2.6; N, 9.5; S, 43.9.

Treatment of 12 by the method just given for the alkaline cleavage of disulfides
gave 11.

4-(Hydroxymethyl)-3-(3-oxobutyl)-4-thiazoline-2-thione (13). — The conjugate
addition®! of 11 (44.2 g, 0.3 mole) to 3-buten-2-one (51.6 g, 0.6 mole), catalyzed by
sodium methoxide, gave 13, yield 24 g (5297); recrystallized from methanol, m.p. 114°;
AKBr 3.02 (OH), 5.88 um (C=0); AM:2M 318 nm (& 13,900).

Anal. Calc. for CgH;;NO,S,: C, 44.2; H, 5.1; N, 6.4; S, 29.5. Found: C, 44.3;
H, 52; N, 6.3; S, 29.2.

4-(Acetoxymethyl)-4-hydroxythiazolidine-2-thione (14). — Treatment of 1-acet-
oxy-3-chloro-2-propanone®? (120.5 g, 0.8 mole) plus ammonium dithiocarbamate
(98 g, 0.89 mole) by the method!? for preparing 4-hydroxythiazolidines gave 14, yield
152 g (91%), m.p. 114° after recrystallization from methanol; AX8f 3.05-3.08 (OH, NH),
5.75 um (OAC); AMOH 242 277 nm (& 6,600; 14,600).

Anal. Calc. for C;H,NO;S,: C, 34.8; H, 4.4; N, 6.8; S, 30.9. Found: C, 35.0;
H, 4.1; N, 6.7; S, 30.7.

4-(Acetoxymethyl)-4-thiazoline-2-thione (15). — Recrystallization of 14 from
water containing a drop of hydrochloric acid gave 15 in 80% yield; m.p. 80°; AMcOH
317 nm (& 14,800).

Anal. Calc. for CgH,NOSS,: C, 38.1; H, 3.7; N, 7.4: S, 33.4. Found: C, 37.7;
H, 3.8; N, 7.4; S, 33.3.

Treatment of 15 (114 g, 0.6 mole) with potassium hydroxide (114 g) and water
(570 ml) for 5 min at 100°, and subsequent acidification at 5°, gave 11, yield 71 g (8027).

4-Hydroxy-4-(D-arabino-tetraacetoxybutyl)thiazolidine-2-thione (16). — Treat-
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ment of 3,4,5,6-tetra-0O-acetyl-1-bromo-1-deoxy-D-arabino-hexulose'” (14.7 g, 0.036
mole) with ammonium dithiocarbamate (4.4 g, 0.04 mole) by the method!! for pre-
paring 4-hydroxythiazolidines gave 16, yield 13.1 g (86%), m.p. 145°, unchanged on
recrystallization from ether; AM¢OH 242 278 nm (e 5,800; 12,200).

Anal. Calc. for C, sH,;NOgS,: C,42.5; H, 5.0; N, 3.3; S, 15.1. Found: C, 42.8;
H, 4.8;N, 3.2; S, 15.2.

Treatment of 16 (8.3 g, 0.02 mole) by the alkaline hydrolytic method gave 11;
yield 4.2 g (90%).

4-(D-arabino-Tetraacetoxybutyl)-4-thiazoline-2-thione (17). — Recrystallization
of 16 from water containing a drop of hydrochloric acid gave 17, yield 69%, m.p. 168°
after recrystallization from ether (lit.> m.p. 169-170°); AX2f 3.2-3.6 (NH, CH), 5.78 um
(OAc); AM:OH 316 nm (s 12,200); [oe]3* —79 +1° {(c 2, chloroform) [lit.3 [«]3° —37°
(c 1, N,N-dimethylformamide)].

Anal. Calc. for C,sH,,NOgS,: C,44.4; H,4.7; N, 3.5; S, 15.8. Found: C, 44.4;
H,4.3; N, 34; S, 15.6.

Alternatively, heating 16 to 195° gave 17 in quantitative yield.

Treatment of 17 (8.1 g, 0.02 mole) by the alkaline hydrolytic method gave 11,
vield 3.7 g (78%).

2,2'-Dithiobis [(4-D-arabino-tetraacetoxybutyl}thiazole] (18). — Oxidation of 17
(3.9 g, 0.096 mole) by the iodine method!® gave 18, yield 3.4 g (88%), m.p. 145°
(recrystallized from ether); AM9" 266 nm (¢ 9,100); [«¢]3* —13° (¢ 4, chloroform).

Anal. Calc. for C;oH3gN,0,68,:C,44.5; H,4.5; N, 3.5; S, 15.9. Found: C, 44.9;
H,4.8; N, 3.2; S, 15.5.
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ABSTRACT

Bis(1,2:5,6-di-O-isopropylidene-3-O-thiocarbonyl-a-D-glucofuranose) disulfide
(1) in pyridine undergoes a fragmentation reaction when treated with excess methyl,
ethyl, propyl, or butyl alcohols, or phenol, to give the corresponding O-oxythio-
carbonyl derivatives (2-6). A faster reaction and higher yield result when iodine is
included in the pyridine solution. The oxythiocarbonyl compounds are stable when
distiled (near 190°) under diminished pressure. Selective, acid hydrolysis of 3-O-
(ethoxythiocarbonyl)-1,2:5,6-di- O-isopropylidene-a-D-glucofuranose (3) gave 3-0O-
(ethoxythiocarbonyl)-1,2-O-isopropylidene-&-D-glucofuranose (10), which rearranged,
on standing in triethylamine, to 1,2-O-isopropylidene-a-D-glucofuranose 5,6-thiono-
carbonate (12). Oxidation of 3 with lead tetraacetate or silver nitrate gave the
corresponding 3-O-ethoxycarbonyl derivative (8), whereas reduction of 3 with
Raney nickel gave 3-O-(ethoxymethylene)-1,2:5,6-di-O-isopropylidene-a-D-gluco-
furanose (11).

INTRODUCTION

Previous studies showed that bis(1,2-O-isopropylidene-3-O-thiocarbonyl-e-D-
glucofuranose) disulfide undergoes intramolecular displacement—fragmentation in
pyridine to yield elemental sulfur, carbon disulfide, 1,2-0-isopropylidene-a-p-gluco-
furanose, and 1,2-O-isopropylidene-a-D-glucofuranose 5,6-thionocarbonate!. Subse-
quently, other suitably protected sugar derivatives, possessing a hydroxyl group
vicinal to a bis(O-thiocarbonyl) disulfide group, were shown?3 to undergo the same
process in pyridine. We now report studies undertaken to ascertain whether the
bis{O-thiocarbonyl) disulfide group would undergo intermolecular reaction when the
hydroxyl group was provided by added alcohols. This reaction, represented as follows,

S S S

i1 f
R-0-C-S-5-C-O-R + R'OH — > R-0-C-OR’ + § + CSz + ROH

*Presented before the Division of Carbohydrate Chemistry at the 154th National Meeting of the
American Chemical Society, Chicago, lllinois, September 1967.

**This is a laboratory of the Northern Utilization Research and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.
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would lead to the formation of O-(alkyloxythiocarbonyl) compounds, representatives
of a new type* of sugar derivative.

When bis(1,2:5,6-di- O-isopropylidene-3-O-thiocarbonyl-a-D-glucofuranose) di-
sulfide (1) was dissolved in pyridine, and treated with methyl, ethyl, propyl, or
butyl alcohols or phenol, the corresponding O-oxythiocarbonyl derivatives (2-6)
(see Scheme I) were obtained, in addition to elemental sulfur, carbon disulfide, and
1,2:5,6-di- O-isopropylidene-a-D-glucofuranose (7). The same kind of fragmentation
occurs when bis(1,2:3,4-di- O-isopropylidene-6- O-thiocarbonyl-a-D-galactopyranose)
disulfide is dissolved in pyridine, and treated with ethanol.

The structure of these new derivatives is consistent with their elemental analyses,
molecular weight (in the case of compound 3), infrared spectra (absorption maxima at
7.8 um for O(C=S)0), and ultraviolet spectra [4}55" about & 9,500; bis(1,2:5,6-di-O-
isopropylidene-a-D-glucofuranose) thionocarbonate has Aysg" € 9,600]. Analysis of
the n.m.r. spectra of 2—6 supports the proposed structures. For example, the n.m.r.
spectrum of 6 shows a low-field doublet (assigned to the anomeric proton) at T 4.0 with
a coupling constant (/; ,) of 4.0 Hz; a doublet centered at = 5.2 with a coupling
constant (J, ,) of 4.0 Hz is assigned to H-2; a doublet centered at 7 4.3 with a coupling
constant of 2.5 Hz is assigned to H-3; a multiplet centered at 7 5.7 is assigned to H-4
and H-5; and a multiplet centered at T 5.9 is assigned to the two nonequivalent
protons on C-6. The four methyl groups of the isopropylidene groups give rise
to four partially overlapping singlets centered at t 8.4, and the signal of the phenyl
group appears as a downfield multiplet centered at = 2.7. These assignments are in
general agreement with the positional assignments reported by Horton and Prihar?*
for 3-0-(dimethylthiocarbamoyl)-1,2:5,6-di- O-isopropylidene-a-D-glucofuranose.

The course of the displacement-fragmentation reaction was followed by thin-
layer chromatography (t.l.c.), which showed that the rate of formation of the alkoxy-
thiocarbonates is considerably less than the rate of formation of intramolecular,
cyclic thionocarbonates. Even though an excess of alcohol was used, production of
the former derivatives was complete after 16 h for 2, and 100 h for 3, 4, and 5. Under
similar reaction conditions, formation of the cyclic thionocarbonate was complete?
in 30 min.

The rates of formation of 2-6, and the yields of 2-5, were increased substantially
when iodine was added to the reaction mixtures. For example, the conversion of
1 mole of 1 into 2, in the presence of iodine, was complete in 3 h, to yield 1.5 moles of 2,
as compared to a reaction period of 16 h and a yield of 0.9 mole of 2 without iodine.

*According to the nomenclature of carbonate and thiocarbonate derivatives proposed by L. Hough,
J. E. Priddle, and R. S. Theobald in Adran. Carbohydrate Chem., 15 (1960) 99, sugars containing a
S

i -
thionocarbonate group are those having the group XOCOX'’, where X and X’ are carbohydrate
residues. Sugars containing O-alkyl(or aryl -oxythiocarbonyl groups are those having the group
S

1]
XOCOR, where X is a carbohydrate residue and R is an alkyl or aryl group.
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ss=C————§ ——-§—————(C==§ S=COR
OCH, OCH.
Ve / 12
MeaC | Me,C Me,C
~ 25N\ ROH 25N
OCH | .o OCH o\ —_— OCH O,
O O o
? ¢ Q
0—CMe, O—CMe, *O—CMe,
1 2~6 R= Me, Et, Pr,Bu,
and Ph,respectively
O==COR
(o]
/OGHe | OCH;
Sor 5 AgNO3 Mezc\ EtOCCI or MeZC\
- OCH 1o BuOCCl OCH _o
o ONa
2 9
O—CMe; O—CMe,
8 and9, R=Et and Bu,
respectively SCHEME 1

In addition to 2-5, elemental sulfur and pyridine hydroiodide were also isolated.
Itis possible that the free iodine or pyridine diiodide (which is presumed to be formed
by reaction of iodine with pyridine in chloroform solution®), or both, reacts with
bis(O-thiocarbonyl) disulfide derivatives to give a thiocarbonate iodide derivative,
which further reacts with the alcohol to give an alkyloxythiocarbonate and pyridine
hydriodide. A thiocarbonyl chloride derivative was isolated® when bis(di-O-ethyl-
thiocarbonyl) disulfide was treated with chlorine or chlorine-binding agents in carbon
tetrachloride. Therole of iodine in increasing the yields of 2-5 might also be explained
by recoupling of any xanthate ion formed during the rearrangement of 1. Iodine may
also be used to increase the yield of the cyclic thionocarbonate formed on rearrange-
ment of sugars that possess the bis(O-thiocarbonyl) disulfide group and a vicinal
hydroxyl group. For example, one mole of bis(methvl 4,6-0-benzylidene-2-O-thio-
carbonyl-a-p-glucopyranoside) disulfide® gives 1.5 moles of methyl 4,6-O-benzylidene-
a-D-glucopyranoside 2,3-thionocarbonate in the presence of iodine, and 1.0 mole in
its absence.

PROPERTIES

The oxythiocarbonyl compounds (2-6) undergo no detectable change when
stored for several months at 25°. When heated to 190° under diminished pressure,
the compounds distil, and are recovered in high yield.

The thiocarbonyl group in 3 or § is readily converted into the corresponding
carbonyl group by treatment with lead tetraacetate or silver nitrate (see Scheme I).
Compound 3 rapidly consumed 1.9 moles of lead tetradcetate per mole, and gave
3-0O-(ethoxycarbonyl)-1,2:5,6-di- O-isopropylidene-«-pD-glucofuranose (8) in 859/ yield.
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These results are similar to those reported” for the oxidation of bis(1,2:5,6-di-O-iso-
propylidene-a-D-glucofuranose) 3,3’-thionocarbonate to the corresponding 3,3'-
carbonate. When 3 was treated with silver nitrate, 8 was formed in almost quantitative
yield. Similar treatment of 5 gave 9. Compounds 8 and 9 were readily prepared by
reaction of the sodium alcoholate of 7 with ethyl or butyl chloroformate, respectively.

As expected, the oxythiocarhonyl groups are stable to mild hydrolysis by acid.
The 5,6-O-isopropylidene group was selectively removed from 3 with acid, to give
3-O-(ethoxythiocarbonyl)-1,2- O-isopropylidene-a-D-glucofuranose (10). The latter
did not undergo change when treated with pyridine, but decomposed in triethylamine
to form 1,2-O-isopropylidene-o-D-glucofuranose 5,6-thionocarbonate (12) (see
Scheme II). Similarly, the corresponding carbonyl derivative (13) of 10 decomposed in
triethylamine, to give 1;2-O-isopropylidene-a-D-ghucofuranose 5,6-carbonate (14).

Compound 3 underwent reductive desulfurization when refluxed in ethanol
containing activated Raney nickel. T.l.c. of the product revealed two components in
approximately equal amounts. The slower-moving component was identified as
1,2:5,6-di- O-isopropylidene-a-D-glucofuranose (7), and the other as 3-O-(ethoxy-
methylene)-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (11). When the reaction
was conducted at 25° under hydrogen (500 Ib. in~2), 11 was obtained in a higher yield,
and only traces of 7 were found.

S=—COEt

HOCH, /OCH2
HOCH | EtaN OCH o
———
Q OH
o
l ?

Raney nickel

H,COEt

n

SCHEME T

13
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The structure proposed for 11 is consistent with its elemental analysis, ethoxyl
content, molecular weight, and n.m.r. spectrum. The last shows a singlet centered
at = 5.25 for the two protons of the OCH,O group, and a quartet centered at t 6.3 for
the two protons of the methylene in the ethoxy group. The ethoxymethylene derivative
(11) was hydrolyzed with acid, and gave a glucose and formaldehyde; this type of
derivative has besn shown to be hydrolyzed readily to yield formaldehyde (from the
methylene group) and the corresponding alcohol (from the alkoxyl group)®.

EXPERIMENTAL

Unless otherwise stated, all of the reactions and mezsurements were conducted at
25°. Melting points were determined in a Thomas—K ofler* melting-point apparatus, and
are uncorrected. Optical rotations were measured in chloroform within the concentra-
tion range of 2-4%. Lr. spectra were recorded, with a Perkin—Elmer Model 137
spectrophotometer having silver chloride optics, as Nujol mulls or films, and the u. v.
specira were recorded with a Perkin—-Elmer Model 202 spectrophotometer, with
methanol as the solvent. N. m. r. measurements were made in chloroform by means of
a Varian A-60 n.m.r. spectrometer, with tetramethylsilane (z 10.00) as the internal,
reference standard. Pyridine, methanol, ethanol, propyl alcohol, and butyl alcohol
were certified grades, and the chloroform was of spectroscopic grade. For tl.c.,
Silica Gel G was used as the adsorbent, 9:1 (v/v) carbon disulfide-ethyl acetate as the
solvent, and 19:1 (v/v) methanol-sulfuric acid as the spray reagent. Adsorbosil was
obtained from Applied Science Laboratories, Inc., State College, Pennsylvania.
Fractionations were performed in a 1.8 x20 cm column. Bis(1,2:5,6-di-O-isopropyl-
idene-3-O-thiocarbonyl-a-D-glucofuranose) disulfide (1) was prepared according to
a procedure reported! earlier; m.p. 129-130°, 4__, 280 (& 8,100) and 230 nm (& 17,200).
Bis(1,2:3,4-di- O-isopropylidene-6-O-thiocarbonyl-a-D-galactopyranose) disulfide was
also prepared according to a reported’ procedure; m.p. 133-134°, 1 288 (¢ 8,900)
and 246 nm (¢ 18,900).

1,2:5,6- Di-O-isaopropylidene-3-O-(mmethoxythiocarbonyl)-a-D-glucofuranose (2). —
(a) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with methanol (10 ml). The
reaction, which was monitored by t.l.c., was complete in 16 h. The mixture was then
evaporated to a yellow syrup (mixed with crystals identified as sulfur by elemental
analysis). The syrup was dissolved in about 2 ml of hexane, and adsorbed onto Adsor-
bosil for 10 min. Elution with hexane (100 ml) removed the elemental sulfur; elution
with hexane containing 5% of acetone (150 ml), followed by evaporation, gave
compound 2 (450 mg), as a yellowish syrup that crystallized on being kept for a few
days; m.p. 69-71°, 4., 230 nm (& 9,000), [x], —45° (chloroform).

Anal. Calc. for C,oH,,0,5: C, 50.3; H, 6.6; S, 9.6. Found: C, 50.1; H, 6.5;
S, 10.0.

*Mention of firm names or trade products does not imply that they are endorsed or recommended
by the U. S. Department of Agriculture over other firms or similar products not named.
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Elution with acetone removed 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose
(7), which was subsequently crystallized from hexane.

In a separate experiment, carbon disulfide was isolated and identified as reported
earlier’.

() A solution of 1 (1.0 g) in pyridine (10 ml) was treated with methanol (10 ml)
and a saturated solution of iodine in chloroform (8 ml). The reaction was complete in
3 h, after which time the mixture was evaporated to a yellow syrup mixed with a
crystalline compound. The syrup, which consisted mainly of 2 (t.l.c.), was extracted
with hexane, and purified by adsorption on Adsorbosil as above, to yield 2 (750 mg).
The crystalline compound was identified as pyridine hydriodide by comparison
with an authentic sample.

3-O-(Ethoxythiocarbonyl)-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (3). —
(a) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with ethanol (10 ml). After
the reaction was complete (100 h), compound 3 was isolated by the procedure used
for the preparation of 2, part (@); [«], —45° (chloroform), A,,, 230 nm (¢ 9,000).

Anal. Cale. for C,;H,,0,S: C, 51.6; H, 69; S, 9.2; mol wt., 348. Found:
C, 51.0; H, 6.9; S, 9.8; mol wt., 340 (Rast in camphor).

(&) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with ethanol (10 ml)
and a saturated solution of iodine in chloroform (8 ml). After the reaction was com-
plete (12 h), 3 (665 mg) was isolated by the procedure used for 2, part ().

1,2:5,6-Di-O-isopropylidene-3-O-(propoxythiocarbonyl)-a-D-glucofuranose (4). —
(@) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with propyl alcohol (10 mi).
After the reaction was complete (100 h), compound 4 (345 mg) was isolated by the
procedure used for 2, part (a); [«], —39° (chloroform), 1., 230 nm (& 9,200).

Anal. Cale. for C,H,0,8: C, 53.0; H, 7.2; S, 8.9. Found: C, 529;: H, 7.2;
S, 8.9.

(6) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with propyl alcohol
(10 ml) and a saturated solution of iodine in chloroform (8 ml). After the reaction
was complete (12 h), compound 4 (620 mg) was isolated by the procedure used for
2, part (a@).

3-O-(Butoxythiocarbonyl)-1,2:5 ,6-di-O-isopropylidene-c-D-glucofuranose (8). —
(a) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with butyl alcohol (10 ml).
After the reaction was complete (100 h), compound 5 (410 mg) was isolated, [«],
—34° (chloroform), A, 230 nm (£ 9,150).

Anal. Calc. for C;H,30S: C, 54.3; H,7.5; S, 8.5. Found: C, 54.3; H, 7.4;S, 8.7.

(b) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with butyl alcohol
(10 ml) and a saturated solution of iodine in chloroform (8 ml). After the reaction was
complete (14 h), compound 5 (610 mg) was isolated by the procedure used for 2,
part (a@).

1,2:5,6-Di-O-isopropylidene-3-O-(phenoxythiocarbonyl)-a-D-glucofuranose (6). —
(@) A solution of 1 (1.0 g) in pyridine (10 mi) was treated with phenol (10 g). After 16 h,
the pyridine and excess of phenol were evaporated by heating the mixture on a steam
bath while passing a stream of hot air through the mixture. T.l.c. showed two spots,
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one of which corresponded to 7. Compound 6 (200-300 mg) was isolated by the
procedure used for 2, part (@); m.p. 103° [¢], —43° (chloroform), 4,,, 237 nm
(e 7,600).

Anal. Calc. for C,gH,,0,S: C, 57.6; H, 6.1; S, 8.1. Found: C, 57.3; H, 6.2;
S, 8.1.

(b) A solution of 1 (1.0 g) in pyridine (10 ml) was treated with phenol (10 g)
and a saturated solution of iodine in chloroform (8 ml). After 8 h, anhydrous ether
(50 ml) was added, and the resultant, fine precipitate was filtered off. The filtrate was
concentrated somewhat, and water (200 ml) was added, forming two layers. After
the mixture had been warmed on a steam bath for a few min, the upper layer was
decanted, and the lower layer was evaporated as in part (a), to give crude 6, which was
purified as for 2, part (a); yield 200-300 mg. )

6-O-(Ethoxythiocarbonyl)-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose. — (a)
A solution of bis(1,2:3,4-di-O-isopropylidene-6-O-thiocarbonyl-a-p-galactopyranose)
disulfide (1.0 g) in pyridine (10 ml) was treated with ethanol (10 ml). After the reaction
was complete (100 h), the title compound (400 mg) was isolated by the procedure used
for 2, part (a), [o], ~60° (chloroform), 2, 230 nm (& 9,000).

Anal. Calc. for C,;H,,0,S: C, 51.6; H, 6.9; S, 9.2. Found: C, 52.0; H, 6.9;
S, 8.7.

(b) A solution of bis(1,2:3,4-di-O-isopropylidene-6-O-thiocarbonyl-o-D-
galactopyranose) disulfide (1.0 g) in pyridine (10 ml) was treated with ethanol (10 ml)
and a saturated solution of iodine in chloroform (8 ml). After 16 h, the title compound
(640 mg) was isolated by the procedure used for 2, part ().

Methyl 4,6-O-benzylidene-a-D-glucopyranoside 2,3-thionocarbonate. — A solution
of bis(methyl 4,6-0-benzylidene-2-O-thiocarbonyl-a-D-glucopyranoside) disulfide®
(0.76 g) in pyridine (8 ml) was treated with a saturated solution of iodine in chloroform
(8 ml). After 2 h, the solution was evaporated and the resultant syrup was adsorbed
on Adsorbosil, which was then eluted with chloroform (600 ml). Evaporation of the
eluate gave the title compound, which was crystallized from carbon disulfide (yield
0.51 g), and identified by t.l.c. and mixed melting point with an authentic sample>.

3-O-(Ethoxycarbonyl)-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (8). — (a)
1,2:5,6-Di-O-isopropylidene-a-pD-glucofuranose (5.0 g) was dissolved in 75 ml of
anhydrous ether, and an excess of sodium was added. After the mixture had been
kept for 16 h, the ether solution was decanted, and treated with ethyl chloroformate
(1.6 mD. A fine precipitate, presumably sodium chloride, formed immediately.
The suspension was kept for 10 min, and filtered, and the filtrate was evaporated to
a syrup that crystallized from aqueous acetone to yield compound 8 (4.0g); m.p. 73°,
[¢]lp —38° (chloroform). The compound was homogeneous by t.l.c.

Anal. Calce. for C,sH,,04: C, 54.3; H, 7.3. Found: C, 54.2; H, 7.4.

(&) The conversion of compound 3 into 8 was effected by treating 3 with silver
nitrate in the presence of barium carbonate, according to a procedure reported? earlier.
The yield of 8 was almost quantitative.

3-O-(Butoxycarbonyl)-1,2:5,6-di-O-isopropylidene-a-D-glicofuranose (9). — (a)
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Compound 9 was prepared in 709 yicld by essentially the procedure used for 8, part(a),
but with butyl chloroformate instead of ethyl chloroformate; m.p. 37-38°, [al,
—35° (chloroform).

Anal. Calc. for C,,H,304: C, 56.5; H, 7.9. Found: C, 56.6; H, 7.5.

(b) Reaction of 5 under the conditions used for preparing 8 (part (b)) gave 9 in
almost quantitative yield.

3-O-(Ethoxythiocarbonyl)-1,2-O-isopropylidene-a-D-glucofuranose (10). — To a
solution of 1 g of 3 in 50 ml of acetone was slowly added, with stirring, 10 ml of 5N
hydrochloric acid. After the mixture had been kept for 2.5 h, most of the acetone was
evaporated off under diminished pressure (until a slightly turbid solution resulted). The
solution was diluted with water (100 ml), and extracted with two 100-ml portions of
ethyl ether, and the extract was dried (anhydrous magnesium sulfate), and evaporated
to dryness, to yield 10 as a colorless syrup (0.55 g), [«]3°+ 9.5° (chloroformy), A,,,,
230 nm - (¢ 8,100).

Anal. Calc. for C,,H,,0,S: C, 46.8; H, 6.5; S, 10.4. Found: C, 46.6; H, 6.8;
S, 10,5.

Except for the presence of a hydroxyl band, the ir. spectrum of 10 was very
similar to that of 3. When a solution of 10 in pyridine was kept for a few days at room
temperature, 10 was recovered unchanged, as revealed by its i.r. spectrum.

1,2-O-Isopropylidene-a-D-glucofuranose 5,6-thionocarbonate (12). — To a solu-
tion of 10 (900 mg) in a mixture of p-dioxane (2 ml) and ethanol (2 ml), triethylamine
(2 ml) was added. On being kept for 18 h, crystals appeared, and these were filtered
off and washed with a small volume of anhydrous ether, to yield 12 (239 mg); m.p.
206-208°. Additional thionocarbonate (260 mg) was obtained on evaporation of the
filtrate, and addition of ether. The identity of this product was established by com-
parison with an authentic sample' of 12.

1,2-O-Isopropylidene-a-p-glucofuranose 5,6-carbonate (14). — To a solution of 8
(1 2 in methanol (8 ml), N hydrochloric acid (2 ml) was added. The mixture was
kept for 15 min at 60°, neutralized with silver carbonate, the suspension filtered, and
the filtrate evaporated to a thick syrup, which was dissolved in a mixture of triethyl-
amine (5 ml), p-dioxane (5 ml), and ethanol (5§ ml). The title compound, which crystal-
lized on standing for 24 h, was filtered off, and washed with water, to give 14 (350 mg);
m.p. 228-229°. The i.r. spectrum was indistinguishable from that of an authentic
sample! of 14.

Lead tetraacetate oxidation of 3. — The oxidation of 3 was performed by a
procedure reported previously’. One mcle of the compound consumed 1.9 moles of
oxidant during 10 min, with no additional consumption during the next 3 h. The
oxidized product (8) was isolated from the reaction mixture in 8594 yield; m.p. and
mixed m.p. with an authentic sample of 8, 73-74°.

Reductive desulfurization of 3. — Fresh, active Raney nickel was prepared
according to Dominguez et al.°. A solution of 3 (1 g) in ethanol (100 mi) was refluxed
with an excess of Raney nickel for 3 h. After filtration of the suspension, the filtrate
was evaporated to a thin syrup which was dissolved in about 30 ml of hexane. On

Carbohyd. Res., 6 (1968) 3442



42 B. S. SHASHA, W. M. DOANE, C. R. RUSSELL, AND C. E. RIST

slow evaporation of the hexane, a crystalline compound, mixed with some syrup, was
obtained. The crystals (265 mg) were filtered off, after addition of a few ml of hexane,
and were identified as 7 by comparison with an authentic sample. T.l.c. of the mother
liquor showed mainly one component, which was identified as 3-O-(ethoxymethylene)-
1,2:5,6-di- O-isopropylidene-a-p-glucofuranose (11). The syrup obtained by evapor-
ation of the mother liquor was triturated with water and extracted with hexane, to
give pure 11 (405 mg).

Anal. Calc. for C,sH,,0,: C, 56.5; H, 8.2; OEt, 14.1%{; mol. wt., 318. Found:
C, 56.3; H, 8.3; OEt, 13.69;; mol. wt., 321 (Rast in camphor).

When the reductive desulfurization reaction was performed for 3 h at 25°
under a hydrogen pressure of 500 Ib.in~?, only traces of 7 were obtained, and pure 11
was isolated in high yield (750 mg).

Acid hydrolysis of 11. — A suspension of 11 (20 mg) in N hydrochloric acid
(10 ml) was heated for 30 min under reflux on a steam bath; a solution was obtained
after 10-15 min. A 1-ml portion was withdrawn, diluted to 20 ml with water, and
analyzed for formaldehyde with the 2,4-pentanedione reagent. The amount of formal-
dehyde in repeated experiments was 0.65-0.85 mole per mole of 11. Paper chromato-
graphy of the hydrolyzate, with 10:4:3 (v/v) ethyl acetate—pyridine—-water or 40:11:19
(v/v) butyl alcohol-ethanol-water as the solvent and silver nitrate-sodium hydroxide
solution as the detecting reagent, revealed only the presence of a glucose.
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ABSTRACT

The molar ratios of D-xylose, L-arabinose, D-glucuronic acid, and 4-O-methyl-
D-glucuronic acid in the hydrolyzates of ten nodules of sapote gum obtained from two
different commercial batches were very similar and averaged 2.2:1.0:0.42:0.58. A small
proportion of nonacidic polysaccharide material was associated with the gum, and
accounted for the trace quantities of galactose, glucose, and mannose detected in
chromatograms of its hydrolyzate. Partial hydrolysis with acid gave two groups of
acidic fragments, containing 4-O-methyl-p-glucuronic acid and b-glucuronic acid,
respectively. Of these, the aldotriouronic acids, O-(4- O-methyl-«¢-D-glucopyranosyl-
uronic acid)-(1 »2)-0-f-p-xylopyranosyl-(1 ~+4)-D-xylopyranose (1) and O-o-D-
glucopyranosyluronic  acid-(1 —2)-O-f-p-xylopyranosyl-(1 —4)-p-xylopyranose (2),
crystallized after isolation by paper chromatography. Compound 1 was identified by
comparison with an authentic sample. Compound 2 yielded O-a-pD-glucopyranosyl-
uronic acid-(1 —2)-D-xylopyranose on partial hydrolysis. Reduction of 2, followed
by methylation and methanolysis yiclded a 1,2,3,5-tetra- O-methylxylitol, as well as
other methanolysis products identical to those obtained from reduced 1 after methyl-
ation and methanolysis.

INTRODUCTION

In previous studies on the structure of sapote gum, Anderson and Ledbetter’
found that partial hydrolysis with acid yieided mixtures of aldobiouronic and aldo-
triouronic acids which contain residues of pD-glucopyranosyluronic acid and a mono-
methyl ether thereof, linked to b-xylopyranose residues. At a later date, White? found
that (1) the main chain probably consists of (1—4)-linked p-xylopyranose residues,
although Dp-glucopyranosyluronic acid residues and glycosyl (1-—2) bonds might also
be involved in the main chain; (2) p-glucopyranosyluronic acid, p-xylopyranose, and
L-arabinofuranose residues are terminal, and are probably attached to O-2 of p-xylo-

*A portion of a thesis submitted by Roger D. Lambert in partial fulfilment of the requirements of
The Institute of Paper Chemistry for the Ph. D. degree from Lawrence University, Appleton, Wiscon-
sin, June, 1967.
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pyranose residues in the main chain; and (3) p-glucopyranosyluronic acid residues are
joined by glycosyl (1-2) bonds to b-xylopyranose residues.

The objectives of the present study were the isolation, separation, and identifi-
cation of some of the acidic oligosaccharides discovered by Anderson and Ledbetter’.
A preliminary determination of the composition was made because of a report® that
a sample thought to be sapote gum differed greatly from samples previously investi-
gated!2.

Two samples of sapote gum were examined. One sample had been stored at
The Institute of Paper Chemistry for some years, and was believed to be a portion of
the sample studied by White?. A fresh sample of commercial sapote gum was obtained,
in 1964, from Exportadora ElSolS. A., Apartado 2404, Lima, Peru. Both samples
consisted of brown nodules, which had not been processed in any way since their
collection, and were believed to have come from the species Sapota achras, which
occurs in Peru.

The compositions of five nodules chosen at random from each of the two
samples were determined, with the results shown in Table I. It is apparent that there
were only small inter- and intra-sample variations in these compositions. Adsorption
of a small portion of the gum from aqueous solution onto O-[(2-diethylamino)ethyl]-
cellulose left in solution a small amount of neutral material, which was then hydro-
lyzed and the hydrolyzate inspected by paper chromatography; spots corresponding to

TABLE I
COMPOSITION OF THE ACID HYDROLYZATES OF SAPOTE GUM®

Nodule “Anhydro-bp-  “Anhydro-L-  “Anhydro-p-  Methoxyl “Uronic Total, %
galactose”, % arabinose”,% xylose”,% (as CH3)}, % anhydride”, %

1° 1.00 220 45.6 1.30 27.6 97.5
2 0.93 25.4 44.4 1.06 26.1 97.9
3 0.82 20.2 47.8 1.23 28.1 98.1
4 1.03 22.2 43.5 1.46 28.6 96.8
5 1.05 24.6 45.1 1.27 26.5 98.6
Average 0.97 22.9 45.3 1.26 274 97.8
1¢ 1.07 18.1 46.0 1.56 28.0 94.8
2 0.55 24.6 45.8 1.19 26.8 99.0
3 0.74 21.8 44.2 1.38 27.4 95.5
4 1.04 21.7 459 1.25 26.7 96.6
5 1.68 20.0 46.8 0.98 28.1 97.6
Average 1.02 21.2 45.7 1.27 27.4 96.7
Grand

average 1.00 22.1 45.5 1.27 274 97.3

a All values are corrected for moisture and ash. ®These nodules were obtained from Exportadora
Ef Sol S.A., Apartado 2404, Lima, Peru. These nodules were thought to have been a portion of the
sample studied by White2.
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galactose, glucose, and mannose were observed. The quantity of this material was
sufficient to suggest that all of the galactose in the hydrolyzates of sapote gum origi-
nated from this galactose-containing, polysaccharide contaminant. All additional
experiments were conducted on the fresh sample of sapote gum.

Examination of the compounds present in the partiai hydrolyzates (with acid)
of sapote gum showed D-xylose and L-arabinose to be present. Eight additional spots,
which were resolved by paper chromatography in solvent B, could be divided into
two groups, depending on whether they yielded p-glucuronic acid or 4-0O-methyl-D-
glucuronic acid on complete hydrolysis with acid. One series of acids (the A series in
Table IT) corresponded in chromatographic mobility to 4-0O-methyl-D-glucuronic acid
(A1), O-(4-O-methyl-a-p-glucopyranosyluronic acid)-(1—2)-p-xylopyranose (42),
O-(4-O-methyl-«-D-glucopyranosyluronic acid)-(1—2)- O-8-p-xylopyranosyl-(1—+4)-p-
xylopyranose (43), and O-(4-O-methyl-a-D-glucopyranosyluronic acid)-(1—2)-0-
fB-D-xylopyranosyl-(1—4)- O-$-D-xylopyranosyl-(1 »4)-D-xylopyranose (A44). Apart
from p-glucuronic acid (BI), no controls were available for comparison with the other
series of acidic fragments (the B series), but the comparison of their chromatographic
mobilities in solvent B and their color reactions with p-anisidine are given in Table IIL.

TABLEII
ACIDIC FRAGMENTS FROM THE PARTIAL HYDROLYSIS OF SAPOTE GUM BY ACID

Substances yielding 4-O-methyl-p-glucuronic Substances yielding p-glucuronic acid? after

acid? after acid hydrolysis acid hydrolysis

Acid Chromatographic Color with p-anisi- Acid Chromatographic Color with p-anisi-
mobility (Rx)? dine spray mobility (Rx)? dine spray

Al 1.10 pink Bl 0.68 pink

A2 0.94 pink-orange B2 0.52 pink-orange

A3 (1) 0.58 orange B3(2) 0.30 orange

A4 0.13 brown B4 0.08 brown

aDetermined by qualitative paper-chromatography in 9:2:2 ethyl acetate--acetic acid—water. PExpress-
ed as the ratio of the distance travelled to the distance travelled by p-xylose.

Acids 43 (1) and B3 (2) crystallized after isolation by preparative paper-chro-
matography, and 1 was identified as O-(4-O-methyl-a-D-glucopyranosyluronic acid)-
(1-2)-0-p-p-xylopyranosyl-(1—4)-D-xylopyranose by comparison with an authentic
sample (3). Compounds 1 and 3 had, within experimental accuracy, identical melting
points, specific rotations, chromatographic mobilities, and X-ray diffraction patterns,
and they also apparently gave the same products on partial hydrolysis with acid.
Compound 2 was identified as O-a-D-glucopyranosyluronic acid-(1-—+2)-0-#-p-xylo-
pyranosyl-(1 —4)-p-xylopyranose by (@) identification of O-«-D-glucopyranosyluronic
acid-(1 —2)-pD-xylopyranose as a partial-hydrolysis product of 2; (%) identification of a
1,2,3,5-tetra- O-methylxylitol as a hydrolysis product of the neutral, methylated,
nonreducing derivative of 2; (¢) the similarity of the methanolysis products of the
neutral, methylated, nonreducing derivatives of 1, 2, and 3; and (d) a consideration
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of the isorotation rules, which, because of the similarities of the specific rotations of
1 and 2, indicated that the xylose-to-xylose bond of 2 was in the f-p configuration.

Partial hydrolysis of 1 followed by paper-chromatographic examination of the
hydrolyzate revealed spots that corresponded in migration rate and color to A7, A2,
and a xylose. Similarly, 2 gave spots that corresponded to BI, B2, and a xylose.

Reduction of the reducing group of 1, 2, and 3 with sodium borohydride, and
subsequent methylation, gave syrups, the i.r. spectra and specific rotations of which
appeared, within experimental accuracy, to be identical. Reduction of the ester group
of each of these products to a primary hydroxyl group with lithium aluminum hydride
gave neutral, methylated, nonreducing derivatives of 1, 2, and 3. A portion of each
of these derivatives was hydrolyzed, and another portion of each was methanolyzed.
Paper chromatography of the three hydrolyzates gave spots identical to those of 2,3,4-
tri-O-methyl-D-glucose and 3,4-di- O-methyl-p-xylose. Gas-liquid chromatograpby of
the hydrolyzate revealed one peak identical with that given by a 1,2,3,5-tetra-O-me-
thylxylitol, and its identity was confirmed by preparation of the crystalline p-nitrobenz-
oate. Five peaks for the methanolyzates were observed by gas chromatography. One
of these, for all three samples, corresponded to a 1,2,3,5-tetra-O-methylxylitol, and
the other four for the derivatives of 1 and 2 were identical to those from the corre-
sponding derivative of 3. They were tentatively identified as caused by the anomers of
methyl 3,4-di-O-methyl-p-xylopyranoside and the anomers of methyl 2,3,4-tri-O-
methyl-D-glucopyranoside.

The identification of 1 establishes the location of a methoxyl group at C-4 of
some of the uronic acid residues in the molecule of sapote gum. It scems probable that
all of the methoxyl groups are so situated. Identification of 1 and 2 shows that the
uronic acid-to-xylose bonds in sapote gum are in the «-D configuration, that at least
some of the xylose-to-xylose bonds have the f-D configuration, and that the latter
bonds are glyvcosyl (1—4) bonds. Only future experiments can determine whether one
(or both) of these acids occupies a nonterminal position in the molecule of sapote gum.

EXPERIMENTAL

Paper chromatography. — Sugars were separated by descending paper-chroma-
tography on Whatman No. 1 paper for analytical purposes, and cn Whatman No. 17
paper (with an attached wick of No. 1 paper) or Whatman 3MM paper for preparative
purposes. Solvent A (8:2:1 ethyl acetate—pyridine-water) was used to separate neutral
sugars, solvent B (9:2:2 ethyl acetate—acetic acid—water) was used to separate uronic
acids, and solvent C (water-saturated butanone) was used to separate partially methyl-
ated sugars. Sugars were detected with p-anisidine hydrochloride® and alkaline silver
nitrate® sprays. R

Purification of sapote gum. — Sapote gum (150 g) was mixed with 10 liters of
distilled water, and the suspension was filtered. To the filtrate was added, in two equal
parts, 5 h apart, an aqueous solution (125 ml) containing 10 g of sodium chlorite,
S ml of glacial acetic acid, and 1 ml of formic acid. After 2 days at room temperature,
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100 ml of 379/ hydrochloric acid was added ; the solution was kept for 30 min, poured
into 30 liters 0of 959 ethanol, and the precipitated gum was freed of supernatant liquor
by decantation, washed with 959 ethanol, and dissolved in 3 liters of distilled water.
To the solution, 30 ml of hydrochloric acid was added, and the solution was kept for
45min and poured into 9 liters of 95%/ ethanol. The resulting precipitate was thoroughly
washed with anhydrous ethanol and then with anhydrous ether, and air-dried. The
yield was 96 g; the moisture content was 9.85, and the ash content was negligible.

Analysis of individual nodules. — Five nodules of gum from the original sample
employed by White? and five nodules of the fresh sample of sapote gum were purified
by the general procedure outlined above. Each of the ten individual samples (50 mg)
was dissolved in 17 ml of 8.5% sulfuric acid and heated for 60 min at approximately
115°. After neutralization with barium carbonate, filtration, and evaporation to a
syrup, paper chromatography. (solvents A. and B) gave spots corresponding to xylose,
arabinose, galactose (very faint), glucuronic acid, and 4-O-methylglucuronic acid.
Sugar analyses?, “uronic anhydride”®, and methoxyl® were determined for each of the
ten nodules (see Table I).

Isolation and identification of D-xylose and L-arabinose. — Four 2.0-g samples of
gum were each dissolved in 300 ml of 8%/ sulfuric acid and heated for 120 min at 115°.
The hydrolyzates were isolated by conventional techniques'®, and, after preparative
chromatography in solvent A, the areas of the chromatograms containing D-xylose and
L-arabinose were cut from the chromatograms and eluted. D-Xylose was identified as
the crystalline di-O-benzylidene dimethyl acetal '*; m.p. 208° alone or in admixture
with an authentic sample. The arabindse was identified by its i.r. spectrum only,
because Anderson and Ledbetter! and White? had identified it previously.

Isolation of aldotriouronic acids. — In each of eight beakers was placed 12 g of
gum; 250 ml of 0.25N sulfuric acid was added, and the samples were heated for 50 min
at 115°. The hydrolyzates were rendered neutral with barium carbonate, the suspen-
sions were filtered, and the filtrates were combined, and concentrated to 200 ml.
The barium salts of the acids were precipitated by addition of 300 ml of absolute
ethanol. The precipitate was dissolved in 300 ml of water, and the solution was acidi-
fied with dilute sulfuric acid to remove barium ions, lead acetate was added to remove
sulfate ions, hydrogen sulfide was passed in to remove lead ions, and air was passed
in to remove hydrogen sulfide. Activated carbon (100 g) was added to the sulfide-free
solution, the suspension was stirred for 3 h, and filtered, and the carbon was extracted
successively with 1.5 liters of distilled water and 1.5 liters of 50% aqueous ethanol.
Chromatographic examination of the aqueous ethanol extract showed the eight acidic
fragments described in Table IT to be present, together with a small proportion of
galactose and arabinose. The chromatographic mobility of these fragments in solvent B
was compared with that of D-glucuronic acid and with those of the acidic fragments
isolated from the partial (acid) hydrolyzate of a 4-O-methyl-glucuronoxylan from a
coniferous pulp'®. This mixture of substances crystallized on being dried over phos-
phorus pentaoxide.

The mixture of acids was separated by chromatography in solvent B, and the
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areas corresponding to each of the acids were cut out of the chromatogram and eluted
with water. Chromatographic examination of the complete (acid) hydrolyzates of
each of these acidic fragments showed that they could be classified according to whether
p-glucuronic or 4-0-methyl-D-glucuronic acid was present; these results are given in
Table II. The two major components, acids 43 (1) and B3 (2) crystallized on being dried,
and weighed 2.81 and 1.209 g, respectively.

Characterization of aldotriouronic acids. — Characteristics of 1 and of authentic
O-(4-O-methyl-a-D-glucopyranosyluronic acid)-(1 - 2)- O-f-p-xylopyranosyl-(1 —+4)-p-
xylopyranose (3), respectively, were: equiv. wt., 520 and 523; m. p., 182-184° and!®
184°, [alp, +60° (c 0.025, water) and'® +57°; and chromatographic mobility (Rx
in solvent B), 0.58 and 0.58. Substances 1 and 3 had identical X-ray diffraction patterns
and no significant differences in ir. absorption spectra, and gave, on hydrolysis,
chromatographic spots corresponding to xylose and acids A7 and A42. Substance 2 had
equiv. wt. 497; m. p., 194-197°; [a]p +53° (¢ 0.25, water), and a chromatographic
mobility of 0.30 in solvent B. The i.r. spectrum of 2 was similar to that of 1, and the
presence or absence of a methoxyl group could not be determined from the i.r. spec-
trum. The hydrolysis products of 2 corresponded, by paper chromatography, to xylose
and acids BI and B2.

Identification of O-o-D-glucopyranosyluronic acid-(1—-2)-D-xylopyranose. — A
solution of 500 mgof 2 in 50 ml of 1.0N sulfuric acid was sealed in a glass ampoule, heated
for 3 h at 105°, neutralized with barium carbonate, filtered, deionized on a column of
Amberlite IR-120 (H ") ion-exchange resin, and evaporated to a syrup. Paper chromato-
graphy revealed four spots which corresponded to a xylose, BI, B2, and 2. The material
corresponding to B2 was isolated by preparative paper-chromatography, and evap-
orated to a syrup (226 mg), which represented 68.5%; of the theoretical yield of
aldobiouronic acid.

The syrup was converted into the methy] ester methyl glycosides, and acetylated
by the procedures outlined by Smith ef al.'?'!3. The colorless, crystalline product
(186 mg) melted at 255°, alone or in admixture with an authentic sample of methyl
3,4-di- O-acetyl-2-O-(methyl 2,3,4-tri- O-acetyl-a-D-glucopyranosyluronate)-$-p-xylo-
pyranoside. Melting points previously recorded for this compound are*? 250° and!3
255-257°. The specific rotation, [«]3°, was +100° (¢ 0.053, chloroform), compared
with!! +101° and!? +103°.

Sodium borohydride reduction. — Each of the three aldotriouronic acids 1, 2,
and 3 (200 mg) was dissolved in 0.1N sodium hydroxide (30 ml) that contained 4% of
sodium borohydride. After 3 h at room temperature, the solutions were neutralized
with 2N acetic acid, passed through a column of Amberlite-120 (H™) ion-exchange
resin, and evaporated to dryness. The residues were repeatedly dissolved in methanol
and evaporated until all of the boric acid had been removed.

Methylation. — The reduced products were each dissolved in 6.25 ml of 4.8%/
sodium hydrogen carbonate solution, and were methylated with methyl sulfate
according to the procedure of Smith et al.*?, and then with solid sodium hydroxide
and methyl sulfate according to the procedure of Falconer and Adams!4.
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Each of the syrups from the methyl sulfate methylation was dissolved in 5 ml of
dry N,N-dimethylformamide. Methyl iodide (2 mil) and 0.25 g of Drierite (anhydrous
calcium sulfate) were added to each solution. The solutions were stirred for 4 h, and
2 g of silver oxide was added during 3 h. The next day, 2 g of silver oxide was added
with stirring. The methylated products were then isolated by the procedure described
by Kuhn and co-workers'>, as syrups which were stored over phosphorus pentaoxide.

The i.r. spectra of the syrups from 1, 2 (after remethylation), and 3 were identical
and showed no absorption in the hydroxyl-stretching region. Specific rotations
{235 26 of these syrups from 1, 2, and 3 were: + 38° (¢ 0.046, ethanol), +38° (¢ 0.013,
ethanol), and +36° (¢ 0.025, ethanol), respectively.

Low yields of these reduced and methylated products from 1, 2 and 3 (139, 40,
and 75 mg, respectively) were attributed to mechanical losses arising from formation of
emulsions during the solvent extractions that followed each methylation step.

Reduction with lithium aluminum hydride.— The reduced and methylated syrups
from 1, 2, and 3 were each dissolved in dry tetrahydrofuran (10 ml), and 150 mg of
lithium aluminum hydride was slowly added to each. After the solution had been
stirred for 2 h, ethyl acetate was added to decompose unreacted hydride. Cold,
distilled water was added, and the suspensions were filtered. The filirates were
deionized on a column of Amberlite MB-3(H*, OH™) ion-exchange resin, and the
eluates were evaporated to syrups that were used for methanolysis and hydrolysis
experiments.

Hydrolysis of reduced, methylated trisaccharides. — Each of the three syrups
from the lithium aluminum hydride reductions (20 mg) was dissolved in 5 ml of 49
sulfuric acid, and the solution was sealed in a glass ampoule, heated for 120 min at
100°, cooled, neutralized with barium carbonate, filtered, deionized on a column of
Amberlite MB-3(H¥, OH™) ion-exchange resin, and evaporated to a syrup. Paper
chromatography (Solvent C) revealed two spots common to all three syrups (Rrpyc*
0.57 and 0.78), with no intersample variation in migration rate. The ratio of the area
of the faster spot to that of the slower spot was 0.80 for each of the hydrolyzates,
indicating that the ratios of the quantities of the materials which produced the spots
were probably the same in the three hydrolyzates'®.

The faster spot (R 0.78) corresponded in migration rate to authentic
2,3,4-tri-O-methyl-D-glucose and the slower spot (Rp,e 0.57) corresponded in
migration rate to authentic 2,3-di-O-methyl-pD-xylose, which, in solvent C, is
known to migrate at almost the same rate as 3,4-di-0-methyl-D-xylose.

G.l.c. of these three hydrolyzed syrups (on an analytical column packed with
acid-washed diatomaceous earth coated with 159 1,4-butanediol succinate polyester
according to the procedure of Bearce'”, at 165° and eluted with nitrogen at 20 lb.in" %)
produced one peak, which appeared after 8.1 min for each sample. The retention times
of the three peaks were, therefore, identical.

*Mobility relative to that of 2,3,4,6-tetra- O-methyl-D-glucose.
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Identification of a 1,2,3,5-tetra-O-methylxylitoi. — The substances that produced
the thrée peaks were collected by condensation. Each syrup was dissolved in
10 ml of dry pyridine, and 35 mg of recrystallized p-nitrobenzoyl chloride was added
to each solution. The solutions were sealed in glass ampoules, heated for 50 min at
about 65°, and then kept overnight at room temperature. The mixtures were neutral-
ized with saturated sodium carbonate solution, and extracted threc times with
redistilled chloroform, and -the extracts were dried overnight (anhydrous calcium
sulfate), and evaporated to dryness. The crystalline products were washed with cold,
dry methanol; yield of each, approximately 10 mg. Their melting points, alone or in
admixture with one another, were 185-187°, indicating that a 1,2,3,5-tetra- O-methyl-
xylitol can be derived from 1, 2, and 3. The melting point of a 1,2,3,5-tetra- O-methyl-
4-O-p-nitrobenzoylxylitol has been reported'® as 187-189°.

Methanolysis of reduced, methylated trisaccharides. — The unhydrolyzed portions
of the three syrups obtained from the lithium aluminum hydride reduction were each
dissolved in 10 ml of 4%/ methanolic hydrogen chloride. The solutions were sealed in glass
ampoules, heated for 5 h at 105°, neutralized with silver carbonate, and the suspensions
filtered. The filtrates were deionized on a column of Amberlite MB-3(H*, OH ") ion-
exchange resin and evaporated to syrups. G.l.c. of these three syrups revealed, in each
case, five peaks, which appeared at 8.1, 15.3, 29.5, and 43.7 min, with no intersample
variations in retention time. One of the peaks (8.1 min) corresponded to the single peaks
of the 1,2,3,5-tetra- O-methylxylitol isolated in the previousexperiment. Presumably, the
others were due to the anomers of methyl 3,4-di-O-methyl-p-xylopyranoside and of
methyl 2,3,4-tri- O-methyl-D-glucopyranoside. Peaks produced by an authentic sample
of a mixture of the anomers of methyl 2,3-di-O-methyl-D-xylopyranoside had retention
times of 17.5 and 21.2 min, and were different from the five peaks listed above.
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ABSTRACT

Acetylation of a slurry of f-maltose monohydrate in cold toluene with acetyl-
pyridinium chloride gave 1,2,6,2°,3’,4’,6"-hepta- O-acetyl-f-maltose (1) in 709/ yield,
with octa-O-acetyl-f-maltose as a bypraduct. Crystalline 3-O-methyl (2) and 3-O-
phenylcarbamoyl (3) derivatives of 1 were readily obtained. A deacetylated sample of 2
was shown to yield 3-O-methyl-o,f-D-glucose and «,f-D-glucose after aqueous
hydrolysis. To discriminate between the O-3 and O-3’ positions, a second portion of
deacetylated 2 was reduced with sodium borohydride and the product methanolyzed,
to yield 3-O-methyl-p-glucitol and methyl «,§-D-glucopyranoside; components of the
methanolyzate were identified by g.l.c. Deacetylation and methanolysis of 3 gave
methyl 3-O-phenylcarbamoyl-«,8-D-glucopyranoside (5), from which methyl 2,4,6-
tri- O-benzoyl-3- O-phenylcarbamoyl-8-p-glucopyranoside (6) was isolated crystalline;
synthesis of 6 from 1,2:5,6-di- O-isopropylidene-o-D-glucofuranose proved its structure.

INTRODUCTION

To increase the possibilities for industrial utilization of maltose (4-O-a-D-gluco-
pyranosyl-D-glucopyranose), a current program of this laboratory is designed to
expand the chemistry of this readily accessible sugar. In one phase of the work, chemi-
cal reactivities of the individual hydroxyl groups of maltose are being investigated.
A distinctly lower relative reactivity has been found at the 3-hydroxyl group toward
acetylation by acetylpyridinium chloride in toluene. A procedure for slow, hetero-
geneous acetylation was developed expressly to show reactivity differences between
hydroxyl groups. Under identical conditions of reaction, both a- and f-D-glucose were
fully acetylated in 959 yields.

Synthesis of the title compound (1) in 70%/ yield provides access to 3-O-substi-
tuted derivatives of maltcse. Other heptaacetates of maltose that are known have free
hydroxyl groups at C-1, C-6, and C-6". These have been obtained by hydrolysis of

*Presented before the Division of Carbohydrate Chemistry, American Chemical Society, 154th
National Meeting, Chicago, lllinois, September 10-15, 1967.

**This is a laboratory of the Northern Utilization Research and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.
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acetylmaltosyl halides!, by the action of piperidine on octa-O-acetyl-f-maltose?, and
by detritylation of the acetylated 6-trityl or 6'-trityl ethers of maltose®**.

The use of acetyl halides for the preparation of acetylglycosyl halides has been
reviewed by Stan&k and his colleagues®. Sugihara® summarized investigations before
1958, which showed high reactivities of the hydroxyl groups at C-6 and C-2 of p-gluc-
ose toward acylation. In 1967, Williams and Richardson’ established a reactivity
sequence for the secondary hydroxyl groups in methyl «-p-glucopyranoside, toward
benzoyl chloride in pyridine, but the sequence that they found, namely, 2-OH> 3-OH
>4-OH, may not hold for other acylating systems or other hexosides.

Specificities that depend on the class of acylating agent employed were demon-
strated by Jeanloz and Jeanloz®. They reported that methyl 4,6-O-benzylidene-a-D-
glucopyranoside is selectively acylated at O-2 by carboxylic acid chlorides, and at O-3
by the corresponding anhydrides. In most cases, yields were modest, with various
degrees of reagent discrimination.

Attempts to rationalize selective acylations in the monosaccharide series have
involved a number of as yet incompletely evaluated parameters: the mechanism of
acylation, the class of acylating reagent, the catalyst®, the anomeric configuration, the
steric environment of the hydroxyl groups, hydrogen bonding, the ring size, and the
conformation of the molecule. Similar specificities doubtless apply to maltose and
other disaccharides, but with the possible added complication of intramolecular
hydrogen bonding between hydroxyl groups of adjoining saccharide molecules.
From 3-dimensional X-ray diffraction data, Hybl es al.'® showed hydrogen bonds
between O-2 and O-3 of each contiguous pair of D-glucose residues in the cyclohexa-
amylose—potassium acetate complex, and the results were extrapolated to embrace
helical V-amylose. From n.m.r. and i.r. spectral measurements, Casu et al.** deduced
hydrogen-bonding between the 3-OH and 2'-OH groups in maltose, maltocyclo-
dextrins, and amylose; and Chu and Jeffrey'? found the same bonding in crystalline
methyl f-maltoside monohydrate by X-ray diffraction data. Whether this bonding is
responsible for the inhibited acetylation at 3-OH in maltose is being investigated by
acetylation of other disaccharides alleged to be intramolecularly hydrogen-bonded.

RESULTS AND DISCUSSION

p-Maltose monohydrate was slurried in cold toluene, and acetylated slowly with
acetylpyridinium chloride. Reaction variables of temperature, time, and reagent
concentration were evaluated by thin-layer chromatographic estimation of composi-
tional changes in the reaction mixtures. A 709, yield of the new heptaacetate (1) was
obtained with the optimum procedure. The anomeric configuration remained un-
changed during the acetylation. Finely divided maltose was required for maximum
conversion. Purification of the product mixture required column chromatography on
silica gel. The t.1.c. systems of Wolfrom and de Lederkremer!? gave excellent separation
of 1 and the byproduct, octa-0O-acetyl-S-maltose.

The purified heptaacetate 1 was readily converted into octa-O-acetyl-fS-maltose
in cold pyridine-acetic anhydride. A control reaction on f-maltose monohydrate in
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cold pyridine-acetic anhydride gave the same yield of octaacetate as 1, and neither
reaction product showed any « anomer by t.l.c. examination'*.

In chloroform-d, the heptaacetate 1 and octa-O-acetyl-f-maltose showed nearly
identical low-field doublets for the anomeric proton (z 4.36 and t 4.25, respectively,
with J, , 8 Hz). Such deshielding of the anomeric protonis characteristic for a 1-
acctate, and the location and large coupling constant indicate an axial orientation
(B anomer)'®>~!7. The integrated spectrum confirmed the presence of seven C-methyl
(acetyl) groups in 1, within the region assigned for equatorial O-acetyl groups (z 7.93—
8.01). No signals could be detected at the resonance of 7 7.82 reported'® for axial
O-acetyl groups, and since no other C-methyl resonances were observed, any ortho-
ester forms are ruled out.

These findings agree with the g configuration that was also assigned by use of
Hudson’s rule and by the isolation of octa-O-acetyl-$-maltose after peracetylation
of 1 in cold pyridine—acetic anhydride. The i.r. spectrum of 1 in a potassium bromide
disc showed the expected strong absorption band (type 2b, 890 cm™'). This band,
supposedly specific for a f-p configuration in the p-aldopyranose acetate series!®, was
accompanied by a weak band (type 2a, 844 cm™!), allegedly indicating the presence
of the a-D-(1 »4) interglycose linkage.

The resonance of the hydroxyl proton was observed in methyl sulfoxide-dg.
For 2,3,6,2',3’,4',6’-hepta-O-acetyl-f-maltose, the 1-OH signal appeared far down-
field as a doublet (z 2.42, J, oy 6 Hz). Our heptaacetate, however, showed a
different doublet for the hydroxyl proton (t 4.30, J 7 Hz). Both doublets were
eliminated by exchange with deuterium oxide. Although a position for the free
hydroxyl group could not be assigned by n.m.r. spectroscopy alone, similar low-field
resonances were found by Casu er al'® for the C-3 and C-2’ hydroxyl protons of
p-maltose in methyl sulfoxide solution.

It was assumed that the hydroxyl group was not at C-2 when it was observed that
1 failed to mutarotate in aqueous pyridine or in acetic acid solution. Lemieux and
Morgan'® have shown that an analogous C-2-hydroxylated compound, 1,3,4,6-tetra-
O-acetyl-a-D-glucopyranose, readily “mutarotates” in agqueous acetic acid to give the
anomers of 2,3,4,6-tetra- O-acetyl-pD-glucopyranose by acetyl migration.

Although the heptaacetate 1 was not crystallized, crystalline derivatives were
obtained in high yield by methylation or by treatment with phenyl isocyanate.

Initial methylations by the procedure of Kuhn er al'® were complicated by
acetyl migration before substitution. Similar problems had been reported by Angyal
and Melrose?°. The 3-methyl ether (2) was formed in a modified boron trifluoride—
diazomethane?'+?? system. The n.m.r. spectrum of 2 at 100 MHz in chloroform-d
showed the expected O-methyl resonance (z 6.59), and the anomeric-proton doublet
remained unchanged at r 4.36, J, , 8 Hz. Examination of the integrated spectrum
confirmed the presence of a single O-methyl group and of seven C-methyl (acetyl)
groups (z 7.93-8.01). A comparison spectrum of the analogous 3-O-phenylcarbamoyl
derivative (3) showed the anomeric proton doublet at T 4.22 (J, , 8 Hz), essentially
identical with that for octa-O-acetyl-S-maltose.
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The first step in our proof of structure was identification of the mono-O-methyl-
D-glucose produced by deacetylation and hydrolysis of 2. Gas-liquid chromatography
(g.l.c.), with a liquid phase of Carbowax* 20M, greatly simplified identification. All
samples were converted into their trimethylsilyl ethers?® before injection. By co-
injecting reference compounds with the hydrolyzate, and by referring to relative
retention values (see Table I), the presence of 3-O-methyl-a,8-D-glucose and of
a,f-D-glucose was established. No other products were observed.

TABLE 1

RELATIVE RETENTION VALUES OF D-GLUCOSE DERIVATIVES®

Sampleb Internal reference standards®
a-D-Glucose, Methyl B-p-glucoside, D-Glucitol,
150° 160° 160°

3-0-Methyl-p-glucitol 0.85 0.47 0.86 (150°)

0.96 (160°)

D-Glucitol a 0.49

3-0-Methyl-a-p-glucose 0.76 0.44

4-0-Methyl-z-p-glucose 0.90

2-0-Methyl-a-p-glucose 1.08

3-0-Methyl-g-p-glucose 1.25 0.72

2-0-Methyl-g-p-glucose 1.50

6-0-Methyl-z-D-glucose 1.52

4-0-Methyl-g-p-glucose 1.67

p-p-Glucose 1.82

6-O0-Methyl-8-p-glucose 1.85

2r/tseq at designated temperature, as peririmethylsilyl ethers. ®The order of appearance for the 4-O-
methyl-p-glucose anomers presumably follows that observed for known anomers available to us.
In all, the «-p preceded the 8-p. ¢With 19.5% Carbowax 20M on Chromosorb W. <Coincides
with the standard. Peaks were separable on a column packing of Carbowax 20M on Gas-Chrom Q.

On a larger scale, purification on a Celite column was used to isolate 3-O-
methyl-a,f-D-glucose in amounts sufficient for conversion into the phenylosazone.
A mixed m.p. of the isolated phenylosazone with authentic 3-O-methyl-D-arabino-
hexulose phenylosazone was undepressed.

To distinguish between substitutions at the O-3 and O-3’ positions of maltose,
a second sample of the 3-O-methylmaltose heptaacetate (2) was deacetylated, the
product was reduced with aqueous sodium borohydride, and the substituted alditol
was refluxed in methanolic hydrogen chloride. After trimethylsilylation of the product,
g.l.c. showed a mixture of 3-O-methyl-D-glucitol and methyl «,f-D-glucopyranoside,
when co-injection of authentic reference compounds was again used.

Additional support for the structure 1,2,6,2°,3",4",6-hepta-0O-acetyl-f-maltose
for 1 was gained by examination of its mono-O-phenylcarbamoyl derivative (3).

*Trademark of the Union Carbide Corporation. The mention of firm names or trade products does
not imply that they are endorsed or recommended by the Department of Agriculture over other firms
or similar products not mentioned.
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Although alkaline procedures caused extensive wandering of the phenylcarbamoyl
group, deacetylation in 2%/ methanolic hydrogen chloride** produced methyl 3-O-
phenylcarbamoyl-a, f-D-glucopyranoside (5) as the sole monosubstituted product.
After column purification, substance 5 could be converted into purs methyl 2,4,6-tri-
O-benzoyl-3-O-phenylcarbamoyl-g-D-glucopyranoside (6). The [-D assignment was
based on the use of Hudson’s rule, and confirmed by n.m.r. (100 MHz in chloroform-
d). The H-1 doublet (z 5.29, J, , 8 Hz) corresponded closely to that observed in a
reference spectrum for methyl 2,3,4,6-tetra- O-benzoyl-f-p-glucopyranoside (r 5.21,
J .o 8 Hz). Assignment of 6 as the 3-O-phenylcarbamoyl derivative was confirmed by
comparison of the m.p., specific rotation, and n.m.r. spectrum with those of an
authentic, crystalline specimen prepared from 1,2:5,6-di-O-isopropylidene-3-0O-
phenylcarbamoyl-a-D-glucofuranose (7) by methanolysis and benzoylation.

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover melting-point
apparatus (Arthur H. Thomas Co., Philadelphia, Pa.) and are corrected. Optical
rotations were measured with a Rudolph polarimeter in a 1-dm tube. Lr. spectra were
recorded with a Perkin—Elmer Model 621 spectrophotometer, by the potassium bro-
mide disc technique. N.m.r. spectra were measured at 100 MHz with a Varian HA-100
spectrometer. Tetramethylsilane was used as an internal standard in chloroform-d
or methyl sulfoxide-d;. Chemical shifts are given on the t scale. An F & M research
chromatograph, Model 810, was employed for g.l.c. The column was a 12-ft length of
1/4-in o.d. copper tubing, packed with 19.5%, Carbowax 20M on Chromosorb W#*
(80-100 mesh). Operation was isothermal at 150°, with helium as the carrier gas, and
flame ionization detection.

All samples were dissolved in pyridine and converted into their trimethylsilyl
ethers approximately 18 h before injection. T.l.c. on Silica Gel G (E. Merck, Darm-
stadt, Germany) was performed without heat activation of the plates. Solvent pro-
portions are on the v/v basis. For column chromatography, Baker Analyzed Silica Gel
(J.T. Baker Chemical Co., Phillipsburg, N. J.) was used without pretreatment. Solutions
were concentrated below 40° under diminished pressure. Pyridine was removed from
organic phases by alternately washing with water and 5% aqueous cupric sulfate,
Calcium hydride was used whenever rigorous drying of organic liquids was needed,
and anhydrous sodium sulfate was used for drying solutions.

Acetylation of f-maltose monohydrate. — All solvents were anhydrous. The
reaction temperature was kept below 5° at all times. f-Maltose monohydrate®® (10 g,
free from D-glucose and oligosaccharides) was finely powdered in a mortar and then
transferred to the reaction vessel with 200 ml of toluene and 30 ml of pyridine. The
stirred slurry was treated dropwise with 17.5 ml of acetyl chloride (98%() in 50 ml of
toluene during 0.5 h. Maximum reaction required 60h, at which time the pink slurry

*Trademark of the Johns-Manville Corporation.
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was filtered. The solids were rinsed twice with fresh toluene, and the combined filtrates
were washed, dried, and evaporated to a syrup (17 g). T.l.c. examination with 1:1
ethyl acetate-benzene (A) or 200:7 benzene-methanol (B) disclosed only two compo-
nents, octa-0-acetyl-f-maltose and 1. For solvent A, the R values were 0.61 and
0.40, respectively. Unreacted maltose (0.5 g) was recovered from the filtered solids after
several washes on the funnel with chloroform.

Any increases in temperature, time, or concentration of acetyl chloride caused
acorresponding increase in the amount of octa-O-acetyl-f-maltose produced. Decrease
in the reaction time or in the acetyl chloride or pyridine concentration lowered the
conversion into acetylated products, with no increase in the ratio of 1 to octaacetate.
Substitution of benzene for toluene gave the same results.

1,2,6,2',3' 4’ ,6'-Hepta-O-acetyl-f-maltose (1). — A sample (6.1 g) of the syrup
obtained above was purified on a column of silica gel packed, and irrigated, with
solvent A. Of 6.0 g of product that was recovered, the octa- O-acetyl-f-maltose weighed
1.7 g (28%4) and 1 weighed 4.3 g (713;). All attempts to crystallize 1 failed. Use of
multiple-ascent t.l.c. with solvent B showed 1 to be a single anomer. The only exception
noted was for acetylation of a slurry of anomerized maltose, which gave 1 in both
anomeric forms. Distillation of 1 under diminished pressure was accompanied by
decomposition. Purified 1 had [«]2° +87.5° (¢ 0.4, chloroform); n.m.r. data (chloro-
form-d): T 4.36 (doublet, J, , 8 Hz, H-1), T 7.93-8.01 (seven acetyl groups); in methyl
sulfoxide-d: = 3.98 (doublet, J, , 8 Hz, H-1), = 4.30 (doublet, J 7 Hz, hydroxyl proton),
7 7.63-7.65 (seven acetyl groups).

Anal. Calc. for C,4H;50,5: C, 49.06; H, 5.70; acetyl, 47.3. Found: C, 48.96;
H, 5.95; acety!®®, 46.6.

Peracetylation of 1. — A 100-mg portion of 1 was dissolved in a cold solution of
1 ml of acetic anhydride in 3 ml of pyridine. The temperature was kept for 24 h
below 5°, and was then allowed to rise to 25°. After a total of 72 h, 5 ml of methanol
was added, and the solution was concentrated to a thin syrup. The syrup was dissolved
in ethyl acetate, and the solution was freed of pyridine and acetic acid, dried, and
reconcentrated. Multiple-ascent t.l.c. with solvent B showed no traces of a-maltose
octaacetate or of 1. Comparison with a standard showed 1 to have been completely
converted into octa-O-acetyl-f-maltose.

Essentially the same results were obtained by acetylating f-maltose monohydrate
in pyridine-acetic anhydride under the same conditions.

1,2,6,2",3' ,4' ,6'-Hepta-O-acetyl-3-O-methyl-f-maltose (2). — A solution of
2.5 g of purified 1 in 25 ml of dichloromethane was chilled in an acetone-solid CO,
bath. Prepared solutions of boron trifluoride (1.7 ml of BF; etherate diluted to 50 ml
with dichloromethane) and diazomethane (0.42M, in dichloromethane) were chilled in
a separate bath. Both solutions were kept at the bath temperature at all times. The
reaction was initiated by adding 1 ml of the stock solution of BF; and 10 ml of the
diazomethane solution to the solution of 1. At 12-min intervals during 2 h, 1-ml por-
tions of BF; solution and 20 ml of CH,N, solution were alternately added until a
total of 6 ml of BF; solution and 110 ml of CH,N, solution had been added; the
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mixture was then kept for 30 min, which was usually sufficient for discharge of all
residual color. T.l.c. with solvent A showed an approximately 909, conversion into 2.
At this point, 5 ml of pyridine was added, and the solution was rapidly warmed to 25°.
Polymethylene was removed by filtration, and the filtrate, washed to remove pyridine
and other water-soluble substances, was added to a column of silica gel; elution with
solvent A gave 2 g of product, readily crystallized from aqueous methanol. After being
dried under vacuum, this hygroscopic compound had m.p. 115-116°, [«]3° +77.2°
(c 1.1, chloroform); n.m.r. data (chloroform-d): T 4.36 (doublet, J, , 8 Hz, H-1),
7 6.59 (one OMe group), 7 7.93-8.01 (seven acetyl groups).

Anal. Calc. for C,,H330,4: C, 49.85; H, 5.89; OMg¢, 4.77. Found: C, 49.96;
H, 5.85; OMe, 5.05.

Parallel attempts at methylation, essentially by the techniques of Kuhn and
co-workers'®, were unsuccessful. Deacetylation and hydrolysis of the methylated
products gave (as shown by t.l.c.) several mono-O-methyl-p-glucoses.

Gas-liquid chromatography. — Experimentation with standard mono-O-methyl-
p-glucoses (2-0-, 3-0-, 4-0-, and 6-O-methyl isomers) showed that g.l.c. would afford
ready identification of the mono-0O-methyl-D-glucose(s) obtained by deacetylation and
hydrolysis of 2, either as the glycoside or as the reducing sugar. For each sample, a
solution of 10-20 mg in 0.5 ml of pyridine was treated with 0.2 ml of hexamethyl-
disilazane and chlorotrimethylsilane. A. reaction period of 18 h was used, to ensure
complete trimethylsilylation. The relative retention times are listed in Tables I and 1.

TABLE 1I
RELATIVE RETENTION VALUES OF METHYL D-GLUCOPYRANOSIDES AND DERIVATIVES®

Methyl Internal reference standards¢t
D-Glucopyranoside® «-D-Glucose, Methyl B-p-glucoside,  D-Glucitol,
150° 160° 160°
3-O-methyl-a- 1.11 0.69
3.0-methyl-A- 1.27
4-0-methyl-a- 1.41 -
2-0O-methyl-o- 1.50
4-0O-methyl-S- 1.57
- 1.63 0.93 1.90
- 1.76 2.05
2-0O-methyl-g- 1.79
6-O-methyl-a- 2.33 1.38 (150°)
6-O-methyl-- 254 1.50 (150°)

artaeq at designated temperature, as pertrimethylsilyl ethers. &The order of anomer appearance for
the 2-, 3-, and 6-O-methyl-p-glucosides presumably follows that observed for the known anomers
available to us. In all, the «-D preceded the §-p. ¢With 19.5% Carbowax 20M on Chromosorb W.

Hydrolysis of 2. — A 1.0-g portion of 2 in 15 ml of 0.05M barium methoxide was
kept for 18 h at 0°. The syrup obtained after neutralization with Amberlite IR-50 resin
and evaporation was dissolved in 20 mi of 0.25M hydrochloric acid, and the solution
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was kept for 18 h at 100°. T.l.c. with 3:1 ethyl acetate—methanol (C) then showed only
one mono-O-methyl-p-glucose.

A sample of the hydrolyzate was trimethylsilylated, and co-injected with a
reference sample of pertrimethylsilylated «-D-glucose. Three product components were
observed, having retention values equal to those for 3-O-methyl-a- and -f-p-glucose
(0.76 and 1.25) and for g-pD-glucose (1.82). When pertrimethylsilylated methyl £-D-
glucopyranoside was used as the internal standard, a fourth component was observed ;
it was identified as «-D-glucose.

By contrast, examination of the hydrolyzate from the prodiict from the silver
oxide—N, N-dimethylformamide-methyl iodide system!® showed a complex mixture of
mono-0-methyl D-glucoses, and confirmed the earlier observations made by t.l.c.

Detection of 3-O-methyl-D-glucitol. — A solution of a 50-mg portion of deacetyl-
ated 2 in 5 ml of deionized water was chilled to 5°, and treated with 100 mg of sodium
borohydride. After 24 h at room temperature, the solution was evaporated to a thick
syrup which was mixed with 10 ml of methanol. After 1 h, 1 ml of concentrated
hydrochloric acid was added, and the slurry was evaporated to dryness, with four
re-treatments with methanol. The residue was mixed with 10 ml of fresh methanol and
0.3 ml of acetyl chloride, and the mixture was refluxed for 1 h, and kept for 24h at
room temperature. After evaporation and four additional retreatments with methanol,
the solution was rendered neutral with ammonium hydroxide and evaporated twice
more. The final residue was extracted with 2 ml of pyridine, and a 0.5-ml aliquot of the
extract was converted into the trimethylsilyl ether as before. G.l.c. at 160° revealed
that the hydrolyzate contained only 3-O-methyl-D-glucitol and methyl «,f-D-gluco-
pyranoside. Authentic samples of methyl f-D-glucopyranoside, D-glucitol, and 3-0O-
methyl-p-glucitol?” were prepared for comparison.

3-O-Methyl-p-arabino-hexulose phenylosazone. — The 3-O-methyl-«,fS-D-
glucose in the deacetylated hydrolyzate from 2 was freed of contaminants on a Celite
column?® irrigated with 2:5:5 (v/v) pyridine—ethyl acetate-water?®. This column afford-
ed 155 mg of chromatographically pure material, which was converted into the
corresponding phenylosazone®®. A mixed m.p. with authentic material was unde-
pressed (at 172-175°).

1,2,6,2°,3' 4',6'-Hepta-O-acetyl-3-O-phenylcarbamoyl-f-maltose (3). — A crude
product (11 g) from the slurry acetylation, containing approximately 709 of 1, was
dissolved in toluene (250 ml) and pyridine (10 ml). Phenyl isocyanate (10 ml) was
added, and the solution was kept for 24 h at room temperature. The reaction was
completed by heating for 15 min on a steam bath. Excess phenyl isocyanate was
decomposed by addition of water, and the mixture was evaporated to dryness. The
residue was extracted with 400 ml of chloroform, and the extract was filtered, and
washed to remove pyridine. After the solution had been dried, it was again filtered
(to remove the last traces of carbanilide). Chloroform was removed completely, and
the product was dissolved in the minimal volume of ethyl ether. Crystallization was
spontaneous, and 3 readily separated at room temperature; wt., 8.5 g. Recrystalli-
zation from abs. ethanol gave pure 3, m.p. 174.5-175.5, [«]3° +58.7° (c 0.9, chloro-
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form); n.m.r. data (chloroform-d): = 4.22 (doublet, J, , 8 Hz, H-1), t 7.89-8.11 (seven
acetyl groups).

Anal. Calc. for C;3;H,,NO,,:C,52.45; H,5.47; N, 1.85. Found :C, 52.68; H,5.81;
N, 1.88.

2,3,6,2",3' 4" ,6'-Hepta-O-acetyl-1-O-phenylcarbamoyl-f-maltose (4). This
compound was prepared for comparison with 3. A 2.0-g sample of 2,3,6,2",3",4’,6'-
hepta-O-acetyl-f-maltose was dissolved in 10 ml of pyridine, and 1 ml of phenyl
isocyanate was added. After 1 h at 100°, the solution was processed as for 3. After
two recrystallizations from ethanol, the compound had m.p. 146-148°, [«]3? +60.1°
(c 0.98, chloroform); n'm.r. data (chloroform-d): ¢ 4.21 (doublet, J, , 8 Hz, H-1),
t 7.93-8.01 (seven acetyl groups).

Anal. Calc. for C;3H, NO,,: C, 52.45; H, 5.47; N, 1.85. Found: C, 52.04;
H, 5.55; N, 1.82.

Isolation of methyl 24,6-tri-O-benzoyl-3-O-phenylcarbamoyl-f-p-glucopyrano-
side (6). — A 4.0-g sample of 3 was deacetylatedin 80 ml of anhydrous methanol mixed
with 2.3 ml of 989/ acetyl chloride. After 48 h at room temperature, the acid was
neutralized with Amberlite TR-45 (OH™) ion-exchange resin, the suspension was
filtered, and the filtrate was evaporated to a syrup (2.3 g). T.l.c. with 9:1 ethyl acetate—
ethanol (D) showed the presence of only one methyl glucoside monocarbanilate.
Purification was accomplished on a column of silica gel, packed with ethyl acetate
and irrigated with solvent D. The syrupy methyl 3-O-phenylcarbamoyl-e,3-D-
glucopyranoside (5), weighing 1.1 g, was not examined further, but was converted
directly into the tribenzoate, essentially as described in the next section. Afterisolation,
the f-D anomer (6) crystallized readily from ethanol. After two recrystallizations, 6 had
m.p. 160-161°, [«]3° +43.9° (¢ 1.0, in chloroform); n.m.r. data (chloroform-d): = 5.29
(doubiet J, , 8 Hz, H-1), = 6.51 (OMe).

Anal. Calc. for C;;H;,NO,,: C, 67.19; H, 4.99; N, 2.24. Found: C, 67.41;
H, 5.22; N, 2.16.

Direct synthesis of methyl 2.4,6-tri-O-benzoyl-3-O-phenylcarbamoyl-f-p-gluco-
pyranoside (6). — A solution of 3.5 g of 1,2:5,6-di-O-isopropylidene-«-D-glucofuranose
and 2 ml of phenyl isocyanate in 25 ml of pyridine was heated for 45 min at 100°.
Excess of isocyanate was decomposed with water, and the solution was evaporated to
dryness. The residue was extracted with 250 ml of hot chloroform, and the extract
was filtered, washed to remove pyridine, dried, and refiltered. Evaporation gave a
syrup that was used without further examination.

The crude 1,2:5,6-di-O-isopropylidene-3-0O-phenylcarbamoyl-a-p-glucofuranose
(7) was dissolved in 80 ml of warm, 1:1 water—methanol, and the solution was treated
with 1 ml of concentrated sulfuric acid. A 90-min period at reflux completed the
hydrolysis; t.1.c. with 4:1 ethyl acetate—ethanol (E) was used to determine the progress
of the reaction. After being processed, the sample was purified on a Celite column in
the way described for 3-O-methyl-a,f-D-glucose. Efforts to crystallize 3-O-phenyl-
carbamoyl-«, -D-glucose (8) have not yet been successful. Acetylation in cold pyridine—
acetic anhydride gave crystalline 1,2,4,6-tetra-0-acetyl-3-O-phenylcarbamoyl-a-p-
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glucopyranose (9); m.p. 199.5-200.5°, [a]3° + 61.1° (¢ 0.51, chloroform); n.m.r. data
(chloroform-d): 7 3.65 (doublet, J, , 4 Hz, H-1 of a-D anomer), = 7.82 (one axial acetate
group), T 7.94-8.02 (three equatorial acetate groups).

Anal. Calc. for C,,H,sNO,,: C, 53.96; H, 5.39; N, 3.00. Found: C, 54.16;
H, 5.53; N, 3.02.

A 2.0-g sample of 8 was dissolved in 100 ml of methanol, 1.5 ml of 987/ acetyl
chloride was added, and the mixture was refluxed for 3 h. T.L.c. with solvent D showed
conversion into the methyl 3-O-phenylcarbamoyl-«,5-p-glucopyranosides (5). After
isolation, purification on silica gel with solvent D removed all traces of byproducts.

A solution of pure 5 in 5 ml of pyridine and 30 ml of dichloromethane was
cooled to below 5° in an ice bath, and 2.6 ml of benzoyl chloride in 15 ml of dichloro-
methane was added dropwise during 30 min. Stirring was continued for 18 h below 5°
and for 4 h at 25°. Excess reagent was decomposed with water, and the solution was
evaporated at 25° to a thin syrup which was dissolved in ethyl acetate; the solution was
washed to remove pyridine and benzoic acid, and dried. As before, it crystallized
readily from ethanol, to give 6 having m.p. 160-161°. A mixed m.p. with 6 isolated
above was undepressed.
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ABSTRACT

An anomerically pure furanoside was obtained in crystalline form from the
methyl glycosidation of 2-deoxy-D-arabino-hexose; it was converted into a stable,
crystalline O-acylglycofurarnosyl halide by the following sequence of reactions: methyl
2-deoxy-«-D-arabino-hexofuranoside — methyl 5,6-O-carbonyl-2-deoxy-a-D-arabino-
hexoside — methyl 5,6- O-carbonyl-2-deoxy-3- O-p-nitrobenzoyl-a-p-arabinc-hexoside
—5,6- O-carbonyl-2-deoxy-3- O-p-nitrobenzoyl-a-D-arabino-hexosyl bromide. The new
halide was treated with 2,4-dimethoxypyrimidine by the Hilbert—Johnson procedure to
give 1-(5,6-0-carbonyl-2-deoxy-3- O-p-nitrobenzoyl-f-p-arabino-hexosyl)-4-methoxy-
2(1 H)-pyrimidinone, which underwent ammonolysis to yield 1-(2-deoxy-«-D-arabino-
hexofuranosyl)cytosine. Demethylation of the pyrimidinone, followed by deacylation,
gave the corresponding uracil nucleoside. 1-(2-Deoxy-f£(?)-D-arabino-hexofuranosyl)-
thymine, the furanoid isomer of 1-(2-deoxy-p-D-arabino-hexopyranosyl) thymine
(a powerful and specific inhibitor of a pyrimidine phosphorylase obtained from Ehrlich
ascites tumor cells) was prepared in a manner similar to that for the uracil nucleoside.

INTRODUCTION

In 1962, we reported! on the preparation of 1-(2-deoxy-f-D-arabino-hexopyran-
osyl)thymine, which was subsequently shown?® to be a powerful and specific inhibitor
of a pyrimidine nucleoside phosphorylase obtained from Ehrlich ascites tumor cells.
1-(2-Deoxy-f-D-arabino-hexopyranosyluracil® is likewise effective as an inhibitor of
the same enzyme (but to a lesser degree); however, 1-4-D-glucopyranosylthymine? and
1-(2-deoxy-f-p-ribo-hexopyranosyl)thymine* are without effect. It appears, therefore,
that, in terms of the carbohydrate component, the structural requirements for
inhibition of the enzyme are highly specific. Whether this specificity is also a function

*Presented before the Division of Carbohydrate Chemistry, American Chemical Society, 154th
National Meeting, Chicago, Illinois, September 11, 1967. This work was supported by U. S. Public
Health Service Grant No. CA07514, from the National Cancer Institute. An award from Merck,
Sharp and Dohme Research Laboratories for interim support is gratefully acknowledged.
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of the 6-membered, pyranoid ring is an important question, and it is for this reason
that we initiated studies with a view to preparing some pyrimidine nucleosides
containing, as the carbohydrate residue, the 2-deoxy-D-arabino-hexofuranosyl group.
The present article reports full details of the preparation of the first stable, cryszalline
O-acylglycofuranosyl halide of a 2-deoxyaldohexose® and the first known nucleosides
containing a 2-deoxyaldohexosyl group in its furanoid form.

RESULTS AND DISCUSSION

Methods for converting fully hydroxylated aldohexoses into their furanoid forms
via di-O-alkylidene derivatives are not applicable to 2-deoxyaldohexoses, owing to the
absence of a hydroxyl group at C-2. For example, a-D-glucose readily forms 1,2:5,6-di-
O-isopropylidene-a-D-glucofuranose on treatment with acetone in the presence of sul-
furic acid, and it appears that the driving force for the formation of the furanoid ring
is, in this case, concurrent acetal formation at O-1 and O-2.

In contrast, when we attempted to prepare 2-deoxy-5,6-C-isopropylidene-D-
arabino-hexose from 2-deoxy-D-arabino-hexopyranose (*2-deoxy-p-glucose”; 1)in an
analogous manner, decomposition of the sugar occurred, as evidenced by a darkening
of the solution and our failure to isolate a pure product or products. Also, we were

unsuccessful in - ‘ts to prepare 5,6-O-carbonyl-2-deoxy-D-arabino-hexose by
treating 1 with . chloride; as shown by thin-layer chromatography, a complex
reaction mix ~as obtained and, therefore, this approach was abandoned.

An alt ive route was considered that involved the direct methyl glyco-

sidation of compound 1, as reported® by Hughes et a/., who claimed to have obtained
almost exclusively *«,f-methyl-2-deoxy-D-glucofuranoside”. Notwithstanding the
experimental evidence they gave, their results are at variance with the observations
and conclusions of Levene ef al.’, who made an exhaustive study of the methyl
glycosidation of several sugars. Nevertheless, this method was, because of its simplicity,
attractive, despite our conviction that conversion of the sugar into its methyl furanos-
ide(s) would be far from quantitative.

Treatment of 2-deoxy-D-arabino-hexose (1) with 0.19] methanolic hydrogen
chloride resulted in a syrup, the value of the specific rotation of which agreed with that
reported® for “a,f-methyl-2-deoxy-D-glucofuranoside”. In an effort to resolve the
mixture, the syrup was p-nitrobenzoylated in pyridine, and the resulting mixture of
crude, crystalline p-nitrobenzoic esters was dissolved in acetone, whereupon a tris-p-
nitrobenzoate crystallized out in almost pure form, and the quantity obtained
accounted for approximately 259{ of the original glycoside mixture. Its physical
constants (m.p. 142-144°, [a], —122°) did not agree with those of the known methyl
2-deoxy-3,4,6-tri- 0-p-nitrobenzoyl-f-D-arabino-hexoside® (m.p. 159-161°, [alp, —36°)
but, unfortunately, the anomer of this pyranoside was not available, thus precluding
a comparison with the latter.

Accordingly, the new tris-p-nitrobenzoate was deacylated with methanol con-
taining a trace of methoxideion, to give a crystalline glycoside having m.p. 80-81° and
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[alp +117°; these values are not concordant with the corresponding values for either
of the known anomers of methyl 2-deoxy-D-arabino-hexopyranoside® and, therefore,
the new glycoside must be a furanoside. Because of its strongly positive specific
rotation, the glycoside most probably has the «-D configuration as shown in struc-
ture 2, in which the methoxyl group at C-1 and the side chain at C-4 have the trans
arrangement. This constitutes the first report of a crystalline methyl glycofuranoside
of a 2-deoxyaldohexose.
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The structure of the original tris-p-nitrobenzoate as 5 must, therefore, follow
from that of glycofuranoside 2, although, at first, a clear relationship between the
two furanosides was obscured by the dramatic change in rotation that occurred when
5 was deacylated. The molecular rotational difference amounts to 98,000 units, an
abnormally large value in light of our experience with p-nitrobenzoic esters of sugars,
and is especially noteworthy when compared with 4[M] 15,000 for methyl 2-deoxy-£-
D-arabino-hexopyranoside and its tris-p-nitrobenzoic ester®. However, p-nitrobenzoyl-
ation of crystalline 2 yielded the original triester (5), thus removing any doubts
concerning the structural relationship between the two compounds.

Paper chromatography of the furanoside 2 in admixture with authentic samples
of the pyranosides (3 and 4) led to a distinct separation, with 2 moving ahead of 3 and
4, which appeared together as a “dumb-bell” spot. Accordingly, a direct evaluation of
the methyl glycosidation of 2-deoxy-D-arabino-hexose (1) was possible; additional
“a-f3~methyl-2-deoxy-p-glucofuranoside” was prepared® and chromatographed on
paper. From the developed chromatogram, a rough estimate of products was made,
disclosing about 35% of a compound subsequently shown to be unreacted 2-deoxy-D-
arabino-hexose (1) (appearing as a slow-moving spot), approximately 309 of a 1:1
mixture of the two pyranosides (3 and 4), and about 35%; of methyl 2-deoxy-a-D-
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arabino-hexofuranoside (2). The estimated percentage of 2 is in gross agreement with
that calculated from the amount of tris-p-nitrobenzoate 5 recovered in our original
glycosidation study; and, furthermore, 2 appeared as a single spot, uncontaminated
by its anomer. Therefore, the “a,f-methyl-2-deoxy-D-glucofuranoside” of Hughes
et al.® is a mixture containing only 30-35% of anomerically pure methyl 2-deoxy-«-D-
arabino-hexofuranoside (2), and these results are not inconsistent with the observa-
tions’ of Levene et al.

The foregoing chromatographic procedure served as an analytical method for
monitoring the glycosidation of 1 during a time-yield study, and it was found that the
maximum proportion of furanoside 2 was formed at 12 minutes, after which time, only
a slow conversion of 1 into the pyranosides (3 and 4) was noted, the percentage of
furanoside (2) being unaffected. Based on these results, preparative glycosidation
studies were performed with 0.19{ methanolic hydrogen chloride for a period of
12 minutes, and the purified syrup was chromatographed on a column of cellulose
powder with the same solvent system used in the paper-chromatographic experiments.
The amount of furanoside 2 obtained in each case by this method agreed closely with
that estimated from the paper chromatograms. .

Attempts to convert the tris-p-nitrobenzoate S directly into a tri-O-p-nitro-
benzoylglycosyl halide were performed with hydrogen bromide in dichloromethane.
When 5 was treated with one mole-equivalent of hydrogen bromide for short periods
of time (15-30 min), only starting material 5 could be recovered; but, after one hour,
some p-nitrobenzoic acid was liberated. Prolonged treatment (one hour or more) with
increased proportions of hydrogen bromide always yielded one mole-equivalent of
p-nitrobenzoic acid, affording evidence that a displacement had taken place; however,
in no case was even a partial conversion into a tri-O-p-nitrobenzoylglycosyl halide
realized. Inspection of a Fisher—Hirschfelder model of the tris-p-nitrobenzoate (5)
showed that, when either the bulky p-nitrobenzoyloxy group at C-3 or the p-nitro-
benzoyloxy group at C-6 was in apposition to C-1, the latter was almost obscured.
The failure to replace the methoxyl group of 5 is, therefore, reasonable on steric
grounds.

In an effort to protect O-5 and O-6 of the furanoside 2 with a group or groups
having the smallest possible bulk, we investigated the preparation of the 5,6-0-
carbonyl derivative (6). In contrast to our experience with the unsubstituted sugar (1),
treatment of the furanoside (2) with carbony! chloride resulted in an excellent yield of
crystalline methyl 5,6-0-carbonyl-2-deoxy-a-D-arabino-hexofuranoside (6); p-nitro-
benzoylation of 6 gave the high-melting, 3-O-p-nitrobenzoyl derivative (7). The fully
protected 7 reacted readily with hydrogen bromide in dichloromethane to yield crystal-
line 5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-D-arabino-hexosyl bromide (8). The
anomeric configuration of 8 has not yet been determined, but is presumed to be a-D,
in which the bromine atom occupies a position #rans to the substituted side-chain at
C-4 of the furanoid ring. Thé new halide has excellent stability, and may be stored for
short periods in a desiccator containing phosphorus pentaoxide; it reacted readily
with silver p-nitrobenzoate to give the di-O-p-nitrobenzoy! derivative (9), indicating
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that the halide (8) would have utility in the preparation of furanosyl nucleosides
containing 2-deoxy-b-arabino-hexose (1) as the carbohydrate residue.

Because of the cost of the bromide (8), and because of the unsatisfactory yields
of protected nucleosides in condensations involving the 2,4-diethoxypyrimidines
(10b and 10c¢), careful, small-scale studies were made that included other dialkoxy-
pyrimidines. Results with 2,4-dibenzyloxypyrimidine were disappointing, and 2,4-

OR OR
, R’
N R N/ !
ocH ROJ%N o)\N
2 OCH,
o=< ] 10 ,R=CHj; ; R'=H o T 2
OCH _o 10a,R=CH3 ; R'=CHj, oCH _O.
10b,R=CHg ; R'=H
OpNBz 10¢,R=CzHs 3 R'= CH3 OpNBz
Br
8 11, R=CH;; R'=H

110,R=CHj: R'=CH3
Mb.R=C,Hs; R'=H
116,R=CyHs; R'= CH3

P
Ly x50

|

HO(i_‘Hz oc{:r—l2 HOCH:
o= |
HOCH o ——— OCH _o HOCH
OH OpnNBz

14,R'=H 13,R'=H
14a,R'=CHj 13a,R'=CH;
SCHEME 2

diallyloxypyrimidine offered no advantages over the corresponding diethoxy derivative.
Condensations with 2,4-diethoxypyrimidine (10b) were restudied, and it was found
that the optimal yield (25%]) of pure, protected uracil nucleoside (11b) was obtained
after 90 minutes at 85°. In contrast, when 8 was heated with 2,4-dimethoxypyrimidine
(10) for only 5 minutes at 70°, 60%; of an anomerically pure 1-(5,6-O-carbonyi-
2-deoxy-3- O-p-nitrobenzoyl-D-arabino-hexosyl)-4-methoxy-2(1 H)-pyrimidinone (11)
could be obtained. Accordingly, the dimethoxy derivatives (10 and 10a) were used
throughout.

Treatment of compound 11 with methanolic ammonia led directly to 1-(2-
deoxy-D-arabino-hexofuranosyl)cytosine (12), which was secured in crystalline form in
599 yield. The demethylation of 11 was performed with 59, methanolic hydrogen
chloride, and the reaction was monitored continuously by thin-layer chromatography.
The reaction was complete after 6 h, and the hydrogen chloride was neutralized
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with silver carbonate to avoid cleavage of the nucleoside bond during processing*;
this afforded, in good yield, crystalline 1-(5,6- O-carbonyl-2-deoxy-3- O-p-nitrobenzoyl-
D-arabino-hexosyl)uracil (13), which underwent methoxide-catalyzed de-esterification
io give 85%; of 1-(2-deoxy-D-arabino-hexofuranosyl)uracil (14).

The condensation of the bromide 8 with 2,4-dimethoxy-5-methylpyrimidine
(10a) was performed under essentially the conditions given for the preparation of 11,
yielding the protected thymine nucleoside (11a) as crystalline material. Demethylation
of 11a gave the desired intermediate (13a) which, however, could not be obtained in
crystalline form, even after an ultimate purification by preparative, thin-layer chroma-
tography. The amorphous 13a, homogeneous on chromatograms, failed to give a
satisfactory elementary analysis; therefore, in subsequent experiments, compound
13a was deacylated in methanol without regard to its purity, affording 1-(2-deoxy-D-
arabino-hexofuranosyl)thymine (14a) as a crystalline product.

Because 2-deoxyaldohexofuranosyl nucleosides were heretofore unknown,
assignment of the anomeric configuration of 12, 14, and 14a through direct comparison
of n.m.r. spectra was not possible. There is, however, no valid reason to expect that
the splitting patterns for the anomeric protons of the new nucleosides would be different
from those containing 2-deoxyaldopentofuranosyl residues. The patterns described by
Lemieux!? for the anomeric proton in thymidine and its anomer were a triplet for the
f-D anomer and a quartet for the «-D anomer. Similar patterns for a series of anomer
pairs of 2-deoxy-D-erythro-pentofuranosyl purine and pyrimidine nucleosides were
observed by Goodman and co-workers'*. A n.m.r. spectrum of the uracil nucleoside 14
showed a triplet pattern centered at § 6.28 (J, -, ,- 7 Hz) for the C-1’ proton; therefore,
the f-D configuration is tentatively assigned to compound 14, from which the configu-
ration of the cytosine nucleoside (12) must follow. Insufficient quantities of the corre-
sponding thymine nucleoside (14a) were available for n.m.r. studies, but, because its
synthesis was performed in a manner analogous to that of 14, 14a most probably has
the f-p configuration.

EXPERIMENTAL

A Kofler hot-stage was used for determining melting points. N.m.r. spectra were
measured in deuterium oxide with a Varian Model A-60 spectrometer.

Methyl 2-deoxy-3,5,6-tri-O-p-nitrobenzoyl-a-D-arabino-hexoside (5), — 2-Deoxy-
D-agrabino-hexose (1) (2.5 g, 15 mmoles) was converted into a crude mixture of methyl
glycosides according to the directions given® for “«,f-methyl-2-deoxy-p-glucofuranos-
ide”. A solution of 400 mg of the resulting syrup in 25 ml of dry pyridine was added
to a solution of 3.5 g of p-nitrobenzoyl chloride in 20 ml of dry pyridine at 0°. The
mixture was stirred for 1 h at 0°, and for 1 h at room temperature, and kept in a

*In our first condensation experiment, involving 2,4-diethoxypyrimidine (10b), the protected uracil
nucleoside (11b) was de-ethylated without neutralization of the hydrogen chloride prior to evaporation
of the reaction mixture. Consequently, toward the end of the evaporation, the concentration of
hydrogen chloride became sufficiently high to effect cleavage of the nucleoside bond.
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refrigerator for 3 days. It was then stirred for 1 h at room temperature, and slowly
added, with efficient stirring, to 30 ml of saturated, aqueous sodium hydrogen carbon-
ate. Crushed ice (300 ml) was added, the mixture was stirred until the ice had meited,
and the resulting precipitate was filtered off, washed with water, and dried in a vacuum
desiccator containing phosphorus pentaoxide. Three recrystallizations from acetone
gave 370 mg (27%;) of pure 5, m.p. 142-144° and also 168-169°, [o]3* —122.3° (¢ 1.0,
chloroform).

Anal. Calc. for C,gH,;N;0,,: C, 53.72; H, 3.71; N, 6.72. Found : C, 53.70;
H, 3.66; N, 6.49.

Methyl 2-deoxy-a-D-arabino-fiexofuranoside (2). — (a) From the tris-p-nitro-
benzoate (5). — To a suspension of 3.5 g of compound S in 100 ml of anhydrous
methanol was added 0.23 ml of 4M methanolic sodium methoxide, the suspension was
stirred for 24 h at room temperature, and the resulting solution was evaporated to
dryness under diminished pressure at 40°. The residue was suspended in 25 ml of
water, the suspension was extracted with three 50-ml portions of ether, the aqueous
layer was stirred for 5 min with 3 g of Rexyn 300 (H*-OH ™) mixed-bed, ion-exchange
resin*, and the suspension was filtered. The filtrate was stirred with a little Darco G-60
decolorizing carbon, the suspension filtered, and the filtrate evaporated under dimini-
shed pressure at 45°. The resulting syrup (800 mg, 80°%) crystallized after storage in a
vacuum desiccator containing phosphorus pentaoxide; m.p. 78-79.5°. One recrystal-
lization from ether—ethanol gave pure 2, m.p. 80-81°, [a]3* +117.1° (¢ 0.99, ethanol).

Anal. Calc. for C;H,,05: C, 47.19; H, 7.92. Found: C, 47.20; H, 7.32.

(b) Direct preparation through chromatography. To a solution of 2.462 g
(15 mmoles) of 2-deoxy-D-arabino-hexose (1) in 100 ml of anhydrous methanol was
added 0.3 ml of a 359 solution of hydrogen chloride in methanol. The mixture was
stirred for 12 min, and the acid was neutralized with an excess (2 g) of silver carbonate.
The suspension was filtered through a bed of Darco G-60 decolorizing carbon, the
filtrate was concentrated to about 30 ml, stirred with 2 g of Rexyn 300 (H"-OH™)
mixed-bed, ion-exchange resin, and the suspension was filtered. The solvent was
removed by evaporation under diminished pressure at 45°, the residual syrup was
dissolved in 5 ml of anhydrous methanol, and to this solution was added 100 ml of
dry acetone. The resuiting solution was kept in a refrigerator for two days, to allow
most of the unreacted 1 to crystallize out, dry ether was added to incipient turbidity,
and the mixture was kept in a refrigerator for an additional two days. The solution
was decanted, the solidin the flask was rinsed with two 10-ml portions of dry methanol,
and the decanted liquor and rinses were combined and evaporated to dryness. A solu-
tion of the syrupy residue in 10 ml of acetone was placed on a column (5 % 45 cm) of
Whatman No. 1 cellulose powder that had been packed with acetone and prewashed
with the upper layer of 10:6:1:3 (v/v) ethyl acetate-isobutyl alcohol-toluene—water.
Elution was conducted with the same solvent, 3-ml fractions being collected. From the
beginning, the fractions were continuously monitored by spotting on Whatman No. 1

*Fisher Scientific Company.
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filter paper and testing with a boric acid spray reagent’?. When a positive test (pink to
violet coloration) was obtained, the subsequent fractions were monitored by ascending
paper-chromatography with the solvent used for elution of the column. The desired
furanoside (2) has* R 0.511, and the fractions containing it were combined and
evaporated to dryness. The resulting syrup crystallized on standing, and recrystal-
lization from ether—absolute ethanol gave 610 mg (23%;) of pure 2.

Methyl 5,6-O-carbonyl-2-deoxy-a-D-arabino-hexofuranoside (6). — A solution
of 1.782 g (10 mmoles) of the furanoside 2 in 20 ml of dry pyridine and 15 ml of dry
carbon tetrachloride was cooled to —10°, and to the cold solution was slowly added
dropwise, with stirring, a 209, (w/w) solution (5 ml) of carbonyl chloride in dry
toluene. The mixture was stirred for 1 h at —10°, and for 1 h at room temperature, and
was then poured, with stirring, into a mixture of 4 g of freshly prepared barium carbon-
ate and about 150-ml of crushed ice. The mixture was stirred until all of the ice had
melted, and was then filtered through a bed of Hyflo Super Cel. The filtrate was
extracted with six 150-ml portions of ethyl acetate, and the extracts were combined,
dried (anhydrous sodium sulfate), and evaporated to dryness. The residue was dis-
solved in warm tetrahydrofuran and, on addition of pentane to incipient turbidity,
the product (6) crystallized out; yield 1.65 g (80%), m.p. 91-92°, [«}3* +132.4°
(¢ 1.0, ethanol).

Anal_ Cale. for CgH,,04: C, 47.06; H, 5.92. Found: C, 47.21; H, 6.15.

Methyl 5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-a-D-arabino-fiexoside (7). —
To a solution of 742 mg (4 mmoles) of p-nitrobenzoyl chloride in 10 ml of pyridine was
added 613 mg (3 mmoles) of compound 6. The mixture was stirred at room temperature
for 1 h, and kept in a refrigerator for 24 h. The mixture was then slowly added, with
stirring, to 10 ml of saturated, aqueous sodium hydrogen carbonate, and ice (about
150 ml) was next added, with stirring. When the ice had melted, the solid was filtered
off, well washed with water, and dried for 24 h in a vacuum desiccator over phosphorus
pentaoxide. The solid was crystallized from acetone-ether; two recrystallizations from
this solvent gave 850 mg (80%) of pure 1, m.p. 213-214°, {2]2* +22.4° (¢ 1.0, dichloro-
methane).

Anal. Calc. for C.sH,sNOy: C, 51.00; H, 4.28; N, 3.96. Found: C, 51.08:
H, 4.10; N, 3.89.

5,6-O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyl-a-D-arabino-hexosyl bromide (8). —
To a solution of 707 mg (2 mmoles) of compound 7 in 15 ml of dry dichloromethane
was added 25 ml of a saturated solution of hydrogen bromide in dichloromethane.
The mixture was stirred for 25 min at room temperature with rigorous exclusion of
moisture, 50 ml of dry ether was added, and the mixture was kept in a refrigerator for
4 h. The crystals that separated were filtered off, and washed with dry ether, to give
650 mg (81%4) of pure 8, m.p. 125° (dec.), {x]3* —35.4° (c 0.436, acetone).

* The furanoside (2) is attended by some unreacted starting-material (1) (Rp 0.12) (because of
incompleteness of precipitation in processing the reaction mixture), and substantial proportions
of the a-D-pyranoside (R 0.391) and the S-p-pyranoside (Rr 0.325).
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5,6-O-Carbonyl-2-deoxy-1,3-di-O-p-nitrobenzoyl-D-arabino-hexose (9). — A
mixture of 75 mg (0.19 mmole) of the bromide (8) and 300 mg of dry silver p-nitro-
benzoate in 20 ml of dry benzene was stirred for 24 h, and the resulting suspension
was filtered through a bed of Hyflo Super Cel, followed by three 15-ml washes with
dichloromethane. The filtrate was evaporated under diminished pressure at 40°, and
the residue was recrystallized five times from ether-dichloromethane to give 31 mg
(33%) of pure 9, m.p. 204-205° (crystallizes again) and decomposing above 206°,
[¢]3* —3.25° (c 0.286, dichloromethane).

Anal. Calc. for C,,H,(N,O,,: C, 51.64; H, 3.30; N, 5.74. Found: C, 51.82;
H, 3.33; N, 5.65.

1-(5,6-0O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyl-f-D-arabino-hexosyl)-4-methoxy-
2(IH)-pyrimidinone (11). — A mixture of 302 mg (0.75 mmole) of the halide 8
and 2.5 g (17.6 mmoles) of 2,4-dimethoxypyrimidine (10) was heated for 5 min at
75°/2C mm Hg, and then kept overnight at room temperature and atmospheric
pressure. To the mixture was added 20 ml of ether, and the solid was crushed,
repeatedly washed with ether, and filtered off. It was dissolved in 10 ml of dichloro-
methane, and on addition of ether, a gel-like mass separated; the crystalline mass
(with solvent entrapped) was filtered off, washed with ether, and dried by suction.
Recrystallization from ether—dichloromethane gave 205 mg (60%]) of pure 11, m.p.
209-211°, [«}3* —7.35° (¢ 0.55, dichloromethane).

Anal. Calc. for C,gH,;;N;0,4: C, 51.01; H, 3.83; N, 9.39. Found: C, 51.27;
H, 3.63; N, 9.36.

1-(5,6-O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyl-f-D-arabino-hexosyl)-4-ethoxy-2-
(IH)-pyrimidinone (11b). — A mixture of 125 mg of the bromide 8 and 800 mg
(4.76 mmoles) of 2,4-diethoxypyrimidine (10b) was heated (with exclusion of moistuie)
for 2 h at 85°. The gel-iike mixture was kept overnight at room temperature, and then
stirred with 25 ml of ether and filtered. The precipitate was washed with three 10-ml
portions of ether, dried overnight in a vacuum desiccator containing phosphorus
pentaoxide, and dissolved in dry dichloromethane. On addition of ether, a gel formed,
with crystals entrapped; these were filtered off by suction, which simultaneously
destroyed the gel. Four additional recrystallizations from ether—dichloromethane
gave 25 mg (17% based on the bromide 8) of pure 11b, m.p. 223-224.5°, [«j3* —7.4°
(c 1.54, dichloromethane).

Anal. Calc. for C,oH,sN;0,4: C, 52.07; H, 4.15; N, 9.11. Found: C, 52.21;
H, 4.22; N, 9.09.

1-(2- Deoxy-f-D-arabino-hexofuranosyl)cytosine (12). — A suspension of 224 mg
(0.5 mmole) of the protected nucleoside 11 in 20 ml of dry methanol presaturated with
ammonia was placed in a pressure bottle and heated for 9 h at 85°. It was then kept
overnight at room temperature, and the solvent was evaporated off under diminished
pressure. The residue was mixed with 10 ml of water and 10 ml of chloroform, the
mixture was shaken, the chloroform layer was discarded, and the water layer was
successively washed with 10 ml of chloroform and two 10-ml portions of ether. The
aqueous solution was evaporated to dryness at 45° under diminished pressure, the
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residue was dissolved in 1 ml of water, and to the solution were added 2 ml of ethanol
and a little Darco G-60 decolorizing carbon . The suspension was then stirred and
filtered. The filtrate was evaporated to dryness at 45° under diminished pressure, the
residue was dissolved in a few drops of water, and 2 ml of ethanol was added. On
addition of ether, the nucleoside crystallized out; two similar recrystallizations gave
76 mg (59%) of pure 12, m.p. 217-218°, [a]2* —4.10° (c 0.95, water), 12<%H 274 nm
(log & 3.91).

Anal. Calc. for C,,H,sN;05: C, 46.69; H, 5.88; N, 16.33. Found: C, 46.96;
H, 6.07; N, 16.13.

1-(5,6-O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyl--D-arabino-hexosyl)uracil (13).
— To a solution of 448 mg (1 mmole) of the protected nucleoside 11 in 10 ml of
dichloromethane and 10 ml of methanol was added 10 ml of methanol presaturated
with hydrogen chloride (34%}), and the mixture was stirred for 6 h at room temperature.
The acid was neutralized with an excess of silver carbonate (15 g), and the suspension
was filtered; the filtrate was evaporated to dryness, and the residue was crystallized
from ethanol-water to yield 330 mg* (76%) of 13, m.p. 138-140°.

Anal. Calc. for C,gH,;N;0,4: C, 49.89; H, 3.49; N, 9.70. Found: C, 49.83;
H, 3.70; N, 9.68.

1-(2-Deoxy-f-D-arabino-hexofuranosyluracil (14). — To a solution of 175 mg
(0.4 mmole) of compound 13 in 20 ml of dry methanol was added 0.20 ml of 4m
methanolic sodium methoxide and the mixture was stirred for 2 h at room temperature.
Acetic acid (0.2 ml) was added, and the solvent was evaporated off under diminished
pressure. The residue was mixed with 15 ml of water and 15 ml of ether, and the mixture
was shaken; the ether layer was discarded, and the aqueous layer was washed with
three 15-ml portions of ether, and stirred with 2 g of Rexyn 300 (H*-OH ™) mixed-bed,
ion-exchange resin for 10 min, and the suspension was filtered. The resin was stirred
with 10 ml of water containing 1 ml of acetic acid, the suspension was filtered, and the
two filtrates were combined, stirred with a little Darco G-60 decolorizing carbon, and
the suspension filtered. The filtrate was evaporated to dryness at45° under diminished
pressure, the residue was dissolved in 5 ml of ethanol, and ether was added to incipient
turbidity. The mixture was kept for 4 h at room temperature, pentane (5 ml) was
added, and the mixture was kept in a refrigerator overnight. The resulting crystals
were filtered off, and washed with ether; yield of 14, 88 mg (85%4), m.p. 180-182°,
[«]3* —16.8° (c 1.1, water), AM¢OH 208 nm (log & 3.90).

Anal. Cale. for C.;H,4N,O¢: C, 46.51; H, 5.46; N, 10.85. Found: C, 46.64;
H, 5.60; N, 10.78.

1-(5,6-O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyl-f( ?)-D-arabino-hexosyl)-4-meth-
oxy-5-methyl-2{IH)-pyrimidinone (11a). — To 2.16 g( 14 mmole) of molten 2,4-di-
methoxy-5-methylpyrimidine (10a) was added 525 mg (1.3 mmoles) of the bromide 8,
and the mixture was heated for 10 min at 75° and cooled. It was then crushed, and
stirred with 50 ml of cther; the crude product was filtered off, washed with three 30-ml

*The optical rotation of compound 13 was not determined.
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portions of ether, and dried overnight in a vacuum desiccator containing phosphorus
pentaoxide. It was recrystallized from ether—dichloromethane, to give 150 mg (26%;)
of the protected nucleoside (11a), m.p. 195-197°. An analytical sample was prepared
by recrystallization from acetone—ether; m.p. 203-205°, [«]3* —6.5° (¢ 0.337, dichloro-
methane).

Anal. Calc. for C,0H,oN3;0,4: C, 52.07; H, 4.15; N, 9.11. Found: C, 51.83;
H, 4.16; N, 9.26.

1-(5,6 - O- Carbonyl-2-deoxy-3-O-p-nitrobenzoyl-f( ?)-D-arabino-hexosyl)-4-eth-
oxy-5-methyl-2(IH)-pyrimidinone (11¢). — To 912 mg (5 mmoles) of moiten 2,4-
diethoxy-5-methylpyrimidine (10c) was added 125 mg (0.31 mmmole) of the bromide 8,
and the mixture was heated, with exclusion of moisture, for 2 h at 85°. The mixture
was kept overnight at room temperature, and then crushed and stirred with 30 ml of
ether, and the solid was filtered off. It was washed with three 20-ml portions of ether,
dried for 2 h in a vacuum desiccator containing phosphorus pentaoxide, and recrystal-
lized four times from ether—dichloromethane to yield 14 mg (10%7) of pure 11c, m.p.
204-205°, [a]3* —3.3° (c 0.16, dichloromethane).

Anal. Cale. for C,,H, N30O,4: C, 53.06; H, 4.45; N, 8.84. Found: C, 52.82;
H, 4.25; N, 8.80.

1-(2-Deoxy-B(N-p-arabino-hexofuranosyl)thymine (14a). — To a solution of
110 mg (0.24 mmole) of the protected nucleoside 11a in 8 ml of dichloromethane and
5 ml of anhydrous methanol was added 5 ml of methanolic hydrogen chloride (34%7).
The mixture was stirred, with exclusion of moisture, for 6 h at room temperature, the
acid was neutralized with an excess of silver carbonate (12 g), the mixture was filtered
through a bed of decolorizing carbon, and the filtrate was evaporated to dryness. The
residue was purified by preparative, thin-layer chromatography on silica gel (Camag
DF-5) plates by the ascending technique, with the upper layer of a solvent mixture
of 10:6:5:3 (v/v) ethyl acetate—-methanol-water-2,2,4-trimethylpentane. The zones
containing the product (chief component) were located by means of ultraviolet light,
scraped off the plates, and combined. The adsorbent—adsorbate thus collected was
thoroughly extracted with dichloromethane, and the extract was filtered and evapo-
rated to dryness. The residue failed to crystallize from a wide variety of solvents and
solvent mixtures; nevertheless, the demethylated nucleoside (13a) thus purified was
homogeneous on thin-layer chromatograms in the foregoing solvent system and in
one reported by Goodman and co-workers!!.

The purified 13a (60 mg, 0.134 mmole) was suspended in 20 ml of anhydrous
methanol, 0.2 ml of 4M sodium methoxide in methanol was added, and the mixture was
stirred for 6 h at room temperature. Acetic acid (0.2 ml) was added, the solution was
evaporated to dryness, and the residue was mixed with 15 ml of water and 15 ml of
ether. The ether layer was discarded, and the aqueous layer was washed with three
15-ml portions of ether, and stirred with 2 g of Rexyn 300 (H*-OH ™) mixed-bed, ion-
exchange resin, and the mixture was filtered through a thin bed of Darco G-60 decolor-
izing carbon. The resin was suspended in 15 ml of water containing 0.5 ml of acetic
acid, and the suspension was stirred for 10 min, and filtered off through a bed of Darco
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G-60 decolorizing carbon as before. The two filtrates were combined, and evaporated
to dryness at 45° under diminished pressure; the residue was dissolved in 3 ml of
absolute ethanol, ether was added to incipient turbidity, and the solution was kept for

24 h in a refrigerator. The resulting crystals were filtered off and washed with ether,
lMeOH

to give 30 mg (80%%) of pure 14a, m.p. 166-168°, [a]3* —10.5° (c 0.10, water), AM<C
268 nm (log £ 4.11).
Anal. Calc. for C; {H;(N,Og¢: C, 48.53; H, 5.92; N, 10.29. Found: C, 48.65;

H, 6.07; N, 9.96.
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ABSTRACT

Examination of the early stages of the acid-catalysed methanolysis of D-xylose
and p-glucose, using radioactive sugars, has shown that the hitherto undetected dimethyl
acetals are formed, but that they are not primary products, and their concentrations
do not exceed 2.5% at any stage. The possible mechanisms of the first step in glycos-
idation are discussed, and the suggested retention of anomeric configuration occurring
during the ring expansion of furanosides is reconsidered.

INTRODUCTION

The occurrence of multiple products in glycosidations of sugars makes these
reactions appreciably more difficult to study than the converse hydrolyses of glycosides,
and this is reflected in the attention that the two processes have received. We here
describe experiments, using radiochemical techniques, planned to provide a fuller
understanding of the alcoholysis of D-xylose and p-glucose.

As has been known for many years!, furanosides as well as pyranosides are
formed during acid-catalysed alcoholysis of sugars. In addition, acyclic acetals and
hemiacetals are possible reaction products or intermediates, and although the former
were proposed by Fischer? as likely precursors of the glycosides, they escaped detection
until Heard and Barker?® recorded the presence of D-arabinose dimethyl acetal in the
methanolysis products of this sugar*. We now report that the corresponding derivatives
feature in the glycosidation of D-xylose and p-glucose. Hemiacetals have not been
detected but cannot, on this evidence, be discounted as possible reaction intermediates.

Following Fischer’s early work"-2, Levene and his associates* studied the glycos-
idation of several aldoses, using analytical methods that depended upon the preferential
susceptibility of furanosides to acid hydrolysis, and showed that these five-membered
cyclic compounds were formed at an early stage and subsequently underwent ring

*These results will be published in full in J. Org. Chem. The conclusions reached on the role of the
p-arabinose acetal are effectively the same as those arrived at for the D-xylose aceta! in this paper.
We are grateful to Drs. Heard and Barker for allowing us to examine their results prior to publication.
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expansions to give the thermodynamically more-stable pyranosides. Anomers could
not be differentiated by these means, but the introduction of chromatographic methods
made this possible, and Mowery and Ferrante®, using cellulose-column fractionations,
first applied them to gain a fuller understanding of the glycosidation of D-galactose.
With. the aid of much more sensitive and convenient gl.c. techniques, Bishop and
Cooper®-7 later carried out detailed, elegant examinations of the methanolyses of the
pentoses and were able to analyse the overall processes in terms of four distinct,
successive reactions: () the formation of furanosides, (ii) the anomerisation of furanos-
ides, (iii) the ring expansion of furanosides, and (iv) the anomerisation of pyranosides.
They obtained no evidence of acyclic compounds, but these, under the conditions of
the chromatography, may not have been detectable, so that arguments based on their
apparent absence® could be invalidated.

Whereas, in their studies with radioactive L-arabinose, Heard and Barker® used
dilution techniques to analyse for the acetal, the procedure adopted in this work is
one that has found extensive use in biochemistry® and involves the resolution of the
reaction components on paper chromatograms, their detection by radioautography,
and their direct quantitative determination with an end-window Geiger counter.

RESULTS AND DISCUSSION

In Fig. 1is shown a radioautograph obtained during the study of the methanol-
ysis of p-xylose. Under the chromatographic conditions employed, the two furanos-
ides are separated, but the pyranosides are unresolved, and a fifth product is readily
observable. That this was D-xylose dimethyl acetal was shown by carrying out two
parallel methanolyses that were identical, except that, in one, **Cwas incorporated in
the sugar, whereas, in the other, the methanol was labelied. In relative terms, twice the
activity was incorporated into the fifth component in the second experiment, showing
that it arises from condensation of two molecules of alcohol per p-xylose molecule.
Confirmation of the nature of this fifth product was obtained by eluting it from the
chromatography paper, mixing it with radio-inactive D-xylose dimethyl acetal (ob-
tained by hydrogenolysis of the 2,4:3,5-di-O-benzylidene derivative®), carrying out
two-dimensional chromatography on the mixture, and observing that the active and
inactive samples had indistinguishable mobilities.

From Fig. 2, which illustrates the observed general course of the metha-
nolysis of D-xylose, it can be seen that the two furanosides are formed first,
that the f-anomer preponderates over the a-form, and that, latterly, ring expansion
occurs to give pyranosides that constitute 959, of the reaction products at equilibrium.
These results agree qualitatively with the findings of Bishop and Cooper®7 (who used
twice the concentration of D-xylose but otherwise the same conditions), but there are
quantitative differences between the results obtained by the two methods: the
“equilibrium” «, f-furanoside-ratio pertaining during the ring-expansion stage was
found to be 1:1.72 by the g.l.c. method® but 1:1.2 [confirmed in a duplicate experiment
and by carrying out methanolysis of radioactive a- and B-furanosides] in this radio-
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Fig. 1. Radioautograph showing the chromatographically resolved components in the reaction
between p-xylose (1%) and methanolic hydrogen chloride (0.5%) at 25°. Radioactive p-glucitol was
added as a reference compound.
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Fig. 2. Components in the reaction between D-xylose (1%) and methanolic hydrogen chloride
(0.5%) at 25°.

chemical work, and, whereas we find the maximum percentages of - and f-furanosides
to be 42 and 49, respectively, Bishop and Cooper® found these to be ca. 35 and 62,
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Fig. 3. The concentration of p-xylose dimethyl acetal in the reaction between D-xylose (1%) and
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Fig. 4. The first products of the reaction between p-xylose (1%) and methanolic hydrogen chloride
(0.01%) at 35°.

respectively. At this stage, the pyranoside and acetal concentrations are both 2.5%7,
and unreacted D-xylose accounts for the remainder. Likely sources of errors (and
their corrections) in the radiochemical procedures are referred to in the Experimental
section.

As is shown in Fig. 3, the concentration of the acetal builds up to 2.5 at the
time when the furanosides are present in maximum proportions, and, with them, it
then subsides as the pyranosides are formed, until, at equilibrium, 0.5 remains.*
So that the early stages of the reaction could be examined, the methanolysis was

*]t is not clear why this figure is so high; it should be ca. 0. 15 if the acctal and the furanosides are
equilibrated throughout.
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repeated under extremely mild conditions, and the products formed initially were
considered in detail. Extrapolations of the proportions of furanosides and acetal in the
products (Fig. 4) show that the a-D-glycoside, despite the fact that it is less stable than
the #-p form (see Fig. 2), is formed initially in greatest proportions (e:f5,2.1:1), and
suggest that the acetal is not the primary product from which the furanosides are
derived. However, the acetal methanolyses at a rate in excess of that of p-xylose itself,
so no large, initial concentration could be expected if it was a key intermediate.

Brief examination of the early stages of the methanolysis of D-glucose revealed
that, as with D-xylose, the furanosides are formed first [with the x-isomer preponder-
ating (extrapolated, initial «:f ratio = 2.2:1)], that the acetal is formed in minor
proportions, and that, even at very early stages, it is not a major component. Glycos-
idations of the two sugars were found to be similar in form, and in neither case did the
acetal concentration exceed 2.5%, at any time.

The extrapolated, initial ratio (68:32) of a- and f-D-xylofuranosides compares
well with that (o8, 65:35) obtained” by gas-liquid chromatographic analysis of prod-
ucts formed after 4.8% reaction, and, together with similar observations with
D-glucose, suggest that furanosyl carbonium ions (1) are not involved in furanoside
formation, since the C-2 hydroxyl group would be expected to shield the “«-side” of
C-1 and cause preferential solvolytic attack to give f-D-glycosides. Alternatively, the
initial step in glycosidation could involve a synchronous process (2—3) that would
satisfy the initial finding of preponderant amounts of «-D-furanoside, since the S-p
modification of the furanoid free sugar would be expected to preponderate in solution.
Furthermore, the anomerisation of methyl B-D-glucofuranoside in [**Cl-methanol
leads to labelled furanosides!®, and additional support comes from studies of the
ethanethiolysis of pD-xylose!!. However, a referee has kindly pointed out that 2—3 is
unlikely to represent a major pathway, since the rate of formation of furanosides from
D-xylose (which would have a low furanose concentration in methanol) has been
found to be similar to the rate of anomerisation of the methyl p-xylofuranosides”.
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A further alternative is that the furanosides could be formed by way of the
acyclic hemiacetals (4—3) which can arise from the aldehydo sugar by alcoholation
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or from any of the cyclic modifications by protonation of the ring oxygen and either
by a synchronous displacement reaction at C-1 or after a primary ring-opening step.
Evidence which lends support to the possibility of an acyclic hemiacetal intermediate
was obtained by finding that methanolysis of D-xylose dimethyl acetal (radioactive)
occurs with great facility to give, initially, the «- and S-D-furanosides in the same pro-
portions (2.1:1) as does D-xylose itself, and both compounds could react by way of
the acyclic ion 5. However, it has been shown that p-glucose dimethyl acetal reacts
during hydrolysis to the methyl furanosides by a concerted process and not by the
intermediacy of an acyclic ion'2, so the identity of the ratios may be fortuitous and
cannot be taken as providing strong support for the existence of the hemiacetal. If a
concerted mechanism operates, it would seem improbable that the acetal on the one
hand, and diastereoisomeric hemiacetals on the other, would give the furanosides in
the same proportions. The hemiacetals were not detected at any stage in the investi-
gation, although they would have been separable from the other reaction components
and would have been observed in concentrations of ca. 0.3%/, but their expected high
reactivity in the methanolysis medium or during subsequent operations could account
for their apparent absence.

Capon and Thacker!3 in their studies of the acid-catalysed hydrolysis of furanos-
ides found negative entropies of activation for the reactions and concluded that, as
the corresponding functions for pyranoside hydrolyszs are positive, the two classes of
glycosides react by different mechanisms, and consequently that furanoside hydrolyses
do not involve ions of the type 1. No evidence was obtained which allowed a distinction
to be made between the other possible mechanisms and so, as in the present work, no
final conclusion could be reached.

Bishop and Cooper®, on finding that the methyl «- and f-p-xylopyranosides
were produced in the ratio 1:1.7 [i.e., the equilibrium ratio determined by them for the
furanosides (see above)], concluded that ring expansion occurs with retention of
configuration at the anomeric centre. This deduction has been justifiably criticised!®
on the grounds that furanoside anomerisation is rapid compared with the rate of the
ring-expansion reaction, but it would be valid in the event of the ring-expansion rates
of the two furanosides being identical. The current re-investigation of the methanolysis
of D-xylose did not allow a further examination of this point, since the methyl
D-xylopyranosides were chromatographically indistinguishable under the conditions
used. However, the four ethyl p-xylosides were readily resolvable, so that an exam-
ination of the ethanolysis of radioactive D-xylose allowed the ring-expansion reaction
to be followed in detail. The overall glycosidation was closely similar to the
methanolysis: the a- and f-p-furanosides were formed initially in the ratio 2.6:1, they
anomerized to give an “equilibrium™ ratio of 1:1.3 (average of 8 measurements;
variation, +0.1), they then underwent ring expansion to «- and S-p-pyranosides
formed in the ratio 1:1.9 (average of 8 measurements; variation, + 0.1), and the
pyranosides anomerised to give the final equilibrium mixture. 1n this reaction, there-
fore, the «,f ratio changes appreciably during ring expansion, but no information on
the stereachemistry of the process can be deduced from this.
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No evidence was obtained for the presence of the diethyl acetal in the reaction
since, in the chromatographic solvent employed, it was unresolvable from ethyl «-D-
xylofuranoside. The four ethyl D-xylosides prepared during this work are described.

In agreement with the results obtained during the glc. studies®?, these
observations show that in the formation stages of both furanosides and pyranosides
of D-xylose it is the thermodynamically unstable anomers which are formed preferen-
tially, and it is therefore surprising that Capon et al.'° should have observed that ring
expansions of the methyl D-glucofuranosides resulted initially in the formation of
appreciably more - than f-p-pyranosides.

EXPERIMENTAL

[*C]-p-Xylose (U), [1*C]-p-glucose (U), and [**Cj-methanol were obtained from
the Radiochemical Centre, Amersham, England, at specific activities of 3.4, 8.5, and
9.2 mcuries/mmole, respectively.

Glycosidations of p-xylose were carried out in the presence of known amounts
of radioactive D-glucitol which, as an internal inert reference compound, was readily
resolvable from reaction components, and could be used to inierrelate the activities
present in each sample. Aliquot portions of solution were neutralised with Deacidite
FF (OH ") resin and were applied to Whatman No. | paper chromatograms developed
in butanone saturated with water. Developing times were 12 and 8 h for the methanol-
ysis and ethanolysis of D-xylose, and 30 h for the methanolysis of D-glucose. The
papers were carefully dried in a still atmosphere, and the components were located
using Kodak standard X-ray film. The reaction products were identified by their
chromatographic mobilities relative to those of inactive samples.

Counting was performed on one side of the chromatograms by using a standard-
ised end-window Geiger tube (General Electric Company, type 2B2) which gave a
linear response up to 40,000 counts/min and had a reproducibility within one standard
deviation for counts less than 2,500 min, and within 2% for counts greater than this
value. Chromatographic sections largerthan the uniformly sensitive area of the window
(3.5 cm in diameter), and those showing activity greater than 40,000 counts/min were
counted in portions. Overall counting efficiency was ca. 394, whereas the counter
itself had an efficiency of ca. 109}, but it was observed from standardisation experi-
ments that the measured activity of a sample diminished slightly as the distance
travelled on a chromatogram increased. In five experiments, the mean losses in activity
were: 4%/ over 5 cm (measured from the position of first counting, which was 5 cm from
the origin), 4.8%4 over 12 cm, 6.4%; over 20 cm, and 6.5%{ over 32 cm. Corrections
were applied throughout to compensate for these. Further corrections were applied to
compensate for “trailing™, i.e., for small amounts of activity (ca. 19 per area of
average spot) remaining on paper over which an active component had passed.

Since it has been shown that isomeric glycosides can be separated on the basis
of their selective adsorbtion on anionic resin!4, the errors associated with the use of
resin in the neutralisation step were assessed. Alcohol solutions containing mixtures
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of methyl «- and f-D-furanosides and ethyl a- and f-D-pyranosides of known radio-
chemical composition were separately treated with resin as in the neutralisation
procedure and were then analysed by chromatographic separation, radioautographic
detection, and counting. Slight selectivity was shown for the «-D-furanoside and the
f-D-pyranoside, i.e., the chromatographically less-mobile anomers, so that the true
equilibrium ratio of «- and f-D-furanosides is 1:1.1-1.2, and that of the «- and f-p-
pyranosides is 1:1.9-2.1. Free D-xylose was adsorbed appreciably more selectively than
the glycosides (in one competitive experiment, 767 of b-xylose and 25% of glycoside
were adsorbed respectively) which adds justification to the corrections applied in
Table I. It is concluded that all of the results are subject to small errors rising from
this factor, but that these do not alter the findings in any appreciably way.

Methanolysis of D-xylose. — (a) Conditions similar to those used by Bishop and
Cooper® were selected; the D-xylose concentration, however, was reduced from 2 to
194 to overcome solubility difficulties. b-Xylose (10 mg, containing 10 ygcuries activity)
and p-glucitol (0.25 mg, containing 0.5 ucurie activity) were dissolved in methanol
(0.5 ml) to which was added methanolic hydrogen chloride (0.5 ml, 1.0%(), and the
solution was kept at 25°. Samples (0.10 ml) were withdrawn, treated with resin (ca.
6 mg), and chromatographed (Fig. 1). Results of radioassay of the components are
given in Table I and are represented graphically in Figs. 2 and 3. Equilibrium values
were determined in a separate experiment carried out at clevated temperatures.

TABLE 1
ACTIVITIES (COUNTS/MIN)® OF THE RESOLVED COMPONENTS FROM THE METHANOLYSIS OF D-XYLOSE AT 25
(D-XYLOSE, 194; HYDROGEN CHLORIDE, 0.50%}.

Compound Time (h)
0.083 0.25 0.5 1 2 4 12 24

p-Xylose 67,510 49,760 36,290 18,760 6,870 2,760 2,750 2,800
p-Xylose (corrected)® 74,325 56,235 39,710

Acetal 305 790 1,280 1,660 2,210 2,050 2,030 1,990
Pyranosides 130 375 450 205 1,620 2,530 5,880 11,020
«-p-Furanoside 6,480 14,600 21,750 29,780 35,850 36,050 33,280 31,300
B-p-Furanoside 3,760 13,000 21,610 32,340 41,000 41,760 40,080 37,720

Total counts
(uncorrected) 78,185 78,525 81,380 83,445 87,550 85,150 84,020 84,830

e@All counts are corrected for paralysis, for the background count, and for distance travelled on the
chromatogram (see above), and have been standardised by using factors (between 0.85 and 1.15)
obtained from the measured activities of b-glucitol. ?The deficiencies in the total activities measured
in the early sampies are assumed to arise as a result of specific adsorptions of free sugar on the resin.
Corrections are applied to the p-xylose figures to bring the total count to 85,000, i.e., the average
obtained from the later samples.

(b) The experiment was repeated at 35° using D-xylose (10 mg, 5 pcuries),
D-gluciiol (0.25 mg, 0.5 pcurie), and methanolic hydrogen chloride (1 ml, 0.01%{). Only
small quantities of resin were required (ca. 0.2 mg) to neutralise the acid in 0.1-ml

Carbohyd. Res., 6 (1968) 75-86



RADIOACTIVE SUGARS. | 83

samples, and errors arising from specific adsorptions of free sugar are ignored. The
results are summarised in Table I and are illustrated in Fig. 4.

Ethanolysis of D-xylose. — (a) D-Xylose (2.5 mg, 5 ucuries) and D-glucitol
(0.5 mg, 1.0 pcurie) were dissolved in ethanolic hydrogen chloride (1 ml, 0.5%() and

TABLE II

ACTIVITIES (COUNTS/MIN)® OF THE RESOLVED COMPONENTS FROM THE METHANOLYSIS OF D-XYLOSE AT 35°
(D-XYLOSE, 1%; HYDROGEN CHLORIDE, 0.01%).

Compound Time (h)

0.083 0.25 0.5 1 2 4 12 24
Acetal (1) 0 24 58 160 295 620 1,020
Pyranosides \] 0 0 28 57 97 280 610
a-p-Furanoside 156 500 920 1,800 3,260 5,970 11,260 17,140
B-p-Furanoside 74 255 529 1,140 2,075 4760 11,710 23,300
Percentage reaction 04 1.2 23 4.9 8.3 21.6 55.0 82.1

aAll counts are corrected for coincidence, for background count, and for distance travelled on chrom-
atograms, and have been standardised by using factors (between 0.80 and 1.20) obtained from the

measured activities of p-glucitol.

keptat35°. Mobilities of the products, relative to that of b-xylose were: f-D-pyranoside,
4.9;a-D-pyranoside, 5.6 ; a-D-furanoside, 6.4; f-D-furanoside, 7.5; (diethyl acetal, 6.2).
Results are given in Table IIL.

TABLE I11

PERCENTAGES AND RATIOS OF GLYCOSIDES IN THE PRODUCTS OF ETHANOLYSIS OF D-XYLGSE AT 35°
{(D-XYLOSE, 0.2%; HYDROGEN CHLORIDE, 0.5%)

Glycoside Time (h)

2 4 6 12 24 48 72 120
p-pD-Pyranoside 2.1 4.7 6.9 13.0 22 41 49 56
«-D-Pyranoside 1.2 2.2 3.6 6.7 13 21 26 32
a-p-Furanoside 43 40 40 34 29 17 11 5
B-p-Furanoside 54 53 50 47 36 22 14 7
B-:2-D-Pyranosides 1.8 2.1 1.9 1.7 1.7 2.0 1.9 1.8
B-:z-p-Furanosides 1.3 1.3 1.25 1.4 1.2 1.3 1.3 14

(b) In an experiment using D-xylose (2.5 mg, 1 ucurie), p-glucitol (0.25 mg, 0.5
pcurie), and ethanolic hydrogen chloride (1 ml, 0.01%}) carried out at 35°, the «-:5-D-
furanoside ratio observed when 194 reaction had occurred (5§ min) was 2.6:1, and
equilibration of the furanosides occurred in 48 h, by which time the f:a ratio was 1.3:1.

Methanolysis of [Y*Cl-methyl p-xylofuranosides. — Radioactive furanosides
were obtained in > 982/ radiochemical purity by elution from paper chromatograms,
Samples (ca. 0.5 pcurie) were treated with methanolic hydrogen chloride (0.5 ml,
0.0127) at 35°. “Equilibria> were established within 24 h, and at that time the products
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from the «-D-glycoside contained D-xylose, 5% (presumably formed by hydrolysis
caused by traces of water); acetal, 3.1%; a-D-furanoside, 41%; and p-D-furanoside,
51%;. The corresponding figures obtained in the reaction of the f-p-glycoside were
4.6, 2.4, 41, and 529%(. At no time did the acetal concentration exceed 3%.

Methanolysis of [**C]-D-xylose dimethyl acetal. — The radioactive acetal (0.001 g,
containing 0.5 pcurie activity) and p-glucitol (0.0004 g, 0.5 ucurie) were dissolved in
methanolic hydrogen chloride (0.2 ml, 0.005%) at 25°. Samples taken after 1, 5, 15,
and 30 min were found to have undergone conversions into furanosides to the extent of
49, 79, 95, and 96%;. Th «:f furanoside ratios at these times were 2.1, 2.0, 2.1, and
1.8.

Methanolysis of D-glucose. —p-Glucose (4 mg containing 5 pcuries activity) was
dissolved in methanol (0.5 ml), methanolic hydrogen chloride (0.5 ml, 0.02%() was
added, and the solution was maintained at 35°. The products had the following mobil-
ities on chromatograms relative to D-glucose: a-D-pyranoside, 2.6; f-D-pyranoside,
2,6; acetal, 3.8; a-p-furanoside, 5.8; B-p-furanoside, 6.5. The acetal was identified by
two-dimensional cochromatography with a crystalline, authentic sample (see below).
Results of the early stage of the reaction are given in Table IV.

TABLE IV
PERCENTAGE OF COMPONENTS IN THE METHANOLYSIS OF D-GLUCOSE AT 35° (D-GLUCOSE, 0.25%;,; HYDROGEN
CHLORIDE, 0.01%,).

Compound Time ()

1 2.5 5 9 24 72 120 1494
D-Glucose 98.1 96.5 92.2 88.3 74 52 48 50
Pyranosides 0.1 0.1 0.3 0.4 0.7 14 1.6 1.6
Acetal < 0.05¢2 «<0.1e <<0.12 0.15 0.5 0.8 0.9 1.0
«-p-Furanoside 1.1 2.0 4.0 3.5 i1 18 19 18
f-p-Furanoside 0.6 1.3 3.4 5.7 14 28 30 29

eBased on 10-50 counts/min, and consequently unreliable.

Characterisation of D-xylose dimethyl acetal. — (a) The acetal (ca. 0.02 pcurie)
was eluted from paper chromatograms with cold water, mixed with inactive acetal
(ca. 1 mg)®, and chromatograﬁhed on a square paper by using butyl alcohol-ethanol—
water (4:1:5, upper phase) in one direction, and butanone saturated with water in a
perpendicular direction. The active sample was detected by radioautography, and the
inactive with a silver nitrate spray. )

(b) Two parallel experiments were performed with D-xylose (154) in methanolic
hydrogen chloride (0.4 ml, 0.5%{) at 25°. In the first, the D-xylose contained 0.4 ycurie
activity, and in the second, the solvent contained 80 ucuries. After 2 h, samples taken
from the solutions showed acetal:x-D-furanoside activity ratios of 0.063 and 0.128,
respectively. After 4 h, these ratios were 0.058 and 0.108, respectively.

}*Cl-D-Xylose dimethyl acetal. — D-Xylose (0.04 g) was mixed in aqueous
solution with radioactive D-xylose (20 ucuries), the water was removed by freeze-

Carbohyd. Res., 6 (1968) 75-86



RADIOACTIVE SUGARS. I 85

drying, and the residue was dissolved in methanolic hydrogen chloride (1 ml, 3%(). After
cooling to 0°, redistilled benzaldehyde (0.2 ml) was added, and the mixture was kept
for five days at room temperature. After a further two days at 0°, crystalline 2,4:3,5-di-
O-benzylidene-D-xylose dimethyl acetal was removed by filtration and washed with
methanol (0.066 g, 67%, m.p. 207-209°, 1it.° 209-210°). A portion (0.015 g) was hydro-
genolysed in 2-methoxyethanol (10 ml) in the presence of palladium on charcoal
(0.02 g, 10%7) and anion-exchange resin [Deacidite FF (OH™),0.01 g]. Removal of the
solids and solvent gave a syrup (0.008 g, 1009¢), which, after resolution on a paper
chromatogram, was shown to contain acetal (95%), methyl a-D-xylofuranoside (4°4),
and methyl p-pD-xylofuranoside (19).

Ethyl p-xylofuranosides. — p-Xylose (10 g) was heated under reflux in ethanolic
hydrogen chloride (500 ml, 0.01%) for 1.5h, when the solution was neutralised with
lead carbonate, filtered, and deionised with anionic and cationic resins. Removal of
the solvent gave a syrup (10.8 g, 919), [«]p +21° (water), which was shown by paper
chromatography fo contain two major products having mobilities higher than the ethyl
D-xylopyranosides. These were isolated in chromatographically pure form after
resolution on a column of cellulose powder. Ethyl f-p-xylofuranoside {[«], —68°
(c 1, water)} was eluted first and was followed by the a-D-anomer {[o], +140°
(c 1, water)}. The ring size was established by the standard periodate method (1 mol.
reduced in each case), and the rotations suggested that each was contaminated slightly
by the other, since the [«]p values for the methyl «- and f-pD-xylofuranosides are + 180°
and —86°, respectively!®. From the unfractionated furanoside mixture (10.5 g), ethyl
B-pD-xylofuranoside 3,5-benzeneboronate was obtained in 37%; yield, m.p. 110-111°
(from benzene-light petroleum), [x]p —146° (p-dioxane) (Found: C, 58.9; H, 6.5;
B, 4.3. C,5H,;BO; calc.: C, 59.1; H, 6.5; B, 4.1%). High-resolution infrared exami-
nation of dilute solutions revealed a non-bonded hydroxyl group at C-2 (v3622cm™1).
The same compound was prepared in 83% yield from the f-p-glycoside, but no crystal-
line ester of the a-D-anomer was obtained either from the fractionated or unfraction-
ated glycosides. The hydroxyl-stretching frequency of the syrupy products
(v 3542 cm™ 1) was, however, consistent with the formation of a 3,5-boronate!5,

Ethylp-xylopyranosides.—p-Xylose (10.2 g) was heated under reflux in ethanolic
hydrogen chloride (50 ml, 19() for 6 h. After neutralisation of the acid (lead
carbonate), deionisation, and removal of the solvent, a syrup (11.8 g, 100%), [«lp
+55° (water), was obtained, which slowly solidified. A portion (3.53 g) was resolved on
a column of cellulose powder to give the chromatographically pure a-D-pyranoside
(1.08 g), m.p. 111-112°, [afpy +156° (c 1, water) (Found: C, 46.9; H,7.7. C;H,,0;
calc.: C, 47.2; H, 7.9%). This was followed by the chromatographically pure f-bD
anomer (0.35 g), m.p. 92-93°, [a]p, —68° (c 1, water) [lit.!%, 95-96°, [«]p—38° (water)].
In another preparation, a fraction having m.p. 95-96°, [«], —44° (water), was obtained
but was shown by chromatography to contain contaminating a-D-glycoside. Both
pyranosides reduced sodium periodate (2 mol.). From the unfractionated pyranoside
mixture, ethyl a-D-xylopyranoside 2,4-benzeneboronate was obtained in 389 yield,
m.p. 137-138°, [a]p +11° (p-dioxane) (Found: C, 59.8; H, 6.6; B, 4.0. C;3H,;BO,
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calc.: C, 59.1; H, 6.5; B, 4.1%(). Hydroxyl stretching occurred in dilute carbon tetra-
chloride solution at 3622 cm™!. No - ester was obtained in crystalline form, but its
presence was detected by the finding of a strong hydroxyl stretching band at 3508 cm™*
in the syrup obtained after removal of the a-D derivative!®. )
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ABSTRACT

D-Xylose in ethanethiol-N, N-dimethylformamide (4:1), and in the presence of
an acid catalyst, reacts to give ethyl thiofuranosides which are then converted chiefly
into D-xylose diethyl dithioacetal. This then slowly loses water and undergoes migra-
tion of an ethylthio group to give 3-ethylthio-2-(ethylthiomethyl)furan. Pyranosides
do not comprise more than 6%{ of the products of ethanethiolysis at any stage.

INTRODUCTION

Whereas the alcoholysis of a small number of free sugars has been subjected
to kinetic study? and has been shown to proceed in four successive steps [({) the for-
mation of furanosides, (if) the anomerisation of furanosides, (iif) the conversion of
furanosides into pyranosides, and (iv) the anomerisation of pyranosides], no such
investigations of the analogous thiolysis reactions have been undertaken. The most-
detailed available information has been obtained by semi-quantitative, paper-
chromatographic methods®, which have shown that D-glucose, D-galactose, and
p-mannose with ethanethiol and concentrated hydrochloric acid give the diethyl
dithioacetals in kinetically controlled reactions, and that these are then converted to
alarge extent into the corresponding thiopyranosides. The high nucleophilic character
of sulphur accounts for the much greater significance of the acyclic acetals in these
reactions than in simple alcoholysis of sugars, and dialkyl dithioacetals are normally
prepared in high yield by treating free sugars with alkanethiols in the presence of an
acid catalyst.

The radiochemical methods described in the preceding paper have now been
applied in an investigation of the course of the ethanethiolysis of p-xylose, and parti-
cular attention has been paid to the role of the thiofuranosides in the reaction. These
are formed first on partial demercaptalation of aldose dialkyl dithioacetals*:> and have
been shown to be important products of the reaction between D-ribose and methane-
thiol in the presence of dilute, aqueous hydrochloric acid®, but their significance in the
thioiysis of sugars has not been well defined, although there is evidence that they are
formed directly from free sugar®.

Carbohyd. Res., 6 (1968) 87-96



88 R. J. FERRIER, L. R. HATTON, W. G. OVEREND
RESULTS AND DISCUSSION

Radioactive D-xylose was allowed to react with ethanethiol containing IV,N-
dimethylformamide (20%/, added to facilitate dissolution, but believed ultimately to
destroy the catalyst) and hydrochloric acid (2.4%/). Samples were withdrawn, the acid
was neutralised, and the compositions of the mixtures were determined by direct
counting after resolution of the components on paper chromatograms'. As in the
alcoholysis of D-xylose, the initial products were found to be the thiofuranosides
(again the «-D anomer preponderated), which then anomerised and were converted
into D-xylose diethyl dithioacetal at comparable rates. In 2-3 h, the thiofuranosides were
at their maximum concentration and comprised half of the reaction components, and
unreacted sugar and acetal were then present in approximately equal amounts,
whereas, after 24 h, the acetal constituted more than 802/ of the mixture, and the
sugar and the thiofuranosides were absent (Fig. 1). The thiopyranosides did not

1001

o
2

Dithiooacetcu

D-Xylose

)
Q
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Fig. 1. Components in the reaction between p-xylose (2%) and ethanethiol {containing hydrochloric
acid (2.4% initially) and N,N-dimethylformamide (20%)] at 25°.

exceed 674 of the products at any stage, but were present in small proportions after
the thiofuranosides had been removed, and are evidently components of the equili-
brium mixture. Their presence as major final products in normal thiolyses of sugars,
in which ethanethiol and concentrated (aqueous) hydrochloric acid are used®'s, is
probably attributable to displacements of equilibria (from the thioacetal in favour of
the thioglycosides) caused by the water present in the systems. The apparent absence
of thiofuranosides in the final products is to be expected on the grounds of their
instability (relative to the thiopyranosides), and the relatively high nucleophilicity of
sulphur accounts for the complete conversion of free sugar into sulphur-containing
products.

The initial finding of the - and #-D-thiofuranosides in the approximate ratio 2:1,
and as the sole primary products, suggests that the first reaction may be a direct
displacement of the C-1 hydroxyl groups of the furanoses (Scheme A), but the possibil-
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ity also exists that a hemithioacetal is involved. It seems unlikely that the first products
are formed by way of a cyclic, furanoid carbonium ion, since the «-D-thiofuranoside

preponderates.

H
HOCH, o +OH HOCH, O
2N
SEt SEt
on H OH
SCHEME A

In contrast to the findings with the alkyl glycosides?, the thiofuranosides ano-
merise relatively slowly (Fig. 1), and no mixtures containing preponderant amounts of
the thermodynamically more-stable §-D anomers were obtained. Furthermore, it was
the - and not the f-p-pyranoside which was found to be formed predominantly,
so support is added to the postulate®® that ring expansion of furanosides can occur
without racemisation at the anomeric centre. This parallels the observation that, in
p-dioxane in which anomerisation reactions are slow, methyl «-D-xylofuranoside gives
methyl a-D-xylopyranoside predominantly?®.

In addition to the products already discussed, radioautography revealed other
compounds having high chromatographic mobilities. One (degradation product A4)
became apparent after comparatively short times (maximum concentration, 1.5%() but
was undetectable in later samples; a second product (B) built up slowly and was
present to the extent of 5% when the carbohydrate products were equilibrated (1 day).
Subsequently, it was produced at the expense of the thioacetal until, in five days, it
constituted 1794 of the reaction products, and then an apparent state of true
equilibrium existed (Fig. 1). Although no tests were carried out to establish the point,
it is considered that this situation was brought about as a result of neutralisation of
the hydrochloric acid following slow hydrolysis of the N, N-dimethylformamide present
in the solvent. In preparative work with inactive material, crude products were ob-
tained in yields appreciably greater than 1794.

In order that product B might be examined, inactive pD-xylose diethyl dithio-
acetal was tieated for two weeks with ethanethiol saturated with hydrochloric acid
in the presence of a desiccant. An optically inactive, oily product, which corresponded
in its chromatographic mobility with compound B, was obtained afier solvent extrac-
tion, column adsorption chromatography, and distillation. It reduced potassium
permanganate solution, decolourised bromine immediately, and showed one peak on
gas-liquid chromatography distinguishable from that given by furfural diethyl
dithioacetal, which was considered a possible reaction product, since D-xylose is
degraded to furfural (2-furaldehyde) on acid treatment’. The n.m.r. spectra revealed
that compound B and furfural diethyl dithioacetal were different but isomeric, and
indicated that the compound derived from D-xylose diethyl dithioacetal was a furan
derivative bearing one a«- and one f-substituent. Further, the spectrum [t 2.63,
1-proton doublet (J 1.95 Hz); 3.62, 1-proton doublet (J 1.95 Hz); 6.22, 2-proton singlet;
two S-ethyl signals] related closely to that of furfuryl mercaptan® [z 2.67, 1 proton
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(H-5); 3.72, 1 proton (H-4); 3.83, 1 proton (H-3); 6.27, 2 protons (methylene); 8.1,
1 proton (SH)]. The compound is therefore assigned an ethylthio-2-(ethylthiomethyl)-
furan structure, which was supported on examination of the mass spectra of the com-
pound and that of furfural diethyl dithioacetal. Both showed a molecular-ion peak at
202, a base peak representing the ion (M-SEt)*, and two other readily detectable ions
[(M-Et)* and (M-SEt-C,H,)*1, but only in the spectrum of the degradation product
was the ion (M-CH,SEt)* observed. Furans show J, 3 and J, , values of 1.85 +0.15
and 0.85 4-0.15 Hz, respectively®, and, on this basis, the compound is therefore assigned
the structure 3-ethylthio-2-(ethylthiomethyl)furan (1). In support of this, in a double-
resonance experiment at 100 MHz, coupling of 0.4 Hz was detected between the
furfuryl methylene protons and H-4*; had the 4 position been substituted, a value for
Jcu,-3 of ca. 0.8 Hz should kave been observed®. The ultraviolet spectrum showed
absorption bands at 207, 223, and 246 nm (log ¢ 3.86, 3.94, and 3.63, respectively),
whereas furan itself has one band at 208 nm (log ¢ 3.9), and vinylic and allylic sulphides
absorb near 255 and 220 nm, respectively'®. Furfural diethyl dithioacetal showed
Amax @t 202 and 225 nm (log £ 3.82 and 3.94, respectively), which supports the assign-
ment of the 246 nm band in the spectrum of compound 1 to a sulphur chromophore
attached directly to the furan ring.

That the 2,3-substituted furan was not produced by way of the diethyl dithio-
acetal of furfural was established by subjecting this compound to ethanethiolysis
conditions and finding (by g.l.c.) that none of the disubstituted furan was formed.
A possible, alternative route is shown in Scheme B which, since it contains an inter-
mediate cyclic sulphonium ion (2), requires that the ethylthio group migrates first to
the 4 and not the 3 position. However, the thioethyl group could subsequently

Et SEe SEt CHSEL
5 = oH £
OH +SEt OH \
—_— —— OH
HO /Ny HO /N SEt HO
+COH2

2 3 o

CH,SEt
/Q l"z
/ SEt

H O, O

o CHSEt

\QX CHaSEt CH,SEL
——— = O —

St N oH T \ EtS) 3,
5 6

1
SCHEME 8
migrate to position 3 by way of an episulphonium ion (4), since the allylic hydroxyl in
the acyclic intermediate 3 would serve as a suitable leaving group. Analogous migra-

*This value agrees with that previously recorded for couplings between such protons{G. S. Reddy
and J. H. Goldstein, J. Phys. Chem., 65 (1961) 1539].

Carbohyd. Res., 6 (1968 87-96



RADIOACTIVE SUGARS. II 91

tions of alkylthio groups have been used successfully in nucleoside chemistry to
isomerise 3-deoxy-3-thio compounds and afford a route to 2-deoxy derivatives'!. The
episulphonium ion 4 could cyclise and then deprotonate by one route only to give
the 3-thio intermediate 6 which, on loss of water, affords product 1.

Migrations of ethylthio groups from diethyl dithioacetals have been observed
previously in carbohydrate chemistry, as when, for example'?, 5-O-toluene-p-sulph-
onyl-L-arabinose diethyl dithioacetal (7) is heated in aqueous acetone with barium car-
bonate to give the thioglycoside derivative 8. Furthermore, analogous displacements of
hydroxyl groups have been observed; for example, in the ethanethiolysis of 1,2,3,4-
tetra-0-acetyl-a-L-arabinose, which reacts by way of 2,3,4-tri-O-acetyl-L-arabinose
diethyl dithioacetal to give, after deacetylation, 5-S-ethyl-5-thio-L-arabinose diethyl
dithioacetal*®, or in the corresponding reaction of 3,4,5-tri-O-benzoyl-2-S-ethyl-2-
thio-D-pentose diethyl dithioacetal'.

CH(SEL),
HCOH
| ’ o.
HOCi‘H o o CH(SBu)z
HOCH OH H,SEt TsO \ C(SBu),
] EtSHC
CHOTs OH OTs
7 8 9 10

SCHEME ¢

Alternatively, the formation of compound 1 could have involved an intermediate
4-S-ethyl-4-thiopentose diethyl dithioacetal formed by thiol attack at C-1 of the
cyclic sulphonium ion, and this could have lost water to give a 2,5-anhydride by
attack of O-2 on C-5. Such 2,5-anhydrides are formed from pentose diethyl dithio-
acetals!? that contain a good leaving group at C-5, and, in the present case, the leaving
properties of the 5-OH group would be enhanced by neighbouring-group partici-
pation of the ethylthio group at C-4. Migration of the ethylthio group wvia an
episulphonium ion, and acid-catalysed loss of ethanethiol and water could give the
2,3-substituted furan.

In the course of studies of the reaction occurring on treatment of 2,5-anhydro-
3,4-di- O-toluene-p-sulphonyl-D-xylose di-isobutyl dithioacetal (9) with sodium iodide
in N,N-dimethylformamide, Defaye and Hildesheim'® obtained a diene to which they
assigned structure 10, but which had n.m.r. spectral features closely similar to those
of compound 1 [t 2.70 (1 proton), 3.82 (1 proton), and 6.37 (2 protons); all singlets].
Dr. J. C. P. Schwarz!? has pointed out that a structure in which an ethylthio group
was substituted at C-4 would correlate more satisfactorily with the observed spectral
features than the allocated structure, and a mechanism having two initial steps anal-
ogous to those in Scheme B would be consistent with migration of the butylthio
group and the eliminations that could result in furan formation. However, in this case,
the cis-stereochemical relationship at C-3 and C-4 precludes the possibility of epi-
sulphonium ion formation, and the product should therefore be a 4-alkylthio-2-alkyl-
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thiomethylfuran. Consistent with this is the reported lack of observable splitting in the
n.m.r. signals of the ring protons. Such a mechanism, rather than direct eliminations
of sulphonic acid as was originally proposed, would account for the lack of reaction
when 2,5-anhydro-3,4-di- O-toluene-p-sulphonyl-p-xylose dimethyl acetal is treated
with sodium iodide in N,N-dimethylformamide!®.

During this work, the four ethyl b-thioxylosides were prepared, and characterised
by conversion into their crystalline benzeneboronic esters which were examined by
high-resolution infrared spectroscopy in dilute carbon tetrachloride solution. As with
the corresponding oxygenated methyl!® and ethyl! p-xyloside esters, the «-D-pyranoside
and p-p-furanoside derivatives contained non-bonded hydroxyl groups, whereas
intramolecular O-H---S bonds were detected in the anomers. However, in keeping
with sulphur’s weak hydrogen-bond acceptor property'?, the thioglycoside derivatives
showed appreciably smaller Av values than did the corresponding oxygenated D-xylos-
ide boronates. The ring sizes of the thioglycosides were determined by the periodate
oxidation method. One and two moles were reduced by the furanosides and pyranos-
ides, respectively, and oxidation of the sulphur did not occur at sufficient speed to
invalidate the method. Wolfrom and co-workers?® have previously found that ring
sizes of thioglycosides can be determined by periodate oxidation ; other workers® have
also employed this method to determine ring size of glycosides but used conditions
which also caused oxidation of the sulphur atoms.

EXPERIMENTAL

The radiochemical techniques employed are described in the preceding paper.
Infrared measurements were made in carbon tetrachloride solution at concentrations
in the range 0.003-0.005M by using a Unicam S.P. 700 spectrophotometer. N.m.r.
spectra were measured in carbon tetrachloride solution by using a Varian A-60
instrument, but the double-resonance experiment was carried out at 100 MHz, and
the mass spectra were obtained with an A.E.I. MS 12 instrument.

Rotations were measured at room temperature within the concentration range
0.8-1.2%;, and Ry values were determined by using Whatman No. 1 papers and butan-
one saturated with water as solvent. Periodate oxidations were carried out by using
0.015m reagent at 25°; consumptions were followed spectrophotometrically?!, and
the recorded values were measured after 2 h.

Ethanethiolysis of D-xylose. — [1*C]-D-Xylose (0.40 g, containing 10 ucuries
activity) was dissolved in N,N-dimethylformamide (0.40 ml). Ethanethiol (1.60 ml,
containing 3.0%/ hydrogen chloride) was added, and the solution was kept at 25°.
Sixteen samples (0.02 ml) were withdrawn at various times, the acid was neutralised
with resin [Deacidite FF (OH ™), 5 mg], and the solutions were applied with methkanol
washings to a paper chromatogram which was developed for 3 h in butanone saturated
with water. The five direct products were completely resolved (Ry values: f-p-
pyranoside, 0.47; a-D-pyranoside, 0.53; a-D-furanoside, 0.65; f-p-furanoside, 0.71;
dialkyl dithioacetal, 0.81), were characterised by comparison of their mobilities with
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those of authentic samples and were determined quantitatively by direct counting.
The two products formed by degradation of the carbohydrate derivative had Ry values
of 0.88 and 0.94. Representative results obtained from the 16 samples are given in
Table I, and the resulis of the complete experiment are illustrated in Fig. 1.

TABLE 1

ACTIVITIES (COUNTS/MIN)Z OF THE RESOLVED COMPONENTS FROM THE ETHANETHIOLYSIS OF D-XYLOSE
AT 25° [D-XYLOSE (2%) IN ETHANETHIOL—N,N-DIMETHYLFORMAMIDE (4:1) CONTAINING (INITIALLY)
2.4% HYDROCHLORIC ACID]L.

Compound Time (h)
0.083 0.25 1 4 10 72 120 240

p-Xylose 1640 1730 2040 690 380 0 0 0
p-Xylose (corrected)? 7730 6870 3920 690 380 0 0 0
B-p-Pyranoside 0 o 0 0 0 180 180 200
«-D-Pyranoside (4] 25 135 195 200 280 330 330
«-pD-Furanoside 140 635 2050 2160 1290 0 0 0
B-p-Furanoside 80 310 1050 1420 1130 0 0 0
Acetal 0 80 665 2625 5510 7150 6750 7730
Degradation product 4 0 35 70 0 0 0 0 0
Degradation product B 0 0 60 250 180 590 1500 1820
Total counts -

(uncorrected) 1860 2815 6070 7340 8690 8250 8760 10,080

2All counts are corrected for paralysis, for background count, and for distance travelled!. ®The
deficiencies in the total activities measured in the early samples are assumed to result from specific
adsorption of D-xylose on the resin!. Corrections are consequently applied to the p-xylose figures to
bring the total counts/min to 7950, the average obtained from all the later samples (based on a
counting zfficiency of 3%, the calculated figure is 6600 counts/min). In this experiment, no internal
reference compound was employed, and the total activities measured in the different samples were
consequently more variable than in the corresponding alcoholysis experimentsl. On both these
accounts, the proportions of compounds determined for the early samples are likely to contain
appreciable errors, but these do not influence the deductions which are made.

Ethanethiolysis of D-xylose diethyl dithioacetal. — D-Xylose diethyl dithioacetal
was prepared by conventional methods and had m.p. 62-63°, [a], —31° (water)
[lit.22, m.p. 63-65°, [zl —30.8° (water)]. It gave a bis(benzeneboronate) in 88%; yield
(on treatment with triphenylboroxole), having m.p. 134°, [«]p +34.5° (p-dioxane)
(Found: C, 58.9; H, 6.3; B,5.2. C;,H,6B,0,S, calc.: C, 58.9; H, 6.1; B, 5.1%). The
diethyl dithioacetal (20 g) was added at 0° to ethanethiol saturated with hydrogen
chloride (50 ml), the temperature was allowed to rise slowly to 25°, and *“Hi-drite”
(20 g) was added. After 14 days, the acid was neutralised (lead carbonate), and the
solids and solvent were removed to leave a yellow, mobile oil which was dissolved in
light petroleum (b.p. 60-80°) and extracted with water. From the organic phase, an
oil (5.7 g) was obtained which was shown by t.l.c. [silica gel, light petroleum (b.p.
40-60°) — benzene (1:1)] to contain four components that gave the following R values
and colours on spraying with an anisaldehyde spray®: (i) 0.7, bright greer; (if) 0.6,
yellow; (iif) 0.4, brown; (ir) 0.2, red. Component (i) corresponded to the degradation
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product B observed during the radiochemical experiment. Resolution of this mixture
(5.0 g) on a column of silica gel by using graded elution with light petroleum (b.p.
60-80°)-benzene gave firstly diethyl disulphide [4_,, (EtOH) 202, 203, 207, 255 nm;
1it.24, 202, 251 nm], and then a fraction (0.3 g) obtained as a mobile, optically inactive
oil, which gave a homogeneous green reaction on thin-layer chromatograms sprayed
with anisaldehyde, and reduced potassium permanganate and decolourised bromine
immediately. Further purification was effected by distillation {120° (bath temperature),
10"*mm] and gave 3-ethylthio-2-(ethylthiomethyl)furan (0.03 g), homogeneous
by g.l.c. (209 Apiezon L on Celite at 170°). The spectral characteristics are described
in the discussion section.

The slow moving components were present in smaller proportions and were not
obtained in pure form.

Ethanethiolysis of furfural diethyl dithioacetal. — Furfural diethyl dithioacetal
(b.p. 77-79°, 0.05 mm, »23 1.5450; 1it.2%, b.p. 80-82°, 0.07 mm, n22 1.5458) gave n.m.r.
signals in deuterochloroform at 7 2.58 (H-5), 3.62 (H-3, H-4), and 4.93 (acetal proton).
A sample (2.0 g) was dissolved in ethanethiol (10 ml, containing 6% hydrochloric acid)
and allowed to stand at 25° in the presence of “Hi-drite” (2 g) for one week. The acid
was neutralised with lead carbonate, and the solids and solvent were removed to leave
a mobile oil (1.9 g) which was shown by g.l.c. (as above) to contain about 30%] of a
new component which had a retention time of 1.27 relative to the initial dithioacetal.
It was readily distinguishable from 3-ethylthio-2-(ethylthiomethyl)furan (retention
time, 1.13) but was not isolated or characterised.

Ethyl I-thio-«- and - f-D-xylopyranosides. — A modification of Lemieux’s meth-
0d?® for the synthesis of ethyl tetra-O-acetyl-1-thio-f-p-glucopyranoside was used.
1,2,3,4-Tetra-O-acetyl-f-p-xylose (20 g) was added to a solution of ethanethiol (100 ml)
and zinc chloride (8 g) at 0°. After shaking for 20 min, the solution was kept for 4 h,
poured into saturated, aqueous sodium hydrogen carbonate (500 ml), and filtered, and
the filtrate was extracted with chloroform. After drying, the solvent was removed
toleave ethyl 2,3 4-tri- O-acetyl-1-thio-g-D-xylopyranoside (which was crystallised from
ethanol) (9.2 g, 46%;), m.p. 100-101°, [al, —83° (chloroform) [lit2?, m.p. 101°,
[e]p —83.5° (chloroform)]. Deacetylation with catalytic amounts of sodium methoxide
in methanol afforded ethyl 1-thio-#-pD-xylopyranoside in 709 yield, m.p. 118-119°,
[elp —79° (water) [lit. 27, m.p. 117°, [¢]p, — 78° (water)], Rp 0.47; periocdate consump-
tion, 1.96 mol.

A mixture containing 539 of «-D isomer (n.m.r. analysis) was obtained by
anomerising ethyl tri-O-acetyl-1-thio-f-D-xylopyranoside. The f-pD cocmpound (5 g)
was dissolved in dry chloroform (120 ml), titanium tetrachloride (2 g) in chloroform
(50 ml) was added, and the mixture, which rapidly turned black, was heated under
reflux for 45 min and then poured into water. The pale-yellow organic phase was
washed with saturated, aqueous sodium hydrogen carbonate and water, dried, and
taken to dryness to leave a clear syrup (5 g), [¢]p +59° (chlorofoerm). Deacetylation
was carried out catalytically, using sodium methoxide in methanol, and gave a syrup,
zlp +100° (water), which was shown by paper chromatography to contain the ethyl
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thioglycopyranosides in approximately equal proportions, together with a trace of
free sugar. Resolution of this mixture (2.1 g) on a column of cellulose eluted with
butanone saturated with water afforded ethyl I-thio-x-D-xylopyranoside [0.5 g:; which
was recrystallised from ethyl acetate-light petroleum (b.p. 60-80°)], m.p. 108-110°,
[xlp +269° (water) , Ry 0.53; periodate consumption, 2.04 mol. (Found: C, 43.4; H,
7.3; 8, 16.2. C;H ;4048 calc.: C, 43.3; H, 7.3; S, 16.5%).

A second fraction gave the crystalline #-bp isomer.

Ethyl I-thio-a- and -B-D-xpylofuranosides. — D-Xylose (8 g) was dissolved in
N,N-dimethylformamide (80 ml) and ethanethiol (320 ml, containing 3%/ hydrogen
chloride). After 1.5 h at 25°, the acid was neutralised with lead carbonate. Removal of
the solids and solvents gave a syrup which was shown by paper chromatography to
contain mainly furanosides and D-xylose diethyl dithioacetal, together with a small
proportion of a faster-moving component which was removed by extraction of an
aqueous solution of the syrup with light petroleum. Continuous extraction of the
aqueous phase with chloroform then allowed the preferential removal of the diethyl
dithioacetal. After 3 h, the chioroform contained the dithioacetal (2.5 g); after a
further 3 h, a mixture of dithioacetal and furanoside (1.0 g); and after 9 h, further
furanosides and traces of pyranosides (0.35 g). At this stage, the aqueous phase
contained furanosides contaminated with a small proportion of pyranosides and,
on evaporation, gave a syrup (4.8 g, 46%(), a portion of which (4.5 g) was resolved
on a column of celiulose by using butanone saturated with water as eluting solvent.
Two fractions were obtained, which gave each syrupy thiofuranoside contaminated
with only small proportions of the anomer: f-D isomer, 0.13 g, [¢]y —67°
(ethanol), Rg 0.71, periodate consumption 0.95 mol.; «-D isomer, 0.06 g, [«]p + 105°
(ethanol), Rr 0.65, periodate consumption 1.03 mol. In addition, a central fraction
(1.7 g) was obtained, which consisted of a mixture of furanosides alone. This was used
in the preparation of the benzeneboronate derivatives which were separated by
fractional crystallisation (see below).

Properties of the derived thioglycoside benzeneboronates. — The esters of the four
thioglycosides were prepared by using triphenylboroxole?? in p-dioxane. By analogy
with the derivatives of the oxygenated methyl b-xylosides?®, it is assumed that those
derived from the pyranosides and furanosides have 2,4- and 3,5- cyclic structures,
respectively. The properties of the esters are given in Table II.

TABLE I

PROPERTIES OF THE D-THIOXYLOSIDE BORONATES

Ethyl p-thioxyloside nm.p. (degrees) fedp (p-dioxane) Venax Found (%)@
benzeneboronate (degrees) (cm™1) C H B
o-D-pyranoside 143-145 + 79.5 36232 55.2 6.1 3.7
p-p-pyranoside 109-110 —233 36130 554 6.0 4.0
w-D-furanoside 102-104 + 27 36180 56.0 6.2 4.0
p-p-furanoside 157-158 —254 36227 560 6.0 4.0

2CisH17BO4S calc.: C, 55.7; H, 6.1; B, 3.9%. ’The figures18 for the corresponding methyl D-Xxyloside
benzeneboronates are 3623, 3512, 3543, and 3623 cm™L.
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STUDIES ON URONIC ACID MATERIALS
PART XXIV¥. AN ANALYTICAL STUDY OF DIFFERENT FORMS OF THE GUM FROM Acacia
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ABSTRACT

Some of the analytical parameters for Acacia senegal gum have been determined
for (a) twelve “bulk” samples of tapped gum from three different districts of the
Sudan, and (&) thirteen, different, single-nodule specimens of “natural exudate™
gum. These samples show the same range of analytical variation that has been noted
previously for samples of gum from other Acacia species. In addition, the following
atypical variants of Acacia senegal gum have been studied: (@) three specimens of
“non-nodular ”gum, (b) a sample from a tree infested with wood-boring beetles, and
(¢) a sample of “Hennawi” gum, a dark-colored, sweet-tasting gum from the main
stem of trees.

The viscosity data obtained indicate that values of M, for the samples fallin the
range 0.26 x 10° to 1.16 x 10°; this explains the lack of agreement for M, of
A. senegal gum samples studied by earlier investigators.

The atypical, non-nodular and beetle-borer specimens of gum do not show any
striking analytical differences from the mean values obtained for the typical samples.
The “Hennawi” variant differs from typical, tapped samples in two important respects:
the uronic acid residues present in the free acid form are fewer in number, and the
rhamnose content is considerably less.

INTRODUCTION

Earlier investigators?:® considered that different samples of gum arabic (4cacia
senegal Willd., syn. verek) did not vary in properties to any great extent, but this is not
the current industrial view. Botanically, A. senegal is very variable*, and the Sudanese
comnsider that the gum viscosity of a sample is dependent on the age of the tree involved.
A sa result of empirical, technological observations, some manufacturers restrict their
purchases to gum originating from a certain district; others decline a current season’s
crop (“green gum”™), preferring gum stored in the Sudan since the previous season.

*For Part XXIII, see Ref. 1.
“*Present address: Dept. of Agricultural Chemistry, The University, Khartoum (Sudan).
***PDece.sed.
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It is now clearly established that distinct internodule variations occur in the
gums from A. seyal®, A. nilotica®, and A. laetd’, but there are no modern analytical
values for specimens of A. senegal gum. Widely differing values for the molecular
weight (both for M,, and M) of A. senegal gum have been reported, and these have
been sumnmarised?; the implication that different samples of 4. senegal gum may vary
widely in M, or M must therefore be considered, and the possible range of variation
requires evaluation. Information on the viscosity behaviour of a wide selection of
specimens would therefore indicate those likely to display the widest extremes when
studied more fundamentally by the light-scattering technique.

Accordingly, authentic specimens of 4. senegal gum from different geographical
locations and different types of soil, from different seasons, and from different times
of collection within a season, have been investigated. In addition, the variation from
tree to tree has been investigated for normal specimens of the gum obtained (i) by
“tapping” and (i) by natural exudation. We have also examined three unusual forms
of natural-exudate gum from A. senegal: (a) non-nodular forms of the gum, exuded as
thin, spiral filaments or ribbons, rather than as oval-shaped nodules; (b) “Hennawi”
gum, which is a very dark-colored, sweet-tasting form of 4. senegal gum exuded from
the main stems of trees, as opposed to the upper branches usually tapped; (c) the gum
exuded by trees infested with wood-boring beetles. This exudate was in the form of
hard, dark-brown masses of wood borings and debris, bound together with a gum
exudate comprising about 409 of the masses by weight.

EXPERIMENTAL

Analytical methods. — The standard methods involved have been described®
previously.

Origins of specimens. — All of the specimens, from A. senegal trees that could
be identified botanically beyond all doubt, were collected by (ithe late) Mr. M.
P. Vidal-Hall, formerly Gum Research Officer to the Republic of the Sudan. Details
of their collection are as follows:

1. “ QN samples. These were bulk samples from many trees, growing on heavy
clay soil at Qala en Nahal, Kassala Province, Eastern Sudan: 1960 crop, first (QN1),
second (QN2), third (QN3), and final collection (QN4); 1962 crop, first collection
(QN5).

2. “UR” samples. These were bulk samples from many trees, growing on sandy
soil at Umm Ruaba, Kordofan Province, Central Sudan: 1960 crop, representative
sample (URI1), final collection (UR2).

3. “ G G” samples. These were bulk samples from many trees, growing on sandy
soil at Goz el Ganzara, Kordofan Province, Central Sudan: 1960 crop, representartive
sample (GG1); 1962 crop, first (19 January, GG2), second (4 February, GG3), third
(19 February, GG4), and final collection (5 March, GGS).

All of the QN, UR, and GG samples were normal samples of top commercial-
quality gum from A. senegal, pale straw in colour, and virtually free from sand
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and bark. Exudation was in response to tapping. Each sample (ca. 1500 g) 'was
crushed and sieved to give material representative of the complete sample.

4. Single-nodule samples of natural exudate gum from individual trees of

A. senegal, collected at Umm Ruaba (sandy soil) on 9 March, 1960:
Tree A (age 25 years) gave 3 nodules (samples Al, A2,and A3); B (12 years), 2 nodules
(B1 andB2); C (8 years), 2 nodules (C1 and C2); D (15 years), 1 nodule (D); £ (12 years
1 nodule (E); F (17 years), 1 nodule (F); G (20 years), 1 nodule (G); H (10 years),
1 nodule (H); I (15 years), 1 nodule (I). Each of these samples (15-30 g) was crushed to
a fine powder and investigated individually.

5. “ Hennawi” sample. This very dark brown variant of 4. senegal gum has a
sweet taste and is exuded naturally at wounds to the lower, main stem of the tree.
Such gum is not usually tapped. It is known in the Sudan as “ Hennawi” gum, eagerly
sought by native children as a sweetmeat. The specimen (HW) of Hennawi gum studied
was collected at Goz el Ganzara on 13 March 1963. )

6. “NN” samples. Occasionally, 4. senegal trees exude gum that differs from
the customary oval nodules in forming long filaments, spirals, and ribbons. Three
non-nodular (NN) forms of the gum were recognised: broad, opaque, flat ribbons
(NIN1); thin, circular, opaque filaments (NN2); and thin, circular, strongly refractive
filaments (NN3). These samples were collected at Goz el Ganzara on 11 February
1961.

7. “BB” samples. Trees infested with wood-boring longhorn (Cerambycidae) or
jewel (Buprestidae) beetles exude hard, dark-brown masses of a gum mixed with wood
borings and other debris. The sample (180 g) of beetle-borer gum was collected at
Goz el Ganzara in January 1965. One half-portion of the exudate (90 g) was stirred
with cold water (750 ml) for 48 h, filtered, dialysed against tap-water, and then exhaus-'
tively electrodialysed. The gum polysaccharide, sample BB(a), was isolated as the
freeze-dried product (33.4 g, 37%4). The remainder of the gum exudate (90 g) was stirred
with cold water (750 ml) for 24 h, and this extraction was processed in the same way
as for BB(a@) to give sample BB(b) (27.7 g, 31%(). The residue from the extraction
yielding BB(b) was then further exhaustively extracted with cold water (500 ml) and,
after processing as before, this extraction gave sample BB(c) (8.9 g, 109().

Purification of samples. — All of the QN, UR, GG, HW, and NN samples, and,
the single-nodule samples A-I, were purified by dissolution in cold water, filtration
dialysis, and exhaustive electrodialysis.

RESULTS

Table I gives the analytical data obtained for the various bulk samples QN, UR,
GG, NN, and HW. Table II gives the analytical data for the single-nodule samples
from individual trees. Table III gives more-detailed analytical information for samples
QN1, HW, BB(a), BB(b), and BB(c). Figure 1 gives the viscosity plots from which the
limiting-viscosity numbers, [#], recorded in Tables II and III were found.

Since the modified Staudinger constants K’ and a are now known!® to have
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TABLE 1
ANALYTICAL DATA FOR BULK SAMPLES OF Acacia senegal GuM
Sample Moisture Ash Nitrogen Insoluble® Flow-time number (cm? g—1)
% % % % Crude gum®?  Purified gum¢2
QN1 12.8 3.64 0.33 0.4 57 25 (19.9)
QN2 13.4 3.37 0.34 0.3 47 18
QN3 13.3 3.07 0.36 0.4 43 20
QN4 13.1 2.91 0.35 0.2 37 17
QNS5 12.7 3.62 0.34 0.6 62 30
UR1 13.2 3.05 0.39 0.4 35 21
UR2 13.5 3.52 0.39 1.0 34 22
GGl 12.4 3.68 0.39 1.5 54 36
GG2 12.4 4.16 0.42 1.6 64 43 (24.5)
GG3 12.9 3.98 0.41 1.3 67 36
GG4 13.0 3.93 0.38 0.5 79 38
GGS5S 13.2 3.81 0.38 0.2 71 32
NN1 13.4 3.88 0.40 0.4 83 36
NN2 13.2 3.70 0.34 0.2 62 36
NN3 13.1 3.97 0.39 0.3 70 35
HW 13.6 5.67 0.37 0.5 39 35 (20.6)
Average 13.1 3.75 0.37 0.6 56 30
Range 12.4-13.6 2.91-5.67 0.33-0.42 0.2-1.6 34-83 17-43
Standard
deviation 0.36 0.63 0.028 0.47

CInsoluble after 24 h in cold water; 20.03 g/ml in water at 25.0°; ¢0.03 g/ml in 4% sodium
chloride solution at 25.0°; 2values in brackets are the corresponding limiting (C—0O) flow-time
numbers.
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Fig. 1. The viscosity-concentration relationship for different specimens of Acacia senegal gum. The
following limiting-viscosity numbers and M, values (from [7]=K'Mg2 , wherel® K'=13x10-2,
and a=0.54) were obtained for samples GG2, 24.6, 1.16 x 105; HW, 20.6, 0.84 X 106; QN1 and BB(c),
19.9, 0.79 X 10%; BB(a), 16.5, 0.55 x 105; A1, 12.4,0.33 x 106; A3, C1, C2,11.0, 0.26 x 1065,
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TABLE II
ANALYTICAL DATA FOR SINGLE-NODULE NATURAL EXUDATE Acacia senegal GUM
Sample Age of tree  Crude material Electrodialysed material
(years) Moisture Ash Nitrogen [alp Limiting-viscosity Mw?
% % % (degrees) number (cm 3g—1)
Al 25 12.6 3.72 0.24 —29 12.5 334,000
A2 11.6 3.78 0.23 —31 11.6 291,000
A3 11.1 3.80 0.24 —32 11.0 264,000
B1 12 11.7 4.43 0.23 —28 15.6 504,000
B2 12.9 4.44 0.23 -29 15.8 516,000
Cl1 8 10.4 3.40 0.27 —29 11.0 264,000
c2 9.8 3.66 0.26 -31 11.0 264,000
D 15 15.6 3.88 0.32 —30 14.1 418,000
E 12 12.8 4.64 0.34 —32 14.5 440,000
F 17 13.3 4.01 0.35 —29 15.1 474,000
G 20 15.4 4.15 0.23 —31 12.2 320,000
H 10 14.7 3.97 0.45 —29 14.4 434,000
1 15 12.1 3.2% 0.33 -27 15.0 468,000
Average 12.6 3.93 0.29 —30 13.4
Range 9.8— 3.27- 0.23— —27- 11.0—-
15.6 4.64 0.45 —32 15.8
Standard
deviation 1.8 0.40 0.06 1.5 1.9

2From [5] = K’M 2, where K’ = 1.3 x 10-2 and a = 0.54 (see Ref. 10).

values of 1.30 x 10~2 and 0.54, respectively, values for M, can be calculated from the
viscosity data by the relationship [#] = K'M % and these values are shown in Fig. 1.

DISCUSSION

From Fig. 1 and the viscosity data in Tables I, II, and III, it is clear that
M for Acacia senegal gum varies widely from sample to sample; the variation, for the
samples studied, is from 1.16 x 10° (for GG2) to 0.26 x 10° (for nodules A3, C1,
and C2). This explains the lack of agreement® between the values for M, reported by
earlier investigators, viz. 0.58 x 10° (Deb and Mukherjee!!) and 1.00 x 10® (Veis and
Eggenberger'?). From our experiments, a value of 0.58 x 10° (Ref. 8) appears to be a
more representative value than 1.00 x 105, although values higher than the latter may
yet be found. A. senegal gum has a broad, skew, molecular-weight distribution, and
fractions having M, ranging from 1.18 x 10° to 0.1 x 10° have been obtained!®
for sampie QN1. It should be emphasised that the values deduced for M, in this paper
are based on the modified Staudinger constants obtained from fractionations'® of
only one A. senegal gum sample: these values for K’ and a do not hold for other Acacia
species'®, and, indeed, they may not be generally applicable to all specimens of such a
complex polymer system as 4. senegal gum.
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TABLE III
COMPARATIVE ANALYTICAL DATAZ FOR SOME ELECTRODIALYSED TYPICAL (QN1) AND ATYPICAL
(HW, BB) SPECIMENS OF Acacia senegal GuMm

ON171 HW BB(a) BB(b) BB(c)

Ash, % 0.07 0.01 0.02 0.01 0.02
Nitrogen, % 0.33 0.35 0.25 0.21 0.28
[#], cm3g—1 19.9 20.6 16.4 15.8 20.1
[alp (c 1.0, water)? -~31.0° —27.6° —30.5° —31.3° —31.5°
Methoxyl¥:¢,%, 0.25 0.25 0.25 0.25 0.25
Equivalent weight? 1085 1047 1066 1065 1060
Hence, uronic anhydride?s2, % 16.2 16.8 16.5 16.5 16.5
Uronic anhydride 2-¢, % 17.2 17.5 17.4 17.3 17.5
Formic acid released on periodate

oxidation? (mole/g) x 103 1.62 1.69 1.76 1.85 1.90
Periodate consumed? (mole/g) x 103 5.07 5.18 5.23 5.34 5.42

periodate consumption
Hence, s - 3.13 3.06 2.97 2.89 2.85
formic acid released

Rhamnose? -¢, % 14.0 6.2 13.0 12.6 12.8
Galactose? , % 40 46 43 43 44
Arabinose?, % 28 30 27 27 26
Glucuronic acid?, % 16.0 16.5 15.5 15.5 15.5
4-O-methylglucuronic acid, % 1.5 1.5 1.5 1.5 1.5

“All data corrected to a dry-weight basis; Ycorrected for all non-carbohydrate material; C¢deter-
mined by vapour-phase, infrared methods; Zassuming that all acidity arises from uronic acid groups;
€assuming that all methoxyl content urises from 4-O-methylglucuronic acid.

Many factors influence'® the viscosity of Acacia gum solutions. We have
observed that electrodialysed specimens, after storage in the freeze-dried state for
several months, give increased limiting-viscosity numbers when solutions are made up
in a standardised way to facilitate comparison; for sample QN1, [#] increased from
19.9 to 29.0, and for sample GG2, [5] increased from 24.5 to 35.1. Other Acacia species
give the same effect, and this is under investigation. The viscosity data presented in
Tables Iand II were obtained for 3% solutions immediately after dissolution. Table IT
gives some support for the belief that gum viscosity is dependent on the age of the
tree; the oldest and youngest trees studied gave gum of low viscosity.

The “bulk” samples, representative of many nodules, show distinct analytical
differences, although they must be expected to show “averaged ” values. The differences
shown in Table II for the single-nodule specimens are perhaps more fundamental in
significance. Table I shows that the GG samples are more viscous than the QN or
UR samples; it is interesting (¢f. Ref. 5) that the most-viscous samples have higher than
average nitrogen contents, although a high nitrogen content does not necessarily imply
high viscosity, as shown by the UR samples. Insufficient data are available for any
conclusions regarding seasonal effects to be reached; there is a suggestion, however,
that the viscosity of the QN samples decreases as the season continues, whereas, in
contrast, the viscosity of the GG samples increases.

The results for trees 4, B, and C in Table I indicate that each tree tends to
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produce a characteristic form of the gum, the different nodules from a particular tree
being strikingly similar to each other in comparison to those from other trees.

The “Hennawi” variant of the gum has two distinctive features. It contains only
6% of rhamnose, i.e., less than 50% of that present normally. A solution of “Hennawi”
gum has pH 6.25; all of the other samples studied fell within the range pH 4.49 to 4.66,
and the electrodialysed specimens fell within the range pH 2.47 to 2.60. The compara-
tively sweet taste of “Hennawi” gum is not due to the presence of free sugars; its
reducing power is closely similar to that of the other samples. The explanation appears
to involve the fact that “Hennawi” gum has very few, if any, free uronic carboxyl
groups, with many more than usual being involved in salt formation with cations.
The fact that the ash content of clean “Hennawi” gum is much higher than usual
[5.67%, compared with an average (Table I) of 3.75%] lends support to this explana-
tion.

When the data given in Tables I and II were obtained, it became apparent that
a structural study of the HW and BB samples offered an opportunity to acquire
information on the biosynthesis of A. senegal gum. The effect of different external
stimuli to gum production (e.g., natural exudation, tapping wounds, beetle infesta-
tion) is not yet known. Accordingly, it was decided to compare the structural
features of samples HW, BB(a), BB(b), and BB(c) with those of a typical tapped-gum
sample QN1. Table III shows the analytical differences between these samples; their
structural differences will be discussed in a subsequent paper.
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ABSTRACT

A comparative study, involving classical methylation and Smith-degradation
techniques, has been carried out on samples of normal “tapped™ gum from Acacia
senegal, natural exudate gum (“Hennawi” gum) from the main trunk of the tree,
and the gum exuded by a tree infested with wood-boring beetles. The studies have
shown that the beetle-borer specimen was virtually identical to the specimen of normal
exudate gum; the specimen of “Hennawi” gum was basically similar, but differed in
two important aspects concerning some of the peripheral end-group positions in-
volving rhamnose and glucuronic acid residues. Theories of the origin, function,
precursors, and mede of biosynthesis of plant gums are examined critically in terms
of the results obtained.

INTRODUCTION

In the preceding part of this series, we reported the results of an analytical study
of some different forms of the gum exudate from Acacia senegal Willd. Two of the
specimens were of particular interest; these were () the gum exuded by a tree infested
with wood-boring beetles, and (b) “Hennawi” gum, exuded from the lower, main trunk
of the tree, and found® to contain less than 50% of the customary proportion of
rhamnose. There is, at present, a lack of knowledge regarding the biosynthetic mechan-
ism of gum production, and the nature of the external injury or physiological stimulus
necessary to cause the formation of gum. It was therefore decided to carry out
structural studies of the “ Hennawi” and beetle-borer variants of Acacia senegal gum,
and, for comparison, of a normal specimen of “tapped” gum.

EXPERIMENTAL

Origins of specimens. — These have been described!. The sample of “ Hennawi”
gum is designated HW ; the beetle-borer sample is designated BB [extraction into three

*For Part XXIV, see Ref. 1.
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fractions BB(a), BB{b), and BB(c) has been described!]. These atypical specimens of
gum have been compared, in this study, with specimen QN1, which is representative! of
the best quality, tapped gum from the first collection of the 1960 gum season at Qala
en Nahal, Kassala Province, Eastern Sudan.

Analytical methods. — The standard methods involved have been described
previously?. Paper chromatography was carried out on Whatman No. 1 paper with the
following solvent systems (v/v): (@) benzene-butyl alcohol-pyridine-water (1:5:3:3,
upper layer); (b) ethyl acetate-pyridine—water (10:4:3); (c) ethyl acetate-acetic acid—
formic acid-water (18:3:1:4): (d) butyl alcohol-ethanol-water (4:1:5, upper layer);
(e) butyl alcohol-acetic acid—water (4:1:5, upper layer); (f) butanone—water-ammonia
(sp. gr. 0.880) (200:17:1). R¢ values of methylated sugars refer to distances moved
relative to that of 2,3,4,6-tetra- O-methyl-pD-glucose in solvent (d). Chromatograms
were developed with aniline hydrogen oxalate, alkaline silver nitrate, or the periodate—
permanganate reagent.

Gas-liquid partition chromatography (chromatograph Type S3A, fitted with
flame-ionisation detectors, Gas Chromatography Ltd.) was carried out at nitrogen
flow-rates of ca. 100 ml/min. on columns of (i) 15%/ of poly(butane-1,4-diol succinate)
on Celite (120 x 0.5 cm) at 175°, (i) 159, of poly(ethylene glycol adipate) on Celite
(75 x 0.5 cm) at 160°. Retention times (7°) are quoted relative to that of methyl 2,3,4,6-
tetra- O-methyl-f-p-glucopyranoside as standard.

Polysaccharides were methylated successively with methyl sulphate and sodium
hydroxide solution, and with methyl iodide and silver oxide. Methanolyses were
carried out under reflux for 7 h with 5% methanolic hydrogen chloride.

Periodate oxidations were carried out at room temperature in darkness by
mixing equal volumes of 4%/ polysaccharide solutions and 0.25M periodate. The formic
acid released was determined by titration with standard sodium hydroxide solution.
Periodate consumption was determined by titration with standard arsenite solution3.

Attempted fractionations. — Samples HW, BB(a), BB(b), BB(¢), and QN1 each
migrated as a single band on electrophoresis on cellulose acetate film in (@) 0.1mM
ammonium carbonate buffer (pH 8.9), or (b) 0.1M acetate buffer (pH 4.7), and all the
samples had the same mobility when run under comparable conditions at 18.8 volts/cm.

Samples HW, BB(a), BB(d), BB(c), and QN1 were examined chromatograph-
ically on a DEAE-cellulose column (45 x 1.5 cm). On gradient elution with sodium
chloride solutions (0.0 — 0.3Mm) in 6.02M acetate buffer (pH 4.1), each sample gave a

slightly asymmetric peak.
RESULTS

The analytical data for samples HW, BB(a), BB(), BB(c), and QN1 have been
reported?.

Methylation study of the samples. — Each (300 mg) of the five samples HW,
BB(a), BB(b), BB(c), and QN1 was methylated with the classical Haworth and Purdie
reagents. Yields, specific rotations, and methoxyl contents of the methylated products
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are shown in Table I; methoxyl contents were not raised on further attempted methyl-
ation. On methanolysis, and examination of the mixture of methyl glycosides by
gl.c., the methylated product of each sample gave identical chromatograms, except

TABLE 1
DATA FOR O-METHYL DERIVATIVES OF SAMPLES QN1, HW, BB(a), BB(4), anp BB(c)

ON? HW BB(a) BB(b) BB(c)
Yield (mg)2 250 240 250 260 240
[alp (¢ 1.0, chloroform) —46° —42° —45° —46° —46°
Methoxyl, % 41.5 42.0 42.1 41.6 41.5

aWeight of sample methylated =300 mg.

that the methylated product from HW gave less 2,3,4-tri-O-methyl-1-rhamnose and
more 2,3,4-tri-O-methyl-D-glucuronic acid than did the other methylated products.
Table II gives the results of the chromatographic examinations; retention times on
columns () and (ii) were comparable with those for methyl glycosides from the
authentic O-methyl sugars. A portion of each methanolysate was hydrolysed
(N sulphuric acid, 4 h) on a boiling water-bath. The cooled solutions were neutralised
(barium carbonate), filtered, treated with Amberlite resin IR-120 (H*), and concen-
trated. Paper chromatography of each hydrolysate [solvents (d) and (f)] revealed the
presence of some 2-O-methylgalactose in addition to those O-methyl sugars already
identified by g.l.c. of the methyl glycosides (Table II).

TABLE 1I
CHROMATOGRAPHIC EXAMINATIONS OF METHANOL YSIS PRODUCTS FROM SAMPLES QN1, HW, BB(a), BB(b4),
AND BB(c)

Relative retention times (T) Paper chromato- O-Methyl sugars identified

onglc.t graphy, Rg in

Column (i) Colunmmn (ii) solvent (d)

0.48 (0.51) 1.01 2,3,4-Tri-O-methyl-L-rhamnose

0.58; 0.72 {0.51): 0.64 0.97 2,3,5-Tri-O-methyl-L-arabinose

1.00 0.85 0.79 2,3,4-Tri-O-methyl-L-arabinose

1.79; 3.16 1.29; (2.21) 0.82 2,5-Di-O-methyl-L-arabinose

1.68 1.64 0.88 2,3,4,6-Tetra-O-methyl-p-galactose

3.77; 4.22 3.01; 3.51 0.74 2,4,6-Tri- O-methyl-pD-galactose

6.35 5.14 0.74 2,3,4-Tri-O-methyl-p-galactose

14.6; 16.4 9.7; 11.0 0.53 2,4-Di-O-methyl-D-galactose

2.35; 2.94 (2.21); 2.65 — 2,3,4-Tri-O-methyl-p-glucuronic acid?

7.9;9.3 5.8: 6.9 — 2,3-Di-O-methyl-p-glucuronic acid?
0.34 2-0O-Methyl-p-galactose

1.18; 1.44 0.98; 1.13; 2.50 — Unknown sugars

«Incompletely resolved components shown in brackets. 2As methyl ester methyl glycoside.
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Smith degradations* of samples. — Each of the samples HW, BB(a), BB(5), BB(¢),
and QN1 was subjected to the Smith degradation process as follows. The sample
(2.0 g) was dissolved in water, and 0.25M sodium metaperiodate (50 ml) was added. The
oxidation mixtures were left in darkness for 48 h at room temperature. The reactions
were stopped by the addition of ethylene glycol (2 ml), and the solutions were dialysed
against tap water for 48 h. Sodium borohydride (0.5 g) was added to the solution, and
the solutions were kept for 30 h at room temperature and were then dialysed for 48 h.
The resulting polyalcohol was hydrolysed at room temperature (N sulphuric acid;
48 h), followed by dialysis against tap water for 48 h to remove sulphuric acid and
small carbohydrate fragments. The Smith-degraded polysaccharides were then isolated
as the freeze-dried products (yields and analytical data shown in Table III), and the
values of M, were determined by molecular-sieve chromatography® on a previously
calibrated “Bio-Gel P300 ” column.

TABLE III
ANALYTICAL DATA® FOR THE SMITH-DEGRADED POLYSACCHARIDES

Sample

QNI HW BB(a) BB(b) BB(c)
Yield, % 67 63 67 66 65
Nitrogen, % 4] 0 (1] 0 (4]
[=]p (¢ 1.0, water) —28.2° —28.0° —29.1° —28.0° — 28.5°
Myt 98,000 96,000 93,000 96,000 93,000
Uronic acide¢, % 3.7 1.6 4.4 3.8 4.3
Galactose, % 70 71 70 70 69
Arabinose, % 26 27 26 26 27
Formic acid released on periodate

oxidation (moles/g) x 10® 1.85 1.80 1.83 1.78 1.75

Periodate consumed (moles/g) x 103 5.53 5.45 5.31 5.29 5.42

2All data corrected to dry-weight basis. PEstimated by molecular-sieve chromatography. ¢By acidic
decarboxylation.

Hydrolysis (N sulphuric acid) of the Smith-degraded product from sample HW,
followed by paper chromatography of the hydrolysate, showed the presence of galact-
ose and arabinose. Hydrolyses of the Smith-degraded products from samples BB(q),
BB(d), BB(c), and QNI, followed by paper chromatography, showed the presence of
galactose, arabinose, and a trace of an aldobiouronic acid having the mobility of
6-0-(B-p-glucopyranosyluronic acid)-p-galactose [Rg,; 0.23, solvent (¢)]. Mild hydro-
lysis of the Smith-degraded polysaccharides (0.5N sulphuric acid, 1 h, on a boiling
water-bath), followed by paper chromatography, showed the presence of galactose,
arabinose, and two neutral disaccharides having the chromatographic mobilities of
3-0-p-p-galactopyranosyl-D-galactose [Rg,; 0.49, solvent (a); Rg,, 0.53, solvent ()]
and 6-0-p-D-galactopyranosyl-D-galactose [Rg,; 0.29, solvent (a@); Rg.; 0.38, solvent

®)1
Methylation of the Smith-degraded polysaccharides. — Each of the Smith-
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degraded polysaccharides obtained respectively from samples HW, QNI1, BB(a),
BB(b), and BB(c) was methylated successively with the Haworth and Purdie reagents.
Yields, specific rotations, and methoxyl contents of the methylated products are
shown in Table IV; methoxyl contents were not raised on further attempted methyl-
ation. On methanolysis and g.l.c. of the resulting mixtures of methyl glycosides,
the methylated products from each of the Smith-degraded polysaccharides gave
identical traces, with the exception that the methylated product from Smith-
degraded sample HW gave no detectable amounts of 2,3,4-tri-O-methyl-D-glucuronic
acid. The results of the gl.c. analyses are shown in Table V. A portion of each
methanolysate was hydrolysed (N sulphuric acid, 4 h, boiling water-bath). The cooled
solutions were neutralised with barium carbonate, filtered, treated with Amberlite
resin IR-120 (H*), and concentrated. Paper-chromatographic examination of the
hydrolysates [solvents (d) and (f)] showed the presence of 2-O-methylgalactose, in
addition to those O-methyl sugars already identified by g.1.c. of their methyl glycosides

(Table V).
TABLE IV

DATA FOR O-METHYL DERIVATIVES OF THE SMITH-DEGRADED POLYSACCHARIDES FROM SAMPLES QN1
HW, BB(a), BB(b), AND BB(c)

QN1 HW BB(a) BB(b) BB(c)
Yield (mg)2 220 212 220 215 225
[=]lp (¢ 1.0, chloroform) —41° ~40° —41° —41° —42°
Methoxyl, % 40.5 40.9 41.1 40.9 40.5

aWeight of sample taken = 300 mg.

TABLE V
CHROMATOGRAPHIC EXAMINATIONS OF METHANOLYSIS PRODUCTS FROM METHYLATED SMITH-DEGRADED
POLYSACCHARIDES FROM SAMPLES QN1, BB(a), BB(4), anp BB(c)2

Relative retention times (T) Paper chromato- O-Methyl sugars identified

on gl.c? graphy, Ra in

Column (i) Column (ii) solvent (d)

0.57; 0.73 0.50; 0.64 0.97 2,3,5-Tri-O-methyl-L-arabinose
1.79; 3.15 1.30; (2.21) 0.82 2,5-Di-0-methyl-L-arabinose

1.68 1.65 0.88 2,3,4,6-Tetra- O-methyl-D-galactose
3.78; 4.22 2.99; 3.50 0.74 2,4,6-Tri-O-methyl-D-galactose
6.34 5.14 0.74 2,3,4-Tri-O-methyl-D-galactose

9.1 6.5; 6.9; 7.7 0.59 2,6-Di-O-methyl-p-galactose

14.6; 16.4 9.7; 11.0 0.53 2,4-Di- O-methyl-D-galactose

2.35; 2.95 (2.21); 2.66 — 2,3,4-Tri-O-methyl-p-glucuronic acid¢
—_ —_ 0.34 2.0-Methyl-p-galactose

1.08; 1.52 0.86; 2.48 — Unknown sugars

aldentical results for sample HW, except that 2,3,4-tri-O-methyl-p-glucuronic acid was absent. %In-
completely resolved peaks shown in brackets. ¢As methyl ester methyl glycoside.
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DISCUSSION

The results presented in this paper indicate that, structurally, the three fractions
from the beetle-borer gum exudate are very similar to normal, tapped gum from
Acacia senegal. Although the sample of “Hennawi” gum is basically similar as far
as the interior structure is concerned, it differs in two important aspects that concern
some of the peripheral end-group positions of the gnm molecule.

It is now some time since theories®~° concerning the origin and function of
plant gums were considered, and there has been little agreement on either of these
points to date. It has also been debated whether gum exudates are formed at the site of
a wound, or whether they are generated elsewhere in the plant and then transported
to the site of exudation. It has been suggested that gum exudates may be a product of
normal plant metabolism®:7, that they may arise from a pathological condition of the
tree®, or that they may arise from some infection or invasion’ by micro-organisms which
may be fungal® or bacterial 7*1®!! in nature. These theories were advanced much
earlier this century; and there has been no modern work to substantiate or refute them.
Some of these theories are discussed in non-critical reviews that contain factual errors
e.g. A. verek is not a variety of 4. arabica’*>'2, and gum arabic does not contain galact-
uronic acid****?, Misprints and such errors in reviews tend to be perpetuated
(¢f- Ref. 13).

It has been suggested’? that starch may undergo transformation into gum, but
the enzyme systems necessary to transform a polyglucan into a highly branched
polysaccharide containing galactose, arabinose, rhamnose, glucuronic acid, and 4-0-
methylglucuronic acid appear to be impossibly complex; starch was not found'* in
the wood tissues of excised branches from A. senegal trees. It seems more reasonable
that the gum acid has, as its precursor, some highly branched arabino-galactan of a
hemi-cellulosic type, to which is added rhamnose-, glucuronic acid-, and 4-O0-
methylglucuronic acid-terminated side-chains in the final stages of gum production.
The enzyme systems probably differ at different parts of the tree (¢f. “ Hennawi” gum).

Although modern commercial samples of good quality, Sudanese gum arabic
originate almost entirely from A. senegal, contamination or adulteration with other
genera'® and with other Acacia species is quite possible, since the various nodules
cannot be distinguished by colour, shape, or size. Commercial samples should never
be used for fundamental studies. Early specimens of gum arabic were undoubtedly
mixtures from various A4cacia species®'®, which are now known (¢f. earlier parts of this
series) to differ considerably in sugar composition and structure. The reason why no
rhamnose was detected in certain samples of gum arabic!? is now quite clear, if the
term “gum arabic” was taken to apply to the exudate from any Acacia species®; some
Acacia species contain 12-14%] of rhamnose, others 6-7% of rhamnose, and some less
than 1% of rhamnose'®. In addition to this variation between species, our results now
show that authentic nodules from A. senegal can have different amounts of rhamnose.
Much of the evidence to date regarding the chemical heterogeneity of gum arabic was
based on the depleted rhamnose content of certain fractions from initially hetero-

Carbohyd. Res., 6 (1968) 104-110



110 D. M. W. ANDERSON, I. C. M. DEA

geneous, commercial samples; the point was made some time ago’ that the classical
work of Heidelberger and his colleagues should be repeated on specimens from a
single Acacia tree or at least from one variety of Acacia.
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ABSTRACT

Catalytic oxidation of methyl «- and B-D-galactopyranoside, followed by
catalytic reduction, led to the formation of methyl «- and f-p-fucopyranoside (1594
and 359 yield), respectively. This oxidation-reduction sequence with selective oxi-
dation at C-4 as the first step is structurally closely related to the pathway of 6-dcoxy-
hexose biosynthesis. In the model system as well as in the enzymic reaction, a labile
4-hexulose derivative is formed. dt appears that it is the intrinsic property of this
intermediate to undergo molecular rearrangement, thereby resulting, after subsequent
reduction, in the formation of a 6-deoxyhexose.

INTRODUCTION

A nucleotide-bound 6-deoxy-4-hexulose is the only intermediate isolated in the
pathway of 6-deoxyhexose biosynthesis, and its formation has been demonstrated in
a variety of enzymatic systems! ~%. In addition, this intermediate has been shown to be
a precursor for a number of more complex deoxy sugars such as 4-amino-4,6-dideoxy-
hexoses®, 3,6-dideoxyhexoses®, and. 3-amino-3,6-dideoxyhexoses’.

The events leading to the formation of this intermediate are still hypothetical.
According to the proposed reaction sequence®, the first step is an oxidation of the
nucleotide-bound hexopyranose at C-4, followed by an elimination of water between
C-5 and C-6, and the resulting formation of 4-hex-5-enulose. Subsequent reduction
of this compound yields the 6-deoxy-4-hexulose intermediate (Fig. 1).

The above oxidation-reduction sequence has been studied on a model system
with structurally related analogs of the naturally occurring substrate wherein methyl
a- and f-D-galactopyranoside were subjected to catalytic oxidation-reduction. The
isolation and identification of D-fucose as a major product of the catalytic oxidation—
reduction provides indirect support for the validity of the proposed reaction sequence’.

RESULTS AND DISCUSSION

It is well established that oxygen in the presence of platinum (Adams catalyst)
can achieve the specific oxidation of secondary alcohols by a preferential attack upon
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the hydrogen atom in an equatorial position®. Moreover, when methyl a-L-fuco-
pyranoside was subjected to this catalytic oxidation, the expected methyl 6-deoxy-L-
xylo-hexopyranosid-4-ulose was obtained'®. Proof for the selective oxidation at C-4 was
provided by recovery of the two isomers, 6-deoxy-L-glucose and 6-deoxy-L-galactose,
following reduction of the keto derivative with sodium borohydride.

CH,0OH CHs
O, + O, HO O,
NADPH
oH NAD_ o= on e {CHa
HO O—R O—R O—R
H OH OoH OH
1
t
CHOH . CH.OH i
1
o) NAD NADH o, :
OH - ©O OH :
HO O—R O—R ]
OH OH :
1
i
]
CHp CHy CH3
o. NADH NADY O
~—
lo} OH Y, @ —a HO N
o—R % O—R O—R
OH OH OH OH

R = Thymidine 5-(dihydrogen pyrophosphate)
Fig. 1. Intermediates in the proposed pathway of the biosynthesis of 6-deoxy-L-mannose catalyzed
by thymidine S5-(p-glucosyl dihydrogen pyrophosphate) oxidoreductase.

The direct application of this selective catalytic oxidation at C-4 to methyl
a-D-galactopyranoside is comparable to the proposed oxidation step of C-4 of the
hexose moiety in the enzymic reaction. Under the conditions of the metal-catalyzed
oxidation, it is known that the primary alcoholic function of mcthyl x-D-galacto-
pyranoside will be converted into a carboxylic group. However, it was found that in
unbuffered solution, this side-reaction proceeds to less than 19 of the starting
material.

The formation of keto derivatives during the catalytic oxidation was observed
by the determination of reducing substances!!, a positive semicarbazide assay'?, and
ultraviolet absorption after addition of alkali*. From these data, as well as by estimation
of the unchanged methyl a-D-galactopyranoside, it was concluded that about 109
of the total material was oxidized under the conditions of the experiment.

The reaction mixture was examined by electrophoresis in a sodium hydrogen
sulfite buffer!® and by paper chromatography. In addition to the main component,
unchanged methyl a-D-galactopyranoside, a complex mixture of reducing substances

was observed.
Several of these components proved to be labile derivatives that underwent

rearrangement during isolation. In order to minimize artifact formation, the oxidation
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mixture was reduced catalytically with platinum-hydrogen without isolation of the
intermediary products. The resulting compounds were isolated and identified.
Enzymic analysis of the hydrolyzate with glucose oxidase!* or with hexokinase and
glucose-6-phosphate dehydrogenase'® was negative in all experiments.

When methyl S-D-galactopyranoside, «-D-galactopyranosyl dihydrogen phos-
phate, lactitol, or methyl -«,f-D-galactopyranoside 6-(dihydrogen phosphate) were
subjected te catalytic oxidation—reduction, no evidence for the formation of D-glucose
or its derivatives could be found.

Further paper chromatographic examination of the reaction products after
catalytic oxidation-reduction of methyl «-D-galactopyranoside revealed to presence of
a component having properties of a 6-deoxyhexose. The component was isolated by
column chromatography'® on Dowex-1 (OH™) in about 15% yield, and identified
as methyl «-D-fucopyranoside. When the same experiment was performed on methyl
[-D-galactopyranoside, 359 of the oxidized material was isolated and identified as
methyl S-D-fucopyranoside.

The isolation of both anomeric forms of methyl D-fucopyranoside, and the
concomitant absence of D-glucose among the reaction products was interpreted as
indicating that the initially formed methyl D-xplo-4-hexulopyranoside was unstable
and underwent rearrangement. Thus, f-elimination of water between C-5 and C-6
resulted in the formation of a 4-hexulos-5,6-een derivative which, upon reduction,
gave D-fucose. Upon reduction, the 4-hexulos-5,6-een can, theoretically give rise to

/

CHOH CHOH
t—o (a=o°.
SNy 4
o= OH —= 1 OH
O—R O—R
OH OH
+) +)
CHa CHp CHa
O, =0,
& ) — / P )
o OH —~—= 10 OH - O OH
O—R O—R Oo—R
OH OH OH
(&) R=Thymidine S-(dihydrogen pyrophosphate)
CH2
(T
o OH
OoO—R
OoH

Fig. 2. Proposed formation of a 4-hex-5-enulose derivative by f-elimination between C-5 and C-6.

four isomers: 6-deoxy-D-glucose, 6-deoxy-D-galactose, 6-deoxy-L-idose, and 6-deoxy-L,
altrose. However, the preferential formatipn of one isomer has been demonstrated
previously'” by the catalytic reduction of methyl hexopyranosiduloses, and no attempt
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was made here to isolate and identify the minor products of reaction. Stabilization
gained by resonance energy, as indicated in Fig. 2, could be the driving force for the
P-elimination. Significantly, when sodium borohydride was substituted for Pt—H, as
the reducing agent, no D-fucose was formed. This observation is consistent with the
known requirements for catalytic reduction of carbon-carbon double bonds and is in
accord with the interpretation that a hex-5-enose is the immediate precursor of the

methyl p-fucopyranoside.

The instability of methyl D-xylo-hexopyranosid-4-ulose stands in sharp contrast
to the properties of the structurally closely related 4-keto derivative of methyl o-L-
fucopyranoside. Extensive studies on the stability of anomeric methyl hexopyranos-
iduloses having the keto group at position 2, 3, or 4, respectively, have been reported by
Theander'®, who pointed out their lability in aqueous solution and demonstrated
their degradation under mildly acidic or alkaline conditions. Theander also noted that
the 3-keto derivative appeared to be the more stable compound as compared to the
2- and 4-keto derivatives. The latter compounds’ are convertible into the 3-keto
compound via the corresponding enediols.

1.2 limited number of known dicarbonyl carbohydrates does not yet permit a
good understanding of the reasons for the drastically changed properties when com-
pared to the parent hexose derivatives. The introduction of a keto group into the
pyranose ring undoubtedly causes considerable changes in the valence angle, distance
between atoms, shape of the ring, and dipole moment of the molecule. The differences
in stability between methyl xylo-hex-4-ulose pyranoside having a primary alcoholic
function at C-6 as compared to the compound having a deoxy group in this position
of is considerable theoretical interest. It points to the necessity to expand and recon-
sider some of our concepts of conformational analysis.

The formation of D-fucose as a major component in the model system indicates
that this reaction sequence has some features in common with the enzymatic pathway:
If the oxidation at C-4 of the hexose moiety is accepted as the primary reaction taking
place in the enzymic conversion as well as in the model system, it appears that it is an
intrinsic property of the labile hexos-4-ulose to rearrange by f-elimination of water
with the resultant formation of a hex-5-enose derivative. This rearrangement precludes
the formation of hexoses and leads, upon subsequent reduction, to the formation of
a 6-deoxyhexose derivative.

EXPERIMENTAL

Methyl a- and [-p-galactopyranoside. — D-Galactose (50 g) was heated under
reflux with a 19/ solution of hydrogen chloride in dry methanol (400 ml). After 14 h,
the solution was cooled and stirred with silver carbonate (16 g) for several hours.
After addition of a small amount of Norit, the solution was filtered through a Biichner
funnel in presence of Hyflo filter-aid. The isolation of the pure methyl galactosides
was effected by column chromatography on Dowex-1 (OH™) according to Austin
et al b,
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Direct crystallization from the crude mixture* of methyl galactosides by use of
seed crystals obtained by the above-described procedure was performed according
to Frahn and Mills'®.

Methyl o,-D-galactopyranoside 6-(dihydrogen phosphate). — Dry D-galactose
6-(disodium phosphate) (Sigma, 68 mg) was heated under reflux for 3 h with methanol
(25 ml) in the presence of methanol-washed Amberlite IR-120 (H™). After this time a
10-4d aliguot spotted on paper showed no reaction with silver nitrate except after
treatment with periodic acid. The resin was filtered off, washed with methanol, and
the pooled filtrates were evaporated to dryness. The residue was dissolved in methanol
(0.5 ml) and applied to Whatman No. 3 MM paper. The sample was then chromato-
graphed in 2-propanol-ammonia—water (7:1:2) for 36 h. The area having a mobility
between 9 and 11 cm gave a positive reaction with the phosphate reagent of Hanes and
Isherwood?? and with the silver nitrate dip after periodate oxidation. This area was
eluted with water.

Preparation of lactitol. — Lactose (360 mg) and boric acid (120 mg) were dis-
solved in water (10 ml) and a solution of sodium borohydride (80 mgin 2.0 ml of water)
was added slowly with stirring at room temperature. After 1 h at room temperature,
the reaction mixture was passed through a small column of Dowex-50 (X-8, H*), and
the cluate was evaporated to dryness. The dry residue was treated several times
with 50-ml aliquots of methanol, and evaporated to dryness each time in vacuo. The
resulting white, crystalline material was chromatographically indistinguishable from
authentic lactitol (solvent: pyridine-ethyl acetate-water, 1:3.6:1.15).

Catalytic oxidation-reduction. — Methyl «- or f-D-galactopyranoside (500 mg)
was dissolved in water (5 ml), and freshly prepared Adams catalyst (100 mg) was
added®. Oxygen was bubbled through the solution with a sintered-glass disc for
30 min at 45-50°. The course of oxidation was followed by the appearance of silver
nitrate-positive material'’. Chromatography in butyl alcohol-acetic acid-water
(10:1:3.3), as well as electrophoresis in sodium hydrogen sulfite buffer'?, revealed the
presence of numerous products. The electrophoresis was performed in carbon tetra-
chloride on Whatman No. 3 MM paper in sodium hydrogen sulfite buffer for 1 h at
pH 4.7 and 600 V. The buffer was prepared'® by dissolving sodium hydrogen sulfite
(9.5 g) and sodium acetate (8.8 g) in water (1000 ml) and adjusting the pH with glacial
acetic acid to 4.7.

The major part of the sample, together with the platinum catalyst used in the
oxidation, was subjected to hydrogenation at 30 1b/in® for 3 h at room temperature.
The catalyst was removed by filtration on a sintered-glass funnel, and the filtrate was
concentrated in vacuo.

The syrup resulting from the catalytic oxidation-reduction of methyl «-D-galac-~
topyranoside was dissolved in not more than 3 ml of water and the solution was poured

*It should be noted that we were not able to isolate the pure compounds by the original procedure
described by Dale and Hudson29. Similar observations were made by Ault et al.2! and by Sorkin and

Reichstein®2.
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onto a Dowex-1 column (X-2, 200-400 mesh, 16 x 2 cm, OH™). The column was
eluted with CO,-free water, and 2.5-ml fractions were collected at 7.5-min intervals.
Aliquots (5 ml) of the fractions were applied to Whatman No. 1 paper and examined
with the silver nitrate reagent before and after treatment with periodic acid. Pure
methyl «-D-fucopyranoside was eluted in fractions 26-30. Additional methyl «-D-
fucopyranoside was eluted with small amounts of a-methyl D-galactopyranoside in
fractions 31-34. The major portion of unreacted methyl «-D-galactopyranoside was
separated and recovered in fractions 35-47.

Fractions 26-30 and 31-34 were combined. The solution was subjected to
rechromatography in ethyl acetate—pyridine—water (3.6:1.0:1.15) on Whatman No. 3
MM paper to give the pure methyl a-D-glycoside. Methyl f-D-fucopyranoside was
obtained from methyl f-p-galactopyranoside by the same procedure.

A solution of pure methyl a- or f-D-fucopyranoside (about 20 umoles) was
evaporated to dryness irn vacuo and N H,SO, (1 ml) was added. The solution was heated
for 5 h in a boiling water-bath, and then it was cooled and neutralized with 0.3n
Ba(OH), to the phenolphthalein end point. The resuiting BaSO, was removed by
centrifugation, and the supernatant fluid was passed through a small column of
Dowex-50 (X-8, 200-400 mesh, 1.0 x 0.5 cm H?Y). The combined eluate and water
wash were evaporated to dryness in vacuo.

Identification of D-fiicose. — The identification was performed on the intact
methyl glycosides and on the free sugar, obtained as described above. The methyl
a-D-fucopyranoside showed [«]3° +200° (¢ 0.68, water) (lit.>*: methyl a-L-fucopyra-
noside, [«]3° — 198.0°; methyl B-L-fucopyranoside, [«]3° + 16.0°. Paper chro-
matography of the methyl «-D-glycoside and D-fucose in presence of methyl a-1-
fucopyranoside and L-fucose, respectively, in pyridine—ethy! acetate-water (1.0:3.6:
1.15): Rypyc0se of D- and L-fucose: 2.62; Ryu0se of methyl a-L-fucopyranoside: 3.81).

The colorimetric reaction with cysteine-sulfuric acid?® for 6-deoxyhexose gave
the characteristic absorption maximum at 400 nm for the unhydrolyzed as well as for
the hydrolyzed sample. The hydrolyzed sample (about 0.1 umole of free sugar in
180 pul water) was reduced by the addition of two 25-ul aliquots of sodium borotritide
(1000 pmoles/ml). The solution was kept for 1 h at room temperature. The excess
borohydride was destroyed by addition of glacial acetic acid (20 ul). After evaporation
to dryness in vacuo, the residue was dissolved in 200 ul of water, and the solution was
passed through a small column of Dowex-50 (H*) and evaporated to dryness. Re-
peated addition of 1-ml aliquots of methanol, followed by evaporation to dryness, gave
a salt-free solution. Authentic L-fucose was subjected to the same procec—-re. The
sample, as well as the standard, was chromatographed on paper in pyrinine—ethy:
acetate—water. The silver nitrate reagent revealed one spot in both samples with a
mobility faster than that of L-fucose (R, .05 2-62) and identical with that of authentic
6-deoxy-D-galactitol R,;,..s. 3.16). In addition, all the tritium activity coincided
with the spot corresponding to 6-deoxy-L-galactitol.

About 10 ymoles of the hydrolyzed sample, as well as authentic L-fucose, was
converted into tetra-O-acetyl-D-fucose diethyl dithioacetal?®. Thin-layer chromato-
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graphy on silica gel G in benzene-methanol (9:1, v/v) showed one single component
having identical mobilities for sample and standard. Elution from the thin-layer plate
with acetone and colorimetric assay with cysteine—sulfuric acid showed the charac-
teristic absorption maximum for 6-deoxyhexoses. G.l.c. of the methyl glycosides, as
well as of the free sugar, was performed, after converting them to the corresponding
trimethylsilyl derivatives?®?, with the use of a gas chromatograph F. & M., Model 500,
with flame ionization attachment and a stainless-steel column 6 ft x 0.25 in, packed
with 3% SE-52. The column was operated isothermally at 140°. Identical retention
times for the methyl glycosides as well as for the free sugar were found, when com-
pared to the corresponding authentic L-fucose derivatives: fucose 3.56 min (small peak),

4.23 min (major peak), 5.10 min (major peak); methyl a-L-fucopyranoside 3.38 min.
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Notes

Acid-catalyzed hydrolysis of maltose derivatives containing nitrogen

Difficulties in determining the structures of polysaccharides have recently been
pointed out'. The structures of other biopolymers are commonly deduced by partial
hydrolysis, determination of structures of the resultant oligomers, and, by matching
overlapping sequences of monomer units, determination of the structure of the
polymer. This method is unsuccessful with some polysaccharides, because poly-
saccharides are usually composed of only one or two different types of monosacchar-
ide unit and their chains are often branched.

Necessary to meaningful study of branched-chain polysaccharides is a method
that will remove monosaccharide, disaccharide, or trisaccharide residues sequentially
from one end of the chain. Certain enzymes have the ability to split off such units from
the nonreducing ends, but they are so specific that the process stops when a different
type of linkage is reached. Alkaline degradation has been suggested as a means of
removing one unit at a time from the reducing end, but this method suffers from two
limitations: (@) the “stopping reaction™ prevents complete degradation, and () the
individual sugar residues can become so altered that determination of the identity of
the original sugar may not be possible?3.

BeMiller and Mann* recently reported on the acid-catalyzed hydrolysis of
selected maltose derivatives, an investigation undertaken in an effort to find a reducing-
end derivative that would greatly enhance the rate of hydrolysis, so that only the
reducing end-unit of an oligo- or poly-saccharide could be removed upon treatment
with acid. Such a process would permit sequence determinations by a stepwise,
peeling process from the reducing end of the polysaccharide. Maltose 1-phenyl-
flavazole was found to undergo hydrolysis much more rapidly than maltose (a model
for the other linkages in an oligosaccharide), but only at low temperatures where
hydrolysis is too slow to be of practical use. )

As an alternative to a change of the temperature, control of hydrolysis of deriv-
atives might also be accomplished by a change in the acid used. Painter and Morgan®
found that basic carbohydrates are hydrolyzed much faster by water-soluble poly-
(styrenesulfonic acid) than by an equivalent normality of mineral acid. In a series of
papers, Painter®~® has reported that, in hydrolysis catalyzed by this polymeric acid,
glycosidic linkages near a positively charged group are hydrolyzed faster than those
more distant from it.

In the present investigation, maltose, maltitol, maltose 1-phenylflavazole, and
maltose phenylosotriazole were hydrolyzed with 3.2 x 107N water-soluble poly-
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(styrenesulfonic acid), to determine if a change in the acid used would result in a
significant difference in reactivity between the nitrogen-containing derivatives and the
other derivatives.

Maltose, maltitol, and maltose 1-phenylfiavazole showed no hydrolysis at 75,
85, or 95°, even after 48 h. Lack of hydrolysis was indicated by the absence of change
in optical rotation and by the absence of hydrolysis products (papergram). However,
maltose phenylosotriazole was hydrolyzed at a measurable rate, even at the very low
concentration of acid used. Thermodynamic parameters are given in Table 1.

TABLE1

HYDROLYTIC RATE DATA FOR MALTOSE PHENYLOSOTRIAZOLE

Temperature, degrees Rate (K X 105 sec.-Y) AH?T (kcal. moleY) AS? (cal. mole-1. deg.—1)
75 243

85 4.53 154 —359

95 8.61

Reported values® for the hydrolysis of pyranosides are in the following ranges:
AH? 28.1 to 38.2 kcal.mole™! and AS? +0.8 to +22.9 cal.mole™!. deg.” 1. The one
exception is the acid-catalyzed hydrolysis of maltose 1-phenylflavazole, which also
has a low AH? value and a large, negative AS? value®.

It is quite likely that the use of a polymeric acid as a catalyst results in an ordered
transition state in which the basic nitrogen atoms of maltose phenylosotriazole bind
with the acid and bring other sulfonic acid groups into proximity to the glycosidic
linkage, where one of the acid groups then donates a proton for hydrolysis. Such an
ordered structure could be the reason for the large, negative entropy of activation

noted for this reaction.
These results indicate that the reducing end-unit can be removed specifically

from an oligo- or poly-saccharide by first converting it into the phenylosotriazole and
then treating the derivative with a dilute solution of water-soluble poly(styrenesulfonic
acid). The hydrolysis of maltose phenosotriazole in 3.2 x 10™*N poly(styrenesulfonic
acid) was complete in 12 h at 95°, conditions under which maltose did not react.
Although such a method might not permit the identification of each unit in an oligo-
saccharide in a stepwise manner (because the asymmetry at C-2 is destroyed when this
derivative is formed), it might allow of an erosion of a molecule from the reducing end.

It is not yet clear why poly(styrenesulfonic acid) does not also specifically
catalyze the hydrolysis of maltose l-phenylflavazole. Perhaps, the geometry of this
molecule is such that a special kind of hydrolysis cannot occur.

EXPERIMENTAL

Sugars. — Maltose'®, maltitol'*, maltose phenylosotriazole?, and maltose
1-phenylflavazole'? were prepared by published procedures. The last compound was
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recrystallized several times as follows. A solution in the minimal volume of hot, glacial
acetic acid was placed in a freezer at — 10°. The acetic acid froze to colorless crystals,
and the flavazole to yellow crystals. The acetic acid was melted at room temperature,
and water was added to increase the yield of product. Crystals of maltose 1-phenyl-
flavazole were then collected by filtration, and dried; m.p. 264°, lit.!?2 m.p. 262-264°,

Acid. — Water-soluble poly(styrenesulfonic acid) was prepared by the method
of Painter*3. The normality was determined by potentiometric titration with a standard
solution of sodium hydroxide. A stock solution (6.4 x 107%N) of the acid was used,
because the dark color of more concentrated solutions prevented polarimetric
' measurements.

Sugar solutions. — The following solutions were prepared: 0.8% solutions of
maltose and maltitol in water, a 0.8%( solution of maltose phenylozotriazole in ethylene
glycol, and a 0.494, solution of maltose 1-phenylflavazole in ethylene glycol.

Determination of hydrolysis rates. — Two ml of aqueous acid was added to 2 ml
of sugar solution, with stirring, to give a solution that was 3.2 x 10™*Nin acid (pH 3.9).
The resulting solution was injected into a preheated, water-jacketed, polarimeter cell
of a Bendix ETL-NPL Automatic Polarimeter equipped with a mercury (546 nm)
interference filter.
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The acid hydrolysis of glycosides
VIl. Hydrolysis of 1-thio-§-D-glucopyranosides and
1-thio-p-D-glucopyranosiduronic acids

It has been shown in earlier investigations that the rate of acid-catalyzed
hydrolysis of glycopyranosides is not affected by the polarity of the aglycon!, but that
this factor has a strong influence on the hydrolysis of glycopyranosiduronic acids®.
It was therefore of interest to establish whether 1-thio-f-D-glucopyranosides and
1-thio-f-p-glucopyranosiduronic acids behave similarly on acid hydrolysis. Conse-
quently, a few such compounds having different aglycons have now been synthesized,
and their hydrolysis has been studied.

RESULTS AND DISCUSSION

Isopropyl (1), propyl (2), and 2-hydroxyethyl (3) 1-thio-f-D-glucopyranosides
and the corresponding 1-thio-fg-D-glucopyranosiduronic acids (4, 5, and 6) were
prepared by standard methods and were characterized, partly through their crystalline
peracetates. Hydrolysis was performed, as described previously’, at 60, 70, 80, and 90°.
Rate coecfficients, and energies and entropies of activation, are shown in Table I.
In Table X, rates of hydrolysis at 70° are compared with those of corresponding f-D-
glucopyranosides and S-D-glucopyranosiduronic acids.

The 1-thio-g-D-glucopyranosides are all hydrolyzed more slowly than the
p-D-glucopyranosides, as has been found by others3~3; this behavior has been
attributed® to the lower basicity of the sulfur atom, which results in a lower degree
of protonation. The difference is largest for the 2-hydroxyethyl compounds.
Compound 6 is hydrolyzed more slowly than 4 and 5, but faster than 2-hydroxyethyl
B-p-glucopyranosiduronic acid. Energies and entropies of activation are lower for the
1-thio-f-p-glucopyranosiduronic acids than for the 1-thio-f-p-glucopyranosides.
The 1-thio-f-p-glucopyranosiduronic acids, and especially the 2-hydroxyethyl
derivative 6, are hydrolyzed at rates higher than those of the corresponding 1-thio-f-p-
glucopyranosides.

It is evident that the electron affinity of the aglycon influences the rate of
hydrolysis, not only of the I-thio-f-p-glucopyranosiduronic acids but also of the
1-thio-f-p-glucopyranosides. It is not yet clear why 1-thio-f-D-giucopyranosides, but
not f-pD-glucopyranosides!'?, are affected. Possibly, the protonation step is rate-
determining in the hydrolysis of 1-thioglucopyranosides, because sulfur is less basic
than oxygen, and because the carbon-sulfur bond is weaker than the carbon—oxygen
bond. A lessening of the electron density at the glycosidic suifur atom by an electron-
attracting group in the aglycon would impede protonation and result in a lower rate
of hydrolysis.

1t had been expected that the 1-thio-f-D-glucopyranosiduronic acids would be
hydrolyzed at a rate lower than that of the analogous f-p-glucopyranosiduronic
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TABLE 1
RATE COEFFICIENTS AND KINETIC PARAMETERS FOR THE HYDROLYSIS OF l-THIO-ﬁ-D-GLUCOP‘{RANOSIDES
AND 1-THIO--D-GLUCOPYRANOSIDURONIC ACIDS IN 0.5M SULFURIC ACID

k x 1086, sec-1 E (kcal ASY (cal deg.-L

Glycoside
&60° 70° 80° og° mole—1) mole™)

1-Thio-f-p-glucopyranoside

isopropyl (1) —_— 477 256 849 355 +19.0
propyl (2) — 3.66 144 — 33.1 +11.5
2-hydroxyethyl (3) —_ 0.668 2.81 11.1 34.8 +13.0
1-Thio-f-p-glucopyranosiduronic acid
isopropyl (4) 4.97 i19.4 66.7 — 30.3 + 66
propyl (5) 4.17 16.4 57.7 — 30.7 + 7.3
2-hydroxyethyl (6) 1.38 537 194 -— 309 4+ 5.8
TABLE II
RATIO OF RATE COEFFICIENTS AT 70°
Glycosides compared Isopropyl Propyl 2-Hydroxyethyl
B-p-Glucopyranoside/B-p-Glucopyranosiduronic acid  0.18 0.48 32
B-p-Glucopyranoside/1-Thio-S-p-glucopyranoside 2.4 2.2 11.3
B-pD-Glucopyranosiduronic acid/1-Thio-f#-p-gluco-
pyranosiduronic acid 3.3 1.0 0.44
{-Thio-f-p-glucopyranoside/1-Thio-#-p-gluco-
pyranosiduronic acid 0.25 0.22 0.13

acids, but this only occurs with the isopropyl derivative 4. The propyl derivative 5 is
hydrolyzed at the same rate as propyl f-D-glucopyranosiduronic acid, and 6 is cleaved
at a rate that is twice that of 2-hydroxyethyl f-p-glucopyranosiduronic acid. 1t is
clear that the basicity of the sulfur atom is less decisive in the 1-thio-f-D-glucopyrano-
siduronic acid series than in the 1-thio-f-D-glucopyranoside series. The fact that 6 is
hydrolyzed faster than the S-D-glucopyranosiduronic acid analog indicates a less
effective transmission of the inductive effect of the 2-hydroxyethyl group to sulfur

than to oxygen.

EXPERIMENTAL

General experimental conditions were the same as in previous investigations!-2-°,
Experimental data are presented in Tables II and III.

2-Hydroxyethyl I-thio-f-D-glucopyranoside” (3). — 2,3,4,6-Tetra-O-acetyl-a-D-
glucosyl bromide (40 g) was added to a solution of potassium (4.0 g) and 2-mercapto-
ethanol (100 g) in anhydrous methanol (300 ml) at —20°; the temperature was then
allowed to rise to room temperature. The mixture was kept for 2 h, and filtered through
Celite-carbon, and the filtrate was evaporated to dryness. The resulting syrup was
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TABLE III

EXPERIMENTAL DATA FOR THE PERACETYLATED ALKYL l-THIO-ﬂ-D-GLUCOPYRANOSIDES AND PERACETYL-
ATED METHYL (ALKYL 1-THIO-§-D-GLUCOPYRANOSID)URONATES

Glycoside Yield,% M.p., degrees [«]p, degrees

2,3,4,6-Tetra-QO-acetyl-1-thio-f-p-glucopyranoside

isopropyl 112 —220
propyl 29 90.5-92 —28.0
79-824.0 —22.2a,b
2-acetoxyethyl 26 108-108.5 - —31.5
Methyl (2,3,4-tri- O-acetyl-1-thio-8-D-glucopyranosid)-
uronate .

isopropyl 38 106-107 —39.3
37¢ 99-101¢ —36.9°

propyl 37 100-100.5 —439
40¢ 95-96 —42.2¢

2-acetoxyethyl 46 132-132.5 —49.0
62¢ 132-i32.5 —46.4¢

aRef. 7. PRef. 9. °<Ref. 8.

TABLE IV

MELTING POINTS AND SPECIFIC ROTATIONS OF 1-THIO-ﬁ-D-GLUCOPYRANOSlDES AND I-THIO-ﬁ-D-GLUCO-
PYRANOSIDURONIC ACIDS

Glycoside M.p., degrees [a}p, degrees

1-Thio-g-p-glucopyranoside

isopropyl (1) —48.6
propyl (2) —59.7
2-hydroxyethyl (3) 114-116 —61.8
1-Thio-f-p-glucopyranosiduronic acid
isopropyl (4) 145-148 —93.0
propyl (5) 143.5-144.5 —90.0
136-139¢ —84.9a¢
2-hydroxyethyl (6) —90.2
aRef. 8.

dissolved in pyridine (100 ml) at —20°, and acetic anhydride (100 ml) was added.
After 15 h at 15°, chloroform (200 ml) was added, and the solution was washed with
ice—water; evaporation gave a syrup that was dissolved in anhydrous ethanol, and
the solution was treated with decolorizing carbon. Crystallization from the same
solvent afforded 11.2 g (26%() of 2-acetoxyethyl 2,3,4,6-tetra- O-acetyl-1-thio-f-p-
glucopyranoside.

Anal. Cale. for C,3H,¢0,,S: C, 4799; H, 5.82; S, 7.12. Found: C, 47.83;
H, 5.99; S, 7.40.

Compound 3 was obtained after deacetylation with sodium methoxide and
methanol in the usual way; it crystallized directly from the syrup’.
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Anal. Cale. for CgH,;¢06S: C, 39.99; H, 6.71; S, 13.35. Found: C, 39.68;
H, 6.70; S, 13.13.

Compounds 1 and 2 were prepared similarly.

2-Hydroxyethyl 1-thio-B-D-glucopyranosiduronic acid® (6). — A solution of
methyl 2,3,4-tri- O-acetyl-1-bromo-1-deoxy-«-D-glucopyranuronate (40 g) in benzene
(100 ml) was added to a solution of potassium (4.0 g) and 2-mercaptoethanol
(100 g) in methanol (300 ml) at —20°. The bromide dissolved when the mixture was
allowed to warm slowly to room temperature. After 6 h, the mixture was filtered, and
the filtrate was evaporated to dryness; the resulting syrup was dissolved in pyridine
(100 mb), and acetic anhydride (100 ml) was added. The product was isolated as
described for the peracetate of 3, and was recrystallized from ethanol (yield 14.5 g,
37%). The acetyl groups were then removed, giving syrupy 6 which was chromato-
graphically pure.

Compounds 4 and 5 were prepared similarly, and were crystallized from ethyl
acetate-methanol.
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Book review

The Amino Sugars. The Chemistry and Biology of Compounds Containing Amino
Sugars. Vol. IIB. Metabolism and Interactions; edited by E. A. BALAZS and
R.W. JEaNLOZ, Academic Press Inc., New York and London, 1966, xviii-+ 513 pages,
$ 22.00.

This book, which appeared towards the end of 1966, reminds one of a recently
discovered, lost manuscript; it may have been up to date when written, but was out
of date when found. This is demonstrated by a remark of one of the authors in a
footnote: “I have attempted to treat the immunochemistry of amino sugars compre-
hensively up to and including 1963. The delay in publication of this tome and the
rapid progress in many of the areas of research covered have made it impossible to
refer to original work (including that from my laboratory) which became known
after the summer of 1964”.%

Also, the Editors apologize in the preface for the failure of Volume I to appear
before Volume IT; this situation is disturbing to the reader, because references to
Volume I appear in the text of Volume IIsB.

The book, which is essentially a collection of review articles, gives extensively
documented, authoritative surveys of-each subject treated. An unusual feature is the
combined bibliography and author index of 87 pages containing 2900 references,
which makes location of specific references very convenient. The 14 chapters cover:
Metabolism of amino sugars; Metabolism of glycosaminoglycans (the latest name
for polysaccharides that contain amino sugars); Metabolism of glycoproteins, glyco-
peptides, and glycolipids; Effect of steroid hormones on glycosaminoglycans of target
connective tissues; Hexosaminidases; Neuraminidases; Enzymes degrading glycos-
aminoglycans; Sulfatases of glycosaminoglycans; Activation and inhibition of enzymes
by polyanions containing amino sugars; Chemical and physical changes of glycos-
aminoglycans and glycoproteins caused by oxidation—reduction systems and radiation:
Interaction of polyanions with blood components; Immunochemistry; Interaction
between glycoproteins and viruses; and Interaction of amino sugars and amino sugar-
containing macromoleculas with viruses, cells, and tissues.

The structure of the book could be improved, and, indeed, it does not permit
the presentation of overall, unifying perspectives. Thus, chapter 13 of Volume I is to

*Editorial nore. At this point in the review we have taken the liberty of deleting a paragraph dealing
mainly with the book-publishing industry as, in our opinion, it would not have been helpful to the
reader in appraising the book. D. HorTON AND R. S. T1iprson.
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deal with blood-group substances, yet a proposed genetic pathway for their biosyn-
thesis is given, with inadequate explanation, in the chapter on the metabolism of
glycoproteins and glycolipids. The chapter on immunochemistry deals so thoroughly
with blood-group substances that one wonders what will be left for treatment in
Volume I; a comprehensive discussion of the entire subject in one place would have
been desirable and much more informative.

The book will prove extremely useful for locating work on compounds con-
taining amino sugars, on their biological activities, and on the enzymes that catalyze
attack on them, together with relatively limited comments and interpretations.

ELviN A. KABAT (Wew York)
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Stoffwechsel der Galaktose und ihrer Derivate (Metabolism of Galactose and
its Derivatives); by W. FISCHER and H. WEINLAND, Physiologisch-Chemisches Institut
der Universitat Erlangen-Niirnberg, Germany. Biochemie und Klinik : Monographs
in a Random Sequence, edited by G. Weitzel, University of Tiibingen, and N. Zollner,
University of Miinchen. Georg Thieme Verlag, Stuttgart, 1965, xu+ 270 pp., 51 Figures,
82 Tables, 15.5 x23 cm, paperback. DM 59.00; Intercontinental Medical Book Cor-
poration, New York, $ 14.75.

This excellent monograph, which is in three parts, describes the biochemistry
of (I) p-galactose, (II) D-galactose derivatives and relatives, and (IIT) L-galactose and
its derivatives and relatives. Part I first discusses (in 32 pages) the occurrence of
D-galactose as: the free sugar; esters; ethers; oligosaccharides; plant glycosides;
animal and plant glycolipides; animal, plant, and bacterial polysaccharides; and
animal glycoproteins. There follows a description of the enzymology of p-galactose
(37 pages) which covers its synthesis and degradation, the formation of D-gal-
actosyl derivatives, and the enzymic fission of p-galactosides. Chapters on (a) the
normal metabolism of D-galactose in mammals (31 pages), invertebrates (5 pages),
plants (5 pages), and micro-organisms (11 pages), and (b) its pathological metabolism
(11 pages) conclude Part 1.

In Part II (48 pages) is discussed the biochemistry of 2-amino-2-deoxy-D-
galactose; D-galacturonic acid; L-arabinose; D-glycero-pD-galacto-heptose; and related
alditols, ketoses, 2-epimers, 6-deoxyhexoses, and dideoxy compounds. Part 1II
(18 pages) presents the occurrence, the chirality in metabolism, and the utility as asource
of energy, of L-galactose and its relatives, together with an account of the biosynthesis
of rL-galactose, r-fucose, D-arabinose, 3,6-anhydro-L-galactose, and 3,6-dideoxy-L-
xylo-hexose; the breakdown of the first three sugars is also covered. This Part ends
with a description (1 page) of relevant hydrolases. An appendix (7 pages) discusses the
nomenclature of the enzymes involved, provides the physical constants of ihe galactoses
and their derivatives, and gives an addendum covering recent work. The book
concludes with a list of 3,123 references and a Subject Index. An Author Index is not
provided.

This book, which is well printed on good paper, is an extremely valuable
compendium that should be purchased by all biochemists interested in the field;
considering the wealth of information it contains, it is a bargain. Readers should,
however, be advised that the names employed for some of the sugars and their
derivatives are not in conformity with the Rules of Carbohydrate Nomenclature

[J. Org. Chem., 28 (1963) 281].
R. StuarT TripsoN (Washington, D. C.)
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Preliminary announcement

A Gordon Conference on the Chemistry of Carbohydrates will be held during
the pe_riod June 10-14, 1968, at Tilton School, Tilton, New Hampshire, U.S.A.
Details of the Conference and of the theme titles will be published in due course.

Corrigenda

Carbohyd. Res., Vol. 5, No. 3 (November 1967), page 350 ;
- line 3 under EXPERIMENTAL, the word “to” should be deleted ;

- line 11 in same paragraph, for 159-260° read 259-260°

Carbokyd. Res., Yol. 5, No. 4 (December 1967)

page 392, Table II.
The values for Asialo-PS original, and its first degradation product in the fifth

column (2.7, 0.4 and 0, O respectively) should be moved to the sixth column, so that
they are listed under L-Fucose instead of under Sialic acid.
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BY EGG-WHITE LYSOZYME*

UR1 ZeHAVI** AND ROGER W. JEANLOZ

Laboratory for Carbohydrate Research, Departments of Biological Chemistry and Medicine, Harcard
Medical School and the Massachusetts General Hespital, Boston, Massachusetts 02114 (U. S. A4.)

Received August 11th, 1967; in revised form, October 5th, 1967)

ABSTRACT

The synthesis of methyl and benzyl 2-acetamido-4-O-(2-acetamido-2-deoxy-f-D-
glucopyranosyl)-2-deoxy-f-D-glucopyranoside, and the action of egg-white lysozyme
on the latter compound, as well as on tri-N-acetyl-chitotriose, tetra-N-acetylchito-
tetraose, and penta-N-acetylchitopentaose, are described.

INTRODUCTION

Chitin, and in particular the oligosaccharides of low molecular weight derived
from chitin, serve as substrates for hen’s egg-white lysozyme?~!2. The enzyme
catalyzes hydrolysis and also the transglycosylation of these compounds. The
p-nitrophenyl glycosides of both di-N-acetylchitobiose and tri-N-acetylchitotriose,
namely, p-nitrophenyl 2-acetamido-4-O-(2-acetamido-2-deoxy-f-D-glucopyranosyl)-2-
deoxy-f-p-glucopyranoside and p-nitrophenyl O-(2-acetamido-2-deoxy-g-pD-gluco-
pyranosyl)-(1-4)-0-(2-acetamido-2-deoxy-f-D-glucopyranosyl)-(1—-4)-2-acetamido-2-
deoxy-B-D-glucopyranoside, have also been shown'3'* to be substrates for lysozyme.
The different modes of action of the enzyme toward these two p-nitrophenyl glycosides,
as well as the low reactivity of these substrates compared with that of the chitin oligo-
saccharides, made desirable a study of the degradation of benzyl ?-acetamido-4-0O-
(2-acetamido-2-deoxy-f-D-glucopyranosyl)-2-deoxy-f-D-glucopyranoside by lysozyme.

RESULTS AND DISCUSSION

The acetylated glycosyl chloride obtained by treatment of 2-acetamido-4-0-(2-
acetamido-3,4,6-tri- O-acetyl-2-deoxy-f#-D-glucopyranosyl)-1,3,6-tri- O-acetyl-2-deoxy-
a-D-glucopyranose (octa-O-acetylchitobiose, 6) with hydrogen chloride in glacial

*Amino sugars LIV. This is publication No. 442 of the Robert W. Lovett Memorial Group for the
Study of Crippling Diseases, Harvard Medical School at the Massachusetts General Hospital, Boston,
Massachusetts. This work was supported by a research grant from the National Institute of Allergy
and Immunology (Grant AI-06692), National Institutes of Health, United States Public Health
Service. A preliminary communication has been presented?.

**(On leave of absence from the Weizmann Institute of Science, Rehovoth, Israel.
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acetic acid'* was treated with benzyl alcohol or with methyl alcohol, in the presence
of silver carbonate, to give the benzyl (7) and methyl (8) f-D-glycosides, respectively.
O-Deacetylation of 7 and 8 with barium methoxide gave the N-acetyl derivatives 9
and 10, respectively.

Evidence for the #-D anomeric configuration at the glycoside terminus was based
on the mode of synthesis and on the negative optical rotation of compounds 7-10.

The benzyl glycoside 9 was treated with lysozyme, and the course of the reaction
was followed by a test for reducing sugars'® (see Fig. 1) and also by chromatography
(see Table I). Examination of the incubation mixture by paper chromatography

8.5

REDUCING GROUPS (GNAc equiv,)
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Fig. 1. Increase of reducing groups, expressed as equivalents of 2-acetamido-2-deoxyglucose
observed in the lysozyme-catalyzed hydrolysis of benzyl 2-acetamido-4- O-(2-acetamido-2-deoxy-f-b-
glucopyranosyl)-2-deoxy-f-D-glucopyranoside (9). The concentration of enzyme was 0.1 mg (e) and
0.5 mg (») per ml.

TABLE 1
CHROMATOGRAPHIC PROPERTIES OF CHITIN OLIGOSACCHARIDES AND VARIOUS DERIVATIVES

Compounds Paper chromatography on Thin-layer chromatcgraphy
Whatman Paper No. 1 in on silical gel G in 2:1
2-pentanol-pyridine—water acerone-methanol

(I:1:1), Rgnae Rsr
2-Acetamido-2-deoxy-D-glucose (5) 1.0 0.78
Di-N-acetylchitobiose (1) 0.80 0.46
Tri-N-acetylchitotriose (2) 0.61
Tetra-N-acetylchitotetraose (3) 0.42
Penta-N-acetylchitopentaose (4) 0.19
Benzyl 2-acetamido-2-deoxy-S-p-gluco-
pyranoside 0.93
Benzyl f-glycoside of di-N-acetylchito-
biose (9) 0.66
Benzyl S-glycoside of tri-N-acetylchito-
triose (11) 0.39
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MODEL SUBSTRATES FOR LYSOZYME 131

showed the formation of monosaccharide 5 and disaccharide 1, and thin-layer
chromatography (t.1.c.) revealed the presence of three additional components, namely
the starting material 9, benzyl 2-acetamido-2-deoxy-f-D-glucopyranoside, and a slow-
moving material having Rgr 0.39 (SR, Sudan Red). The last material was isolated
by preparative t.l.c.

After hydrogenolysis, it gave a product migrating on paper at a rate similar to
that of the trisaccharide 2, and the structure of benzyl O-(2-acetamido-2-decxy-5-D-
glucopyranosyl)- (1 -4)-0-(2-acetamido-2-deoxy-f-D-glucopyranosyl) - (1 —+4) -2-acet-
amido-2-deoxy-f-p-glucopyranoside (11) was tentatively ascribed to it.

CH,OH

O, 1 n=0
OH OH 2 n=1
3n=2
Jreom 4n=3
NHAC
OH
HO
NHAc
CHOR" = R s RY=
H 6 R'=H ;i R"=0AciR =Ac
o r' 7 R'=0OCHaPh i R"=H jR"=Ac
CH,OH cror” NGR” 8 R'= OMe ; R*=H ; R"=Ac
o. z o O R" 9 R'= OCHaPh i R"= R"=H
OH H OR" NHAC 10R'= OMe; R"=R"=H
HO RO
NHAC NHAC
S

The mixture resulting from the treatment of compound 9 with lysozyme for
74 h had a reducing equivalent of 0.22. The Morgan-Elson test (in the modification of
Reissig et al.'®) showed the monosaccharide 5 and the disaccharide 1 to be present in
the degradation product in the ratio of 1.2 to 1; this result is based on a color yield of
3% for 1, as compared to S, when heat was applied for 3 min. Whereas the reducing-
sugar test measures the formation of § and 1, the Morgan—Elson test determines 5 only.
Thus, it may be concluded that both of the glycosidic bonds of 9 are split by the
enzyme, to give compounds 5, 1, and benzyl 2-acetamido-2-deoxy-g-p-glucopyrano-
side. The benzyl glycoside (11) of tri-N-acetylchitotriose results from transglycosyl-
ation, and it is most probably formed through transfer of a 2-acetamido-2-deoxy-D-
glucose residue to 9. The glycoside 9 is always present in great excess in the incubation
mixture.

The rate of enzymic hydrolysis of 9 was found to be of the same order of magni-
tude as that of the trisaccharide 2 and of the tetrasaccharide 3 (see Fig. 2)”. It should be
noted that, under the conditions used in the present work, no hydrolysis of benzyl
2-acetamido-2-deoxy-g-D-glucopyranoside or of di-N-acetylchitobiose (1) was
observed. The enzymic hydrolysis of the trisaccharide 2, under the same conditions,

Carbohyd. Res., 6 (1968) 129-137



132 U. ZEHAVI, R. W. JEANLOZ

was very slow, and it could be followed only by determination of the reducing value
or by the Morgan—FElson test (see Figs. 2 and 3); it could not be observed by chromato-

graphy.

REDUCING GROUFS (GNAc equiv)

HOURS

Fig. 2. Increase of reducing groups, expressed as equivalents of 2-acetamido-2-deoxyglucose
observed for the lysozyme-catalyzed hydrolysis of tri-N-acetylchitotriose (2) (»), tetra-N-acetyl-
chitotetraose (3) (m), penta-N-acetylchitopentaose (4) (A), and benzyl 2-acetamido-4-O-(2-acet-
amido-2-deoxy-g-p-glucopyranosyl)-2-deoxy-f-p-glucopyranoside (9) ( x). The values of the reducing
power of the hydrolyzates of compounds 2, 3, and 4 were decreased by the reducing value of the
compounds (0.880, 0.734, and 0.686 equiv. for 2, 3, and 4, respectively) and by the reducing value of
the enzyme solution.

1.0[-

o
©

{ GNAc equiv)
o
(2]

o
S

GROUPS REACTING WITH THE
MORGAN -~ ELSON REAGENT
=}
n

o 20 40 60 80
HOURS

Fig. 3. Increase of groups reacting with the Morgan-Elson test reagent, expressed as equivalents of
2-acetamido-2-deoxyglucose, observed in the lysozyme-catalyzed hydrolysis of tri-N-acetylchitotriose
(2) (»), tetra-N-acetylchitotetraose (3) (s), and penta-N-acetylchitopentaose (4) (A).

The trisaccharide 2 and the benzyl glycoside 9 of the disaccharide share the
property of having two glycosidic bonds that may be attacked. Whereas, under the
present conditions, the trisaccharide 2 seems to form mainly a nonproductive enzyme—
substrate complex, the benzyl glycoside 9 forms a productive enzyme-substrate com-
plex. On the basis of the lysozyme model proposed by Phillips!?, it is possible to build
two enzyme-substrate complexes in which the units at sites D and E are involved, and
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thus to explain the products obtained from the degradation of the benzyl glycoside
9 by lysozyme.

Location of saccharide units in enzyme cleft: A B C D E F
Compound 9: X X CH=Ph
Compound 9: X X CH2Ph

The lysozyme degradation of the tetra- and penta-saccharides 3 and 4 was
observed by the color reaction (see Figs. 2 and 3), as well as by chromatography
(see Table II) of the resulting product. The results of the chromatography confirm

TABLE 11

CHROMATOGRAPHIC STUDY OF THE INCUBATION OF TETRA~N-ACETYLCHITOTETRAOSE (3) AND PENTA-N-
ACETYLCHITOPENTAOSE (4) WITH EGG-WHITE LYSOZYME

Substrate Time in h Relative amounts of compounds formed®
1 2 3 4 5 Precipitate®

Compound 3 4.3 0 06 4 0 O
9 2 2 4 0 2 2
26 2 2 4 i 3 2
50 3 2 3 0 3 2
Compound 4 0.4 0 2 3 4 0 O
1.7 2 2 3 4 2 2
4.3 3 3 3 3 3 4
9 32 2 1 4 4
26 4 2 3 0 4 4
50 4 1 2 0 4 4

2The paper-chromatographic system is described in the experimental section. The spots were revealed
by treatment with alkalil?. A concentration of 1/50th of the original amount of substrate could be
detected, and the relative proportions were estimated visually. The proportions are relative to each
other for the same experiment only (same duration of the incubation and same substrate), and are
graded from O to 4; relative amounts on different lines cannot be compared. ?The precipitate
obtained after incubation of compound 4 for 4 h required 3 min of centrifugation at 3,000 r.p.m.
before the sample could be examined by chromatography or color reaction. Intense tailing was
observed on the chromatograms of an incubation mixture kept for 1.7 h. Tailing was diminished
after 4.3 h, and disappeared after 9 h.

and extend those reported by Powning and Irzykiewicz'® shortly after the present
work had been completed. The high initial rate that was observed for the chitin oligo-
saccharides’ by means of a test for reducing sugars does not bear a simple relationship
to the results obtained when the products of the hydrolysis are examined by the
Morgan-Elson test!®, which measures the formation of 2-acetamido-2-deoxy-
p-glucose (5). Paper chromatography of the products resulting from a short (25-min)
incubation of the pentasaccharide 4 with lysozyme shows only the tetra- and tri-
saccharides 3 and 2. Apparently the 2-acetamido-2-deoxy-D-glucose (5) and di-N-
acetylchitobiose (1) formed, but undetected, are further transformed by transglyco-
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sylation. In the model proposed by Phillips*® for the action of lysozyme, the glycosidic
bond of the substrate is cleaved between units D and E (vertical arrow), where

Location of saccharide units in enzyme cleft: A B C DJE F

A) . X—X—X—X—X—»
(B) X—X—X—X—X—>

©) X—X—X—X—X—

) X—X—X—X—X—

X = GNACc residue. The reducing end is designated by an arrow.

It 1s not possible to ascertain which of the glycosidic bonds in 4 is preferentially
split, and, consequently, which of the lysozyme-pentasaccharide complexes (A-D) is
favored. If cleavage of the first glycosidic bond (from the nonreducing end) and of the
second bond (reactions A and B) occur in the early stage of the degradation, one or
two monosaccharide units would extend outside the cleft formed by the enzyme.
Degradation of the third and fourth glycosidic bonds (reactions C and D) would,
however, not require part of the substrate to be located outside the cleft; the latter
pattern of cleavage has recently been presented by Rupley and Gates!2.

In a communication published after this work had been completed, Rupley
and Gates!? explained the results of lysozyme action by the formation of enzyme-—
substrate complexes in a 1:1 or 1:2 molar ratio; such a complex in a 1:2 ratio at the
early stage of the hydrolysis of the pentasaccharide 4 would explain the results obtained
in the present work. In the hydrolysis of both the tetrasaccharide 3 and the penta-
saccharide 4, surprisingly small proportions of the trisaccharide 2 accumulated, al-
though the hydrolysis of 2, under the conditions used in this work, could not be observed
by chromatography. The complexity of the degradative process is increased by the
marked transglycosylation reaction. Oligomers of low molecular weight appeared and
disappeared in due course, and a chitin-like polymer was formed (see Table IT). In the
degradation of the pentasaccharide 4, the chitin-like, insoluble polymer was formed
in a yield of over 17%; the formation of similar polymers has already been reported
by Kravchenko and Maksimov®.

EXPERIMENTAL

General. — Melting points were determined on a hot stage equipped with a
microscope, and correspond to corrected melting points. Specific rotations were deter-
mined with a Perkin—-Elmer polarimeter Model No. 142. Infrared spectra were deter-
mined for KBr pellets with a Perkin—Elmer spectrophotometer Model 237. Paper
chromatography was performed on Whatman paper No. 1, descending, in 1:1:1 (v/v)
2-pentanol-pyridine-water'®. The chromatograms were revealed by alkaline treat-
ment!?, by the aniline hydrogen phthalate reagent (examined under u.v. light), and
by the silver nitrate reagent. Thin-layer chromatography was performed on silica
gel G (E. Merck, Germany), in 2:1 (v/v) acetone-methanol. The spots were revealed
by charring with sulfuric acid. Rgy refers to the mobility relative to that of Sudan Red,
a component of the test mixture supplied by C. Desaga, Heidelberg, Germany.
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Colorimetric determinations were made with a Zeiss PMQII spectrophotometer.
Evaporations were performed in vacuo, with the bath temperature below 45°, Small
amounts of volatile solvent were evaporated under a stream of dry nitrogen. Hen egg-
white lysozyme (3 times crystallized; N-acetylmuramide glycanhydrolase EC 3.21.17)
was purchased from Mann Research Laboratories, New York, N. Y. The microanaly-
ses were performed by Dr. M. Manser, Ziirich, Switzerland.

N-Acetylated chitin oligosaccharides. — These oligosaccharides were obtained
essentially according to the method of Rupley’, and no impurities were detected by
paper chromatography with the solvent system used for the study of the enzymic
degradation. The oligosaccharides were crystallized from water—methanol, and showed
the following physical properties: 2-acetamido-4-0-(2-acetamido-2-deoxy-p-p-gluco-
pyranosyl)-2-deoxy-a-D-glucose (1), m.p. 260-263° (dec.), [«]137 +32.3 (5 min) — 16.0°
(at equilibrium; ¢ 0.74, water); O-(2-acetamido-2-deoxy-f-D-glucopyranosyl)-
(1 - 4)- O-(2-acetamido-2-deoxy- f- D-glucopyranosyl) - (1 — 4) - 2-acetamido-2-deoxy-
D-glucose (2), dec.p. 282°, [«]%] +5.4 (10 min) — +3.7° (at equilibrium: ¢ 0.43,
water); O-2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1 —4)-O0-(2-acetamido-2-deoxy-
B-D-glucopyranosyl)-(1 —4)- O-(2-acetamido-2-deoxy- - D-glucopyranosyl) - (1 — 4)-2-
acetamido-2-deoxy-D-glucose (3), dec.p. 300°, [«]3’ —3.8° (after 15 min and at equi-
librium ; ¢ 1.05, water) ; O-(2-acetamido-2-deoxy-f-p-glucopyranosyl)-(1 —4)- O-(2-acet-
amido-2-deoxy-g-D-glucopyranosyl)-(1 —4)- O-(2-acetamido-2-deoxy-f-D-glucopyran-
osyl)-(1-»4)-0-(2-acetamido-2-deoxy-S-D- glucopyranosyl)-(1 — 4)-2-acetamido-2-
deoxy-D-glucose (4), precipitated as a gel, dec.p. 210°, ¢}y — 5.7 (9 min) - —7.2°
(at equilibrium; ¢ 0.5, water).

2-Acetamido-4- 0-(2-acetamido-3,4,6-tri- O-acetyl-2-deoxy-f-p-glucopyranosyl)-
1,3,6-tri-O-acetyl-2-deoxy-«-D-glucose (6), was prepared in 839/ yield from 2 by
treatment with acetic anhydride in pyridine, and was crystallized from methanol as
prisms, dec.p. 308°, [«]3S +54.1° (c 0.72, acetic acid).

Benzyl 2-acetamido-4-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy- f3-D-gluco-
pyranosyl)-3,6-di-O-acetyl-2-deoxy-f-D-glucopyranoside (7). — A solution of 6 (2 g)
in acetic acid (30 ml) presaturated at 0° with hydrochloric acid was kept for 48 h at
room temperature. The reaction mixture was extracted with chloroform (330 ml),
and the extract was successively washed with a saturated solution of sodium hydrogen
carbonate and water, dried (sodium sulfate), and concentrated in vacuo to 60 ml. The
solution was added to a mixture, preshaken for 30 min, of benzyl alcohol (66 ml),
silver carbonate?® (1.65 g), and crushed Drierite (1.65 g). Shaking was continued in the
dark for 7 days at room temperature. The mixture was then filtered through a carbon-
Celite pad, the filtrate was partially evaporated in vacuo, and a crystalline mass was
precipitated by addition of hexane. Pyridine (20 ml) and acetic anhydride (5 ml) were
added to the precipitate, and the mixture was kept in a closed vessei overnight at room
temperature. Ice was added, and the reaction mixture was kept for 2 h at room temper-
ature, extracted with chloroform (100 mi), and the extract washed successively with
water, saturated sodium hydrogen carbonate, and water, dried (sodium sulfate), and
evaporated to a light-yellow residue. Two recrystallizations from methanol gave
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needles (0.41 g, 192/), m.p. 281-282°, [«]26 —61° (¢ 0.34, chloroform); t.L.c. in 1:1 (v/v)
1,2-dichloroethane-acetone: Rgg 0.62; i.r. data: the 935 cm~! (m) peak present in 6
had disappeared, and two new peaks, at 680 and 730 cm™?, were present.

Anal. Cale. for C33H N,0,6: C, 54.69; H, 6.12; N, 3.87. Found: C, 54.21;
H, 5.84; N, 4.00.

RBenzyl 2-acetamido-4-O-(2-acetamido-2-deoxy- f-D-glucopyranosyl)-2-deoxy-f-D-
glucopyranoside (9). — A solution of 7 (319 mg) in 0.1M methanolic barium methoxide
(15 ml) was kept overnight at 4°. Carbon dioxide was then bubbled through the solu-
tion, the precipitate was filtered off, and the filtrate was evaporated to give a crystalline
residue; t.l.c. in 3:2 (v/v) methanol-acetone, Rgg 0.46 (as compared to Rggz 0.59 for 5
and 0.30 for 1). Recrystallization from methanol gave needles (100 mg, 95%7), m.p.
270-271°, [aJ3® —37° (¢ 0.16, water). The compound was nonreducing.

Aral. Calc. for C;3H3¢ N,0,4: N, 5.45. Found: N, 5.32.

Methyl 2-acetamido-4-O-(2-acetamido-3,4,6-tri-Q-acetyl-2-deoxy- -D-gluco-
pyranosyl)-3,6-di-O-acetyl-2-deoxy-f-D-glucopyranoside (8). — This compound was
prepared from 6 (0.2 g) as described for 7, but with the use of methanol instead of
benzyl alcohol. Crystallization from methanol gave needles (33 mg, 17%4), m.p. 285-
287°, [«]2® —43° (c 0.17, chloroform); t.l.c. in 2:1 (v/v) ethyl acetate-acetone, Rgsg
0.20 (as compared to Rgg of 0.37 for 6).

Anal. Cale. for C,,H, oN,0,6: C, 49.98; H, 6.22. Found: C, 49.85; H, 6.14.

Methyl 2-acetamido-4-O-(2-acetamido-2-deoxy-f-D-glucopyranosyl)-2-deoxy-f-
D-glucopyranoside (16). — A. solution of 8 (19 mg) in 0.IM barium methoxide in
methanol was kept overnight at room temperature. The solution was neutralized with
carbon dioxide, and evaporated to a residue which was dissolved in water (5 ml); the
solution was filtered through a Celite~Dowex~-50 (H) pad and evaporated. The residue
was homogenous on tl.c. in 2:1 (v/v) acetone—methanol, Rgg 0.49 (as compared to
Rgg of 0.78 for 5, and 0.46 for 1). Crystallization from methanol-ethyl acetate gave
needles (7 mg, 56%4), m.p. 232-236° (dec.), [«]3° —31° (¢ 0.28, water). The compound
was nonreducing.

Anal. Cale. for C;;H;(N,0, -0.5 H,0: C, 45.63; H, 6.98. Found: C, 45.53;
H, 7.69.

Incubation with lysozyme. — Unless otherwise mentioned, the enzymic degra-
dation was performed with a substrate concentration of 3mmM and 0.1 mg of enzyme
per ml, in 0.04M sodium citrate buffer (pH 5.25) at 37°. A drop of toluene was added
to every sample. For the reducing-sugar determination' of the degradation of 9,
samples of 0.1 ml were taken, whereas, for the other substrates, 0.1-ml samples of the
solutions, diluted fivefold, were used. The color obtained was determined at 690 nm, and
the results are reported as equivalents of 2-amino-2-deoxy-D-glucose in Figs. 1, 2, and 3.
The reducing values obtained for the hydrolyzates of compounds 2, 3, and 4 (see
Table IT) were decreased by the reducing value of the parent compounds (0.880, 0.734,
and 0.686 equiv., respectively), and by that of the enzyme solution. For the Morgan—
Elson test'8, 0.1-ml samples were used, the color was determined at 585 nm, and the
results are reported in Fig. 2. The samples used for the colorimetric tests were immed-
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iately frozen by dipping the test tubes in an acetone-solid carbon dioxide bath, and
were kept at —20° until analyzed. For chromatographic examination, samples of 50 ul
were applied immediately to paper or to thin-layer silica gel.

A period of less than 15 min elapsed before the chromatograms were placed in
the development tank. Two chromatographic systems were used (see Table I).

The amount of precipitate formed after a 49-h incubation of 4 was determined
by filtering an aliquot of 0.4 ml of the incubation mixture through a Millipore filter
(GS 0.22 um). The filter was washed three times with water (2 ml), and the nitrogen
content of the filter was determined by the Kjeldahl procedure. Since the washings of
the unused filter showed a high blank value, the yield of precipitate obtained (199
based on 4) is only approximate.

Isolation of compound 11. — The isolation of compound 11, having Rsz 0.39,
from the incubation mixture of 9 was performed on a sample (0.2 ml) applied to a
t.l.c. plate measuring 20 x 20 cm. The plate was developed with 2:1 (v/v) acetone—
methanol until the Sudan Red marker had travelled 14.6 cm. The zone at 4.2-6.2 cm
was eluted with water (20 ml), the suspension was filtered, and the filtrate was divided
into halves. One half was hydrogenolyzed with hydrogen at atmospheric pressure over
10%{ palladium-on-charcoal for 24 h, and the other was kept for reference. Both
solutions were evaporated to dryness under nitrogen, and water (0.1 ml) was added to
each. Examination of the hydrogenolyzed sample by paper chromatography showed
the presence of a compound migrating at the same speed as that of 2, whereas, in the
untreated sample, compound 1 was detected by paper chromatography and compound
11 by tlec.
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MASS-SPECTROMETRIC STUDY OF CARBOHYDRATES
A NEW FRAGMENTATION REACTION INDUCED BY ELECTRON IMPACT — “A-RUPTURE”

O. S. CHi1ZHOV*, L. S. GOLOVKINA, AND N. S. WULFSON
Institute for Chemistry of Natural Products, Academy of Sciences of U. S. S. R., Moscow (U. S. S. R.)
(Received July Z7th, 1967)

ABSTRACT

Cyclic acetals of alditols that contain 1,3,6,8-tetraoxabicyclof4.4.0]decane ring
systems have been found to undergo a novel type of fragmentation (s-rupture) on mass
spectrometry. The implications of this finding are discussed.

DISCUSSION

During the course of our study of the mass spectra of the cyclic acetals of
alditols**, we have observed an unexpected phenomenon. One might anticipate that
the mass spectra of 4,4’-bis-1,3-dioxolane derivatives 1 would be distinguished from
those of the isomeric 1,3,6,8-tetraoxabicyclof4.4.0]decanes 2, since, in compounds of
the type 1, rupture of the bond connecting the 1,3-dioxolane rings must give rise to
the stable ion a (when R; =R, the mass of this ion must be equal to one half of the
molecular weight). For compounds of type 2, formation of a similar ion seems improb-
able.

R +e

1
o T i\
=] Ph
o= téxpn o \r
/’\
— + O
0\\ =0 Ph o

O

Ro
1 2

However, for all of the 1,3,6,8-tetraoxabicycloj4.4.0]decanes studied [1,3:2,4-
di-O-benzylidene-L-threitol (3a), 1,3:2,4-di- O-benzylidene-erythritol (4a), 1,3:2,4-di-
O-benzylideneribitol (4b), 1,3:2,4-di-O-benzylidenexylitol (3b), 2,4:3,5-di-O-benzyl-
idene-D-mannitol (3¢), and 2,4:3,5-di-O-benzylidene-p-glucitol (3d)], the mass
spectra contain very intense peaks having mass numbers equal to one half of the

*Present address: N. D. Zelinsky Institute for Organic Chemistry, Academy of Sciences of U. S. S. R.,
Moscow (U. S. S. R.).
**For experimental details, see the next paper.
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molecular weight for symmetrically substituted compounds (3a, 3¢, 3d, and 4a).
For compounds 3b and 4b, there are pairs of peaks, for which the sum of the mass
numbers is equal to the molecular weight, and the difference is equal to the differ-
ence in mass of the groups R; and R,. We designate these ions as “half-ions”
(“h-ions™) and the reaction leading to their formation as “A-rupture”. The term
“h-ion” is used conventionally, even when the mass number is not equal to one half
of the molecular weight.

Ph
WV % m o7
Ph
3z Ri=Ro= Hg 4a R1;=Re=H
3b Rl—Cﬂon Rz—Ra—R4=H 4b R1=H; Rae=CHsOH

3e Ri=Ra=H; Rae=Ra=CH2:0H
3d R:=R3=H; R3j=R34=CH20H

To explain the formation of “/-ions”, we assume that the following electronic
shifts result in the rupture of three bonds to give, simultaneously, two very stable
entities, viz. the “A-ion” and the “/i-radical”.

Ro R>

P O. . O\/K P
h ot O+ "~
(o} Q.
O Ph Bh \(\O

Ih-
R, Ry

Re=H, m/e 149
Re=CHzOH, m/e 179

The following arguments favour such a mechanism. In the mass spectra of the
cis- (5a) and trans-5-hydroxy-2-phenyl-1,3-dioxanes (6), there are peaks at m/e 149.
The formation of the corresponding ion is in agreement with the mechanism described
above and can be represented as follows:

'&[\o c‘\’/\o
R +
\o{/'LPh U\Ph + R+CH0

S5a R=H “h”, mfe 149
5b R=D
8¢ R=PhCH:

Replacement of the hydrogen atom in the hydroxyl group by deuterium (5b)
does not change the mass number of the “%-ion”, because the peak at m/e 149 does
not shift. Hence, the hydrogen atom of the hydroxyl group is actually split off when
the ion having mfe 149 arises. The abundance of the “#A-ion” for compounds 5a and 6
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is relatively small (ca. 15% of the M™-ion). This fact can be explained by the
instability of the H--radical (¢f. ref. 1), which hinders the formation of the “/-ion™.
In full agreement with such an assumption is the fact that for 5-benzyloxy-2-phenyl-
1,3-dioxane (5¢) the abundance of the “#4-ion” increases very strongly, because, in this
case, “Ah-rupture” leads to the stable benzyl radical (the abundance of the “f-ion”
is equal to that of the M*-ion for this compound). There is a metastable peak in
the mass spectrum of compound Se¢, which corresponds to the transformation of the
M*-jon to the “h-ion”, and which indicates the one-step mechanism of the “A-rupture”
(calc. for270—149, m* 82.2; found, 82.2). For methyl 4,6-O-benzylidenehexopyrano-
sides (7) belonging to the 1,3,6-trioxabicyclo[4.4.0]decane series, “#A-rupture” is one
of the main directions of fragmentation:

e N

Y (A -

o Wdch; — = o ScH, .
=‘>__(= + Ph—CH—OCH,CHO

Ry Ry R} R, i
7 ﬂhl'
1
+e
o
Ph—Q q
ry - x
° OCH; o-=>__(‘—ocu3 + Ph—CH==0—CHz—CHO
"AY mle 149
R, Ra R, Ry 2 /
Iﬁ:

The nature of the substituents in the pyranoside ring has a substantial influence
on the charge distribution during “#%-rupture” and, consequently, on the intensity of
the peaks of the “A-ions”. The “h;-radical” is more stable than the “A;j-radical”, and
therefore in the mass spectra of compounds 7a-e, the “A,-ion” arises preferentizlly
and is more abundant than the “ 4,-ion”. Replacement of the glycosidic methoxyl group
by a phenyl group (e.g., compound 8, Table I) changes the stability ratio of the
“h-radicals™ and “#-ions™: the “Fk;-radical”, in this case, has approximately the same
stability as the “h-;radical”, but the “h,-oxonium ion” is more stable than the “h,-
carbonium ion”. This results in a change of relative abundance; the “#A,-ion” becomes
more abundant than the “h,-ion”. ’

For compounds 7a-c¢ which have no hydroxyl groups, *“ /1,-ions™ are more abun-
dant than for compounds 7d-f, which have unprotected hydroxyl groups (see Table I).

The fragmentation reaction induced by electron impact, and described here as
“h-rupture™, is evidently a general one for all compounds of the R-O-C-C-0-C-O-X

type:

+- +
R-O-C-C-O-C-O0-X —» R* 4+ O=C+C=0+C=0-X, where R is a group that
splits off as a radical, and X is an electron-donating group.
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The formation of some ions for which no satisfactory explanation could
previously be given can now be interpreted in terms of “A-rupture”. For instance, ions
having mfe 101, 129, and 159, and arising from 1,2:3,5-di-O-isopropylidene-x-D-
xylofuranose and 2,3:4,6-di-O-isopropylidene-L-sorbofuranose?, are consistent
with “hA-rupture™:

N of*z:/\r

R=H mfe 129
R = CHOH mfe 159

TABLE I

MASS NUMBERS AND RELATIVE ABUNDANCE OF *““/1 - AND “/2-IONS™ FOR METHYL 4,6-O-BENZYLIDENE-
HEXOPYRANOSIDES

Methyl 4,6-O-benzylidene derivative of Ry R> h ha
mfe intensity mfe intensity

2,3-Di-O-methyl-c-D-glucopyranoside 7a OCHs OCHs3 161 8.0 149 1.8
2,3-Di-O-methyl-£-p-galactopyranoside 7b OCH3z OCH3 161 12.0 149 1.2
2,3-Anhydro-«-p-allopyranoside Tc -O- 115 20.0 149 1.6
2-0-Methyl-z-p-altropyranoside 7d OCHs OH 147 1.4 149 0.6
a-p-Glucopyranoside Te OH OH 133 4.3 149 2.2
B-p-Galactopyranoside i3 OH OH 133 2.4 149 1.8
B-pD-Glucopyranosylbenzene 8 179 2.8 149 428

It has been emphasised that “/-rupture” can lead to the formation (from struc-
tural isomers) of ions having different structures, but the same mass. It has been
mentioned above that compound 1, and 3e and 3d, unexpectedly give the ions  and
“h™>, respectively having mass numbers corresponding to the peaks of high intensity.
If the structures of the di-O-benzylidene-pD-mannitol 3¢ and the di-O-benzylidene-p-
glucitol 3d had not been fully proved®*, it could have been wrongly concluded from
the mass spectra that compounds 3¢ and 3d have structures analogous to that of di-O-
benzylidenegalactitol and so are derivatives of the 4,4'-bis-1,3-dioxolane. It has been
suggested® that the mass spectra of furanoses are characterised by the formation of
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fragments arising by rupture of the C-4-C-5 bond; for instance, the fragment having
mfe 161 is characteristic of methyl furanoside methyl ethers:

L

*
OMe O, QMe
~K OMe —_— @e
ROH,C 1
e

OMe
mfe 161
However, if the substituent R can give a sufficiently stable radical R- a fragment
of the same mass is produced from the isomeric pyranose derivative as a result of

“h-rupture”.

R—0O o_OMe .
@ —————i~ R+ CH,O + OWOMe
OMe

OmMe
mle 161

Therefore, in mass spectrometric studies of cyclic acetals, it is necessary to take
into consideration the possibility of “hA-rupture”, in order to avoid a wrong interpre-
tation of the experimental data, especially when the ring size in derivatives of
carbohydrates is detected by the mass spectrometric method.
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ABSTRACT

The mass spectra of benzylidene acetals of various alditols have been measured.
An interpretation of the fragmentation processes is presented. The molecular weight
can readily be obtained, since a molecular jon is formed. It is possible to relate the
characteristics of the mass spectra to the structure and configuration of the compounds
studied.

INTRODUCTION

The structures of various acetals of alditols have not yet been proved unequiv-
ocally, in spite of a number of investigations (for a review, see refs. 1 and 2).
Of several methods available for elucidation of structure in this class of compound,
some are of imited value. For instance, partial hydrolysis with acid is not sufficiently
reliable (because there is the possibility of rearrangement), partial hydrogenolysis® is
not a general method, and n.m.r. spectroscopy has been applied mainly to ben-
zylidene* and isopropylidene® derivatives. Thus, it seemed desirable to apply mass
spectrometry for a study of the structures of cyclic acetals.

As a rule, the mass spectra of stereoisomeric methyl ethers or acetates of carbo-
hydrates are indistinguishable®. Acetals of stereoisomeric alditols are frequently
structural isomers, and their mass spectra must be quite different if their stereochemis-
try is to be elucidated (¢f. ref. 7). For stereoisomeric alkylidene derivatives, it may be
expected that there will be more-definite differences in the mass spectra of fused-ring
systems (such as those that occur in the majority of benzylidene acetals of alditols)
than are observed for acyclic or monocyclic compounds®.

‘We now report on the fragmentation patterns of some cyclic benzylidene acetals

of alditols.

EXPERIMENTAL

The mass spectra were determined with an MX-1303 mass spectrometer equipped

*Present address: N. D. Zelinsky Institute for Organic Chemistry, Academy of Sciences of U.S.S.R.,
Moscow (U. S. S. R.)
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with a glass inlet system for direct introduction of the sample into the ion source
operated at 140-160°; an ionizing potential of 30-38 electron volts and an ionizing
current of 0.7-1.0 mamp. were used. Relative intensities are expressed as a fraction of

the total ion current.

RESULTS AND DISCUSSION

The mass spectra of the following compounds were studied: 2,3:4,5-di- O-benzyl-
idenegalactitol (1), 2,3:4,5-di-O-benzylidene-1,6-dideoxygalactitol (2), 1,3:2,4-di-O-
benzylideneerythritol (3), 1,3:2.4-di-O-benzylidene-L-threitol (4), 1,3:2,4-di-O-benzyl-
ideneribitol (5), 1,3:2,4-di-O-benzylidenexylitol (6), 2,4:3,5-di-O-benzylidene-D-
glucitol (7), 2,4:3,5-di-O-benzylidene-p-mannitol (8). These compounds belong to
two types of cyclic acetal, involving 4,4’-bis-1,3-dioxolane (compounds 1 and 2) and
1,3,6,8-tetraoxabicyclo[4.4.0]decane ring systems (compounds 3-8). A simpler frag-
mentation pattern is characteristic of the first type.

4,4'-Bis-1,3-dioxolanes. — The main directions of fragmentation of the molec-
ular ions of these compounds are shown in Fig. 1.

Fig. 1. Fragmentation pattern of the 4,4’-bis-1,3-dioxolanes.

The main fragmentation reaction consists in cleavage of the bond connecting
the dioxolane rings. The g-ions arising in this way [mfe 179 for (1), mfe 163 for (2)]
are the most abundant in the mass spectra. All other directions of fragmentation lead
to ions and radicals that give peaks of low intensity. As with other 1,3-dioxolanes®, the
molecular ions of compounds 1 and 2 can lose a hydrogen atom (probably that linked
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to the acetal carbon atom). The process leads to the b,-ion. Elimination of a molecule
of benzaldehyde or benzoic acid from the b,-ion leads to fragments b, and b;. Loss
of a phenyl radical is very disadvantageous thermodynamically, and the peaks of
very low intensity correspond to ¢,-ions arising in this way. Expulsion of benzaldehyde
or formic acid from fragment ¢, gives the c,- and bs-ions. The molecular ions of
compounds 1 and 2 can lose the substituent R as a radical, leading to the ion dj,
which loses benzaldehyde and forms the d,-ion. The direct expulsion of a benzalde-
hyde molecule from molecular ions is also possible, and leads to the e,-fragments.
The mass numbers of the ions arising from the fragmentation of the molecular ions 1
and 2 are given in Table I, and the corresponding mass spectra are shown in Fig. 2.

TABLE 1
MASS NUMBERS OF THE MAIN IONS ARISING FROM COMPOUNDS 1 AND 2.

Compound wmfe
M+ a b1 bz bs c1 c2 di de e

358 179 357 251 235 281 175 327 221 252
2 326 163 325 219 203 249 143 (311) 205 220

-~

In the mass spectrum of compound 2, the peaks of the ions (a, d,, and d,) con-
taining only one substituent R are shifted 16 m.u. to lower m/e values, and the peaks
of ions (b,, b,, b3, c¢;, and c,) retaining both the terminal substituents are shifted
32 m.u. to lower m/e values. The scheme of fragmentation discussed is similar to that
proposed for isopropylidene derivatives of monosaccharides’ and alditols'®.

In addition to the peaks of the a—e series, in the mass spectra of the compounds 1
and 2, there are several very intense peaks (m/e 105, 91, 77) corresponding to the
aromatic ions CgHsCO™, C;H,*, and CsHs*. Formation of ions of the b, ¢, 4, and
e series and of aromatic fragments is characteristic of all of the benzylidene derivatives
studied. If a compound contains a hydroxyl group, an intense peak at mfe 107
appears in its mass spectrum, and is assigned to the protonated molecule of benzal-

+
dehyde, CsH;CH=0H.
1,3,6,8-Tetraoxabicyclo[4.4.0ldecanes. — There are several intense peaks in the
mass spectra of the compounds of this series, in addition to those belonging to the

b-, c-, d-, and e-ions. Firstly there are peaks of h-ions, formed!! by “h-rupture”.
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For the compounds (3, 4, 7 and 8) where R; =R, the mass numbers of the “#; ” and
hZ-ions” are the same, if R, # R, (compounds 5 and 6), these ions have different mjfe
values. The “h;-ions” can undergo two types of transformation. When R is CH,OH, the
“h,-ion” can lose formaldehyde giving rise to the “#A,-ion™:

+
Ph -
PEE e o
o 2
4o ﬁ
<]

“ht, r;wle 179 *hy » mle 149

When R =H, the isomerisation “A,;” — “A,” can proceed as follows:

Ph (FHzF’h
H l (0* +
Z O+ —_— ON ——— OCH—CHO + CH,Ph
(o]
H
B mfe 1
Bt
hl

Fragmentation of the “/,-ion” into a glyoxal molecule and a benzyl ion (mfe 91)
is supported by a metastable-ion peak at m/e 55.6 in the mass spectra of compounds
3 and 4 (calc. for 149 — 91, m* 55.5).

The formation of the ion f, the mass number of which corresponds to one 1,3-
dioxane ring, is very characteristic of all of the 1,3,6,8-tetraoxabicyclof4.4.0]decanes.
The following mechanism seems most probable:

Ph rd th
— PhCHO + R,CHO + o .

R2

f1
This mechanism is corroborated by the metastable-ion peak at m/fe 87.8 in the mass
spectrum of compound 4 (calc. for 298 — 162, m™* 88.0). The f;-ion can undergo two

further types of transformation. The loss of a hydrogen atom gives the f,-ion, whereas
expulsion of the R radical produces the fi-fragment.

3 bt + +
o_H 0. 0. O,
= X P & Ph A Ph
Ph -— I - e -
. O QO o O . O
R R ]
fy ) 3

The presence of the peaks at mje 192, 191, and 161 (f,, f>, and f5) in the mass
spectra of the 1,3,6,8-tetraoxabicyclof4.4.0]decanes 7 and 8 allows these compounds
to be distinguished from the isomeric galactitol derivative (1), which belongs to the
4.4'-bis-1,3-dioxolane series.
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The mass numbers of the main ions arising from the molecular ions of

compounds 3-8 are listed in Table

II, and the mass spectra are shown in Fig. 2.
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Fig. 2. Mass spectra of A4, 2,3:4,5-di-O-benzylidenegalactitol (1); B, 2,3:4,5-di-O-benzylidene-1,6-
dideoxygalactitol (2); C, 1,3:2,4-di-O-benzylidene-1-threitol (4); D, 1,3:2,4-di-O-benzylidene-erythritol
(3); E, 1,3:2,4-di-O-benzylidenexylitol (6); F, 1,3:2,4-di-O-benzylideneribitol (5); G, 2,4:3,5-di-O-
benzylidene-p-mannitol (8); H, 2,4:3,5-di-O-benzylidene-p-glucitol (7).

TABLE II

MASS NUMBERS? OF THE MAIN IONS ARISING FROM COMPOUNDS 3-8

Compound mfe

Mt b1 bz bs c1 cz di d2 e “h1” “h2” f1 f2 fa

3 298 297 191 (175) (221 115 — — 192 149 — 162 (161) —

4 298 297 191 175 221 115 — — 192 149 — 162 (161) —

S5 328 327 221 205 (251) 145 297 191 222 149 — 162 161 —
179 149 192 191 161

6 328 327 221 205 251 145 297 191 222 149 — 162 161 —
179 149 192 191 161

7 358 357 251 (235) 281 175 327 221 252 179 149 192 191 161

8 358 357 251 (235) 281 175 327 221 252 179 149 192 191 161

aNumbers in parenthesis indicate that the corresponding peaks are of very low intensity or are absent
from the mass spectrum.

Comparison of the mass spectra of the cis, frans stereoisomers 3 and 4, and
5 and 6 reveals substantial differences in the intensities of the main peaks. The
molecular ions are moere abundant in the mass spectra of the cis isomers (4 and 6), than
in those of the trans isomers (3 and 5); the “h,-peaks™ are more intense for the
trans isomers. On the other hand, the peaks of the fi-ions (formed by cleavage of the
bond that is « to the carbon atoms common to both the fused rings) are more intense
in the mass spectra of the cis compounds 4.and 6. A similar pattern has been observed
for a number of fused carbo- and hetero-cyclic systems®. The nature of the substituents
strongly affects the fragmentation of the 1,3,6,8-tetraoxabicyclo[4.4.0ldecane system.
Thus, the above-mentioned differences in the mass spectra are more pronounced for
the unsubstituted cis, trans isomers 3 and 4, than for the substituted derivatives 5
and 6. Such substituents as (EtS),CH completely change the fragmentation pattern,
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as has been demonstrated for the diethyl dithioacetals of 2,4:3,5-di-O-benzyl-
idene-D-xylose and D-ribose!2.

For compounds 7 and 8, a comparison may be made of the influence on the
fragmentation processes of substituents in axial or equatorial positions. Both of these
compounds have the “ O-inside” conformation®, the former having one and the latter
having two axial CH,OH groups. The more sterically strained compound 8 shows a
much less-intense molecular-ion peak than isomer 7. In the mass spectrum of com-
pound 7, the ions f; and f, have approximately the same abundance, but, for com-
pound 8, the f,-peak is three times more intense than the f;-peak.

Thus, the characteristic features of the mass spectra of benzylidene derivatives
of alditols may be used for detecting the structure and stereochemistry of their cyclic
acetals, and, in some cases, for determination of the configuration of the parent
alditol.
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