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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, 
aeodan, 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-D-galactose as major 
components, together with small proportions of D-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-&lactose (!%$A, talc. as CsHr005) was determined by the Somo,$2 micro- 
method after separation by chromatography. This method was unsatisfactory for the 
determination of 2-O-methyl-D-galactose (lo%, talc. as C!,H,,O,), the concentration 
of which was calculated from the methoxyl content (1.9%) of the puritied 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 l-2%. From the above values and the sulphate content 
(27.5%, talc. as NaSO,), the approximate molecular ratio of D-galactose:2-O-methyl- 
D-galactose:sulphate (NaSO,) is 12:2:9. Such a repeating unit has an equivalent weight 
of 366 (found 375) and a methoxyl content of l.SS”/& No account has been taken of 
glycerol in these calculations. 

Treatment of aeodan with alkali and sodium borohydride3 resulted in the 
liberation of ca. 16% of the sulphate, and the formation of an equivalent amount of 
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3,6&nhydro-D-galactose, indicating that cu. 5.7% of the D-galactose was substituted 
in either the 2- or Cpositions, or partly in each. This substitution could be interpreted 
as (142)- or (1+4)-linked D-galactose 3(or 6)-sulphate. 

The infrared spectrum showed peaks at 1240 (characteristic of carbohydrate 
sulphates) and 8 15 cm- ’ (sulphated primary hydroxyl group4). 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 0.15~ methanolic hydrogen 
chloride’ for 114 h at room temperature, which gave 36% 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 bad been consumed per hexose residue. In 

TABLE I 
AMOUNT (MOLE) OF PERIODATE REDUCED PER HEXOSE RESIDUE 

Time (h) 3 24 48 72 96 120 

Aeodan 
Desulphated aeodan 

(SO;, 6.3%) 
Desulphated aeodan 

(so;-_, 3.45%) 

0.05 1 0.142 0.170 0.170 0.170 

0.456 0.610 0.675 0.698 0.718 0.723 

0.444 0.545 0.607 0.634 0.641 0.659 

the case of each specimen of desulphated aeodan, 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 hexose 
residue as aeodan. The low consumption of periodate by aeodan suggests the presence 
of (a) a large proportion of (1 -+3)-links; (b) (1-3)~links, together with units containing 
other glycosidic links, but carrying sulphate or methoxyl groups in such positions 
as to render these units immune to periodate; or (c) 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. 

Aeodan and desulphated aeodan were oxidised with periodate, and the resulting 
oxopolysaccharides were reduced with borohydride6. Complete, acid hydrolysis 
of the polyalcohols, followed by paper chromatography, revealed the presence of 
threitol, glycolaldehyde, and a trace of glycerol as degradation products of aeodan, 
together with unchanged D-galactose and 2- U-methyl-D-galactose, whereas only 
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threitol and the above two sugars were detected in the case of the polyalcohoi 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 unsubstitnted at 
positions 2, 3, and 6. Support for this inference is provided by the presence of 2,3,6- 
tri-0-methyl-D-galactose in the hydrolysis products of methylated aeodan and methyl- 
ated, desulphated aeodan. In addition, alkali treatment of aeodan indicates that only a 
small portion of the D-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 &substituted D-galactose residues having 
positions2,3, and 4 free, a view partly supported by the presence of a trace of 2,3,4-tri- 
U-methylgalactose in the hydrolysate of methylated aeodan. However, not only could 
the trace of tri-0-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 rhe hydrolysate. The only other 
possibility, ttiz, 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-0-methyl-D-galactose present in small propor - 

tions. The presence of 2,4,6-tri-0-methyl-D-galactose provides additional, strong 
evidence for the presence of (l-+3)-linkages, whereas the presence of the 2,3,6-isomer 
confirms the presence of (I-+4)-linkages in the molecule. 

In common with other sulphated polysaccharides, aeodan 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-0-methyl-D-galactose, 2,3,6- and 2,4,6-tri-O- 
methyl-D-galactoses, 2,6- and 4,6-di-0-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&i- 0-methylgalactose was detected. 

The results of the methylation of aeodan 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-0-methyl-D-galactose would appear to indicate that not all 
of the (I-,3)-linked D-galactose residues are sulphated. The 2,6-di-O-methyl- 
D-galactose could have arisen from (1+3)-Iinked units sulphated atposition 4, although 
the spectroscopic evidence4 (no band at 850-860 cm-’ for axial secondary sulphate) 
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is against this. On the other hand, it may represent a genuine (l-+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 (143) and 
(i+4), with, apparently, the former in greater concentration. Aeodan resembles the 
R-fraction of carrageenang in several respects_ It is not precipitated from solution in 
the presence of potassium chloride, it is highly sulphated, and it contains (l-+3)- 
linked residues of D-galactose 4-sulphate. On the other hand, aeodan differs from 
kcarrageenan 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 aeodan will be 
presented in a further paper. 

EXPERIMEmAL 

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- 
pyricline-water (9:2:2) and (3) butyl alcohol-ethanol-water (40:11:19). p-Anisidine 
hydrochloride”, p eriodate-benzidinell , and aniline-diphenylamine-phosphoric acid’= 
are sprays CL, b, and c, respectively. Thin-layer chromatography (t.1.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 cf aeodart. - 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 mur_ky, 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”/0.5 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; [cr]k* 
f79” (c 0.53) pound (on material dried at 60”/0.5 mm): 3,6-anhydrogalactose’3, 0.1; 
ash (sulphated), 16.9; OMe, 1.9; N, 0.0; SO:-, 25.59%; equiv. wt. (from SOi- detn.), 
375; v,,x 1240 and 815 cm-l (KBr disc)]. The polysaccharide failed to precipitate 
from solution where 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 componenrs 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 (Ht) 
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 5.4 cm), 
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 I. 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 Holdt14 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”, [a]h6 
+84.9” (final) (c 0.53) (Found: C, 42.9; H, 7.1, C7H,,06 talc.: C, 43.3; H, 7.2%). 
Oldham and Bell15 reported m-p. 147-149”, [~]n + 534 f82.6”. This sugar had the 
mobility of authentic2- O-methyl-D-galactose in solvent systems 1 and 2, and gave spots 
of the same colour as given by the authentic sugar with spray Q. When a similar paper 
was sprayed with triphenyltetrazolium chloride, neither the sugar derived from the 
polysaccharide nor authentic2-O-methyl-D-galactose were revealed, whereas authentic 
3-O-methyl-D-galactose, eluted on the same paper, was readily revealed (pink spot). 

Demethylation lo of the sugar gave D-galactose and unchanged 2-O-methyl-n- 
galactose (paper chromatogram). The derived “anilide” had m-p. and mixed m-p. 
(with authentic 2-O-methyl-N-phenyl-D-galactosyIamine’6) 164-165”. 

Fraction 3. The syrup (2.2 g) was shown to be a mixture of 2-O-methylgaiactose 
(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 recrystailisation (charcoal) from 
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ethanol, gave D-xylose (19 mg), m.p. and mixed m.p. 145-146”; [alA + 18.1” (c 0.55). 
Percival and Weld” reported m.p. 144-145”; [oL],, tl8.3”. 

Fraction 4. The syrup (730 mg) was shown by chromatography to be a mixture 
of galactose (trace), xylose (trace), and 2-U-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, [a]b6 -l-90.1” (c 0.71). It 
gavemucicacid,m.p.andmixedm.p.212-213*, on oxidation with nitricacid-water(l:l). 

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,J 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 borohydride3 (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), [a];’ -1-76” (c 0.5) (Found: SO:-, 21.57; 
3,6-anhydrogalactose , . l3 5 1%). Chromatography (solvent 1) of a hydrolysate showed 
spots corresponding to galactose, 2-O-methylgalactose, and xylose. 

Desulphation of aeodan by treatment with methanolic hydrogen chloride5. - 

Polysaccharide (1.99 g) was shaken with 0.15~ methanolic hydrogen chloride (100 m1) 
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 2-0-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: SO:, 7.65%). The peak at 8 15 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 0.09~ resulted, 
after a single treatment (448 h), in an 83% yield of polysaccharide, [a]F +77” (c 0.64) 

(Found: SO;-, 24.8%). Further shaking with 0.15~ methanolic hydrogen chloride for 
114 h gave a 36% yield ofpolysaccharide, [&]A8 +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 2-0-methylgalactose. 

In a third experiment, the polysaccharide was shaken with 0.15M methanolic 
hydrogen chloride for 48 h at room temperature and isolated (yield, 81%) as above. 
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(Follnd: so;-, 16.8”/, After a further 48-h treatment, the yield was 37% (Found: 
so:-, 6.3%). 

Periodate oxidation of polysaccharides. - Aeodan (29.5 mg) and desulphated 
polysaccharides (SO:-, 6.3 and 3.45%; 24.7 and 24.2 mg, respectively) were dissolved 
separately in water (5 ml), and 0.288~ 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” gable I). 
Reduction ofperiodate-oxidisedpolysaccharide6. - (a) 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 (BaCOs) 
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 (IO 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-1-c. of a 
second aliquot (ethyl acetate-propyl alcohol-water, 2:7:1) revealed spots having the 
mobilities of glycerol and threitol (alkaline permanganatc spray). 

(b) A solution of desulphated, degraded polysaccharide (SO:-, 6.3%; 0.32 g) 
and sodium metaperiodate (2. I4 g) in water (30 ml) was kept for 96 h and then treated 
as in (a). 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 borohydtide 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 simultaneously with methyl sulphate (150 ml) and sodium hydroxide 
solution (30% 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 
f&tl 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 hjrdrolysate. 
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 dialjrsed solutions, followed by freeze-drying (yield, 11.2 g) (Found: OMe, 19.8; 
SO:-, 16.5%). 

Hydrolysis of methylated polysaccharide and separalion 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 x 5.4 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 I contained traces of tetra-O-methylgalactose (paper chromatography), 
together with degradation products arising from the hydrolysis. 

Fraction 2, a syrup, chromatographically identical with tetra-0-methylgalactose, 
gave a crystalline “anilide”, m-p. and mixed m-p. (with 2,3,4,6-tetra-O-methyl-N- 
phenyl-D-gaiactosylamine) 188-189”. Clingman and NunnXg reported m.p. 189-190”. 

Fraction 3, a syrup, shown by t.1.c. (spray c) to be a mixture of 2,4,6- and 2,3,6- 
tri-O-methylgaIactose, together with a trace of the 2,3&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 1% and finally at 
5% of the latter component over 10 litres of eluant. On the basis of t.l.c., the fractions 
were recombined into three fractions. 

Fraction 3a, a syrup, [a];* e 9 1.5” (c 0.5), chromatographically (t.l.c., spray c) 
identical with 2,4,6-tri-0-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 Nunnlg reported 
m-p. 170.5-171 So. The phenylosazoneg, on recrystallisation from aqueous ethanol, 
had m-p. 154-155”. 

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

Fraction 3c, a syrup, [E]F +90” (c 0.37), was chromatographically identical 
with 2,3,6-tri-0-methyl-D-galactose. The derived 2,3,6-tri-0-methyl-D-galactono-1,4- 
lactone2’ had m.p. 97-99”. 

Fraction 4 contained a mixture of 2,6- and 4,6-di-0-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-D-galactose, after crystallisation from ethyl acetate, had [c&* + 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]b6 +117.6 (5 min) --, +73.8O 
(c 0.87) (Found: C, 46.1; H, 7.9. C8H1606 talc.: C, 46.1; H, 7.8%). Golan and Reesg 
reported m.p. 146-147”, [a], + 120 (5 min) -_, +74”, whereas Bel12’ reported m-p. 
131-133O 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 Reesg 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-U-methyl- 
N-phenyi-D-galactosyhunine. 

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

Fraction 7 crystalhsed from ethanol or ethanol-water, yielding prisms of 4-G 
methyl-D-galactose, m-p. 202-209”, [algo +63.5 (5 min) + + 82.5” (c 1.26). The 
“anilide” crystallised from ethanol as needles, m.p. 166-167”. Hirst and Jonesz3 
reported m-p. 207” for 4- 0-methyl-D-galactose, and 168” for 4- 0-methyl-N-phenyl- 
D-galactosylamine. 

Methylation of dewlphated aeodan. - Polysaccharide (4.8 g; SO;-, 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 cont. 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 x 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 gj 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: SO:-, 
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- 
yl content. 

Hydrolysisof des~rlphated,methylatedpolysacc~laride,andseparationof theproducts. 
- Hydrolysis of the methylated polysaccharide (OMe, 35% ; 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-0-methylgalactose, two tri-0-methylgalactoses, and two d&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.1.c.) 
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identical with 2,3,4,6-tetra-0-methylgalactose. The derived aniline derivativelg, 
after recrystallisation from ethanol, had m-p. and mixed m-p. 188-189” with 2,3,4,6- 
tetra-U-mefhyl-N-phenyl-o-galactosylamine. 

Tri-O-methyl fraction. The syrup (250 mg) was shown by chromatography 
(t.l.c., spray c) to be a mixture of 2,4,6- and 2,3,6-tri-0-methylgalactose. This syrup 
was separated into two fractions on a charcoal-C&e 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, [a]ha +90” (c O-47), on treatment with aniline yielded an “ anihde” which, 
after recrystahisation from ethanol-ethyl acetate, had m-p. and mixed m-p. (with 
2,4,6-tri-O-methyl-N-phenyl-~galactosylamine’g) 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- f%methylgalactose, but different from 2,4,6- 
and 2,3,4-tri-0-methylgalactoses eluted on the same plate. 

Di-0-methylfraction. 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, aeodan, isolated from Aeudes orbitos a 
was shown to contain n-galactose, 2-0-methyl-D-galactose, and glycerol. It was 
desulphated with methanol&z hydrogen chloride. Both aeodan and desulphated aeodan 
were studied by periodate oxidation and methylation. In addition, aeodan 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 studyl, it was found that the 2-, 3-, and 6-methyl ethers of methyl 
/3-Dglucopyranoside and gentiobiose are hydrolyzed in acid solution somewhat 
more slowly than the unsubstituted compounds. Hook and Lindber$ noted a 
stabilization towards acid when methyl a- and j?-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. Theander3 found that methyl 
j3-D-gluco-hexodialdo-1,5-pyranoside is hydrolyzed 20 times, and its 4-methyl ether 
70 times, as fast as methyl #?-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 IC (D) conformation, in which all of the hydroxyl groups are axially 
attached. 

A 5,3-lactone might be formed by D-ghrcopyranosiduronic acids; it would be 
expected to influence the acid-catalyzed hydrolysis of such compounds. It was 
therefore of interest to establish the rate of hydrolysis of D-ghrcopyranosiduronic 
acids methylated at O-3 and incapable of giving a 5,3-lactone. The aglycons chosen 
were isopropyl and Zchloroethyl, which are the least and the most stable, respectively, 
of the D-glucopyranosiduronic acids previously investigated4. Comparison was made 
with the corresponding b-D-glucopyranosides. For the isopropyl and 2-chloroethyl 
/S-Dglucopyranosides, the effect of a methyl group on O-6 was also studied. 

RESULTS 

Isopropyl (1) and 2-chloroethyl (2) 3-U-methyl+~-glucopyranosides were 
synthesized by conventional methods. The corresponding /3-D-glucopyranosiduronic 
acids (3 and 4) were obtained by catalytic oxidation of the D-glucopyranosides. 
Isopropyl (5) and 2-chloroethyl(6) 6-0-methyl-J?-D-glucopyranosides were prepared 
by standard methods. Hydrolyses were conducted as previously described’*4-7. 
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-/I-D-glucopyranoside. 

It was found that de 3-O-methyl-D-ghtcosides 1 and 2 are hydrolyzed at 
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R” R R’ R” 

0 OR 

0 

1 CH(Me)s Me CHzOH 
2 CHsCHzCl Me CHsOH 

OR’ 3 CH(Me)e. Me COeH 
HO 4 CHeCHeCI Me COeH 

OH 5 CH(Me)z H CHaOMe 
6 CHsCHzCl H CHsOMe 

slightly higher rates than the unsubstituted D-ghrcosides4, 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 D-ghtcosides 1 and 2. The 6-methyl ethers 5 and 6 were hydrolyzed slightly 
more slowly than their unsubstituted analogs4. The methyl, isopropyl Q, and 
2-chloroethyl(6) 6-O-methyl-/3-D-glucopyranosides did not differ considerably in their 
rates of hydrolysis, in notable contrast to the corresponding D-glucopyranosiduronic 
acids4s6. Methyl 6-deoxy-6-fiuoro-or-D-ghrcopyranoside was hydrolyzed at approxi- 
mately the same rate as the 6-chloro and Qiodo compounds studied previously6. 

DISCUSSION 

It was noted previously’ that methyl 3-O-methyl+?-D-glucopyranoside is 
hydrolyzed slightly more slowly than methyl /?-D-ghtcopyranoside, 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 D-&CO- 

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 D-ghrcopyranosiduronic acids was unexpected. It is 

TABLE I 
RATE COEFFICIENTS AND KINETIC PARAhlETERS FOR THE HYDROLYSIS OF MONO-&M!ZTHYL+D-GLUCG- 

PYRANOSIDES, MONO-O-.METHYL-/?-D-GLUCOPYRANOSIDURONIC ACIDS, AND METHYL 6-DEOXY-6-FLUORO- 
/?-D-GLUCOPYRANOSIDE IN 0.5~ SULFURIC ACID 

Glvcoside k x 10-6, see-1 
60” 70” 80” 

E (kc& AS* at 60” 
mok-1) (cal deg-1 

moieml) 

3-0-Methyl-B-n-ghtcopyranoside 
isopropyl (1) 2.95 
2-chloroethyl (2) 2.13 

3-0-MethyI+D-glucopyranosiduronic acid 
isopropyl (3) 41.7 
2-chloroethyl (4) 0.365 

6-0-Methyl-j%rr-glucopyranoside 
isopropyl (5) 2.10 
2-chloroethyl (6) 1.51 

6-Deoxy-6-fluoro-a-n-glucopyranoside 
methyl - 

12.2 49.6 33.0 + 13.7 
9.39 37.1 .33.4 + 14.2 

144.5 430.5 27.3 -4 1.7 
1.32 4.75 30.0 + 0.5 

9.17 36.3 33.3 + 13.9 
6.60 26.2 33.3 +13.2 

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 previously4; if this is the case, the effect of the 
3-O-methyl substituent must be conformational, and similar to the influence of the 

4-O-methyl group in the compounds studied by Theander3. Interestingly, he found3 
that introduction of a methyl group at O-4 of methyl j?-D-glucopyranosiduronic acid 
had no noticeable effect on the rate of hydrolysis. 

The similar rates of hydrolysis of the methyl, isopropyl Q, and Zchloroethyl 
(6) 6-O-methyl-j?-D-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 previously4 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 previously6, 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, SC-substituted methyl a-D-xylopyranosides has been plotted agains 

Fig. 1. Relation between the electron affinity of the substituent at C-5 and the rate of hydrolysis 
of SC-substituted methyl a-D-xylopyranosides. 

Charton’s’ polar substituent constant (cl), using values reported here and in a 
previous study6. In most cases, there is an inverse relationship between the rate of 
hydrolysis and the electron affinity of the substituent at G5. 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 a,. Methyl 6-amino-6-deoxy-a-D-glucopyranoside is hydrolyzed 10 times, 
and methyl a-D-glucopyranosiduronic acid 44 times, more rapidly than calculated. 
The recent results of Capon and Ghosh lo 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 D-glucopyranosiduronic acid, D-glucopyranoside, and un- 
ionized D-glucopyranosiduronic acid. The values obtained at SO”, namely, 2820: 
741, 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 assumedl’ to be 3.2, and if the rate 
is assumed to be equal to kl [RCOO-] + k2 [RCOOH], where k, = 480 x 10m6 set-’ 
and k2= 0.17 x 10s6 see-’ (see Fig. l), it is found that, in an 0.05~ solution of sugar 
in 0.5~ aqueous sulfuric acid, the rate will be (15.8f8.5) x lo-’ mole liter-’ see-‘. 
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 x 10mg mole 
liter-‘set-‘, is 15 times lower than that measured, namely 370 x 10sg mole liter-’ 
see-l. The possibility of an increase in rate through anchimeric assistance of the 
carboxyl group, as suggested previously4, is thus indicated. Such intramolecular 
catalysis could involve the carboxyl group on C-5 in its ionized or un-ionized forms, or 
bothl*. Polar and conformational factors and intramolecular catalysis might thus 
influence the acid hydrolysis of D-glucopyranosiduronic acids. 

General experimental conditions, kinetic measurements, and calculations were 
the same as in a previous investigation 4. 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 lI1. 

Isopropyl 3-0-methyl-/3-D-glucopyranosiduronic acid (3). - 1,2:5,6-Di-O-iso- 
propylidene-a-D-glucofuranose, m.p. 109-l lo”, [a], - 14”, was methylated, and the 
product was hydrolyzed to give 3-O-methyl-D-glucose’3; yield 85%, m.p. 161-163”, 
[aID +56”. This was converted into 2,4,6-tri-0-acetyl-3-0-methyl-a-D-glucosyl 
bromide14*15 (42 g); a solution thereof in purified chloroform (100 g) was added to a 
mixture16 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 liltrate was evapo- 
rated to dryness, the residue was mixed with chloroform, the suspension was titered, 
and the atrate 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 3-0-methyl+-D-glucopyranoside (1). 

Compound 1(9 g) was dissolved in water (200 ml) in a S-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 atered through Celite, the filtrate was 
treated with Amberlite IR-120 @If) ion-exchange resin, the suspension was filtered, 
and the filtrate was added to the top of a column of Dowex l-X4 (OAc-) ion-exchange 
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TABLE II 

EXPERIMENTAL AND ANALyTICAL DATA FOR THE MONO-&fETHyL-p-D-GLUCOPYOSIDE AND MONO- 

0-METHYL-P-D-GLUCOPYRANOSIDURONIC ACID PERACETATES 

Glycoside Yield, % M-P-, b]D, Carbon,% Hydrogen, % 

degrees degrees Calc. Found Caic. Found 

2,4,6-Tri-0-acetyl-3-0- 
methyl-/?-n-glucopyranoside 

isopropyl 79 
ZchloroethyP 62 

Methyl (2,4-di-U-acetyl- 
3-0-methyl-/l-n-gluco- 
pyranosid)uronate 

isopropyl 60 
2-chloroethyl 65 

2,3,4-Tri-O-acetyl-6-O- 
methyl-/f-D-glucopyranoside 

isopropyl 75 
2-chloroethylb 37 

107-108.5 -32.5 53.03 53.22 7.23 7.30 
61.5-62.5 -22.9 47.06 46.67 6.06 5.91 

103-104 -52.1 
94-95 -38.4 

130-131 -23.6 53.03 52.21 7.23 7.10 
102-103 -11.4 47.06 47.63 6.06 6.26 

%aIc.: Cl, 9.26. Found: Cl, 9.16. %alc.: Cl, 9.26. Found: Cl, 9.34. 

TABLE III 
EXPERIMENTAL AND ANALMICAL DA-l-A FOR THE MONO-O-METHYL-/?-D-GLUCOPYRANOSIDES AND MONO- 

0-METHYL-#?-D-GLUCOPYRANOSIDLJRONIC ACIDS 

Giycoside M.P., h]D, Carbon,% Hydrogen, % 
degrees degrees CaIc. Found Calc. Found 

3-0-Methyl-p-n-glucopyranoside 
isopropyl (1) 78-81 -37.7 SO.83 50.81 8.53 8.68 
Z-chloroethyla (2) 110-111 -28.1 42.11 41.80 6.68 6.91 

3-O-Methyl-/i-n-glucopyranosid- 
uranic acid 

isopropyl (3) - 54.0 47.98 46.06 7.25 7.46 
Z-chloroethyl (4) -42.2 

6-0-Methyl-@-D-glucopyranoside 
isopropyl (5) -35.3 
2-chloroethyl (6) -25.5 

“Calc.: 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-/I-D-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 h a d an equivalent weight of 273 and was isopropyl 3-O-methyl- 
/?-D-ghtcopyranosiduronic acid (3). 

This compound (1 g) was converted into the methyl ester with diazomethane in 
ethanol-ethyl ether, and the ester 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. 
Lsopropyl (5) and 2-chloroethyl (6) 6-0-methyl-/3-D-glucopyranosides. - 6-0- 

Methyl-D-glucose17*‘8. m-p_ 139-142”, [cc]n +63”, was converted in the usual way 
into 2,3,4-tri-0-acetyl-6-0-methyl-a-n-ghacosyl bromide”. Condensation as above, 
but in the presence of silver carbonate, with isopropyl alcohol and 2-chloroethanol, 
respectively, followed by deacetyiation, gave the desired compounds, 5 and 6. 
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SUMMARY 

Isopropyl and Zchloroethyl 3-0-methyl+n-gl ucopyranosiduronic acids, but 
not the corresponding O-D-ghtcopyranosides, are hydrolyzed in acid solution at a 
rate higher than that for the unmethylated compounds. The hydrolysis of 6-O-methyl- 
P-D-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-5.3 t was shown that, in N sulfuric acid, the 
contribution of the carboxylate anion to the rate cannot be ignored. The rate of 
hydrolysis of methyl a-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-U-vinyl-cc-D-gIucopyranoside (2), methyl 4,6-O- 
benzylidene-2,3-di-U-vinyl-~-~~ucopyranoside f6), and methyl 4,6-0-benzylidene-2,3- 
di- U-ethyl-a-Dglucopyranoside (7) have been prepared and characterized. The 2-vinyl 
ether (3) rearranges on ahtmina chromatography to methyl 4,6- U-benzylidene-2,3- O- 
ethylidene-a-n-glucopyranoside (4). 

WIXODUCTION 

Studies of the synthesis, opium pontoons for preparation, and structure of 
vinyl ethers of carbohydrates have been the subject of previous papers1-4. It was 
found that these vinyl ethers are usually quite hydrop~~~, and, when polymerized, 
do not yield products having the desired properties. The vinyl ethers of methyl 4,6-O- 
ben~~dene-a~~~ucopyranoside appeared more suitable as monomers, and their 
synthesis by vinyl&on with acetylene was undertaken. 

DlSCUSSION 

Mono-~-vinylation of methyl 4,6-~-be~~dene-~-~glu~opyr~oside (1) was 
accomplished by using a p-dioxane-water solvent system and relatively mild reaction 
conditions2*5, 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 Rr values almost identical with that of methy1 
4,6-:U-benzylidene-3-O-ethyl-a-n-glucopyranoside (s), and the slower-moving spot 
corresponded to the starting material (X). 

When a portion of the or&al reaction mixture was recrystallized repeatedly 
from ether, a mixture (b), m.p. 107-log”, was obtained, which showed only the faster- 
moving spot on t.1.c. From the n.m.r. spectra of this mixture, obtained in methyl 
suIfoxide-d, and chloroform-d, it was possible to estimate the ratio of free 3-OH and 
2-OH present. This- estiniate 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 
4,6-0-benzyhdene-2- and -3-O-ethyl-a-D-ghxcopyranosides’ (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 z 5.35 (J 2.3 Hz) and ‘1; 5.08 (J 6.7 Hz) respectively, whereas the 3-ethyl 
ether (5) exhibits a doubIet at 7 5.35 (.I I.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 duted 
solid from ether, yielded pure methyl 4,6-0-benzylidene-IO-vinyl-ar-D-glucopyrano- 
ide (2), m-p. 134-134.5”, ~cY]$ +95.6” (c I, 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-bc~~dene-3-~-e~yI-~-~~ucop~noside Q, which was 
identical in all respects with an$mthentic sample. 

Ph 

7 

SCHEME 1 

Ph 

Concentration of the mother liquors from which mixture (a) had crystallized 
gave a crude solid (mixture c). The n.m.r. spectrum in methyl suIfoxide-d, indicated 
that c 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 ahunina gave three fractions, A, B, and C. The most polar component (C) 
was the starting material f. Fraction B was a mixture of several compounds that was 
not examined fkther. Fraction A, the least polar, was a single compound, m-p. 
f 39-140”. Its i.r_ spectrum indicated that there was no hydroxyl group in the molecule. 

Carbohyd, Res., 6 (1968) IS-24 



s B
 

z-
 

‘T
 3 B
 

y’
 

T
A

B
L

E
 

I 
ul

 
E

 
N
.
M
.
R
.
 
S
P
E
C
I
'
R
A
 

O
F
 M
~
T
H
Y
L
~
,
~
-
O
-
D
E
N
Z
Y
L
I
D
E
N
B
-
O
-
V
I
N
Y
L
-
C
L
-
D
-
G
L
U
C
O
P
Y
~
A
N
O
S
~
D
E
S
~
 

g
 

C
om

po
un

d 
A

 

7 

La
m

-f
ic

ki
 

PI
&

H
 

H
-l

 
H

-2
, H

-3
, 

H
-4

, 
O

M
c 

2-
O

H
 o

r 
3-

O
H

 
V

it
ry

l pr
ot

on
s 

H
-5

, H
-6

, 
ui

t~
yi

 
b!

 
pr

ot
on

s 

lb
 

2S
3 

s 
20

 
,2

,4
8 

e 

2+
3b

 
2,

68
 e

 

4c
 

20
80

 s 

9 
23

63
 s 

60
 

2,
60

 s
 

7c
 

23
56

 s 

3.
47

 q
, 

Jl
\,n

 6
.5

, 
Jl

\,
a 1

4 
3.

56
 q

, 
JA

,U
 7 

3.
64

 q
, 

JA
,C

 1
4 

(c
th

yl
id

cn
e 

H
) 

4.
91

 q
, 

J 
5 

3.
59

 q
, 

Jl
\

,n
 6

85
 

3.
10

 q
, 

JA
,C

 1
4 

4.
42

 s
 

44
87

 d,
 J

l,s
 4

 
50

8-
6.

6 c
 

6.
10

 s
 

5.
35

 d
, 

J3
,o

ri
 

2.
3,

5.
08

 d
, 
J
3
,
D
a
 6
.
7
 

4.
38

 s
 

5
.
0
5
 d,
 J
l
,
3
 3.
4 

5.
2-

6.
5 

c 
6.

53
 s

 
7.

23
 s

 

4.
54

 s
 

4s
7 

s 
4.

54
 s

 

4.
39

 s
 

4.
41

 s
 

4.
45

 s
 

50
20

 d,
 J

l,s
 3

.0
 

5.
25

-6
.6

5 
e 

6.
67

 s
 

5.
4 

c 
6.

10
 s

 
5.

1 
l?

 
5.

06
 d

, 
Jl

,s
 3

.0
 

5,
8-

6.
8 

c 
6.

93
 s

 
(c

th
yl

id
cn

e 
C

H
3)

 8
.9

7 
d,

 J
 5

 

5.
00

 d
, 

Jt
,s

 3
.8

 
5.

8-
6.

6 
e 

6.
92

 s
 

5.
35

 d
, 

J2
.o

~ 
1.

8 
5.

12
 d

, 
Jl

,s
 3

.6
 

5.
42

-6
.5

 e
 

6.
58

 s
 

50
20

 d,
 J

1,
s 

3.
1 

5.
68

-6
88

0 c
 

6.
55

 s
 

2C
H

s 
8.

43
, 

8.
47

, J
 7

 

@
C

he
m

ic
al

 sh
if

ts
 a

re
 o

n 
th

e 
z-

sc
al

e 
re

la
tiv

e 
to

 e
xt

er
na

l 
M

e.
&

 (
M

ea
SO

-r
/s

) o
r 

in
te

rn
al

 
M

cD
i 

(C
D

C
la

);
 s

, 
si

ng
le

t; 
d,

 d
ou

bl
et

; 
q,

 q
ua

rt
et

; 
c,

 e
nv

ol
op

ct
; 

Jv
al

ue
s 

ar
e 

in
 H

z.
 

*I
n 

M
ez

SO
-d

o;
 

%
 

C
D

C
l3

. 
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The n.m.r. spectrum of A in chloroform-d showed a high-field, methyl doublet 
(7 8.98, J 5 Hz) in addition to the usual features of methyl 4,6-O-benzylidenehexo- 
pyranosidesg. These data support a structural assignment as methyl4,6-O-benzylidene- 
2,3-O-ethylidene-a-n-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. 0rthoesters10-‘2, 
which form during acyl migration, show similar structural conEgurations. 

Based upon t.1.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 acetal4. 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.1.c. was performed on Silica Gel G (B. Merck, 
Germany), with benzene-ethanol or benzene-butyl alcohol. The plates were developed 
by spraying the dried chromatogram with a 10% (w/v) solution of phosphomolybdic 
acid, followed by heating for 5 min at approximately 100”. 1-r. 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 (7’ 10.00) was used as the internal or external standard. 
Methyl sulfoxide-d, and 1% 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 coni?rmed by deuterium oxide exchange. Elemental analyses were performed by 
Schwarzkopf Microanalytical Laboratory, Woodside, New York. 

Mono-0-vinylation of methyl 4,6-0-benzylidene-a-r-D-glucopyranoside (1). - A 
mixture of 20 g (0.07 mole) of methyl 4,6-O-benzylidene-a-Dglucopyranoside, 2 g of 
potassium hydroxide, 100 ml of redistilledp-dioxane, and 100 ml of water was placed 
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in a 300-n& 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.1.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 RF 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°, [alp +86.8” (c 1, chloroform). T-k. 
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-cc-D-glucopyranosides 
(2 and 3) (see Table I). 

Anal. Calc. for C,BH,,OB: 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 
bad been discarded, the next 150 ml was evaporated, to give 2.65 g of crystalline 
product which showed one spot on t.1.c. After three recrystallizations from ether, the 
pure monovinyl ether 2 was obtained and dried; m.p. 134-134.5”, [a];’ + 95.6” 
(c 1, chloroform); n.m.r. and i.r. spectral data are given in Tables I and II. 

Anal. Calc. for C16HZ,,06: C, 62.33; H, 6.49. Found: C, 62.12; H, 6.40. 
Ident&ation of the pure methyl 4,6-0-benzylidene-mono-O-vinyl-cc-D-&co- 

pyranoside. - Compound 2 (200 mg, 6.5 mmoles) was hydrogenated in 95% ethanol, 
with 5% Pd/C as catalyst. Three recrystallizations from ethanol gave 150 mg (74%) 
of crystalline product, m.p. 168-169”, [a];’ + 111.1” (c 0.99, chloroform). On admix- 
ture with authentic methyl 4,6-0-benzylidene-3-O-ethyl-a-D-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 4,6-0-berqlinene-2,3-0-ethykdene-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 gj 
was obtained by eiuting 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 methyl4,6-0- 
benzylidene-2,3-O-ethylidene+D-glucopyranoside (4), m-p. 139-140’. The arguments 
in favor of this assignment are outlined in the Discussion_ 

Anal. Calc. for CX6HZ006: C, 62.33; H, 6.49. Found: C, 62.21; H, 6.35. 
Met/2yI4,6-O-bennz_v~idene-2,3-di-O-cinyl-a-D-gIucopyr~oside (6) - A mixture of 

methyl 4,6-O-benzylidene-or-D-glucopyranoside (20 g, 0.07 mole), 10 g of powdered 
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potassium hydroxide, and 200 ml of redistilled pdioxane 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 titrate 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”, [a]:’ t87.3” 
(c 1, chloroform), vcc14 3050,2950, 1640, 1625 (sh), 1465, 1410 (sh), 1385 (sh), 1370, mar 
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 Table I. 

Anal. Calc. for C,sH,,Os: C, 64.67; H, 6.58. Found: C, 64.51; H, 6.39. 
Preparation qf methyl 4,6-0-benzylidene-2,3-di-O-et~zyI-a-D-gIucopyra~zoside (7) 

from (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-O-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”, 
[a]$’ f86.2” (c 1, chloroform). 

Anal. Calc. for C,,H,,O,: C, 63.90; H, 7.69. Found: C, 64.08; H, 7.90. 
Methyl 4,6-0-ben~yZide~ze-2,3-dj-O-et~lyZ-ar-D-gZ~~copyranosjde (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 for28 hat 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”, [a]? 

TABLE II 

CHARACTERISTIC INFRARED ABSORPTION BANDS” OF THE METHYL 4,6-O-BENZYLIDENE-O-VINYL-a-D- 

GLUCOPYRANOSIDES 

Compound 0 H CH Ring Tvpe 
ribrations 2u bands 

x-3 3550, 3450 308.5. 1640, 1620, (1601) 2930. 2860 913 835 
3 3600, 3400 3100, 1645, 1625, (1605) 2950, 2870 919 842 
4 (16051 2950 918 832 
6 3080, 1640, 1625 (sh‘, (1608) 2940. 2850 918 840 
7 (1601) 2995, 2950, 2850 917 

“In CHC13 solution (polystyrene calibration); frequencies in cm-l. 
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+86.2” (c -1, chlorofo;m). The product proved to be identical in all respects (m-p., 
ix., and n.m.r. spectra, and behavior on t.1.c.) with the hydrogenation product prepared 
from the divinyl compound. 
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HYDROXYEIUTYL)-4-THIOLINE-2-THIONE 
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Research Luborarories, Eastman Kodak Company, Rochester, New York I4650 (U. S. A.) 

(Received August 16th, 1967) 

ABSTRACT 

The structure of 4+-arabino-tetrahydroxybutyl)-4-thiazoline-2-thione (1) was 

determined by means of synthesis, and was in agreement with the recent structural 
assignment by Jochims et al. Procedures of carbohydrate chemistry afforded typical 
derivatives of 1, and provided a total synthesis from D-glucose. The heterocyclic ring 

I I I 
of 1 gave reactions characteristic of HS-C = N- and S = C-NH forms of a &hiazoline- 
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-l-bromo-l-deoxy-Darabino-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. ZemplCn 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 ef aZ.’ recently proposed the 
structure now assigned to 1. They reported that the reaction of 2-amino-2deoxy-D- 
glucose with carbon disulf?de yielded a 5-hydroxythiazolidine3, an example of a new 
class of compound_ Subsequent dehydration and acctylation gave a tetraacetate that 
was identical with the tetraacetate of the substance reported’ by ZemplCn 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 ZemplCn er al. had previously been applied to L-arabinose, 
D-fructose, D-galactose, D-glucose, D-lyxose, D-mannose, D-ribose, and D-xylose. 
The products were isolated in good yield, but, in some cases, there was uncertainty 
as to the structure4+. Subsequent studies revealed these structures to be those of 
oxazolidine-2-thiones fused with fin-anoid or pyranoid ring-systems2*7-g. The 
present article reports a structural determination based on the chemical properties 
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of 1, and an unequivocal synthesis of 1. The results obtained support the concurrent 

characterization’ by Jochims et al. 

RESULTS AND DISCUSSION 

The reactions of 1 are typical of HS-&PI- and S =&I&-I 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-u~~~~~~-tetrahydroxybutyl)~~ole (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-~~&rabino-tetrahydroxybutyl)thiazole] (6), and tritylation 
of this d&tide 6 gave a ditrityl ether (7). 

The disulfide 6 was found to be cleaved readily by aqueous sodium hydroxide, 
carbonate, or hydrogen carbonate, to give 1 in approximately 82% yield; a by-product, 
4-@-arabino-tetrahydroxybutyl)thiazole (S), was also isolated (ca. 13”A). Facile 
cleavage by alkali was also characteristic of the other thiazolyl disuEdes encountered 

H&H 
- p= -Hops-: R=cH2c%* 

HOCH 
I I 1 

3 R=CHPh* 

HCOH HCOH HCOH 

I I 
HCOH 

I 
HCOH HCOH 

I I I 
CH*OTr 

/ 
CHaOH CyOH 

4 / i, 7 Diylfide 

AcO’kH 
I 

HCOAc 
I 

HCOAC 

I 
C&OAc 

HOCH 

I 
HCOH 

I 
HCOH 

I 
CH20H 

Curbohyd. Res., 6 (1968) 25-33 



4(D-arabino-TETRAH YDROXYBUTYL)-‘t-THIAZOLINE-z-THIONE 27 

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

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)- 

Mbiazoline-2-thione (ll), 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 Pthiazoline-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 l-acetoxy-3-chloro-2-propanone and ammo- 
nium dithiocarbamate gave a typical intermediate”, 4-(acetoxymethyl)-4-hydroxy- 
thiazohdine-2-thione (14). Facile, acidic dehydration of 14 gave the Ltthiazoline 
structure (15), and subsequent alkaline hydrolysis of 15 gave 11. The observed proper- 

Tniosemicarbazone Oxime 

CH20Ac a+oAc CH20Ac 

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

The co&guration 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-arabinonate13(76%) which, afteracetylationwithaceticanhydride-hydrogenchloride, 
yielded tetra-O-acetyl-D-ara@nonic acid14 (48%). Thionyl chlorideI converted the 
latter into tetra-O-ace@-D-arabinonoyl cbloride16 (85%) which, on treatment 
with diazomethane, yielded 3,4,5,6-tetra-O-acetyl-I-deoxy-l-diazo-D-arabino-hexul- 
ose17 (84o/o). Subsequent addition of hydrogen bromide to the diazo ketone in ether 
provided 3,4,5,6-tetra-O-acetyl-I-bromo-l-deoxy-D-arabino-hexulose” (85%). Use of 
the latter a-bromo ketone permitted synthesis, by the ammonium dithiocarbamate 
method, of a Pthiazoline-2-thione bearing a 4-substituent of known configuration. 

18 

Disulf ide 

CH2Br S 

i NH,,SCNH2 -1 
C=O 

I 
AcOCH 

I 
P.COCH AcOCH 

I I 
HCOAc H COAc HCOAc 

I I I 
HCOAc HCOAc H COAc 

I I I 
CH,OAc CH,OAc Cl+OAc 

16 17 

The intermediate, 4-hydroxy-4-(D-arabino-tetraacetoxybutylone (16) 
was isolated, and was readily dehydrated to give 4-(D-ara&no-tetraacetoxybutyl)-4- 
thiazoline-2-thione (17). The tetraacetate 17 was independently obtained by Jochims 
and co-workers’ from de more stable 5-hydroxythiazolidine by boiling the latter for 
16h inpyridine. Oxidation of 17 under mild conditions gave the disulfide 18. Hydro- 
lysis of ei’ther 17 or the precursor 16 gave 1. The overall yield from D-glucose was 
17%; all products were obtained crystalline. The observed properties of I, as prepared 
from D-fructose by the method of ZemplCn et aL4 and from the a-bromo ketose derived 
from D-glucose, were the same. 

The preferred method of synthesis of Pthiazoline-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 ZempEn et alp The procedure of Jochims et aZ_’ 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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EXPEFUMENTAL - 

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-I, having sodium chloride optics; and ultraviolet spectra on a 
Cary spectrophotometer, Model 11-M. Specific rotations were determined in a 2-dm 
polarimeter tube. 

C(D-arabino-Tetra/zydroxybzztyZ)-4-t~ziazolilte-Z-t~zio~e (1). - Modification of 
the method of ZemplCn et aZ_l provided 1. To a stirred solution of D-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 ml), 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 (2%); 
m-p. 218” (lit.’ m-p. 218”); AEz” 317 nm (E 13,700); &,.,, (aqueous sodium hydroxide, 
pH 11 j 293 nm (E 9,600); pK, 25 7.05-7.10 (0.001~ solution); solubility 0.25 g/100 ml of 

water at 25”, and 5 g/l00 ml at 100”; [a]L5 -77 f2” (c 1, NJWimethylformamide) 
pit.2 [a]fp -75” (c 1, N&V-dimethylfonnamide)]. 

2-(Carboxymethyl)t~zio-4-(D-arabino-tetrahydro.uybuty~t~zia~oZe (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 (93x), m.p. 151”. Recrystallized from water, it had I,zIFH 277 nm (E 6,600), 

bl “d -143 +l” (c 1, N,N-dimethylformamide). 
Anal. Calc. for CgH,,NOBS2: 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-(~iphe~zylme?hyl)thiol4-(D-arabino-le (3).-A solution 

of 1 (23.7 g, 0.1 mole), cblorodiphenylmethane (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 vaczzo, 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 atrate yielded 10.7 g of umeacted l)_ Two recrystallizations from ethanol gave 
pure 3, yield 11 g (27x), m-p. 157”. AgizH 282 nm (E 7,500); [a];’ -52 + 1 (c 1, 
NJWimethylformamide). 

Aml. Calc. for CzoHzlNO&: C, 59.5; H, 5.2; N, 3.5; S, 15.9. Found: C, 59.8; 
H, 5.4; N, 3.5; S, 15.6. 

4-[D-arabino-2,3,4-Trihydroxy-I-(trityloxy)bzzty~-4-tIzia~oli~-2-t~zione (4). - 
Treatment of 1 with chlorotriphenyhnethane 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”; A~~NMcz 328 nm (E 12,300); [&If: -37 rfr2” (c 1, N,Wdimethyl-formamide). 

Anal. Calc. for C,,H,,NO,S,: C, 65.1; H, 5.3; N, 2.9; S, 13.4. Found: C, 65.2; 
H, 5.4; N,2.7; S, i3.2. 

2-Acetylrhio-4-@-arabino-?etraaceroxyZmfyZ)?hiazoZe (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 loo”, and, after concentration in uacuo, 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. Calc. for C1$f21N09S2: .C, 45.7; H, 4.9; N, 3.2; S, 14.6. Found: 
C, 45.8; H, 4.6; N, 3.2; S, 14.3. 

2,2’-Dithiobis[(~D-arabino-teirahydroxy~~~y~~hiazoZe] (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 (82x), m-p. 218” (alone; but 203-205” if mixed with 1). 

Anal. Calc. forC14H,,,N,08S,: 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-abino-2,3,4-?ril?ydroxy-~-friryZoxyb~ty~thiazoZeJ (7) - Tri- 
tylation of 6 (10.8 g, 0.023 mole) by the method just described gave 7 yield 12.9 g 
(59x), after repeated recrystallization from benzene-petroleum ether, m.p. (unsharp) 
at ca . 84”. ,I!$:” 268 nm (E 10,900); [a]$ -24 _+2” (c, 1 NJGdimethylformamide). 

Ana;. Calc. for C52H48?Iz08S4: C, 65.2; H, 5.1; N, 2.9; S, 13.4. Found: C, 65.6; 
H, 5.4; N, 2.8; S, 13.2. 

C(D-arabino-Tetrahycfroxybutyl)thiazole (8). -A mixture of 6 (40 g,O.O85 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 (U%), m.p. 172-173”; recrystallized from ethanol it 
had I.=::” 242 nm (E 3,300); [oL]g5 -35 +_ 1” (c 1, IV,Wdimethylformamide). 

Anal. Calc. for C,H,rN04S: 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(&hiazoZecarboxaZdehyde) (9). - Oxidation of 1 (25 g, 0.11 mole) 
by the sodium metaperiodate methodI gave 9, yield 10.9 g (72%). Recrystallized 
from xylene, it had m-p. 193”, 1_ KBr 5.96 (conjugated CHO), 6.2 pm (C=C). 

Anal. Calc. for C,$&N@& C, 33.3; H, 1.4; N, 9.7; S, 44.5. Found: C, 33.5; 
H, 1.8; N, 9.9; S, 44.2. 

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,oN8S,: N, 25.8. Found: N, 26.0. 

4-Thiazoline-2-thione-4-carboxazdehyde (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 (48%). Twice 
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recrystallized from water, it had m.p. 173”, ,I=: 5.98 (conjugated CHO), 6.2 pm 
(C=C); AEaT” 313 nm (E 14,700). 

Anal. Calc. for ChH,NOSt: C, 33.1; H, 2.1; N, 9.6; S, 44.2. Found: C, 33.2; 
H, 2.1; N, 9.4; S, 43.8. 

Oxidation of 10 with iodine” gave 9. 
The oxime of 10 melted at 192” after recrystallization from methanol-water. 
Anal. Calc. for C,H,N,OS,: N, 17.5. Found: N, 17.3. 
4-(Hydroxymerhyl)-4-Ihiazoline-2-ihione (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 vucuo. 
Treatment with excess hydrochloric acid gave 11, yield 1.6 g (50%). Twice recrystal- 
lized from water, it had m.p. 121”; A,,, KJJ~ 2.95-3.6 (OH, NH, hydrogen bonding, CH), 
6.23 pm (C=C); jLzzH 316 nm (E 14,800). 

Aml. Calc. for C4H5NOS2: 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-(hydrox~erZzy~~hiazoZe] (12).-Oxidation of ll(30 g, 0.22 mole) 
by the ammonium persulfate method” gave 12; yield 19.5 g (61x), m-p. 115” after 
recrystallization from water; Azi 2.90 ,um (OH); Agg” 266 nm (E 9,400). 

Anal. Calc. for CsHsN202S,: 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-(Hydroxyme?ltyZ)-3-(3-~x~~~~y~-~-~~zi~~~Z~~e-2-~~~~~ze (13). - The conjugate 
addition21 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 (52%); recrystallized from methanol, m.p. 114”; 
,I= 3.02 (OH), 5.88 /cm (C=O); AZ;:” 318 nm (E 13,900). 

Anal. Calc. for CsH11N02S2: C, 44.2; H, 5.1; N, 6.4; S, 29.5. Found: C, 44.3; 
H, 5.2; N, 6.3; S, 29.2. 

4-(AcetoxymethyZ)-4-hydroxythiazoZidine-2-tZzione (14). - Treatment of l-acet- 
oxy-3-cbloro-2-propanone22 (120.5 g, 0.8 mole) plus ammonium dithiocarbamate 
(98 g, 0.89 mole) by the method” for preparing 4hydroxythiazolidines gave 14, yield 
152 g (91x), m.p. 114” after recrystallization from methanol; ,I:“,: 3.05-3.08 (OH, NH), 
5.75 pm (OAc); ,I:::‘” 242,277 m-n (E 6,600; 14,600). 

Anal. CaIc. for C6H9N03S2: 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-(AcetoxymethyZ)-4-thiazoline-2-thione (15). - Recrystallization of 14 from 
water containing a drop of hydrochloric acid gave 15 in 80% yield; m.p. 80”; E.EzH 
317 nm (E 14,800). 

Anal. Calc. for CBH,N02S2: 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 (114g, 0.6 mole) with potassium hydroxide (114 g) and water 
(570 ml) for 5 ruin at 1003 and subsequent acidification at 5”, gave 11, yield 71 g (80%). 

4-Hydroxy-4-(D-arabino-tetraacetoxybutyZ)~ZziazoZZdine-2-tZzZone (16). - Treat- 
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ment of 3,4,5,dtetra-U-acetyl-l-bromo-l-deoxy-D-arab~iro-hexulose1’ (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; ~~~~” 242, 278 nm (E 5,800; 12,200). 

Anal. Calc. for C,SH,,NO,S,: 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-thiazoe (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”); nf”’ 3.2-3.6 (NH, CH), 5.78 pm 
(OAc); AEFH 316 nm (E 12,200); [ali -79 fl” (c 2, chloroform) pt.” [c&O -37” 
(c 1, N,N-dimethylformamide)]. 

Anal. Calc. for C1~H19NOsS2: C, 44.4; H, 4.7; N, 3.5; S, 15.8. Found: C, 44.4; 
H, 4.3; N, 3.4; 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, 

yield 3.7 g (78%). 
2,2’:Dithiobis [(4-D-arabino-tetraacetoxybufyZ)thiazde] (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); IrE:FH 266 nm (E 9,100); [LY]~~ - 13” (c 4, chloroform). 

Anal. Calc. for C,,H,,NzO,,S,: 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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A33STR4CT 

Bis(1,2:5,6-di-O-isopropylidene-3-O-thiocarbonyl-a--P-glucofuranose) disulfide 
(ll) 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 
distilled (near 190°) under diminished pressure. Selective, acid hydrolysis of 3-0- 
(ethoxythiocarbonyl)-l,2:5,6-di-O-isopropylidene-a-D-glucofuranose (3) gave 3-U- 
(ethoxythiocarbonyl)-l~-~-isopropylidene-~-D-~ucofuranose (lo), which rearranged, 
on standing in triethylamine, to 1,2-O-isopropyiidene-a-II-glucofuranose 5,64hiono- 
carbonate (12). Oxidation of 3 with lead tetraacetate or silver nitrate gave the 
corresponding 3-0-ethoxycarbonyl derivative (S), whereas reduction of 3 with 
Raney nickel gave 3-O-(ethoxymethylene)-1~:5,6-di-O-isopropylidene-~--D-~uco- 
furanose (11). 

INlXODUCTION 

Previous studies showed that bis(l,2-0-isopropyhdene-3-O-thiocarbonyl-a-D- 
glucofuranose) disulfide undergoes intramolecular displacement-fragmentation in 
pyridine to yield elemental sulfur, carbon disulfide, 1,2-0-isopropylidene-a-D&co- 
furanose, and 1,2-U-isopropylidene-a-D-glucofuranose 5,6&ionocarbonate’. Subse- 
quently, other suitably protected sugar derivatives, possessing a hydroxyl group 

vicinal to a bis(O-thiocarbonyl) disulfide group, were shownz~3 to undergo the same 
process in pyridine. We now report studies undertaken to ascertain whether the 
bis(O-thiocarbonyl) disuJ.tide group would undergo intermolecular reaction when the 
hydroxyl group was provided by added alcohols. This reaction, represented as follows, 

R-O-C-S-S-C-O-R + R’OH 
Is 

- R-O-C-OR’ -!- S + CSa f ROH 

*Presented before the Division of Carbohydrate Chemistry at the 154th National Meeting of the 
American Chemical Society, Chicago, Illinois, 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 0-(alkyloxythiocarbonyl) compounds, representatives 
of a new type* of sugar derivative. 

When bis(1,2:5,6-di-U-isopropylidene-3-O-thiocarbonyl-a-D-glucofUranose) di- 
sulfide (1) was dissolved in pyridine, and treated with methyl, ethyl, propyl, or 
btityl alcohols or phenol, the corresponding 0-oxythiocarbonyl derivatives (2-6) 
(see Scheme I) were obtained, in addition to elemental sulfur, carbon disulfide, and 
1,2:5,6-di-0-isopropylidene-a-D-glucofuranose (7). The same kind of fragmentation 
occurs when bis(1,2:3,4-di-O-isopropylidene-6-O-thiocarbonyl-a-Dgalactopyranose) 
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 pm for O(C=S)O), and ultraviolet spectra [Az3,, MeoH about E 9,500; bis(1,2:5,6-di-O- 
isopropylidene-a-D-ghuzofuranose) thionocarbonate has &EH E 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 (J1 ,J of 4.0 Hz; a doublet centered at o 5.2 with a coupling 
constant (J, ,2) 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 7 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 7 2.7. These assignments are in 
general agreement with the positional assignments reported by Horton and Prihar4 
for 3-U-(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 tbionocarbonate 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. Priddie, and R. S. Theobald in Adcan. Carbohydrate Chem., 15 (1960) 99, sugars containing a 

S 

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

S 

XOEOR, where X is a carbohydrate residue and R is an alkyl or aryl group. 
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In addition to 2-5, elemental sulfur and pyridine hydroiodide were also isolated. 
It is possible that the free iodine or pyridine diiodide (which is presumed to be formed 
by reaction of iodine with pyridine in chloroform solution5), or both, reacts with 
bis(Gthiocarbony1) 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 isolated6 when bis(di-O-ethyl- 
thiocarbonyl) disulfide was treated with chlorine or chlorine-binding agents in carbon 
tetrachloride. The role 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(CLthiocarbony1) disul6de group and a vicinal 
hydroxyl group. For example, one mole of bis(methy1 4,6-O-benqlidene-2-O-thio- 
carbonyl-a-u-D-ghrcopyranoside) disulfide3 gives 1.5 moles of methyl 4,6-O-benzylidene- 
cc-D-ghicopyranoside 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 5 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 tetraacetate per mole, and gave 
3-O-(ethoxycarbonyl)-1~:5,6-di-O-isopropylidene-cr-D-glucof~~ose (8) in 85% yield. 
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These results are similar to those reported’ for the oxidation of bis(l,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-(ethoxythiocarbony1)-1,2-O-isopropylidene-a-D-glucofuranose (10). The latter 
did not undergo change when treated with pyridine, but decomposed in triethylamine 
to form 1,2-0-isopropyhdene-a-D-glucofuranose 5,6-thionocarbonate (12) (see 
Scheme II). Similarly, the corresponding carbonyl derivative (13) of 10 decomposed in 
triethylamine, to give 1;2-0-isopropylidene-a-D-glucofuranose 5,6-carbonate (14). 

Compound 3 underwent reductive desulfurization when refluxed in ethanol 
containing activated Raney nickel. T.1.c. of the product revealed two components in 
approximately equal amounts. The slower-moving component was identified as 
1,2:5,6-di-0-isopropyhdene-a--D-glucofuranose Q, and the other as 3-O-(ethoxy- 
methylene)-1,2:5,6-di-O-isopropylidene-a-D-gluco~ranose (11). When the reaction 
was conducted at 25” under hydrogen (500 lb. ine2), 11 was obtained in a higher yield, 
and only traces of 7 were found. 

\ 
Raney nickel 

O-CMe2 

0-CMe2 

12 

HOCH;? 
I 

HOF .O, a I 

v P 
0-CMe, 

SCHEME II 

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 7 5.25 for the two protons of the OCH,O group, and a quartet centered at ‘F 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 been shown to be hydrolyzed readily to yield formaldehyde (from the 
methylene group) and the corresponding alcohol (from the alkoxyl group)‘. 

EXPERIMENTAL 

Unless otherwise stated, ah of the reactions and measurements were conducted at 
25”. Melting points were determined in a Thomas-Kofler* melting-point apparatus, and 
are uncorrected_ Optical rotations were measured in chloroform within the concentra- 
tion range of 24”/,. Lr. spectra were recorded, with a Perkin-Elmer Model 137 
spectrophotometer having silver chloride optics, as Nujol mulls or films, and the u. v. 
spectra 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 (r 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 t.l.c., 
Silica Gel G was used as the adsorbent, 9:l (v/v) carbon disulfide-ethyl acetate as the 
solvent, and 19:l (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 x 20 cm column. Bis( l&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”, i,,, 280 (E 8,100) and 230 nm (E 17,200). 
Bis( 1,2:3+di- O-isopropylidene-6-O-thiocarbonyl-a-D-galactopyranose) disulfide was 
also prepared according to a reported7 procedure; m.p. 133-134”, I_,,, 288 (E 8,900) 
and 24G nm (s 18,900). 

1,2:5,6-Di-O-isopropylidene-3-O-(metlzoxytlziocarbonyl)-a-D-glrtcofuranose (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- 
basil for 10 min. Elution with hexane (100 ml) removed the elemental stiur; 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”, ii,,, 230 nm (a 9,OOO), [c&, -45” (chloroform). 

Anal. Caic. for CIsHz207S: 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-0-isopropylidene-a-D-glucofuranose 
(7), which was subsequently crystallized from hexane. 

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

(b) A solution of l(l.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-(Ethoxythiocarbon~l~-I,2:5,6-di-O-isopropy~idene-~-D-gZucofur~se (3). - 

(a) A solution of l(l.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 (a); [a], -45” (chloroform), A,,, 230 nm (E 9,000). 

Anal Calc. for CISH,,O,S: C, 51.6; H, 6.9; S, 9.2; mol wt., 348. Found: 
C!, 51.0; H, 6.9; S, 9.8; mol wt., 340 (Rast in camphor). 

(b) 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 (a). 

2,2:5,6-Di-O-isopropylidene-3-O-(propo_~ythiocarbonyi)-a-~-g~uco~~ranose (4). - 

(a) A solution of l(l.0 g) in pyridine (10 ml) was treated with propyl alcohol (10 ml). 
After the reaction was complete (100 h), compound 4 (345 mg) was isolated by the 
procedure used for 2, part (a); [alo -39” (chloroform), &,,X 230 nm (E 9,200). 

Anal. Calc. for C,6H,60,S: C, 53.0; H, 7.2; S, 8.9. Found: C, 52.9; H, 7.2; 
S, 8.9. 

(b) 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-(ButoxythiocarbonyZ)-1,2:5,6-di-O-isopropylide~e-a-D-giucofur~zose (5). - 

(a) A solution of I (1 .O 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, [or&, 
- 34” (chloroform), I,,,, 230 nm (E 9,150). 

Anal.Cal~.forC,~H~sO~S: 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-isopropyIidene-3-O-(phenoxythiocarbo?ly~-a-D-gIucofura~lose (6)_ - 

(a) A solution of X(1.0 g) in pyridine (10 ml) 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.1.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 (a); m.p. 103”, [a], -43” (chloroform), A,,,, 237 nm 
(E 7,600). 

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

(6) A solution of 1 (1 .O 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 tiltrate 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-isopropyZidene-a-D-gaZactopyranose. - (a) 
A solution of bis(l~:3,Pdi-O-isopropylidene-6-O-thiocarbonyl-a-D-galactopyranose) 
d&-tide (1 .O 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), [al, -60" (chloroform), I.,,, 230 nm (E 9,000). 
Anal. Calc. for C,sH,,O,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-isopropylidened-O-thiocarbonyl-a-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 (a). 

Methyl 4,6-0-benzylidene-a-r-D-ghxopyranoside 2,3-thionocarbomate. - A solution 
of bis(methy1 4,6-O-benzylidene-2-O-thiocarbonyl-a-D-glucopyranoside) disulfide3 
(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.1.c. and mixed melting point with an authentic sample3. 

3-O-(EtZzoxycarbo~zyZ)-Z,2:5,6-di-O-isopropyZidene-a-D-gZucofur~ose (8). - (a) 
1,2:5,6-Di-0-isopropylidene-a-D-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 ml). 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.Og); m-p. 73”, 
Mb -38” (chloroform)_ The compound was homogeneous by t.1.c. 

Anal. Calc. for C15Hz408: C, 54.3; H, 7.3. Found: C, 54.2; H, 7.4. 
(b) 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 reported3 earlier. 
The yield of 8 was almost quantitative. 

3-0-(ButoxycarbonyZ)-l,2:5,6-di-O-isopropyIidene-a-~gZz~cofuranose (9). - (a) 
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Compound 9 was prepared in 70% yield by essentially the procedure used for 8, part (a), 
but with butyl chloroformate instead of ethyl chloroformate; m.p. 37-38”, [a], 
- 35” (ch.loroform). 

Anal. Calc. for C,,H,,O,: C, 56.5; H, 7.9. Found: C, 56.6; H, 7.5. 
(6) Reaction of 5 under the conditions used for preparing 8 (part (b)) gave 9 in 

almost quantitative yield. 
3-0-(Etlzoxyt~~iocarbonyI)-1,2-O-isopropylide?ze-u-D-gIz~co~~ranose (18). - To a 

solution of 1 g of 3 in 50 ml of acetone was slowly added, with stirring, 10 ml of 5~ 

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 loo-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), [a]$+ 9.5” (chloroform), ,I,,,,, 
230 run - (E 8,100). 

Anal. Calc. for C,,H,,O,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 i-r. 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_ 

I,2-0-lsopropylidene-ar_D-gIucofuranos_ 0 5,64ionocarbonar (12). - To a solu- 
tion of 10 (900 mg) in a mixture ofp-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 sample1 of 12. 

~,,%O-~sopropyIidene-cr-D-ghcqfitran3s 5,6-carbonate (14). - To a solution of 8 
(1 g) 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 
sample1 of 14. 

Lead tetraacetate oxidation of 3. - The oxidation of 3 was performed by a 
procedure reported previously7. One mole 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 85% yield; m-p. and 
mixed m-p. with an authentic sample of 8, 73-74”. 

Reductive desulficrization of 3. - Fresh, active Raney nickel was prepared 
according to Dominguez et al. g. A solution of 3 (1 g) in ethanol (100 ml) was refluxed 
withan 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 
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slow evaporation of the hexane, a crystalline compound, mixed with some syrup, was 
obtained. The crys’ials (265 mg) were titered off, after addition of a few ml of hexane, 
and were identified as 7 by comparison with an authentic sample. T.1.c. of the mother 
liquor showed makly one component, which was identified as 3-U-(ethoxymethylene)- 
1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (11). The syrup obtained by evapor- 
ation of the mother liquor was triturated with water and extracted with hexane, to 
give pure ll(405 mg). 

Anal. Calc. for CIsHZ60,: C, 56.5; H, 8.2; OEt, 14.1%; mol. wt.,318. Found: 
C, 56.3; H, 8.3; OEt, 13.6%; mol. wt., 321 (Rast in camphor). 

When the reductive desulftiation reaction was performed for 3 h at 25” 
under a hydrogen pressure of 500 lb.ine2, 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 IO-15 min. A l-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 O-65-0.85 mole per mole of 11. Paper chromato- 
graphy of the hydrolyzate, with lo:413 (v/v) ethyl acetate-pyridine-water or 4&l 1:19 
(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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THE URONIC ACIDS IN A HYDROLYZATE OF SAPOTE GUM* 

ROGER D. LAMBERT, E. E. DICKEY, AND N. S. THOMPSON 

The Institute of Paper Chemistry, Applerm, Wisconsin 54911 (CJ- S. A.) 

(Received May 22nd. 1967; in revised form, September 25th. 1967) 

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 4-0-methyl-D-glucuronic acid and D-glucuronic acid, 
respectiveiy. Of these, the aldotriouronic acids, O-(4-O-methyl-a-D-glucopyranosyl- 
uranic acid)-( 1 +2)-U-P-D-xylopyranosyl-(1 +4)+xylopyranose (1) and o-#-D- 

glucopyranosyluronic acid-(1 -+2)-O-/~-D-xylopyranosyl-( l-+4)-D-xylopyranose (2), 
crystallized after isolation by paper chromatography. Compound 1 was identified by 
comparison with an authentic sample. Compound 2 yielded 0-rr-D-glucopyranosyl- 
uranic acid-( 142)-D-xylopyranose on partial hydrolysis. Reduction of 2, followed 
by methylation and methanolysis yielded a 1,2,3,5-tetra-0-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 yielded mixtures of aldobiouronic and aldo- 
triouronic acids which contain residues of D-glucopyranosyluronic acid and a mono- 
methyl ether thereof, linked to D-xylopyranose residues. At a later date, White’ found 
that (1) the main chain probably consists of (l-+4)-linked D-xylopyranose residues, 
although D-glucopyranosyluronic acid residues and glycosyl(1-+2) bonds might also 
be involved in the main chain; (2) D-glucopyranosyluronic acid, D-xylopyranose, and 
L-arabinofuranose residues are terminal, and are probably attached to O-2 of D-xylo- 

*A portion of a thesis submitted by Roger D. Lambert in partial fuliilment of the requirements of 
me Institute of Paper Chemistry for the Ph. D. degree from Lawrence University, Appleton, Wiscon- 

sin, June, 1967. 
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pyranoseresidues in the main chain; and (3) &glucopyranosyluronic acid residues are 
joined by glycosyl (1 +2) bonds to D-xylopyranose residues. 

The objectives of the present study were the isolation, separation, and identifl- 
cation of some of the acidic oligosaccharides discovered by Anderson and Ledbetter’. 
A preliminary determination of the composition was made because of a report3 that 
a sample thought to be sapote gum differed greatly from samples previously investi- 
gated’**. 

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 Wbite2. A fresh sample of commercial sapote gum was obtained, 
in 1964, from Exportadora El Sol S. A., Apartado2404, 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 tbe 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 0-[(2-dietbylamino)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 TIE ACID HYDROLYZATES OF SAPOTE GUM= 

Nodule ” Anhydro-D- “ Anhydro-L- “ Anhydro-D- Methoxyl “Uranic Total, % 
galacrose”, % arabinose”, % xylose”, % (as CH31, % anhydride”, % 

lb 1.00 22.0 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 I .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 27.4 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 9.5.5 
4 1.04 21.7 45.9 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 27.4 97.3 

a All values are corrected for moisture and ash. bTbese nodules were obtained from Exportadora 
El Sol .%A., Apartado 2404, Lima, Peru. ‘These nodules were thought to have been a portion of the 
sample studied by Whit$. 
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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 partial hydrolyzates (with acid) 
of sapote gum showed D-xylose and r_-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 D-glucuronic acid or 4-U-methyl-D- 
glucuronic acid on complete hydrolysis with acid. One series of acids (the A series in 
Table II) corresponded in chromatographic mobility to 4-0-methyl-D-glucuronic acid 
(Al), 0-(4-U-methyl-cr-D-glucopyranosyluronic acid)-(1 +2)-D-xylopyranose (A2), 
0-(4-0-methyl-u-D-gIucopyranosyluronicacid)-(1 +2)-O-&D-xylosyranosyl-(144)-D- 
xylopyranose (A3), and 0-(4-0-methyl-a-D-glucopyranosyluronic acid)-(l-+2)-0- 
/3-D-xylopyranosyl-( 1+4)- O-j%D-xylopyranosyl-( 1 +4)-D-xylopyranose (M). Apart 
from D-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 II. 

TABLE II 
ACIDIC FRAGMENTS FROM THE PARTIAL HYDROLYSIS OF SAPOTE GUhi BY ACID 

Substances yielding 4-0-methyl-D-glacuronic Sabstances yielding D-glucuronic acida after 
acida after acid hydrolysis acid hydrolysis 

Acid Chromatographic Color with p-anisi- Acid Chromatographic Color Icith p-anisi- 
mobility (R&J dine spray mobility (RX)b dine spray 

AI 1.10 pink BI 0.68 pink 
A2 0.94 pink-orange B2 0.52 pink-orange 
A3 (I) 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. bExpress- 
ed as the ratio of the distance travelled to the distance travelled by D-XylOSe. 

Acids A3 (1) and B3 (2) crystallized after isolation by preparative paper-chro- 
matography, and 1 was identified as 0-(4-0-methyl-a-D-glucopyranosyluronic acid)- 
(l-+2)-0-p-D-xylopyranosyl-(l-+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)-O-P-D-xylo- 
pyranosyl-( 1+4)-D-xylopyranose by (a) identification of 0-ac-D-glucopyranosyluronic 
acid-(1 42)-D-xylopyranose as apart&hydrolysis product of 2; (b) identification of a 
1,2,3,5-tetra- O-methylxylitol as a hydrolysis product of the neutral, methylated, 
nonreducing derivative of 2; (c) the similarity of the methanolysis products of the 
neutral, methylated, nonreducing derivatives of 1, 2, and 3; and (d) a consideiation 
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of the isorotation rules, which, because of the similarities of the specific rotations of 
1 and 2, indicated that the xyiose-to-xylose bond of 2 was in the 8-D configuration. 

Partial hydrolysis of 1 followed by paper-chromatographic examination of the 
hydrolyzate revealed spots that corresponded in migration rate and color to AZ, At, 
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- 
&i-O-methyl-D-glucose and 3,4-di-O-methyl-D-xylose. Gas-liquid chromatography 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 crystallinep-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-o-xylopyranoside and the anomers of methyl 2,3,4-tri-0- 
methyl-~glucopyranoside. 

The identification of 1 establishes the location of a methoxyl group at C-4 of 
some of the uranic acid residues in the molecule of sapote gum. It seems probable that 
all of the methoxyl groups are so situated_ Identification of 1 and 2 shows that the 
uranic acid-to-xylose bonds in sapote gum are in the a-D conEguration, that at least 
some of the xylose-to-xylose bonds have the /I-D configuration, and that the latter 
bonds are gIycosyl(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 on 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 uranic 
acids, and solvent C (water-saturated butanone) was used to separate partially methyl- 
ated sugars. Sugars were detected with p-anisidine hydrochloride5 and alkaline silver 
nitrate? sprays. 

Purification of sapote gum. - Sapote gum (150 g) was miked with 10 liters of 
distilled water, and the suspension was Eltered. To the filtrate was added, in two equal 
parts, 5 h apart, an aqueous solution (125 ml) containing 10 g of sodium chlorite, 
5 ml of glacial acetic acid, and 1 ml of formic acid. After 2 days at room temperature, 
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100 ml of 37% hydrochloric acid was added; the solution was kept for 30 min, poured 
into 30 liters of 95% ethanol, and the precipitated gum was freed of supematant liquor 
by decantation, washed with 95% 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 
45 min 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 White2 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 4-0-methylglucuronic acid. 
Sugar analyses’, “uranic anhydride”‘, and methoxylg were determined for each of the 
ten nodules (see Table I). 

Isolation and identijication of D-xylose and L-arabinose. - Four 2.0-g samples of 
gum were each dissolved in 300 ml of 8% sulfinic 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-0-benzylidene dimethyl acetal l1 ; m.p. 208” alone or in admixture 
with an authentic sample. The arabin6se 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 sulfbic acid was added, and the samples were heated for 50 min 
at 115”. The hydrolyzates were rendered neutral \vit.h 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 II 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- 0-methyI-glucuronoxylan from a 
coniferous pulplo. 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 
D-glucuronic or 4-O-methyl-D-glucuronic acid was present; these results are given in 
Table II. The two major components, acids A.3 (1) and B3 (2) crystallized on being dried, 
and weighed 2.81 and 1.209 g, respectively. 

Characterization of aidotriouronic acids. - Characteristics of 1 and of authentic 
O-(40-methyl-a-D-glucopyranosyluronicacid)-(I +2)-U-/3-D-xylopyranosyl-(1+4)-D- 
xylopyranose (3), respectively, were: equiv. wt., 520 and 523; m. p.: 182-184’ and” 
184”, [c& t60” (c 0.025, water) and” +57”; and chromatographic mobility (Bx 
in solvent B), 0.58 and 0.58. Substances 1 and 3 had identical X-ray diffraction patterns 
and no signifkant differences in i.r. absorption spectra, and gave, on hydrolysis, 
chromatographic spots corresponding to xylose and acids Al and AZ. Substance 2 had 
equiv. wt. 497; m. p., 194-197”; [a]u t53” (c 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. 

Ident$cation of O-z-D-ghKopyranosyh#onic acid-( l-+2)-D-xyZopyranose_ - A 
solution of 500 mg of 2 in 50ml of 1 .ON 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 methyl ester methyl glycosides, and acetylated 
by the procedures outlined by Smith et aZ.‘2*‘3. The colorless, crystalline product 
(186 mg) melted at 255”, alone or in admixture with an authentic sample of methyl 
3,4-di-0-acetyl-2-0-(methyl 2,3,4-tri-O-acetyl-or-D-glucopyranosyluronate)-P_Do- 
pyranoside. Melting points previously recorded for this compound are” 250” and13 
25.5-257”. The specific rotation, [L@‘, was +lOO” (c 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 0.1~ 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. 

MethyZation. - 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 aL1’, and then with solid sodium hydroxide 
and methyl sulfate according to the procedure of Falconer and Adams14. 
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Each of the syrups from the methyl sulfate methyIation was dissolved in 5 ml of 
dry NJV-dimethylformamide. Methyl iodide (2 ml) 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-worke#, 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 absolption in the hydroxyl-stretching region. Specific rotations 
[a]&5-26 of these syrups from 1,2, and 3 were: -t-38” (c 0.046, ethanol), -1-38~ (c 0.013, 
ethanol), and +36” (c 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 iithium aluminum hydride. -The reduced and methylated syrups 
from I, 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 filtrates were 
deionized on a column of Amberlite MB-3(Hf, 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 ?hree syrups 
from the lithium aluminum hydride reductions (20 mg) was dissolved in 5 ml of 4% 
sulfuric acid, and the solution was sealed in a glass ampoule, heated for 120 min at 
IOO”, cooled, neutralized with barium carbonate, filtered, deionized on a column of 
Amberlite MB-3(Hf, OH-) ion-exchange resin, and evaporated to a syrup. Paper 
chromatography (Solvent C) revealed two spots common to all three syrups (RTnfG* 
0.57 and O-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 probabIy the same in the three hydrolyzates16. 

The faster spot (I? ThIG 0.78) corresponded in migration rate to authentic 
2,3,4-tri-O-methyl-D-ghtcose and the slower spot (RrhIG 0.57) corresponded in 
migration rate to authentic Z,3-di-O-methyl-D-xylose, which, in solvent C, is 
known to migrate at aimost the same rate as 3,4-di-O-methyl-D-xylose. 

G.1.c. of these three hydrolyzed syrups (on an analytical column packed with 
acid-washed diatomaceous earth coated with 15% l+butanediol succinate polyester 
according to the procedure of Bearcel’, 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-0-methylxylitoi. - The substances that produced 
the three 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 three times with 
redistilled chlorufurm, and -the extracts were dried overnight (anhydrous calcium 
sulfate), and evaporated to dryness. The crystalline products were wzhed 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 l&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- 
4-0-p-nitrobenzoylxylitol has been reported** as 187-189”. 

Methanolysis of reduced, methylcated triiaccharides. -Theunhydrolyzed portions 
of the three syrups obtainedfromthe lithium aluminum hydride reduction were each 
dissolved in 10 mlof 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(Ht, OH-) ion- 
exchange resin and evaporated to syrups. G.1.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 
ofthe 1,2,3,5-tetra-0-methylxylitolisolated in thepreviousexperiment.Presumably,the 
others were due to the anomers of methyl 3,4-cli-0-methyl-D-xylopyranoside and of 
methyl 2,3,4-tri-0-methyl-D-glucopyranoside. Peaks produced by an authentic sample 
of a mixture of the anomers of methyl 2,3-di-0-methyl-n-xylopyranoside had retention 
tunes of 17.5 and 21.2 min, and were different from the five peaks listed above. 
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ABsTRAcr 

Acetylation of a slurry of fi-maltose monohydrate in cold toluene with acetyl- 
pyridinium chloride gave 1,2,6,2’,3’,4’,6’-hepta-0-acetyl-P-maltose (I) in 70% yield, 
with octa-O-acetyl-/3-maltose as a bypraduct. Crystalline 3-O-methyl (2) and 3-G 
phenylcarbamoyl(3) derivatives of 1 were readily obtained. A deacetylated sample of 2 
was shown to yield 3-0-methyl-a&D-glucose and a&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 3-0-methyl-D-glucitol and methyl a&D-glucopyranoside; components of the 
methanolyzate were identified by g.1.c. Deacetylation and methanolysis of 3 gave 
methyl 3-0-phenylcarbamoyl-a$-D-glucopyranoside (5), from which methyl 2,4,6- 
tri-O-benzoyl-3-O-phenylcarbamoyl-8-D-glucopyranoside (6) was isolated crystalline; 
synthesis of6 from l&5,6-di-O-isopropylidene-a-~glucofuranose proved its structure. 

EWRODUCTION 

To increase the possibilities for industrial utilization of maltose (4-O-a-JB-gluco- 

pyranosyl-o-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 fl-D-glucose were 
fully acetylated in 95% 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-l, 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, Illinois, 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 halidesl, by the action of piperidine on octa-0-acetyl-/I-maltose*, and 
by detritylation of the acetylated 6-trityl or 6’-trityl ethers of maltose3’4. 

The use of acetyl halides for the preparation of acetylglycosyl halides has been 
reviewed by StanEk and his colleagues5_ Sugihara6 summarized investigations before 
1958, which showed high reactivities of the hydroxyl groups at C-6 and C-2 of D-ghc- 
ose toward acylation. In 1967, Williams and Richardson’ established a reactivity 
sequence for the secondary hydroxyl groups in methyl a-D-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 catalystg, 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 ef &.‘O 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 l2 found the same bonding in crystalline 
methyl fl-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 

D-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 70% 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 Lederkremer13 gave excellent separation 
of 1 and the byproduct, octa-0-acetyl+maltose. 

The purified heptaacetate 1 was readily converted into octa-O-acetyl-&maltose 
in cold pyridine-acetic anhydride. A control reaction on fi-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 cc anomer by t.1.c. examination’4. 

In chloroform-d, the heptaacetate 1 and octa-0-acetyl-/?-maltose showed nearly 
identical low-field doublets for the anomeric proton (7 4.36 and r 4.25, respectively, 

with Jl.2 8 Hz). Such deshielding of the anomeric proton is characteristic for a l- 
acetate, and the location and large coupling constant indicate an axial orientation 
(/3 anomer, ‘15-17. The integrated spectrum confirmed the presence of seven C-methyl 
(acetyl) groups in 1, within the region assigned for equatorial 0-acetyl groups (r 7.93- 
8.01). No signals could be detected at the resonance of r 7.82 reported16 for axial 
0-acetyl groups, and since no other C-methyl resonances were observed, any ortho- 
ester forms are ruled out. 

These findings agree with the j? 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 P-D configuration in the D-ddopyranose 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-d6_ 
For 2,3,6,2’,3’,4’,6’-hepta-0-acetyl-P-maltose, the I-OH signal appeared far down- 
field as a doublet (r 2.42, J, ,OH 6 Hz). Our heptaacetate, however, showed a 
different doublet for the hydroxyl proton (7 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 ef al.” for the C-3 and G2’ hydroxyl protons of 
&maltose in methyl sulfoxide solution. 

It was assumed +&at 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 
Morgan16 have shown that an analogous C-Zhydroxylated compound, 1,3,4,6-tetra- 
O-acetyl-a-D-glucopyranose, readily “ mutarotates” in aqueous acetic acid to give the 
anomers of 2,3,4,6-tetra-0-acetyl-b-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 et a1.l’ 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- 
diazomethane2’*22 system. The n.m.r. spectrum of 2 at IO0 MHz in chloroform-d 
showed the expected O-methyl resonance (7 6.59), and the anomeric-proton doublet 
remained unchanged at r 4.36, J,,2 8 Hz. Examination of the integrated spectrum 
confirmed the presence of a single O-methyl group and of seven C-methyl (acetyl) 
groups (r 7.93-8.01). A comparison spectrum of the analogous 3-0-phenylcarbamoyl 
derivative (3) showed the anomeric proton doublet at z 4.22 (Jlv2 8 Hz), essentially 
identical with that for octa-0-acetyl-Q-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 3-0-methyl-a&D-glucose and of 
Q-D-glucose was established. No other products were observed. 

TABLE I 
RELATIVE RETENTION VALUES OF D-GLUCOSE DERNATNESD 

Sampl.9 Internal reference standardsc 

a-D-Glucose, MetJzyl B-D-glucoside, D- Glucirol, 
15OO” 160” 160” 

3-O-Methyl-D-glucitol 

D-Glucitol 
3-O-Methyls-D-glucose 
eO-Methyl-a-D-glucose 
2-O-Methyl-a-D-glucose 
3-O-Methyl-&D-glucose 
2-O-Methyl-D-D-gh~cose 
6-O-Methyl-a-D-glucose 
4-O-Methyl-P-D-glucose 
fi-D-Glucose 
6-O-Methyl-p-D-glucose 

0.85 0.47 0.86 (150°, 
0.96 (160”) 

d 0.49 
0.76 0.44 
0.90 
1.08 
1.25 0.72 
1.50 
1.52 
1.67 
1.82 
1.85 

at/tsla at designated temperature, as pertrimethylsilyl ethers. bThe order of appearance for the PO- 
methyl-D-glucose anomers presumably follows that observed for known anomers available to us. 
In ail, the a-~ preceded the B-D. =With 19.5% Carbowax 2OM 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 3-0- 
methyl-c&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 3-0-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.1.c. showed a mixture of 3-O-methyl-D-glucitol and methyl a$-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-0-acetyl-fi-maltose 
for 1 was gained by examination of its mono-0-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 chlorideZ4 produced methyl 3-0- 
phenylcarbamoyl-a,/%D-glucopyranoside (5) as the sole monosubstituted product. 
After column purification, substance 5 could be converted into pum methyl 2,4,6-t& 
O-benzoyl-3-O-phenylcarbamoyl-8-D-glucopyranoside (6) The P-D assignment was 
based on the use of Hudson’s rule, and confirmed by n.m.r. (100 MHz in chloroform- 
d). The H-l doublet (z 5.29, J,,t 8 Hz) corresponded closely to that observed in a 
reference spectrum for methyl 2,3,4,6-tetra-0-benzoyl+n-glucopyranoside (r 5.21, 
J, .Z 8 Hz). Assignment of 6 as the 3-0-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-0-isopropylidene-3-0- 
phenylcarbamoyl-cc-D-glucofiu-anose (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. 1-r. spectra were 
recorded with a Perkin-Elmer Model 622 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 r scale. An F & M research 
cbromatograph, Model 810, was employed for g.1.c. The column was a 12-ft length of 
l/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.1.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.) wasused withoutpretreatment. 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 @naItose monohydrate. - All solvents were anhydrous. The 
reaction temperature was kept below 5” at all times. @-Maltose monohydratez5 (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 shtrry was treated dropwise with 17.5 ml of acetyl chloride (98%) in 50 ml of 
toluene during 0.5 h. Maximum reaction required 60 h, 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.1.c. examination with 1:l 
ethyl acetate-benzene (A) or 200:7 benzene-methanol (B) disclosed only two compo- 
nents, octa-0-acetyl-&maltose and 1. For solvent A, the RF values were 0.61 and 
0.40, respectively. Unreacted maltose (0.5 g) was recovered from the filtered so!ids after 
several washes on the funnel with chloroform. 

Any increases in temperature, time, or concentration of acetyl chloride caused 
a corresponding increase in the amount of octa-0-acetyl-P-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-0-acetyl-/haltose (1). - A sample (6.1 g) of the syrup 
obtained above was purified on a cohrmn of silica gel packed, and irrigated, with 
solvent A. Of 6.0 g of product that was recovered, the octa-0-acetyl-/I-maltose weighed 
1.7 g (28%) and 1 weighed 4.3 g (71%). AlI attempts to crystallize 1 failed. Use of 
multiple-ascent t.1.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 [a];’ +87.5” (c 0.4, chloroform); n.m.r. data (chioro- 
form-d): 7 4.36 (doublet, Jr ,z 8 Hz, H-l), 7 7.93-8.01 (seven acetyl groups); in methyl 
sulfoxide-d,: z 3.98 (doublet, J, ,z 8 Hz, H-l), o 4.30 (doublet, J 7 Hz, hydroxyl proton), 
7 7.63-7.69 (seven acetyl groups). 

Anal. Calc. for C,,H,,O,,: C, 49.06; H, 5.70; acetyl, 47.3. Found: C, 48.96; 
H, 5.95; acetylz6, 46.6. 

Peracetylation ofl. - A 100-mgportion of 1 was dissolvedin 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.1.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-0-ace@-P-maltose. 

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

1,2,6,2’,3’,4’,6’-Hepta-O-acetyl-3-0-7lret~~y~-~-~lto~e (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 (0.42~, 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 BFa and 10 ml of the 
diazomethane solution to the solution of 1. At 1Zmin intervals during 2 h, l-ml por- 
tions of BF3 solution and 20 ml of CH2NI solution were alternately added until a 
total of 6 ml of BFa solution and 110 ml of CHZNI 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. TLC. with solvent A showed an approximately 90% conversion into 2. 
At this point, 5 ml of pyriciine was added, and the solution was rapidly warmed to 25”. 
Polymethylene was removed by atration, 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”, [a];’ +77.2” 
(c 1.1, chloroform): n-m-r. data (chloroform-d): 7 4.36 (doublet, J1,2 8 Hz, H-l), 
7 6.59 (one OMe group), 7 7.93-8.01 (seven acetyl groups). 

Anal. Cak. for C2,H3sO18: C, 49.85; H, 5.89; OMe, 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.1.c.) several mono-O-methyl-D-glucoses. 

Gas-liquidchromatography. - Experimentation with standard mono-O-methyl- 
D-glucoses (2-O-, 3-O-, 4-O-, and 6-O-methyl isomers) showed that g.1.c. would afford 
ready identification of the mono-O-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 trimethylsiiylation. The relative retention times are listed in Tables I and II. 

TABLE II 

RELATIVE RETENTION VALUES OF hIETHYL D-GLUCOPYRANOSIDES AND DERIVATIVESa 

hfefhvf Internal reference standards” 
D- Glicopyranosideb CL-D- Glucose, Methyl P-D-gkoside, D-Glucitol, 

150° 160” 160” 

3-O-methyls- 
3-O-methyl-B- 
4-O-methyl-a- 
Z-O-methyl-a- 
4-O-methyl-& 
a- 
P- 
2-O-methyl-& 
6-O-methyl-a- 
6-O-methyl-p- 

1.11 0.69 
127 
1.41 
1.50 
1.57 
1.63 0.93 
1.76 
1.79 
2.33 1.38 (150”) 
2.54 1.50 (1500) 

. 

1.90 
2.05 

at/r,a at designated temperature, as pertrimethylsilyl ethers. @‘fhe order of anomer appearance for 
the 2-, 3-, and 6-0-methyl-D-glucosides presumably follows that observed for the known anomers 
available to us. In all, the a-D preceded the P-D. cWith 19.5% Carbowax 20M on Chromosorb W. 

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

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

By contrast, examination of the hydrolyzate from the product from the silver 
oxide-N,N-dimethylformamide-methyl iodide systemrg showed a complex mixture of 
mono-O-methyl D-glucoses, and confirmed the earlier observations made by t.1.c. 

Detection of 3-0-methyl-D-glucitoI. - A solution of a SO-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 24 h 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 a.liquot of the 
extract was converted into the trimethylsilyl ether as before. G.1.c. at 160” revealed 
that the hydrolyzate contained only 3-O-methyl-D-glucitol and methyl or,/?-D-gluco- 
pyranoside. Authentic samples of methyl @-D-g1ucopyranoside, D-glucitol, and 3-0- 
methyl-Dglucito127 were prepared for comparison. 

3-0-MetJryi-D-arabino-lrexulose plrenylosazone. - The 3-O-methyl-a&D- 
glucose in the deacetylated hydrolyzate from 2 was freed of contaminants on a Celite 
column28 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 3o A mixed m-p. with authentic material was unde- _ 
pressed (at 172-175”). 

1,2,6,2’,3’,4’,6’-Nepta-O-acetylO-p~~enyicarbamoyl (3). - A crude 
product (11 g) from the slurry acetylation, containing approximately 70% 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 atered, 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, [a];’ +58.7” (c 0.9, chloro- 
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form); n.m.r. data (chloroform-d): 7 4.22 (doublet, J, .2 8 HZ, H-l), T 7.89-8.11 (seven 
acetyl groups). 

Anal.Calc.forC,,H,,NO,,:C,52.45;H,5.47;N,l.85.Found:C,52.58;H,5.81; 
N, 1.88. 

2,3,6,2’,3’,4’,6’-Hepta-O-acetyI-I-O-phenylcarba~noyI-~--p-maltose (4). - This 
compound was prepared for comparison with 3. A 2.0-g sample of 2,3,6,2’,3’,4’,6’- 
hepta-U-acetyl-B-maltose was dissolved in 10 ml of pyridine, and I ml of phenyl 
isocyanate was added. After 1 h at loo”, the solution was processed as for 3. After 
two iecrystallizations from ethanol, the compound had m.p. 146-148”, [a]&’ +60-l” 
(c 0.98, chloroform); nTm.r. data (chloroform-d): 7 4.21 (doublet, J1,2 8 Hz, H-l), 
r 7.93-8.01 (seven acetyl groups). 

Anal. Calc. for C!,,H,,NO19: C, 52.45; H, 5.47: N, 1.85. Found: C, 52.04; 
H, 5.55; N, 1.82. 

Isolation of methyl 2,4,6-tri-O-be?zzoyl-3-O-pitenylcarb~oyI-~-~-g~ucopyrano- 

side (6). -A4.0-g sample of 3 was deacetylated in 80 ml of anhydrous methanol mixed 
with 2.3 ml of 98”/” acetjrl chloride. After 48 h at room temperature, the acid was 
neutralized with Amberlite IR-45 (OH-) ion-exchange resin, the suspension was 
Wered, and the filtrate was evaporated to a syrup (2.3 g). T.1.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-c&D- 
glucopyranoside (5), weighing I .l g, was not examined further, but was converted 
directly into the tribenzoate, essentially as described in the next section. After isolation, 
the j-D anomer (6) crystallized readily from ethanol_ After two recrystallizations, 6 had 
m.p. 160-161”, [c&O +43.0” (c 1.0, in chloroform); n.m.r. data (chloroform-d): z 5.29 
(doublet J1,2 8 Hz, H-i), z 6.51 (OMe). 

Anal. Calc. for C35H31N0,0: 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-bsrzoyl-3-O-pltenyIcarbamoyl-P_D-gI~~co- 
pyranoside (6). - A solution of 3.5 g of 1,2:5,6-di-O-isopropylidene-a-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-O-phenylcarbamoyl-cc-D-glucofuranose 
(7) WZIS dissolved in 80 ml of warm, 1:l 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&D-glucose. Efforts to crystallize 3-O-phenyl- 
carbamoyl-&P-D-glucose (S) have not yet been successful. Acetylation in cold pyridine- 
acetic anbydride gave crystalline 1,2,4,6-tetra-0-acetyl-3-O-phenylcarbamoyl-oD- 
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ghcopyranose (9); m.p. 199.5-200.5”, [a]? + 61.1” (c 0.51, chloroform); n.m.r. data 
(chloroform-d): T 3.65 (doublet, J, ,2 4 Hz, H-l of a-D anomer), r 7.82 (one axial acetate 
group), T 7.94-8.02 (three equatorial acetate groups). 

Anal. Calc. for C, rH,,NO, r: 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 98% acetyl 
chloride was added, and the mixture was refluxed for 3 h. T.1.c. with solvent D showed 
conversion into the methyl 3-0-phenylcarbamoyl-a&D-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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2-DEOXY SUGARS. 
PART x[z. PYRIMIDINE NCJCLEOSIDES DERIVED FRO&l 2-DEOXY-D-uru~ji?O-HO~~NOSE~ 
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Department of Chemistry, Georgetown University, Washington. D. C. 20007, and Division of Life 
Sciences, Gulf South Research Institute, New Iberia, Louisiana 70560 (U. S. A.) 

(Received September 18th, 1967) 

An anomerically pure furanoside was obtained in crystalline form from the 
methyl glycosidation of 2-deoxy-D-arabzizo-hexose; it was converted into a stable, 
crystalline 0-acylglycofuranosyl halide by the following sequence of reactions: methyl 
2-deoxy-a-D-arabino-hexofuranoside -+ methyl 5,6-0-carbonyl-2-deoxy-cc-n-arabino- 
hexoside + methyl 5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-a-D-~~~i~o-hexoside 
~5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-a-~arabjrzo-hexosyl bromide. The new 
halide was treated with 2&dimethoxypyrimidine by the Hilbert-Johnson procedure to 
give 1-(5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-~-D-~~~~~~~o-hexosyl)-~methoxy- 
2(lH)-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. I-(2-Deoxy-/3( ?)-D-arabino-hexofuranosyl)- 
thymine, the furanoid isomer of I-(2-deoxy-b-D-urabino-hexopyranosyl) thymine 
(a powerful and specific inhibitor of apyrimidine phosphorylase obtained from Ehrlibh 
ascites tumor cells) was prepared in a manner similar to that for the uracil nucleoside. 

INTRODUCTION 

In 1962, we reported’ on the preparation of l-(2-deoxy-fl-n-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. 
I-(2-Deoxy-P-D-arabina-hexopyranosyl)uraci13 is likewise effective as an inhibitor of 
the same enzyme (but to a lesser degree); however, l-j?-D-glucopyranosylthymine’ and 
I-(2-deoxy-PD-ribo-hexopyranosyl)thymine4 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. 
**Present address: Department of Bio-Organic Chemistry, Division of Life Sciences, Gulf South 
Research Institute, Post Office Box 1177, New Iberia, Louisiana 70560. 

Carbohyd. Res., 6 (1968) 63-74 



64 K. V. BHAT, W. W. ZORBACH 

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, crystalfine 
O-acylglycofuranosyl halide of a 2-deoxyaldohexose’ and the first known nucleosides 
containing a 2-deoxyaldohexosyl group in its fztranoid form. 

RESULTS AND DISCUSSION 

Methods for converting fully hydroxylated aldohexoses into their furanoid forms 
Ga di-O-alkylidene derivatives are not applicable to Zdeoxyaldohexoses, 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-&cofuranose on treatment with acetone in the presence of su& 
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-l and O-2. 

In contrast, when we attempted to prepare 2-deoxy-5,6-O-isopropylidene-D- 
arabitzo-hexose from 2-deoxy-D-arabijlo-hexopyranose (“%deoxy-D-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 5,6-0-carbonyl-2-deoxy-r+arabino-hexose by 

treating 1 witF . chloride; as shown by thin-layer chromatography, a complex 
reaction mix #as obtained and, therefore, this approach was abandoned. 

An all :ive route was considered that involved the direct methyl glyco- 
sidation of compound J, as reported6 by Hughes et al., who claimed to have obtained 

almost exclusively “a,/I-methyl-2-deoxy-D-glucofuranoside”. Notwithstanding the 
experimental evidence they gave, their results are at variance with the observations 
and conclusions of Levene et aL7, 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 0.1% methanolic hydrogen 
chloride resulted in a syrup, the value of the specific rotation of which agreed with that 
reported6 for “a,#-methyl-2-deoxy-D-gluco-furanoside”. In an effort to resolve the 
mixture, de syrup wasp-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 25% of the original glycoside mixture. Its physical 
constants (m-p. 142-144”, [a]n - 122“) did not agree with those of the known methyl 
2-deoxy-3,4,6-tri-U-p-nitrobenzoyl-8-D-arabilza-hexosides (m.p. 159-161”, [a]n -36O) 
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 methoxide ion, to give a crystalline glycoside having m.p. 80-81” and 
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[a]o + 117”; these values are not concordant with the corresponding Values for either 

of the known anomers of methyl 2-deoxy-D-arabino-hexopyranosideg and, therefore, 
the new glycoside must be a furanoside. Because of its strongly positive specific 
rotation, the glycoside most probably has the CC-D configuration as shown in struc- 
ture 2, in which the methoxyl group at C-l and the side chain at C-4 have the tram 

arrangement. This constitutes the first report of a crystalline methyl glycofuranoside 
of a 2-deoxyaldohexose. 

HOCHz 

0 

H”ka 
OH 

OMe 

_ HI&iH_ [HI&e+ HI&oM] 

i \ ’ 

3 4 

5 6 7 a 

pN9.z = p-02NC6H4! 

SCHEME I 

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 d[M] 15,000 for methyl 2-deoxy-j- 
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-/3-methyl-2-deoxy-D-glucofuranoside” was prepared6 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 30% of a 1:l 

mixture of the two pyranosides (3 and 4), and about 35% of methyl 2-deoxy-a-D- 
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a&Gnu-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 “cr&methyl-2-deoxy-o-glucofuranoside” of Hughes 
et aL6 is a mixture containing only 30-35% of anomerically pure methyl 2-deoxy-a-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 P 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 SIOW 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 O-lo% 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 5 directly into a tri-O-p-nitro- 
benzoylglycosyl halide were performed with hydrogen bromide in dichioromethane. 
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-0-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-l, 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 (l), 
treatment of the furanoside (2) with carbonyl chloride resulted in an excellent yield of 
crystalline methy 5,6-O-carbonyl-2-deoxy-a-~-arabino-hexofuranoside (6); p-nitro- 
benzoylation of 6 gave the high-melting, 3-0-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-nitrobenzoyI-D-arabilto-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 tram to the substituted side-chain at 
C-4 of the furanoid ring. The 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-0-p-nitrobenzoyl derivative (9), indicating 
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that the halide (8) would have utility in the preparation of furanosyl nucleosides 
containing 2-deoxy-D-arabino-hexose (1) as the carbohydrate residue. 

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

OR 
, 

10 .R=CH, ; R’=H 
10a.R=CH3 ; R’=CHJ 
10b,R=QH5; R;=H 
YOc,R=C2HS,; R=CH3 

OR 

R’ 

11, R=CHa; R’=H 

lla. R = CH3 ; R’= CHJ 
llb.R= C&I,; R’= H 

llc, R ‘C2H5 i R’= CH3 

f 
YH2 

14,R’=H 
14a.R’=CH3 

13,R’= H 
13a,R’= CH, 

SCHEME 2 

‘12 

diallyloxypyrimidine offered no advantages over the corresponding diethoxy derivative. 
Condensations with 2,4_diethoxypyrimidine (lob) were restudied, and it was found 
that the optimal yield (25%) of pure, protected uracil nucleoside (llb) 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 l-(S,6-U-carbonyl- 
2-deoxy-3- U-p-nitrobenzoyl-D-a&&o-hexosyl)+methoxy-2( 1 H)-pyrimidinone (11) 

could be obtained. Accordingly, the dimethoxy derivatives (10 and 1Oa) 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 
59% yield. The demethylation of 11 was performed with 5% 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 l-(5,6-0-carbonyl-2-deoxy-3-O-p-nitrobenzoyl- 
D-arabino-hexosyl)uracii (13), which underwent methoxide-cataIyzed de-esterification 
lo give 85% of I-(2-deoxy-D-arabbo_hexofuranosyl)uraci~(l4). 

The condensation of the bromide 8 with 2,4-dimethoxy-5-methylpyrimidine 
(lOa) was performed under essentially the conditions given for the preparation of 11, 
yielding the protected thymine nucleoside (lla) as crystalline material. Demethylation 
of dla 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 I-(2-deoxy-D- 
arabijzo-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 
/?-D anomer and a quartet for the CI-D anomer. Similar patterns for a series of anomer 
pairs of 2-deoxy-D-eryt/zro-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 6.28 (J: ,, 2P 7 Hz) for the C- 1’ proton ; therefore, 
the 8-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 /I-D configuration. 

EXPERIMENTAL 

A Kofier hot-stage was used for determining melting points. N.m.r. spectra were 
measured in deuterium oxide with a V&an Mode1 A-60 spectrometer. 

MethyZ 2-deoxy-3,5,6-tri-O-p-nitrobeiz~oyl-a-D-arabino-~zexos~de (5). -2-Deoxy- 
D-arabrilo-hexose (1) (2.5 g, 15 mmoles) was converted into a crude mixture of methyl 
glycosides according to the directions given6 for “a,&methyl-Zdeoxy-D-gIucofuranos- 
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 O”, and for 1 h at room temperature, arrd kept in a 

*In our first condensation experiment, involving 2,4_diethoxypyrimidine (lob), the protected uracil 
nucleoside (llb) was de-ethylated without neutralization ofthe 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 nucIeoside 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 melted, 
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 16%169”, [cc]f;( - 122.3” (c 1.0, 
chloroform). 

Anal. Calc. for CZsH,,N30,,: C, 53.72; H, 3.71; N, 6.72. Found : C, 53.70; 
H, 3.66; N, 6.49. 

MerIryl 2-deoxy-a-D-arabino-lzexofuranoside (2). - (a) from the tris-p-iiitro- 

benzoate (5). - To a suspension of 3.5 g of compound 5 in 100 ml of anhydrous 
methanol was added 0.23 ml of 4~ 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 O, [ali + 117. lo (c 0.99, ethanol). 

Anal. Calc. for C7H1405: C, 47.19; H, 7.92. Found: C, 47.20; H, 7.82. 
(b) Direct preparatiolz 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 35% 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 resulting 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 IO-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 x 45 cm) of 
Whatman No. 1 cellulose powder that had been packed with acetone and prewashed 
with the upper layer of 106~ I:3 (v/v) ethyl acetate-isobutyl alcohol-toluene-water. 
Eiution 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* RF 9.511, 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. 

MethyZ 5,6-0-carbonyZ-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 - IO”, and to the cold solution was slowly added 
dropwise, with stirring, a 20% (w/w) solution (5 ml) of carbonyl chloride in dry 
toluene. The mixture was stirred for 1 h at - lo”, 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 Hyfio Super CM. 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 (80x), m-p. 91-92”, [a]‘,” + 132.4” 
(c 1.0, ethanol). 

AnaL Calc_ for CsHr706: C, 47.06; H, 5.92. Found: C, 47.21; H, 6.15. 
Methyl 5,6-0-carbonyl-2-deoxy-EO-p-Nirroberz~oyI-a-D-arabino-lzexoside (7). - 

To a solution of 742 mg (4 mmoles) ofp-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 (800!) of pure 1, m.p. 213-214”, [a]k4 f22.4” (c 1.0, dichloro- 
methane). 

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

5,6-0-Carbonyl-2-deox~~-3-O-p-nitrobelrzoyl_cxf 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%) of pure 8, m.p. 125” (dec.), [a]h4 -35.4” (c 0.436, acetone). 

* The furanoside (2) is attended by some unreacted starting-material (1) (RF 0.12) (because of 
incompleteness of precipitation in processing the reaction mixture), and substantial proportions 
of the a-D-pyranoside (RF 0.391) and the /k-pyranoside (RF 0.325). 
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5,6-O-Carbonyl-2-deoxy-Z,3-di-0-p-nitrobenzoyl (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 Hyfio Super Cel, followed by three IS-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”, 
[a]k4 -3.25” (c 0.286, dichloromethane). 

Anal. Calc. for C21H,6N2012: C, 51.64; H, 3.30; N, 5.74. Found: C, 51.82; 
H, 3.33; N, 5.65. 

2-(5,6-O-Carbonyl-2-deoxy-3-O-p-nitrobenzoyZ-~-~-arabino-hexosy~)-4-~thoxy- 
Z(ZH)-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 O, [cc];4 - 7.35” (c 0.55, dichloromethane). 

Anal. Calc. for ClgH,,N,OIo: C, 51.01; H, 3.83; N, 9.39. Found: C, 51.27; 
H, 3.63; N, 9.36. 

2-(5,6-O-Carbo~~yf-2-deoxy-3-O-p-)titrobenzoyf-~-~-arabino-he.~osyf)-4-ethox~~-2- 
(ZH)-pyrimidinone (llb). - A mixture of 125 mg of the bromide 8 and 800 mg 
(4.76 mmoles) of 2,4_diethoxypyrimidine (lob) was heated (with exclusion of moisture) 
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 lo-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 llb, m.p. 223-224.5”, [a]i4 -7.4” 
(c 1.54, dichloromethane). 

Anal. Calc. for C&H19N301,-,: C, 52.07; H, 4.15; N, 9.11. Found: C, 52.21; 
H, 4.22; N, 9.09. 

I-(_?-Deoxy-j?-D-arabino-hexo@z~zoSy1)cytoS~~ze (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 lo-ml portions of ether. The 
aqueous solution was evaporated to dryness at 45” under diminished pressure, the 
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portions of ether, and dried overnight in a vacuum desiccator containing phosphorus 
pentaoxide. Tt was recrystallized from ether-dichloromethane, to give 150 mg (26%) 
of the protected nucleoside (lla), m.p. 195-197”. An analytical sample was prepared 
by recrystallization from acetone-ether: mp. 203-205”, [LX]‘,” - 6.5” (c 0.337, dichloro- 
methane). 

Awl. Calc. for CzoH,9N3010: C, 52.07; H, 4.15; N, 9.11. Found: C, 51.83; 
H, 4.16; N, 9.26. 

1-(5,6-O- Carbo~zyl-2-~eox~~-3-O-p-nitrobe?z~o~~I-~(?)-D-arabino-hexosyZ)-4-et~z- 

oxy-5-nzetlzyZ-.Z(ZH)-pyrimidinone (11~). - To 912 mg (5 mmoles) of molten 2,4- 
diethoxy-5-methylpyrimidine (10~) was added 125 mg (0.31 mmole) 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-m] portions of ether, 
dried for 2 h in a vacuum desiccator containing phosphorus pentaoxide, and recrystal- 
lized four times from ether-dichloromethane to yield I4 mg (10%) of pure llc, m.p. 
204-205”, [or]i4 - 3.3” (c 0.16, dichloromethane). 

Anal. Calc. for C-,1H2,N30,u: C, 53.06; H, 4.45; N, 8.84. Found: C, 52.82; 
H, 4.25; N, 8.80. 

I-(2-Deosy-P(?)-D-arabino-hexoftcosy~t~zy~~i~ze (14a). - To a solution of 
110 mg (0.24 mmole) of the protected nucleoside lla in 8 ml of dichIoromethane and 
5 ml of anhydrous methanol was added 5 ml of methanolic hydrogen chloride (34%). 
The mixture was stirred, with exclusion of moisture, for 6 h at room temperature, the 
acid was neutralized with an excess of silver carbonate (12g), 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,&rimethylpentane. The zones 
containing the product (chief component) were located by means of uitraviolet 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 4hi sodium methoxidein 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 titered off and washed with ether, 
to give 30 mg (80%) of pure 14a, m.p. 166-168”, [a]2,d - 10.5” (c 0.10, water), A:::” 
268 rim (log E 4.11). 

Anal. Cak. for CllH16N206: 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 D-glucose,using radioactive sugars, has shown that the hitherto undetected dimethyl 
ace&Is 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 D-glucose. 

As has been known for many years I, 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 Barker3 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 D-glucose. Hemiacetals have not been 
detected but cannot, on this evidence, be discounted as possible reaction intermediates_ 

Following Fischer’s early workl*‘, Levene and his associates4 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 restits will be published in full in J. Org. Chem. The conclusions reached on the role of the 
D-arabinose acetal are effectively the same as those arrived at for the n-xylose acetal 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, 
tist applied them to gain a fuller understanding of the glycosidation of D-galactose. 
With the aid of much more sensitive and convenient g.l_c_ techniques, Bishop and 
Cooper 6*7 Iater 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: (i) the formation of furanosides, (ii) the anomerisation offiuanos- 
ides, (iii) the ring expansion of furanosides, and (iu) 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 absence6 could be invalidated. 

Whereas, in their studies with radioactive L-arabinose, Heard and Barker3 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. 1 is shown a radioautograph obtained during the study of the methanol- 
ysis of D-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 o-xylose dimethyl acetal was shown by carrying out two 
parallel methanolyses that were identical, except that, in one, r4C was incorporated in 
the sugar, whereas, in the other, the methanol was labelled. 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 D-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-OGbenzylidene derivativeg), 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 de metha- 
nolysis of D-xylose, it can be seen that the two furanosides are formed first, 
that the fi-anomer preponderates over the a-form, and that, latterly, ring expansion 
occurs to give pyranosides that constitute 95’/” of the reaction products at equilibrium. 
These results agree qualitatively with the findings of Bishop and Cooper6*’ (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” a, /3-furanoside-ratio pertaining during the ring-expansion stage was 
found to be 1:1.72 by de g.1.c. method6 but 1: 1.2 [confirmed in a duplicate experiment 
and by carrying out methanolysis of radioactive u- and /I-furanosides] in this radio- 
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added as a reference compound. 

Fig. 2. Components in the reaction between D-xylose (1%) and methanolic hydrogen chloride 

(0.5%) at 259 

chemical work, and, whereas we find the maximum percentages of c+ and &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 D-xylose dimethyl acetal in the reaction between D-xylose (1%) and 

methanolic hydrogen chloride (0.5%) at 25”. 

Pyranosides _ 
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Fig. 4. The first products of the reaction between n-xylose (1%) and methanolic hydrogen chloride 
(0.01%) at 35”. 

respectively. At this stage, the pyranoside and acetal concentrations are both 2.5%, 
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 

*It is not clear why this figure is so high; it should be cu. 0. 15% if the acetal 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-D form (see Fig. 2), is formed initially in greatest proportions (a$,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 D-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 a-isomer preponder- 
ating (extrapolated, initial a:/? 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 /?-D-xylofuranosides compares 

well with that (or:/& 65:35) obtained7 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 “a-side” of 

C-l and cause preferential solvolytic attack to give fi-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 a-D-furanoside, since the P-D 

modification of the furanoid free sugar would be expected to preponderate in solution. 
Furthermore, the anomerisation of methyl /.?-D-glucofuranoside in [‘VI-methanol 
leads to labelled furanosides”, and additional support comes from studies of the 
ethanethiolysis of D-xylose”. However, a referee has kindly pointed out that 243 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 D-xylofuranosides’. 

-7 = H CT CI-~OH 

D-Xylose 

~(F~ronose, 
Pyranose. 
or Aldehydo 1 

A further alternative is that the furanosides could be formed by way of the 
acyclic hemiacetals (443) which can arise from the aldehydo sugar by alcoholation 

Carbohyd. Res., 6 (1368) 75-86 



80 R. 3. FERRER, L. R. HATTON 

or from any of the cyclic modifications by protonation of the ring oxygen and either 
by a synchronous displacement reaction at C-l or after a primary ring-opening step. 
Evidence which lends support to the possibility of an acyck hemiacetal intermediate 
was obtained by finding that methanolysis of D-xylose dimethyl acetal (radioactive) 
occurs with great facility to give, initially, the CI- and /I-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 D-glucose dimethyl acetal reacts 
during hydrolysis to the methyl furanosides by a concerted process and not by the 
intermediacy of an acyclic ion12, 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 ace&l 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 cn. 0.3%, but their expected high 
reactivity in the methanolysis medium or during subsequent operations could account 
for their apparent absence. 

Capon and Thacker13 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 hydrolyses 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 Cooper6, on finding that the methyl cc- and P-D-xylopyranosides 
were produced in the ratio 1: 1.7 [i.e., the equilibrium ratio determined by them for the 
furanosides (see above)], conchrded 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-xyiopyranosides were chromatographically indistinguishable under the conditions 
used. However, the four ethyl D-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 o(- and j-D-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-l), they then underwent ring expansion to ‘L- and fl-D-pyranosides 
formed in the ratio 1:1.9 (average of 8 measurements; variation, _t O-l), and the 
pyranosides anomerised to give the final equilibrium mixture. In this reaction, there- 

fore, the a$ ratio changes appreciably during ring expansion, but no information on 
the stereochemistry of the process can be deduced from this. 
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No evidence was obtained for the presence of the diethyl a&al in the reaction 
since, in the chromatographic solvent employed, it was unresolvable from ethyl a-D- 

xylofuranoside. The four ethyl D-xylosides prepared during this work are described. 
In agreement with the results obtained during the g.1.c. studies6D7, 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 aLlo should have observed that ring 
expansions of the methyl D-ghrcofuranosides resulted initially in the formation of 
appreciably more a- than fi-D-pyranosides. 

EXPERIMENTAL. 

[‘4C]-D-Xylose (U), [14C]-D-glucose (U), and [14Cj-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 rr-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 interrelate the activities 
present in each sample. Aliquot portions of solution were neutralised with Deacidite 
FF (OH-) resin and were applied to Whatman No. 1 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 chrornatograms 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 dose showing activity greater than 40,000 counts/min were 
counted in portions. Overall counting efficiency was ca. 3%, whereas the counter 
itself had an efficiency of ca. lo’%, 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% 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. 1% 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 resin14, the errors associated with the use of 
resin in the neutralisation step were assessed. Alcohol solutions containing mixtures 
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of methyl a- and /?-D-furanosides and ethyl a- and fiD-pyranosides of known raclio- 
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 a-o-furanoside and the 
/?-D-pyranoside, i.e., the chromatographically less-mobile anomers, so that the true 
equilibrium ratio of CL- and fl-o-furanosides is l:l.l-1.2, and that of the CY- and jI-D- 

pyranosides is 1: l-9-2.1. Free n-xylose was adsorbed appreciably more selectively than 
the glycosides (in one competitive experiment, 76% of n-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 de findings in any appreciably way. 

Methadysis OfD-@OS?. - (a) Conditions similar to those used by Bishop and 
Cooper6 were selected; the o-xylose concentration, however, was reduced from 2 to 
1% to overcome solubility difficulties. D-Xylose (10 mg, containing 10 pcuries activity) 
and D-@UCitOl (0.25 mg, containing 0.5 pcurie activity) were dissolved in methanol 
(0.5 ml) to which was added methanolic hydrogen chloride (OS ml, l-O%), and the 
solution was kept at 25’. Samples (0.10 ml) were withdrawn, treated with resin (CL 
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 elevated temperatures. 

TABLE I 

AClTVlTlES(C0UNTS/hllN)=0FTHERES0LVED COMPONENTS FROMTHEMEI-HANOLYSISOFD-XYLOSEA-C25 

(D-XYLOSE, I%;HYDR~GEN CHLORIDE, 0.50%). 

Compound Time (h) 

0.083 0.25 0.5 I 2 4 I2 24 

D-Xyiose 67,510 49,760 36,290 18,760 6,870 2,760 2,750 2,800 
D-Xylose (corrected)* 74,325 56,235 39,710 
Acetal 305 790 1,280 1,660 2,210 2,050 2,030 1,990 
Pyranosides 130 375 450 905 1,620 2,530 5,880 11,020 
a-n-Puranoside 6,480 14,600 21,750 29,780 35,850 36,050 33,280 31,300 
B-n-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 

DAh counts are corrected for paralysis, for the background count, and for distance travelled on the 
cbromatogram <see above), and have been standardised by using factors (between 0.85 and 1.15) 
obtained from the measured activities of n-glucitol. bThe deficiencies in the total activities measured 
in the earIy samples are assumed to arise as a result of specific adsorptions of free sugar on the resin. 
Corrections are applied to the n-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), 
n-glucitol(O.25 mg, 0.5 ~curie), and methanolic hydrogen chloride (1 ml, O.Ol”~). Only 
small quantities of resin were required (ca. 0.2 mg) to neutralise the acid in O.l-ml 
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samples, and errors arising from specifk adsorptions of free sugar are ignored. The 
results are summarised in Table II and are illustrated in Fig. 4. 

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

TABLE IL 

ACTIWTIES (COIJNTS/MIN)O OF THE RESOLVED COMPONENTS FROM THE METHANOLYSIS OF D-XYLOSE AT 35” 
(D-XYLOSE, 1%; HYDROGEN CHLORIDE, 0.01 “/o). 

conrpowld Time (h) 

0.083 0.25 0.5 I 2 4 12 24 

Acetal 0 0 24 58 160 295 620 1,020 
Pyranosides 0 0 0 28 57 97 280 610 
a-D-Furanoside 156 500 920 1,800 3,260 5,970 11,260 17,140 
B-o-Furanoside 74 255 529 1,140 2,075 4.760 11.710 23,800 
Percentage reaction 0.4 1.2 2.3 4.9 8.3 21.6 55.0 82.1 

“All 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 D-glucitol. 

keptat35”. Mobilities of the products, relative to that of D-xylose were: /3-D-pyranoside, 
4.9 ; ar-D-pyranoside, 5.6; cc-D-fnranoside, 6.4: D-D-furanoside, 7.5; (diethyi acetal, 6.2). 
Results are given in Table III. 

TABLE III 

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

Glycoside Time (h) 

2 4 6 12 24 48 72 120 

p-o-Pyranoside 2.1 4.7 6.9 13.0 22 41 49 56 
a-D-Pyranoside 1.2 2.2 3.6 6.7 13 21 26 32 
a-D-Furanoside 43 40 40 34 29 17 11 5 
/?-D-Furanoside 54 53 50 47 36 22 14 7 
&:a-D-Pyranosides 1.8 2.1 1.9 1.7 1.7 2.0 1.9 1.8 
B-:a-D-Furanosides 1.3 1.3 1.25 1.4 1.2 1.3 1.3 1.4 

(b) In an experiment using D-xylose (2.5 1 pcurie), D-glucitol (0.25 mg, 
(1 ml, 0.01%) at 35’, a-:/3-~- 

furanoside ratio observed when 1% reaction had occurred (5 min) was 2.6:1, and 
equilibration of the furanosides occurred in 48 h, by which time the fia ratio was 1.3: 1. 

Methanolysis of [‘4CJ-methyZ D-xylofuranosides. - Radioactive firranosides 
were obtained in > 98% radiochemical purity by elution from paper chromatograms. 
Samples (ca. 0.5 pcurie) were treated with methanolic hydrogen chloride (0.5 ml, 
0.01%) at 35”. “ Equilibria” were established within 24 h, and at that time the products 
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from the a-D-glycoside contained D-xylose, 5% (presumably formed by hydrolysis 
caused by traces of water); acetal, 3.1% ; cr-D-furanoside, 41%; and 8-mfuranoside, 
51%. The corresponding figures obtained in the reaction of the /?-D-glycoside were 
4.6,2.4,41, and 52%. At no time did the acetal concentration exceed 3%. 

MerhanoZysisof[~4C1-D-~~Z~~e d;inethyZ ucetul. -The radioactive acetal(O.001 g, 
containing 0.5 pcurie activity) and D-glucitol (0.0004 g, O.Spcurie) were dissolved in 
methanolic hydrogen chloride (0.2 ml, O.OOS”~) 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 a$ furanoside ratios at these times were 2.1, 2.0,2.1, and 
1.8. 

Methanolysis of D-glucose. -D-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; B-D-pyranoside, 
2,6; acetal, 3.8; cr-D-furanoside, 5.8; P-D-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 hlETHANOLYSIS OF D-GLUCOSE AT 35” (D-GLUCOSE, 0.25 % ; HYDROGEN 

CHLORIDE, 0.01%). 

Compound Time (II) 
I 2.5 5 9 24 72 I20 I44 

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 1.4 1.6 1.6 
Acetal <o.os= <O-l” <0.1= 0.15 0.5 0.8 0.9 1.0 
a-D-Furanoside 1.1 2.0 4.0 5.5 11 18 19 18 
8-mFuranoside 0.6 1.3 3.4 5.7 14 28 30 29 

aBased on lo-50 counts/min, and consequently unreliable. 

Characterisation of D-xylose dimethyZ acetal. - (a) The acetal (ca. 0.02 pcurie) 
was eluted from paper chromatograms with cold water, mixed with inactive acetal 
(CQ. 1 mg)‘, and chromatograihed 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 (1%) in methanolic 
hydrogen chloride (0.4 ml, 0.5%) at 25”. In the first, the D-xylose contained 0.4 pcurie 
activity, and in the second, the solvent contained 80 pcuries. After 2 h, samples taken 
from the solutions showed a&al%D-furanoside activity ratios of 0.063 and 0.128, 
respectively. After 4 h, these ratios were 0.058 and 0.108, respectively. 

[‘4c]-D-xy10Se dimethyl acetal. - D-Xylose (0.04 g) was mixed in aqueous 
solution with radioactive D-XylOSe (20 pcuries), the water was removed by freeze- 
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drying, and the residue was dissolved in methanolic hydrogen chloride (1 ml, 3%). After 
cooling to O”, 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, 67x, m-p. 207-209”, Iit9 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%) and anion-exchange resin [Deacidite FF (OH-), 0.01 g]. Removal of the 
solids and solvent gave a syrup (0.008 g, loo’%), which, after resolution on a paper 
chromatogram, was shown to contain acetal(95%), methyl a-D-xylofuranoside (4%), 
and methyl P-D-xylofuranoside (1%). 

Ethyl D-xylofuranosides. - D-Xylose (10 g) was heated under reflux in ethanolic 
hydrogen chloride (500 ml, 0.01%) for 1.5 h, when the solution was neutralised with 
Iead carbonate, filtered, and deionised with anionic and cationic resins. Removal of 
the solventgave a syrup (10.8 g, 91x), [c&, +21” (water), which was shown by paper 
chromatography to contain f~o major products having mobillties higher than the ethyl 
D-xylopyranosides. These were isolated in chromatographically pure form after 
resolution on a column of cellulose powder. Ethyl fi-D-xylofuranoside ([a],, -68” 
(c 1, water)> was eluted first and was followed by the a-D-anomer ([a], + 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 [a],, values for the methyl c(- and P-r+xylofuranosides are + 180” 
and -86”, respectively15. From the unfractionated furanoside mixture (10.5 g), ethyl 
P-D-xylofuranoside 3,5_benzeneboronate was obtained in 37% yield, m.p. 110-l 11 o 
(from benzene-light petroleum), [aID -146” (p-dioxane) (Found: C, 58.9; H, 6.5; 
B, 4.3. C13H1,B05 talc.: 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 (v 3622 cm-‘). 
The same compound was prepared in 83% yield from the /?-D-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-‘) was, however, consistent with the formation of a 3,5-boronate”. 

EthyZD-xylopyranosides. -D-Xylose (10.2 g) was heated under reflux in ethanolic 
hydrogen chloride (50 ml, 1%) for 6 h. After neutralisation of the acid (lead 
carbonate), deionisation, and removal of the solvent, a syrup (11.8 g, 100x), [a],, 
f55” (water), was obtained, which slowly solidified. Aportion (3.53 g)was resolved on 
a column of cellulose powder to give the chromatographically pure a-D-pyranoside 
(1.08 g), m-p. Ill-112”, [a]n + 156” (c 1, water) (Found: C, 46.9; H, 7.7. C,H,,O, 
talc.: C, 47.2; H, 7.9%). This was followed by the chromatographically pure B-D 
anomer (0.35 g), m-p. 92-93”, [a],, -68” (c 1, water) lJit.16, 95-96”, [a],,-38” (water)]. 
In another preparation, a fraction having m.p. 95-96”, [aID -44” (water), was obtained 

but was shown by chromatography to contain contaminating a-D-glycoside. Both 
pyranosides reduced sodium periodate (2 mol.). F rom the unfractionated pyranoside 
mixture, ethyl a-D-xylopyranoside 2,4-benzeneboronate was obtained in 38% yield, 
m.p. 137-138”, [aID +ll” @-dioxane) (Found: C, 59.8; H, 6.6; B, 4.0. C13H1,B05 
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talc.: C, 59.1; H, 6.5; B, 4.10/J. Hydroxyl stretching occurred in dilute carbon tetra- 
chloride solution at 3622 cm-‘. No P-D 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 CL-D derivative”. 
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AEsrR4cr 

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)firran. 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 [(i) the for- 
mation of furanosides, (ii) the anomerisation of furanosides, (iii) the conversion of 
furanosides into pyranosides, and (iu) the anomerisation of pyranosides], no such 
investigations of the analogous thiolysis reactions have been undertahen. The most- 
detailed available information has been obtained by semi-quantitative, paper- 
chromatographic methods3, which have shown that D-glucose, D-galactose, and 
D-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 n-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 dithioacetals4*’ and have 
been shown to be important products of the reaction between D-ribose and methane- 
thiol in the presence of dilute, aqueous hydrochloric acid6, but their signiticance in the 
thioiysis of sugars has not been well defined, ahhough there is evidence that they are 
formed directly from free sugar6. 
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RESULTS AND DISCUSSION 

Radioactive D-xylose was allowed to react with ethanethiol containing N,N- 
dimethylformamide (20x, 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 CL-D anomer preponderated), which then anomerised and were converted 
into D-xylose diethyl dithioacetal at comparable rates. In 2-3 h, the thiofuranosideswere 
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 80% of the mixture, and the 
sugar and the thiofuranosides were absent (Fig. 1). The thiopyranosides did not 

100 

2 
80 

J 
.x c A o-xytose 

1 2 3 4 uioz-sfj 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

Time ( Days1 

Fig. I. Components in the reaction between D-xylose (2%) and ethanethiol [containing hydrochloric 
acid (2.4% initially) and IV&dimethylformamide (20%)] at 25". 

exceed 6% of the products at any stage, but were present in small proportions after 
the thiofnranosides 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 used3*5, 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 cc- and /I-D-thiofiuanosides 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-l hydroxyl groups of the furanoseo (Scheme A), but the possibil- 
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(H-S); 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 ethyltbio-2-(etbylthiomethyl)- 
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,)+], but only in the spectrum of the degradation product 
was the ion (M-CH,SEt)+ observed. Furans show J2,3 and J2,.+ values of 1.S5 &O-15 
and 0.85 20.15 Hz, respectivelyg, 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 
JCHz_- of ca. 0.8 Hz should have been observedg. The ultraviolet spectrum showed 
absorption bands at 207, 223, and 246 nm (log E 3.86, 3.94, and 3.63, respectively), 
whereas furan itself has one band at 208 m-n (log E 3.9), and vinylic and allylic sulphides 

absorb near 255 and 220 nm, respectively lo Furfural diethyl dithioacetal showed . 
I max at 202 and 225 nm (log E 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 furfuial was established by subjecting this compound to ethanethiolysis 
conditions and finding (by g.1.c.) that none of the disubstitnted 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 

on - 

2 

CHSEt 

5 6 

SCHEME E 

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

*This value a&Tees with that previously recorded for couplings between such protons [G. S. Reddy 

and J. H. Goldstein, J. P&s. Chem., 65 (1961) 15391. 
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tions of alkylthio groups have been used successfully in nucleoside chemistry to 
isomer&e 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-1;-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 1,2,3,6 
tetra-O-acetyl-a+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’3, or in the corresponding reaction of 3,4,5-tri-O-benzoyl-2-S-ethyl-2- 
thio-D-pentose diethyl dithioacetal14. 

CH (SEtI, 

I 
HCOH 

I 
HOCH 

I 
HOCH 

I 
Cl+,OTs 

&+H,SEt ~H’sBu’2 Q=<Sl3”12 

OH OT5 

7 8 9 10 

SCHEME C 

Alternatively, the formation of compound 1 could have involved an intermediate 
4-S-ethyl-4thiopentose diethyl dithioacetal formed by thiol attack at C-l 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- 
acetah? 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 ~:ia 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 Hildesheimr6 obtained a diene to which they 
assigned structure 10, but which had n.m.r. spectral features closely similar to those 
of compound 1 [7 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 ehminations 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-alkyltbio-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 originaJly proposed, would account for the lack of reaction 
when 2,5-anhydro-3,4-di-O-toluene-p-sulphonyl-D-xylose dimethyl acetal is treated 
with sodium iodide in N,iV-dimethylf’ormamider6. 

During this work, the four ethyl D-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’ D-xyloside esters, thex-D-pyranoside 
and /&II-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 propertyxg, the thioglycoside derivatives 
showed appreciably smaller dv 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 2o have previously found that ring 
sizes of thioglycosides can be determined by periodate oxidation: other workers6 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 0.003-0.005~ by using a U&am S.P. 700 spectrophotometer. N.m.r. 
spectra were measured in carbon tetrachIoride 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 
0.8-1.2x, and RF values were determined by using Whatman No. 1 papers and butan- 
one saturated with water as solvent. Periodate oxidations were carried out by using 
0.015~ reagent at 25”; consumptions were followed spectrophotometrically2r, and 
the recorded values were measured after 2 h. 

Erhanethiolysis of D-XylOSe. - [‘4C]-D-Xylose (0.40 g, containing 10 pcuries 
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 peacidite FF (OH-), 5 mg], and the solutions were applied with methanol 
washings to a paper chromatogram which was developed for 3 h in butanone saturated 
with water. The five direct products were completely resolved (RF values: P-D- 
pyranoside, 0.47; a-D-pyranoside, 0.53 ; a-D-fnranoside, 0.65; /?-D-furanoside, 0.71; 
dialkyl dithioacetal, O-81), were characterised by comparison of their mobihties 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 RF values 
of 0.88 and 0.94. Representative results obtained from the 16 samples are given in 
Table I, and the results of the complete experiment are illustrated in Fig. 1. 

TABLE I 

~crivrrnzs (COUN~-S/~~~N):)~ OFTHE RESOLVED COMPONENTS FROMTHE ETHANETHIOLYSE OF D-XYLOSE 

AT 25” [D-XYLOSE (2%) IN ~ANETHIOL-N,N-DIMETHYLFORMAM~DE (41) CONTAINING (INITIALLY) 

2.4% HYDROCHLORIC ACID]. 

Compound Time (ir) 

0.083 0.25 I 4 10 72 120 240 

D-Xylose 1640 
o-Xylose (correeted)b 7730 
/_?-D-Pyranoside 0 
a-D-Pyranoside 0 
a-o-Furanoside 140 
p-D-Furanoside 90 
Acetal 0 
Degradation product A 0 
Degradation product B 0 
Total counts 

(uncorrected) 1860 

1730 2040 690 380 0 0 0 
6870 3920 690 380 0 0 0 

0 0 0 0 190 180 200 
25 135 195 200 280 330 330 

635 2050 2160 1290 0 0 0 
310 1050 1420 1130 0 0 0 

80 665 2625 5510 7190 6750 7730 
35 70 0 0 0 0 0 
0 60 250 180 590 1500 1820 

2815 6070 7340 8690 8250 8760 10,080 

GAlI counts are corrected for paralysis, for background count, and for distance travelled’. bathe 
deficiencies in the total activities measured in the early samples are assumed to result from specific 
adsorption of D-xylose on the resin l. Corrections are consequently applied to the D-xylose figures to 
bring the total counts/min to 7950, the average obtained from all the later samples (based on a 
counting efficiency 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 experiments’. 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]o -31” (water) 
[lit?, m-p. 63-65”, [tl]D -30.8” (water)]. It gave a bis(benzeneboronate) in 88% yield 
(on treatment with triphenylboroxole), having m-p. 134”, [aID +34.5” (p-dioxane) 
(Found: C, 58.9; H, 6.3; B, 5.2. C,,H,,B,O,S, talc.: C, 58.9; H, 6.1; B, 5.1%). The 
diethyl clithioacetal (20 g) was added at 0” to ethanethiol saturated with hydrogen 
chloride (59 ml), the temperature was allowed to rise slowly to 25”, and “Hi-d&e” 
(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.1.c. [silica gel, light petroleum (b.p. 
40-60”) -benzene (1: l)] to contain four components that gave the following RF values 
and colours on spraying with an anisaldehyde sprayz3: (i) 0.7, bright green; (ii) 0.6, 
yellow; (iii) 0.4, brown; (k) 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-SO”)-benzene gave firstly diethyl disulphide [;Lmax (EtOH) 202,203,207,255 nm; 
Iit.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 1120” (bath temperature), 
10-4mm] and gave 3-ethylthio-2-(ethylthiomethyl)furan (0.03 g), homogeneous 
by g.1.c. (20% 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 farfura2 diethyl dithioacetal. - Furfmal diethyl dithioacetal 
(b.p. 77-79”, 0.05 mm, &j 1.5450; litz5, b.p. 80-82”, 0.07 mm, n’,” 1.5458) gave n.m.r. 
signals in deuterochloroform at I: 2.58 (H-S), 3.62 (H-3, H-4), and 4.93 (acetal proton). 
A sample (2.0 g) was dissolved in ethanethiol(l0 ml, containing 6% hydrochloric acid) 
and allowed to stand at 25” in the presence of “Hi-d&e” (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.1.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 l-thio-a- and-j?-D-xylopyra?zosides. - A modification of Lemieux’s meth- 
od26 for the synthesis of ethyl tetra-O-acetyl-1-thio-P_D-glucopyranoside was used. 
1,2,3,4-Tetra-O-acetyl-/SD-xylose (20g) was added to a solution of ethanethiol(lO0 ml) 
and zinc chloride (8 g) at 0”. After shaking for 20 mm, 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 ethyl2,3,4-tri-U-acetyl-l-thio-~-D-xylopyranoside (which was crystallised from 
ethanol) (9.2 g, 46%), m-p. lOO-IOl”, [a]n -833O (chloroform) @t2’, m-p. lOI”, 
[aID -83.5” (chloroform)]. Deacetylation with catalytic amounts of sodium methoxide 
in methanol afforded ethyl I-thio-j?-Dxylopyranoside in 70% yield, m.p. 118-119”, 
[aID -79” (water) [l;t. 27, m-p. 117”, [aID - 78” (water)], RF 0.47; periodate consump- 
tion, 1.96 mol. 

A mixture containing 53% of CY-D isomer (n.m.r. analysis) was obtained by 
anomerising ethyl tri-O-acetyl-l-thio+D-xylopyranoside. The j&D compound (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 
reAux 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), [a]n +59” (chloroform). Deacetylation 
was carried out catalytically, using sodium methoxide in methanol, and gave a syrup, 
[a],, + 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-cr-D-xylopyranoside 10.5 g; which 

was recrystallised from ethyl acetate-light petroleum (b.p. 60-80”)], m.p. 108-llO”, 
[a],, i-269” (water) , RF 0.53; periodate consumption, 2.04 mol. (Found: C, 43.4; H, 
7.3; S, 16.2. C,H&$ talc.: C, 43.3; H, 7.3; S, 16.5%). 

A second fraction gave the crystalline P-D isomer. 
Ethyl I-thio-a- and -b-D-xylofiwanosides. - D-Xylose (8 g) was dissolved in 

NJV-dimethylformamide (80 ml) and ethanethiol (320 ml, containing 3% hydrogen 
chloride). After 1.5 h at 25O, 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 chloroform contained the dithioaceta1 (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 coIumn of cellulose by using butanone saturated with water as eluting solvent. 
Two fractions were obtained, which gave each syrupy thiofnranoside contaminated 
with only small proportions of the anomer: &D isomer, 0.13 g, [a]n -67” 
(ethanol), RF 0.71, periodate consumption 0.95 mol.; a-D isomer, 0.06 g, [aID + 105” 
(ethanol), RF 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 derit-ed tlrioglycoside benzeneboronates. - The esters of the four 
thioglycosides were prepared by using triphenylboroxole” in pdioxane. By analogy 
with the derivatives of the oxygenated methyl D-xylosideszg, 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 II 
PROPERTIES OF THE D-THIOXYLOSIDE BORONATES 

Ethyl D-tldoxyloside mp. (degrees) [&I (p-diOXOne) Ymax Found (%)” 
benzeneborotzate (degrees) (cm -1) C H B 

a-D-pyranoside 143-145 t 79.5 3623b 55.2 6.1 3.7 
B-D-pyranoside 109-I 10 -233 36136 55.4 6.0 4.0 

a-D-furanoside 102-104 + 27 3618” 56.0 6.2 4.0 

@-D-furanoside 157-1.58 -254 3622b 56.0 6.0 4.0 

“Cl~H17BogS talc.: C, 55.7; H, 6.1; B, 3.9%. bThe figures 1s for the corresponding methyl D-xyloside 

benzeneboronates are 3623, 3512, 3543, and 3623 cm-l. 
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STUDIES ON URONIC ACID MATERIALS 
PART XXIV*. AN ANALYTICAL STUDY OF DIFFJZRENT FORMS OF THE GUM FROM h3ZCiU 

Senegal wmn 

D. M. W. ANDERSON, I. C. M. DEA, K. A. K.uuhtaLA**, AND J. F. SMITH*** 

Department of Chemistry, The Unioersity, Edinburgh 9 (Great Britain) 

(Received August 4th, 1967) 

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 (b) 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: (a) three specimens of 

“non-nodular “gnm, (b) a sample from a tree infested with wood-boring beeties, and 

(c) 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 fall in the 

range 0.26 x lo6 to 1.16 x 106; 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 uranic acid residues present in the free acid form are fewer in number, and the 

rhamnose content is considerably less. 

iNTRODl_JCTION 

Earlier investigators’*3 considered that different samples of gum arabic (Acacia 

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 variablea, and the Sudanese 
consider 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). 
***Decc._ied. 
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It is now clearly established that distinct intemodule variations occur in the 
gums from A. seyal’, A. nilotica6, and A. Iaeta7, but there are no modern analytical 
values for specimens of A. Senegal gum. Widely differing values for the molecular 
weight (both for ?@,, and m,) of A. Senegal gum have been reported, and these have 
been summariseds; the implication that different samples of A. Senegal gum may vary 
widely in a,, or a, 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 A. 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 (ii) 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 A. 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 40% of the masses by weight. 

EXPERIMENTAL 

Analytical methods_ - The standard methods involved have been described9 
previously. 

Origins of specimens. - Ml of the specimens, from A. Senegal trees that could 
be identified botanically beyond all doubt, were collected by (the 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 (QNl), 
second (QN2), third (QN3), and final collection (QN4); 1962 crop, first collection 

(QNB- 
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 (URl), 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, representadve 
sample (GGI); 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 

(Bl andB2); C (8 years), 2 nodules (Cl and C2); D (15 years), 1 nodule (D); E (12 years 
1 nodule (E); F (17 years), 1 nodule Q; 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. rrHennawi” sample. This very dark brown variant of A. 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. “XV” samples. Occasionally, A. Senegal trees exude gum that differs from 
the customary oval nodties in forming long filaments, spirals, and ribbons. Three 
non-nodular (NN) forms of the gum were recognised: broad, opaque, flat ribbons 
(NNl); thin, circular, opaque alaments (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, dialjrsed 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%). 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, 10%). 

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. 

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 

QNl, HW, BB(a), BB@), and BB(c). Figure 1 gives the viscosity plots from which the 
limiting-viscosity numbers, [q], 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 I 

ANALYTICAL DATA FOR BULK SAMPLES OF -Acacia Senegal GUM 

Sample Moisture Ash Nitrogen Insolublea Flow-time number (cm3 g-1) 
% % % % Crude gum” Purified gurnhd 

QNl 12.8 
QN2 13.4 
QN3 13.3 
QN4 13.1 
QN5 12.7 
URl 13.2 
UR2 13.5 
GGl 12.4 
GG2 12.4 
GG3 12.9 
GG4 13.0 
GG5 13.2 
NNl 13.4 
NN2 13.2 
NN3 13.1 
HW 13.6 

Average 13.1 
Range 12.4-13.6 
Standard 

deviation 0.36 

3.64 0.33 0.4 57 25 (19.9) 
3.37 0.34 0.3 47 18 
3.07 0.36 0.4 43 20 
2.91 0.35 0.2 37 17 
3.62 0.34 0.6 62 30 
3.05 0.39 0.4 35 21 
3.52 0.39 1.0 34 ’ 22 
3.68 0.39 1.5 54 36 
4.16 0.42 1.6 64 43 (24.5) 
3.98 0.41 1.3 67 36 
3.93 0.38 0.5 79 38 
3.81 0.38 0.2 71 32 
3.88 0.40 0.4 83 36 
3.70 0.34 0.2 62 36 
3.97 0.39 0.3 70 35 
5.67 0.37 0.5 39 35 (20.6) 

3.75 0.37 0.6 56 30 
2.91-5.67 O-33-0.42 0.2-I .6 34-83 17-43 

0.63 0.028 0.47 

GInsoluble after 24 h in cold water; bO.03 g/ml in water at 25.0”; Co.03 g/ml in 4% sodium 
chloride solution at 25.0”; dvalues in brackets are the corresponding limiting (C-lo) flow-time 
numbers. 
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Fig. 1. The viscosity-concentration relationship for different specimens of Acacia senegal gum. The 
following Iimiting-viscosity numbers and M, values (from [q]=rAfg , where10 K’= 1.3 x 10-2, 
anda=0.54) wereobtained forsamples GG2,24.6, 1.16 x 10s; HW, 20.6,0.84x 106; QNI andBB(c), 
19.9,0.79X 106; BB(a), 16.5,0.55x 10s; Al, 12.4,0.33X 106; A3, Cl, C2, 11.0,0.26x 106. 
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TABLE II 

Awu.mc.u. DATA FoRsINOLE-N~DOLE NATURALEXUDATE AcaciasenegalGu%l 

Sample Age of tree Crude material ElectrodiaIysed material 

(years) Moistare Ash Nitrogen [& Limiting-viscosity Ew” 
% % % (degrees) number (cm sg-l) 

Al 25 12.6 3.72 
A2 11.6 3.78 
A3 11.1 3.80 
Bl 12 11.7 4.43 
B2 12.9 4.44 
Cl 8 10.4 3.40 
c2 9.8 3.66 
D 1.5 15.6 3.88 

E 12 12.8 4.64 
F 17 13.3 4.01 
G 20 15.4 4.15 
H 10 14.7 3.97 
1 15 12.1 3.27 

Average 

Range 

Standard 
deviation 

12.6 3.93 -30 13.4 

9.& 3.27- 0.23- - 27- 11.0- 
15.6 4.64 0.45 -32 15.8 

1.8 0.40 0.06 1.5 1.9 

0.24 
0.23 
0.24 
0.23 
0.23 
0.27 
0.26 
0.32 

0.34 
0.35 
0.23 
0.45 
0.33 

-29 12.5 334,000 
-31 11.6 291,000 
-32 11.0 264,000 
-28 15.6 504,000 
-29 15.8 516,000 
-29 11.0 264,tMO 
-31 11.0 264,000 
-30 14.1 418,000 

-32 14.5 440,ooo 
-29 15.1 474,000 

-31 12.2 320,000 

-29 14.4 434,000 

-27 15.0 468,000 

aFrom [r]] = K’MZ, where K’ = 1.3 x IO-2 and a = 0.54 (see Ref. 10). 

values of 1.30 x 10s2 and 0.54, respectively, values form, can be calculated from the 
viscosity data by the relationship [q] = K’Ai,“, 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 
AZ, for Acacia senegaZ gum varies widely from sample to sample; the variation, for the 
samples studied, is from 1.16 x lo6 (for GG2) to 0.26 x lo6 (for nodules A3, Cl, 

and C2). This explains the lack of agreement* between the values for i@, reported by 
earlier investigators, viz. 0.58 x lo6 (Deb and Mukherjee”) and 1.00 x lo6 (Veis and 
Eggenberger”). From our experiments, a value of 0.58 x lo6 (Ref. 8) appears to be a 
more representative value than l-00 x 10 6, although values higher than the latter may 

yet be found. A. Senegal gum has a broad, skew, molecular-weight distribution, and 
fractions having a, ranging from 1.18 x lo6 to 0.1 x lo6 have been obtained” 
for sample QNl _ It should be emphasised that the values deduced for a, in this paper 
are based on the modified Stauclinger constants obtained from fractionations” of 
only one A. Senegal gum sample: these values for K’ and a do not hold for other Acacia 
speciesLo, and, indeed, they may not be generally applicable to all specimens of such a 
complex polymer system as A. Senegal gum. 
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TABLE III 

COMPARATIVE ANALYTiCAL DATA= FOR SOME ELECTRODIALYSED TYPICAL (QNl) AND ATYPICAL 

(H W, BB) SPECIMENS OF Acacia Senegal GUM 

QNI NW BB(a) BB(b) BB(c) 

Ash, % 
Nitrogen, % 
[VI. cmsg-l 
[a]n (c 1.0, water)0 
Methoxylbsf, % 
Equivalent weightb 
Hence, uranic anhydridebsd, % 
Uranic anhydride b*c, % 
Formic acid released on periodate 

oxidationb (mole/g) x 103 
Periodate consumed* (mole/g) x lo3 

Hence, 
periodate consumption 

formic acid released 
Rhamnoseb *e, % 
Galactoseb , % 
Arabinoseb, % 
Glucuronic acidb, % 
CO-methylglucuronic acid, % 

0.07 0.01 0.02 0.01 0.02 
0.33 0.35 0.25 0.21 0.28 

19.9 20.6 16.4 15.8 20.1 
-31.0’ - 27.6” -30.5” -31.3” -31.5” 

0.25 0.25 0.25 0.25 0.25 
1085 1047 1066 1065 1060 

16.2 16.8 16.5 16.5 16.5 
17.2 17.5 17.4 17.3 17.5 

1.62 1.69 
5.07 5.18 

3.13 3.06 

14.0 6.2 
40 46 
28 30 
16.0 16.5 

1.5 1.5 

1.76 1.85 
5.23 5.34 

2.97 2.89 

13.0 12.6 
43 43 
27 27 
15.5 15.5 

1.5 1.5 

1.90 
5.42 

2.85 

12.8 
44 
26 
15.5 

1.5 

=AlI data corrected to a dry-weight basis; bcorrected for al1 non-carbohydrate material; =deter- 
mined by vapour-phase, infrared methods; dassuming that all acidity arises from uranic acid groups; 
eassuming that all methoxyl content arises from 4-0-methylglucuronic acid. 

Many factors int%rencet3 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 QNI, [q] increased from 
19.9 to 29.0, and for sample GG2, [q] 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 I and PI were obtained for 3% solutions immediately after dissolution. Table II 
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 Iow 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 (cf. Ref. 5) that the most-viscous samples have higher than 
average ni?rogen contents, although a high nitrogen content does not necessarily imply 
high viscosity, as shown by the rUR samples. Insufiicient 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 A, 23, and C in Table II 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 electroclialysed 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 uranic 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 r) 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 QNl. Table III shows the analytical differences between these samples; their 
structural differences will be discussed in a subsequent paper. 
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AESTIUCT 

A comparative study, involving classical methylation and Smith-degradation 
techniques, has been carried out on samples of normal “tapped” gum from Acacia 
senegaZ, 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 mode of biosynthesis of plant gums are examined critically in terms 

of the results obtained. 

Ih?RoDUCTION 

In the preceding part of this series, we reported the results of an analytical study 
of some different forms of the gnm exudate from Acacia Senegal Willd. Two of the 
specimens were of particular interest; these were (a) 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 senegaZ 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(), and BB(c) has been described’]. These atypical specimens of 

gum have been compared, in this study, with specimen QNl, 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. 

A~raZ~~,iicaZ 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): (a) 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); (ri) butyl alcohol-ethanol-water (4:1:5, upper layer); 
(e) butyl alcohol-acetic acid-water (4:1:5, upper layer); cf) butanone-water-ammonia 

(sp. gr. 0.880) (200:17:1). R G values of methylated sugars refer to distances moved 
relative to that of 2,3,4,6-tetra-O-methyl-D-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-iouisation detectors, Gas Chromatography Ltd.) was carried out at nitrogen 
flow-rates of CQ. 100 ml/mm. on columns of(i) 15% of poly(butane-l&diol succinate) 

on Celite (120 x 0.5 cm) at 175”, (ii> 15% of poly(ethylene glycol adipate) on Celite 
(75 x 0.5 cm) at 160”. Retention times (T) are quoted relative to that of methyl 2,3,4,6- 
tetra-0-methyl-,l-D-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 0.25hr periodate. The formic 
acid released was determined by titration with standard sodium hydroxide solution. 

Periodate consumption was determined by titration with standard arsenite solution3. 

Attemptedfractionalionr. - Samples HW, BB(a), BB(b), BB(c), and QNl each 

migrated as a single band on electrophoresis on cellulose acetate film in (a) 0.1~ 

ammonium carbonate buffer (PH 8.9), or (b) 0.1~ 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(b), BB(c), and QNl were examined chromatograph- 
icahy on a DEAE-cellulose column (45 x 1.5 cm). On gradient elution with sodium 

chloride solutions (0.0 - 0.3~) in 0.02hi acetate buffer @H 4.1), each sample gave a 

slightly asymmetric peak. 

FtESUL.TS 

The analytical data for samples HW, BB(a), BB(b), BB(c), and QNl have been 
reported’. 

MetlzyIation study of the samples. - Each (300 mg) of the five samples HW, 

BB(a), BB(b), BB(c), and QNl 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 bn further attempted methyl- 
ation. On methanolysis, and examination of the mixture of methyl glycosides by 
g.l.c., the methylated product of each sample gave identical chromatograms, except 

TABLE I 
DATA FOR O-METHYL DERIVATIVES OF SAMPLES QNI, HW, BB(u), BB(6), AND BB(c) 

QNl NW BB(a) BB(b) BBC4 

Yield (rng)” 250 
[ah (c 1.0, chIoroform1 -46” 
Methoxyl, % 41.5 

“Weight of sample methylated=300 mg. 

240 250 260 240 
-42” -45” -46” -46” 

42.0 42.1 41.6 41.5 

that the methylated product from HW gave less 2,3,4-tri-O-methyl-L-rhamnose and 

more 2,3,4-tri-O-methyl-D-@ucuronic acid than did the other methylated products. 
Table II gives the results of the chromatographic examinations; retention times on 
columns (i) 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 (i-I+), and concen- 
trated. Paper chromatography of each hydrolysate [solvents (6) and m] revealed the 
presence of some 2-0-methylgalactose in addition to those O-methyl sugars already 
identified by g.1.c. of the methyl glycosides (Table Ii). 

TABLE II 

CHROhlATOGRAPHIC EXAMINATIONS OF METHANOLYSIS PRODUCTS FROM SAhfPLES QNI, HW, BB(u), BB@), 
AND BB(c) 

Relatiue retention times (T) 
on g.1.c.” 

Colunrn (i) Cofli!n (ii) 

Paper chromate- O-Methyl sugars identifieri 

graphy, RG iI1 

solvent (d) 

0.48 

0.5s; 0.72 
1.00 
1.79; 3.16 
1.68 
3.77; 4.22 

6.35 
14.6; 16.4 
2.35; 2.94 
7.9: 9.3 

1.18; 1.44 

(0.51) 1.01 

(0.51); 0.64 0.97 
0.85 0.79 
1.29; (2.21) 0.82 
1.64 0.88 
3.01; 3.51 0.74 

5.14 0.74 
9.7; 11.0 0.53 
(2.21); 2.65 - 
5.8: 6.9 - 

0.34 
0.98; 1.13; 2.50 - 

1,3,4-Tri-U-methyl-L--rhamnose 
2,3,5-Tri-O-methyl-r_-arabinose 
2,3,4-Tri-0-methyl-~-arabinose 
2,5-Di-0-methyl-r-arabinose 
2,3,4,6-Tetra-O-methyl-o-galactose 
2,4,6-Tri-O-methyl-D-galactose 
2,3,4-Tri-O-methyl-D-galactose 
2,4-Di-O-methyl-D-galactose 
2&l-Tri-O-methyl-o-glucuronic acid* 
2.3-Di-O-methyl-o-glucuronic acid* 
2-O-Methyl-o-galactose 
Unknown sugars 

oIncompletely resolved components shown in brackets. bAs methyl ester methyl glycoside. 
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Smith degradations4 of samples. - Each of the samples HW, BB(a), BB(b), BB(c), 
and QNI was subjected to the Smith degradation process as follows. The sample 
(2.0 g) was dissolved in water, and 0.25~ 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 IIJ), and the 
values of A& were determined by molecular-sieve chromatography’ on a previously 
calibrated “Bio-Gel P300 ” column. 

TABLE III 
ANALYTICAL DATAa FOR THE SMITH-DEGRADED POLYSACCHARIDES 

Sample 

QNI HW BB(4 BB(b) BB(c) 

Yield, % 
Nitrogen, % 
[oC]o (C 1.0, Waxer} 

lb&p 

Uranic acid=, % 
Galactose, % 
Arabinose, % 
Formic acid released on periodate 

oxidation (moles/g) x lo3 
Periodate consumed (moles/g) x 103 

67 63 67 66 65 
0 0 0 0 0 

-28.2’ - 28.0’ -29.1’ -28.0” - 38.5” 
98,000 96,000 93,000 96,000 93.000 

3.7 1.6 4.4 3.8 4.3 
70 71 70 70 69 
26 27 26 26 27 

1.85 1.80 1.83 1.78 1.75 
5.53 5.45 5.31 5.29 5.42 

aAll data corrected to dry-weight basis. bEstimated by molecular-sieve chromatography. CBy 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(a), 
BB(b), 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-O-C/3-o-glucopyranosyluronic acid)-o-galactose [I?,,, 0.23, solvent (c)l. 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--D-galactopyranosyl-Dgalactose [RGuI 0.49, solvent (a); &al 0.53, solvent (!7)] 
and 6-O-~-D-g~aCtOpyranOSy~-D-g~aCtOSC [RGol 0.29, solvent (a); RG,,I 0.38, solvent 

@)I- 
Methylation of the Smith-degraded polysaccharides. - Each of the Smith- 

Carbohyd. Res., 6 (1968) 104-I 10 



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

degraded polysaccharides obtained respectively from samples HW, QNl, BB(a), 

BB(b), and BB(c) was methylated successively with the Haworth and Pnrdie 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.1.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 g.1.c. analyses are shown in Table V. A portion of each 
methanoly‘sate was hydrolysed (N sulphuric acid, 4 h, boiling water-bath). The cooled 

solutions were neutralised with barium carbonate, filtered, treated with Amber&e 
resin m-120 (H*), and concentrated. Paper-chromatographic examination of the 
hydrolysates [solvents (d) and m] 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 0-METHYL DERIVATIVES OF THE SMITH-DEGRADED POLYSACCHARIDES FROM SAMPLES QN~ 
HW, BB(u), BB(b), AND BB(c) 

Yield (mg)a 220 212 220 215 225 
[& (c 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 LlETHANOLYSIS PRODUCrS FROM hiETHYLATED SMITH-DEGRADED 

POLYSACCHARIDES FROM SAMPLES QNI, BB(o),BB(b), AND BB(c)= 

Relative retention times (T) 
on g.l.c.b 

Column (i) Coltfmtt (ii) 

Paper cltrontato- 0-Merlt_vl sttgars idenfifed 
graplty, RG in 

solrenf (d) 

0.57; 0.73 
1.79; 3.15 
1.68 
3.78; 4.22 
6.34 
9.1 
14.6; 16.4 
2.35; 2.95 
- 
1.08; 1.52 

0.50; 0.64 
1.30; (2.21) 
1.65 
2.99; 3.50 
5.14 
6.5; 6.9; 7.7 
9.7; II.0 
(2.21); 2.66 
- 

0.86; 2.48 

0.97 2,3,5-Tri-0-methyl-r-arabinose 
0.82 2,5-Di-0-methyl-L-arabinose 
0.88 2,3,4.6-Terra-0-methyl-D-galactose 
0.74 2,4,6-Tri-0-methyl-D-galactose 
0.74 2,3,4-Tri-0-methyl-D-galactose 
0.59 2,6-Di-0-methyl-D-galactose 
0.53 2,4-Di-O-methyl-o-galactose 
- 2,3,4-Tri-0-methyl-D-glucuronic acidc 
0.34 2-0-Methyl-D-gdactose 
- Unknown sugars 

aIdentical results for sampIe HW, except that 2,3,4-tri-0-methyl-D-glucuronic acid was absent. bin- 
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 beetIe-borer gum exudate are very similar to normal, tapped gum from 
Acacia senegd. 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 gum 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 6*7 that they may arise from a pathological condition of the J 
tree6, or that they may arise from some infection or invasion’ by micro-organisms which 
may be fungal or bacterial ‘J’J~ 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 A. arabica” .12, and gum arabic does not contain galact- 
uranic acid1’*i2. Misprints and such errors in reviews tend to be perpetuated 
(c$ 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 foundI 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-ceIIulosic type, to which is added rhamnose-, glucuronic acid-, and 4-0- 
methylglucuronic acid-terminated side-chains in the hnal stages of gum production. 
The enzyme systems probably differ at different parts of the tree (cf. “Hennawi” gum). 

Although modem commercial samples of good quality, Sudanese gum arabic 
originate almost entirely from A. Senegal, contamination or adulteration with other 
genera’ 5 and with other Acacia species is quite possible, since the various nodules 
cannot be distinguished by coIour, shape, or size. Commercial samples should never 
be used for fundamental studies. Early specimens of gum arabic were undoubtedly 
mixtures from various Acacia species8*i6, which are now known (cf. 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 “gnm arabic” was taken to apply to the exudate from any Acacia species’; some 
Acacia species contain 12-14’A of rhamnose, others 67% of rhamnose, and some fess 
than 1% of rhamnose”. Irr addition to this variation between species, our results now 
show that authentic nodules from A. senega2 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- 
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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 a- and fi-D-galactopyranoside, followed by 
catalytic reduction, led to the formation of methyl a- and &&ucopyranoside (15% 
and 35% 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-deoxy- 
hexose biosynthesis. In the model system as well as in the enzymic reaction, a labile 
Qhexulose 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-dideoxyhexoses6, and_ 3-amino-3,6-dideoxyhexoses7. 

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 6deoxy+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 /?-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-f&o- 

pyranoside was subjected to this catalytic oxidation, the expected methyl 6-deoxy-L- 
x-j&-hexopyranosid4ulose was obtained lo _ Proof for the selective oxidation at C-4 was 
provided by recovery of the two isomers, 6-deoxy-L-glucose and 6-deoxy+galactose, 
following reduction of the keto derivative with sodium borohydride. 

Ho~o_~!T2~~o_R 1 
_/I/ OH 1 

O&o_+-f?:,, - HO&o_R 

OH OH OH OH 
R = Thymidine 5- Cdihydrogen pyrophosphate) 

Fig. 1. Intermediates in the proposed pathway of the biosynthesis of ddeoxy-r-mannose catalyzed 
by thymidine 5-(D-ghCOSyl 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 methyl a-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 1% of the starting 
material. 

The formation of keto derivatives during the catalytic oxidation was observed 
by the determination of reducing substances”, a positive semicarbazide assay12, and 
ultraviolet absorption after addition of alkali4. From these data, as well as by estimation 
of the unchanged methyl a-D-galactopyranoside, it wa: concluded that about 10% 
of the total material was oxidized under the conditions of the experiment. 

The reaction mixture was examined by electrophoresis in a sodium hydrogen 
suhite buffer13 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 mi e mmize 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 dehydrogenase15 was negative in all experiments. 

When methyl /?-D-galactopyranoside, a-D-galactopyranosyl dihydrogen phos- 
phate, lactitol, or methyl -a&D-galactopyranoside 6-(dihydrogen phosphate) were 
subjected to 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 cr-D-galactopyranoside revealed to presence of 
a component having properties of a 6-deoxyhexose. The component was isolated by 
column chromatographyE6 on Dowex-1 (OH-) in about 15% yield, and identified 
as methyl a-D-fucopyranoside. When the same experiment was performed on methyl 
P-D-galactopyranoside, 35% of the oxidized material was isolated and identified as 
methyl fl-D-fucopyranoside. 

The isolation of both anomeric forms of methyl D-fncopyranoside, and the 
concomitant absence of D-glucose among the reaction products was interpreted as 
indicating that the initially formed methyl D-;uylo-4-hexulopyranoside was unstable 
and underwent rearrangement_ Thus, /3-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-fkcose. Upon reduction, the 4-hexulos-5,6-een can, theoretically give rise to 

OH OH 

R=Thymidine 54dihydmgen Pyrophosphote) 

OH 

Fig. 2. Proposed formation of a 4-hex&enuIose derivative by p-elimination between C-5 and C6. 

four isomers: 6-deoxy-D-glucose, 6-deoxy-D-galactose, 6-deoxy-L-idose, and 6-deoxy-L, 
altrose. However, the preferential formation of one isomer has been demonstrated 
previousIy’7 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 
gamed by resonance energy, as indicated in Fig. 2, could be the driving force for the 
j-elimination. Significantly, when sodium borohydride was substituted for Pt-Hz 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 
methy D-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 CX-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. 

X:.=3 limited number of known dicarbonyl carbohydrates does not yet permit a 
good lmderstanding 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-close 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 p-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 

MerhyI a- and P-D-galactopyranoside. - r+Galactose (50 g) was heated under 
reflux with a 1% 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 aZ.‘6. 
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Direct crystalkation from the crude mixture* of methyl galactosides by use of 
seed crystals obtained by the above-described procedure was performed according 
to Frahn and Milk~‘~. 

Methyl c#mgaZactopyranoside 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 
1(1$ aliquot 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 
Ishenvood23 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, Hi), and 
the eiuate was evaporated to dryness. The dry residue was treated several times 
with 50-ml aliquots of methanol, and evaporated to dryness each time in uacuo. 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 M- or &Digdactopyranoside (500 mg) 
was dissolved in water (5 ml), and freshly prepared Adams catalyst (100 mg) was 
addedg. 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 
(l&1:3.3), as well as electrophoresis in sodium hydrogen sul6te bufferf3, 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 preparedI 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 1 b/in’ for 3 h at room temperature. 
The catalyst was removed by filtration on a sintered-glass funnel, and the filtrate was 
concentrated in 2;acuo. 

The syrup resulting from the catalytic oxidation-reduction of methyl a-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 Hudson 20_ Similar observations were made by Ault et al.21 and by Sorkin and 
Reichstein’“. 
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onto a Dowex-1 column (X-Z, 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 a-D-fucopyranoside was eluted in fractions 26-30. Additional methyl a-D- 
fucopyranoside was eluted with small amounts of a-methyl D-galactopyranoside in 
fractions 31-34. The major portion of unreacted methyl a-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 .O:l .15) on Wbatman No. 3 
MM paper to give the pure methyl a-D-glycoside. Methyl fi-D-fucopyranoside was 
obtained from methyl &D-galactopyranoside by the same procedure. 

A solution of pure methyl a- or /?-D-fncopyranoside (about 20 pmoles) was 
evaporated to dryness in vacua and N H,S04 (1 ml) was added. The solution was heated 
for 5 h in a boiling water-bath, and then it was cooled and neutralized with 0.3~ 
Ba(OH), to the phenolphthalein end point. The resulting BaSO, was removed by 
centrifugation, and the supernatant fluid was passed through a small column of 
Dowex-50 (X-S, 200-400 mesh, 1.0 x 0.5 cm Hi). The combined eluate and water 
wash were evaporated to dryness in vacua. 

Ident~jkation of D-frtcose. - The identification was performed on the intact 
methyl glycosides and on the free sugar, obtained as described above. The methyl 
a-r>-fucopyranoside showed [a]? +200” (c 0.68, water) (ht.24: methyl a-r_.-ftrcopyra- 
noside, [a];’ - 198.0”; methyl B-L-fucopyranoside, [ali’ + 16.0”. Paper chro- 
matography of the methyl a-D-glycoside and D-fucose in presence of methyl a-L- 
fucopyranoside and r_-fucose, respectively, in pyridine-ethyl acetate-water (l-0:3.6: 

1.13: ~glucose of D- and L-fucose: 2.62; Rglueore of methyl a-L-fucopyranoside: 3.81). 
The calorimetric reaction with cysteine-sulfuric acid25 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 pmole of free sugar in 
180 fl water) was reduced by the addition of two 25-d 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 ~1). After evaporation 
to dryness in vacua, the residue was dissolved in 200 d of water, and the solution was 
passed through a small column of Dowex-50 (H+) and evaporated to dryness. Re- 
peated addition of l-ml aliquots of methanol, followed by evaporation to dryness, gave 
a salt-free solution. Authentic r_-fucose was subjected to the same proce?--re. The 
sample, as well as the standard, was chromatographed on paper in pyrLine*thyl 
acetate-water. The silver nitrate reagent revealed one spot in both samples with a 
mobility faster than that of L-fucose (Rgllrcose 2.62) and identical with that of authentic 
6-deoxy-D-galactitol RBlucoPe 3.16). In addition, all the tritium activity coincided 
with the spot corresponding to Gdeoxy-L-galactitol. 

About 10 pmoles of the hydrolyzed sample, as well as authentic L-fucose, was 
converted into tetra-O-acetyl-D-fucose diethyl dithioaceta126. 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 mobiiities for sample and standard_ Elution from the thin-layer plate 
with acetone and calorimetric assay with cysteine-stiuric acid showed the charac- 
teristic absorption maximum for 6-deoxyhexoses. G.1.c. ofthe methyl glycosides, as 

well as of the free sugar, was performed, after converting them to the corresponding 
trimethylsilyl derivatives2’, 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+i%copyranoside 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: (a) the “stopping reaction” prevents complete degradation, and (b) the 
individual sugar residues can become so altered that determination of the identity of 
the original sugar may not be possible2S3. 

BeMiller and Mann4 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 l-phenyl- 
ffavazole 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, Painter6-s 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 I-phenylflavazole, and 

maltose phenylosotriazole were hydrolyzed with 3.2 x 10e4~ 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 I-phenylflavazole 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 I. 

TABLE I 

HYDROLYTIC RATE DATA FOR MALTOSE PHENYLOSOTRIAZOLE 

Temperature, degrees Rate (IC x IO5 sec.-l) AH: (kcaf. mole-l) ASS (Cal. mole-l. deg.-l) 

75 2.43 
;: 4.53 15.4 -35.9 

8.61 

Reported values9 for the hydrolysis of pyranosides are in the follolving ranges: 
AHS 38 1 to 38.2 kcal.mole-’ _ . and ASS to.8 to +22.9 caLmole-‘. deg.-‘. The one 
exception is the acid-catalyzed hydrolysis of maltose I-phenylflavazole, which also 
has a low AH* value and a large, negative AS* value4. 

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 10e4~ 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 I-phenylflavazole. Perhaps, the geometry of this 
molecule is such that a special kind of hydrolysis cannot occur. 

EXPERIMENTAL 

Sugars. - Maltose”, maltitol”, maltose phenylosotriazole2, and maltose 

l-phenylflavazole’2 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 l-phenyl- 
flavazole were then collected by filtration, and dried; m.p. 264”, lit.l’ m.p. 262-264”. 

Acid. - Water-soluble poly(styrenesulfonic acid) was prepared by the method 

of Painterf3. The normality was determined by potentiometric titration with a standard 
solution of sodium hydroxide. A stock solution (6.4 x 10m4N) of the acid was used, 

because the dark color of more concentrated solutions prevented polarimetric 

’ measurements. 
Sugar solations. - 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 0.4% 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 10m4~ in 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 
VII. Hydrolysis of l-thio-P-D-glucopyranosides and 
1 -thio-B-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 I-thio-P-D-glucopyranosides and 
I-thio-P-D-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. 

RESULsTS AND DISCUSSION 

Isopropyl (l), propyl (2), and Z-hydroxyethyl (3) I-thio+D-glucopyranosides 
and the corresponding I-thio-fl-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 coefficients, and energies and entropies of activation, are shown in Table I. 
In Table II, rates of hydrolysis at 70” are compared with those of corresponding b-D- 
glucopyranosides and fi-D-glucopyranosiduronic acids. 

The l-thio-fl-D-glucopyranosides are all hydrolyzed more slowly than the 
fi-D-glucopyranosides, as has been found by others3-5; this behavior has been 
attributed3 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-D-glucopyranosiduronic acid. Energies and entropies of activation are lower for the 
I-thio-P-D-glucopyranosiduronic acids than for the I-thio-j?-D-glucopyranosides. 
The 1-thio-P-D-glucopyranosiduronic acids, and especially the 2-hydroxyethyl 
derivative 6, are hydrolyzed at rates higher than those of the corresponding 1-thio-F-D- 
glucopyranosides. 

It is evident that the electron affinity of the aglycon influences the rate of 
hydrolysis, not only of the I-thio-/3-D-glucopyranosiduronic acids but also of the 
I-thio-fl-D-glucopyranosides. It is not yet clear why I-thio-j?-D-glucopyranosides, but 
not /?-D-glucopyranosides’**, are affected. Possibly, the protonation step is rate- 
determining in the hydrolysis of I-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 sulf%u atom by an electron- 
attracting group in the aglycon would impede protonation and result in a lower rate 
of hydrolysis. 

It had been expected that the I-thio-fl-D-glucopyranosiduronic acids would be 
hydrolyzed at a rate lower than that of the analogous b-D-glucopyranosiduronic 
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TABLE I 

RME COEPRCIEN~~ AND KINETIC PARAMETERS FOR THE HYDROLYSIS OF I-THIO+D-GLUCOPYRANOS~DE~ 
AND I-ho-B-D-GLUCOPYRANOSIDURONIC ACIDS IN 0.5~ SULFURIC ACID 

Glycoside k x 106. see-1 E (kcal AS $ (cal deg_-1 

600 700 800 900 mo Ie-l) moIe-l) 

1-Thio-/?-D-glucopyrauoside 
isopropyl (1) - 4.77 25.6 84.9 35.5 + 19.0 
propyl(2) - 3.66 14.4 - 33.1 fl1.5 
2-hydroxyethyl (3) - 0.668 2.81 11.1 34.8 f13.0 

I -Ohio-p-D-glucopyranosiduronic acid 
isopropyl (4) 4.97 19.4 66.7 - 30.3 -/- 6.6 
ProPYle 4.17 16.4 57.7 - 30.7 + 7.3 
2_hydroxyethyl(6) 1.38 5.37 19.4 - 30.9 + 5.8 

TABLE II 

RATIO OF RATE COEFFICIENTS AT 70O 

Glycosides compared Isopropyl PropyI Z-Hydroxyethyl 

O-D-GlucopyranosideJ&n-Glucopyranosiduronic acid 0.18 
p-D-Ghrcopyranoside/l-Thio-/?-n-glucopyranoside 2.4 
B-n-Glucopyrauosiduronic acidf l-Thio-/?-o-gluco- 

pyranosiduronic acid 3.3 
I-Thio-/?-D-gh~copyranoside/I-Thio-/?-D-gluco- 

pyranosiduronic acid 0.25 

0.48 3.2 
2.2 11.3 

1.0 0.44 

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 D-D-ghrcopyranosiduronic acid, and 6 is cleaved 
at a rate that is twice that of 2-hydroxyethyl P-D-ghrcopyranosiduronic acid. It is 
clear that the basicity of the sulfur atom is less decisive in the l-thio-fl-D-ghrcopyrano- 
siduronic acid series than in the I-thio+-D-glucopyranoside series. The fact that 6 is 
hydrolyzed faster than the /W-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’ v2*6. 
Experimental data are presented in Tables II and ITi. 

2-ffydroxyethyl I-thio-fl-D-giucopyranoside’ (3). - 2,3,4,6-Tetra-U-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 for2 h, and filtered through 
Cehte-carbon, and the filtrate was evaporated to dryness. The resulting syrup was 
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TABLE III 

EXPERIMENTALDATAFOR~PERACZTYLA~DALK~~-THIO-~-D-GLUCOPYRANOSIDESA~PE~CFZ~- 

AI-ED METHYL(ALKYL~-mm-/?-D-GLUCOPYOSID)~RONATES 

Glycoskle Yield. % M-p., degrees [&I, degrees 

2,3,4,6-Tetra-O-acetyl-l-thio-~-D-glucopyranoside 
isopropyl 

propyl 

Zacetoxyethyl 
MethyI (2,3.4-tri-f%acetyl-l-thio-/?-D-ghxcopyranosid)- 

uronate 
isopropyl 

propyl 

29 

26 

38 106-107 -39.3 

37c 99-101= -36.9” 
37 184b100.5 -43.9 
40= 95-96 -42.2= 
46 132-132.5 -49.0 
62= 132-i 32.5 -46.4= 

112 -22.0 
90.592 -28.0 
79-82-b -22.2a.b 

108-108.5 t -31.5 

aRef. 7. bRef. 9. CRef. 8. 

TABLE IV 

mLmG Ponws AND SPECIFIC ROTATIONS OF I--rmo-/3-D-~~uc0py~~N0s1D~s AND I-THIO-p-D-GLUCO- 

PYRANOSIDLJRONIC ACIDS 

Glycoside M.p., degrees [a]D, degrees 

I-Thio-p-D-glucopyranoside 
isopropyl (1) 
propyl (2) 
Zhydroxyethyl (3) 

I-Thio-/?-D-glucopyranosiduronic acid 
isopropyl (4) 
propyl(5) 

2-hydroxyethyl (6) 

-48.6 
-59.7 

114-116 -61.8 

145-148 -93.0 
143.5-144.5 -90.0 
136-1390 - 84.ga 

-90.2 

aRef. 8. 

dissolved in pyridine (100 ml) at -2O”, 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 112 g (26%) of 2-acetoxyethyl 2,3,4,6-tetra-O-acetyl-l-thiO-~-D- 

glucopyranoside. 

Anal. Calc. for C!,,H,,O, ,S: C, 47.99; 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. Calc. for CsH,,O,S: 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. 
tHydroxyethyi I-thio-j3-~gZucopyrano.siduronic acid’ (6) - A solution of 

methyl 2,3,4-tri-O-acetyl-l-bromo-l-deoxy-a-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 ml), and acetic anhydride (100 ml) was added. The product was isolated as 
described for the peracetate of 3, and was recrystahized 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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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 + 5 13 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 (in&din g 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 II; this situation is disturbing to the reader, because references to 
Volume I appear in the text of Volume IIB. 

The book, which is essentially a collection of review articles, gives extensively 
documented, authoritative surveys ofeach 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 (rhe 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. TIPSON. 
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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 m&abolism of 
glycoproteius and glycolipids. The chapter on immunochemistry deal+ 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 
heen 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. KAJSAT (Nkw York) 
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Stoffiechel der Galaktose und ihrer Derivate (Metabolism of Galactose and 
its Derivatives); by W. FISCHER and H. WEINLAND, Physiologisch-Chemisches Institut 
der Universit% Erlangen-Niirnberg, Germany. Biochemie und Rlinik : Monographs 
in a Random Sequence, edited by G. Weitzel, University of Tiibmgen, and N. Ziillner, 
University of Miinchen. GeorgThieme Verlag, Stuttgart, 1965, XII+ 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 (lJ Dgalactose, (II) Dgalactose derivatives and relatives, and (III) 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 D-galactose 
(37 pages) which covers its synthesis and degradation, the formation of ~-gal- 

actosyl derivatives, and the enzymic fission of D-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 I. 

In Part II (48 pages) is discussed the biochemistry of 2-amino-2deoxy-D- 
galactose; D-galacturonic acid; r_-arabinose; D-g&ero-D-gala&o-heptose; and related 
alditols, ketoses, Zepimers, 6-deoxyhexoses, and dideoxy compounds. Part HI 
(18 pages) presents the occurrence, the chirality in metabolism, and the utility as a source 
of energy, of r_.-galactose and its relatives, together with an account of the biosynthesis 
of L-galactose, L-fucose, Darabinose, 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 the 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 arid their 
derivatives are not in conformity with the Rules of Carbohydrate Nomenclature 
[J. Org. C/rem., 28 (1963) 2811. 

R. STUART TIPSON (Washington, D. C.) 
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Preliminary announcement 

CORRIGENDA 

A Gordon Conference on the Chemistjof Carbohydrates will be held during 

the period 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” 

Carbohyd. Res., Vol. 5, No. 4 (December 1967) 

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

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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HYDROLYSIS OF BENZYL 2-ACETAMIDO-4-0-(2-ACETAMIDO-2-DEOXY- 
/3-D-GLUCOPYRANOSYL)-2-DEOXY-&D-GLUCOPYRANOSIDE 
BY EGG-WHITE LYSOZYME* 

URI Z!auvP* AND ROGER W. J~ANLOZ 

Laborarory for Carbohydrate Research, Departments of Biologic01 Chemistry and Medicine, Harcard 
MedicaI School and the Massachusetts General Hospital, Boston, Massaclrasetts 02114 (U. S. A.) 

Received August 1 lth, 1967; in revised form, October Sth, 1967) 

The synthesis of methyl and benzyl2-acetamido-4-0-(2-acetamido-2-deoxy-D-D- 
glucopyranosyl)-2-deoxy-P-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. 

INTRODUCI’ION 

Chitin, and in particular the oligosaccharides of low molecular weight derived 
from chitin, serve as substrates for hen’s egg-white lysozyme2-‘2. The enzyme 
catalyzes hydrolysis and also the transglycosylation of these compounds. The 
p-nitrophenyl glycosides of both di-%acetylchitobiose and tri-N-acetylchitotriose, 
namely, p-nitrophenyl 2-acetamido-4-0-(2-acetamido-2-deoxy-P-Dglucopyranosyl)-2- 
deoxy-/?-D-glucopyranoside and p-nitrophenyl 0-(2-acetamido-2-deoxy-P_D-gluco- 
pyranosyl)-(1~4)-O-(Z-acetamido-2-deoxy-~-D-~ucopyranosyl)-(1-,4)-2-acetamido-2- 
deoxy-j3-D-glucopyranoside, have also been shown’3*‘4 to be substrates for lysozyme. 
The different modes of action of the enzyme toward these twop-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-4-0- 
(2-acetamido-2-deoxy-8-D-glucopyranosyl)-2-deoxy-~-D-~ucopyranoside by lysozyme. 

RESULTS AND DISCUSSION 

The acetylated glycosyl chloride obtained by treatment of 2-acetamido-4-O-(2- 
acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-~-glucopyranosyl)-1,3,6-tri-O-acetyl-2-deoxy- 
a-D-glucopyranose (octa-0-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 presentedl. 
**On leave of absence from the Weizmann Institute of Science, Rehovoth. Israel. 
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acetic acidI was treated with benzyl alcohol or with methyl alcohol, in the presence 
of silver carbonate, to give the benzyl(7) and methyl (8) B-D-glycosides, respectively. 
O-Deacetylation of 7 and 8 with barium methoxide gave the N-acetyl derivatives 9 
and 10, respectively. 

Evidence for the P-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 

Fig. 1. Increase of reducing groups, expressed as equivaIents of 2-acetamido-2-deoxyglucose 
observed in the lysozyme-catalyzed hydrolysis of benzyl2-acetamido40-(2-acetamido-2-deoxy-/?-D- 
gkopyranosyl)-2-deoxy$-o-glucopyranoside (9). The concentration of enzyme was 0.1 mg (0) and 
0.5 mg (0) per ml. 

TABLE I 

CHROhfATOGRAPHIC PROPERTIES OF CHITIN OLIGOSACCHARIDES AND VARIOUS DERIVATIVES 

COmpoUndS Paper chromatography on Thin-layer chromatGgraph_v 
Whatman Paper No. I in on silica1 gel C in 2:I 

?-pentanol-pyriditze-water acetone-methanot 

U:I:lI, RGNAC RSB 

2-Acetamido-2-deoxy-D-glucose (5) 
Di-N-acetylchitobiose (1) 
Tri-IV-acetylchitorriose (2) 
Tetra-N-acetylchitotetraose (3) 
Penta-N-acetylchitopentaose (4) 
Benzyl %acetamido-2-deoxy-8_D-gluco- 

pyranoside 
Benzyf @-glycoside of di-N-acetylchito- 

biose (9) 
Benzyl fl-glycoside of tri-N-acetylchito- 

triose (11) 

I.0 0.78 
0.80 0.46 
0.61 
0.42 
0.19 

0.93 

0.66 

0.39 

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



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, benzyl2-acetamido-2-deoxy-8-D-glucopyranoside, and a slow- 
moving material having RsR 0.39 (SR, Sudan Red). The last material was isolated 
by preparative t.1.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-deoxy+m 
glucopyranosyl) - (1+4)-O- (2-acetamido-2-deoxy-P-D-gZucopyranosyl) - (144) -2-acet- 
amido-2-deoxy-/3-D-glucopyranoside (11) was tentatively ascribed to it. 

1 n=o 
2 n=Y 
3n=2 
4n=3 

6 R’= H ; R#=OAc: R’II=Ac 
I 

R,,,o@4i$!y 

7 R’= OCU.$=h : RR= H ; R*=Ac 

NHAc NHAc 
5 

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 CA.“) 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 5, when heat was applied for 3 min. Whereas the reducing- 
sugar test measures the formation of 5 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 benzyl2-acetamido-2-deoxy-8-D-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)7. It should be 
noted that, under the conditions used in the present work, no hydrolysis of benzyl 
2-acetamido-2-deoxy-B-D-glucopyranoside or of di-N-acetylchitobiose (1) was 
observed. The enzymic hydrolysis of the trisaccharide 2, under the same conditions, 
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was very slow, and it could be followed only by determination of the reducing value 
or by the Morgan-Elson test (see Figs. 2 and 3); it could not be observed by chromato- 

graphy. 

3 0.2 - 

1 
0 20 40 60 80 

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) (e), tetra-N-acetyl- 
chitotetraose (3) Cm), penta-A’-acetylchitopentaose (4) (A), and benzyl 2-acetamido-4-0-(2-acet- 
amido-2-deoxy-~-D-gIucopyranosyI)-Z-deoxy-~-D-glucop~anoside (9) ( x). The values of the reducing 

power of the hgdrolyzates 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. 

HOURS 

Fig. 3. Increase of groups reacting with the Morgan-Elson test reagent, expressed as equivalents of 
2-acetamido-2-deoxyglucose, observed in the Iysozyme-catalyzed hydroIysis of tri-N-acetylchitotriose 
(2) (0). tetra-N-acetylchitotetraose (3) (=), 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 Phillip~~~, 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 CHsPh 
Compound 9: X X CHsPh 

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 II 

CHROMATOGRAPHIC STUDY OF THE INCUBATION OF TETBA-iv-ACBTYLCHITOT!ZTRAOSE (3) AND PENTA&- 

ACETYLCHITOPENTAOSE (4) WITH EGG-‘.VHITE LYSOZYhIE 

Substrate Time in h Relative antounts of compounds formed= 

1 2 3 4 5 Precipitate* 

Compound 3 4.3 0 0 4 0 0 
9 224022 

26 224132 
50 3 2 3 0 3 2 

Compound 4 0.4 023400 
1.7 223422 
4.3 3 3 3 3 3 4 
9 322144 

26 423044 
50 412044 

aThe paper-chromatographic system is described in the experimental section. The spots were revealed 
by treatment with alkalit7. A concentration of l/SOth 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 0 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 Pow&g and ITzykiewicz’” 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 testI’, which measures the formation of 2-acetamido-2-deoxy- 
r+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 (3 and di-IV- 
acetylchitobiose (1) formed, but undetected, are further transformed by transglyco- 
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sylation. In the model proposed by Phillip~‘~ 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+ 

(Cl x-x-x-x-x+ 

@I x-x-x-x-x+ 

X = GNAc residue. The reducing end is designated by an arrow. 
It is 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”. 

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 I:2 ratio at the 
early stage of the hydrolysis of the pentasaccharide 4 wonld 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 II). 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’. 

EXPFSUMENTAL 

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’6. The chromatograms were revealed by alkaline treat- 
mentl’, 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. RsR 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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Calorimetric determinations were made with a Zeiss PMQII spectrophotometer. 
Evaporations were performed in vacua, 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-O-(2-acetamido-2-deoxy-P_Dco- 
pyranosyl)-2-deoxy-a-D-glucose (lj, m.p. 260-263” (dec.), [c&’ + 32.3 (5 min) --f 16.0” 
(at equilibrium; c 0.74, water); 0-(2-acetamido-2-deoxy-/?-D-glucopyranosyl)- 
(1 + 4)- 0-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1~4)-2-acetamido-2-deoxy- 
D-glucose (2), dec.p. 282”, [a12G +5.4 (10 min) ---, + 3.7” (at equilibrium: c 0.43, 
water); 0-2-acetamido-2-deoxy-fi-D-glucopyranosyl)-( 1+4)-0-(2-acetamido-2-deoxy- 
/3-D-glucopyranosyl)-(1 -+4)-0-(2-acetamido-2-deoxy-~-o-glucopyranosyl)-(1+4)-2- 
acetamido-2deoxy-D-glucose (3), dec.p. 300”, [a];’ -3.8” (after 15 min and at equi- 
librium; c 1.05,water); O-(2-acetamido-2-deoxy-B-D-&copyranosyl)-(I -+4j-0-(2-acet- 
amido-2-deoxy-/I-D-glucopyranosyl)-(1 +4)-O-(2-acetamido-2-deoxy-fi-II+glucopyran- 
osyl)-(l~4)-0-(2-acetamido-2-deoxy-P_~-glucopyranosyl)-(l +4)-2-acetamido-2- 
deoxy-D-glucose (4), precipitated as a gel, dec.p. 210”, [a]: - 5.7 (9 min) + -7.2” 
(at equilibrium; c 0.5, water). 

Z-Acetamido-PO-(Z-acetamido-3,4,6-tri-O-acetyl-Z-deoxy-P-D-glucopyranosyl)- 
1.3,6-tri-0-acetyl-2-deoxy-a--D-glucose (6), was prepared in 83% yield from 2 by 
treatment with acetic anhydride in pyridine, and was crystallized from methanol as 
prisms, dec.p. 308”, [a]% + 54.1’ (c 0.72, acetic acid). 

BenzyI2-acetamido-4-O-(2-acetamido-3,4,6- tri-O-acetyl-2-deoxy- p- D-ghco- 

pyranosyl)-3,6-di-O-acetyl-2-deoxy-P-D-g~~co~yra~zoside (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 vacua 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 Gltered through a carbon- 
Celite pad, the filtrate was partially evaporated in vacua, 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 vessel overnight at room 
temperature. Ice was added, and the reaction mixture was kept for 2 h at room temper- 
ature, extracted with chloroform (100 ml), 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, 19x), m-p. 281-282”, [c@ -61” (c 0.34, chloroform); t.1.c. in 1:l (V/V) 

1,2-dichloroethane-acetone: Ran 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. C!ak. for C33H44NZ016: C, 54.69; H, 6.12; N, 3.87. Found: C, 54.21; 

H, 5.84; N, 4.00. 
Ben.zyl2-aceramido-4-0-(2-acetamido-2~deoxy-8-DD- 

glucopyranoside (9). - A solution of 7 (3 19 mg) in 0.1 M methanolic barium methoxide 
(15 ml) was kept overnight at 4”. Carbon dioxide was then bubbled through the solu- 
tion, the precipitate was titered off, and the f%rate was evaporated to give a crystalline 
residue; t.1.c. in 3:2 (v/v) methanol-acetone, RsR 0.46 (as compared to RsR 0.59 for 5 
and 0.30 for l)_ Recrystallization from methanol gave needles (100 mg, 95x), m-p. 
270-271 O, [aJ”d” - 37” (c 0.16, water). The compound was nonreducing. 

APSZZ. Calc. for CZJHs4N201 1: N, 5.45. Found: N, 5.32. 
Methyl 2-acetimlido-4-0-(2-acetamido-3,4,6-tri-O-acety~-2-deoxy-~- D-ghico- 

pyranosyl)-3,6-di-O-acetyl-2-deoxy-P-D-gZucopyranos~de (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, 17x), m-p. 285- 

287”, [a]k6 -43” (c 0.17, chloroform); t.1.c. in 2:l (v/v) ethyl acetate-acetone, RSR 
0.20 (as compared to RsR of 0.37 for 6). 

A?& c&2. for C27H40N20,6: C, 49.98; H, 6.22. Found: C, 49.85; H, 6.14. 
Methy 2-acefamido-4-0-(2-acetmnido-2-deoxy-8_D 

D-glucopyranoside (10). - A solution of 8 (19 mg) in 0.1~ 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 titered through a Cehte-Dowex-50 (H*) pad and evaporated. The residue 
was homogenous on t.1.c. in 2:l (v/v) acetone-methanol, & 0.49 (as compared to 
RsR of 0.78 for 5, and 0.46 for 1). Crystahization from methanol-ethyl acetate gave 
needles (7 mg, 56x), m.p. 232-236” (dec.), [a]k6 -31” (c 0.28, water). The compound 
was nonreducing. 

Anal. Czlc. for C17H30N20, 1 - 0.5 HzO: C, 45.63; H, 6.98. Found: C, 45.53; 
H, 7.69. 

Incubation with Zysozyme. - Unless otherwise mentioned, the enzymic degra- 
dation was performed with a substrate concentration of 3rrrm 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 determination15 of the degradation of 9, 
samples of 0.1 ml were taken, whereas, for the other substrates, O-I-ml samples of the 
solutions, diluted fivefold, were used. The color obtained was determined at 690 nm, and 
the results are reported as equivalents of2-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 II) were decreased by the reducing value of the parent compounds (O.SSO, 0.734, 
and 0.686 equiv., respectively), and by that of the enzyme solution. For the Morgan- 
Elson test”, 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 calorimetric 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 fi 
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 pm). The filter was washed three times with water (2 ml), and the nitrogen 
content of the SIter was determined by the Kjeldahl procedure. Since the washings of 
the unused filter showed a high blank value, the yield of precipitate obtained (19% 
based on 4) is only approximate. 

Isolation of compound 11. - The isolation of compound 11, having I’& 0.39, 
from the incubation mixture of 9 was performed on a sample (0.2 ml) applied to a 
t.1.c. plate measuring 20 x 20 cm. The plate was developed with 2:l (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 Htered, 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 I was detected by paper chromatography and compound 
11 by t.1.c. 
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ABSTRACT 

Cyclic acetals of alditols that contain 1,3,6,8-tetraoxabicyclo[4.4.0]decane ring 

systems have been found to undergo a novel type of fragmentation (k-upture) 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-tetraoxabicyclo[4.4.0]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 RI = R2, 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. 

% 
0 

1 
Ph 

0 

0 E 0 Ph 

R2 
9 

-I-. 

a R2 

2 

However, for all of the 1,3,6,8-tetraoxabicyclo[4_4_0]decanes studied [1,3:2,4- 
di-O-benzylidene-r_.-threitol (3a), 1,3:2,4-di-O-benzylidene-erythritol (4a), 1,3:2&di- 
O-benzylideneribitol (4b), I,3:2,4-di-O-benzylidenexylitol (3b), 2,4:3,5-di-0-benzyI- 
Idene-D-mannitol (3c), and 2,4:3,5-di-U-benzylidene-D-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, 3c, 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 diEer- 
ence in mass of the groups R, and Rz_ We designate these ions as “h&ions” 
(“/z-ions”) and the reaction leading to their formation as “kuptnre”. The term 
“h-ion” is used conventionally, even when the mass number is not equal to one half 
of the molecular weight. 

Ph 

Ph 

3s R1=R2=R3=R4=H4 
3b Rl=CH20H; Rz=Rz=Re=H 
3c Rl=&=H; R~=R~=CHSOH 
3d R2=Rs=H; Rl=R4=CHzOH 

4a Rl=Rz=H 
4b Rl=H; Rz=CHzOH 

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

+ 

“h’ Ph 

R2=H, m/e I49 
Rz=CHzOH, m/e 179 

The following arguments favour such a mechanism. In the mass spectra of the 
cis- @a) 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: 

c R-+C&O 

Ph 

5a R=H 
5b R=D 
SC R=PhCHz 

“h”, m/e 149 

Replacement of the hydrogen atom in the hydroxyl group by deuterium (5b) 
does not change the mass number of the “h-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 m/e 149 arises. The abundance of the “h-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 (CA ref. I), which hinders the formation of the “h-ion”. 
In full agreement with such an assumption is the fact that for 5-beuzyloxy-2-phenyl- 
1,Idioxane (SC) the abundance of the “h-ion” increases very strongly, because, in this 
case, “h-rupture” leads to the stable benzyl radical (the abundance of the “h-ion” 
is equal to that of the Mf-ion for this compound)_ There is a metastable peak in 
the mass spectrum of compound 5c, which corresponds to the transformation of the 
Mf-ion tJ the “h-ion”, and which indicates the one-step mechanism of the “h-rupture” 
(talc. for2704 149, m* 82.2; found, 82.2). For methyl 4,6-O-benzylidenehexopyrano- 
sides (7) belonging to the 1,3,6-trioxabicyclo[4.4.O]decane series, “h-rupture” is one 
of the main directions of fragmentation: 

R2 

ox’cH3 + Ph-tH-OCH,CHO 

m . . 
hz 

Rl R2 

,xOCH3 + Ph--;ye-;4--CH0 

% R2 

. . . 
h, 

The nature of the substituents in the pyranoside ring has a substantial influence 
on the charge distribution during “h-rupture” and, consequently, on the intensity of 
the peaks of the “h-ions”. The “&-radical” is more stable than the “hi-radical”, and 
therefore in the mass spectra of compounds 7a-e, the “h,-ion” arises preferentirtly 
and is more abundant than the “h,-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 “/z-ions”: the “hi-radical”, in this case, has approximately the same 
stability as the “h-iradical”, but the “h,-oxonium ion” is more stable than the “hl- 

carbonium ion”. This results in a change of relative abundance; the “h2-ion” becomes 
more abundant than the “h,-ion”. 

For compounds 7a-c which have no hydroxyl groups, “It,-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-O-C-O-X 
type: f ’ i- 
R-O-C-C-O-GO-X -+ R + 0 =C-I-C=O +C=O-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 “h-rupture”. For instance, ions 
having m/e 101, 129, and 159, and arising from 1,2:3,5-di-O-isopropylidene-cc-o- 
xylofuranose and 2,3:4,6-di-0-isopropylidene-L-sorbofuranose2, are consistent 
with “h-rupture”: 

CH,-CH Ho 

/ 
0 

OHC _ 

+ 

+ 

R 

H -6 

& o/ 
\ 

O--T 

R= H m/e 129 
R = CH2OH m/e 159 

m/e 101 

TABLE I 

hfA.5.5 NUMBERS AND RELATIVE ABUNDANCE OF “hl”- AND “hz-IONS” FOR METHYL ‘+,6-O-BENZYLIDENE- 

I-IEXOPYRANOSIDES 

Meth_vl4,6-0-benzylidene derivative of Rl Re h he 

m/e intensity m/e intensity 

2,3-Di-0-methyl-a-n-glucopyranoside ?a OCHs OCH3 161 8.0 149 1.8 
2,3-Di-0-methyI-@-n-galactopyranoside 7b OCH3 OCH3 161 12.0 149 1.2 
2,3-Anhydro-a-n-allopyranoside 7c -o- 115 20.0 149 1.6 
2-O-Methyl-a-rxxltropyranoside 7d OCH3 OH 147 1.4 149 0.6 
a-o-Glucopyranoside 7e OH OH 133 4.3 149 2.2 
B-o-Galactopyranoside 7f OH OH 133 2.4 149 1.8 

/?-n-Glucopyranosylbenzene 8 179 2.8 149 4.8 

It has been emphasised that “h-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 3c and 3d, unexpectedly give the ions a and 
“h”, respectively having mass numbers corresponding to the peaks of high intensity. 
If the structures of the di-0-benzylidene-D-mannitol 3c and the di-0-benzylidene-D- 
glucitol3d had not been fully proved3*4, it could have been wrongly concluded from 
the mass spectra that compounds 3c and 3d have structures analogous to that of di-O- 
bewlidenegalactitol and so are derivatives of the4,4’-his-1,3-dioxolane. It has been 
suggested5 that the mass spectra of fkranoses 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 
m/e 161 is characteristic of methyl furanoside methyl ethers: 

OMe OMe 

m/e 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 
“ ir-rupture “_ 

R-O 0 6Me 

q 

OMe 

OMe 

R’ + CHPO + 0 

Y6Me 
OMe 

mle v3 

Therefore, in mass spectrometric studies of cyclic acetals, it is necessary to take 
into consideration the possibility of “h-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. 

ACKNOWLEDGMENT 

The authors thank Professor A. B. Foster, Chester Beatty Research Institute, 
London, for samples of the benzylidene derivatives used in this study. 

REFERENCES 

1 J. T. MARSHALL AND D. H. WILLIAMS, Termfzedr011, 23 (1967) 321. 
2 D. C. DEJONGH AND K. BIEMANN, J_ Am. Chem. Sue., 86 (1964) 67. 
3 N. BAGGETT, K. W. BUCK, A. B. FOSTER, M. H. RANDALL, AND J. M. WEBBER, J. Chem. Sot., 

(1965) 3394. 
4 T. G. BONNER. E. J. BOURNE, AND D. LEXV~S, Carboltyd. Res., 2 (1966) 421. 
5 N. IL KOCHJZTKOV AND 0. S. CHIZHOV, Adcan. Carbohydrate Chew., 21 (1966) 39. 

Carbohyd. Res., 6 (1968) 138-142 



Carbohydrate Research 
Ekmkt Publishing Company. Amsterdam 
Printed in Belgium 

143 

MASS-SPECTROMETRIC STUDY OF CARBOHYDRATES 
BENZYLJDENE ACETAJLS OF ALDITOLS 

0. S. CHIZHOV*, L. S. GOLOVKINA, AND N. S. WULFSON 

Institute for Chemistry of’ Nattual Products, Academy of Sciences of U. S. S. R., Moscow (U. S_ S. R.) 

(Received July 27th, 1967) 

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 ion 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 limited value. For instance, partial hydrolysis with acid is not sufficiently 
reliable (because there is the possibility of rearrangement), partial hydrogenolysis3 is 
not a general method, and n.m.r. spectroscopy has been applied mainly to ben- 
zylidene4 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 6_ Acetals of stereoisomeric alditols are frequently 
structural isomers, and their mass spectra must be quite different iftbeir stereochemis- 
try is to be elucidated (cJ 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 aldito1s. 

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-l .O 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-Gbenzyl- 
idenegalactitol (l), 2,3:4,5-di-O-benzylidene-1,6-dideoxygalactitol (2), 1,3:2,4-d&O- 
benzylideneerythrito1(3), 1,3:2,4-di-O-benzylidene+threitol (4), 1,3:2,4-di-Gbenzyl- 
ideneribitol (5), 1,3:2/I-di-O-benzylidenexylitol (6), 2,4:3,5-di-O-benzyhdene-o- 
glucitol Q, 2,4:3,5-di-U-benzylidenc-D-mannitol (8). These compounds belong to 
two types of cyclic ace&l, 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-S). A simpler frag- 
mentation pattern is characteristic of the first type. 

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

--Ph 

.‘h 
R 

1 R=CH,OH 1 \ 

-PhCHO 
=2 - 

-Ph. 

R 

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

The main fragmentation reaction consists in cleavage of the bond connecting 
the dioxolane rings. The a-ions arising in this way [m/e 179 for (l), m/e 163 for (2)] 
are the most abundant in the mass spectra. AU other directions of fragmentation lead 
to ions and radicals that give peaks of low intensity. As with other 1,3-dioxolanesg, 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 bs. Loss 
of a phenyl radical is very disadvantageous thermodynamically, and the peaks of 
very low intensity correspond to c,-ions arising in this way. Expulsion of benzaldehyde 
or formic acid from fragment c1 gives the ct- and &-ions. The molecular ions of 
compounds 1 and 2 can lose the subs&tent R as a radical, leading to the ion dl, 
which loses benzaldehyde and forms the &-ion. The direct expulsion of a benzalde- 
hyde molecule from molecular ions is also possible, and lead? 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 I 
hlASS NUhIBERS OF THE h&UN IONS ARISING FROM COMPOUNDS 1 AND 2. 

Compound m/e 

M+ a bl ba b3 cl ce dr dz e 

1 358 179 357 251 235 281 175 327 221 252 
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 mu. to lower m/e values, and the peaks 
of ions (bl, b,, b,, cr, and ca) retaining both the terminal substituents are shifted 
32 mu. to lower m/e values. The scheme of fragmentation discussed is similar to that 
proposed for isopropylidene derivatives of monosaccharides7 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 CsHsC!O+, C7H7+, and C,H, f. Formation of ions of the b, c, d, 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 m/e 107 
appears in its mass spectrum, and is assigned to the protonated molecule of benzal- 

dehyde, C,H,CH =&H. 
1~,6,8-TefruoxubicycZo[4.#.O]decanes. - 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 Iz-ions, formed” by “h-rupture”. 

oI;c /o 
(’ 

h 

phk% 

I+ 

o-0 “hf” . 

R2 
o-&ph 

R2 
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For the compounds (3,4,7 and 8) where R, = R2, the mass numbers of the “kz: ” and 

hf-ions” are the same, if RI # R2 (compounds 5 and 6), these ions have different m/e 
values. The “AI-ions” can undergo two types of transformation. When Ris CH,OH, the 
“h,-ion” can lose formaldehyde giving rise to the “hz-ion”: 

“&*, m/e 179 
. * 
h, , m/e 149 

When R= H, the isomerisation “h 1 ” -+ “h, ” can proceed as follows: 

4 0’ 

” CL Ph ___L 

zH2Ph 

&+ _ 

O_ 
OCH-CHO ++CH,Ph 

H 
m/e 97 

“h II 
I 

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

The formation of the ionf, the mass number of which corresponds to one 1,3- 
dioxane ring, is very characteristic of aU of the 1,3,6,8-tetraoxabicyclo[4_4_0]decanes. 
The following mechanism seems most probable: 

Ph 

4. 

Ph 

- PhCHO i- R,CHO t 
. 

R2 R2 

This mechanism is corroborated by the metastable-ion peak at m/e 87.8 in the mass 
spectrum of compound 4 (talc. for 298 + 162, m* 88.0). Thef,-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 f,-fragment. 

fl . -5 f3 

The presence of the peaks at m/e 192, 191, and 161 U;,j;, andf,) in the mass 
spectra of the 1,3,6,8-tetraoxabicyclo[4_4_O]decanes 7 and 8 allows these compounds 
to be distinguished from the isomeric galactitol derivative (l), 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-S are listed in Table II, and the mass spectra are shown in Fig. 2. 

105 

79 I I, B 

4 L ,_“C n.x “n. ‘63 G!- -.. -.. 
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Fig. 2. Mass spectra of A. 2,3:4,5-di-0-benzylidenegalactitol (1); B, 2,3:4,5-di-O-benzylidene-I$- 
dideoxygalactitol(2); C, 1,3:2,4-di-0-benzylidene-r-threitol(4); D, 1,3:2,4-di-O-benzylidene-erythritol 
(3); E, 1,3:2,4-di-0-benzyIidenexylito1 (6); F, 1,3:2,4-di-0-benzylideneribitol (5); G, 2,4:3,5-di-O- 
benzylidene-D-mannitol (8); H, 2,4:3,5-di-O-benzylidene-D-giucitol (7). 

TABLE II 

.,V,S NUMBER@ OF THE MAIN IONS ARISING FROM COMPOUNDS 3-8 

Compormd m/e 
M+ bl bz b3 CI c? dl dz c “hI” “hs” fi h t 

3 298 297 191 (175) (221) 115 - - 192 149 - 162 
4 298 297 191 175 221 115 - - 192 149 - 162 
5 328 327 221 205 (251) 145 297 191 222 149 - 162 

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

I79 I49 192 
7 358 357 251 (235) 281 175 327 221 252 179 149 192 
8 358 357 251 (235) 281 175 327 221 252 179 149 192 

(161) - 
(161) - 
161 - 
191 161 
161 - 
191 161 
191 161 
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, tram stereoisomers 3 and 4, and 
5 and 6 reveals substantial differences in the intensities of the main peaks. The 

molecular ions are more 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 
tram isomers. On the other hand, the peaks of they,-ions (formed by cleavage of the 
bond that is a 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 I ,3,6,8-tetraoxabicyclo[4_4.O]decane system. 
Thus, the above-mentioned differences in the mass spectra ark more pronounced for 
the unsubstituted cis, tram isomers 3 and 4, than for the subst%itited derivatives 5 
and 6. Such substituents as (EtS),CH completely change the fragmentation pattern, 

Curbohyd. Res., 6 (1968) 143-149 



MASS SPECTROMETRY OF ACETALS 149 

as has been demonstrated for the diethyl dithioacetals of 2,4:3,5-di-O-benzyl- 
idene-D-xylose and D-ribose”. 

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 4, the former having one and the latter 
having two axial CH20H groups. The more sterically strained compound 8 shows a 
much less-intense mokcular-ion peak than isomer 7. In the mass spectrum of com- 
pound 7, the ions f, andf, have approximately the same abundance, but, for com- 
pound 8, they,-peak is three times more intense than they,-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 
ace&Is, and, in some cases, for determination of the configuration of the parent 
alditol. 
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ABs-rRAcr 

The cell-wall D-glucan <r4z: - 10” in methyl sulfoxide) of bakers’ yeast has 
been shown by methylation and periodate oxidation studies to be a fl-(l-53)-~- 
glucan having branches at C-6.Hydrolysis of the methylated D-glucan (1 mole) yielded 
2,3,4,6-tetra- (1 mole), 2,4,6-t+ (7 moles), and 2,4-di-O-methyl-D-glucose (1 mole), 
and trace proportions of 2,3,4-tri-O-methyl-D-glucose, which indicated the presence 
of a small proportion of (1 -&)-linked residues in the molecule. Periodate oxidation 
of the D-glucan (DP 410), followed by reduction and mild hydrolysis with acid, 
eliminated one D-glucose residue out of every 9, and yielded the corresponding; 
degraded D-glucan (DP 150), glycerol, and a small proportion of a 1-O-fl-D-glucosyl- 
glycerol, which would be derived from the sequence of the D-glucose residues in the 
glucan molecule represented by the system +6)-Gp-(1+3)-Gp-(I-&)-Gp-(l-+. 
Methylation of the degraded glucan gave material which, on hydrolysis, gave, per 
mole,2,3,4,6-tetra-(lmole),2,4,6-tri- (6 moles),and2,4-di-0-methyl-D-glucose(lmole). 
The (1+3)-j-D-glucanase from Rlzizopus arrhizus acted on the D-&can and on the 
degraded D-glucan to give the same products, viz., D-glucose, laminaribiose, gentio- 
biose, and higher oligosaccharides. The structure of the cell-wall D-glucan is discussed 
on the basis of these findings. 

INTRODUCTION 

Yeast cell-wall is reported’ to consist of a glucan (29%), a mannan (31%), 
protein (13%), and lipid (8.5%), and more recently it has been suggested’ that 

*Paper No. 6012, Scientific Journal Series, Minnesota A&cultural Experiment Station. Apart of this 
work was presented at the meeting of the Japanese Biochemical Society in Tokyo, October, 1962, 
and at the 144th meeting of the American Chemical Society in Los AngeIes, California, ApriI, 1963. 
**Present address: Institute of Scientific and Industrial Research, Osaka University, Sakai, Osaka, 
Japan. 
***Department of Microbiology, School of Medicine, The University of New Mexico, Albuquerque, 
New Mexico, U. S. A. 
****Deceased, February, 1965. 
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2-amino-2-deoxy-D-glucose provides the link between the protein and the poly- 
saccharide components. 

The polysaccharide component of the yeast cell-wall that is insoluble in water 
and in dilute alkali is now known as yeast glucan, although, when first isolated3 in 
1894, it was designated as yeast cellulose. Preparations of yeast glucan, free from 
glycogen-like material, were later produced4*’ by boiling the residue from the alkaline 
treatment of yeast (Saccharomyces cerevisiae) with dilute mineral acid. 

Early methylation studies4*5 revealed that hydrolysis of the methylated glucan 
gave 2,4,6-tri-O-methyl-D-glucose, and, because of the low specific optical rotations 
of the methylated and acetylated derivatives of the glucan, it was deduced’ that the 
glycosidic bonds were p-~-(1 +3). 

Later, a glucan from bakers’ yeast was subjected to repeated methylation, and 
the product was hydrolyzed, to give, per mole, 2,3,4,6-tetra-O-methyl-D-glucose 
(I mole), 2,4,6-tri-O-methyl-D-glucose (7 moles), and 4,6-di-U-methyl-D-ghrcose 
(1 mole). These findings led to the conclusion that the yeast glucan possesses a highly 
branched structure of (l-+3)-linked main chains with (1+2)%nked side chains. The 
glycosidic bonds were deduced6 to be P-D. 

Structural studies by the technique of partial hydrolysis, whereby there were 
obtained gentiobiose, fl-D-Gp-(l-6)-DGp; laminaribiose, /?-D-Gp-(I ~3)-D-C@; 
gentiotriose, /3-D-Gp-(1 +6)-fi-D-Gp-( 1 +6)-D-Gp; 6- O-/3-laminaribiosyl-D-ghrcose, /I- 
D-Gp-( 143)P_DGp-(1 -+6)-D-Gp; laminaritriose, fl-D-Gp-( 1 -+3)-P-D-Gp-( 1 +3)-D- 
Gp; 3-O-fl-gentiobiosylglucose, fi-D-Gp-(I -+6)-&~-Gp-(1+3)-~-Gp; and gentiotetra- 
ose, p-D-GE)+ 46)~/3-DGp-(1 +6)-/3-D-Gp-(1 46)-~-G& prompted the suggestion that 
yeast glucan possesses a linear instead of a branched-chain strncture7. It was further 
suggested that the former methylation results6, indicating a branched-chain structure, 
might have been due to incomplete methylation and that the formic acid liberated 
during periodate oxidation of the D-glucan arose, not from terminal, nonreducing 
D-glucose residues, but from (l-6)-linked residues’, a conclusion that was said to be 
substantiated by p-toluenesulfonylation experiment?“. 

The establishment of a new procedure lo for the controlled degradation of poly- 
saccharides, involving periodate oxidation, reduction, and mild acid hydrolysis”, 
seemed to provide an approach that might resolve these conflicting structural concepts. 
Thus, the relatively high proportion of (l-+6)-linked D-glucose residues, if present, 
should be recognizable not only by the formation of 2,3,4-tri-O-methyl-D-glucose on 
hydrolysis of the methylated D-glucan, but also by the extensive cleavage of the parent 
D-glucan when it is subjected to oxidation with periodate. Furthermore, it is apparent 
that any oligosaccharide, or degraded polysaccharide, derived by periodate oxidation 
of a linear D-glucan containing only (l-+3) and (1+6) linkages should contain only 
(143) linkages, and should consequently give rise only to 2,4,6-D-i-O-methyl-D- 
glucose on methylation and hydrolysis. The present report is concerned with the 
results of methylation and periodate-oxidation studies on (a) a D-glucan isolated from 
bakers’ yeast, and (b) the corresponding degraded D-glucan produced by periodate 
oxidation, reduction, and mild hydrolysis with acid. 
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RESULTS AND DISCUSSION 

The D-glucan used in the investigations reported herein was isolated from fresh 
and dried yeast, both of which are regarded as belonging to the same strain of bakers’ 
yeast (Saccharomyces cerevisiae). Protein, glycogen, and mannan were removed by 
treatment of the yeast with dilute alkali, and glycogen-like material in the residue was 
removed by heating the material with dilute acetic acid followed by autoclaving with 
water. Although the yeast glucan thus obtained was insoluble in water, alkali, and 
the common organic solvents, it dissolved gradually in 90% formic acid’ and in 
methyl sulfoxide, the latter being one of the best solvents for many poIysaccharides. 
The yeast glucan recovered from the methyl sulfoxide solution by precipitation with 
water showed [c&’ - 10” in methyl sulfoxide; it gave no color with iodine and, on 
hydrolysis with acid, yielded only D-glucose. 

The fully methylated D-glucan ([a]:: +6” (CHCI,), OMe, 44.4x), obtained 
by successive application of the Muskat”, Haworth13, and KuhnI methods of 
methylation, on hydrolysis furnished (per mole) 2,3,4,6-tetra-O-methyl-D-glucose 
(1 mole), 2,4,6-tri-O-methyl-D-glucose (7 moles), and 2,Pdi-O-methyl-D-glucose 
(1 mole). Only trace proportions of 2,3,4-t&O-methyl-D-glucose were detected by 
paper chromatography (see Table I); this finding may indicate the presence of a very 

TABLE I 

HYDROLYSIS OF THE METHYL DERIVATIVE OF YEAST GLUCAN AND OF DEGRADED YEAST-GLUCAN 

Cleavage product Structural feature 

indicated 

Molar proportions 

Original Degraded 

D-ghan D-ghCan 

O-Methyl-D-glucose 
2,3,4,6-tetra- 
2,4&i-t+ 
2,3,44-i- 

2,4-d& 

Gp-(I-P 1 I 
+3)-Gp-(l--t 7 6 
++Gp-(I+ trace 0 

1 1 

small proportion of linear (l-6)-linked D-glucose residues, but it is not sufficient to 
explain the number of (1+6)-linked, nonterminal residues suggested from the 
proportion of (l-&)-linked oligosaccharides formed by acid hydrolysis7. 

The isolation of 2,3,4,6-t&a- and 2,4-di-O-methyl-D-glucose in equimolecular 
proportions (11%) from a polysaccharide that was essentially fully methylated proved 
that this yeast glucan is highly branched. Characterization of the nonterminal residues 
as 2,4,6-tri- O-methyl-D-glucose revealed that the linkages are, indeed, of the (l-3) type, 
a result in agreement with the early methylation studies4*5. The isolation of2,Cdi-O- 
methyl-D-glucose revealed the presence of branching residues of D-glucose having 
linkages at O-l, O-3, and O-6. This observation does not accord with the previous 
isolation of 4,6-di-0-methyl-D-glucose6, which had indicated the presence of D-glucose 
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residues joined through O-l, O-2, and O-3, or with the suggestion’ that yeast glucan 
possesses a linear structure. No explanation can yet be offered for this observed 
difference, unless the difference depends on the conditions used for culturing the yeast. 
Further support for the presence of D-glucose residues triply-linked at O-l, O-3, and 
O-6 has recently been provided l5 by the observation that 2,4-di-O-methyl-D-glucose, 
and not the 4,6-isomer, is the major di-O-methyl-D-glucose formed on methylation 
and hydrolysis of yeast glucan. 

When the yeast glucan was treated with periodate at IO”, two molar proportions 
of periodate were consumed with the simultaneous liberation of one molar proportion 
of formic acid, for an average of about eight residues of D-glucose. This finding agrees 
with previous value&’ (cfref. 15), and is in harmony with the structural requirements 
deduced from the methylation data, namely, that the repeating unit of the yeast glucan 
consists of one terminal, nonreducing residue, seven (l-+3)-linked, nonterminal 
residues, and one branching residue joined through O-1, O-3, and O-6. 

As only trace proportions of 2,3,4-tri-O-methyl-D-glucose were produced by 
hydrolysis of the methylated D-glucan, it is to be expected that (a) periodate oxidation 
would attack only the terminal, nonreducing, D-glucose residues of the parent 
D-glucan, (b) the residual molecule should remain a polysaccharide and not be a simple 
oligosaccharide, and (c) the recovered polysaccharide should amount to about 90% 
of the weight of the parent D-glucan, because one out of every nine D-glucose residues 
is removed by periodate oxidation, reduction, and hydrolysis. Some support for these 
conclusions was derived from the observation that the degree of polymerization of the 
degraded D-glucan is 150, indicating that (a) it is a polysaccharide (not a simple 
oligosaccharide), and (b) the degraded D-glucan obtained by the reaction sequence 
of periodate oxidation, reduction, and hydrolysis corresponded to 90% of the 
weight of the parent yeast-glucan. 

That periodate oxidation mainly attacks the terminal, nonreducing, D-glucose 
residues is proved by the fact that, on hydrolysis, the fully methylated, degraded 
o-glucan gave the same products as the permethylated o-glucan, and that, as expected, 
six molar proportions of 2,4,6-tri-O-methyl-D-glucose were produced (instead of the 
seven obtained from the permethylated, parent D-glucan). Of interest and, perhaps, of 
structural significance is the observation that no trace of 2,3,4-tri-O-methyl-D-glucose 
was detected amongst the hydrolysis products of the methylated, degraded D-glucan 
(see Table I). 

A careful search of the products formed simultaneously with the degraded 
o-glucan when the yeast glucan was treated successively with periodate, sodium boro- 
hydride, and dilute sulfuric acid’OP” revealed the presence of glycerol (the major 
component, which arises from the terminal, nonreducing, D-glucose residues), and a 
relatively small proportion of a l-U-p-D-glucosylglycrol, recognized by hydrolysis 
and by paper chromatography. It is believed that this fragment arises from a (l-+3)- 
linked D-glucopyranose residue that is flanked with (1 +)-linked ~-glucose residues, 
thus: +6)-G-(1 +3)-G-(1 -+6)-G-(1 4. However, as already stated, the proportion of 
such a sequence of three D-glucose residues must necessarily be small, because only 
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traces of 2,3,4-tri-O-methyl-D-glucose are produced by hydrolysis of the methylated, 
undegraded n-ghtcan. 

Consideration of the findings reported he>e leads to a structure such as 1, of 
which there are clearly, for the repeating unit of the undegraded yeast glucan, seven 
possible variations, in which the number of residues in the side chain can be 1 to 7. 
The isolation of a I-O-/I-D-glucosylglyc&ol indicates the presence in the D-glucan 
molecule of a structural discontinuity consisting of the periodate-susceptible system: 
+6)-G-(1J,+3)-G-(1+[6)-G-(1]m +, where n and ~fz must of necessity be small number 
[in order to explain both the high yield of degraded glucan (90%) and its relatively 
high degree of poIymerization (DP) (150) compared with that (410) of the parent 
D-glucan]. 

However, a strong .argument against such formulations is the fact that the 
parent D-glucan is insoluble in water and in dilute alkali, and is soluble only in such 
solvents as formic acid and methyl sulfoxide, which have high dielectric constants and 
which possess the ability to disrupt hydrogen-bonding. Glucans having such structures 
as I and its related variations would most probably be soluble in water and in alkali. 
One such polymer, having the formula show? in 2, has already been encounteredm. 
This polysaccharide, having only one D-glucose residue linked by a (136) bond to one 

out of every three units of the main chain of (1 +3)-linked o-glucose residues, is readily 
dispersible in water, as well as in dilute alkali. 

-(l-t3)-(8-~-Gp)-(l-t3)-(8_~-Gp), 

i 

/?-D-GJJ-(I-+~)-(~%D-G&~ 

1 s= l-7. y=6-0 

-(143)- B-D-Gp-(l-t3)-(B-~-Gp)e- 

r" 

-(I+@(8-D-F)n- 

B-D-& 

? 

~-D-G~-(I~~)-(~-D-G~)P)~ 

2 3 

If consideration is now given to the previous results of graded hydrolysis by 
acid, whereby the p-~-(1 -&)-linked D-glucose oligosaccharides, gentiobiose, gentio- 
triose, and gentiotetraose were obtained7, the structure shown in 3 appears feasible. 
Such a formulation provides structural regularity in two directions and permits close 
association of the side chains composed of eight p-~-(1 43)~linked D-glucopyranose 
residues. Attached to all of the P_D-(1 -+linked n-glucose residues of the main chain, 
these side chains would provide the means for the development of strong hydrogen- 
bonding in many directions; one such system, showing one-dimensional hydrogen- 
bonding, is shown diagramatically in formula 4. With numerous side-chains, three- 
dimensional hydrogen-bonding could readily occur. A structure such as 3, or a 
modification of it, would constitute a stable framework upon which the remainder of 
the components of the yeast cell-wall might well be built. 
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Additional evidence relating to the structure of the yeast glucan and its 
degraded product is forthcoming from the use of specific enzymes. Thus the (1+3)- 
fl-D-glucanase enzyme from Rhizopus arrhizu.P acts on the Dglucan and on its de- 

Jr -_8_~_*-~__8__8-~- -II‘ Jr 

Jr _~_*_$-._$-.-$- 
11 11 11 

4 

0 = D-glucopyranose 

graded derivative to give the same products, namely, D-glucose, laminaribiose, and 
gentiobiose, as well as unidentified higher oligosaccharides. It is apparent that the 
gentiobiose formed from the undegraded D-glucan is not derived from D-glucose 
residues joined only through O-l and O-6, because such (1 -+linked o-glucose 
residues -would be cleaved during the periodate oxidation of the parent o-glucan. The 
fact that the degraded D-glucan does, in fact, on enzymic breakdown, yield gentiobiose 
in the same manner as the parent D-glucan clearly demonstrates that the (l-+6)-linked 
D-glucose residues that give rise to the gentiobiose and which are stable to periodate 
must, therefore, correspond to the D-glucose residues that constitute the branch points 
in the molecule and which are linked through O-3 as well as O-6. This finding would 
appear to rule out the linear structure suggested from controlled degradation by acid’, 
and to favor some type of branched-chain structure, as formerly proposed6. 

Because periodate oxidation degrades the D-glucan so as to lessen the DP from 
410 to 150 (approximately), with concomitant liberation of glycerol (largely from the 
terminal residues of the side chains) and of I-O-fi-D-glucosylglycerol, it is suggested 
that the latter product is derived from about two locations in the o-glucan molecule 
where the sequence of the D-glucose residues is represented by the system: +6)-G- 
(1+3)-G-(1+6)-G-(1 -+. This conclusion would lead to 5 as one possible structure 
for yeast glucan. Although structure 5 explains all of the facts known at present, the 
possiblity of such variations as 6, which is a combination of 1 and 3, cannot be dis- 
regarded. Indeed, if it were assumed that gentiotetraose is derived from the 
highest sequence of contiguous (1+6)-linkages in the o-glucan, there is the possibility 
that the main chain of the o-glucan molecule might consist of an alternating sequence 
of three (1 -@linked o-glucose residues, each having a side chain composed of eight 
o-glucose residues, as in 3 (where n = 3), and a group of (1+3)-linked residues, as in 6. 
If the (143)~linked side-chains, rather than the sequences of (1+3)-linked units in 

5 
x-j-y = 40-50 
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the main chain, were to play the dominant architectural role, and were capable of 
forming hydrogen bonds with similar side-chains of neighboring molecules, an explan- 
ation for the insoluble character of the D-glucan and its degraded derivative might 
still be forthcoming. The structural feature that consists of an isolated, (l-+3)-linked, 
D-&ICOSe residue flanked by (l-+6)-linked D-glucose residues would also be present as 
an added structural detail, as in 5, in such positions (probably two) as to give rise, on 

-(143)-t6-~-Gp-(143)-(B-D-G~)~]rn-(I46)-(8-~-Gp)n- 

; “r 
1 

&D-G/J-( I-P~)-Q%D-GP)~ sD-~~-(I~~)-(B-D-~~), 

6 

x = 1-7, _1.=6-0 
n+m = 40-50 

periodate oxidation, to a degradedglucan of DP 150. Until further diagnostic experimen- 
tal data become available, formula 5 is adopted as a working model for the structure 
of yeast glucan, and 3 for the structure of the degraded D-&can. 

EXPERIMENTAL 

General. - All evaporations were performed under diminished pressure at 
40-50”. Paper chromatography was conducted by the descending method on Whatman 
No. 1 paper with the following solvent systems: (A) 4:1:5 butyl alcohol-ethanol-water 
(upper phase)“, (B) 3:2: 1 butyl alcohol-ethanol-water, (C) 5:2:7 ethyl acetate-pyridine- 
water (upper phase)“, (D) 10:4:3 ethyl acetate-pyridine-water, (E) butanone-water 
azeotropetg. Paper electrophoresis” was effected on Whatman No. 1 paper with 0.1~ 
borate buffer, at 600 volts for 3.5 h. Chromatograms were sprayed with ammoniacal 
silver nitrate or p-anisidine hydrochloride in butyl alcohol saturated with water; 
for paper electropherograms, p-anisidine trichloroacetate2’ or lead tetraacetate-p- 
rosaniline reagentz2 was used, the latter being particularly useful for detection of 
disaccharides. 

Isolation of yeast ghcan. - Fieischmann’s compressed yeast (900 g) (Standard 
Brands Inc., New York) was dispersed in 6% aqueous sodium hydroxide6, and the 
mixture was stirred overnight at room temperature. The insoluble residue, which was 
recovered by centrifugation, was heated with 3% sodium hydroxide for 3 h at 75”, and 
the mixture was kept overnight at room temperature. After two such treatments with 
3% sodium hydroxide, the alkaline digest was brought to pH 4.5 with hydrochloric 
acid, and the cell-wall material was collected (centrifuge), washed successively with 
water (thrice), ethanol, and ether, and dried in racuo (yield 21.0 g). 

This cell-wall material was heated with 0.5~ acetic acid for 3 h at 90”, and the 
residue, which showed a slightly positive stain with iodine, was subjected to seven such 
treatments with 0.5~ acetic acid, and then dispersed in water (500 ml), and the disper- 
sion was heated at 15 Ib.in-2 for 30 min at 100”. After the mixture had been cooled, 
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the insoluble D-glucan was collected (centrifuge), washed successively with water 
(thrice), ethanol (thrice), and ether (twice), and was dried in t~acuo ( yield 7.6 g). This 
preparation of yeast glucan did not give a color with iodine. 

For further purification, this D-glucan (3.5 g) was suspended in methyl sulfoxide 
(200 ml), and the mixture was shaken for 40 h at room temperature. Water (250 ml) 
was added to the viscous solution of the D-g&an, and the mixture was kept over- 
night. The precipitated D-glucan was successively washed with water (6 times), 50% 
aqueous methanol (thrice), and methanol to remove traces of methyl sulfoxide, and 
dried in vacua (yield 3.2 g). 

1n another experiment, powdered yeast (150 g) (Red Star Co., Milwaukee, 

Wisconsin) was treated as described for the fresh yeast. After treatment with 3% alkali, 
the cell-wall material amounted to 19.7 g. From this, D-glucan was obtained by 
treatment with dilute acetic acid followed by autoclaving with water (yield 7.2 g)_ 

Properties of yeast ghcam - The D-glucan, either from compressed yeast or 
powdered yeast, appeared to be free from glycogen-like material, as it gave no color 
with iodine. Although the polysaccharide was insoluble in water and alkali, it gradually 
dissolved in formic acid (90%) and in methyl sulfoxide. Yeast glucan showed [a]F 
- 10” (c 0.6, methyl sulfoxide). 

Yeast glucan (50 mg) was heated with 90% formic acid (2 ml) for 3 h, and to the 
resulting clear solution was added 0.5~ sulfuric acid (3 ml), and the solution was 
heated in a sealed tube for 3 h at 100”. The hydrolyzate was cooled, neutralized with 
barium carbonate, and filtered, and the filtrate was evaporated to a small volume. 
Paper chromatography of the solution showed a glucose only. The glucose content of 
the glucan was determined by the phenol-sulfuric acid method3 after the D-gban had 
been heated with 90% formic acid followed by 0.5~ sulfuric acid at 100” to dissolve it. 

Found: (a) 51.5 mg gucan (from fresh yeast) gave 52.0 mg (as a glucose) (6) 57.5 mg 
&can (from powdered, dry yeast) gave 58.2 mg (as a glucose). 

When the product from reduction of yeast glucan (154 mg) with sodium boro- 
hydride was oxidized with periodate24, it gave rise to an amount of formaldehyde 
(2.3 pmoles) corresponding to a DP of 410 (assuming that the terminal, reducing 
group was linked through O-3, and would yield two molecules of formaldehyde) or 
DP 205 (assuming that the terminal reducing group was linked through O-6, and 
would yield 1 molecule of formaldehyde.) 

Periodate oxidation of yeast glucan and preparation of the degraded glucan. - 

Experiment (I). Yeast glucan (I 52 g), prepared from compressed yeast, was dissolved 
in methyl sulfoxide (250 ml) by shaking for 5 days, and water (250 ml) was added, 
after which the D-gIucan was separated (centrifuge) and dialyzed against water for 
5 days to remove traces of methyl sulfoxide. The D-glucan was recovered (centrifuge), 
and washed 3 times with water. The residua1, flocculent D-glucan was oxidized with 
0.08~ sodium periodate (250 ml) at 25” in the dark with continuous stirring. The 
periodate consumption was determined by the arsenite method 25, and formic acid 
was titrated with 0.01~ sodium hydroxidez6. 

The results are shown in Table II. 
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TABLE II 

PERIODATE OXIDATION OF YEAST GLUCAN 

Time (dQ,S) 1 2 7 10 20 30 40 50 60 65 

Periodate consumplion 
(molecules/glucose residue) 0.18 0.19 0.24 0.32 0.52 0.73 0.84 1.07 1.23 1.30 

Formic acid production 
[molecules/glucose residue) 0.07 - 0.11 0.15 0.24 0.36 0.41 0.51 0.60 0.62 

In another experiment, the D&can_ (3.11 g) was oxidized with 0.2M periodic acid 
(400 ml) for 60 days at room temperature (periodate consumption, 0.95 molecule per 
D-glucose residue), and the oxidized D-glucan was separated (centrifuge), and washed 
with water. The product was suspended in water (200 ml) and reduced with sodium 
borohydride (500 mg) as previously described ” The excess of sodium borohydride _ 

was decomposed by careful acidification with hydrochloric acid. The concentration 
of acid was adjusted to 0. IM, and the mixture was kept for 44 h at room temperature. 
The insoluble polysaccharide remaining was separated (centrifuge), and successively 
washed with water (thrice) and ethanol (thrice), and dried in zmuo (yield of modified 
D-glucan, 2.55 g). The supernatant liquor from the mild hydrolysis and the washings 
were combined, and neutralized with sodium hydroxide, and the neutral solution was 
evaporated to dryness. After removal of borate by evaporation with methanolic 
hydrogen chloride (1.5%) at room temperature, followed by passage through Amber- 
lite E-120 (H+) and Duolite A4 (OH-), the de-ionized solution was evaporated to 
a syrup (136 mg). Paper chromatography with solvents A and C revealed the presence 
of a glucosylglycerol, erythritol (trace), and glycerol (major component). 

Experiment (2). A suspension of the preparation of D-glucan (634.5 mg) used 
above was stirred with water (100 ml) for 24 h, and then cold 0.2~ sodium meta- 
periodate (50 ml) was added. Oxidation was conducted at lo”, with stirring. A slight 
over-consumption of periodate occurred, but it was much less than at room temper- 
ature. By extrapolating to zero time, the periodate consumption was estimated to be 
0.25 moIecule per D-glucose residue, and the formic acid liberated was 0.11 molecule 
per D-glucose residue. After oxidation for 20 days, the residual reaction mixture, 
containing 465 mg of the original D-glucan, was reduced with sodium borohydride, 
and the product was subjected to mild hydrolysis as previously described; this yielded 
333 mg of the modified D-glucan, and 35.3 mg of a syrupy mixture that contained 
glycerol (main component), erythritol (trace), and a 1-O-fl-D-glucosylglycerol. 

Mefhylation of the degraded yeast-glucan. - For structural studies on the 
modified D-glucan, which was obtained by periodate oxidation of the original D-glucan 
followed by reduction and mild hydrolysis by acid, the preparation oxidized at room 
temperature was used, because complete cleavage of the (l-+6)-linked units was 
deemed necessary. Since the modified D-glucan (1.2 g) was insoluble in water and in 
alkali, it was dispersed in liquid ammonia (200 ml). Sodium (0.6g) and methyl iodide 
(18 ml) were added in portions during 3 h to the stirred solution, and after it had been 
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stirred for a further 2 h at - 80”, the liquid ammonia was allowed to evaporate at room 
temperature. The residue was dispersed in water (50 ml), and the dispersion was ex- 
tracted with chloroform (4 x 150 ml). The chloroform extract was washed with water, 
dried (magnesium sulfate), and evaporated to dryness (yield 730 mg). The partially 
methylated product was subjected to two methylations with methyl iodide (25 ml) and 
silver oxide (2.5 g), the mixture being refluxed for 18 h according to the Purdie method 
(yield 641 mg; OCH3, 43.2%). To complete the methylation, the product was methyl- 
ated twice by the Kuhn methodI with NJV-dimethylformamide (25 ml), methyl iodide 
(8 ml), and silver oxide (8 g), the mixture being shaken for 24 h at room temperature. 
The reaction mixture was extracted with chloroform, and the extract (150 ml) was 
washed successively with 5 oA potassium cyanide and water. After being dried (sodium 
sulfate), the chloroform extract was evaporated to dryness (yield 450 mg; OCH,, 
44.2%). 

The fully methylated product thus obtained was dissolved in acetone (25 ml), 
and an acetone-insoluble fraction was filtered off [Fraction 1, 75 mg, [a]‘,” +4.5” 
(chloroform)]. Petroleum ether (200 ml) was added to the acetone solution to give 
Fraction 2 (189 mg), ([a];’ f6.4” in chloroform; OCH, 44.25%). By addition of more 
petroleum ether (250 ml), Fraction 3, 167 mg, ([a]: t6.5” in chloroform; 0CH3 
44.30%) was obtained. 

Hydrolysis of the metfzylated, ciegraded glzccan, and identification of methylated 

sugar components. - A portion (25 mg) of each of the above fractions of methylated 
D-glucan was heated in a sealed tube with 2% methanolic hydrogen chloride (5 ml) 
for 24 h at 100”. After the solution had been cooled, the acid was neutralized with 
silver carbonate, the suspension was filtered, and the filtrate was evaporated to a syrup. 
This was hydrolyzed with 0.5~ sulfuric acid (5 ml) for 32 h at IOO”, the hydrolyzate 
was rendered neutral (barium carbonate), and filtered, and the filtrate was evaporated 
to a syrup. On paper chromatograms (solvents A and E), the hydrolyzate (fractions 
a, b, and c) of fractions I, 2, and 3, respectively showed the same components, namely, 
2,3,4,6-tetra-O-methyl- (RrO.78 in solvent E), 2,4,6-tri-O-methyl (RF 0.49), and 2,4-di- 
O-methyl-D-glucose (RF 0.21). 

For identification of these components, fraction 2 (155 mg) was hydrolyzed as 
just described. The syrup (130 mg) thus obtained was fractionated into three compon- 
ents by paper chromatography on Whatman No. 3 paper with solvent E. Each 
component was eluted with water, the eluate was concentrated to a syrup, and this was 
purified by extraction with the minimal volume of aqueous ethanol, filtration, and 
evaporation to dryness (total recovery, 118.4 mg, or 912%). 

Identification of 2,3,4,6-tetra-0-methyl-D-glztcose. - Fraction a (16.0 mg), [a];’ 
+92” (c 0.9, water), was recrystallized from ether-petroleum ether; m.p. and mixed 
m.p. 92-93” with an authentic specimen of 2,3,4,6-tetra-O-methyl-D-glucose. Treat- 
ment of fraction a with aniline afforded 2,3,4,6-tetra-0-methyl-N-phenyl-D-glucosyl- 
amine, m-p. and mixed m-p. 138-140” (after recrystallization from ethanol-ether). 

Identification of 2,4,6-tri-0-methyl-D-ghxose. - Fraction b (88.4 mg) was 
recrystallized from ethanol-ether; m-p. and mixed m-p. 115-117”, [a]g5 + 120” + 
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+74.6” (42 h) (c 1.5, methanol). The 2,4,6-t&O-methyl-D-glucose was transformed 
into the aniline derivative”, m.p. and mixed m-p. 164-165” (recrystallization from 
ether), and into the I,3-di-p-nitrobenzoate which, on recrystallization from ether- 
methanol, had m.p. and mixed m-p. 157-157.5” and [a]gs + 173” (c 0.6, chloroform). 

Identification of 2,4-di-o-methyl-D-ghxose. - Fraction c (14.0 mg), [a]:’ 
-1-75.2” (c 1.0, water), contained a trace of 4,6-di-O-methyl-D-glucose (MG 0.23), but 
the major component (MC 0.10) corresponded to a2,4-di-O-methylglucose, as revealed 
by paper electrophoresis. Crystalline 2,4-d&O-methyl-D-glucose was obtained after 
nucleation; m.p. and mixed m.p. ” 124-126”. Treatment of the mother liquor with 
p-nitroaniline afforded 2,4-di-O-methyl-N-@-nitrophenyl)-D-glucosylamine2g, which 
was recrystallized from ethyl acetate; m-p. and mixed m-p. 253-254”, [a]z5 -260” after 
1 h (c 0.2, pyridine). 

Methylation of yeast gucan. - The yeast glucan from compressed yeast was 
methylated in essentially the manner described for the degraded D-ghCan. The D-glucan 
(I.4 g) was dispersed in liquid ammonia (250 ml), and methylated with methyl iodide 
(24 ml) and sodium (0.8 g). After completion of the reaction and evaporation of the 
ammonia, the residue was re-treated in the same way by using methyl iodide (16 ml) 
and sodium (O-5 g). The residue was stirred with water (50 ml), and the partially 
methylated product was extracted with chloroform (4 x200 ml). As the yield (157 mg) 
from the chloroform extract was low, the aqueous layer was dialyzed against water 
for 48 h, and then evaporated to dryness. The residue thus obtained was combined with 
the material from the chloroform extract, and metbylation was effected with 30% 
sodium hydroxide (50 ml) and methyl sulfate (20 ml) at 55” in the usual way13. After 
extraction with chloroform, the rest of the product was recovered by dialyzing and 
evaporating the solution. The partially methylated product from the chloroform 
extract was combined with the residue from the dialyzate, dissolvedin p-dioxane 
(20 ml), and re-treated with 30% sodium hydroxide (100 ml) and methyl sulfate 
(40 ml). The reaction mixture was rendered neutral with sulfuric acid, and the methyl- 
ated product was recovered by extraction with chloroform (3 x 100 ml). After a further 
methylation in the same way, the product was methylated by the Kuhn technique 
with NJV-dimethylformamide (15 ml), silver oxide (8.5 g), and methyl iodide (10 ml), 
as previously described. After separation in the usual way, the fully methylated product 
was purified by dissolving it in chloroform (20 ml) and adding petroleum ether (20 ml). 
The turbid solution was centrifuged, and the supematant liquor was evaporated to 
dryness (yield 494 mg). 

The methylated D-glucan thus obtained, OCH, 44.45% and [oiJ$ +4.5” (c 2.2, 

chloroform), was separated into two fractions: fraction I (176 mg, acetone-insoluble) 
and fraction II (318 mg, acetone-soluble). Both fractions showed the same properties: 
OCH, 44.45x, [CC]:: +4.6O (chloroform). On hydrolysis, both fractions gave 2,3,4,6- 
tetra-O-methyl-D-glucose, 2,4,6-tri-O-methyl-D-glucose, 2,4-di-O-methyl-D-glucose, 
and a trace of 2,3,4-tri-O-methyl-D-glucose. 

Hydrolysis of tlze methylated yeast-glrrcan. - A portion (162 mg) of the acetone- 
soluble fraction was refiuxed with 4% hydrogen chloride in methanol (10 ml) for 
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25 h, and the solvent was removed; the residue was hydrolyzed with 0.5~ sulfuric acid 
(20 ml) for 30 h as described previously. After neutralization (barium carbonate), 
the hydrolyzate was evaporated, and the product was examined by paper chromato- 
graphy. With solvent E, four components were detected, corresponding to 2,3,4,6- 
tetra-O-methyl- (RF 0.78), 2,4,6-tri-O-methyl- (RF 0.49) and 2,4-di-0-methylglucose 
(RF O-21), and a faint spot (RF 0.58) corresponding to 2,3,4-tri-O-methylglucose. For 
identification of these methylated sugars, the above hydrolyzate (68.5 mg) was frac- 
tionated on Whatman No. 3 paper with solvent E, and the following components were 
characterized as already described. (A) 2,3,4,6-Tetra-0-methyl-D-glttccse (6.0 mg), 

[a]$ t90.5” (c 0.5, water), giving 2,3,4,6-tetra-O-methyl-N-phenyl-D-glucosylamine, 
m.p. and mixed m-p. 138-139”. (B) 2,4,6-Tri-O-methyZ-D-glucose (40.3 mg), m-p. and 
mixed m-p. 115-I 17”, [a];’ + 120 -P j-73.5’ (c 1.5, methanol). (C) 2,3,4-Tri-O-methyZ- 
D-ghCOSe_ This component was revealed as a faint spot that overlapped the leading 
edge of the 2,4,6-tri-O-methyl-D-glucose on paper chromatograms developed with 
solvent E. This mixed fraction (9.6 mg) was separated twice on a paper chromatogram 
(solvent E), to give pure 2,3,4tri-~-methyl-D-glucose (2.1 mg), which had RF 0.58 and 
[c@ +70.5” (c 0.5, water) and was characterized as the 1.6-di-g-nitrobenzoate, m.p. 
and mixed m.p. 134-l 35” (recrystallized from methanol). (D) _?,4-Di-O-metZyZ-D- 

glucose. This component (5.1 mg), [ali + 75” (c l-0, water), afforded thep-nitroanlline 
derivative, m-p. and mixed m-p. 253-254”. There appeared to be a trace of 4,6-di-O- 
methyl-D-glucose (Mc 0.23) in this fraction. 

?soZation of glycerol and of a i-0-/3-D-gZucosy@Zyceroi from yeast gkrcan afier 
periodate oxidation and reduction. - Yeast glucan (465 mg) was oxidized with 0.08~ 

sodium periodate (100 ml) for 20 days at 20”, and the product was reduced with sodium 
borohydride (500 mg in 20 ml water). The product was hydrolyzed for 24 h with 0.1 N 
hydrochloric acid at 25”, giving the degraded glucan (333 mg) as an insoluble com- 
pound_ The supernatant liquor and the washing were combined and, after neutrall- 
zation of the acid with dilute sodium hydroxide, the solution was evaporated to 
dryness. Borate was removed by treatment of the residue with 1.5% hydrogen chloride 
in methanol”. A solution of the residue in water was de-ionized by passage through 
Amberlite IR-120 (H+) and Duollte A4 (OH-) resins, and the effluent was evaporated 
to a syrup (yield 35.5 mg). On paper chromatograms (solvents A and C), this syrup 
showed three spots, corresponding to glycerol, erythritol (trace), and a glucosylglycerol. 
A portion of the syrup (20 mg) was separated by paper chromatography with 
solvent C. Component I (9.0 mg), RG2.73 (solvent C), 2.46 (solvent B), was identical 
with glycerol on paper chromatograms and afforded the D-i-p-nitrobenzoate, m.p. and 
mixed m.p. 191-192”. Component 2 (ca. 0.5 mg), RG 2.10 (solvent C), 1.84 (solvent B), 
corresponded to erythritol. Component 3 (2.5 mg), [al;’ -25.5” (c 0.5, water), RG 0.82 
(solvent C), 0.94 (solvent B), was chromatographically identical with 1-O-D-D-gluco- 
pyranosyl-L-glycerol ([c& - 13.2” in water3’). On hydrolysis with acid, component 3 
yielded equal parts of a glucose (RG 1.0, solvent C) and glycerol (Be 2.73). 

When 20 mg out of 35.3 mg of the hydrolyzate (treatment with mild acid) was 
separated by paper chromatography, 9.0 mg of glycerol and 2.5 mg of a l-O-/3-~- 
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glucosylglycerol were recovered. Therefore, the total recoveries of glycerol and the 
glucosylglycerol were 15.9 mg (9.0 x 35.3/20) and 4.4 mg (2.5 x 35.3/20), respectively. 

From the amount of formic acid produced by periodate oxidation of the 
parent D-glucan and the molecular weight of the resulting, degraded D-glucan (as 
determined by a chemical method; see next paragraph), the theoretical amounts of 
glycerol (19.4 mg)* and e I-O-B-D-glucosylglycerol(4.46 mg)** are in reasonably good 
agreement with the amount of glycerol (15.9 mg) and glucosylglycerol(4.4mg) actually 
obtained. 

Determination of molecular weight by chemical methods. - As these results 
indicated that one glycerol residue is attached to the reducing end of the degraded 
glucan, the degree of polymerization of the degraded glucan can be calculated 
(1) fromdirectdeterminationofthisglycerol by periodate oxidation and (2) by hydrolysis 
of the degraded glucan, followed by separation and determination of the glycerol. 

(1) Direct determination of glycerol 24. The degraded o-glucan (142.5 mg) was 
oxidized with 0.1 M sodium periodate (20 ml) for 20 h at 5”, and to a portion (5 ml) of 
the reaction mixture was added saturated lead acetate solution (5 ml). The mixture 
was dialyzed against water (5 ml) until equilibration of formaldehyde had been reached. 
An aliquot (1 ml) of the dialyzate was used for calorimetric determination with the 
chromotropic acid reagent (10 ml), the absorbance being determined at 570 nm by the 
method of Lambert and Neish 31 The average of triplicate determinations showed the . 

DP of the degraded glucan to be 155, corresponding to an average molecular weight 
of 25,000. 

(2) Hydrolysis and determination of glycerol. The degraded Dglucan (192 mg) 
was hydrolyzed by heating it with M sulfuric acid (5 ml) in a sealed tube for 18 h at 
100”. The acid was neutralized (barium carbonate), the suspension was filtered, and 
the filtrate was evaporated to a syXip. Glycerol was separated by paper chromato- 
graphy, and determined by periodate oxidation and with the chromotropic acid 
reagent”. The amount of glycerol corresponded to a DP of 148 (mol. wt. 24,000) for 
the degraded D-glucan. 

Isolation and identification of gentiobiose and laminaribiose from the action of 
(143)~B-D-ghKana.se on yeast glucan and on degraded yeast-g&an. -The (1+3)$-D- 
glucanase was prepared from a culture of Rhizopus arrhizus. with a 25-fold puti- 
cation32. This enzyme preparation, which readily degraded J-D-( 1+3)-linked 
D-glucans. was homogeneous by ultracentrifugation, but was resolved into 3 fractions 
by Tiselius electrophoresis. Portions of the native D-&can (10 mg) from compressed 
yeast and from powdered yeast, and of the degraded D-&can, were suspended in 
acetate buffer (pH 4.8,2 ml), to which the enzyme preparation (1 ml) was then added. 
The mixture was incubated for 45 min at 37”, the digest was centrifuged, and the 

*It is assumed that the glycerol is derived from those residues that are cleaved by periodate to give 
formic acid, and, hence, that the molar yield of glycerol will be equal to the molar yield of formic acid. 
**This figure is arrived at by assuming that the degraded glucan has a DP of 150 and that one mole of 
the gIucosylglycero1 is generated for every 150 glucose residues. 
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supematant liquor was de-ionized by passage through Amberlite IR-120 (H+) and 
Duolite A4 (OH-) resins, and concentrated to a small volume. 

All digests from the above three substrates were found, by paper chromatography 
with solvent D, to contain the same products; namely, a glucose (R, l-O), laminari- 
biose (0.72), an unidentified disaccharide (OS), gentiobiose (0.42), and two higher 
saccharides (0.17 and 0.06). 

In order to identify these components, the D-glucan from powdered yeast 
(700 mg) was treated in the same way with the enzyme preparation at pH 4.8 for 48 h. 
The digest was then centrifuged at 10,000 r.p.m. to remove insoluble material (D-glucan 
recovered, 430 mg), ethanol (final concentration, 50%) was added to the supematant 
liquor, and the mixture was recentrifuged. After evaporation of the ethanol from the 
supernatant liquor, the solution was de-ionized by successive passage through Amber- 
lite IR-120 (H+) and Duolite A4 (OH-) resins, and the mixture was. separated by 
partition chromatography on Whatman No. 3 paper. The separated sugars were 
weighed, and characterized as follows. (a) D-Glucose (57.0 mg), [a]? +50” (c 1.0, 
water). (b) Luminaribiose (5.5 mg), [a];’ + 19” (c 1.5, water), m.p. and mixed m-p. 
189-190”, after recrystallization from aqueous methanol; /Soctaacetate, m-p. and 
mixed m.p. 161-163”. (c) Unknown disaccharide (3.5 mg); this resembled cellobiose on 
paper chromatograms, but, in paper electrophoresis, the migration (Mu 0.40) did not 
agree with that of maltose (MG O-54), cellobiose (MG O-48), or kojibiose (MG 0.53). 
(d) Gentiobiose (22.7 mg), [a]g + 11.5” (c 4.0, water), corresponded chromatograph- 
ically to gentiobiose (& 0.42 and MG 0.66) and afforded fl-gentiobiose octaacetate, 
m-p. and mixed m.p. 190-191”, [a];’ - 6.5” (c 1.7, chloroform) (recrystallization from 
ethanol). 

In addition to the above components, two unknown oligosaccharides were 
obtained: (1) (7.0 mg), Ro 0.17 (solvent D), [LX]“, + 38.5” (c 3.5, water) and (2) (9.5 mg), 
R, 0.06 (solvent D), [a]:: - 9.5” (c 2.0, water)_ These components will form the subject 
of a further study. 
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ABSTRACT 

The levanfrom Streptococczzssalivarius has an intrinsicviscosity ofO.15-0.16 dl/g. 
It sedimented as a single peak in the ultracentrifuge with a 
of 215-217 S. The levan has a molecular weight of 16-23 
implications of these properties have been discussed. 

INTRODUCTION 

sedimentation constant 
million. The biological 

The polyfructoses of plants are comparatively small polymers having molecular 
weights lower than 10.000’ ,‘, whereas bacterial levans are truly macromolecular. It 
has long been known that bacteria derived from the oral and nasopharyngeal flora 
are capable of synthesizing p 01 saccharides3. y One such organism, Streptococczrs 
salivarim, synthesizes levan when grown on a medium containing sucrose. The 
culture conditions for optimal yield of levan have been studied4*‘, and chemical 
analyses of this levan reported. The present investigation describes the physico- 
chemical properties of the levan from Strep. salivarizzs as determined by ultra- 
centrifugation and viscometry. 

METHODS 

Isolatiorz, pzzrzfication, anzi characterization. - The levan was prepared from a 
culture of Strep. salivarius (ATCC 13419) by a modified procedure of Niven et aL4. 

Considerable difficulty was experienced in removing Norit from the levan after the 
decolorization step. Substitution of Darco G for Norit facilitated the procedure. 
The dialyzed Ievan was finaUy dried in t-aczro for 2 days at 55”. The yield from 1 liter 

of culture was 3 grams. 
The fructose content of the levan was determined directly by the resorcinol 

method6. The moisture content was determined by drying at 100”. 
Infrared absorption spectra of fructans were recorded with a Beckman Model 

IR9 spectrophotometer by both the Nujol mull technique with a sodium chloride 
prism and by the potassium bromide disc method. 

The levan was hydrolyzed with 1% oxalic acid for 1 h at 100”. The oxalic acid 
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was removed by precipitation with saturated Ba(OH),. The supematant solution 
was chromatographed on paper for 15 h in ethyl acetate-pyridine-water (12:5:4). 
The spots were detected with naphthoresorcinol and aniline-diphenylamine reagents’. 
The hydrolyzate was also chromatographed on thin-layer plates of MN cellulose 
powder 300 (Macherey, Nagel Co.), with the same solvent mixture and tests as 
for paper. 

Gel chromatography. - The void volume of columns of Sephadex G-100 and 
G-200 (pharmacia) gel was determined with blue dextran, mol. wt. 2 x lo6 (Pharmacia). 
The void volume of a Biogel A 50 m Agarose (BioRad) column was determined with 
dextran, mol. wt. 5-40 x lo6 (Sigma). The interstitial volume was determined with 
sodium chloride. A sample of levan was applied to these columns, and its appearance 
in the eluate was determined calorimetrically by the anthrone method*. 

Molecular-weight determination. - The rates of sedimentation were determined 
with a Spinco analytical ultracentrifuge, Model E, at rotor speeds of 14,290 revolutions 
per min at 25”. The migration of the boundary was followed by the Schlieren tech- 
nique. The magnification of the lens system was 2.167 and the average distance of the 
reference line from the axis of rotatation was taken as 7.32 cm. Measurements of the 
rates of sedimentation were made at several concentrations of levan (2-10 mg./ml). 

The viscosity was determined with an Ubbelohde type viscometer. The efflux 
time for the solvent, distilled water, was 100.6 set at 25.0”. The reduced viscosity 
&,/c) was determined at several concentrations (where ~~p=~,,l-‘). The relative 
viscosity (filre,) was calculated as the ratio of flow time of the solution to that of the 
solvent, no kinetic energy corrections being made. The intrinsic viscosity [q] was 
obtained from the graph of q& against c, as [?I]= lim &,/c). For both sedimentation 

c-0 

and viscosity determinations, a sample of the dried levan was dissolved in distilled 
water, and the solution was filtered through fine sintered glass. A 2% solution was 
diluted as required and used for all measurements. 

The molecular weight of the levan was computed from the equation: 

assuming a value of E = 0.64 for the partial specific volume (i.e. the same as for glycogen), 
and /3=2.12 x lo6 or 2.23 x 1 O6 (ix_ an axial ratio of 1 or 5, respectively). 

RESULTS AND DISCUSSION 

Table I shows the result of the chemical and physical 
levan obtained from separate cultures of Strep. salivarim. 
only fructose with a minor proportion of moisture. 

analyses of two samples of 
The levan is composed of 

The infrared absorption spectra of the two samples of levan prepared from 
separate Strep. salivarius cultures were identical. The absorption peaks of the spectrum 
obtained by the Nujol-mull technique were similar to those reported for other bacterial 
levans’“*“. 
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Chromatography of the hydrolyzed levan on paper and thin-layer cellulose 
revealed a single spot having RF 0.42. The substance moved identically with, and gave 
the same color reaction as a fructose standard, RF 0.42. The enzymic assay (Glucostat, 
Worthington Biochem. Corp., New Jersey) of the hydrolyzate did not detect any 
glucose. 

TABLE I 

ANALYSlS OF LEVAN FROM StreptOCOCCIIS SdiVarillS 

Fructose (%) 
Moisture (%) 

Ash (%) 
Sedimentation constant, $5 
Intrinsic viscosity @ X0 
Average molecular weight 

p=2.12 
fl=2.23 

Sample A Sample B 

94.3 94.3 
7.17 4.40 

0.22 0.0 
217.4 213.5 

0.15 0.16 

23.3 x lo6 18.0x lo6 
21.6 x 106 15.5 x 106 

In gel filtration through Sephadex G-100 and G-200, the levan appeared 
immediately following the void volume. This indicated a molecular weight in excess 
of 200,000 (Fig. I)_ On an Agarose A 50 m column, the levan also appeared as a single 
peak shortly after the void volume. Some resolution of the smaller levan molecules 
Dould be detected, as shown by tailing of the elution pattern. 

W IVi 

ELUATE VOLUME (ml) 

Fig. 1. Filtration of levan through Sephadex G-100 gel. The fractions were scanned with the 
anthrone method; ug , void volume; ui , intestinal volume. 

On ultracentrifugation, the levan was found to sediment extremely rapidly as a 

single peak (Fig. 2). The sedimentation constant was calculated by plotting the 
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increase of the sedimentation coefficient against the concentration and extrapolating 
to zero concentration (Fig. 3). A sedimentation constant of 215-217 SZs and an 
intrinsic viscosity [q] of 0.15-1.06 dl/g were obtained for the two samples of Strep. 
saficarius levan. Computation of the molecular weight from these data gave a value of 
16-23 x lo6 for this bacterial levan. 

Fig. 2. The sedimentation of levan of Strep. salivarius, upper pattern 6.0 mg/ml, lower pattern 
4.0 n&ml. The patterns were obtained with the Spinco model E ultracentrifuge, average temper- 
ature 20.0°, rotor speed 27.690 rev/mm. The photographs were taken at 2-min intervals. 

SEDIMENTATION OF BACTERIAL LEVAN 

0.4 1 0.2 - - _ = . ’ 
2 4 a 8 10 

LEVAN CONCENTRATION hg/mlJ 

Fig. 3. Plot of the sedimentation of the levan of Sfrep. saliuarius at various concentrations extra- 
polated to infinite dilution. Sc sedimentation coefficient at infinite dilution. 

Because of the solubility of bacterial levans in water, it has been proposed” 
that their molecular weights are extremely small or that the levans are highly branched. 
The levan of Bacillus mlgatr~s I3 has, however, been found to have a molecular weight 
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of 50-100 x 106, that of BaciZZus szrbtiZis’4 a molecular weight of 25 x 106, and that of 
Aerobacter Zevanicum’5 a molecular weight of 17 x 106. The levan prepared by the 
action of an enzyme isolated from A. Zevanicum had a molecular weight, 40-67 x 106, 
even higher than that of the levan obtained from cell cultures of the same organ- 
ism’Ss16_ Furthermore, determinations of the chemical structure by methylation have 
shown branching of the levan of Bacillus polymyxa”, B. subtilis, Pseudomonas 
prunicoZa , . I8 A Zez-anicum, and Azobacter chroococcum20. 

The present investigation indicates that the levan isolated from Strep. salivarius 

has a molecular weight in the same high range as those of the levans isolated from 
B. subtilis and A. Zevanicum. The low intrinsic-viscosity of the levan of Strep. salivarius 

in comparison with its high sedimentation constant suggests that its molecule is 
compact and symmetrical, but of high molecular weight. Examination” of this 
molecule with the electron microscope revealed the spherical or ellipsoidal appearance 
that would be expected of a highly branched structure. The actual appearance of the 
levan molecule varied somewhat depending on the technique used in the preparation for 
the electron microscopy. For all of the samples examined, however, the axial ratio was 
in the range of 1 to 5, with most of the molecules showing an axial ratio of 2 or less. 
The data computed in Table I give the molecular weight for the maximum range of axial 
ratios. The appearance of most of the levan molecules suggests that the higher mole- 
cular-weight value is the correct one. 

The biological role of the levan of Strep. salivarius is of considerableinterest. 
Although this micro-organism is only a minor component of the flora of the dental 
plaque22p23, McDougall has shown that in vivo the levan content of plaque can more 
than double in 30 min after a 40% sucrose rinse 24 The Strep. salivarius levan is . _ 

susceptible to attack by mixed cultures from saliva, plaque, or tongue2’, and could 
function as an ideal reservoir of substrate for bacterial metabolism within the plaque. 
Sucrose can enter the dental plaque, but the high molecular-weight levan, once formed, 
would not be able to diffuse out so readily. 
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ABsTRAcr 

Leached and total amylase from potato starch have been subfractioned by 
fractional precipitation. The former has been shown to have an exponential distri- 
bution of molecular weights as expected for a random A-A type polymer. The distri- 
bution of molecular weight for the total amylose is much broader, compatible with 
the presence of a branched fraction. 

INTRODUCTION 

Measurements of sedimentation velocity show that amylose, like most poly- 
saccharides, occurs naturally with a wide distribution of molecular weights. How- 
ever, little is known of the mathematical form of this distribution. Previously, we 
have reported distributions of molecular weight in various glycogen samples by an 
analysis of the patterns of sedimentation velocity’, but application of this method to 
amylose is much more difficult, because of the concentration dependence of the 
sedimentation coefficient in this case. We have therefore applied the technique of 
fractional precipitation2, and wish to show here the type of information, regarding the 
initial distribution of molecular weight, which can be obtained from the resultant data. 

We have used two samples of amylose obtained by (a) the aqueous leaching, 
and @) the total dispersion of potato starch3*4. Leached amylose is only a fraction 
of the amylose present, and has a low limiting-viscosity number, [riJ, and a p-amylolysis 
limit of ca. 100%. In contrast, the total amyZose, which is all of the butyl alcohol- 
complexable material in the granule, has a much higher value of [q], but is always 
incompletely degraded by /3-amylase; a residue of high molecular weight remains, 
which is completely impervious to the enzyme. We have suggested4-6 that this 
enzymically resistant portion of amylose is branched, and that this branching is 
long-chain in nature, i.e., the branch points are separated by many hundreds of 
D-glucose residues. This type of branching would be expected to alter profoundly the 
molecular-weight distribution within the amylose sample; the distribution for the 
total amylose should be very much wider than that for the leached material. This 
paper describes the results for such a comparison. 

*Part XXXIII, Stake, in the press. 
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EXPERIMENTAL 

Isolation of the amylose samples. - Amylose was leached from potato starch at 
62”, as previously described3. A small proportion of material that was resistant to 
fl-amylase was removed from solution in me&thy1 sulphoxide by fractional precipitation 
with butyl alcohol. 

Total amylose was isolated from potato starch by aqueous dispersion of the 
granules’. The amylose was purified by re-crystallisation (three time’s) from hot, 
aqueous butyl alcohol. 

Fractionation. - Dehydrated amylose was dissolved in methyl sulphoxide to 
give a 0.5% solution. Fractionation of the amylose was carried out by the stepwise 
addition of (a) ethanol7 at 4’ (total amylose), and (b) butyl alcohols at 25” (leached 
amylose). Fractions were stirred with precipitant, dried, and weighed. 

PhysicaI measurements. - Weight-average molecular weights (MJ were 
obtained from light-scattering measurementsg. 

Enzymic characterisation. - The measurement of /!-amyloiysis limits was 
carried out by the standard method3. 

RESULTS AND DISCUSSION 

Table I shows the yields, molecular weights, and &xrnylolysis limits of the 
different fractions in order of increasing molecular weight; also shown are the 

TABLE I 

FRACnONATION DATA FOR LEACHED AND TOTAL AMYLOSE 

Leachedamylose Totalamylose 

Fracrion Yield WMP A&x 10-s Mb Fraction Yield WMP ii&xxlo-6 r/p 

(%W (%wt) 

1 8.5 
2 8.5 
3 7.5 
4 6.8 
5 7.5 
6 7.0 
7 11.0 
8 10.1 
9 10.2 
10 8.4 
IL 8.2 
12 6.3 
Original - 

0.042 
0.127 
0.207 
0.279 
0.350 
0.423 
0.513 
0.618 
0.720 
0.813 
0.893 
0.968 
- 

0.084 101 
0.214 100 
0.321 100 
0.382 101 
0.427 99 
0.361 98 
0.489 101 
0.612 101 
0.753 101 
0.944 99 
1.22 100 
1.74 99 
0.610 98 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Original 

7.4 0.037 
10.8 0.126 
16.8 0.266 
14.4 0.423 
12.2 0.557 
9.8 0.667 
6.1 0.747 
7.5 0.815 
6.8 0.886 
8.0 0.960 

- - 

0.160 100 
0.350 100 
0.800 98 

1.05 67 
1.70 98 
2.29 98 
3.00 75 
3.51 88 
6.75 74 
14.4 60 
2.57 85 

“Cumulative yield (fractional) to the mid point of each fraction; bm=,Y-amylofysis limit. 

cumulative amounts to the mid-point of each fraction. The integral and differential 
molecular-weight distribution curves, obtained from these data, are shown in Fig. la 
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and lb for the leached amylose and total amylose, respectively. These graphs suggest 
that the molecular-weight distribution curve for the total amylose has a “tail” of high 
molecular weight, which is absent from the leached amylose. In order to confirm this 
difference, the data were fitted to various mathematical models. 

I , 
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p.4 2 

b 

I.2 

Fig. I _ The integral (I m= W(M); l ) and differential (D,=d W(M)/dM; o) molecular-weight distri- 
bution curves for (a) leached amyhse, and (6) rotal amylose. 

It is likely that leached amylose has an exponential (most probable) distribution 
of the form” 

dW(M)/dM = (4M/i@@ exp (-2M/iiT,). 

In this type of distribution, the ratio between successive averages is given by 

(1) 

ivn:m&%iz = 1:2:3. (2) 

The integrated form of equation (1) is 

rl-W~)l/r(2WK&- 11 = exp (-2M/M,), (3) 

where W(M) is the cumulative weight-fraction up to molecular weight M, and AZ, is 
the weight-average molecular weight of the unfractionated starting material. The 
validity of equation (3) is readily shown by graphing log {[1-W(M)]/[2M/M,) + 11) 
against (2M/M,); an exponential distribution will give a linear relation. The data for 
leached and total amylose are graphed in this manner in Figs. 2a and 26, respectively_ 
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Fig. 2. Exponential distribution; graph of IogloF, against 2M/Mm for (u) leached amylose, and (b) 

to!af amylose; Fw=[l - W(M)]/[2M/Md- 11; see Text. 

The correlation between the experimental results and the theoretical relation is 
satisfactory for the leached material, but for the total amylose there is no such corre- 
lation It may thus be concluded that leached amylose has a molecular-weight 
distribution defined by equation (3), whereas total amylose has a much wider distri- 
bution. This accords well with the experimentally determined value of M,, of the 
leached sample, which, from an enzymic assay”, was found to be 0.287 x 106; from 
equation (2), the calculated value of && is 0.305 x 106. 

A more-generalised form of the exponential distribution has been suggested by 
T-nng’2 for polymers having a rather wide distribution of molecular weight. The 
integrated form of this is given by 

W(M) = 1 -exp (--a&P) (4) 

i.e., a plot of log l/Cl-HQJ)] against M on logarithmic graph-paper should yield a 
linear relation. Such a graph is shown in Fig. 3 for the experimental data for the total 
amylose. It can be seen that the results cannot be fitted by unique values of a and b; the 
results in fact are best fitted by two straight line (Tung has also noted similar deviations 
in the case of some poljrethylenes13). Thus, equation (4) does not fit the experimental 
data. 

Another, widely applied, distribution function is that due to Wesslau14. The 
integrated form of this equation is given by 

W(M) = (/3~*))-~ I$ M-’ exp [-/?-’ ln*(M/Me)] dM. (5) 

A test for the applicability of this function is to plot log M US W(M) on probability 
graph-paper, when a straight line should result if the equation is obeyed. This graph 
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\ 

- 
I” 10’ 

Fig. 3. Tung distributionr2 for total amylose; graph of loglo& against A&,; F =loglol/[l - W(M)], 
where W(M) = 1 -exp(--a?@); see Text. 

for the total amylose is shown in Fig. 4, and the data then show a reasonable correlation 
with equation (5). 

0.9. 

Fig. 4. Wesslau distribution14 for totalamylose; Im as a function of log10 on probability graph-paper; 
I,= W(M) see Text. 

A quantitative measure of the broadness of this distribution may be obtained 
by means of the Schu.lz’5 inhomogeneity factor, U, defined as 

u= (B,/EQ-1. (6) 
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The principal averages n, and Mn are obtained from equation (5) as14 

IE, = MO exp (P2/4), 
and 

K = MO exp (-8’/4), 

(7) 

(8) 

which on substitution in (6) gives 

U = exp (B2/2) -1. 

The parameter, fl, is definedI by 

/? = (M[d W(M)/dM]&& . rt-•, 

(9) 

where M,, is the value of the molecular weight when W(M) = 0.50. The factor 
M[ilW(M)/&WJ is evaluated from a graph of W(M) against log M. For the total 
amylose, the values of these parameters were MO = 1.45 x 106; B = 1.63. Hence, by 
means of equation (9), the value of U is calculated to be 2.7. The corresponding 

value for the leached amylose is, of course, unity. 

The above results demonstrate that leached amylose has an exponential, i.e., 
the “most probable”, distribution. Total amylose, on the other hand, has a much 
wider distribution, which is compatible with the presence of a branched fraction. 
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DEGREE OF POLYMERIZATION OF LINEAR MALTODEXTRINS AND 
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ABSTRACT 

An enzymic method for determining the number-average degree of polymer- 
ization (m,J of maltodextrins and amylose is described. In this technique, the 
D-glucans are treated with j-amylase under conditions in which enzymic degradation 
is complete, i.e., molecules having an even number of residues form maltose, and 
molecules having an odd number of residues yield maltose and one D-glucose unit. The 
amount of D-glucose is estimated by using glucose oxidase. The total concentration 
of the D-glucan itself is measured by use of amyloglucosidase. Hence, on the basis that 
the sample contains equal numbers of molecules having odd and even numbers of 
D-glucose residues, m” can be calculated_ 

Experimental conditions for this assay are discussed, and the accuracy of the 
technique has been confirmed by using (a) pure maltodextrins, and (b) synthetic mix- 
tures of two degraded amyloses of m,, ca. 400 and 8. The method has been found 
to be applicable to linear amylose; m, values greater than 1000 can be obtained to 
within 5%. 

INTRODUCTION 

In many investigations of amylose, particularly during a-amylolytic and acid 
hydrolysis, a knowledge of the number-average degree of polymerization (m)” is 
extremely valuable. We have now developed a highly accurate, but experimentally 
simple, enzymic assay. The basis of the method is that crystalline b-amylase will 
quantitatively degrade any linear a-D-(1+4)-glucan to maltose and maltotriose, the 
maltotriose arising from molecules having an odd number of D-glucose residues. At 
high concentrations of the enzyme, maltotriose will itself be degraded quantitatively 
to D-glucose and maltose. Hence, if the amylosic sample is considered to contain an 
equal number of molecules having an odd and even number of D-glucose residues, the 
statistical probability of obtaining D-glucose on complete fl-amylolysis is OS, and 
determination of the amount of this D-glucose enables the DP to be calculated. 

*This is Part XXXV in the series “Physico-chemical Studies on Starches”: for Part XXXIV, see 
preceding paper. 
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Success of this method depends on the quantitative determination of 
n-glucose in the presence of very large proportions of maltose. Enzymic assay with 
glucose oxidase’ -’ satisfies this condition. In this method, the D-glucose is oxidized to 
D-gluconic acid, with the production of hydrogen peroxide that is then utilised by 
peroxidase to oxidize o-dianisidine to the corresponding imine, which is determined by 
measuring its absorbance. 

The total concentration of D-glucan in solution has also to be determined. In 

these laboratories, the polysaccharide concentration has been estimated routinely by 
acid hydrolysis4, but more recently we have found that this hydrolysis can be carried 
out enzymically by using amyloglucosidase [a(~)- 1,4-glucan-glucohydrolase]. Further- 
more, the liberated n-glucose may be determined by using glucose oxidase. 

The whole determination of DP can thus be performed enzymically, and we shall 
discuss here the necessary experimental conditions and the accuracy of the technique. 

EXPERIMENTAL. 

Substrates. - Linear amylose was obtained by leaching of potato-starch 
granules4. Oligomers of D-glucose (G, = D-glucose; G2 = maltose; G3 =maltotriose; 
and G4 to G7) were prepared by the paper-chromatographic separation’ of an cx-amyl- 
olytic digest of amylose. The oligomers were pure as shown by paper chromatography. 

Enzymes. - @-Amylase (Worthington Biochemical Corporation; ex. sweet 
potato; crystalline); glucose oxidase [Boehringer Corporation (London) Ltd.; grade 
GOD II]; peroxidase [Boehringer Corporation (London) Ltd.; horseradish, grade 
POD IIJ; a(~)-1,4-glucan-glucohydrolase (semi-p-urified preparation, ex. Aspergiks 

tliger, kindly donated by Dr. 1. D. Fleming, Glaxo Research Ltd.). 
Preliminary experiments. (a) Enzymic impurities in the crystalline /I-amylase. - 

To be applied successfully, our method of determining m,, requires that the malto- 

triose produced during j?-amylolysis of the amylosic sample is quantitatively converted 
into D-glucose and maltose. This hydrolysis occurs slowly under normal digest con- 
ditions, and high concentrations of enzyme have therefore to be used to complete the 
hydrolysis in a reasonable time. Lee and Whelan5 have shown that certain samples of 
crystalline j?-amylase may be contaminated with a minute proportion of maltose- 
splitting impurity, the effect of which can be ignored when the enzyme is used at 
normal concentrations, but not if employed at high concentrations. Since the effect 
of such an impurity would be to produce n-glucose from maltose, an anomalously low 
result would be obtained for the m,,. Thus, all samples of crystalline &amylase must 
be checked for this impurity. This was carried out by setting up a digest containing 
O-lo% maltose solution (3.0 ml), 0.1~ acetate buffer (PH 4.8; 0.3 ml), 4000 units6 of 
crystalline /?-amylase (0.4 ml), and water (0.3 ml). A control digest without the enzyme 
was also set up. After incubation for 48 h at 37”, l-ml aliquots were withdrawn and 
assayed with glucose oxidase (see below). In the digest containing fi-amylase, some 
10% of D-glucose was found for one sample of /3-amylase. 

It has been shown’*’ that polyhydroxy compounds act as inhibitors for this 
maltose-splitting, enzymic impurity. The folIowing digest was therefore prepared: 
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O-3’% maltose solution (1.0 ml), 0.1~ acetate buffer (@I-I 4.8; 0.2 ml), glycerol-waert 
(2:l V/V; 2.4 ml), and 4000 units of crystalline fi-amylase (0.4 ml). A control digest 
without the enzyme was also prepared. After incubation for 48 h at 37”, no D-glucose 
was detected by glucose oxidase. Even after 5 days, there was still no trace of 
D-glUCOSe, and so if glycerol (40% by volume) is incorporated into the digest, the only 
D-ghcose liberated in an amylose digest will arise from a molecule having an odd 
number of residues. 

(b) Conditions for the quantitative hydrolysis of maltriose by @mzyhse. - A 
digest was prepared as follows: 0.1% maltotriose solution-( 1 .O ml), 0.1 M acetate buffer 
@H 4.8; 1.0 ml), glycerol-water (3:2 v/v; 7.0 ml), and 10,000 units of crystalline 
/I-amylase (1.0 ml). The digest was incubated at 37”, and aliquots (1.0 ml) were with- 
drawn at different times and their D-glucose contents assayed. The results were as 
follows: 

Time (h) 3.5 8.0 13.5 23.5 29.5 34.0 
Fraction of maltotriose hydrolyzed 0.455 0.710 0.875 0.980 0.995 1.00 

A quantitative yield of D-glucose was obtained in 30-34 h under these conditions. 
Determinations carried out after 48, 72, and 96 h gave the same result. 

(c) Effect of nzetfzyl szdpizoxide on erzzynzic activity. - The presence of methyl 
sulphoxide (15% by volume) was shown to have no appreciable effect on the activities 
of the enzymes. 

Assay. (I) Estimation of D-ghlcose. - The reagent consisted of a mixture of 
glucose oxidase (60 mg), peroxidase (6 mg), and o-dianisidine dihydrocbloride 
(40 mg) dissolved in tris buffer [200 ml, prepared from a solution of 2-amino-2- 
(hydroxymethyl)propane-1,3-diol (15.25 g) in 5N hydrochloric acid (21.5 ml), which 
was diluted to 250 ml, followed by the addition of glycerol (165 ml), and adjustment 
of the pH to 71. When stored at 4” in a darkened bottle, the reagent had a useful life 

of 34 weeks. 
Reagent (2 ml) was added to the sample (1 ml; containing O-40 pg of D-glucose), 

and the mixture was kept for 60 min at 35”, and then acidified with 9br sulphnric acid 
(2 ml). The absorbance of the imine solution produced was measured with an Eel 
calorimeter (No. 625 filter). A typical calibration curve is shown in Fig. 1. 

In our experience, the most-favourable range for using the calorimeter is between 
readings of 2.0 and 5.0, and when estimating concentrations, dilutions are made so 
that readings fall between these values. Repeated determinations on samples contain- 
ing 10-25 pg of D-glucose per ml have shown errors of only + 1%. 

This procedure holds for the determinations of Gr (see below). If organic sol- 
vents are present, as in the determination of G, (see below), the calibration must be 
carried under exactly the same conditions (see Fig. 1). 

(2) Production of D-gZzzcose (G,) by &zrnylolysis of D-ghcan. (a) Oligomers. - 
Digests were set up as follows: 0.1% oligomer solution (1 ml), 0.1~ acetate buffer 
@H 4.8; 1.0 ml), glycerol-water (3:2, v/v; 7.0 ml), and 10,000 units of fl-amylase 
(1.0 ml). After incubation for 48 h at 37”, the concentration of D-glucose was assayed. 
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(b) Amylose. - Digests were set up as follows, to achieve the necessary high 
concentrations of polysaccharide: amylose (ca_ 150 mg) was dissolved in methyl 

2 4 

Eel reading 

6 

Fig. 1. Calibration curves for the determination of D-glucose by glucose oxidase under conditions 
for (I) CT and (2) Gg (see text for definition of CT and CD)_ 

sulphoxide (1 ml) by standing overnight at 35”. A mixture (8 ml) of glycerol (50%) and 
0.05~ acetate buffer (PH 4.8; 50%) was then added, and the mixture was shaken for 
1 h. (It is of interest that the presence of 40% glycerol greatly stabilized this solution.) 
fl-Amylase (1 ml; 10,000 units) was added, the digest was incubated for 48 h at 37”, 
and the D-glucose content was then assayed. 

(3) Production Of D-ghCOSe (GT) by the total hydrolysis of D-glucan. - Control 
experiments showed that hydrolysis was complete under the following digest 
conditions: a solution containing 50-400 pg of D-glucan (ca. 8 ml), 0.2~ acetate 
(PH 4.6; 0.5 ml), 0.5 unit* of amyloglucosidase (0.04 ml), and water to 10 ml. After 
incubation for 2 h at 35”, aliquots (1 ml) were assayed for their contents of D-glucose. 

(4) Calculation. - The number-average degree of polymerisation is given by 
DP,= G,/2Gg, where GT is the concentration of D-glucose obtained on complete 
hydrolysis of the sample, and G,, is the concentration of D-glucose produced on 
fi-amylolysis. 

Indirect assay of DP, of anzyiose by acid hydrolysis. - Amylose (450 mg) was 
dissolved in methyl sulphoxide (5 ml) at 35”, and water (I 5 ml, also at 35”) was added. 
(For such high concentrations of amylose, a temperature > 30” avoids the occurrence 
of aggregation.) The solution was then equilibrated to 70” and 0.5~ hydrochloric acid 
at 70” was added. Aliquots (3 ml) were removed at different times, and were neutralized 
(temperature, > 35”) by stirring with anion-exchange resin (Amberlite IR-45). Digests 
were then prepared as follows: neutralized samples (1.5 ml), glycerol (1.6 ml), 0.1~ 

*I unit = amount of enzyme which liberates 1 pmole of D-glucose per min from soluble starch at 
pH 4.6 and 370. 
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acetate buffer @H 4.8; 0.5 ml), and 4,000 units of Bamylase (0.4 ml). After incubation 
for 48 h, the D-glucose contents were assayed. The total polysaccharide content was 
also assayed, and the D7r,-value obtained. m,-’ was then graphed as a function of the 
hydrolysis time*. 

RESULTS 

Estimation of Dp, for maltodextrins and degraded amylose. - In order to confirm 
the accuracy of this technique, we measured the mm of some maltodextrins. Obviously 
this technique is only applicable to pure oligomers having an odd number of residues. 
The results are shown in Table I. At this level of m,, the accuracy of thed etermination 
is ca. +0.5x. As expected, the oligomer having an even number of residues did not 
yield any D-glucose. 

TABLE I 

m FOR OLIGOMERS OF D-GLUCOSE 

Sample 
Gz G% Experimental 

Q.&d ~~glnlt~ I)pII 

G4 0 96 - 
Gs 23.1 117 5.07 
‘37 14.1 98 6.95 

aG,.g and CT are as defined in the Text. 

Table II shows a comparison of the experimental and calculated m,, obtained 
on mixing different amounts of two acid-degraded amylose samples which had an 
enzymically-determined m,, of 386 (A) and 8.0 (B). The weight fractions of A and B 

TABLE Ii 

=n FOR h1IXTURE.S OF ACID-DEGRADED AMYLOSE 

WA= Y3” Experimental Calculated 

DPn DPJ’ 

1.ooo 0.000 386 - 

0.946 0.054 I 10 109 
0.895 0.105 63 65 
0.781 0.219 32 34 
0.486 0.514 14.5 15.2 
0.000 I.000 8.0 - 

=Weight fraction of component; bSee Text. 

in the mixture are represented by W, and IV,, respectively. The theoretical value of 
mm for each mixture has been calculated from the standard expression for number- 
average values, i-e, m,, = l/C (tui/DPi), where Wi and DPi are the weight fraction and 
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degree of polymerization of any particular species, i. In all cases, there is excellent 
agreement between the experimental and theoretical results. 

Estimation of DP, .for undegraded, linear amyiose. - The m,, of a sample of 
undegraded, linear amylose was determined directly, as described in the Experimental 
section. Five digests were prepared containing 12-17 mg of amylose per ml. The 
values of Dp, were 1,660, 1,740,1,700,1,610, and 1,760, to give an average of 1,690 
+80. We feel that this agreement is better than can be achieved by any other direct 
method. 

No other independent measure of the number-average size of this sample of 
amylose has been made, but light-scattering measurements have given a weight-average 
value (DPw) of 3,500. Since leached amylose has a “most probable” distribution in 
molecular sizeg, the ratio mr,=/m,, is 2. Thus, the calculated value of DP,, is 1,750, in 
good agreement with the experimental value. 

It is, of course, mandatory with this technique that the amylose samples are 
compZefeZy degraded by j?-amylase. The presence of branched amylose (as shown by 
incomplete @mylolysis) would involve the introduction of an arbitrary correction 
factor, which would make determinations less meaningful. 

The size of a linear amylose can also be obtained indirectly by hydrolysis and 
measurement of m, at various times, if there are no weak bonds in the polymer’. 
We have shown elsewhere8 that a graph of DP,-’ against time will then allow extra- 
polation to be made to zero time, to obtain the initial degree of polymerization. 
Fig. 2 shows the rc4ts of such a determination for the same sample of linear amylose. 

Time 

Fig. 2. Graph of En-l as a function of time (h) for amylose hydrolyzed by acid. 

The extrapolated value of m,, of 1,670 f 140 agrees with that obtained directly; the 
larger error is inherent in the extrapolation procedure. 

It is expected, therefore, that this technique will have many applications in 
studies of the a-amylolytic and acidic hydrolysis of amylosic materials. 
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ABSTRACT 

Methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-a-~~ucopyranoside, and me- 
thyl, benzyl, and p-nitrophenyl 2-acetamido-4,6-0-benzylidene-2-deoxy-P_D-gluco- 
pyranoside were condensed with DL-2chloropropionic acid to give, in preponderant 

yields (64, 46, 68, and 25x, respectively), the respective 3-0-(D-1-carboxyethyl) 
derivatives, separated as their methyl esters. Only from the condensation of the methyl 

a-D-giucoside was the separation of a significant proportion (11% yield) of the 3-0- 
(L-1-carboxyethyl) derivative achieved. Acetolysis of methyl 2-acetamido-4,6-di-O- 

acetyl-2-deoxy-3-0-[(D-l-methoxycarbonyl)ethyl]-~-~glucopyranoside gave an oxazo- 
line; this was treated with hydrobromic acid in acetic acid, and then with silver oxide 
and methanol, to give a methyl &D-glucoside derivative identical with that obtained 
from methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-P_D-glucopyranoside. Benzyl 

2-acetamido-4,6-O-benzylidene-2-deoxy-3-0-[D-1-(methoxycarbonyl)ethyll-gD-gluco- 

pyranoside wasalso obtained by condensation withpure L-chloropropionicacid. Benzyl 
and p-nitrophenyl 2-acetamido-3-O-(D-l-carboxyethyl)-2-deoxy-P-D-glucopyranoside 
were resistant to the action of egg-white lysozyme. 

INTRODUCTION 

The synthesis of 2-amino-3-O-(D-I-carboxyethyl)-2-deoxy-D-glucose (muramic 
acid), a constituent of the cell wall of bacteria’, is based on the formaticn of an ether 

link between D-lactic acid and the hydroxyl group at C-3 of &amino-%deoxy-D- 
glucose. Most syntheses3-’ start from the sodium salt (at O-3) of the methy13-6, 
ethy14, or benzy17’a glycoside of 2-acetamido-4,6-0-benzylidenc-2-deoxy-a-D-&co- 

*Amino Sugars LV. This is publication No. 443 of the Robert W. Lovett Memorial Group for the 
Study of Crippling Diseases, Harvard Medical School at the Massachusetts General Hospital, Boston, 
Massachusetts. This investigation was supported by research grants from the National Institute of 
Allergy and Immunology (Grants AI-04282 and AI-06692), National Institutes of Health, United 
States Public Health Service, and from the National Science Foundation (Grant 9-2312). Part of this 
work has been presented by E. Walker in partial fulfilment of the requirements for the degree of 
Doctor of Science (University of Geneva, Thesis No. 1421, 1966). Preliminary communications have 
been publishedr. 
**Fellow from the Centre National de la Recherche Scientifique (France). 
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pyranose. Condensation with a racemic 2-halopropionic acid derivative leads to the 
formation of both the D- and L-(1-carboxyethyl) derivatives (muramic acid and iso- 
muramic acid, respectively3*4*8). 

In the present work, we investigated the influence of the chemical constitution 
of the aglycon group, and of the isomerism at C-I, on the relative proportion of 
muramic and isomuramic acid derivatives obtained by condensation with racer& 
2-chloropropionic acid. The starting materials were methyl 2-acetamido-4,6-U- 
benzylidene-2-deoxy-a-D-glucopyranoside and methyl, benzyl, and Fnitrophenyl 
2-acetamido-4,6-0-benzylidene-2-deoxy-8_de. The synthesis starting 
from the benzyl cr-Dglycoside has been reported previously’. 

An additional motive for the preparation of various glycosides of muramic acid 
was an attempt to find synthetic, easily prepared substrates for egg-wbite lysozyme. 
This enzyme, which has been classified9 as a “muramidase”, was found to split the 
glycosidic linkage of the 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-8_D-gluco- 
pyranosyl residues of the peptidoglycan that forms the backbone of the bacterial 
cell-wa.lP”. 

DISCUSSION 

Condensation of the sodium salt of methyl 2-acetamido-4,6-O-benzylidene-a-D- 
glucopyranoside (1) with a derivative of a DL-2-halopropionic acid was the main step in 
the original preparation3 of muramic acid. This method has the advantage of avoiding 
the tedious separation of the isomers of the 2-halopropionic acid6, or their respective 
preparation from the costly D- or L-alanine’. Its disadvantage is the low yield of the 
final product; this probably results from the separation of muramic acid from iso- 
muramic acid on ion-exchange resins at the last stage of the preparation. A better yield 
of muramic acid has been obtained by separating the glycosides of muramic and 
isomuramic acid on a charcoal column4. Thus, it was of interest to study the separation 
one step earlier in the preparation, namely, at the stage of the 4,6-0-benzylidene 
derivatives, to take advantage of the separative effect of adsorption chromatograph$ 
in an organic medium. In this type of separation, amounts of substance larger than 
those separated by adsorption on charcoal or on ion-exchange resin can be manip- 
ulated. 

Since 2-chloropropionic acid has been shown5 to give higher yields than the 
other 2-halopropionic acids, condensation of Dr.-2-chloropropionic acid with the 
sodium salt of 1 was first studied. The condensation was followed by esterification, 
with diazomethane, of the resulting mixture of 3-0-(1-carboxyethyl) derivatives (3 
and 6). Separation on a silica gel column showed that the 3-O-[D-l-(methoxycarbonyl)- 
ethyl] ester 4 had been formed in preponderant amount, as compared to the 3-O-[L-l- 
(methoxycarbonyl)ethyl] ester 7. A similar observation has been reported’ for the 
condensation of the racemic 2-chloropropionic acid with benzyl2-acetamido-4,6-0- 
benzylidene-2-deoxy-oc-D-glucopyranoside (2). 

Condensation of DL-2-chloropropionic acid with the sodium salt of methyl (9), 
benzyl (lo), and p-nitrophenyl (11) 2-acetamido-4,6-0-benzylidene-fl-D-glucopyrano- 
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side gave almost exclusively the corresponding 3-O-(D-1-carboxyethyl) derivatives, 
characterized as the methyl esters 12,15, and 16, respectively. The yield of the benzyl 
B-D-glycosides (14 and 15) was 68% whereas that of the methyl /3-D-glycosides (12) 
was 40x, and that of the p-nitrophenyl &D-glycoside (16) only 25% (30x, if the 
recovered starting material is considered). However, our inability to isolate sign&ant 
amounts of the 3-O-(L-1-carboxyethyl) derivatives of the P-D anomers does not indi- 
cate with certainty that these derivatives are formed in very small proportions. 
Re-investigation, by thin-layer chromatography, of the product of condensation of 
benzyl 2-acetamido-4,6-O-benzylidene-2-deoxy-a-~glucopyranoside (2), which had 
previously8 been thought to afford mainly the 3-0-(D-l-carboxyethyl) derivative (5) 
and traces of the 3-0-(L-1-carboxyethyl) derivative, has shown, indeed, that the latter 
compound may be formed in a proportion up to 20%. It was also found that the 
respective yields of both isomers were variable, because of the difficulty in exactIy 
reproducing the conditions of the condensation in a two-phase system”. In addition, 
the 3-0-(L-l-carboxyethyl) derivatives of the fi-D-glycoside series show very low solu- 
bilities in most solvents, and it is probable that these derivatives crystallize in the 
column during chromatographic separation. Finally, the conditions of the conden- 
sation are quite drastic, and this may, in part, explain the low yield resulting from the 
condensation of the (less stabie) p-nitrophenyl j-D-glucoside 11. Despite the great 
variations in the yield of the products obtained, it is nevertheless possible to conclude 
that the condensation reaction with DL-2-chloropropionic acid is stereoselective for 
all of the glucosides investigated, and that the 3-0-(D-I-carboxyethyl) derivatives are 
obtained in preponderant yield. 

The compounds obtained by condensation of 1 with DL-2-chloropropionic acid 
were identified by comparison with the compound obtained by condensation of 1 
with L-2-chloropropionic acid5*6 and D-2-chloropropionic acid’, respectively. 

Roth and Pigman12 have described the preparation of methyl 2-acetamido- 
4,6-U-benzylidene-2-deoxy-Q-Dglucopyranoside (9) by methylation of aacetamido- 
4,6-O-beuzylidene-2-deoxy+D-ghrcose in aqueous solution. Re-investigation of this 
reaction showed that the product 9 previously described contained as an impurity the 
a-D anomer; purification could not be achieved by fractional recrystallization, but 
onIy by chromatography. The physical constants of the product thus obtained were 
in good agreement with those of the compound formed by alkaline hydroIysis of 
methyl 2-acetamido-3-O-benzoyl-4,6-O-benzylidene-2-deoxy-~-D-glucopyranoside13. 
Condensation of methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-PD-glucopyranoside 
(9) with DL-2-chloropropionic acid led to the isolation of only one isomer (12). This 
compound gave, after alkaline hydrolysis, the acid (13), which had the same properties 
as those of the compound described by Matsushima and Park’. Further proof of the 
configuration of the Iactyl residue of 12 was obtained by acetolysis of methyl 2- 
acetamido-4, 6-di-O-acetyl-2-deoxy-3-0-[~-l-(methoxycarbonyl)ethyl]-a-~glucopyr- 
anoside6 (22), foliowed by treatment with hydrogen bromidein methanol in the presence 
of silver oxide. Although the crystalline product resulting from the acetolysis was 
obtained in 67% yield and had an elementary analysis corresponding to that of a 
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2-acebmido-tri-O-acetyl-2-deoxy-ZO-[(methoxycarbonyl)ethyI]hexose, its i.r. spec- 
trum was that of an oxazoline structure, and therefore structure 23 was attributed to 
this product. Oxazolines have been obtained in the past by treatment of IV-benzoyl 
derivatives of acetylated hexosamines with hydrobromic acid in glacial acetic acid14 
and with aluminum chlorideX5, and, more recently, by treatment of IV-acetyl derivatives 
with acetic anhydride and zinc chIoride I6 but oxazolines obtained by treatment of , 
N-acetyl derivatives with an acetolysis mixture (acetic anhydride, acetic acid, and 
sulfuric acid) have not hitherto been reported. Treatment of the oxazoline 23 with 
hydrobromic acid in glacial acetic acid, and then with methanol in the presence of 
silver oxide gave the acetylated methyl /3-D-glucoside 17. This compound was identical 
with the compound obtained from 12 by removal of the benzyfidene group followed by 
acetylation. Definite identification of the oxazoline 23 could not be achieved by 

treatment with hydrated p-toluenesulfonic acid in methanol, as described by PravdiC, 
Inch and Fletcher16, because application of these reagents to methyl 2-acetamido-4,6- 
di-O~acetyl-2-deoxy-3-0-~~-l-(methoxycarbonyl)ethyl]-a-D-glucopyranoside (22) re- 
sulted in rapid de-O-acetylation, to give a compound moving, on thin-layer chromato- 
grams, similarly to methyl 2-acetamido-4-0-acetyl-Zdeoxy-3-O-[D-I-(methoxy- 
carbonyl)ethyl]-a-D-glucopyranoside 6. Direct treatment of the cr-D-glucoside 22 with 
hydrobromic acid in glacial acetic acid, followed by condensation with methanol in 
the presence of silver oxide, gave unchanged starting-material 22. 

For the preparation of benzyl 2-acetamido-4,6-O-benzylidene-2-deoxy-D-D- 
glucopyranoside (IO), the intermediate benzyl 2-acetamido-3,4,6-tri-O-acetyl-2- 
deoxy-p-D-glucopyranoside (21) was obtained from 2-acetamido-1,3,4,6-tetra-O- 
acetyk-glucopyranose z&z the corresponding a-D-glucopyranosyl bromide (which 
was not isolated). Treatment of this bromide with the Koenigs-Knorr reagent had 
been reported to give syrupy products, and use of mercuric cyanide as a catalyst was 
recommended17. Modification of the Koenigs-Knorr procedure led to the crystalline 
glycoside (21) previously described”. Condensation of the benzyl glycoside (10) with 
DL-2-chloropropionic acid gave, in addition to the expected 3-O-(D-l-carboxyethyl) 
derivative 14, a compound having a higher m-p. which may be the 3-U-(r_-l-carboxy- 
ethyl) isomer. Identification of the configuration of the lactyl group of 14 was obtained 
by condensation of 10 with L-2-chloropropionic acid. Removal of the benzylidene 
group of 14 gave benzyl 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-8-D-gluco- 
pyranoside (19), which was characterized by the crystalline4-(cyclic ester) 24 and tested 
as a substrate for lysozyme. 

p-Nitrophenyl 2-acetamido-4,6-O-benzylidene-2-deoxy-P_D-glucopyranoside 
(11) was prepared from the known p-nitrophenyl 2-acetamido-%deoxy-/3-D-gluco- 
pyranoside . I8 The yieid of product from its condensation with DL-2-chloropropionic 
acid could not be raised above 25%, and the product was quite unstable. Because the 
final product 20, obtained by removal of the benzylidene group from 16, was shown not 
to be a substrate for lysozyme, further study of the condensation reaction was not 
pursued. 

Both benzyl (19) and p-nitrophenyl (20) 2-acetamido-3-O-(o-l-carboxyethyl)- 
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2-deoxy-8-pglucopyranoside were investigated as substrates for egg-white lysozyme. 
These aglycons were selected because (a) numerous studieslg had shown that aryl 
aglycons are more reactive with hydrolases than are a&y1 aglycons, and (b) the pro- 
ducts of the reaction, benzyl alcohol and p-nitrophenol, can be readily detected on 
chromatograms. In addition, p-nitrophenol can be determined calorimetrically and, 
thus, the kinetics of the enzyme reaction may be studied. The P-D-glycosides were 
selected because, for chitin, egg-white lysozyme splits a 2-acetamido-2-deoxy-P-D- 
glucosyl linkage2’ which is assumed to be of the same type as that of the peptidoglycan 
of bacterial cell-wal12’. No reaction of compounds 19 and 20 could be detected with 
egg-white Iysozyme after an incubation period of up to 48 h, under the conditions 
known to be optimal for the action of the enzyme2’. Thus, it may be concluded that 
egg-white lysozyme is not a “muramidase” of wide specificity, but rather an “endo- 
hexosaminidase” acting on substrates having three or more monosaccharide units. 
A similar conclusion had been reached by Matsushima and associates, who synthes- 
ized phenyi23 and p-aminopheny124 2-acetamido-3-G-(D-1-carboxyethyl)-2-deoxy-p-D- 
glucopyranoside and observed their resistance to degradation by lysozyme. 

EXPERIMENTAL 

Melting points were determined on a hot stage equipped with a microscope, and 
correspond to “corrected melting points”. Rotations were determined with a poiar- 
imeter equipped with a Rudolph photoelectric polarimeter attachment Model 200, 
or with the Perkin-Elmer No. 141 polarimeter. The chloroform used was A. R. grade 
and contained approximately 0.75% of ethanol. Infrared spectra were recorded, for 
potassium bromide discs, with a Perkin-Elmer spectrophotometer Model 237. The 
homogeneity of the compound synthesized was determined by chromatography on 
plates covered with a thin layer of a 3:l mixture of silica gel G (Merck) and silica gel 
GF (Merck). CoIumn chromatography was performed on “Silica Gel Davison”, from 
the Davison Co., Baltimore, Maryland 21201 (grade 950, 60-200 mesh), which was 
used without pretreatment. When deactivation by contact with moist air occurred, 
reactivation was conducted by heating to 17&200” (manufacturer’s instructions). 
The sequence of eluents was hexane, benzene (or 1,2-dichloroethane), ether, ethyl 
acetate, acetone, and methanol, individually or in binary mixtures. The ratio of weight 
of substance to weight of adsorbent was 1:50 to 1:lOO. The ratio of weight of substance 
(in g) to volume of fraction of eluent (in ml) was 1: 100. The ratio of diameter to length 
of the column was 1:20. Evaporations were conducted in uacuo, with the bath temper- 
ature below 55”. Volumes of volatile solvent smaller than 20 ml were evaporated under 
a stream of dry nitrogen. The microanalyses were performed by Dr. M. Manser, 
Zurich, SwitzerIand. 

Comdensation of DL-2-chloropropionic acid with methyl 2-acetamido-4,6-O- 
benzykdene-2-deoxy-cr-D-glucopyranosid (1). - A solution of dry 1 (5.0 g)25 in 
p-dioxane (450 mi, freshly distilled in presence of sodium) was kept at 60-70”. Under 
vigorous stirring and protection from moisture, a suspension of sodium hydride (2.5 g) 
in dry p-dioxane (25 ml) [prepared from a commercially available suspension of the 
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hydride in oil (Alfa Inorganics, Beverly, Massachusetts)] was added during 10 min. 
After 15 min of stirring, a solution of freshly distilled DL-2-chloropropionic acid 
(16.4 g) in dry g-dioxane (50 ml) was slowly added, and the mixture was stirred for 
one h at 60-70”. A suspension of sodium hydride (10 g) in dry p-dioxane (50 ml) was 
then slowly added at 40”, the mixture was treated with water (75-100 ml) to decompose 
the excess sodium hydride, and the solution was concentrated to a syrup, which was 
dissolved in water (100 ml). Unreacted starting material and traces of oil (from the 
sodium hydride suspension) were removed by washing the solution with chloroform. 
To the aqueous layer was then added 300 ml of chloroform, ice to maintain the temper- 
ature at O”, and 3~ hydrochloric acid (about 75 ml) in small portions with vigorous 
shaking between additions, until pH 3 was reached. The chloroform layer was washed 
3 times with ice-cold water, dried (sodium sulfate), and evaporated to dryness. The 
residue was dissolved in methanol (300 ml), and the solution was treated with a 
solution of diazomethane (6 g) in ether-ethanol. After 30 min, the solution was 
evaporated, and the residue was dissolved in 1 ,Zdichloroethane and chromatographed 
on silica gel. Elution with 1,2-dichloroethane-ether (1:l) gave two crystalline com- 
pounds. Intermediate fractions containing a mixture of these compounds were 
rechromatographed. After recrystallization from acetone, the material first eluted 
gave 4.548 (71%) of methyl 2-acetamido-4,6-U-benzylidene-2-deoxy-3-U-[o-l-(meth- 
oxycarbonyl)ethyl]-D-glucopyranoside (4); m.p. 21 l-212”, [a]g + 115” (c 0.58, 
chloroform), showing no depression of m-p. on admixture with the compound pre- 
viously described6, and an identical i-r. spectrum. 

The second compound eluted with the same solvent mixture gave, after crystal- 
lization from acetone, 0.68 g (11%) of methyl 2-acetamido-4,6-O-benzylidene-2-deoxy- 
3-O-[L-l-(methoxycarbonyl)ethyl]-a-D-glucopyranoside (7). as long needles, m-p. 
267-270”, [&,* t33” (c 0.48, chloroform)_ 

Anal. Calc. for C&H,,NOs: C, 58,67; H, 6.65; OCH,, 15.16. Found: C, 58.65; 
H, 6.63; 0CH3, 15.36. 

Treatment of the L isomer 7 with sodium hydroxide in methanol gave, in 83% 
yield, methyl 2-acetamido-4,6-U-benzylidene-3-O-(L-l-carboxyethyl)-2-deoxy-a-D- 
glucopyranoside (6), m.p. 283-286”, [a]b* f39” (c 0.47, ethanol); lit? m.p. 280-3”, 

M-? -i-39.1” (c 0.20, ethanol). 
Methyl 2-acetamido-2-deoxy-3-0- [- L- I-(methoxycarbonyl)etlzy&a-D-glzzco- 

pyranoside (8). - Treatment of compound 7 (150 mg) with 60% acetic acid (5 ml) for 
30 min at 100” was followed by evaporation to dryness in the presence of abs. toluene. 
The residue was dissolved in chloroform, and chromatographed on silica gel. Crystal- 
line fractions eluted with 2:l ethyl acetate-acetone were recrystallized from 
acetone to give short needles (74O% yield), m-p. 165-168”, [a]k4 +36” (c 0.45, chloro- 
form). 

Anal. Calc. for C13Hz3N08: C, 48.59; H, 7.22; OCH,, 19.32. Found: C,48.53; 
H, 7.17; OCH,, 19.20. 

Methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-P_ (9). - 

Methyl glycosidation of 2-acetamido-4,6-O-benzylidene-2-deoxy-B-P-glucopyranose 
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in water was performed as described by Roth and Pigman”, and gave a product 
having m.p. 273-6”; [a]k4 -83” (c 0.25, methanol), -68” (c 0.60, methyl sulfoxide); 
lit-l2 m-p. 278-g”, [a]k” -63.8” (c 0.5, methyl sulfoxide). Part of this product (6.0 g) 
was dissolved in chloroform and chromatographed on silica gel. Elution with pure 
ethyl acetate gave 850 mg of crude methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-D- 
glucopyranoside. Further elution with ethyl acetate gave 4.3 g of compound 9, with 
some intermediate fractions containing a mixture of both anomers. Recrystallization 
of 9 gave 3.27 g of needles, m.p. 298-300”, with sublimation starting at 285”; [a]h4 
-95” (c 0.33, methanol), [a]‘,” -82” (c 0.53, methyl sulfoxide). The product did not 
show a depression in m.p. on admixture with the product described below. 

A solution of methyl 2-acetamido-3-O-benzoyl-4,6-U-benzylidene-2-deoxy-P- 
D-glucopyranoside’3 (50 mg) in 0.2M barium methoxide (2 ml) was kept overnight at 
0”. After neutralization with sulfuric acid and evaporation of the solution, the residue 
resulting was extracted with methanol. Crystallization from the same solvent gave 
23 mg of long needles, m.p. 306-308”, [a];’ -98” (c 0.27, methanol). 

Anal. Calc for C,,H,,NOB: C, 59.43; H, 6.55. Found: C, 59.43; H, 6.37- 
Acetylation of 9 with acetic anhydride and pyridine gave the 3-0-acetyl deriv- 

ative, m.p. 304-305”, [a]:’ -94”(c 0.43, chloroform); lit. m-p. 158”, [aID - 12.9”(c 0.9, 
chloroform)26 ; m-p. 300-301”, [a],, -95.1” (c 0.48, chloroform)27. 

Methyl 2-acetamido-4,6-0-benzyZidene-2-deoxy-3-O-[~-I-(metZ~oxycarbonyI)eth- 
yZ]-J-D-glucopyranoside (12). - The condensation of methyl 2-acetamido-4,6-0- 
benzylidene-2-deoxy-P_D-glucopyranoside (9) (3.0 g) with DL-Zchloropropionic acid 
was performed as described for the N-D anomer, with the following modifications. 
Because of the low solubility of the starting material and final products, the propor- 
tions of p-dioxane and of chloroform, used for the reaction and for the extraction, 
were increased by a factor of 1.5-2. A small amount of starting material (45 mg) was 
recovered from the first chloroform extract. The residue obtained after esterification 
(2-09 g) was chromatographed on silica gel, and crystalline fractions were eluted with 
1,2-dichloroethane-ether (1:l). Recrystallization from acetone gave 1.75 g (46%) of 
long needles, m-p. 282-285”, [a]:: -22” (c 0.42, chloroform). All of the crystalline 
fractions eluted from the column were homogeneous, as shown by optical rotation 
and by t.1.c. on silica gel. 

Anal. Calc. for C20H27NOs: C, 58.67; H, 6.65; OCH,, 15.16. Found: C, 58.72; 
H, 6.83; OCH,, 15.01. 

Treatment of 12 with sodium hydroxide in methanol gave methyl 2-acetamido- 
4,6-O-benzylidene-3-O-(o-l-carboxyethyl)-2-deoxy-P_Dglucopyranoside (33) in 80% 
yield, after two recrystallizations from acetone; small needles, m-p. 277-280”, [a]E4 
-8.0” (c 0.81, ethanol); lit.’ m.p. 277-280” (dec.), [a];’ -79” (c 0.17, ethanol). 

MethyZ 2-acetamido-4,6-di-O-acetyZ-2-deoxy-3-O-~~-I-(r~eZZ~oxycarbo~zy~ethyl]- 
fl-D-gZucopyranosfde (17)from 12. - Treatment of compound 12 (50 mg) with 60% 
acetic acid for 30 min at loo”, followed by evaporation, and acetylation with acetic 
anhydride (2 ml) and pyridine (3 ml) overnight, gave, after crystallization from 
acetone-ether, needles (32 mg, 65%), m-p. 174-l 76”, [a]2 + 42” (c 0.19, chloroform). 
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Anal. Calc. for C,,H,,NO, 0: C, 50.37; H, 6.71. Found: C, 50.29; H, 6.56. 
Z-Phenyl-4,5-[3,4,6-tri-O-acetyI-D-gIz~copyrano]-Z-o_~a~oIine (23). - A solution 

of methyl 2-acetamido-4,6-di-O-acetyl-Zdeoxy-3-O-[~-l-(methoxylcarbonyl)ethyl]- 
a-Dglucopyranoside (22, 1.0 g)22 in a mixture of acetic anhydride (15 ml), acetic acid 
(10 ml), and cont. sulfuric acid (0.175 ml) was kept for 48 h at room temperature, and 
extracted with ice-cold chloroform (25 ml). The organic layer was washed 3 times 
with ice-cold, saturated sodium hydrogen carbonate solution and 3 times with ice- 
cold water, dried (sodium sulfate), and evaporated. After a few days, the residue 
crystallized, and recrystallization from ether gave needles (302 mg, 67%), m-p. 96-97” 
[a]k4 + 122” (c 0.45, chloroform); u,_ KBr 1670 (C=N), 1725, and 1740 (OAc) cm-’ ; no 
absorption band in the regions 1460-1670 and 3000-3600 (amide) cm-‘. 

Anal. Calc. for C,8H27N011: C, 49.88; H, 6.28; N, 3.23. Found: C, 50.00; 
H, 6.40; N, 3.30. 

MetJzyl 2-acetamido-4,6-di-O-acetyZ-2-deoxy-3-O-[D-l-(metho_uycarbotgyl)etJzy~- 
&D-ghEopyranoside (17) f rom 23. - A solution of 23 (150 mg) in glacial acetic acid 
presaturated at 0” with hydrobromic acid (2 ml) was kept in the dark for 6 h at room 
temperature, and then diluted with chloroform (10 ml). The solution was rapidly 
washed twice with ice-cold water, twice with ice-cold, saturated sodium hydrogen 
carbonate solution, and twice with ice-cold water, and dried (sodium sulfate). To the 
solution was added anhydrous sodium sulfate (0.8 g), freshly prepared silver oxide 

(0.75 mg), methanol (1.5 ml), and a crystal of iodine, according to Inouye et aZ.28, and 
the suspension was shaken for 2 days in the dark, and filtered. The filtrate was washed 
twice with water, dried (sodium sulfate), and evaporated, giving a residue which was 
crystallized from acetone-ether to give 51 mg (38%) of sharp needles, m-p. 174176”, 
[a];’ +42“ (c 0.19, chloroform), The i-r. spectrum was similar to that of the product 
previously described, and on admixture, the m.p. was not depressed. 

Anal. Calc. for C,,H2,N0,0: C, 50.37; H, 6.71; 0CH3, 15.31. Found: C, 50.29; 
H, 6.85; 0CH3, 15.21. 

Benzyl 2-acetamido-3,4,6-tri-O-acetyJ-2-deo;-~-D-gl~tcopyranoside. - 2-Acet- 
amido-3,4,6-tri-O-acetyl-2-deoxy-P-D-glucopyranosyl bromide was prepared from 
2-acetamido-1,3,4,6-tetra-U-acetyl-2-deoxy-D-glucopyranose (5.0 g) according to 
Inouye et al. 28 The resulting chloroform solution (200 ml) was dried with sodium . 

sulfate and filtered, and used immediately. Anhydrous sodium sulfate (15 g), ben- 
zyl alcohol (5.0 g), silver oxide (10 g), and iodine (0.2 g) were added, and the mix- 
ture was shaken for 60 h at room temperature in the dark, and then filtered. The 
residue was washed with alcohol-free chloroform, and the filtrate and washings were 
combined, washed with water, dried (sodium sulfate), and evaporated. The residue 
was triturated with ether, to give a gel which was filtered off, and washed exhaust- 
ively with ether. Recrystallization from boiling water gave 2.25 g (42%) of needles, 
m-p. 167-8”, [a]? -44” (methanol); lit.” m.p. 165-7”, [a]n -43.3” (methanol). 

Anal. Calc. for C,,H,,NO,: C, 57.66; H, 6.22. Found: C, 57.69; H, 6.26. 
BentyZ Z-aceta7nido-4,6-0-benzylidene-Z-deo.uy-~-D-gZucopyranoside (10). - 

Treatment of benzyl2-acetamido-3,4,6-tri-~-acetyl-~-~glucopyranoside with barium 
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methoxide in methanol at 0”, followed by removal of the barium ions with Dowex-50, 
gave, in 80% yield, benzyl2-acetamido-2-deoxy-P_D-glucopyranoside having physical 
constants similar to those of the product described by Kuhn and Kirschenlohr”. 
This product (2.0 g) was shaken for 24 h at room temperature with benzaldehyde 
(20 ml) and freshly fused zinc chloride (200 mg). Hexane (30 ml) and water (30 ml) were 
added, the mixture was shaken for 1 h, and the supematant liquor was discarded_ The 
addition and removal of hexane and water was repeated twice, and the resulting 
precipitate was filtered off, and washed exhaustively with water and then with hexane. 
It was recrystallized from methanol and from methanol-water to give needles (1.60 g, 
62x), m-p. 266-S”, [a]? -64” (c 0.55, methanol). This product was identical with 
the product described previouslyzv. 

Anal. Calc. for C,,H,,NO,-H,O: C, 63.30; H, 6.52. Found: 63.87; H, 6.50. 
Condensation of benzyl2-acetami~o-4,6-O-benzyIidene-2-~eo~y-~-D-g~~~copyrano- 

side (IO) with m-2-chloropropionic acid. - Condensation of compound 10 (1.5 g), 
prepared as already described or as reported by Gross and Jeanloz”, with DL-2- 

chloropropionic acid was performed as described for the preparation of 12. Extraction 
of the alkaline phase with chloroform resulted in the recovery of some starting material 
(55 mg). After acidification of the aqueous solution and extraction with chloroform, 
the aqueous phase contained, in suspension, an insoluble material which was filtered 
off, washed with water, and dried (0.60 g). It was recrystallized twice from abs. 
ethanol to give benzyl 2-acetamido-4,6-O-benzylidene-3-O-(D-l-carboxyethyl)- 
2-deoxy-P-D-glucopyranoside (14), needles, m-p. 264-5”; [ct]‘,” - 52” (c 0.41, ethanol)_ 

Anal. Calc. for C,,H,,NO: C, 63.68; H, 6.20. Found: C, 63.59; H, 6.21. 
The chloroform extract of the acid phase was evaporated, and the residue was 

dissolved in methanol. The solution was treated with diazomethane, and evaporated, 
and the residue (0.80 g) was dissolved in I&dichloroethane and chromatographed on 

silica gel. 1,2-Dichloroethane-ether (41) eluted crystalline fractions (0.62 g). which 
were recrystallized from acetone-methanol to give benzyl2-acetamido-4,6-O-benzyl- 
idene-2-deoxy-3-0-[D-l-(methoxycarbonyl)ethyl]-B-D-glucopyranoside (1% long 
needles, m-p. 250-l” (sublimation at 205”); [a];’ -51” (c 0.37, chloroform)_ The same 
compound was obtained by esteritkation of 14 (described above) with diazomethane. 

Anal. Calc. for CZ6HX1NOs: C, 64.32; H, 6.44; N, 2.88; OCHa, 6.39. Found: 
C, 64.38; H, 6.64; N, 3.08; OCH,, 6.89. 

The crystalline fractions next obtained by elution with 1,2-dichloroethane-ether 
(41) were recrystallized from ethanol-acetone to give 12 mg of small needles, m-p. 
281-2” (sublimation at 230”), not further investigated. Pure ether and 9:1 ether-ethyl 
acetate eluted the crystalline starting material (50 mg). The yield of D-l-carboxyethyl 
derivatives (14 and 15) was 68%, and that of recovered starting material was 7%. 

Condensation of benzyi 2-aceramido-4,6-0-benzylidene-2-deoxy-8_o- 

side (10) with L-2-chloropropionic acid. - The procedure used for this condensation 
was a modification of that just described for condensation with DL-chloropropionic 
acid. To a solution of compound 10 (1.6 g) in dry p-dioxane (100 ml), at 95”, was 
added in small portions a suspension (50%) of sodium hydride (0.9 g) in mineral oil. 

Curbohyd Res., 6 (1968) 184-196 



SYNTHESIS OF GLYCOSIDES OF MURAMIC ACID 193 

The mixture was stirred for 7 h at 95”, and was then cooled to 65”. L-ZChloropropionic 
acid (prepared by a modification3’ of the method of Fischer and Raske3’ for D-2- 
bromopropionic acid) (1.75 ml) in dry p-dioxane (10 ml) was added dropwise to the 
mixture; after 1 h, a 50% suspension of sodium hydride (3.7 g) was added in small 
portions, and the mixture was stirred overnight at 65”. The mixture was cooled to 0”, 
and treated with water (50 ml), and the upper, organic layer was decanted, filtered, 
and partially concentrated (about 100 ml was evaporated). Water (25 ml) was added, 
and the solution was washed with chloroform, cooled to 0”, and acidified with 6~ 
hydrochloric acid (about 1 ml) to pH 3. The resulting precipitate was immediately 
filtered off, carefully washed with cold water, and dried in a desiccator. Recrystall- 
ization from methanol gave 1.1 g (5S”~), m.p. 264-Y, [a]‘,” - 76” (c 0.40, pyridine), 
which was identical with compound 14 already described. 

Benzyl2-acetamido-2-deo.~y-3-O-[D-I-(mefhoxycarbonyl~ef/~y~-~D glucopyrano- 

side (18). - Treatment of compound 15 with 60% acetic acid for 30 min at IOO”, 
followed by evaporation, gave a crystalline residue which was recrystallized from 
ethyl acetate to give small needles (80% yield), m-p. 169-170”, [a]:: -53” (c 0.57, 
chloroform). 

Anal. Calc. for C,,H,,NOs: C, 57.42; H, 6.85; N, 3.52. Found: C, 57.06; 
H, 6.24; N, 3.23. 

Benzyl 2-ace?amido-3-O-(D-l-carbosyethyl)-2-deoxy-8_D-gZucopyranoside (19). 

- A solution of compound 18 (125 mg) in 0.2~ sodium hydroxide (10 ml) was kept 
overnight at room temperature, and was then passed through a column of Dowex-50 
(H+) ion-exchange resin. Evaporation of the eluate, followed by crystallization of the 
residue from ethanol-water, gave long needles (86 mg, 79x), m.p. 189-191” and 22% 
227”, [a];0 - 36 (c 2.2, methanol). 

Anal. Calc. for CIBH,,NO,: C, 56.39; H, 6.57; N, 3.65. Found: C, 55.99; 
H, 6.56; N, 3.49. 

The same compound was obtained in 87% yield by treatment of 14 with 60% 
acetic acid. 

Sublimation at 220-220” under high vacuum gave benzyl2-acetamido-ZO-[(R)- 
I-carboxyethyll-2-deoxy+D-glucopyranoside P(inner ester) (24), m.p. 223-5”, 

[a]? -4” (c 0.10, pyridine). 
Anal. Calc. for C,sH,,NO,: C, 59.17; H, 6.34; N, 3.83. Found: C, 59.10; 

H, 6.40; N, 3.84. 
p_iVitrophenyl 2-acetamido-4,6-O-benzyCidene-2-deoxy-B (11). 

- A mixture of p-nitrophenyl2-acetamido-2-deoxy-B-D_glucopyranoside1* (450 mg), 
freshly fused zinc chloride (350 mg), and freshly distilled benzaldehyde (5 ml) was 
shaken for 24 h at room temperature, hexane (4 ml) and water (4 ml) were added, the 
mixture was shaken for 1 h, and the liquid phase was decanted. Hexane and water 
were added to the solid, and the procedure was repeated three times. Finally, the solid 
was filtered off, washed thoroughly with water and hexane, dried in a desiccator, 
and recrystallized from methanol-water to give white needles (460 mg, 81%), m-p. 
245-7” (dec.), [a]? -52” (c 0.57, chloroform). 
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Anal. Calc. for C!zrH,,N,Os: C, 58.60; II, 5.15; N, 6.51. Found: C, 58.48; 
H, 5.02; N, 6.42. 

p-Nitrophenyl 2-acetamido-4,6-0-benzJ,lidene-2-deoxy-3-O-[~l-(?nethoxycarbo- 
nyZ)ethyrJ-&D-glucopyranoside (16). -To a stirred solution of compound 11 (190 mg) 
in dry p-dioxane (100 ml) at 60-70” was added sodium hydride (150 mg, as a 54% 
suspension in mineral oil). After the mixture had been stirred for 15 min, DL-2-chloro- 
propionic acid (0.75 ml) and p-dioxane (5 ml) were added, and the suspension was 
stirred for 2 h at 60-70”. Sodium hydride (2 g) in mineral oil and p-dioxane were 
added portionwise, and the mixture became very thick. It was shaken vigorously 
by hand for 10 min, and then mechanically overnight at 45-50”, and processed 
by to the method used for the preparation of 12. Starting material (38 mg, 20%) was 
recovered from the chloroform extract of the alkaline phase and from the fractions 
eluted with ether-ethyl acetate (4:l and 1:l) from the silica gel column. The fractions 
eluted with (9:l) I-2-dichloroethane-ether gave, after recrystallization from acetone- 
ether cream-colored needles (56 mg, 25x), m.p. 254-5”, [ol];’ - 16” (~0.21, chloroform). 

Anal. Calc. for CzsH,,N,010~0.5 H,O: C, 57.14; H, 5.53; N, 5.33. Found: 
C, 57.16; H, 5.62; N, 5.76. 

p-Nitrophenyl 2-ircetamido-3-0-(D-I-carboxyethyl)-&D-j (20). - 
Treatment of compound 16 (40 mg) with 60% acetic acid at 100” and removal of the 
acetic acid and benzaldehyde, as described for the preparation of 17, was followed by 
treatment with 0.5~ sodium hydroxide, as described for the preparation of 19. The 
residue was purified by dissolution in benzene and chromatography on silica gel. 
Ether-ethyl acetate (1:l) eluted fractions which were crystallized, and which gave, 
after recrystallization from ethanol-ether, 16 mg (50%) of small clusters of needles, 
m.p. 167-170” (turning yellow at ISSO), [a]&” -27” (c 0.26, ethanol). 

Anal. Calc: for C,,H,,N,O,,: C, 49.28; H, 5.35. Found: C, 49-01; H, 5.99. 
Action of egg-white Zysozyme on compounds 19 and 20.-To a 4% solution (1 ml) 

of 19 or 20 in water was added 0.1~ ammonium acetate bufIer (0.025 ml; adjusted to 
pH 6.30 with acetic acid) and a 0.0025% solution (0.05 ml) of thrice-recrystallized, 
egg-white lysozyme (General Biochemicals, Chagrin Falls, Ohio). Control solutions 
without lysozyme were prepared, and the mixtures were incubated at 37”. Aliquots 
were examined by descending chromatography on WhatmanNo. 1 paper with butanol- 
acetic acid-water (4:1:5, upper phase). 2-Acetamido-3-0-(D-lccarboxyethyl)-2-deoxy- 
D-glucose (N-acetylmuramic acid), benzyl alcohol, andp-nitrophenol, were chromato- 
graphed as standards. The spots were revealed by the silver nitrate method and by 
dipping of the dried chromatograms in a solution of 0.5~ sodium hydroxide in 64 
ethanol-propanol, heating for 5 to 10 min at 120”, and then examining under U.V. 
light3? 

No product of hydrolysis could be observed with either 19 or 20 for incubation 
times of up to 48 h. 
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ph_c.Q~_ph-c@~>R, + Ph-c@$& 
NH& NHAc 

‘I R=Me 3 R’=Me; R’= H 6 R= H 

2 R= CHzPh 4 R’= Me i RR= Me 7 R= Me 

5 R’= CHZPh ; R’= H 

/ 
Ph-CH 

@R Ph-C@$k)R’ _ R~~~~* 

)O NHAc NHAc 

R= CHZC&,NOz(D1 

12 R’=Me ; R”=Me 
13 R’= Me ; d”= H 
14 R’= CH2Ph ; I?.= H 
15 R’=CH2Ph : RO= Me 
16 R’=CH.$,H,NO~@;R=Me 

17 R’= R*= Me ; R”= AC 
18 R’= Cl+.Ph : R’= Me; R”= H 
19 R’= CHzPh ; R== R-= H 
20 R’= CH2C&HeN02 lp) ; R*= R”= H 

1 

22 AcO- 24 
23 
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AB!mR4cr 

Malto-oligosaccharides substituted at only one hydroxyl group of the non- 
reducing end were prepared by the following sequence of reactions; tri-O-benzyl- 
amylose was prepared by treating amylose with benzyl chloride and sodium hydroxide 
in methyl sulfoxide, and was methanolyzed to give perbenzylated methyl malto- 

oligosaccharides having only the hydroxyl group at C-4 of thenonreducing end 
unsubstituted. Methylation with methyl iodide and sodium hydride in iV,iV-dimethyl- 
formamide yielded perbenzylated methyl terminal-4-O-methylmalto-oligosaccharides; 
debenzylation was effected by hydrogenolysis with the use of large amounts of Raney 
nickel catalyst, to yield methyl terminal-4-O-methylmalto-oligosaccharides having 
D.P. 1-16. Separation by carbon-Celite column chromatography gave individual 
components having degrees of polymerization of 1 to 3 which were characterized, by 
thin-layer and gas-liquid chromatography before and after hydrolysis. 

INTRODUCTION 

Synthesis of malto-oligosaccharides modified only at C-4 of the nonreducing 
terminus* was undertaken in order to provide compounds for ascertaining whether 
beta-amylase acts by the template’*’ or by an induced-fit3*4mechanism. 

beta-Amylase hydrolyzes only the penultimate linkage of an amylose, amylo- 
pectin, or malto-oligosaccharide chain to produce /I-maltose. If the linear portions of 
these molecules are considered to he chains of maltose residues, the enzyme must have 
a way of distinguishing the terminal maltosyl residue from all other maltosyl residues. 
The maltosyl residue at the nonreducing terminus differs chemically from the internal 

maltosyl residues in having an unsubstituted hydroxyl group at C-4 of the terminal 
D-glucosyl residue. 

Thoma and Kosbland’, in a discussion of the induced-fit mechanism of beta- 

amylase action, suggested that the free hydroxyl group at C-4 is necessary to the align- 
ment process. They further suggested that, although this group is necessary for enzyme 
action, its role may be either active or passive. On the basis of the template theory, 
the role of the C-4 hydroxyl group could be explaiihed either by assuming that it 

*Herein designated terminal-4-O-substituted mafto-oligosaccharides. 
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provides a key hydrogen bond, without which no net attraction occurs, or by assuming 
that the hydroxyl group fits into a small cavity, which is unable to accomodate 
D-glucosyl or poly-Dglucosyl groups. Hence, determination of the binding afhnity of 
compounds that have maltosyl residues but no C-4 hydroxyl groups could indicate the 
mechanism by which bera-amylase acts. 

The title compounds, which are m&o-oligosaccharides modified in the terminal 
C4 position, might be used for obtaining this information. Their synthesis could be 
effected in either of two ways: (a) addition of a 4-O-methyl-D-giucopyranosyl moiety 
to a malto-oligosaccharide chain, or (b) acid-catalyzed methanolysis of completely 
substituted amylose or cycloamylose, followed by methylation and removal of protect- 
ing groups. Use of a completely substituted amylose was chosen as the method for 
this investigation_ 

DISCUSSION 

One attempt to synthesize ma&o-oligosaccharides modified only at C-4 has 
been reported6. The method used was similar to that reported in the present work; 
cyclohexaamylose was the starting compound. Benzylated terminal-4-U-methyI- 
malto-oligosaccharides were formed, but could be only incompletely debenzylated. 

In the present investigation, it was decided to prepare a completely substituted 
amylose (perester or perether) and subject it to partial solvolysis with acid. If the solvo- 
lysis is conducted in methanol, the methyl glycoside is formed, leaving unsubstituted 
only the terminal C-4 hydroxyl group for subsequent alteration_ After alteration 
(methyl&ion) at O-4, the other hydroxyl groups can be regenerated to produce the 
desired products. 

Esters were investigated first, because of their ease of formation and the mild 
conditions needed for subsequent regeneration of the hydroxyl groups_ AmyIose 
triacetate was prepared, and methanolyzed, and the product was methylated with 
diazomethane. After removal of acetyl groups and subsequent hydrolysis, g.1.c 
analysis indicated the presence of 4,6-di-O-methyl-D-glucose and 6-O-methyl-D- 
glucose, which could have been formed only if an ester group had been removed or 
had migrated during the methanolysis’. Propionyl, buty_ryl, and benzoyl groups were 
also found to be unsatisfactory as protecting groups’. 

Ben@ ethers were then chosen as protecting groups, because they are stable 
both to acids and bases, but can be removed under mild conditions. BenzyIated starch 
has been reported * - ‘*, but the methods used for its preparation lead to considerable 
degradation and a low degree of substitution; these methods involved the reaction 
of benzyl chloride with alkali-starch in aqueous sodium hydroxide. The preparation 
of tri-O-benzylamylose has not been reported. Benzylation of arnyiose was effected 
with benzyl chloride and sodium hydroxide in methyl sulfoxide. One treatment gave 
slightly less than complete etherScation; two treatments gave the desired product_ 
Substitution of sodium hydride for sodium hydroxide, and addition of sodium iodide 
to the reaction mixture, failed to give faster reactions or higher degrees of substitution. 
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Methanolysis effects cleavage of a polysaccharide chain with concomitant 

formation of a methyl glycoside at the new reducing end. In this way, the reducing end 
is protected. Both anomeric glycosides of each malto-oligosaccharide were formed 

4 5 

during methanolysis. If pure CT- or /I-D anomers are desired, separation of the per- 

benzylated compounds can be accomplished by -preparative t.1.c. (see, for example, 
Table I)_ 

Methanolysis of tri-O-benzylamylose was investigated as a function of time. 

A homologous series of oligosaccharides could be detected after methanolysis for 2 h, 
but 24 h was required in order to convert all of the polymeric material into oligo- 

saccharides having the desired degrees of polymerization (D.P. 1-16). If the methano- 
lysis was continued for 125 h, with further additions of methanolic hydrogen chloride 
to maintain sufficient acidity, four main products* were obtained, namely, methyl 

*In this work, trace amounts (<5%) of methyl 2,3-di-0-benzyl-@-D-glucopyranoside were formed 
from the small proportion of amylopectin present in the commercial amylose. This would indicate the 
presence of a very few 6-O-methyl groups in the final products. 
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TABLE I 

THIN-LAYER CHROMATOGRAPHIC DATA FOR TRI-O-BENZYLAMYLOSE AFTER METHANOLYSIS FOR 24 Ha 

Compound Rp vaheb 

Q Anomer fi Anomer 

Methyl tetra-0-benzyl-D-glucoside 0.47 0.52 
MethyI tri-0-benzyl-D-glucoside 0.3 1 0.36 
Methyl hexa-0-benzylmaltoside 0.22 0.25 
Methyl nona-0-benzylmaltotrioside 0.16 0.18 
Methyl dodcca-0-benzylmaltotetraoside 0.10 0.12 
Methyl pentadeca-0-benzylmaltopentaoside 0.06 0.09 

“Silica Gel H, Brinkmann Instruments Co., Westbury, L. I., N. Y. Qrigantl? 5:l petroleum ether 
(b.p. 30-60”)-acetone 

2,3,4-6-tetra-O-benzyl-or&D-glucopyranoside (obtained from the nonreducing residue 
atthe end of each amylose chain) and methyl 2,3,6-tri-O-benzyl-a,&~-glucopyranoside 
(obtained from each internal residue). The latter two compounds can be used for pre- 
paring 4-O-substituted methyl a&-glucopyranosides, which are important model 
compounds in relation to amylose and cellulose’g. 

The sirup obtained after methanolysis could be methylated quantitatively by 
several methods. As the procedure of Kuhn and coworkerszo gave the desired pro- 
ducts in 15-18 h, it was used most frequently. Occasionally, traces of N,N-dimethyl- 
formamide remained and had to be removed, because it acts as a poison toward 
Raney nickel 21 Removal of NJGdimethylformamide was accomplished by several . 

extractions with methanol. Infrared analysis of the methylated products showed no 
hydroxyl-group absorption. 

Debenzylation of these oligosaccharides by standard methods was incomplete, as 
previously reported6. However, the desired oligosaccharides were obtained by using 
an amount of Raney nickel far in excess of that usually considered to be catalytic. 
Since the benzylated oligosaccharides were insoluble inethanol, andcoated thecatalyst, 
these large amounts were used to adsorb all of the sir-up. The temperature (60”) and 
the hydrogen pressure (65 lb. in-‘) also appeared to be critical, because higher or 
lower temperatures or pressures resulted in very li?tle debenzylation. The oligosacchar- 
ides of higher molecular weight (D-P. 6-16) were also insoluble in ethanol after 
debenzylation; they were isolated by washing the Raney nickel with water. 

A new chemical method of debenzylation of carbohydrate derivatives was also 
22 developed . The procedure involves free-radical bromination of one of the methylene 

hydrogen atoms of the benzyl ether group to form a I-bromobenzyl ether. This stable 
compound undergoes hydrolysis with alkali to give an intermediate hemiacetal 
(a-hydroxy ether), which spontaneously decomposes into benzaldehyde and carbo- 
hydrate, with retention of configuration. Details of this method will be published 
elsewhere. 

The series of oligosaccharides so formed gives a linear relationship in a plot of 
the log of a function of RF against D.P. (see Fig. 1). This observation is one indication 

Carbohyd. Res., 6 (1968) 197-206 



METHYL TERMINAL-4-O-METHYLTO-OLIGOSACCHAIUDES 201 

of a homologous series 23 The mixture is rapidly hydrolyzed, but to only a small . 

extent, by beta-amylase24, indicating a small percentage of molecules that are un- 
methylated on the terminal O-4; these molecules (methyl malto-oligosaccharides) 
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Fig. 1. Degree of polymerization us. a function of Rp for the methyl terminal-4-U-methylmalto 
oligosaccharides. 

arise from the original, nonreducing end-units of the amylose, and are removed by 
such enzyme treatment. Also, potato phosphorylase has very little, if any, action 
on these compounds. The first three members of the desired series have been separated 
by carbon-Celite column chromatography, and have been shown by t.1.c. and g.1.c. 
to be homogeneous. 

Characterization was accomplished by acid hydrolysis followed by analysis of 
the products by g.1.c. Analysis of the gas-liquid chromatograms showed only three 
peaks for the hydrolysis products from the dimer and trimer. Further investigation of 
the RT values of pertrimethylsilylated D-glucose and 4-O-methyl-D-glucose showed that 
there is an overlap of the peak for a-D-glucose with that for 4-O-methyl-/?-o-glucose. 

Samples of o-glucose, which contained a drop of ammonium hydroxide to 
ensure rapid establishment of anomeric equilibrium, were also analyzed. It was found 
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that the equilibrium composition is almost constant for D-glucose, and corresponds to 
the ratios reported by Sweeley and coworkers”. Similar analysis of the hydrolysis 
products from methyl 4-O-methyl-or&n-glucopyranoside gave results for the anomers 
of 4-O-methyl-D-glucose which were also constant. When average values of 55.65% 
for @-glucose and 41.18’~ for ct-D-glucose (3.17% furanose) were used, the amounts 
of a-D-glucose and 4-O-methyl-~-D-glucose in the peak containing both could be 
calculated. The values of cr:j? ratios of 4-O-methyl-o-glucose from the hydrolysis 
of dimer and trimer were found to be essentially the same as those for the 
monomer. 

Ratios of D-glucose:4-O-methyl-D-glucose were then calculated (see Table II). 
They agree with the calculated ratios of O:l, l:l, and 2:l for the hydrolysis products 
from 4 having degrees of polymerization of 1, 2, and 3, respectively. 

TABLE II 
RATIO OFD-GLUCOSE:~-0-METHYL-D-GLUCOSEIN HYDROLYSIS PRODUCTS OFOLIGOSACCHARIDES 

Degree of D- Glucose I-O-Methyl- 
polymerization D-glucose 

1 0 0 1.00. 1.00 

2 1.00, 1.00 1.01, 1.02 
3 2.oe, 2.00 0.97. 0.99 

The synthetic method described can, no doubt, be used as a general method with 
other polysaccharides, to give oligosaccharides modified, in the nonreducing terminus, 
at the hydroxyl group that is normally involved in the glycosidic linkage. Such modified 
oligosaccharides might be used for testing the enzyme specificity of other exoenzymes, 
such as P-D-glucosidases. The modified oligosaccharides could also be used as model 
compounds in study of the mechanism of acid-catalyzed hydrolysis or methanolysis. 
Finally, this synthetic approach can be used for the synthesis of modified monomers 
that are difficult to obtain by other means. For all of these uses, reactions other than 
methylation could be effected at the free hydroxyl group. Some of these reactions will 
be reported in subsequent publications. 

BXPERlMENTAL 

Tri-0-benzyhzyhe (2)_ - Commercial “Nepol” amylose (I, 5 g) (A. E. Staley 
Mfg. Co., Decatur, Illinois, U. S. A.) and 200 ml of methyl sulfoxide were placed in a 
3-necked, l-liter, round-bottomed flask. The flask was placed in a water bath at 60”, and 
the contents were stirred to dissolution (1 h). At this time, 33.6 g of finely powdered 
sodium hydroxide (IO moles per moIe of hydroxyl groups) and another 100 ml of 
methyl sulfoxide were added. This mixture was stirred for 1 h under nitrogen. Over 
the next 30 min, 39 ml of benzyl chloride (4 moles per mole of hydroxyl groups) was 
added dropwise. After all of the benzyl chloride had been added, the temperature 

Carbohyd_ Res., 6 (1968) 197-206 



METHYL IERMTNAL4O-~YLMALT~OLIGOSACCHARIDES 203 

was raised, and kept for 16 h at 70”. After 1,2, and 16 h, an additional 10 ml of benzyl 
chloride was added dropwise. After I6 h, the temperature was raised, and kept 
for 2 h at 85”. 

The reaction mixture was cooled to room temperature, and 500 ml of water and 
500 ml of chloroform were added in that order. The chloroform layer was removed, 
and the aqueous layer was extracted with three 200-ml portions of chloroform. The 
chloroform extracts were combined, washed successively with 1.5 1 of water, 1 1 of 
0.5M sulfuric acid, and 2 1 of water, and evaporated under diminished pressure at 60” 
to a sirup. Tri-0-benzylamylose was precipitated from the syrup with 500 ml of 95% 
ethanol in a Waring Blendor. After the solid had been washed once with 500 ml of 
95% ethanol, it was stirred for 24 h with several 250~ml portions of petroleum ether 
(b-p. 30-60”) to remove the final traces of methyl sulfoxide and benzyl chloride. The 
product was filtered off and air-dried; yield 11.8 g (87x), slight hydroxyl absorption 
at 3800-3600 cm- ‘. The solid was rebenzylated by the same procedure to give a white 
powder, yield 10.0 g (74%), no hydroxyl absorption, m.p. 164165”, [a]g5 + 102” 
(c 1.0, chloroform) 

Anal. Calc. for C,,H,,O,; C, 75.00; H, 6.48. Found: C, 74.25; H, 6.33. 
Perbenzylared methyl rerminal 4-hydroxymalto-oligosaccharides (3). - Tri-O- 

benzylamylose (2, 2 g) was dissolved in 200 ml of anhydrous chloroform, and an an- 
hydrous 0.8~ methanolic solution of hydrogen chloride (prepared from 100 ml of 
cold methanol and 18 ml of acetyl chloride) was added. Various periods of refluxing 
(1 to 125 h) were used, depending on the series of products desired. Reactions were 
monitored by t.1.c. _ lg The RF values of the products of methanolysis for 24 h are given 
in Table I. The solutions were cooled to room temperature, and neutralized with 
Amberlite IR-45(OH-) ion-exchange resin (Rohm and Haas Co., Philadelphia, Pa.). 
After f&ration, the solvent was removed under diminished pressure; yield 2.05 g 
(loo%)*. 

Perbenzylated methyl terminal-4-0-methylmalto-oligosaccharides (4). - Sub- 
stance 3 (2.05 g) was dissolved in 40 ml of NJV-dimethylformamide in a 100-m& 
round-bottomed flask. Sodium hydride (1.1 g) was added, the reaction was allowed 
to proceed for 1 h, 20 ml of methyl iodide was then added, and the mixture was stirred 
overnight. Sodium iodide was then removed by filtration, and the solid was washed 
with chloroform. Chloroform and N,N-dimethylformamide were removed from the 
filtrate under diminished pressure at loo”, and then trace amounts of N,N-dimethyl- 
formamide were removed by washing with methanol; yield 2.07 g (100%) of a sirup. 
T.1.c. of this sirup gave the data shown in Table III. 

Methyl terminal-4-0-methylmalto-ozigosaccharides (5). - A solution of com- 
pound 4 (1.7 g) in 50 ml of chloroform was placed in a hydrogenation flask, the chloro- 
form was removed under diminished pressure, absolute ethanol (300 ml) was added, 
and the mixture was heated to reflux. Approximately 5 g of freshly activated Raney 

*All calculations of yield in this paper were made on the assumption that the product(s) was a tri- 
saccharide. 
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TABLE III 

THIN-LAYER CHRO,MATOGRAPHIC DATA= FORTHEPERBENZYLATED METHYLTER~IINAL~O-METHYLhfALTo- 

OLIGOSACCHARIDES 

Degree of Rp valueh 
polymerization a Anomer fi Anomer 

1 0.47 0.52 
2 0.41 0.44 
3 0.33 b.37 
4 0.25 0.29 
5 0.18 0.22 

%iiica Gel H, Brinkmann Instruments Co., W&bury* L. I., N. Y. &rigr.ntlg, 51 petroleum ether 
(b-p. 30-60”)-acetone. 

nickel was carefully added to the hot solution, and the insoluble material was scraped 

off the inside of the flask so that it could be adsorbed onto the catalyst. The flask was 
then attached to a Parr hydrogenator, and flushed three times with hydrogen, and 

hydrogenolysis was accomplished at 60” under 65 lb. in-’ of hydrogen for 48 h. The 
Raney nickel was filtered off, and the filtrate was evaporated to dryness under dimin- 
ished pressure_ Partially benzylated material was removed from the resulting syrup 
by extraction with chloroform. The sirup remaining (0.259 g) was analyzed by t.1.c. 
(see Table IV). 

TABLE IV 

THIN-LAYER CHROMATOGRAPHIC DATA FOR THE METHYL TERMINAL-PO-METHYLMALTO-OLIGOSCCHAR- 

IDES= 

Degree of Rp valueb 
polymerization Irriganr A IrrigantC B 

1 0.54 0.94 
2 0.35 0.91 
3 0.21 0.87 
4 0.12 0.83 

5 0.06 0.78 
6 0.00 0.73 
7 0.69 
8 0.66 
9 0.63 

10 0.59 
11 0.55 
12 0.52 
13 0.49 
14 0.45 
15 0.42 
16 0.37 

%lica Gel H, Brinkmann instruments Co., W&bury, L. I., N. Y. Qrigant A% 9:6:3:1 BuOH- 
HOAc-EtaO-H20: irrigant B27: 5:2z3 PrOH-MeNOz-Hz0 Three ascents. 
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The catalyst was then washed with 100 ml of chloroform to remove any benzylated 
compounds. After atration, the Raney nickel was stirred with 200 ml of water to 
remove oligosaccharides of higher molecular weight. The Raney nickel was filtered 
ofF, and the f&ate was stirred with a mixed, anion-cation exchange resin. Evaporation 
gave 0.232 g of compounds having degrees of polymerization of 6-16 (see Table IV). 
The total yield of completely debenzylated malto-oligosaccharides was 0.491 g (80%). 

Separation. - Methyl terminal-4-0-methylmalto-oligosaccharides were separa- 
ted by graded elution from a 1: 1 carbon-Celite 545 (Johns-Manville Co., New York, 
N. Y_) column. The carbon-Celite mixture had been deactivated as follows: it was 
treated for 0.5 h with hot, cont. hydrochloric acid, and successively washed with water 
(until the washings were neutral), 0.5~ sodium cyanide solution, and water (until the 
washings were free from cyanide ion by the silver-ion-test). 

To a 450 x 30-mm carbon-Celite column was added 0.66 g of a mixture of methyl 
terminal-4-0-methylmalto-oligosaccharides (D-P. l-5) in 2 ml of water, and the 
compounds were eluted with water-ethanol mixtures (see Table V). Slight overlap 
was obtained just before each component of higher D.P. was eluted. 

TABLE V 

SEPARATION OF METHYL TERMINAL-4-O-hlElHYLMALTO-OLIGOSACCHARIDES ON CARBON-CELITE COLUhlNS 

Me v-glycosides Percenr of ethanol Liters of Yields of pure 
in elaant elaant components (g) 

Me a&D-glucoside 1 3 0.05 
D.P. 1 2.5 20 0.20 
D.P. 2 5.0 9 
D.P. 2 7.5 9 0.08 
D.P. 2 10 20 
D-P. 3 15 20 0.03 

Hydrolysis. - The title compounds were hydrolyzed in 30 ml of M sulfuric acid 
for 36 h at 80’ by using 93 mg of monomer, 19 mg of dimer, and 8.5 mg of trimer. After 
hydrolysis, the solutions were neutralized with Amberlite IX-45(OH -) ion-exchange 
resin, and evaporated to dryness under diminished pressure. The only products obser- 
ved, by paper-chromatographic, t.l.c., and g.1.c. analysis, were D-glucose and 4-0- 
methyl-D-glucose. G.1.c. analysis was performed by the method of Brobst and Lott**. 
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SYNTHESIS OF SOME AROMATIC ESTERS OF THE METHYL D-GLUCO- 
PYRANOSLDES, AND THEIR STABILITY TO HIGH-ENERGY RADIATION 

TLA M. SARKAR* AND J~rr C. ARTHUR, Jr. 

Southern Regional Research Laborafory, Southern Utilization Research and Developmrnt Division, 
Agricultaral Research Service, United Sfafes Department of Agriculftcre, New Orleans, Louisiana 
70119 (U. S. A.) 

(Received September 22nd, 1967) 

The esters obtained by complete esterification of methyl a-D-glucopyranoside 
with each of eight differently substituted aromatic acids were subjected to irradiation 
(7.3 x 10” ev/g/h) in the solid state. Only the p-toluenesulfonic esters were altered; 
the substituted benzoic esters, regardless of the substitution on the benzene ring, 
were stable. Radiation change in the two p-toluenesulfonic esters occurred at the 
glycosidic bond, as shown by the i-r. spectra of the products. The stability of the other 
substituted D-glucosides was so high that, even after dosages as high as 5.2 x IO” 
ev/g, no reducing power was measurable. The presence of either electropositive 
or electronegative substituents on the aromatic ring did not significantly affect the 
radiation change of the glycosidic bond, and it was suggested that protection arises 
mainly from intramolecular transfer of energy to the aromatic group, followed by 
dissipation of the energy as heat or light. 

INTRODUCTION 

Cleavage of the glycosidic bond is the predominant reaction when methyl a-D- 
glucopyranoside’ l * and di-, tri-, and poly-saccharides3 are exposed to high-energy 
radiation, both in the solid state and in aqueous solution. Phillips, Blouin, and Arthur4 
showed that a considerable amount of protection of the glycosidic bond can be 
achieved, over distances greater than one D-glucose residue, when aromatic esters of 
D-glucosides are subjected to y-radiation. Protection appeared to be due to preferential 
transfer of energy to the aromatic group, with dissipation of the energy as heat or light. 

The effects of the substitution of electropositive and electronegative groups 
(on the aromatic rings) on the stability of some of the properties of aromatic esters of 
the methyl Dglucopyranosides to high-energy radiation are now reported. Also, the 
synthesis and characterization of eight of these esters are given. 

FtEsULTs 

The glycosidic group in all of the compounds was found to be highly resistant 

*Resident Postdoctoral Research Associate. 
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to radiation cleavage. No measurable amount of reducing power, as determined by 
the method of Somogyi5, was found in any of the D-glucosides irradiated, even at 
dosages as high as 5.2 x 10zl ev/g. Moreover, after debenzoylation of the irradiated 
D-glucosides by alkaline hydroly&, no reducing power was detectable_ For methyl 
2,3,4,6-tetra-O-p-tolylsulfonyl-8_D-glucopyranoside (1) and methyl 4-chloro-2,3,6-t+ 
O-p-tolylsulfonyl-B-D-glucopyranoside (2) under mild conditions of alkaline hydro- 
lysis, desulfonylation was not accomplished, and complete dissolution was not possible. 
With methanolic sodium hydroxide or with sodium methoxide in methanol’ under 
reflux, ring opening occurred, as indicated from the analysis of the unirradiated 
control. 

In the i.r. spectra of irradiated 1 and 2, a new band appeared at 1725 cm-l, 
indicating the formation of carbonyl groups. For all of the other compounds, the 
i-r. and n.m.r. spectra were the same before and after irradiation. With the exception 
of 1 and 2, the irradiated D-glucosides showed no component other than the starting 
material when examined by t.1.c. ; irradiated 1 and 2, showed an extra component (t.1.c.). 
Radiation-induced cleavage of the sulfonic ester linkage was not observed. 

An estimation of the radiation decomposition of the glycosidic bond was made 
from the changes in optical rotation of the various compounds on irradiation. A sample 
of each irradiated D-glucoside was debenzoylated6, and the optical rotation was 
measured; the value was compared with that for the debenzoylated control. The 
radiation decomposition for the D-glucosides at a dosage of 5.2 x 10” ev/g was esti- 
mated to be as follows: methyl 2,3,4,6-tetra-O-nicotinoyl-a-D-glucopyranoside (3), 
5.5%; methyl 2,3,4,6-tetra-O-@henylcarbamoyl)-a-r-D-glucopyranoside (4), 1.0%; 
methyl 2,3,4,6-tetra-O-@-methoxybenzoyl)-cr-D-glucopyranoside (5), 2.2% ; methyl 
2,3,4,6-tetra-O-(p-nitrobenzoyl)-cD-glucopyranoside (6), 2.2%; methyl 2,3,4,6-tetra- 
O-(p-ethoxycarbonylbenzoyl)-a-D-glucopyranoside (7), 5.5%; and methyl 2,3,4,6- 
tetra-O-(o-chlorobenzoyl)-a-D-glucopyranoside (8), 1.0%. The irradiated 1 had [aIF 
-2.47” (c 0.8, acetone) as compared with [a]$’ -9.7” (c 0.8, acetone) for the unir- 
radiated sample. If the other D-ghrcosides irradiated were not debenzoylated prior 
to the determination, tge changes in the optical rotation were not significant. 

For all of the D-glucosides, irradiation induced long-lived free-radicals which 
were detected by the single line in their electron-spin resonance (e.s.r.) spectra; this 
indicated that the free radicals were, most probably, formed by dehydrogenation at the 
C-l-H bond. When the irradiated D-glucosides were stored under vacuum, the free 
radicals were still detectable several weeks after irradiation. When they were stored 
in air, the concentration of the radicals decreased; however, the shape of the e.s.r. 
spectrum did not change. The formation of stable free-radicals in carbohydrates on 
irradiation has been reported by other workers 8-1o The color of the D-glucosides . 
did not change on irradiation, except for 3, which turned green; the green color in- 
creased in intensity with the dosage, and disappeared completely on storage in the air. 

The fluorescence spectra of the D-glucosides changed very little on irradiation, as 
shown in Table I. In most cases, a new peak appeared in the longer-wavelength region 
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intensity of the new peak increased with increase in radiation 

FLUORESCENCE SPECTRA OF ESTERS OF METHYL D-GLUCOPYRANOSIDES= 

Ester Before irradiation After irradiation 

Activation Fhorescent Actil~ation Fluorescent 
peak, nm peak, nm peak, nm peak, nm 

2,3,4,6-Tetra-O-(phenylcarbarnoyl)aD- 
2,3,4,6-Tetra-O-p-tolylsulfonyl-B-D- 
4-Chloro-2,3,6-tri-O-p-tOlylSulfOnyl-&D- 
2.3,4,6-Tetra-O-&methoxybenzoyl)-a-D- 
2,3,4,6-Tetra-O-(p-nitrobenzoyl)-D- 
2,3,4.6-Tetra-O-(p-ethoxycarbonyl- 

(4) 277 (w) 302.5 (w) 341 405 
(1) 306.6 370 309, 325 370,450 
(2) 266.3 288.5 322 446 
(5) 287 363.6 290 344 
(6) 390 (VW) 442.6 (VW) - - 

benzoyl)+D- 
2,3,4.6-Tetra-O-(o-chlorobenzoyl)-a-o- 

2,3,4,6-Tetra-O-nicotinoyl-a-o- 

(7) 300 375 310,335 370,400,450 
(8) 268 (VW) 264(vw) 

297.7 331, 376 300, 365 333,415 
(3) 310 340 310 (VW) 336 (VW) 

339 (VW) 398 (vs) 

“All of the spectra were measured in chloroform. bThe spectra were determined 2-3 weeks after 
irradiation; key: s. strong; v, very; w, weak. 

DISCUSSION 

When carbohydrates in the solid state are irradiated by ionizing radiation, the 
mechanism of the loss of energy by the incident radiation to the carbohydrate molecule 
is probably an initial, random, nonlocalized acceptance of the ener,y, followed by 
dissipation ofthe energy as high-energy electrons within the molecule. The localization 
of the energy of these electrons is influenced by the presence of aromatic groups. This 
localization of energy could be effected through intramolecular transfer of energy to 
the aromatic group or selective absorption of energy by the aromatic group, or both. 
An aromatic system is able to accept the energy, to form well-defined, excited states; 
the energy could then be dissipated as heat or light without causing bond cleavage in 
the carbohydrate molecule. One simple way to deactivate the excited state of the 
aromatic group is by fluorescence. All of the substituted D-ghrcosides reported here 
exhibited fluorescence when excited by high-energy radiation. The intensity of the 
new fluorescence peak, which appeared after irradiation of the D-ghrcosides, increased 
with increase in radiation dosage. 

For the p-toluenesnlfonylated D-ghtcosides, 1 and 2, the new band at 
1725 cm-’ in the i.r. spectra was &igned to the carbonyl group, an intermediate 
formed during radiation damage of the glycosidic bond. The formation of this 
reducing group could be explained by slight delocalization of the aromatic, 
x-electron system by the d-orbital participation of the sulfur atom. This energy was 
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apparently insufficient to break the carbon-oxygen bond so as to cleave the p-toluene- 
sulfonic group from the D-glucose residue. I 

Although intramolecular transfer of energy is the most probable path, inter- 
molecular transfer of energy to the aromatic group is also a possibility. It has been 
shown that intermolecular transfer of energy occurs during the irradiation of carbo- 
hydrates”. 

EXPERIMENTAL 

Melting points were determined in a Fisher-Johns apparatus, and were not 
corrected. Infrared (i.r.) spectra were recorded with a Perkin-Elmer Infracord spectro- 
photometer. Nuclear magnetic resonance (n.m.r.) spectra were determined for 
solutions in deuteriochloroform at room temperature, unless otherwise stated, with 
tetramethylsilane as the internal standard, by using a Varian A-60 spectrometer 
equipped with a V-6040 variable-temperature probe. The purity of the compounds 
was examined by thin-layer chromatography (t.1.c.) on Silica Gel G, with 1:1:3 (v/v) 
acetic acid-water-ethyl acetate for unsubstituted D-glucosides and 1:l (v/v) ethyl 
acetate-petroleum ether (b.p. 30-40”) for the substituted D-glucosides. The spray 
reagent used was 5% sulfuric acid in ethanol (with subsequent charring for 10 min at 
1 loo). 

Methyl 2,3,4,6-tetra-O-(phenylcarbamoyl)-cc-D-giz~copyrarzoside (4). - This 
compound was prepared by a method described in the literature12. After recrystalliza- 
tion five to six times from alcohol-acetone, the product had m.p. 248-250” (dec)., 
[a]h3 t72.9” (c 2.0, acetone); lit.r2 m-p. 227” (dec.), [a]g3 +73.0” (c 3, acetone). 
vkfE3390 (NH), a doublet at 1770 and 1730 (CO), 1618, 1466 (aryl C=C), 1548 cm-’ 
(Amide II); n.m.r. data (Me,SO-d, at 52”): ‘t 0.24-0.9 (Pproton multiplet, NH); 
r2.49-3.57 (2O-proton multiplet, aromatic); T 4.32-5.49 (4-proton multiplet,pyranoside 
ring protons); t 5.60-6.40 (3-proton multiplet, other ring proton and C-6-methylene 
protons); T 6.75 (3-proton singlet, OMe). 

Anal. Calc. for C35H34N40,,-,: C, 62.68; H, 5.07. Found: C, 63.25; H, 5.38. 
Methyl 2,3,4,6-reZra-o-p-toZy~sulfonyi-~-D-g~zicopyra~osi~e (1). - This com- 

pound was prepared by the method described by Hess and Stenzel13; it had m.p. 
183-4”, [a]:: -9.7” (c 0.7, acetone); lit-l3 m-p. 183-4”, [a];’ -9.8” (acetone). ~2: 
1613, 1515, 1471 (aryl C=C), 1404, 1385 (-O-SO,-), 1208, 1193 cm-’ (-O-SO,-); 
n.m.r. data (Me,SO-d, at 64”): T 1.98-2.79 (16-proton multiplet, aromatic); r 6.8 
(3-proton singlet, OMe); T 7.53 (singlet, aromatic methyl). Other protons could not 
be identified, because a poor spectrum was obtained owing to the insolubility of the 
compound_ 

iXel/2yl 4-cbloro-2,3,6-rri-O-p-rolylsuZ~nyf-~-D-g~ucopyranoside (2). - This 
compound was prepared by the method described by Hess and Stenzel13; it had m-p. 
186-7”, [ali - 18.7” (c 0.84, acetone); lit.13 m.p.186-7”, [a]? - 18.9” (c 0.94, acetone). 
vxat 1616, 1515, 1471 (aryl C=C), 1404, 1389 (-O-SO,-), 1208, 1190 cm-’ (-O-SO,-); mnr 
n.m.r. data (Me,SO-d6 at 50”): T l-92-2.71 (12-proton multiplet, aromatic); r 6.71 
(3-proton singlet, OMe); 7 7.49 (singlet, aromatic methyl). Other protons could not 
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be identified, because a poor spectrum was obtained owing to the insolubility of the 
compound. 

Methyl 2,3,4,6-tetra-O-(pmethoxybenzoyl)-cr-D-g~ucopyranos~de Q_ - A solu- 
tion of methyl a-D-glucopyranoside (4.8 g, 0.025 mole) in chloroform (20 ml) was 
cooled in ice, and a precooled solution (O”) of anisoyl chloride (25.5 g, 0.15 mole) and 
anhydrous pyridine (24 g, 0.3 mole) in chloroform (20 ml) was added, with stirring, at 
such a rate that the temperature did not rise above 0”. After the D-glucoside had 
dissolved, the mixture was kept in the ice-bath for 24 h, and then poured over ice-water, 
and the mixture was extracted thoroughly with chloroform. The extract was success- 
ively washed with ice-cold, dilute sulfuric acid, aqueous sodium carbonate, and water, 
dried (anhydrous sodium sulfate), and evaporated to a thick syrup which was dissolved 
in ether-chloroform. On cooling the solution, compound 5 crystallized (yield 80-850A). 
After two recrystallizations from the same solvent mixture, it had m.p. 144”; [a]:: 
f79.2” (c 2.0, acetone); vz 2857 (OMe), 1754 (CO), 1629, 1538 (aryl C= C), 1274 
(O-CO-R) cm-’ ; n.m.r. data: two sets of multiplets of a total of 16 protons (due to 
aromatic ring) centered at r 2.01 (8 protons) and r 3.11 (8 protons); r 3.56-4.84 
(4-proton multiplet, pyranoside ring protons); r 5.17-5.75 (3-proton multiplet due to 
1 ring-proton and 2 C-6-methylene protons); 4 singlets centered at r 6.18 (12 protons, 
aromatic OMe); 7 6.48 (3-proton singlet, OMe). 

Anal. Calc. for C&H3a0r4: C, 64.10; H, 5.20. Found: C, 63.74; H, 5.10. 
Methyl 2,3,4,6-tetra-O-(p-nitrobenzoyl)-a-D-giucopyranoside (6). - A solution of 

p-nitrobenzoyl chloride (12 g, 0.065 mole) in anhydrous pyridine (15 g, 0.19 mole) was 
added, with stirring, to a solution of methyl a-D-ghrcopyranoside (2 g, 0.010 mole) in 
anhydrous chloroform at 0”. The mixture was kept in an ice-bath overnight, and then 
processed as for 5. The solid product was recrystallized from alcohol-chloroform; 
(yield 80%); m-p. 181-2”; [a]:’ +92.2” (c 1.0, acetone); vy: 1761 (CO), 1626, 1550 
(aryl C=C), 1366 (NO,), 1290 (O-CO-R) cm-‘; n.m.r. data: r 1.47-2.31 (16-proton 
multiplet, aromatic); r 3.524.8 (4proton multiplet, pyranoside ring protons); 
r 5.22-5.6 (3-proton multiplet, other ring proton and C-6-methylene protons); r 644 
(3-proton singlet, OMe). 

Anal. Calc. for C3sHZ6N401s: C, 53.16; H, 3.29. Found: C, 52.90; H, 3.41. 
Methyl 2,3,4,6-tetra-O-(p-etho.~ycarbonyZbenzoy~-a-~glz~copyranoside (7). - 

A solution of 10 ml ofp-ethoxycarbonylbenzoyl chloride (prepared from the half-acid 
ester of terephthalic acid by the thionyl chloride method) was added, with stirring, to 
a solution of methyl a-D-ghtcopyranoside (1.5 g, 0.077 mole) in anhydrous pyridine 
(12 ml) at O”, and tt?e mixture was kept overnight at room temperature. The mixture, 
which had become dark red, was processed in the usual way, affording a dark-brown 
gum which did not crystallize, and was therefore purifted by chromatography on neutral 
alumina. This treatment gave a pale-yellow oil which solidified on trituration with 
ether-petroleum ether (b-p. 30-40”). Several recrystallizations from alcohol gave color- 
less needles (yield 50-600/0); m.p. 125”; [a]:: +69.3 “(c 2.0, acetone); vzz 1761 (CO), 
1592, 1520, 1471 (w, aryl C=C), 1290 (broad, -CO,R-) cm-‘; n.m.r. data: r 1.93, 
l-98,2.03, 2.09 (multiplets, 16 protons, aromatic); r 3.67-4.88 (Pproton multiplet, 
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pyrankde ring protons); z 5.28-5.88 (11-proton multiplet, 1 ring proton, 2 C-6- 
methylene protons and 8C02CH2CH3 protons); T 6.46 (3-proton singlet, -0Me); 
‘t 8.33-8.83 (12-proton multiple& -OCOCH,CH,). 

Anal. Calc. for C47H46018: C, 62.80; H, 5.12. Found: C, 62.94; H, 5.17. 
lwerIz~Z 2,3,4,6-?etua-O-(o-chZorobenzoyl)-ar-D-gZucopyranoside (8). - This com- 

pound was prepared from methyl a-D-@ucopyranoside and o-chlorobenzoyl chloride 
by the method used for 7, and the product was purified by chromatography on alumina. 
The resulting solid was recrystallized from alcohol-chloroform, giving a colorless, 
granular solid (yield 70%); m.p. 118-g”; [a]:: t76.6” (c 2.1, acetone); v=i 1770 (CO), 
1608,1488,1449 (aryl C=C), 1266 (CO,R) cm-‘; n.m.r. data: t l-93-3.1 (16-proton 
multiplet, aromatic); T 3.54.87 (4-proton multiplet, pyranoside ring protons); 
f 5.16-5.8 (3-proton multiple& other ring protons, and C&methylene protons); r 6.55 
(3-proton singlet, OMe). 

Anal. Calc. for C,,H,&I,O,O: C, 56.15; H, 3.47. Found: C, 56.45; H, 3.46. 
MethyZ2,3,#,6-tetra-0-nicotinoyi-a-D-glucopyranoside (3). - Nicotinoyl chloride 

(9.0 g, 0.064 mole, prepared by the method of Wingfield et aZ.14) was added, with 

stirring, to a solution of methyl a-D-glucopyranoside (2.0 g, 0.010 mole) in a mixture 
of pyridine (10 ml) and chloroform (20 ml) at 0”. The mixture was kept overnight at 
room temperature, and then poured over ice, and the mixture was extracted with 
chloroform_ The extract was extracted several times with cold, dilute sulfuric acid, and 
the aqueous extracts were combined and neutralized with dilute sodium hydroxide 
solution. An oil separated, and was collected by extraction with chloroform; the 
extract was washed with water, dried, and evaporated to dryness, giving a residue 
which was crystallized from alcohol-ether; fine needles (yield 60%); m-p. 142” (lit.” 
m-p. 137”); [a]:: + 96.1 o (c 2.0, acetone); v,, KBr 1754 (CO), 1613,1497,1441 (C=C and 
C= N, pyridine ring), 1307 (- COpR) cm-’ ; n.m.r. data: four sets of multiplets of a 
total of 16 protons (due to the pyridine ring) centered at t 0.84 (4 protons, Hd; 
r 1.265 (4 protons, H,,); r 1.74 (4 protons, HJ; r 2.63 (4 protons, HJ; 7 3.47-4.84 
(4-proton multiple& pyranoside ring protons); t 5.1-5.74 (3-proton multiplet, other 
ring protons, and C-6-methylene protons); T 6.44 (3-proton singlet, OMe). 

Anal. Calc. for C31H26N4010: C, 60.59; H, 4.23. Found: C, 60.93; H, 4.53. 
Irradiation. - The esters of methyl a-D-glucopyranoside in the solid state were 

irradiated in air at room temperature in the SRRL6’Co radiation source’6 to the desired 
dosage. The dose rate, determined by ferrous-ferric dosimetry”, was 7.3 x- 10” 
ev/g/h. The irradiated samples were analyzed immediately after irradiation. 
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ABSTRACT 

Acacia seyalgum contains four aldobiouronic acids that have been characterised as 
6-CL(P-D-gh~copyranosyluronic acid)-D-galactose (A), 4-O-(a-D-glucopyranosyluronic 
acid)-D-galactose (B), 6-U-(4-O-methyl-fi-D-glucopyranosyluronic acid)-D-gdactose 
(C), and 4-0-(4-O-methyl-n-D-glucopyranosyluronic acid)-D-galactose (0). With 
these acids as chromatographic standardi, the aldobiouronic acids present in a further 
seventeen species of Acacia gum have been investigated. Gums having positive rota- 
tions and significant methoxyl contents give aldobiouronic acids A-D, whereas gums 
havingpositive rotations and low methoxyl contents do not give significantproportions 
of acids Cand D. Gums having negative rotations and significant methoxyl contents 
give acids A and C; one gum having a negative rotation and a low methoxyl content 
did not give a significant proportion of acid C. 

INTRODUCTION 

Although Acacia gums have been studied for many years, the possibility of the 
presence of methoxyl groups was largely ignored in early work. Recently, however, it 
was suggested’ that a re-examination of the aldobiouronic acid fraction of species 
studied earlier (e.g., A. pycnantha) might reveal structurally significant features, and 
it was reported3 that A. nilotica gum contains four aldobiouronic acids. We have 
therefore investigated the nature of the aldobiouronic acids present in eighteen 
different species of Acacia gum, in order to ascertain whether the presence of four 
aldobiouronic acids is a general feature within the Acacia group. Structural investi- 
gations undertaken simultaneously with the present study have shown that A. Senegal4 

gum and A. hera gum each contain two aldobiouronic acids and that A. arabica 

gum contains four aldobiouronic acids. Stephen and Vogt’ have also reported the 
result of a re-investigation of A. karroo gum, which contains two aldobiouronic acids. 

EXPERIMENTAL 

Origins of specimens. - The origins of the following specimens of gum have 

*For Part XXV, see Ref. 1. 
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been given elsewhere: Acacia nilotica 3*8, A. arabica6*‘, A. campyfacantha’, A. fist&a’, 
A. nubica’, A. senegala, A. [aeta’, A. drepanolobiumS, A. dealbata’, and A. seyalg. 
The following specimens were collected by the Sudanese Gum Research -Officer: 
A. muitijuga, A. me!Itifera, A. tortilis, and A. adansoniana. The following specimens 
were collected by officers of the Botanical Research Institute, Pretoria: A. girdfae 
Burch., A. karroo Hayne, A. mearnsii De Willd. (syn. A. mollissha and A. decurrens of 
some authors). The gum from A. pyc~u~t~a was collected by Mr. Bednall, Conservator 
of Forests, Adelaide. 

Analytical method%_ - The standard methods involved have been described’. 
Gas-liquid chromatography was performed as described previously4. Paper chromato- 
graphy was performed as described3, except that solvent E was ethyl acetate-acetic 
acid-formic acid-water (I&8:3:9), and solvent G was butanone-water-cone. ammonia 
(200:17:1). 

RESULTS 

Location of metlzoxylgroups. - A report” that A. seyalgum probably contained 
a mono-0-methylpentose (Ro 0.55; solvent A) could not be confirmed, and a report” 
that A. mollissima gum contained 4-O-methylglucuronic acid led to the following 
experiments to discover ifthe methoxyl content of A. Senegal gum is associated with its 
acidic components. A sample of A. Senegal gum (3% aqueous solution) was autohy- 
drolysed at 100”. Samples were taken at intervals, and dialysed, and the non-dialysable 
material was freeze-dried. The results of analyses of the uranic anhydride and methoxyl 
content are shown in Table I. 

TABLE I 

Time of bydroiysis, 11 Uranic nnh_vdride (UA), % Merhosyl (OMe), % OMe X 1001 UA 

0 15.5 0.24 1.6 
10 18.0 0.29 1.6 
24 20.2 0.31 1.5 
36 : 21.5 0.34 1.5 
50 21.7 0.37 1.6 

To ascertain whether the methoxyl content was present to any extent as the 
methyl ester group of a uranic acid, a 5% solution of the sodium salt of A. seyal gum 
@referred to A. Senegal gum because of its higher methoxyl content”) in 0.05~ sodium 
hydroxide was kept at GO”, and samples were taken at intervals. After neutraliiation 
and dialysis, the freeze-dried samples were analysed as shown in Table IL A similar 
constancy in the ratio of methoxyl to uranic anhydride content was also obtained for 
samples of the gum from A. Senegal, A. niiotica, and A. tort&s. 

The aidobiouronic acids of A. seyal. - A sample of the gum was hydrolyzed, 
(G sulphuric acid, loo”, 8 h). Paper c@romatography (solvent 0) showed four acidic 
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components A, B, C, and D having &n,values of 0.26,0.32,0.60, and 0.69, respectively. 
Components A and B were separated from C and D by chromatography on Whatman 
No. 3MM paper (solvent II). Hydrolysis (2N sulphuric acid, 6 h) of components A and 

TABLE Ii 

SAPONIFICATION OF A. Seyd GUhl 

Time of saponi$cation, h Methoxyl (OMe). % Uranic anhydride (UA), % OMe X IOO~UA 

0 0.86 9.9 8.7 
12 0.82 9.7 8.2 
24 0.84 9.3 9.0 
32 0.71 8.8 8.1 
48 0.72 7.8 9.2 
56 0.65 8.0 8.1 
72 0.66 7.8 8.5 

B gave, on paper-chromatograpbic fractionation, D-galactose ([a]n + 8 1” (c, 1.0); 
m-p. and mixed m-p. 169”) and D-glucurono-6,3-lactone ([a]n + 18” (c, 1.0); m.p. and 
mixed m-p. 177”). A portion (ca. 40 mg) of the mixture of acids A and B was dissolved 
in methyl sulphoxide (10 ml), and methylated12 with sodium hydride (500 mg) and 
methyl iodide (1.4 ml). After methanolysis, the products were identified (g.1.c.) 
as 2,3,4-D-i-0-methyl-D-glucuronic acid, 2,3,4-, 2,3,5-, and 2,3,6-tri-O-methyl-D- 
galactose. A portion of the mixture of methyl glycosides was hydrolysed to the free 
sugars; paper chromatography (solvents P and G) indicated the presence of 2,3,4-t+ 
0-methyl-D-glucuronic acid, and 2,3,4-t& and 2,3,6-tri-0-methyl-D-galactose. 

Hydrolysis of the mixture of acids C and D gave galactose and 4-U-methylgluc- 
uranic acid (examination in solvents D and E). A portion (60 mg) of the mixture was 
methanolysed and neutralised (Ag,CO,). The filtered solution was evaporated to give 
a syrup that was dissolved in ammoniacal methanol (10%) and kept at 0”. After some 
months, crystals of the amide of methyl 4-0-methyl-a-~glucopyranosiduronic acid 
were obtained, which, after recrystallisation from ethanol, had m-p. 231-233” (lit.13, 
234-236”). After removal of the crystalline amide, the solution was concentrated, and 
the residue was hydrolysed. Paper chromatography showed the presence of galactose 
and 4-0-methyIglucuronic acid; D-galactose (m.p. and mixed m.p. 169-170”; [aID 

+ 80” (c 1 .O)) was isolated by chromatography on 3MM paper. 

A portion of the mixture of acids C and D was methylated in methyl 
sulphoxide’*, methanolysed, and examined by g.1.c. and by paper chromatography, as 
described for the mixture of acids A and B. Acids C and D gave the same products as 
acids A and B. 

The acids A, B, C, and D were then separated by chromatography on thick 
paper with solvent D. As the zones moved closely together, they were detected by 
dipping the chromatograms (after careful drying to remove all of the acetic and formic 
acids) in a mixed-indicator system containing Thymol Blue (50 mg), Methyl Red 
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(250 mg), and Bromothymol Blue (600 mg) in ethanol (1 litre), to which N sodium 
hydroxide solution had been added until the colour became biue-green; acidic sugars 
appeared as red spots on a yellow-green background. The sugar acids were eluted 
from the paper with water, and the aqueous solutions (at mildly acidic pH) were ex- 
tracted with chloroform to remove the indicators. 

Acid A (RGnl 0.26 (solvent D), [a], -3” (c 2.5)) was chromatographically 
identical with authentic 6-0-(8-D-glucopyranosyluronic acid)-D-gdactose in solvents 
D and E. Formaldehyde was not evolved on attempted periodate oxidation. A portion 
(200 mg) of the acid was methylated by four additions of the Haworth reagents, the 
methylated sugars were extracted with chloroform, the extract was concentrated, and 
the residue was hydrolysed. Paper chromatography (solvents A and E) revealed the 
presence of 2,3,4&i-0-methyl-D-glucuronic acid and 2,3,4-tri-0-methyl-D-galactose. 
The uranic acid had already been characterised in the unmethylated, acidic disacchar- 
ide, and was not investigated further. The 2,3,4-tri-U-methyl-D-galactose (80 mg) was 
isolated by chromatography on thick paper (solvent A), and had RG 0.63 (solvent A) ; 
[aID + 110” (c 1.0); the aniline derivative had m.p. 168”. 

Acid B (RGal 0.32 (solvent D), [a],, + 101” (c 0.2)) was chromatographically 
identical with authentic 4- 0-(or-D-glucopyranosyluronic acid)-D-galactose in solvents 
D and E. Hydrolysis gave only galactose and glucuronic acid; periodate oxidation at 
pH 8 for 24 h gave formaldehyde. A portion (150 mg) of the acid was methylated as 
described for acid A, and the methyl glycosides produced on methanolysis of the 
product had the same retention times in g.1.c. as the glycosides of 2,3,4-tri-O-methyl- 
D-glucuronic acid and 2,3,6-tri-0-methyl-D-galactose. The latter compound was 
isolated by chromatography on thick paper with solvent A (yield, 50 mg; RG 0.70 
(solvent A); [aID +84” (c 0.5)); the product was oxidised with bromine to give 2,3,6- 

tri-O-methyl-D-galactonolactone, m.p. 96”. 
Acid C (RGal 0.60 (solvent 0); [aID +4” (c 0.2)) was chromatographically 

identical with authentic 6-O-(4-0-methyl-/I-D-glucopyranosyluronic acid)-D-galactose 
in solvents D and E. Hydrolysis gave cu. equal amounts of 4-0-methylglucuronic acid 
and galactose. Formaldehyde was not produced on attempted oxidation with periodate 
A portion (200 mg) of the acid was methylated and then hydrolysed, and the resulting 
methylated sugars were the same as those given by acid A. The 2,3,4-tri-O-methyl-D- 
galactose was characterised as 2,3,4-tri-0-methyl-iV-phenyl-D-galactosylamine, 
m-p. 164”. 

Acid D {RGIII 0.69 (solvent D), [c&, +95” (c 0.1)) was chromatographically 
identical with authentic 4-O-(4-0-methyl-a-D-glucopyranosyluronic acid)-D-gala& 
ose. Hydrolysis gave ca. equal amounts of galactose and PO-methylglucurouic 
acid. Formaldehyde was released on periodate oxidation. A portion (120 mg) of the 
acid was methylated, and the methyl glycosides produced on methanolysis of the 
product were the same as those given by acid B; the 2,3,6-tri-0-methyl-D-galactose 
was characterised as 2,3,6-tri-0-methyl-D-galactonolactone, m-p. 94”. 

identification of the aidobiouronic acids in other Acacia species. - Each of the 
remaining seventeen species of Acacia gum was subjected to partial hydrolysis (N sul- 
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phuric acid, loo”, 8 h), and the hydrolysates were examined by paper chromatography 
in solvents D and E, with acids A-D as reference standards. The results are given below. 

Specific rotations qf the Acaciaspecies containing aldobiouronic acids A, B, C, and 
D . - A. adansoniana (+ 83”); A. arabica (f 100°); A. drepanolobium (+ 75”); A.fistula 
(t61”); A. multijuga (+40”); A. nilotica (+ 108”); A. seyat(+58”); A. tortilis (t-96”); 
and A. girafie (water-soluble portion, positive rotation)_ Independent investigations, 
carried out simultaneously with this study, have conlirmed the results for A. niZotica3, 
-4. arabica6, A. drepanoIobium’4, and A. seyal”. A. karroo (+ 54”) and A. nubica 
(+ 100°) gave isolable amounts of acids A and B, but only chromatographlc traces of 
acids C and D; the methoxyl content of these species is low, and the proportions of 
acids C and D, if present, must be very small. 

Specific rotations of the Acacia species containing aldobiouronic acids A and B 
only. - A. campylacantha (-3”); A. dealbata (-25O); A. laeta (-36”); A. mearnsii 
(-49”); A. mehzfera (-51”); A. senegaZ(-31”); and A.pycnantha (- 8”; this species 
gave only a chromatographic trace of acid C). These conclusions have been verified 
independently for A. laeta5 and A. Senegal’. 

DISCUSSION 

The results in Tables 1 and II indicate that the methoxyl content in an Acacia 
gum polysaccharide is associated with the uranic acid residues, but is not present as 
methyl ester. Searches to date have failed to confirm the presence of any methylated 
sugars in the gums studied. 

The four aldobiouronic acids present in A. seyal gum are 6-O-(P-D-glucopyrano- 
syluronic acid)-D-galactose (A), PO-(a-D-glucopyranosyluronic acid)-D-galactose (B), 
6-O-(4-0-methyl-/3-D-glucopyranosyluronic acid)-D-galactose (C), and 4-0-(4-0- 
methyl-a-D-glucopyranosyluronic acid)-D-galactose (0) These acids have been used 
as reference standards in a chromatographic examination of the aldobiouronic acids 
in seventeen further Acacia species of gum. 

Of the species studied to date, those having positive specific rotations contain the 
four aldobiouronic acids (4-D); the exceptions are A. karroo and A. nubica gums, 
which have low methoxyl contents and consequently small proportions (if any) of the 
PO-methyl acids C and D. The Acacia species having negative specific rotations 
contain only aldobiouronic acids (A and C) that have P-D linkages; the presence of 
acid C in A. pycnantha gum is doubtful, however, since this species has a low methoxyl 
content. 

From the species studied to date, it therefore appears that, provided the species 
in question has a significant methoxyl content, Acacia gums having positive specific 
rotations contain aldobiouronic acids A-D, whereas Acacia species having negative 
specific rotations contain only acids A and C. 

The uranic acid content of the majority of Acacia gums is only of the order of 
lOoA, and it is therefore unlikely that the presence of the aldobiouronic acids having 
IX-D linkages (acids B and 0) is alone sufhcient to convert a negative rotation into a 
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strongly positive one. The explanation is more likely to be found in fundamental 
structnral differences involving the arabinose side-chains and/or the branched frame- 
work of galactose residues. 
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ABSTRACT 

The aldehydo-o-erythrose derivatives 3-0-benzyl-2,PO-ethylidene-aidehydo-D- 
erythrose and 3-0-benzoyl-2,4-O-ethylidene-a1dehydo-D-erythrose have been prepared. 
Both sugar derivatives have been prepared by oxidation of a partially protected 
D-erythritol, and by degradation of a protected D-erythrose hydrazone with nitrous 

acid. 

INTRODUCTION 

A spontaneous dimerization, polymerization, or aidolization of tetroses and of 
partially protected tetroses has earlier been reported to occur under very mild condi- 

tionsl-‘. To avoid side reactions in an aldol condensation of erythrose, an aldehyh 
derivative of the tetrose was required. This paper describes the preparation of 3-0- 
benzyl-2,4-0-ethylidene-al-D-erythrose (4) and of 3-0-benzoyl-2,CO-ethyl- 
idene-aldehydo-D-erythrose (6)_ Both aldehydo-D-exythrose derivatives 4 and 6, which 

have not been obtained in crystalline form, have been prepared by two methods, 

namely, by oxidation of a partially protected D-erythritol, and by degradation of a 
protected D-erythrose hydrazone. The preparation of 4 by a different way has recently 

been reported”. 

CH CR’ H&OR 

I 
I 

HC-0 HC-0 

H&R2 ’ 
I 

CHb=i? 
= LiMe 

t&o’ 
HYoR / 

H2C-0 

1 R’= O;R”=H 
2 RI= NN(Me)Ph; Rz = H 
3 RI = NN(Me)Ph: Rf? = CHrPh 
4 RI = 0; R2 = CHaPh 
5 R1 = NOH; Rz = CHzPh 
6 R’=O;@=Bz 
7 R’=NOH;R”=Bz 

8 RI= H; R%z H 

9 Rl = Tr; Rz = H 
10 RI = Tr; Rz = CHrPh 
11 RI= Tr; Rz = CHK6H4Br(p) 
12 RI = Tr; Rz = Bz 
13 R’ = H; R” = CHzPh 
14 R1 = Ts; Kz = CHnPh 
15 RI = COC~H;~NO&J); R2 = CHzPh 
16 RI = H; Rz = COCeH4Br(p) 
17 Rl=H;R’L=Bz 
18 R1 = Ts; R2 = Bz 
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2,4-O-Ethylidene-l-O-trityl-D-erythrito1(9)11 was etherified with benzyl chloride 
or with p-bromobenzyl bromide in the presence of potassium hydroxide to give 3-0- 
benzyl-2,4-ethylidene-l-0-trityl-D-erythritol (10) and 3-0-p-bromobenzyl-2,4-O- 
ethylidene-1-0-trityl-D-erythritol (11) respectively. Both reactions are exothermic. 
Benzoylation of 9 in pyridine solution gave 3-0-benzoyl-2,PO-ethylidene-l-O-trityl- 
D-erythritol(12). 

Detritylation of 10, 11, and 12, with no noticeable hydrolysis of the acetal or 
ester bonds, was achieved in aqueous acetic acid at boiling water temperature in a few 
minutes. 3-O-Benzyl-2,4-0-ethylidene-D-erythritol (13), was identified as its p-tolu- 
enesulfonic (14) and p-nitrobenzoic (15) esters. 3-0-Benzoyl-2,4-O-ethylidene-~- 
erythritol(l7) was also identified as the p-toluenesulfonic ester (18). 

Attempts to oxidize the primary hydroxyl groups of 13 and 17 with methyl 
sulfoxide and acetic anhydride12 or to oxidize theirp-toluenesulfonic esters 14 and 18 
with methyl sulfoxide and sodium hydrogen carbonate” to the respective aldehydo 

sugar derivatives 4 and 6 were unsuccessful. Also, heterogeneous oxidation of 13 in 
benzene solution with manganese dioxide14 did not g.ive the required carbonyl com- 
pound. The &e&do-D-erythrosederivatives4 and 6 were formed, however, by oxidation 
of 13 and 17 with N,N’-dicyclohexylcarbodiimide in methyl sulfoxide according to 
Pfitzner and Moffatt’5S’6. 

2,4-0-Ethylidene-D-erythrose (1)7 isolated as its methyl phenylhydrazone (2) was 
etherified to 3-O-benzyl-2,4-0-ethylidene-D-erythrose 2-methyl-2-phenylhydrazone 
(3). Sugar phenylosazones have been shown to react with nitrous acid to produce, 
depending on the amount of reagent used, aldosuloses (“osones”) or aldosulose 
I-phenylhydrazonesr7. Ohle et aLI suggested that the free phenylhydrazine, formed 
from the hydrazone by hydrolysis, reacted with nitrous acid to form phenyl azide. 
Wolfrom et a1.l’ found that acetylated hexose phenylosazones treated with nitrous 
acid give phenylosotriazole tetraacetates in about 80% yield. For the phenylosazone 
reaction they suggested a mechanism involving formation of N’-nitroso derivatives 
of the cyclic hydrazino hydrazone, followed by hydrolytic cleavage of the C-N bond; 
for the acyclic acetylated phenylosazone reaction they postulated N2-nitroso- 
intermediates which were cleaved at the N’-N2 bonds with subsequent cychzation 
to the triazole ring. 

We report herein the application of the nitrous acid reaction to two protected, 
di-N2-substituted hydrazones of D-erythrose. Thus, the aldehydo-D-erythrose derivatives 
4 and 6 were obtained in good yields from the respective hydrazones (3 and 2- 
benzoyl-2-phenylhydrazone of 6) in dilute acetic acid at room temperature. Assum- 
ing that no hydrolysis of the hydrazone occurs, the mechanism shown at the top 
of the next page is suggested for the degradation of 3 by nitrous acid. 
The 1-methyl-2-nitroso-1-phenylhydrazine presumably formed in this reaction is 
spontaneously decomposedfg to form nitrous oxide and N-methylamine which is 
immediately nitrosated to N-methyl-N-nitrosoaniline. The latter amine has been 
isolated from the reaction mixture. 

Ohle et al.” isolated D-arabino-hexosulose-l-(2-methyl-2-pheny~ydr~one) 
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from the reaction of D-fructose-2-methyl-2-phenylosazone with two equivalents 
of nitrous acid. When 3 was treated with two equivalents of nitrous acid, in dilute 
acetic acid, the reaction mixture contained, as shown by t.l.c., the aZdeJzydo sugar 4 
and large proportions of unchanged 3. The latter compound disappeared, however, 
from the reaction mixture when an excess of nitrous acid was used. Degradation of 
3-0-benzoyl-2,4-O-ethylidene-D-erythrose 2-benzoyl-2-phenylhydrazone’ with ni- 
trous acid gave 6 and benzanilide. The latter compound is not nitrosated with nitrous 
acid” in aqueous acetic acid solution. 

EXPERIMENTAL 

GeneraI nzetlrods. - Etherifications and esterifications were performed with 
magnetic stirring. Etherifications with benzyl chloride or p-bromobenzyl bromide 
were performed with technical potassium hydroxide (B.D.H., flake). Thin-layer 
chromatography (t.1.c.) was performed at room temperature on silica gel (Kieselgel 
D-5, Camag, Muttenz, Switzerland) activated at llO”, using solvents: (a) butyl- 
alcohol-ethyl alcohol-wate? (45:5:50), (b) ethyl acetate<yclohexane2’ (l:l), (c) diiso- 
propyl ether 23 The compounds were detected by spraying with naphthoresorcinol- . 

phosphoric acidz4. Solvents were evaporated under vacuum at 45” (bath temperature). 
Unless otherwise stated, organic solutions were dried with sodium sulfate. Melting 
points were determined with a Biichi melting-point apparatus (‘Iottoli) and were not 
corrected. Infrared spectra were recorded with a Perkin-Elmer grating spectrophoto- 
meter model 337. Ultraviolet spectra were recorded with a Beckmann DB spectro- 
photometer. 

2,4-0-EtJzyZidene-D-erythritol (8). - 4,6-O-Ethylidene-o-ghrcose2’ (103.0 g, 
0.5 mole) in water (250 ml) was oxidized with sodium metaperiodate (224.7 g, 1.05 
mole)‘. The oxidation mixture was kept at room temperature for 1 h, then neutralized 
with barium carbonate, and the neutral filtrate was reduced with sodium borohydride 
(15.0 g), according to the procedure of Barker and MacDonaldz5. The crude product 
was crystallized from chloroform or from butyl acetate, m.p. 97” (58.5 g, 79%); 
RF 0.63 in (a). 
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3-0-BenzyZ-2,4-0-ethyZidene-l-O-trityi-~-erythritoZ (10). - Compound” 9 
(11.7 g, 0.03 mole), benzyl chloride (38.0 g, 0.3 mole), and potassium hydroxide (16.8 g, 
0.3 mole) were stirred for 6 h at 100-l 10”. The cooled solution was filtered by suction 
(Celite), and the residue was washed with hot benzene. The filtrates were combined, 
washed with water, and dried. The solution was concentrated, the benzyl chloride was 
removed under vacuum (0.2 mm, boiling-water bath), and petroleum ether (60-80”) 
was added to the residue. Crystallization occurred usually overnight in the refrigerator. 
The product, m-p. 108-109” (13.5 g, 93.7x), was recrystallized from ethyl acetate and 
methanol or from benzene and methanol to a constant m-p. of 110-l 1 l”, [a]‘,’ -24.0” 
(c 1.0, chloroform); RF 0.77 in (b), 0.68 in (c). 

Anal. Calc. for C3cHs204: C, 79.97; H, 6.71. Found: C, 79.89; H, 6.66. 

3-O-p-Bromobe~tzyZ-2,4-0-etlty~idene-Z-O-trifyZ-D-erythritol (11). - Compound 
9 (3.9 g, 0.01 mole), p-bromobenzyl bromide (3.25 g, 0.013 mole), xylene (10 ml), and 
potassium hydroxide (56 g, 0.1 mole) were stirred for 1.5 h at 135-140’. Benzene was 
added to the cooled reaction mixture, the solution was filtered by suction, and the 
residue was extracted with hot benzene. The combined filtrates were washed with 
water, dried, and the solvents evaporated. Residual amounts of xylene were removed 
at boiling-water temperature and 0.1 mm pressure. The residue was crystallized from 
methanol (100 ml), m-p. 92.5-93.5” (4.4 g, 78%). Recrystallization from the same 
solvent did not raise the m.p., [a]:: - 18.8” (c 0.81, chloroform); RF 0.77 in (b), 
0.65 in (c). 

Anal. Calc. for CS2H3rBr04: C, 68.71; H, 5.58; Br, 14.28. Found: C, 68.56; 
H, 5.63; Br, 14.41. 

3-0-Be~~royl-2,4-0-ethylidene-I-O-trityl-D-erytl~ritoI (12). - A solution of 
compound 9 (11.7 g, 0.03 mole) in pyridine (100 ml) was benzoylated at 0” with 
benzoyl chloride (8.4 g, 0.06 mole) added in two portions. The reaction mixture was 
kept overnight at room temperature. Then most of the pyridine was evaporated, 
crushed ice was added to the residue and the mixture was kept overnight. The 
oily or solid ester that separated was dissolved in benzene, and the solution was 
washed with alkali, with acid, and then dried. The solid left after evaporation of the 
solvent was crystalliied from dilute ethanol, m-p. 86” (13 g, 88%). The product was 
recrystallized from the same solvent to a constant m-p. of 88-90”, [a]$,’ -90.0” (c 1.5, 
chloroform); RF 0.71 in (b). 

Anal. Calc. for C,,H,,O,: C, 77.71; H, 6.11. Found: C, 77.66; H, 6.11. 

3-O-Benzyf-2,4-O-ethylidene-D-erythritoz (13). - Compound 10 (14.4 g, 
0.03 mole) was dissolved in hot acetic acid (90% v/v, 60 ml) and heated in a boiling- 
water bath. After 3 min at this temperature, water (120 ml) was added to the 
cooled solution. The reaction mixture was kept for a few hours in the refriger- 
ator, and the quantitatively precipitated triphenylmethanol was removed by suction. 
The filtrate was extracted with chloroform (3 x 60 ml), and the combined extracts 
were washed with water and dried. The solvent was evaporated, and the residue 
(6.6-6.8 g, 92-95x), which distilled at 125” (0.3 mm), solidified on cooling at -30” 

Carbofzyd. Res., 6 (1968) 220-228 



224 A. KAMPF, A. FELSENS7EIN, E. DIMANT 

and was crystallized from petroleum ether (SO-IOO”), white needles, m.p. 55”, [a]2 
-52.5” (c 2.0, chloroform); Rr 0.49 in (b), 0.25 in (c). 

Anal. MC. for C13H1804: C, 65.53; H, 7.61. Found: C, 65.43; H, 7.39. 
3-0-Benzyl-2,4-0-ethyle-I-0-p-toIyZsz~~?zy~-D-erythritoz (14). - The oily 

compound 13, obtained from 10 (0.03 mole) as described above, was dissolved in 
pyridine (30 ml) andp-toluenesulfonyl chloride (6.3 g, 0.33 mole) was added in portions 
at room temperature. The reaction mixture was kept at this temperature for 24 h. 
Water (3 ml) was then added, and the solution was concentrated. The residue was 
dissolved in benzene, and the solution was washed with acid, alkali, and dried. The 
residue, left after removal of the solvent, was crystallized from benzene-petroleum 
ether (60-SO”), m-p. 70-71” (10.1 g, 85% based on 10). Recrystallization from the 
same solvents raised the melting point to 71-72”, [a];’ -38.0” (c 2.0, chloroform); 
&0.65 in (b), 0.39 in (c). 

Anal. C&. for C20H2406S: C, 61.20; H, 6.16; S, 8.16. Found: C, 61.15; 
H, 6.22; S, 8.26. 

EO-Benzyyl-2,4-O-etlty~ide~ze-i-O-p-nitrobenzoyZ-D-eryt~zritoZ (15). - p-Nitro- 
benzoyl chloride (2.78 g, 0.015 mole) dissolved in pyridine (40 ml) was added, at room 
temperature, to a solution of 13 (2.38 g, 0.01 mole) in pyridine (10 ml). The crude 
product, obtained as described above for 14, was crystallized from benzene-petroleum 
ether (60-80”) in long needles, m.p. 81-83” (3.4 g, 87%). Recrystallization raised the 
melting point to 84”, [a];’ -56.5” (c 1.5, chloroform); RF 0.66 in (b), 0.48 in (c). 

Anal. CaIc. for CzoHzlN07: C, 62.01; H, 5.46; N, 3.61. Found: C, 62.00; 
H, 5.28; N, 3.40. 

3-O-p-BronzobenzyI-2,4-O-ethyZide~ze-D-eryt~zritoZ (16). - The trityl ether 11 
(16.8 g, 0.03 mole) was dissolved in hot aqueous acetic acid (90% v/v, 60 ml) main- 
tamed in a boiling-water bath. The solution was kept in the boiling bath for 3 min. 
The solution was cooled, 60 ml water were added, and the crystallization of the tri- 
phenylmethanol was completed overnight in the refrigerator. After filtration, water 
(12Oml) was added to the filtrate with stirring and the ether 16 crystallized. After the 
suspension had been kept overnight in the refrigerator, the crystals were filtered 
off, m.p. 55” (7.35 g, 77.2%). T.1.c. showed that the product was contaminated 
with triphenylmethanol: RF 0.87 in (b), 0.83 in (c). 

Three recrystallizations from petroleum ether (80-100”) produced the chromato- 
graphically pure ether, m.p. 56-57”, [a];’ -52.5” (c 0.4, chloroform); RF 0.49 in (b), 
0.25 in (c). 

Anal. CaIc. for C,,H,,BrO,: C, 49.22; H, 5.40; Found: C, 49.27; H, 5.31. 
3-O-~e~z~~~-2,4-O-e~~~~~~e~Ze-D-e~~~~~~~O~ (17). - Detritylation of compound 12 

(14.8 g, 0.03 mole) was performed in aqueous acetic acid (90% v/v, 60 ml) as described 
above. The cooled hydrolyzate was diluted with water (60 ml) and refrigerated over- 
night. The triphenylmethanol was removed by suction, and the filtrate was diluted with 
water (50 ml) and extracted with chloroform (3 x 50 ml). The chloroform solution 
was washed, dried, and concentrated_ The syrupy residue was crystallized from 
cyclohexane-petroleum ether (b.p. 40-60”), m-p. 62-63” (6.8 g, 90%). Recrystallization 
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from the same solvent did not change the m-p., [a]k7 -62.0” (c 2.0, chloroform); 
RF 0.34 in (b). 

Anal. Calc. for C!,,H160s: C, 61.89; H, 6.39; Found: C, 62.14; H, 6.33. 
3-O-~e~~zoyi-2,4-O-ethyZidene-l-O-p-?ofy~~~nyZ-~-erythritoi (18). - A solution 

of compound 17 (2.52 g, 0.01 mole) in pyridine (5 ml) was p-toluenesulfonylated 
with 2.11 g p-toluenesulfonyl chloride in 20 ml pyridine as described above. The crude 
product left after removal of the solvent was crystallized from ethyl acetate-petroleum 
ether (40-60”), m-p. 138-139” (3.5 g, 86%). Recrystallization raised the m-p. to 139- 
140”, [a]‘d -93.0” (c 2.0, chloroform); RF 0.49 in (b). 

Anal. Calc. for C,,H,20,S: C, 59.10; H, 5.45. Found: C, 59.16; H, 5.39. 
2,4-0-EthyIidene-D-erythrose 2-methyl-2-phenyIhydrazone (2). - The filtered 

solution of the crude 1, prepared from 0.3 mole of 4,6-O-ethylidene-D-glucose (see 
above, S), was stirred in an ice bath, and a solution of I-methyl-1-phenylhydrazine 
(0.33 mole, 39 ml) in aqueous acetic acid (l:l, 40 ml) was added dropwise. Crystals 
appeared after a short time. The reaction mixture was stirred for 1 h after all the hydra- 
zine had been added. The hydrazone was collected by suction (yield practically 
quantitative). Crystallization from acetone or acetone-water formed plates, m.p. 
151-I 53” (90-96%). Recrystallization from benzene gave needles, m.p. 152-I 53”, [al:: 
t43.5” (c 2.0, chloroform) [lit.“: m.p. 152-153”, [a];’ -9.1” (absolute ethanol)]; 
RF 0.29 in (b); v~~;roform: 3500 (OH); 2980,2850(HC=), 1700(C=N),and 1600-1500 
cm-’ (phenyl); AG2Fo1 280 nm (E 16700). 

Anal. Calc. for C,,H,sN,O,: C, 62.38; H, 7.24; N, 11.19. Found: C, 62.34; 
H, 7.40; N, 11.36. 

3-O-Benzyi-2,4-O-et/zyfidene-c-erythrose 2-methyl-2-phenyi-hydrazone (3). - 
A stirred solution of 2 (15.0 g, 0.06 mole) in benzene (50 ml) was heated under reflux 
with potassium hydroxide (13.4 g, 0.24 mole) while benzyl chloride (30.4 g, 27.4 ml, 
0.24 mole) was added dropwise in 60-90 min. The heating was then continued for 
6.5 h. The cooled reaction mixture was filtered by suction through Celite, and the 
residue was washed with benzene. The filtrate was washed with water and dried. The 
residue, left after the distillation of the benzene and the benzyl chloride (see above), 
solidified on cooling, and was crystallized from ethanol as pale-yellow needles, m.p. 
105-106”(15.1 g,74%).From themotherliquor, 1.5gmoreoftheproduct was obtained 
(yield 81%). Recrystallization from ethanol did not change the m.p., [a]&’ + 72.5” 
(c 2.0, chloroform) !Jit.“: m.p. 107-108”, [a];’ -30.1” (benzene)]; RF 0.53 in (b). The 
infrared spectrum in chloroform was identical in the 3000-1400 cm-’ region with that 
of 2. 

Anal. Calc. for C,,H2,N20,: C, 70.56; H, 7.10; N, 8.22; Found: C, 70.45; 
H, 6.95; N, 8.32. 

3-O-Benzyl-2,4-0-ethylidene-aldehydo-D-erythrose (4) (a). - To a solution of 
13 (7.14 g, 0.03 mole) in methyl sulfoxide (45 ml) and benzene (45 ml) were added 
pyridine (2.4 ml, 0.03 mole), trifluoroacetic acid (1.2 ml, 0.016 mole), and dicyclohexyl- 
carbodiimide (18.6 g, 0.09 mole). The reaction mixture was kept at room temperature 
for 20 h, and then ether (750 ml), followed by a solution of oxalic acid dihydrate 
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(11.34 g, 0.09 mole) in methanol (75 ml), was added. The resulting suspension was 

stirred for 30 min and filtered. The filtrate was successively washed with water, a 
sodium hydrogen carbonate solution (8OA), again with water, and then dried. The 
syrup obtained after removal of the solvent was dissolved in ethanol (25 ml), and a 

fresh solution of sodium hydrogen sulfite (15 g) in water (28 ml) was added. The solution 

was kept for 4 h at room temperature, and then evaporated to dryness. Benzene 

was added to the residue, and the solution was evaporated. The dry residue was 
thoroughly extracted with ether, and the residue was dissolved in a sodium carbonate 

solution (IO%, 120 ml)_ The aldehydo sugar derivative was extracted from the aqueous 

solution with ethyl acetate or chloroform (5 x 20 ml). The extracts were dried and 
concentrated and the residual syrup was dissolved in acetone. The solution was 

filtered to remove some crystals of dicyclohexylurea and concentrated. The residual 

syrup (6.0 g, 84.6%) was shown by chromatography to be pure 4. 

(6)_ - The hydrazone 3 (13.6 g, 0.04 mole) was dissolved in acetic acid (240 ml) 
containing water (40 ml). Small portions of sodium nitrite (27.6 g, 0.4 mole) were 

added in 4 h to the stirred solution at room temperature. The solution was concen- 

trated and the residue was partitioned between chloroform and water. The aqueous 
layer was thoroughly extracted with chloroform, and the combined extracts were 

washed with water, with a sodium hydrogen carbonate solution (8x), again with 

water, and then dried and concentrated. The residue, dissolved in ethanol (30 ml), was 

treated with a solution of sodium hydrogen sulfite (20.0 g, in 35 ml water) for 4 h at 

room temperature. The reaction mixture was concentrated to dryness. Ethanol 

(30 ml) and then ether (150 ml) were added to the residue. The sodium bisulfite 

addition compound was collected by suction, and dissolved in sodium carbonate 

solution (150 ml, lo%), and the solution was extracted with chloroform (3 x 50 ml). 
The extract was washed with water, dried, and the solvent evaporated. The oily residue 
(7.56 g, 800/,) was shown by chromatography to be pure 4, RF 0.34 in (b), [a]? -45.8” 

(c 0.98, chloroform); Y,,, (sandwich cell) 1730 cm-’ (C=O)_ The derivative decom- 

posed slightly on attempted distillation (125”/0.65 mm). The 2-methyl-2-phenyl- 
hydrazone prepared from 4 obtained by methods (a) or (6) was identical with 
authentic 3. 

3-O-Bei2zyi-2,4-O-et~zyiide7ze-D-eryt/zrose osinze (5). - A solution of hydroxyl- 

a-mine hydrochloride (0.78 g, 11.4 mmoles) in water (5 ml) and pyridine (1 ml) was 
added to a solution of 4 (obtained by method (a) or (b), 2.7 g, 11.4 mmoles) in metha- 
nol (20 ml). The solution was kept overnight at room temperature, and then concen- 

trated, and the syrupy residue was dissolved in benzene. The solution was washed 

with water, alkali, acid, and water again, and then dried and concentrated. The 

residue was crystallized from chloroform-cyclohexane as needles, m-p. 60”. 

Recrystallization from the same solvent raised the m-p. to 61-63”, [a]? -5.9” 

(c 1.0, chloroform); RF 0.42 in (b). 
Anal. Cab for C13H,,N04: C, 62.14; H, 6.81; N, 5.57. Found: C, 62.16; 

H, 6.69; N, 5.41. 

Isolation and identzjkation of N-nitroso-N-methylaniline. - The hydrazone 3 
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(18.7 g, 55 mmoles) was treated with sodium nitrite, and the sodium bisulfite addi- 
tion compound of the aldelydo sugar derivative was isolated, as described above. 
The filtrate of the bisulfite compound was concentrated, and the residue was distilled 
under ziacuzm. The fraction distilling at 84-85”/0.5 mm (3.55 g, 47%) solidified in the 
refrigerator. The straw-yellow nitroso compound (positive Liebermann test) showed 

VW chlorofoorm 1470, 1500, 1600 (phenyl); 1440 (NO); and 2930, 3040 cm-’ (CH,). It 
was identified by its reduction to I-methyl-I-phenylhydrazine, characterized as the 
2-hydroxy-Snitrobenaldehyde 2-methyl-2-phenylhydrazone26, m.p. 178”, ,Iz:Xti”“’ 
343 nm (E 25880), .I~~~* 303 (E 23430). The compound showed no depression of the 
m.p. on admixture with an authentic sample of this hydrazone. 

3-0-Be~zzoyI-2,4-0-erizyZidene-aldehydo-D-ery~~zrose (6). (a). - To a solution of 
17 (3.78 g, 15 mmoles) in methyl sulfoxide (45 ml) and benzene (45 ml) were added 
pyridine (1.2 ml, 15 mmoles), trifluoroacetic acid (0.6 ml, 7.5 mmoles) and N,N’-dicyclo- 
hexylcarbodiimide (9.3 g, 45 mmoles). The reaction mixture was kept overnight at 
room temperature. Ether (375 ml) and then a solution of oxalic acid dihydrate (5.67 g, 
45 mmoles) in methanol (35 ml) were added. The bisulfite addition compound of 6 was 
isolated from the ethereal solution, and the alde/zydo sugar was obtained from it (yield 
6-lo%), as described above. 

(b). - Sodium nitrite (19.3 g, 0.28 mole) was added, in portions, at room tem- 
perature, to a solution of 3-O-benzoyl-2,4-O-ethylidene-D-erythrose 2-benzoyl-2- 
phenylhydrazone7 (17.76 g, 40 mmoles) in acetic acid (240 ml) and water (20 ml). After 
4 h the solution was cooled in an ice-salt bath, and neutralized with sodium hydroxide 
(152g dissolved in 400 ml of water). The aqueous solution was extracted with benzene 
(6 x 100 ml), and the combined extracts were washed, dried, and concen\rated. The 
residue was dissolved in ethyl acetate, and petroleum ether (b.p. 40-60”) was added to 
turbidity. The crystals that separated were identified as benzanilide by their m.p. (163”) 
and the m-p. of an admixture with authentic benzanilide. The filtrate was concentrated, 
and the aldelzydo sugar derivative 6 was separated through its sodium bisulfite addi- 
tion compound, as described above, to yield a syrup (1.6 g, 16%). The product was 
dissolved in methanol, the solution was treated with carbon (Norit A), and the 
solvent evaporated. The residual syrup was shown by t.1.c. to be pure6; R, 0.29 in (b), 
vma (sandwich cell) 1730 (C=O), and 2550, 2980 cm-z (HC=). The sugar derivative 

was characterized as its oxime. 
3-O-Beizzoyl-2,4-O-etfzyiidene-D-erythrose oxinze (7). - A solution of 6 obtained 

by method (a) or (b> (0.36 g, 1.44 mmoles) in methanol (6 ml) containing hydroxyl- 
amine hydrochloride (100 mg, 1.44 mmoles), pyridine (0.12 ml, 1.44 mmoles), and 
water (0.5 ml) was kept at room temperature for 24 h. The solution was concentrated, 
and the residue was dissolved in benzene. The solution was washed with water, acid, 
alkali, again with water, dried and evaporated. The syrupy residue was crystallized 
from cyclohexane as needles, m.p. 106” (0.266 g, 69.7x), [&’ -84.0” (c 2.0, 
chloroform); RF 0.44 in (b)_ 

Anal. Calc. for C13H15N05: C, 58.86; H, 5.69; N, 5.28. Found: C, 59.02; 
H, 5.57; N, 5.18. 
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Notes 

Reaction of methyl sulfoxide-acetic anhydride with 1.2:3,4-di-O- 
isopropylidene-ar-D-galactopyranose’t 

The Pfitzner-Moffatt reagent’ (methyl sulfoxide-NJV-dicyclohexylcarbodi- 

imide-pyridinium phosphate) provides a facile route for converting “isolated” secon- 
dary alcohols into ketones, and primary alcohols into aldehydes, under mild condi- 

tions. The reagent has been used in this laboratory3 for converting 1,2:3,4-di-O-iso- 

propylidene+D-galactopyranose (1) into 1,2:3,4-di-U-isopropylidene-6-al&/z@-a-o- 
galacto-hexodialdo-l J-pyranose (4), an intermediate required for chain-extension 

reactions leading, by means of Grignard reagents, to Cs sugar derivatives related to 

lincomycin. A disadvantage of Pfitzner-Moffatt’ and similar” oxidation procedures 

is that removal of the nonvolatile byproducts of the oxidation may be experimentally 

inconvenient_ Methyl sulfoxide-acetic anhydride, a reagent also very effective for 

converting “isolated” secondary alcohols into ketones’, is particularly useful in the 

carbohydrate field 6’ because all of the excess reagents and byproducts can be , 

removed by evaporation at low temperature ‘. It was of interest to determine whether 

the methyl sulfoxide-acetic anhydride reagent could be used to prepare aldehydes from 

“isolated” primary alcohol groups in carbohydrate derivatives. The present report 
shows that treatment of the “isolated” primary alcohol 1 with methyl sulfoxide-acetic 

anhydride does not provide a practical, preparative route to the aldehyde 4. Instead, 
the reaction gives the 6-(methylthio)methyl ether (2) of 1 as the principal product, 

together with small proportions of the 6-acetate (3) of 1 and, apparently, the aldehyde 4. 
Treatment of 1,2:3,4-di-O-isopropylidene-cr-D-galactopyranose8 (1) with methyl 

sulfoxide-acetic anhydride at room temperature caused conversion of 1 into products 
that migrated more rapidly than 1 on thin-layer chromatograms. After 48 h, when all 

of the starting material (1) had reacted, the product was isolated as a distilled syrup, 

which showed carbonyl absorption in the i.r. spectrum and which gave positive 

Tollens and Schiff tests. T.1.c. indicated the presence of a major, fast-moving com- 

ponent, together with small proportions of two slower-moving components. Chromato- 
tographic purification of the main component revealed that it was nonreducing, and 

its i.r. spectrum showed no absorption for a carbonyl group. One of the side-products 

*Part VI in the series “Extension of Sugar Chains Through Acetylenic Intermediates”. For Part V, 
see ref. 1. 
TSupported by the National Institutes of Health, Public Health Service, Department of Health, 
Education, and Welfare, Bethesda, Maryland 20014; Grant No. GM-11976-03 (The Ohio State 
University Research Foundation Project 1820). Funds for the n.m.r. and mass spectrometers were 
provided by the National Science Foundation, Washington, D.C. 

Carbohyd. Res.. 6 (1968) 229-232 



230 NOTES 

was isolated crystalline, and was identified as 6-O-acetyl-I,2:3,4-di-O-isopropylidene- 
a-lo-galactopyranose ‘*lo (3) by comparison with an authentic sample. The presence of 
this compound would account, in part, for the carbonyl absorption observed in the 
crude reaction product, and the presence of a smali proportion of the aldehyde 4 can 
be inferred from the positive Schiff test observed with the crude product. 

The major component of the reaction product was formulated as 1,2:?&di-0- 
~sopropylidene-li-O-(methyithio)methyl-a-~-ga2actopyranose (2) on the basis of 
analytical and spectroscopic evidence. Microanalytical data supported the molecular 
formula assigned, and the n.m.r. spectrnm revealed a pattern of signals almost identical 
to those given by knowr~‘~*” 6-U-substituted derivatives of 1,2:3,4-di-O-isopropyli- 
dene-a-D-galactopyranose. The only signals in the spectrum not thus accounted 
for were a 3-proton singlet at -c 7.86 that may be assigned to an S-methyl group, and 
a 2-proton singlet at r 5.29 that may be assigned to the protons of an -OCH,S- group. 
No alternative formulation of the side-chain on C-5 that is compatible with the n.m.r. 
spectral data is possible, and the absence of carbonyl absorption from the i.r. spectrum 
ruies out the possibility that aldehyde, ketone, or ester groups are present. The mass 
spectrum of the product 2 (see Figure 1) showed the molecular-ion peak at m/e 320, 
and a strong peak at m/e 30.5 corresponding to loss of a methyl group from the molec- 
ular ion. A series of weak peaks at m/e 247 (M-15-58), m/e 245 (M-15-60), and m/e 

50 

30: 5 

i 

320 

100 150 200 250 300 We 

Fig. 1. The mass spectrum of 1,7,:3,4-di-O-isopropylidene-6-O-(methylthio)methyl-cr-~-ga~acto- 
pyranose (2)- 
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187 (M-15-58-60) correspond to successive loss of acetone, acetic acid, or both, from 
the M-15 ion, as has been observed12 in the mass spectrum of 1. Strong peaks at m/e 
100,85,59, and 43 may be assigned to the same fragments as those observed12 from 1. 
Strong peaks of high mass-number, not corresponding to fragmentations reported” for 
1, are observed in the spectrum of 2. The fragment having nr/e 273 results most 
probably from cleavage of the MeS- radical from the molecular ion; and that having 
m/e 215, by loss of the elements of acetone from this fragment. A strong peak at 
m/e 242 most probably arises from loss of the C-6 substihrent a;ld a rearranged 
hydrogen atom. A strong peak is observed at Ilz/e 61; this probably corresponds to the 

Me-$ = CH, ion. 
It has recently been showni that treatment of various noncarbohydrate alcohols 

with methyl sulfoxide-acetic anhydride may lead to (methylthio)methyl ethers in a side 
reaction that competes with oxidation to carbonyl derivatives. 

EXPERIMENTAL 

Treatment of 1,2:3,4-di-0-kopropyiidene-a-D-gaiacfopyranose (1) 2oH2 metJ2yJ 
suIfoside axd acetic anlzydride. - A slow stream of nitrogen was passed through a 
solution of l(6.83 g) in a mixture of dry methyl sulfoxide (27 ml) and acetic anhydride 
(18 ml) that was kept for 48 h at room temperature. The solution was poured into 
aqueous sodium hydrogen carbonate (1 liter) and, after 30 min, the mixture was extrac- 
ted with three lOO-ml portions of ether. The extract was washed with aqueous sodium 
hydrogen carbonate (100 ml), and with six lOO-ml portions of water. The dried (mag- 
nesium sulfate) extract was evaporated, and the residue was distilled to give a yellow 
syrup, yield 4.86 g (710/Q, b-p. 130”/0.5 torr, that gave positive Schiff and Tollens tests 
and showed carbonyl absorption in its i.r. spectrum. T.1.c. on Silica Gel G (E. Merck, 
Darmstadt, Germany), with 19:i benzene-methanol as developer and indication with 
sulfuric acid, showed the product to contain a major component, RF 0.8 together 
with minor components having RF 0.4 and 0.7. The starting material 1, RF 0.3, was 
absent. A l-g portion of the syrup was resolved by chromatography on a column 
(25 x 2.5 cm) of Silica Gel Davison (grade 950,60-200 mesh, Davison Division of the 
W. R. Grace Co., Inc., Baltimore, Maryland), with 9:l benzene-ether as the eluant. 
The first 100 ml of effluent was discarded. The next25 ml contained, as the sole compon- 
ent, the product having RF 0.8 (392 mg). Fractions eluted in the next 100 ml (425 mg) 
contained mainly the component having RF 0.8, in admixture with some of the compon- 
ent having RF 0.7. A further 50 ml of effluent was collected, and was found to contain 
the product having RF 0.7 as the sole component (50 mg). Crystallization of the latter 
from ethanol gave 6-O-acetyl-l,2:3,4-di-O-isopropylidene-a-D-galactopyranose (3), 
m-p. 106-107” (lit.g m-p. iO8O), identical with an authentic sampler’ of 3 by mixed 
m.p., t.l.c., comparative i.r. and n.m.r. spectra,” and X-ray powder diffraction pattern. 

1,2:3,4-Di-O-isopropylide~~e-5-0-(methyltJ~io)methyl-a-D-gaJactopyranose (2). - 
The homogenous fraction (392 mg) having RF 0.8, from the preceding experiment, was 
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distilled14 to give 2 as a colorless syrup, b-p. 145-160” (bath)/O.l torr, [a];’ -85 +5” 

(c 0.9, chloroform); AZ:; 7.25, 7.30 pm (CMe,), hydroxyl and carbonyl absorption 
absent; n.m.r. data (chloroform-d, tetramethylsilane internal standard, Varian A-60 

spectrometer): r 4.46 (l-proton doublet, J1,2 4.8 Hz, H-l), t 5.29 (2-proton singlet, 
OCH$S), r 5.38 (I proton, Jzes 2.3 Hz, H-3), T 5.60-6.36 (multi~lets, 5 protons, H-2,4,- 
5,6,6’), r 7.86 (3-proton singlet, SMe), T 8.45, 8.54, 8.65 (3-, 3-, and 6-proton singlets, 

CMe,) . 

Anal. Calc. for C14Hz406S: C, 52.50; H, 7.56; 0, 29.97; S, 10.00. Found: 
C, 52.46; H, 7.55; 0, 30.10; S, 9.95. 

Mass spectrum of 2. - The sample was introduced* by a direct-inlet system, the 

temperature of the ion source was 250”, and the ionizing energy was 12 eV. The obser- 
ved m/e values and relative intensities of the principal peaks are shown in Figure 1. 

Department of Chemistry, 
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Electron-spin resonance spectra of sodium-hydroxide cellulose system 

Electron-spin resonance (e.s.r.) spectra of irradiated, frozen water and aqueous, 
alkaline solutions have attracted much attention’ -4, and efforts have been made to 
obtain evidence for the polarons or other free radicals postulated as being produced 
during irradiation. Although it had been considered that measurement of e.s.r. 
absorption of electrons in aqueous solutions is not feasible’, attempts to overcome 
these difficulties have been made, and g-values have been assigned to trapped electrons 
in aqueous systems IV6 . No report has, as yet, been made on the presence of free radicals 
in similar nonirradiated systems. We now report a multiple-signal, e.s.r. spectrum 
that indicates the existence of unexpected, and previously undetected, electron para- 
magnetic species in sodium hydroxide-cellulose systems. These species seem to be in 
equilibrium, and are relatively stable. 

F’urified cotton-cellulose was soaked in a sodium hydroxide solution (I to 50% 
concentration) for 10-25 set at about 25”, and then frozen by immersing it in liquid 
nitrogen_ After it had been warmed to - loo”, a six-line es-r. spectrum (see Fig. 1 

k 250 GAUSS 

d 

Fig. 1. Electron-spin resonance spectrum generated by sodium hydroxide (18%)xellulose system 
at - 100’. (Magnetic field increases from left to right.) 

was obtained. With increasing concentration of the sodium_ hydroxide solution, the 
intensity of the e.s.r. spectrum increased to a maximum (at about 15-20% concentra- 
tion) and then decreased. Neither the sodium hydroxide solution nor the purified 
cotton-cellulose (separately) generated an e.s.r. spectrum. When the sodium hydroxide 
was removed from the cellulose by washing the sodium hydroxide-cellulose with 
water and drying the cellulose, no e-s-r. spectrum was generated by the cellulose. On 
freezing, water-soaked cotton-cellulose did not give an e.s.r. signal; however, when 
treated with sodium hydroxide as described above, this cellulose generated an e.s.r. 
spectrum. De-aeration of the system did not change the nature of the es-r. spectrum. 
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Under various experimental conditions, the e.r.s. spectra generated by systems of 
cellulose plus (a) alkali metal, (b) alkaline-earth metal, or (c) tetraalkylammonium 
hydroxides were similar. _4t about 25”, the intensity of the e.s.r. spectra decayed, with 
a ha&life of about one h. At higher temperatures, the intensity of the spectra de- 
creased sharply. g-Values and line-widths for various absorption lines in the e.s.r. 
spectrum, as numbered in Fig. 1, are recorded in Table I. No simple relationships 
existed between the g-values, line-widths, and signal intensities. 

TABLE I 

ANALYSIS OF E.S.R. SPECTRA GENERATED BY SODIUM HYDROXIDE-CELLULOSE AND SODIUM HYDROXIDE- 

cU’+ SYSTEMS AT - 100’ 

o.shl NaOH on 1c4 M Cu2+ in Ip4 M cU2+ iff o.shl iw4M cU2+ ifI 18% 

cellulose 0.5~ NaOH NaOH on cellulose NaOH on celhdose 
after 1.5 h at room temp. 

Line g-Value Line- g- Value Line- g- Value Line- g- Value Line- 

Number width width width width 
(gauss) (gauss) (gauss) (gatrss) 

1 2.0045 13.3 2.0115 14.4 2.0052 17.8 2.0045 13.2 
2 2.0206 8.0 2.0238 9.1 2.0204 10.6 2.0203 8.5 
3 2.0294 5.4 2.0326 4.4 2.0289 - 2.0289 6.0 
4 2.0427 7.4 2.0464 8.6 2.0432 9.5 2.0426 8.0 
5 2.0630 7.8 2.0656 8.8 2.0633 9.5 2.0630 7.7 

6 2.0778 9.0 2.0802 10.5 2.0787 13.0 2.0783 13.4 

Copper@) in sodium hydroxide solution generated an e.s.r. spectrum (see 
Fig. 2) similar to that generated by the sodium hydroxide-cellulose system (see Fig. 1). 
The line-widths of the spectrum generated by the Cu**-sodium hydroxide system 
(see Fig. 2) were slightly greater than those of the spectrum generated by the sodium 
hydroxide-cellulose system. Also, the g-values for the spectrum of the system con- 
taining Cu *+ had a tendency to shift to a magnetic field lower than those of the spec- 
trum of the sodium hydroxide-cellulose system. The spectrum generated by the 
Cu2f-sodium hydroxide-cellulose system was almost identical with those generated 
by the sodium hydroxide-cellulose system and the CuZi-alkali system, except that 
the line-widths were greater for the spectrum generated by the Cu2f-sodium 
hydroxide-cellulose system. Part of the es-r. spectrum of the sodium hydroxide- 
cellulose system could be generated by a trace of copper, which, on addition of sodium 
hydroxide, was released from a natural cellulose-copper chelate. However, repeated 

extraction of the purified cellulose with solutions of alkali hydroxides and hydrazine 
did not diminish the species generating the e.s.r. spectrum. 

When deuterated water was used instead of water in these systems, the resolution 
of the lines of the es-r. spectra was increased, and the line-widths of the more intense 
lines were decreased by about 30% of their normal magnitude; this result indicated 
that hydrogen and deuterium both interacted with the species generating the e.s.r. 
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signal. This interaction was mainly responsible for determining the line-widths of the 
signals. As the line-widths for the Cuzf- NaOH and Cuzf-NaOH-cellulose systems 
are slightly greater than those for the cellulose-NaOH system, Cuzi seems to affect 
the line-widths. 

k 250 GAUSS 

4 

Fig. 2. Electron-spin resonance spectrum generated by 10m4 h( Cu 2+ in sodium hydroxide (18%) ar 
- 100”. (Magnetic field increases from left to right.) 

The identity of these e.s.r. spectra, together with evidence that there is coupling 
with the protons of the aqueous system, suggests that these signal-generating species 
are trapped in the alkaline matrix instead of on the pyranoside ring or by the cupric 
ion. Furthermore, it suggests that these species are of the same nature, although the 
mechanism of their production may be different. This conclusion necessitates re- 
interpretation of some of the e.s.r. spectra of copper complexes’. 

It is tentatively suggested that the spin-free electron in the complex cupric ion 
in sodium hydroxide solution is delocalized by a strong ligand-field provided by OH- 
or 02- anions, and that it may, under certain conditions, become aquated, or spin- 
paired with another electron from the system. This would result in Cu3+ ions which, 
being powerful oxidants, may abstract an electron from the surrounding OH- ions 
and thus produce -OH radicals. The aquated or spin-paired electrons may produce 
other radicals. That this type of phenomenon occurs is indicated by the decreased 
interaction of the Cu nuclear spin with free electrons, resulting in very weak absorption 
attributed’ to gl[_ Correspondingly, if the gl absorption lines are also weak, these 
must be masked by the new, unidentified lines now reported. 

The ordered chains of the pyranoside rings in crystalline cellulose may, by 
their electrophilic character, also be reponsible for the stabilization of hydroxyl 
radicals and e,, during the process of swelling or mercerization, or both. In this regard, 
potential gradients existing between the cellulose chains would be significant. During 
the soaking process and the reaction of sodium hydroxide with celllulose, - OH radicals 
and free electrons could be produced; these radicals would react with the medium to 
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produce more-stable radicals. By lessening the rate of diffusion, cotton cellulose would 
increase the half-lives of the species generating the e.s.r. spectrum. 

It has further been observed that the intensity of the lines in the e.s.r. spectrum 
of cupric ion dissolved in supercooled alkali glasses is much greater (by a factor of 
about 4) than when the glass crystallizes. This result indicates that the number of 
radicals is diminished on crystallization (as a result of recombination and destruction 
processes). Evidence is also available’ that, on crystallization of these solutions, the 
e.s.r. spectrum shows absorptions, due mainly to cupric ion, having lines of equal 
intensity for g[I and gL. 

Work in progress is expected to elucidate these phenomena. 

EXPERIMENTAL 

The e.s.r. spectra were recorded with a Varian 4502-15 EPR spectrometer. 
The system was equipped with a dual sample-cavity, cell accessories for aqueous 
solutions and solid sampies, and a variable-temperature device that permitted operation 
from abour - 185 to -i-300”. All of the spectra were recorded at -100”. 

Cotton cellulose was purified as previously describedg. The purified cellulose 
had the type I crystalline lattice, and a viscosity-average molecular weight of about 
700,000. 
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Acetic anhydride-phosphoric acid as an acetylating agent’ 

For some time, there has been a need for an effective agent for acetylating 
enolic compounds. For example, all known methods of acetylation, including the 
recently developed Fritz-Schenk’ reagent (acetic anhydride and perchloric acid in 
ethyl acetate), have failed to provide an acetate from croconic acid2. It has now been 
found that the acetate of croconic acid can be obtained with a reagent prepared from 
acetic anhydride and anhydrous phosphoric acid. 

The new reagent has proved to be effective for acetylating carbohydrates, 
cyclitols, enols, phenols, sterically hindered secondary alcohols, and tertiary alcohols; 
non-isomerized acetates are usually produced. The mildness of the acetylating agent 
is attributable to the non-oxidizing character of phosphoric acid; moreover, the latter 
is a good solvent, and, because of its chelate-forming ability, a stabilizer. 

The active acetylating species in the acetic anhydride-phosphoric acid reagent 
is believed to be the monoacetic phosphoric anhydride (I), which was isolated as 
the disilver salt in a low yield. No diacetic or triacetic phosphoric anhydrides were 
isolable from the acetylating reagent. 

HO 0 

/\ 
HO O-AC 

Table I summarizes the conditions employed and the results obtained in the 
application of the acetylating agent to a variety of organic compounds. Table II 
summarizes the experiments that provide other acy1 derivatives of mya-inositol. 
Tables I and II show the time used in each esterification and the yields of the esters 
produced; it is presumed that longer reaction times will afford higher yields. 

EWERIMENTAL 

Anhydrous phosphoric acid. - Phosphorus pentaoxide (113 g) is dissolved in 
commercial orthophosphoric acid (150 g) at 60-70”. The resulting product is liquid, 
but crystallizes on standing (lit3 m-p. 42O). The crystalline material can be liquefied 
by heating it in an oven at 60” (prolonged heating at higher temperatures leads to 
formation of polyphosphqric acid4*5; polyphosphoric acid is not miscible with acetic 
anhydride under the conditions described). Instead of anhydrous phosphoric acid, 
superphosphoric acid, 105% (FMC Corporation, New York) may be used; anhy- 
drons phosphoric acid is also available from Matheson Co., Chicago. 

The acetyZating reagent. - The acetylating reagent is prepared just before use 
by adding anhydrous phosphoric acid (1 ml) to acetic anhydride (4 ml) (mole ratio, 

*Part II in the series Mefltodr in Inosifd Chemis~y; for Part I, see Ref. 12 (bj. 
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TABLE I1 

PREPARATION OF PROPIONIC, BUTYRIC, AND ISOBUTYRIC FiSl-ER.+ OF ~J’~-‘INOSITOL= 

Reagentb Temperature of Product Yield Melting point 
reaction (degrees) (%) (degrees) 

A 85-90 hexapropionate 97 115-116 
B 90-95 hexabutyrate= 92 93-95 
C 90-95 hexaisobutyratec*d 90 180-181 

=Treatment of I g of myo-inositol with 25 ml of the reagent for 15 min. bA, Phosphoric propionic 
anhydride; B, butyric phosphoric anhydride; C, isobutyric phosphoric anhydride. =During 
decomposition of the reaction mixture with ice-water, a small quantity of 5% aqueous sodium hydro- 
gen carbonate was added to facilitate the dissolution of the acid. dNo complete dissolution of the 
solid was observed. 

1: 1.7) in agraduated cylinder and stirring with a glass rod until a homogeneous solution 
is obtained. The temperature of the mixture usually rises to 50-55”. 

Examination of the acetylating reagent. - The acetylating reagent (25 ml), 
prepared at 5”, was stirred with cold, dry I:1 (v/v) benzene-chloroform) (200 ml) 
and the benzene-chloroform layer was separated from the syrupy residue (A), dried 

(magnesium sulfate and molecular sieves), and concentrated under diminished 
pressure to a syrup. The latter was kept in a deep-freeze for 100 h, and then at room 
temperature for 120 h, whereupon crystallization started. A white, waxy solid was 
isolated (3.2 g); when fresh, this material was soluble in benzene, but upon storage, its 
solubility in benzene diminished. A sample recrystallized from benzene-pentane 
began to decompose at 144-146” (effervescence) and melted completely at 300”; 
llN”jo* triplet at 5.62,5.72, and 5.88 pm (C=O); other prominent bands were observed ma* 
at 2.88 (OH), 7.80 (P-CH,), 8.20 (sh) (acetate); and 8.90 pm (acetate). Analysis 
showed C, 5.23; H, 1.8; P, 25.8. It was concluded, therefore, that the crystalline 
material corresponds most closely to an acetyl derivative of polyphosphoric acid6. 

The syrup (A) remaining after the extraction was sensitive to moisture; it was 
quickly dried in uacuo in the cold; ~~~'orfi'm2.90 (OH), 5.65 (C=O), and 8-O-8.3pm 
(acetate); the band at 5.65 pm disappeared after exposure of the product to the air for 
3 min. CareN processing of syrup A at 0” afforded compound 1 as the sparingly 
soluble disilver salt7’8. The steps employed in its isolation were (a) partial neutral- 
ization (to pH 3-3.5) by shaking the syrup with ice-cold, saturated, aqueous potassium 
carbonate, (b) washing the syrup with water, (c) complete neutralization (to the 
phenolphthalein end-point) with barium carbonate and then with a saturated solution 
of barium hydroxide, and (d) treatment of the ice-cold, filtered solution with 25% 
aqueous silver nitrate. The yellowish white product which was precipitated (8-10 g), 
containing some silver acetate, was purified by a published procedure’ in which the 
crude silver salt was converted into the sodium salt and then the latter salt was 
reconverted into the silver salt, isolated as colorless needles: I.:$ 6.88 (C=O) and 
8.10 pm (acetate); other prominent bands were observed at 8.96, 9.22, 9.65, 10.10, 
10.75, 10.90, 13.25, and 15.00 m. 

C~~ohyd. Res., 6 (1968) 237-240 



246 NOTES 

Acetylationprocedure. - Acetylation was usually performed by stirring the reac- 
tants at 50-60” until dissolution occurred, although acetylation at room temperature was 
also found to be effective. Generally, a finely powdered reactant (1 g) was treated with 
10 ml (or 25 ml) of the reagent, and the product was recovered either by treatment 
with ice-water or by extraction with (a) dichloromethane containing 5 to 25% of 
ethyl ether or (b) chloroform. Acetylation is readily performed on a large scale. For 
example, by stirring myo-inositol(20 g) with the acetylating mixture (200-250 ml) at 
85” for 15 mm, followed by treatment with ice-water, 47 g (a 97% yield) of almost 
pure myo-inositol hexaacetate (m.p. 214215O) was isolated. 

This procedure may readily be extended to the preparation of esters of other 
fatty acids, as indicated in Table II for the preparation of the butyrate, isobutyrate, 
and propionate of myo-inositol. Usually, the higher temperature was employed to 
effect dissolution of the solid; this is because the solubility of myo-inositol in the 
various mixed anhydrides diminishes with increase in the length of the carbon chain 
(acetic> propionio butyric> isobutyric). 
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Studies on starches of high amylose-content 
Part IX. The detection of linear material in the anomalous 
amylopectin from amylomaize starch 

The controversial studies on the nature of the components of maize starches 
of high amylose-content have been reviewed elsewhere’. There is, however, general 
agreement that when amylomaize starch is subjected to conventional fractionation 
involving dispersion of the granules and precipitation of the amylose by addition of 
butyl alcohol, the resulting amylopectin has three anomalous properties: (a) the 
/3-amylolysis limit of ca. 65% conversion into maltose is much greater than the value 
(54-56x) observed for amylopectin from most normal starches; (b) the chain length 
(CL) of ca. 35 D-glucose residues is greater than that (20-25) usually found for amylo- 
pectin; (c) large amounts of iodine (1.5 mg of iodine/l00 mg of polysaccharide) are 
bound relative to normal amylopectin (ca. 0.2 mg of iodine/l00 mg of polysaccharide). 
The iodine uptake at the temperature (20”) normally employed for this measurement 
is very different in form to that observed for samples of normal amylose or amylopec- 
tin (or any mixture of the two), and, in fact, reasonable values for the iodine-binding 
capacities of these amylopectins from starches of high amylose-content can be ob- 
tamed only if measurements are carried out at low temperature (2O). 

Two very different explanations have been offered for the anomalous properties 
of these amylopectin fractions. The first2-4 is that, in the starches of high amylose- 
content, the balance of the synthesising enzymes has been upset in such a way that a 
structurally homogeneous amylopectin is produced, which differs from normal amylo- 
pectin on& in having a greater external chain-length than usual (25 D-glucose residues 
as opposed to ca. 15). This, of course, must lead to the anomalous amylopectin having 
a greater overall chain-length and higher p-limit than the normal material. It nzuy also 
explain the peculiar iodine-binding characteristics of the anomalous fraction. 

A second explanation ‘-’ is that the anomalous material is a mixture of normal 

amylopectin and degraded amylose [degree of polymerization (DP,) of the order of 
100 D-ghCOSe residues]; the size of the contaminating amylose is so small that the 
normal complexing agents (butyl alcohol, thymol, etc.) cannot combine with it to 
form stable complexes, and hence separation by this technique is not possible. Again, 
such an explanation would account for the higher chain-length and /k.mylolysis limit. 
Additionally, it has been shown that the iodine-binding characteristics of degraded 
amyloses are similar in form to those of anomalous amylopectins’. We have previously 
reported a separation process for this degraded amylose, based on differential ultra- 
ccntriugation5P6, but this method has been criticised4. We now wish to present an 
enzymic method that can show the presence of linear D-glucan in admixture with an 
amylopectin. 

The basis of this method is that the @-amylolysis of a branched a-o-(1+4)- 
glucan (glycogen or amylopectin) can yield only maltose and a residue of high mol- 
ecular weight (/I-limit dextrin), as this exoamylase hydrolyses alternate a-~-( I-4) 
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linkages, and cannot by-pass a-~-(1+6) branch points. &Amylolysis of a linear 
amylose, on the other hand, results in the complete hydrolysis of the polysaccharide. 
Furthermore, whilst the complete fl-amylolysis of an amylose molecule containing 
an even number of o-glucose residues leads only to the production of maltose, that 
of a polymer chain containing an odd number of residues (which statistically would be 
expected to be half of the total number of amylose molecules) produces, in addition 
to maltose, one molecule of maltotriose. The maltotriose undergoes slow fi-amylolysis 
to maltose and -glucose. We have shown9 that, by increasing the concentration of 
enzyme sufficiently, this process can be made Quantitative in a period of ca. 30 h. Small 
amounts of D-glucose (2-30 pg) can be easily and accurately determined in the presence 
of a large excess of maltose, using the gIucose-oxidase technique of Dahlqvist”. Thus, 
if, after &unylolysis of an anomalous amylopectin, D-glucose can be detected in the 
digest, it shows unambiguously that the polysaccharide is a mixtare of amylopectin 
and amylose. Conversely, the absence of D-glucose from the digest shows that the 
starting material contained only a branched polysaccharide. 

EXPERIMENTAL 

The samples of anomalous amylopectins used were those isolated from amylo- 
maize6. The preparation of the control samples of rabbit-liver glycogen and potato 
amylopectin has also been described”*12. 

To achieve the necessary high concentration of poiysaccharide, digests were 
set up as follows. Polysaccharide (ca. 150 mg) was dissolved in methyl sulphoxide 
(1 ml) by standing overnight at 35”. A mixture (8 ml) of glycerol (50%) and 0.05~ 
acetate buffer (PH 4.8) (50%) was added and the mixture shaken for 1 h. /%Amylase 
(i ml; 10,000 units13) was then added, and the digest incubated for 48 h at 37”. The 
o-glucose content was then assayed, using the glucose-oxidase technique of Dahl- 
qvist’O. 

The total concentration of polysaccharide was obtained by hydrolysing an 
aliquot of the digest, using R(D)-1,4-glucan-glucohydrolase (semi-purified preparation, 
e3c Aspergillus niger, kindly donated by Dr. I. D. Fleming, Glaxo Research Ltd.) The 
resulting D-glucose was again estimated by the glucose-oxidase method. 

RESULTS AND DISCUSSION 

The amount of D-glucose obtained on the jkunylolysis of various polysacchar- 
ides is shown in Table I, as a function of the total D-glucose (polysaccharide concen- 
tration) present. Only in the case of the samples from the starches of high amylose- 
content is an appreciable proportion of D-ghICOSe obtained on B-amylolysis. Thus, 
there is no doubt that these samples contain a considerable proportion of linear 
material, which must explain, to some extent, the high values observed for their chain 
lengths. 

Assuming that the E, of the contaminating amylose is about 100 ~-glucose 
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residues, then, using the values in Table I, it can easily be shown that the “ Amylon 50” 
and “Amylon 70” amylopectins contain 31 and 38%, respectively, of this linear 
material. The measured chain-length of the anomalous :amylopectins is a number- 
average value, with contributions from both linear and branched fractions. Thus 

l/x = (sly) + (1 -a)/? 

where x is the chain length of the mixture, a is the fraction of linear material of 
chain length (degree of polymerisation) y, and z is the chain length of the “t-rue” 
amylopectin (= 25 D-glUCOSe residues in this case)_ Use of the figures derived above 
for a and y gives values for x of 33 and 35 D-glucose residues for the chain length of 
the anomalous amylopectins from “Amylon 50” and “Amylon 70” starches, respec- 
tively. These calculated values are in good agreement with the experimental values 
shown in Table I. 

TABLE I 

D-GLUCOSE PRODUCED ON /%AMYLOLYSIS OF BRANCHED a-D-(I-+-GLUCANS 

Sample Chain JengtJz D- Glucose prodaced 
on /I-amylolysis (O/O) 

Rabbit-liver glycogen 12 0 
Potato amylopectin I 23 0.01 
Potato amylopectin 2 24 0.0 1 
“Amylon SO” amylopectin 35 0.16 
“Amylon 70” amylopectin 36 0.19 

We therefore conclude that our previous postulate’ is essentially correct - the 
anomalous characteristics of amylopectin fractions from starches of high amylose- 
content are due to the presence of contaminating, short-chain, linear material. 
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A Diels-Alder reaction: the dimerisation of (2R,3R)-5-benzoyl- 
2,3-dihydro-2.3~U-isopropylidenefuran-2,3-diol 

This communication reports the facile dimerisation of (2R,3R)-5-benzoyl-2,3- 

dihydro-2,3-U-isopropyhdenefuran-2,3-dial* (2) by a reaction that has a formal 

similarity to the Die&Alder reaction*, in that the conjugated ar,/I-unsaturated 
carbonyl compound functions both as a diene (I,4 addition) and as a dienopbile 
(I,2 addition). The unsaturated ketone (2) was prepared by treating the toluene-p- 

sulphonate 1 with sodium carbonate in NJV-dimethylformamide, when both the furan 

derivative (2; 52%) and the dimer (3; 17%) were isolated. On storage for 48 h at room 

temperature, compound 2 dimerized completely. The furan derivative (2), which 
rapidly decolourised dilute, aqueous potassium permanganate and bromine water, was 

identified by its n.m.r.spectrum (Table I). The doublet at 6.18 p_p.m. was assigned to 

TABLE I 

N.M.R. ASSIGNhIENTS= FOR COMPOUNDS 2 AND 3 

Compormd H-2 H-2’ H-3 H-3’ H-4 H-4’ 52.3 J1’.3’ 53.4 J3’.4’ J4’*4’ 

26 6.18 - 5.38 - 5.92 - 5.2 - 2.6 - - 
36 6.31 6.18 4.91 4.82 2.34 3.68 4.6 3.6 1.9 r-o.5 12.3 

=Chemical shifts in parts per million; couphng constants in Hz. bCompound 2 showed methyl 
signals at 1.42 and 1.46 p.p.m_, and compound 3 showed methyl signals at 1.18, 1.27, 1.48, and 
1.56 p_p.m. Both compounds showed a quartet at 8.15 and 8.35 p.p.m., respectively, characteristic 
of two equivalent aromatic protons ortiro to a carbonyl function. 

H-2 by analogy with derivatives of I ,2-O-isopropyiidene-a-D-xylofuranosez. The 
signals at 5.38 and 5.92 p_p_m_ were then assigned to H-3 and H-4, respectively, and 

have values consistent with the proposed structure_ A dimeric structure for com- 

*Compound 2 may be alternatively named 3-deoxy-1.2-O-isopropylidene-5-C-phenyl-a-D-~~ycero- 
pent-3-enofuranos-5-ulose. 
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TABLE I 

N.M.R. ASSIGNhIENTS= FOR COMPOUNDS 2 AND 3 

Compormd H-2 H-2’ H-3 H-3’ H-4 H-4’ 52.3 J1’.3’ 53.4 J3’.4’ J4’*4’ 

26 6.18 - 5.38 - 5.92 - 5.2 - 2.6 - - 
36 6.31 6.18 4.91 4.82 2.34 3.68 4.6 3.6 1.9 r-o.5 12.3 

=Chemical shifts in parts per million; couphng constants in Hz. bCompound 2 showed methyl 
signals at 1.42 and 1.46 p.p.m_, and compound 3 showed methyl signals at 1.18, 1.27, 1.48, and 
1.56 p_p.m. Both compounds showed a quartet at 8.15 and 8.35 p.p.m., respectively, characteristic 
of two equivalent aromatic protons ortiro to a carbonyl function. 

H-2 by analogy with derivatives of I ,2-O-isopropyiidene-a-D-xylofuranosez. The 
signals at 5.38 and 5.92 p_p_m_ were then assigned to H-3 and H-4, respectively, and 

have values consistent with the proposed structure_ A dimeric structure for com- 

*Compound 2 may be alternatively named 3-deoxy-1.2-O-isopropylidene-5-C-phenyl-a-D-~~ycero- 
pent-3-enofuranos-5-ulose. 
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pound 3 was suggested by the presence of ten aromatic protons, six ring protons, and 
four methyl groups in its n.m.r. spectrum. 

By analogy with dimerisations of c+unsaturated aldehydes, and of reactions 
between a&unsaturated aldehydes and vinyl ethers3, it was expected that dimerisation 
of compound 2 would result in the formation of a carbon-carbon bond between C-4 
of the two molecules and a carbon-oxygen bond between C-5 of one molecule and the 
carbonyl oxygen of the other, rather than the reverse process. Eight structures are 
possible for the dimer, since three new asymmetric centres are formed during the 
dimerisation process. If the most probable transition states are considered and the 
Woodward-Katz principle4 is invoked, it is possible to predict the dimer structure. 

O-CMe, 

2 
e2 

The Woodward-Katz principle states that the diene assumes a quaskis conformation 
and that the diene and dineophile approach one another initially in parallel planes 
orthogonal to the direction of the bond to be formed_ Further, conformational speci- 
ficity about the newly forming bond is determined by secondary attractive forces not 
directly associated with the primary bonding forces. An inspection of molecular 
models reveals that the transition state (represented diagrammatically as 4) which 
meets the Woodward-Katz requirements is that which is also most favoured in terms 
of “bulk” steric effects. The “A ” molecule takes up a situation immediately “above” 
the “B” molecuie, prior to dimerisation. Such a transition state requires that H-4 
should be below the plane of the pyran ring in the dimeric molecule, and that H-4’ 
and the 5’-C-benzoyl substituent should be above the plane. The parameters obtained 
from a detailed first-order analysis of the n.m.r. spectrum of compound 3 were in 
accord with the predicted configurations of the three new asymmetric centres, 

The coupling constants for the “A” ring protons Jzse3, 3.6 Hz and J3,,4, -c 0.5 
Hz are consistent with the coupling constants observed in a large number of a-D- 

xylofuranose derivatives2. In ring “B”, the presence of the exocyclic double-bond 
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causes a flattening of the ring which is reflected by the increase in the values of Jzs3 

(4.6 Hz) and J3,4 (1.9 Hz). The large J++. coupling of 12.3 Hz is only possible if H-4 

and H-4’ have a trans-diaxial relationship 5. The observed coupling constants and 
chemical shifts are consistent with no other structure and unequivocally establish 

that the dimer of compound 2 has structure 3. 

EXPERIMENTAL. 

Thin-layer chromatography (t.1.c.) was performed on microscope slides coated 
with Silica Gel G, and column chromatography was performed with Silica Gel of 
particle size 0.0502 mm (both adsorbents were manufactured by E. Merck, Darm- 
stadt, Germany). N.m.r. spectra were measured with a JEOL JNM-4H-100 n.m.r. 
spectrometer at 100 MHz, with deuteriochloroform as solvent and with tetramethyl- 

silane as internal standard. 

1,2-O-lsopropylidene-5-C-phenyZ-3-O-toluene-p-suipho~~yI-u-~-xyIopentofuranos- 

&dose (1). - A solution of l~-O-isopropylidene-fi-C-phenyl-a-~-xylopentofuranos- 
5-ulose6 (10 g) in dry pyridine (30 ml) was added to a solution of toluene-p-sulphonyl 
chloride (9.5 g) in dry pyridine (25 ml) at 0”, and the solution was stored for 24 h at 
room temperature. The solution was poured into water (250 ml), and extracted with 

chloroform, and the chloroform extract was washed with dilute hydrochloric acid, 

aqueous sodium hydrogen carbonate, and water, dried (MgSO,), and concentrated_ 
The residue was recrystallised from ethanol to yield compound 1 (13 g, 80x), m-p. 
IOl-102”, [a]n -75” (c 6.3, chloroform) (Found: C, 60.2; H, 5.1. CZ1H2207S talc.: 

C, 60.3; H, 5.3%). 

Treatment of compound 1 with sodium carbonate. - A mixture of compound 1 
(10 g) and anhydrous sodium carbonate (10 g) in N,Wdimethylformamide (75 ml) was 
heated for 72 h at 50”. At intervals, samples (1 ml) were removed and partitioned 

between water and ether, and then the ether solution was examined by t.1.c. with light 
petroleum (b.p. 40-60”)-isopropyl ether (3:2). The unsaturated products were detect- 
ed with dilute,-aqueous potassium permanganate, and compound 1 was detected with 
sulphuric acid. The solution was poured into water (200 ml) and extracted with ether, 

and the ether extract was washed with water, dried, and concentrated_ Chromato- 
graphic resolution of the residue on silica gel with light petroleum (b-p. 40-6O”)-iso- 
propyl ether (3:2) yielded compound 2 (3 g, 52%) and 3 (1 g, 17%). The a,/.-unsatu- 
rated ketone 2 was unstable, and dimerised during 48 h to compound 3. On crystal- 
lisation from ethanol or light petroleum (b-p. 6@-SOO), compound 3 had m-p. 162-164”, 

[& +340” (c 1.2, chloroform) (Found: C, 68.3; H, 5.6. C,,H,,O, talc.: C, 68.3; 

H, 5.7%). 

Chemical Defence Experimental EstablisJzment, 

Porton Down, 

Nr. Salisbury, 
Wiltshire (Great Britain) 

T. D. INCH 

P. RICH 
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A convenient synthesis of D-glucopyranose 1.6-diphosphate 

The importance of a-D-glucopyranose 1,6-diphosphate as a coenzyme is well 
established’. More recently, its possible role in the biosynthesis of glycogen has been 
suggested’. In order to test this hypothesis appreciable quantities were required_ 
Postemak has described two fairly long syntheses3 of this compound from D-glucose 
uia 2,3,4-tri-O-acetyl-a-D-glucopyranosyl bromide 6-(diphenyl phosphate). Ray and 
Roscel.li4 have modified this procedure by separating the a- and /2-D anomers by 
ion-exchange chromatography. A short and convenient synthesis from ~-glucose 

6-phosphate is now described. 
Treatment of D-glucose 6-(disodium phosphate) with acetic anhydride and 

sodium acetate, followed by cation exchange with Amberlite IR-120 resin (He), gave 
1,2,3,4-tetra-O-acetyl-fi-D-glucopyranose 6-(dihydrogen phosphate), isolated in 
yields of 50-55x as the crystalline methanolate. This compound was identical with 
authentic material5 prepared by hydrogenolysis of 1,2,3,4_tetra- 0-acetyl-/SD- 
glucopyranose 6-(diphenyl phosphate). 

Treatment of I ,2,3,4-tetra-0-acetyl+D-glucopyranose 6-(dihydrogen phos- 
phate) methanolate with crystalline phosphoric acid6, followed by deacetylation, 
gave D-glucopyranose 1,6-diphosphate, conveniently isolated in yields of 30-35x as 
the crystalline tetracyclohexylammonium salt tetrahydrate. The molecular rotation 
of this product ([Ml, + 19,560”) indicated, from calculations based on Postemak’s 
optical rotational data3, it to contain the cc- and P-D anomers in the ratio 2X5:1. 
After three Further recrystallisations from aqueous ethanol, the molecular rotation 
had risen to + 25,070” (ratio of a- and P-D anomers, 9:l). Acidic hydrolysis of this 
compound gave only D-glucose 6-phosphate and orthophosphate, as revealed by 
paper electrophoresis. 

Alternatively, the compound could be isolated in yields of 30-35x by direct 
precipitation as the dibarium salt. The molecular rotation ([Ml, + 18,020”, after 
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The importance of a-D-glucopyranose 1,6-diphosphate as a coenzyme is well 
established’. More recently, its possible role in the biosynthesis of glycogen has been 
suggested’. In order to test this hypothesis appreciable quantities were required_ 
Postemak has described two fairly long syntheses3 of this compound from D-glucose 
uia 2,3,4-tri-O-acetyl-a-D-glucopyranosyl 
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conversion into the tetrasodium salt) indicated that this product contained the a- and 

PD anomers in the ratio 7:3*. 

1,2,3,4-Terra-0-acetyI-j?--B-D-glucopyranose &(dihydrogen phosphate) methanolate. 
- D-Glucose 6-(disodium phosphate) (2.1 g) was added in portions to boiling acetic 

anhydride (25 ml) containing anhydrous sodium acetate (1.25 g). Boiling was contin- 

ued for 0.5 h, and the cooled solution was then poured into ice-water (70 ml) and 

stirred for 3 h at 0”. Amberlite IR-120 (H+, 75 g) was added, and, after being stirred 

for a further 0.5 h, the solution was filtered, and the resin was washed with water 

until the washings were free from acid. The combined filtrate and washings were 

freeze-dried, and the residue was recrystallised from a mixture of methanol (70 ml) and 

light petroleum (b-p. 60-80”, 70 ml) to give 1,2,3,4-tetra-U-acetyl-/3-D-glucopyranose 

6-(dihydrogen phosphate) methanolate (1.82 g, 48.1x), m-p. 125-128”, identical 

(mixed m.p. and infrared spectrum) with an authentic specimen, prepared by hydro- 

genolysis of l&3,4-tetra-U-acetyl+D-glucopyranose 6-(diphenyl phosphate)‘. 
D-Giucopyrunose 1,6-(tetracyclohexy(ammonium diphosphate) tetrahydrate. - 

1,2&l-Tetra-O-acetyl-fl-D-glucopyranose 6-(dihydrogen phosphate) methanolate 

(98.5 mg) was stirred for 2 h at 50” ik t’cIcuo with anbydrous phosphoric acid (197 mg). 

The cooled syrup was shaken with ice-cold 2~ lithium hydroxide (4 ml), and the pre- 

cipitated lithium phosphate was titered off, and washed with 0.01~ lithium hydroxide 
(10 ml)_ The combined filtrate and washings were passed down a column (1 x 10 cm) 

of Amberlite TR-120 (H+) at 4”, and the column was washed with water. The acidic 

effluent was passed, with stirring, into a solution of cyclohexylamine (0.5 ml) in 

water (10 ml), and the solution was evaporated to dryness. The residue was recrystal- 
lised by dissolving it in water (0.1 ml) and adding ethanol (3 ml) at 4”. After storage 

for IS h at 4”, there was obtained D-glucopyranose 1,6-(tetracyclohexylammonium 

diphosphate) tetrahydrate** (55.7 mg, 32.2x), [aJk” +24.2” (c 0.5, water), [M], 

+ 19,560” (Found: C, 44.4; H, 8.5; N, 6.65; P, 8.0. C,,H,,N,O,.Pz talc.: C, 44.6; 
H, 9.2; N, 6.9; P, 7.7%). This product had an RF value of 0.18 when examined by 

t.1.c. (Whatman CC41 cellulose; propyl alcohol-ammonia-water, 6:3: 1; molybdate 

detection*), and an JIG value of 1.43 when examined by paper electrophoresis (What- 

man 3MM paper; 0.05~ borate; 4000 volts, 40 min; molybdate detection’). After a 

further three recrystallisations by the method described above, the product had 

[a];’ + 3 1 .O” (c 0.5, water), [Ml, +25,070”. 

*Since the completion of this work, Khan et aI. have described a synthesis of D-glucose I,ddiphos- 
phate, by reaction of an uncharacterised tetra-O-acetyl-o-glucose 6-(disodium phosphate) with anhy- 
drous phosphoric acid, in which they claim that only the pure a-D anomer is obtained. However, n6 
optical rotational data for their product were recorded. 
**Although, to the author’s knowIedge,this salt is not described in the literature, it is marketed by The 
Boehringer Corporation (London) Ltd. A specimen obtained from this source had [a]% +30.g” 
(c 0.5, water); [M]D +2.5,010°. 
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D-Gh~copyranose .l,6-(dibarium diphosphate). - 1,2,3/l-Tetra-O-ace@-B-D- 
ghrcopyranose 6-(dihydrogen phosphate) methanolate (0.6 g) was stirred for 2 h 
in cacuo at 50” with anhydrous phosphoric acid (1.6 g). The cooled syrup was shaken 
with ice-cold 2M lithium hydroxide (25 ml), and the precipitated lithium phosphate 
was filtered off and washed with 0.01~ lithium hydroxide (25 ml). To the combined 
filtrate and washings was added barium acetate (800 mg), followed by ethanol (50 ml). 
The precipitate was centrifuged, washed with boiling water (2 x 1 ml), ethanol, and 
ether, and dried to give D-glucopyranose 1,6-(dibarium diphosphate) (0.32 g, 35%) 
(Found: P, 9.5. C,H,,O,,P,Ba, talc.: P, 9_850/,). After conversion into the sodium 

salt by Postemak’s method3, this product had [Ml, + 18,020”. 
Hydrolysis of D-glucopyranose 1,Gdiphosphate. - A solution of Dglucopyranose 

1,6-(tetracyclohexylammonium diphosphate) tetrahydrate (10 mg) in N hydrochloric 
acid (1 ml) was stored for 0.5 h at 100°, cooled, and neutralised with N sodium hydrox- 
ide_ Examination of the solution by paper electrophoresis (conditions as above) 
indicated complete disappearance of the starting material (Mo 1.43) and appearance of 
spots having the Mo values of D-glucose 6-phosphate (1.26) and orthophosphate 
(1.65). 
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Centose; a branched trisaccharide containing or-D-(1 +2) and a-D-(1 +4) 
glycosidic linkages* 

Few trisaccharides are known which contain the a-D-(1+2) glycosidic bond. 
Kojitriose [two z-D-(1+2) links] is a reported transglucosylation product of Schizo- 
saccharomyces pornbe’ :‘, and 0-/SD-glucopyranosyl-(1 +4)-0-[a-D-glucopyranosy1- 
(1+2)]-D-glucose and O-~-D-galactopyranosyl-(l+4)-O-[a-D-glucopyranosyl-(l+2)]- 
D-glucose have been characterised3. 

During the fractionation of honey by column chromatography on charcoal- 
Celite, a trisaccharide fraction K was eluted with 15% ethanol, which gave 4*5, 
inter alia, a reducing trisaccharide K3, now tentatively identified as O-a-D-glucopyran- 
osyl-(l~4)-O-[a-~-glucopyranosyl-(l~2)]-D-glucose. This new trisaccharide has been 
named centose, after Canada’s centennial year. 

Centose showed [a]: + 140” (c 1.15, water), and moved as a single spot on 
paper electrophoresi@ in borate buffer and on paper chromatography in three 
different solvent systems, although the methylation data indicated the presence of a 
contaminant. Total hydrolysis with acid produced glucose only, and partial hydrolysis 
yielded the unhydrolysed trisaccharide, kojibiose, maltose, and glucose. 

These results suggest that centose contains a-D-glycosidic bonds, and support 
for this conclusion was provided by the resistance towards em&in and the ease of 
hydrolysis with amyloglucosidase. The low mobility (II&- 022) of centose on electro- 
phoresis in borate buffer was also indicative of the absence of (1+6) or (143) links 
at the reducing glucose residue. 

Methylation of centose, followed by methanolysis and hydrolysis, gave two 
major methyl sugars identical with 2,3,4,6-tetra-O-methyl-D-glucose (paper chromato- 
graphy, i.r. spectrum) and 3,6-di-O-methyl-D-glucose (paper chromatography and 
electrophoresis, i.r. spectrum). Small proportions of 3,4,6-tri-O-methyl-D-glucose were 
also detected (paper chromatography and electrophoresis). Quantitative determination 
of the O-methyl sugars by g.1.c.’ of their methyl glycosides revealed ratios of methyl 
2,3,4,6-tetra-O-methyl-D-glucosides to methyl 3,4,6-tri-0-methyl-D-glucosides to 
methyl 3,6-di- O-methyl-D-glucosides of 2.2:0.4: 1.0. 

The methylation analysis showed that centose had the following branched struc- 
ture 0-a-D-glucopyranosyl-(I +4)-0-[a-D-glucopyranosyl-(1+2)1-D-glucose, and that 
it was probably contaminated by another trisaccharide, presumably kojitriose. 

EXPERIMENTAL 

Paper chromatography was performed by the descending method on Whatman 
No. 1 and 3 MM papers with the organic phases of (A) butyl alcohol-pyridine-water 
(10:3:3); (B) ethyl acetate-pyridine-water (8:2:1); (C) ethyl acetate-water-pyridine 

*Issued as contribution No. 62 of the Food Research Institute. 
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(2.5:2.5:1); (0) butanone, saturated with water containing 2% of ammonia. Paper 
electrophoresis was performed on Whatman No. 3 MM paper with 0.2M borate 
buffer (pH lo), at 800 volts for 2-3 h. Detection was effected with (A) aniline hydrogen 
phthalate’; (B) naphthoresorcinolg ; (C) alkaline silver nitrate. T.1.c. was performed on 
Silica Gel G, with freshly made mixtures of methanol (4-10x) in benzene. Sugar 
acetates were located in t.1.c. by (A) spraying with water, or (B) spraying with 5% 
sulphuric acid in ethanol and charring. Evaporations were carried out at 35” with a 
rotary evaporator. Rotations are equilibrium values. 

Isolation andpurification of centose. - Centose -was found as a component of a 
trisaccharide fraction eluted with 15% aqueous ethanol during the fractionation of a 
large batch of honey by column chromatography on charcoal-celite. It was separated4 
from other trisaccharides by preparative paper-chromatography with solvent A. 
Further purification was effected by treating the trisaccharides with an equal weight 
of freshly fused sodium acetate in acetic anhydride for 3 h at 120’; the hendecaacetate 
was purified by t.1.c. After deacetylation, the trisaccharide was purified by paper 
chromatography with solvent B. The approximate proportion’ of the trisaccharide in 
the oligosaccharide fraction (3.65% of honey) was 0.05%. 

Characterization of cenfose. - (a) The purified trisaccharide had [a];’ + 140” 
(c 1.15, water). Paper chromatography in solvents A and B showed a single compo- 
nent having RG 0.2 and 0.08, respectively. Paper electrophoresis revealed a single 
component (Mo 0.22). The trisaccharide had RSYCTOSC 0.29 in solvent A ; cf- isomalto- 
triose (0. IS), panose (0.29, isopanose (0.21), and maltotriose (0.35). 

(b) Complete hydrolysis of centose (2 mg) in 2~ sulphuric acid (0.25 ml) for 4 h 
at 100” gave glucose as the only detectable sugar on paper chromatography and electro- 
phoresis. Paper chromatography of a partial hydrolysate (2 mg of centose in 0.1~ 
sulphuric acid for 45 min at 100°) in solvent A, and paper electrophoresis, showed 
3 components corresponding to glucose, maltose or kojibiose (or both), and the unhy- 
drolysed trisaccharide. However, paper chromatography of the partial hydrolysate in 
solvent B revealed 4 components having colour reactions and RG values identical with 
those of D-glucose, maltose, kojibiose, and the unhydrolysed trisaccharide. 

(c) Centose (2 mg) in water (0.2ml) was incubated for 24h with emulsin (2mg) 
at 35”. A similar portion was similarly incubated with amyloglucosidase. Paper chroma- 
tography in solvent Brevealed the absence of glucose in the former hydrolysate, and the 
presence of large proportions of glucosein thelatter. Maltose and kojibiose were hydro- 
lysed by amyloglucosidase under the same conditions. 

(n) The trisaccharide (30 mg) in water (1 ml) was stirred with methyl sulphate 
(0.25 ml) at 0”. Sodium hydroxide (30%, 0.5 ml) was added dropwise over 5 h, and the 
reaction mixture was stirred overnight. Methylation was continued by treating the 
reaction mixture with 30% sodium hydroxide (0.5 ml) followed by methyl sulphate 
(0.3 ml), added dropwise over 7 h, and the reaction mixture was then stirred over- 
night at 0”. A third addition of methylating agents was similarly made. The methylated 
trisaccharide, recovered by chloroform partition, was methylated six times with 
the Purdie reagents and then purified on one t.1.c. plate with solvent D to yield a pro- 
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duct (I5 mg), [cc];’ + 113” (c 1.5, chloroform), which showed no hydroxyl absorption 
in its infrared spectrum. - 

Methanolysis andhydrolysis ofmethylated ceztose.The methylated trisaccharide 
(15 mg) was dissolved in 2% methanolic hydrogen chloride (1.5 ml), and the solution 
was reffuxed for 18 h. After neutraiization (Ag2C03), filtration, and evaporation, the 
syrupy glucosides were hydrolysed with N sulphuric acid (1 ml) for 12 h at 100”. The 
solution was neutralized (BaCO,), and the filtrate was concentrated to a syrup (9 mg). 

A portion (2 mg) of this syrup was refluxed with2% methanolic hydrogen chlor- 
ide for 18 h, and neutralized (Ag,CO,), and the resulting @ucosides were examined by 
g.1.c. with a 4-ft column of 15% polyphenyl ether on Gas Chrom A at 166’. The areas 
under the peaks gave the following quantitative molar ratios: 2,3,4,6-tetra-O-methyl- 
D-glucoside (cQ) 2.2; 3,6-di-U-methyl-D-glucosides (a$) 1; 3,4,6-tri-O-methyl-D- 
glucosides (a$), 0.4. 

Paper chromatography of a portion of the syrupy free sugars in solvent D 
showed three components having RF values (O-78,0.47, and O-18), and colour reactions 
identical with those of authentic samples of 2,3,4,6-tetra-O-methyl-D-glucose, 
3,4,6-&i-O-methyl-D-glucose, and 3,6-di-O-methyl-D-glucose. Paper electrophoresis 
revealed three components having MG values 0.00, 0.20, and 0.55. The MG values for 
the dimethyl ethers of glucose” are MG 0.00 (2,4-); 0.09 (2,6-), 0.135 (2,3-), 
0.185 (4,6-), 0.28 (3,4-), and 0.546 (3,6). 

The remaining mixture of sugars was separated on one paper chromatogram 
(7 x22 in) with solvent D. The two major components, thus recovered, had infrared 
spectra that were respectively identical with those of authentic samples of 2,3,4,6-tetra- 
O-methyl-D-glucose and 3,6-di-O-methyl-D-glucose, also recovered from the paper 
under similar conditions. 
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A convenient synthesis of D-glucopyranose 1.6-diphosphate 

The importance of a-D-glucopyranose 1,6-diphosphate as a coenzyme is well 
established’. More recently, its possible role in the biosynthesis of glycogen has been 
suggested’. In order to test this hypothesis appreciable quantities were required_ 
Postemak has described two fairly long syntheses3 of this compound from D-glucose 
uia 2,3,4-tri-O-acetyl-a-D-glucopyranosyl bromide 6-(diphenyl phosphate). Ray and 
Roscel.li4 have modified this procedure by separating the a- and /2-D anomers by 
ion-exchange chromatography. A short and convenient synthesis from ~-glucose 

6-phosphate is now described. 
Treatment of D-glucose 6-(disodium phosphate) with acetic anhydride and 

sodium acetate, followed by cation exchange with Amberlite IR-120 resin (He), gave 
1,2,3,4-tetra-O-acetyl-fi-D-glucopyranose 6-(dihydrogen phosphate), isolated in 
yields of 50-55x as the crystalline methanolate. This compound was identical with 
authentic material5 prepared by hydrogenolysis of 1,2,3,4_tetra- 0-acetyl-/SD- 
glucopyranose 6-(diphenyl phosphate). 

Treatment of I ,2,3,4-tetra-0-acetyl+D-glucopyranose 6-(dihydrogen phos- 
phate) methanolate with crystalline phosphoric acid6, followed by deacetylation, 
gave D-glucopyranose 1,6-diphosphate, conveniently isolated in yields of 30-35x as 
the crystalline tetracyclohexylammonium salt tetrahydrate. The molecular rotation 
of this product ([Ml, + 19,560”) indicated, from calculations based on Postemak’s 
optical rotational data3, it to contain the cc- and P-D anomers in the ratio 2X5:1. 
After three Further recrystallisations from aqueous ethanol, the molecular rotation 
had risen to + 25,070” (ratio of a- and P-D anomers, 9:l). Acidic hydrolysis of this 
compound gave only D-glucose 6-phosphate and orthophosphate, as revealed by 
paper electrophoresis. 

Alternatively, the compound could be isolated in yields of 30-35x by direct 
precipitation as the dibarium salt. The molecular rotation ([Ml, + 18,020”, after 
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conversion into the tetrasodium salt) indicated that this product contained the a- and 

PD anomers in the ratio 7:3*. 

1,2,3,4-Terra-0-acetyI-j?--B-D-glucopyranose &(dihydrogen phosphate) methanolate. 
- D-Glucose 6-(disodium phosphate) (2.1 g) was added in portions to boiling acetic 

anhydride (25 ml) containing anhydrous sodium acetate (1.25 g). Boiling was contin- 

ued for 0.5 h, and the cooled solution was then poured into ice-water (70 ml) and 

stirred for 3 h at 0”. Amberlite IR-120 (H+, 75 g) was added, and, after being stirred 

for a further 0.5 h, the solution was filtered, and the resin was washed with water 

until the washings were free from acid. The combined filtrate and washings were 

freeze-dried, and the residue was recrystallised from a mixture of methanol (70 ml) and 

light petroleum (b-p. 60-80”, 70 ml) to give 1,2,3,4-tetra-U-acetyl-/3-D-glucopyranose 

6-(dihydrogen phosphate) methanolate (1.82 g, 48.1x), m-p. 125-128”, identical 

(mixed m.p. and infrared spectrum) with an authentic specimen, prepared by hydro- 

genolysis of l&3,4-tetra-U-acetyl+D-glucopyranose 6-(diphenyl phosphate)‘. 
D-Giucopyrunose 1,6-(tetracyclohexy(ammonium diphosphate) tetrahydrate. - 

1,2&l-Tetra-O-acetyl-fl-D-glucopyranose 6-(dihydrogen phosphate) methanolate 

(98.5 mg) was stirred for 2 h at 50” ik t’cIcuo with anbydrous phosphoric acid (197 mg). 

The cooled syrup was shaken with ice-cold 2~ lithium hydroxide (4 ml), and the pre- 

cipitated lithium phosphate was titered off, and washed with 0.01~ lithium hydroxide 
(10 ml)_ The combined filtrate and washings were passed down a column (1 x 10 cm) 

of Amberlite TR-120 (H+) at 4”, and the column was washed with water. The acidic 

effluent was passed, with stirring, into a solution of cyclohexylamine (0.5 ml) in 

water (10 ml), and the solution was evaporated to dryness. The residue was recrystal- 
lised by dissolving it in water (0.1 ml) and adding ethanol (3 ml) at 4”. After storage 

for IS h at 4”, there was obtained D-glucopyranose 1,6-(tetracyclohexylammonium 

diphosphate) tetrahydrate** (55.7 mg, 32.2x), [aJk” +24.2” (c 0.5, water), [M], 

+ 19,560” (Found: C, 44.4; H, 8.5; N, 6.65; P, 8.0. C,,H,,N,O,.Pz talc.: C, 44.6; 
H, 9.2; N, 6.9; P, 7.7%). This product had an RF value of 0.18 when examined by 

t.1.c. (Whatman CC41 cellulose; propyl alcohol-ammonia-water, 6:3: 1; molybdate 

detection*), and an JIG value of 1.43 when examined by paper electrophoresis (What- 

man 3MM paper; 0.05~ borate; 4000 volts, 40 min; molybdate detection’). After a 

further three recrystallisations by the method described above, the product had 

[a];’ + 3 1 .O” (c 0.5, water), [Ml, +25,070”. 

*Since the completion of this work, Khan et aI. have described a synthesis of D-glucose I,ddiphos- 
phate, by reaction of an uncharacterised tetra-O-acetyl-o-glucose 6-(disodium phosphate) with anhy- 
drous phosphoric acid, in which they claim that only the pure a-D anomer is obtained. However, n6 
optical rotational data for their product were recorded. 
**Although, to the author’s knowIedge,this salt is not described in the literature, it is marketed by The 
Boehringer Corporation (London) Ltd. A specimen obtained from this source had [a]% +30.g” 
(c 0.5, water); [M]D +2.5,010°. 
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D-Gh~copyranose .l,6-(dibarium diphosphate). - 1,2,3/l-Tetra-O-ace@-B-D- 
ghrcopyranose 6-(dihydrogen phosphate) methanolate (0.6 g) was stirred for 2 h 
in cacuo at 50” with anhydrous phosphoric acid (1.6 g). The cooled syrup was shaken 
with ice-cold 2M lithium hydroxide (25 ml), and the precipitated lithium phosphate 
was filtered off and washed with 0.01~ lithium hydroxide (25 ml). To the combined 
filtrate and washings was added barium acetate (800 mg), followed by ethanol (50 ml). 
The precipitate was centrifuged, washed with boiling water (2 x 1 ml), ethanol, and 
ether, and dried to give D-glucopyranose 1,6-(dibarium diphosphate) (0.32 g, 35%) 
(Found: P, 9.5. C,H,,O,,P,Ba, talc.: P, 9_850/,). After conversion into the sodium 

salt by Postemak’s method3, this product had [Ml, + 18,020”. 
Hydrolysis of D-glucopyranose 1,Gdiphosphate. - A solution of Dglucopyranose 

1,6-(tetracyclohexylammonium diphosphate) tetrahydrate (10 mg) in N hydrochloric 
acid (1 ml) was stored for 0.5 h at 100°, cooled, and neutralised with N sodium hydrox- 
ide_ Examination of the solution by paper electrophoresis (conditions as above) 
indicated complete disappearance of the starting material (Mo 1.43) and appearance of 
spots having the Mo values of D-glucose 6-phosphate (1.26) and orthophosphate 
(1.65). 
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MULTIPLE FORMS OF SIALIC ACIDS* 

BERNARD M.SCHEINI.HAL** AND FREDERICK A. %rrELHEIM 

Chemistry Department, Adelphi University, Garden City, New York 11530 (U.S. A.) 
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ABSTRACT 

incremental titrations and paper chromatography have shown the presence of 
multiple forms of sialic acids. Additional evidence was obtained by X-ray diffraction, 
n-m-r. spectroscopy, and determination of the mutarotation. It was found that the 
different forms of sialic acids may represent an equilibrium mixture of the open chain 
and of the anomers. At lower pH values, a fraction of the N-acetyl groups has been 
cleaved from N-acetylneuraminic acid by the action of the acidic medium. 

INTRODUCTION 

Sialic acids are unique among the carboxylic acids occurring in biological 
polymers because of their high dissociation constants. Svennerholml has reported 
a pK value of 2.60 for N-acetylneuraminic acid (5-acetamido-3,5-dideoxy-D-&zero- 
D-galacto-nonulosonic acid), whereas Bettelheim’ has found two pK values: 2.60 and 
2.85. Similarly, Berg&d and Odin3 found multiple spots when N-acetylneuraminic 
acid, N, O-diacetylneuraminic acid, and N-glycolylneuraminic acid were chromato- 
graphed on paper. It was also reported’ that the corresponding pK values of bovine 
submaxillary mucin were 2.46 and 2.60. No explanation has been advanced as to the 
nature of the multiple forms of sialic acids. Hence this investigation was undertaken 
to study, with different physical chemical techniques, the multiple forms of free sialic 
acids as well as the forms of those bound in bovine and porcine submaxillary mucins 
and the enzymatic hydrolyzafes of bovine and porcine submaxillary mucins. 

EXPERIMENTAL 

N-Acetylneuraminic acid, type III, lot A 1 lo-216 (isolated from eggs), and type 
IV, lot 85B-1680 (synthetic) were obtained from Sigma Chemical Company, St. Louis; 
grade A, lot 30165 (synthetic) from Calbiochem, Los Angeles. N,O-Diacetylneu.ra- 

*Taken in part from the Ph. D. thesis (of Bernard M. Scheinthal) presented to the Graduate School of 
Adelphi University. 
**Present address: Special Haemorrhage and Thrombosis Research Laboratories, Veterans Adminis- 
tration Hospital, East Orange, New Jersey. 
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anomer with the greatest negative rotation is more stable in acidic medium thanin 
water and, therefore, at any point during the acidic titration there may be an equiii- 

brium mixture of at least three different forms; namely, two ring-form anomers and 

the open-chain form. Gottschalk also indicated that the open-chain form is part of the 
equilibrium mixture ’ 5 _ The fact that the crystal structure of N-acetylneuraminic acid 
isolated from 0.01~ HCl produced an X-ray diffraction pattern different from that of 
N-acetylneuraminic acid recrystallized from water is in agreement with the optical 
rotatory power data presented here. The crystal pattern obtained from acidic solution 
may represent the packing arrangement of Wacetylneuraminic acid in one of its more 

,predominant anomeric forms. 
The multiple forms of sialic acids in the equilibrium mixture have been shown 

also by paper chromatography. Sialic acids in aqueous solutions yielded 2 to 3 spots, 
whereas, after acidic titration, 4 to 5 spots were obtained. Similar observations on 
IV-acetyl, IV-glycolyl-, and N, 0-diacetylneuraminic acids were reported by Berggard 
and Odin’. Both in the present study and in that of Berggdrd and 0din3, recrystallized 
sialic acids were examined and, therefore, the multiple spots are not an indication of 
impurities. 

Using paper chromatography, . Berggkd and Odin observed that heating 
N-acetylneuraminic acid with mild acid or alkali led to several degradation products. In 
the present study more chromatographic spots were also obtained after acid treatment_ 
Since some of these spots were stained with ninhydrin, some cleavage of the N-acetyl 
bond may have occurred in acidic media, thus increasing the number of species in the 
equilibrium mixtures. This was substantiated with the n.m.r. spectra obtained on acid 
treated N-acetylneuraminic acid as compared to N-acetylneuraminic acid and other 
reference compounds. The number of pK values also increased from two to four 
when the titration was carried to lower pH values, thus indicating that the deacetylated 
form of the sialic acid may have its own pK value. 
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AL’KALINE-REDUCTIVE CLEAVAGE GF OVINE SUBMAXILLARY MUCIN 

V. L. N. MURTY AND M. 1. HOROWITZ 

Nero York Medical College, IO6th Street and Fifth Avenue, New York, N. Y. 10019 (U. S. A.1 

(Received June 28th, 1967; in revised form, November 17th. 1967) 

ABSTRACT 

Alkaline-reductive cleavage of ovine submaxillary mucin released 80% of 
the sialic acid from the mucin. Seventy-six percent of the reIeased sialic acid was 
recovered linked to 2-acetamido-2-deoxy-D-galactitol in a compound which was 
shown to be O-(N-acetylneuraminyl)-(2~6)-2-acetamido-2-deoxy-D-galactitol by 
elementary analysis, quantitative sugar analysis, periodate oxidation, and Smith 
degradation. Isolation of this compound was achieved by chromatography on carbon 
and diethylaminoethyl Sephadex A-25. 

INTRODUCTION 

Graham and Gottschalk’ presented evidence that the principal carbohydrate side 
chain of ovine submaxillary mucin is the disaccharide O-(N-acetyIneuramir@)-(2+6)- 
Zacetamido-2-deoxygalactose (1). This evidence was based upon periodate oxidation, 
enzymatic cleavage, chromatographic, electrophoretic, and elementary analysis of the 
dialyzable fragments obtained by hydrolysis with diiute aqueous barium hydroxide. 
This hydrolysis procedure spIit off 39% of the sialic acid of the mu& in dialyzable 
form, but only about half of the dialyzable siaiic acid was attached to 2-acetamido-2- 
deoxygalactose. The remainder of the dialyzable sialic acid was present as free 
N-acetylneuraminic acid and as N-acetylneuraminic acid attached to chromogens 
presumably formed by the action of a&ah upon the 2-acetamido-2-deoxygalactose 
residue. 

The present work was undertaken to obtain evidence by an independent route 
that the disaccharide unit 1 constitutes the principal side-chain of ovine submaxillary 
mucin. Alkaline-reductive cleavage with sodium borohydride was used to obtain a 
high yield of the disaccharide O-(Wacetylneuraminyl)-(2+6)-2-acetamido-2-deoxy- 
galactitol (2). 

EXPERIMENTAL 

Degradation of ovine s&maxillary mrrcin. - The mucin was isolated as the 
calcium salt by the method of Tsuiki et ~1.~ as modified by Tettamanti et aL3. Analyses 
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isolated from ovine submaxillary mu& during investigations into the biosynthesis 
of side chains of ovine submaxillary mucin**. 

This research was supported by Grant AM05819-06 from the National insti- 
tute of Arthritis and Metabolic Diseases, National Institutes of Health, U. S. Public 
Health Service. 
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OXIDATION OF CARE4OHYDRATES WITH METHYL SULFOXIDE 
CONTAINING PHOSPHORUS PENTAOXIDE 

I. SYNTHESIS OF SOME ALDOSULOSES AND ALDOSIDULOSES* 

KO~~OSHIN ONODERA, SHIGEHIRO HIRANO, AND NAOU KASHIMURA 

Laboratory of Bioclremistry, Departmenr of Agricolroral Chemisrry, KJOIO Unirerxity, Kyo~o (Japan) 

(Received August lst, 1967; in revised form, September 7th, 1967) 

ABSTRACT 

Methyl sulfoxide containing phosphorus pentaoxide oxidizes secondary alcohol 

groups of carbohydrates to ketones. Oxidation proceeds most efficiently with iV,iV- 

dimethylformamide as solvent and with 3-4 molar equivalents of methyl sulfoxide 
and 1.5-2.0 molar equivalents of phosphorus pentaoxide. 

The following carbohydrates were oxidized to afford the corresponding aldos- 
uloses and aldosiduloses in good or moderate yields: methyl 4,6-O-benzylidene-2-G 

(p-tolylsulfonyl)-cD-gluco- and allo-pyranoside (1 and 18), methyl 2-acetamido-4,6- 

0-benzylidene-2-deoxy-cr-D_gluco- and -allo-pyranoside (3 and 19), 1,2:5,6-di- O- 
isopropylidene-a-D-glucofuranose (6), 1,2-O-isopropylidene-EO-@-tolylsulfonyl)-a- 

D-xylo- and -ribo-furanose (11 and 13), 1,2-O-isopropylidene-5-O-(di-O-phenylphos- 
phone)-n-D-xylofuranose (14), and 1,2-0-isopropylidene-a-D-glucofuranurono-6,3- 

lactone (16). 

INTRODUCTION 

In recent years, oxidation of “isolated ” hydroxyl groups of carbohydrates has 

been achieved by different methods. The synthetic utility and biological significance of 
dicarbonyl carbohydrates has prompted a search for more effective and less expensive 

reagents for oxidation. Many new aldosuloses and aldosiduloses have been synthe- 

sized with such oxidants as chromium trioxide, platinum oxide, and ruthenium tetr- 

oxide, and have been used successfully in the preparation of amino, branched-chain, 

and rare sugars1*2. 
Since Kornblum ef aL3 reported the oxidation of simple alkyl toluene-p- 

sulfonates and halides with sulfoxides, several systems using sulfoxides, especially 
methyl sulfoxide, have been developed for oxidation of alcohols4. In 1963, an effective 

oxidation of alcohols to aldehydes and ketones under very mild conditions was 
described by Pfitzner and Moffatt’, who used the methyl sulfoxide-hr,N-dicyclohexyl- 

carbodiimide @CC) system. This system has proved to be of potential value in the 
carbohydrate field, as well as with other complex 
alkaloid@. 

* A preliminary report of this work was given in Ref. 10. 
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6 5.77 (H-l, doublet, J,,* 4 Hz), 4.6-3.8 (H-2,3,4,5,5’, multiplet, 5 H), 2.47 (C-CH,, 
3 H), 1.53, 1.37 (isopropylidene group, 6 H). 

Anal. Cak. for C,SH,,O,S: C, 52.32; H, 5.86; S, 9.32. Found: C, 52.24; 

H, 6.03; S, 9.11. 
Z,2-0-isop~opy~idene-5-O-(di-O-phenylphosphono)-a-D-erythro-pento~~~aJ~os-3- 

ulose (15,. - 1,2-0-Isopropylidene-5-O-(di-O-phenyIphosphono)-~-o-xylofuranose 
[14;n.m.r. (CDCI,): 65.88 (H-l, doublet, J1 ,2 3.5 Hz)] (1 g) was oxidized with three molar 
equivalents of methyl sulfoxide and two molar equivalents of phosphorus pentaoxide 
in 30 ml of DMF for 2 h at 60-65”. Isolation was performed as for compound 12. 
The syrup obtained was dissolved in the minimal amount of ethanol, and water was 
added to produce turbidity. After storage in a refrigerator overnight, white crystals 
formed, m-p. 65-67”. Recrystallization from water-ethanol gave the title compound 
(35%), m-p. 75-78”; [a]g3 +44.5” (c 1.0, chloroform); ~22’ 3350, 1600, 1500, 880, 
840 cm-‘; n.m.r. (CDCI,): 6 5.77 (H-l, doublet, J,,2 3.5 Hz). 

Anal. Calc. for C!,,H,,O,P-H,O: C, 54.79; H, 5.28. Found: C, 54.31; H, 5.10. 
The semicarbazone, prepared by the usual procedure, had m-p. 170-171”; [a]? 

f284” (c 1.0, chloroform); Y,,, N”jo’ 1780, 1720, 1600, 1500, 890,880, 840 cm-‘. 
Anal. Calc. for C,,H,BN,OsP: C, 52.61; H, 5.47. Found: C, 52.72; H, 5.60. 
I,Z-O-lsopropylidene-ar-D-xylo-hexofuran~rono-6,3-~actone-5-z~iose(l~.-l,2-0- 

Isopropylidene-a-D-glucofuranurono-6,3-lactone [16; n.m.r. (CDCI,): 6.02 (H- 1, 

doublet, J, ,* 3.5 Hz)] (10 g) and phosphorus pentaoxide (10 g) were stirred in 115 ml 
of methyl sulfoxide for 10 min at 35-40” and then for 20 h at 15-20°. The chloroform 
extract obtained as described for the preparation of compound 7 was concentrated 
rir uacuo. RecrystaIlization of the residue (4.7 g) from hot water gave needles of com- 
pound 17, m.p. 146-148”; [ali f88” (c 1.0, methyl sulfoxide) {lit. 20*21 m.p. 146-I49”, 
145-148”, [a]; + 76” (water), [a],, + 73” (water)) ; Y,,, Nujoi 3350 (OH), 1790 (y-lactone) 
cm-‘; n.m.r. (pyridine-d,): 6 6.18 (H-l, doublet, J1 ,* 3.75 Hz), 5.0 (H-2, doublet, 
J2,3 0.5 Hz); 5.37 (H-3, J3,4 3.5 Hz), 5.1 I (H-4, doublet); (methyl sulfoxide-d,): 6 5.96 
(H-l, doublet, J, .z 3.5 Hz), 4.42 (H-4, doublet), 4.87 (H-3, quartet, J3,4 2.8 Hz), 
4.83 (H-2, quartet, J2,3 < 0.1 Hz), 7.45 and 7.28 (singiets, gem-OH). 

Compound 17 was treated with cold barium hydroxide solution for 2 h. The 
solution was poured into a Iarge volume of ethanol to give a white precipitate of the 
barium saIt which was collected by centrifkgation and dried: vE$” 1725 (C=O), 
1640 cm-’ (broad peak, COO-). 
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I,Z(ALKYL ORTHOACETATES)* 
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(Received August 19th. 1967: in revised form, November ZOth, 1967) 

ABSTRACT 

The stability towards alkali of the 3,4,6-tri-U-acetyl+D-mannose 1 ,Z(alkyl 
orthoacetates) provides a route to the corresponding 3,4,6-tri-O-benzyl-P-D-mannose 
1,2-(alkyl orthoacetates). Alkyl groups that have been incorporated onto the ortho- 
acetate ring include methyl, isopropyl, and cyclohexyl. 3,4,6-Tri-0-benzyl-B-D- 
mannose 1,2-(methyl orthoacetate) (2) was hydrolyzed to 3,4,6-tri-O-benzyl-D- 
mannose; periodate oxidation converted this compound into 2,3,5-tri-0-benzyl-D- 
arabinose. Methanolysis of 2 led to methyl 3,4,6-tri-O-bcnzyl-a-D-mannoside (5) 
in high yield; methylation of 5, followed by debenzylation and acetylation, afforded 
crystalline methyl 2-0-methyl-3,4,6-tri-0-acetyl-a-D-mannoside. An acid-catalyzed, 
stereoselective rearrangement of the 3,4,6-tri-O-benzyl-/3-D-mannose 1,2-(alkyl 
orthoacetates) was observed. The resulting products were demonstrated to be the 
corresponding alkyl 3,4,6-tri-O-benzyl-or-D-marmosides. 

INTRODUCTION 

In the light of unusual rates of periodate oxidation of the carbohydrate group 
in ovalbumin, attributed to a 2-O-substituted D-mannose residue’, it was of interest 
to synthesize model D-mannopyranosides that are substituted at O-2. Recent dis- 
closnres of simple synthetic routes to 3,4,6-tri-0-acetylhexose l,Z(alkyl orthoace- 
tates)2.3, and the marked stability of the 1,2-(alkyl orthoacetate) group to base, 
provided a suitable derivative of D-mannose for the synthesis required. However, the 
known tendency of 0-acetyl groups to migrate, particularly the group at O-3 in 
3,4,6-tri-O-acetyl-D-mannose4, indicated that a more stable protecting group would 
be required_ O-Methyl groups have been used in the synthesis of the 3,4,6&-i-O- 
methyl derivatives of D-glucose’ and D-mannose 1,2-(alkyl orthoacetates), and this 
work suggested that benzyl ethers might be used for our purpose_ 

*This work was supported by research grant HE06717 from the National Heart Institute of the 
National Institutes of Health. A preliminary communication of this work has appeared [Carbohyd. 
Res., 3 (1967) 51 I]. 
**Present address: The Procter and Gamble Co., Cincinnati, Ohio. 
***To whom correspondence shouId be addressed. 
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change in the spectrum observed. The nitromethane was removed in uacuo, and the 
sample was kept over&@ in a vacuum desiccator over sodium hydroxide. The n.m.r. 
spectrum of this mixture, in dichloromethane, demonstrated that the orthoacetate 
C-Me peaks had been converted into an 0-acetyl peak at r 7.9 1. 

Column chromatography of this mixture yielded 146 mg (72%) of 6. Com- 
pound 5 (31 mg, 15%) was also recovered. 

Rearrangement of 3,4,6-tri-0-benzyl-j?-p-D-),lannose I,;?-(isopropyl orthoacetate) 

(8).-A solution of 8 (214 mg, 0.4 mmole) in O.O37Mp-toluenesulfonic acid in dichloro- 
methane (1 ml), contained in a spectrometer tube at 46.5”, was monitored by observing 
the disappearance of the orthoacetate C-Me peak at T 8.32 and the appearance of the 
O-acetyi peak at r 7.91. The reaction was complete in 65-70 min. 

Column chromatography demonstrated the presence of two components, 
obtained as syrups. The faster-moving product (159 mg, 74%) was isopropyl 2-0- 
acetyl-3,4,6-tri-0-benzyl-cc-o-mannoside (9), [a]2 + 24.5” (c 1.59). A 3-proton singlet 
at r 7.96 (in CHCl,) was still observed in the n.m.r. spectrum of this compound after 
silica-gel chromatography_ 

Anal. Calc. for C,,H,sO,: C, 71.89; H, 7.16. Found: C, 72.16; H, 7.45. 
The second, slower-moving product (24 mg, 11%) was isopropyl 3,4,6-tri-O- 

benzyl-a-D-mannoside (10). Deacetylation of 9 with a catalytic amount of sodium 
methoxide in methanol yielded 10, [ali +49.9” (c 2.02). 

Anal. CaIc. for CJ0HZ606: C, 73.14; H, 7.37. Found: C, 72.42; H, 7.51. 
Rearrangement of 3,4,6-tri-O-betl~yi-/3-D-17rannose I,Z-(cyclohexyi orthoacerare) 

(12). - A solution of 12 (230 mg, 0.4 mmole) in 0.037M p-toluenesulfonic acid in 
dichloromethane (1 ml) was treated as described for 8. The reaction was complete 
in 95-100 min, as judged by change in the 0-acetyl peak at r 7.9 I. 

T.1.c. demonstrated the presence of two compounds, R, 0.72 and 0.62; these 
materials were separated by column chromatography. A syrup (132 mg, 79%) 
appeared as the faster-moving zone, [a]? +X2” (c 1.77). This compound was 
cyclohexyl 2-O-acetyl-3,4,6-tri-0-benzyl-cr-D-mannoside (15). 

Anal. Calc. for C,,H,,O,: C, 73.14; H, 7.37. Found: C, 73.33; H, 7.28. 
The second syrupy material (19 mg, 8%) was identified as cyclohexyl 3,4,6-tri- 

0-benzyl-a-D-mannoside (16), since this compound could also be obtained by deacet- 
ylation of 15 with methanolic sodium methoxide; [a]k3 f52.8” (c 1.83). 

Anal. Calc. for C,,H,,,O,: C, 74.40; H, 7.51. Found: C, 74.53; H, 7.68. 
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CONVERSION OF 2-AMINO-2-DEOXY-D-GLUCOSE DIETHYL DITHIO- 

ACETAL HYDROCHLORIDE INTO 2-S-ETHYL-2-THIO+GLUCOSE*t 

A. E. EL ASHMAWY, D. HORTON l *, LIGAYA G. MAGBANUA, AND’J. M. J. TRONCHET 

Department of Chemistry, The Ohio State Uninersity, Columbus, Ohio 43210 (U.S.A.1 

(Received October 25th, 1967) 

ABSTRACT 

Treatment of 2-amino-2-deoxy-D-glucose diethyl dithioacetal hydrochloride 
(1) with nitrous acid in aqueous hydrochloric acid gives 2-S-ethyl-2-thio-D-glucose (2) 
as the principal product, and an anhydro-D-hexose diethyl dithioacetal is not formed. 
Substance 2 was characterized by conversion into the phenylhydrazone (3) and 
further into D-arabino-hexdose phenylosazone (6); n.m.r. spectroscopy confirmed 
that 2 was an aldose having the D-gluco configuration. Acetylation of 2 gave the 
anomeric pyranose tetraacetates (4 and 5), and the n.m.r. spectrum of the P-D tetra- 
acetate (4) further confirmed the structure assigned to 2. Nitrous acid in aqueous 
acetic acid converted 1 into a mixture of 2 and an anhydro-D-hexose diethyl dithio- 
acetal. 

INTRODUCTION 

Primary alkylamines react with nitrous acid by carbonium ion-type processes2. 
The reaction possesses great driving force under mild conditions. The net reaction 
path observed may vary widely as the structure and stereochemistry of the starting 
amine are varied. In derivatives of the 2-amino-2-deoxyllexoses the course of the 
reaction3 is profoundly influenced by the structure of the group at C-l. For example, 
2-amino-2-deoxy-D-glucose4.‘, or its methyl a-~ or /?-D-glycoside6, react with aqueous 
nitrous acid to give 2,5-anhydro-D-mannose’, whereas 2-amino-2-deoxy-D-gluconic 
acid reacts to give 2,5-anhydro-D&conic acid’. The corresponding alditol, 2-amino- 
%deoxy-D-glucitol, reacts to give 2-deoxy-D-arabino-hexose’. In the first example, 
inversion at C-2 takes place, presumably by rearside attack at C-2 by O-5 as a nitrogen 
molecule leaves from C-2. A net double inversion, by initial formation of an a-lactone, 

*Part of a series “Action of Nitrous Acid on Derivatives of Amino Sugars”. For a preliminary 
report, see ref. 1. 
*Supported by Grant No. GM-l 1976-03 from the National Institute of General Medicine, theNational 
Institutes of Health, U.S. Public Health Service, (The Ohio State University Research Foundation 
Project 1820), and by a Grant from the Parke-Davis Company, Ann Arbor, Michigan (The Ohio 
State University Development Fund, Grant No. 52-2102). The n.m.r. spectrometers were provided 
through Grants from the National Science Foundation, Washington, DC. 
**To whom inquiries should be addressed. 
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D-glucose diethyl dithioacetal triacetate, Defaye’j reported (60 MHz, chloroform-d) 
r 8.7 (CH, of Et), 7 7.43 (CHz of ethyl), and 7 7.92 (acetyls). For the O-deacetylated 
analog in chloroform-d, Defayet3 reported 5 4.78 (doublet, J,,, 8 Hz, H-l), T 6.79 
(quartet, J2,3 4.5 Hz, H-2). 
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ABSTRACT 

Inoculation of a synthetic medium containing dextran with soil resulted in the 
accumulation of several Bacillus species, which were isolated and characterized as 
B. subtilis and B. megatherium. These dextran-splitting bacilli did not produce an 

extraceIIuIar dextranase, in contrast to several other micro-organisms reported in the 
literature, which break down dextran outside the cell into comparatively large frag- 
ments (ohgosaccharides of the isomaltose series). The BaciZZzrs enzyme was found in 
the cell extract after disruption of the cells. The action of this enzyme on dextran 
liberated D-glucose as the sole product of hydrolysis. Isomaltodextrins were likewise 
rapidly hydrolyzed to give only D-glucose. The mechanism of action of the Bacillus 

dextranase involves endwise cleavage of D-glucose residues from the terminal groups, 
leaving the rest of the dextran molecule intact. 

INTRODUCTION 

Dextrans are extracellular polysaccharides formed by several bacterial species, 
for example, Leuconostoc dextranicum and L. mesenteroides, when they grow on 
sucrose as a substrate. They are built up from a-D-(1 46)-linked chains of D-glucose 
residues. Dextrans have frequently been found to contain variable proportions of 
a-~-(1+4)-, a-~-(1 -+3)-, and a-~-(1 -+Z)-linked residues of D-gIuc,opyranose’~2. These 
non-(l-+6)-linked residues are generally considered to be branch points in the 
molecule, but they may also occur in linear portions of the polysaccharide. 

Dextranases (systematic name: a-D-(1 -6)glucan 6-D-glucanohydrolase, EC 
3.2. I. I I) are enzymes capable of hydrolyzing the a-~-(1 +6)-glucosidic linkages of 
dextrans, if non-(l-,6)-linkages do not interfere. Dextranases occur in a variety of 
mammalian tissues3, and may be produced adaptively by numerous moIds4*’ and 
certain bacteria6-‘, but they are not found in dextran-producing bacteria. 

Mammalian tissues contain exodextranases3, which degrade dextran by endwise 
removal of D-giucose residues up to the branch points”. Dextranases produced 
adaptively by molds have usually been found free in the culture fluids (that is, 
extracelIuIarly)5~11-13, although some have been associated with the myceIia4. Intra- 
cellular-enzyme preparations from Penicillium lilacinum and P. funicrrlosum, grown 
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The attack on dextran by Luctobacilhs bzsdus is initiated by an extracellular 
endodextranase”. The cell extract of Lactobacihs bifdus contains an a-o-(1+6)- 
glucosidase that readily hydrolyzes isomaltodextrins having degrees of polymerization 

of 2-9 to D-glucose; the hydrolysis proceeds by cleavage of single D-glucose residues 
from the nonreducing end of the molecule l6 Dextrans were not hydrolyzed by this _ 
extract. The same pattern of action was found in the dextranase system of molds 
(Penicillium Iilacinum, P. funiculosum). After the hydrolysis of unbranched dextrans 
to D-glucose, isomaltose, and isomaltotriose by the extracellular endodextranase of 
these organisms ‘* the oligosaccharides of the isomaltose series were broken down by , 
an intracellular hydrolase prepared from cell extracts of the molds13. 
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LABELED UNIQUELY AT CARBON 4 
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(Received October 6th, 1967) 

ABSTRACT 

A method is described for the simple synthesis of D-glucose and D-gdactose 

specifically labeled at C-4 with tritium. Methyl a-D-galactopyranoside (1) was con- 

verted into methyl 2,3,6-tri-O-benzoyI-a-D-gaIactopyranoside (2). Oxidation of 2 
with methyl sulfoxide gave methyl 2,3,6-tri-O-benzoyl-cc-D-.uyZo-hexopyranosid+ 
ulose (3). Reduction of 3 with sodium borotritiide resulted in the formation of the 
expected 4-tritiated methyl 2,3,6-tri-O-benzoyl+D-glucopyranoside and Q-D- 

galactopyranoside respectively. On debenzoylation with sodium methoxide, and acid 
hydrolysis, the free sugars D-glucose-4-t and D-galactose-4-t were obtained. At 
least 99% of the tritium activity was associated with C-4. 

INTRODUCTION 

The use of specifically tritiated sugars in metabolic experiments and in studies 
on the mechanism of enzymic reactions has increased as such sugars become more 
easily available_ For studies on the mechanism of the biosynthesis of 6-deoxy sugars 
carried out in this laboratory, it was important to have, in addition to the previously 
prepared D-glucose-3-t’, a specificaIIy 4-tritiated D-glucose. 

Although several synthetic preparations of this sugar have been reported in the 
literature, the procedures employed have been laborious2*3 and, in some cases, the 
labeling imprecise4. Several 5-tritiated hexoses as well as D-galactose-4-i were pre- 
pared recently by hydroboration of enolic derivatives with tritiated diborane5. An 
enzymic method for the preparation of D-glucose-& has been reported wherein the 
products obtained were of low specific activity and indeterminate radiopurity6. 
A review on the synthesis and metabolism of these compounds has been published’. 
The present paper describes a simplified procedure for the synthesis of D-glucose and 
D-galactose specifically labeled with tritium at C-4. A summary of the reaction 
sequence is illustrated in Scheme 1. 

DISCUSSION 

The synthesis described here takes advantage of the reduced reactivity of the 
axial hydroxyl groups as compared to those in the equatorial position. In its most 
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methanol (1 ml), and the solution subsequently evaporated to dryness. The salt-free 
residues of the eluates of the separated components were assayed by periodic acid 
uptake*’ and by determination of formaldehyde*l. 

E. Determination of tritium associated with ethylene glycol (13, (C-I and 2) and 
glycerol (14), (C-4,5, and 6). -The resuhs of quantitative determinations of ethylene 
glycol and glycerol obtained by t.1.c. as well as the tritium activity associated with 
them are reported in Table I. 

The results of the degradation of methyl a-D-glucopyranoze 4-f and the tritium 
activity found at each carbon atom in the hexose moiety are reported in Table II. 
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ABSTRACT 

The polysaccharide composition of several Zosferaceae plants has been studied 
and found to be nearly identical. Zosterine isolated from various Zosteraceae species 
appeared to be a homogeneous, pectic polysaccharide containing D-galacturonic acid, 
D-galactose, D-xylose, L-arabinose, D-apiose, and a mono-O-methyl-D-xylose as 
components of its carbohydrate chain. 

INTRODUCTION 

Seaweeds of the Zosteraceae family are widely distributed in Nature. The 
peculiar systematism and oecology of these plants suggests that there may be inter- 
esting features of chemical composition. Indeed, a polysaccharide containing residues 
of 6-deoxyhexoses and hexuronic (mainly galacturonic) acids was isolated in 1940 
from White Sea Zostera marina and named zosterinel. The jelly-forming properties 
of zosterine have been studied and suggested for industrial utilization. Later*, D-apiose 
was found in the seaweed Posidonia austraiis which is closely related to Z. marim. The 
resistance to natural decomposition, so characteristic of Zosteraceae plants, was 
thought to be due to the presence of derivatives of D-apiose’. In 1964, this mono- 
saccharide, D-xylose, and 2-O-methyl-D-xylose were isolated3 from Z. marina. In 
addition, a polysaccharide containing residues of D-apiose, D-xylose, and an unidenti- 
fied uranic acid was also found3 in P. australis. Analysi8 of the uranic acids in a crude 
Zosteraceae polysacchatide by gas-liquid chromatography revealed galacturonic, 
mannuronic, and glucuronic acids. 

At present, there is no detailed information about Zosteraceae poIysaccharides, 
and it is therefore of interest to investigate their chemical nature. This paper is 
concerned with the isolation and characterization of an unusual pectic polysaccharide 
(zosterine) from Zosteraceae plants. 

EXPERIMENTAL AND RESULTS 

Partition chromatography was performed on Whatman 3 MM or Leningrad 
factory “Goznak” paper with the following solvent systems (v/v): A butyl alcohof- 

Carbobyd. Res., 6 (1968) 1328-332 









R. G. OVODOVA, V. E. VASKOVSKY, YU. S. OVODOV 

I 
10 20 30 40 50 

vo Volume(ml) 

Fig. 3. Molecular-sieve chromatography of zosterine on Biogels. A, Biogel P-20. V, = V, = 15 ml; 
B, Biogel P-30, V, = V, = 15 ml; C, Biogel P-60, V0 = 17 ml, J/, = 22 ml: D. Alkali-treated 
zosterine on Biogel P-60, V, = 17 ml. 

Apparently, pectic substances have not previously been isolated from marine 
organisms”. The presence of D-apiose in Zosteraceae pectin is a unique feature, and 
the low methoxyl content, which is also characteristic of pectic polysaccharides of 
the fresh-water alga NitelIa transiucenslo, is noteworthy. 

The homogeneity of zosterine has been proved by a number of methods. In 
free-boundary electrophoresis, a single peak of acidic pofysaccharide was obtained 
(Fig. I). The absence of neutral polysaccharides was demonstrated by chromatography 
on a DEAE-cellulose column (Fig. 2). Molecular-sieve chromatography on Biogels 
also confirmed the homogeneity of zosterine (Fig. 3) and indicated that the moiecular 
weight is ca. 50,000. Like other pectic polysaccharides, zosterine is alkali-sensitive”. 
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D-GLUCOPYRANOSIDES 

ILA M. SARRAR*, JETI C. ARTHUR, JR., AND OSCAR HINOJOSA 

Sourftern Region& Research Laboratory. Sourhertz Utilization Reseurch and Decelopment Dicision. 

Agricultural Research Serrice, United Srates Deporrment of Agriculture, New Orleans, Louisiana 

7OZZ9 (U.S.A.) 

. (Received November 17th. 1967) 

ABSTRACT 

The e.s.r. spectra generated ‘m methyl cr-D-glucopyranoside (1) and some select&i 
derivatives thereof by high-energy radiation have been examined to determine the 
nature of the radiation damage. Evaluations of the e.s.r. spectra of irradiated methyl 
tetra-0-acetyl-or-D-glucopyranoside (2), methyl tetra-O-[(p-ethoxycarbonyl)benzoyl]- 
a-D-glucopyranoside (3), methyl tetra-O-@-methoxybenzoyl)-z-D-glucopyranoside 

(4), methyl tetra-0-(p-nitrobenzoyl)-E-D-glucopyranoside (§), methyl tetra-O-(o- 
chlorobenzo&-a-D-glucopyranoside (61, methyl teira- O-p-tolylsulfonyl-j?-o-gluco- 
pyranoside (71, methyl tetra-O-nicotinoyl-a-D-glucopyranoside (S), and methyl tetra- 
O-(phenylcarbamoyl)-or-D-glucopyranoside (9) contained mainly one type of stable 
free-radical, together with some secondary radical in low concentration. The e.s.r. 
spectrum of compound 1 consisted of one doublet and one singlet; this observation 
was explained by assuming that the free electron position is at C-l, so that the cleavage 
of the C-l-O glycosidic bond would give rise to thedoublet, and the dehydrogenation 
of the C-l-H bond would give rise to the singlet. For most of the substituted 
D-gkcopyranosides studied, irradiation gave singlet spectra which were explained by 
assuming the radical site to be C-l (by the dehydrogenation of the C-l-H bond). The 
aromatic groups present in the substituted D-gkcopyranosides were known to 
protect the glycosides from radiation damage’. In the aromatically substituted 
D-gkcopyranosides, no reducing power was measurable, even when the compounds 
were irradiated to dosages as high as 5.2 x 10 ” eV/g; this was additional evidence that 
no cleavage of the C-1-O giycosidic bond occurs during irradiation of these com- 
pounds. The absence of hyperfine splitting of the free electron at C-l with H-2 was 
explained by a change in the conformation of the molecule after H-l had been cleaved. 
Displacement of the hydrogen atoms would then occur to remove any deformation 
of the ring caused thereby; this would remove H-2 from the vicinity of the unpaired 
electron at C-l. No thermally induced flee-radicals could be detected in these com- 
pounds, unless they were heated to charring. 

*Resident Postdoctoral Research Associate. 
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to remove thermoluminescent, damage centers (which give rise to a characteristic 
absorption in e.s.r. spectra). The samples were then transferred from the Tygon tubes 
to the quartz tubes, and the spectra were recorded. 

The e.s.r. spectra were determined in a Varian 4502-15 EPR spectrometer 
system*. The system was equipped with a variable temperature accessory permitting 
operation from about - 185 to + 300”. Spectra were determined at about 29, and 
were recorded in the form of the first derivative of the absorption line, unless other- 
wise noted. 
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ABSTRACT 

Based on the formation of saccharinic acids, a method for linkage analysis of 
oligosaccharides has been devised, which utilises thin-layer chromatography on 
cellulose and silica gel, and specific sprays for the detection and identification of the 
various types of saccharinic acid. 

INTRODUCTION 

Specific, sensitive methods’ of assaying isosaccharinic (2-C-hydroxymethyl-3- 
deoxypentonic) and metasaccharinic (3-deoxyhexonic) acids have been used in the 
linkage analysis of oligosaccharides containing hexoses and hexuloses. In such studies, 
a visual picture of the mixture of oligosaccharides and their alkaline-degradation 
products, the saccharinic acids, is desirable, since, after a short interval, the erosion 
of a trisaccharide may be occurring SimultaneousIy with the degradation of di- and 
mono-saccharides derived from it. To monitor such reactions, thin-layer chromato- 
graphy offers distinct advantages of speed and sensitivity over paper chromatography. 
Further advantages would accrue if the detection reagent for the saccharinic acids 
were modelled on the specific methods used for their assay in solution. Additionally, 
the type of saccharinic acids might be indicated by the ease of lactone formation. 
Progress in these studies is now reported, based on the use of thin-layer chromato- 
graphy on cellulose and silica gel, together with thin-layer ionophoresis. 

METHODS 

Thin-layer dlronratography on @dose. - Chr-cimatoplates were prepared 
by stirring 15 g of MN-cellulose powder 300 (E. Stahl; average particle size, 10 pm) 
in 80 ml of water in a top-drive macerator (Townson and Mercer, Croydon) and 
spreading the smooth slurry on glass plates (10 x 10 x0.2 cm) by means of a Desaga 
applicator. Plates were dried for 30 min at 100” and stored without special pre- 
cautions. 

For separation of oligosaccharides, 3 pg of a single oligosaccharide or 5 pg of 
a mixture were applied to the plates with a micropipette, and separated by using either 
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cellulose plate is kept over a desiccant, and, when the coloured compound is eluted 
from the plate with water, it is stable at pH 8, but changes into the red compound 
(t._ 550 nm) at more acidic pH values. The colour change is more rapid when silica- 
gel plates are used, due to the acidic nature of this type of silicag. 

The differences in colour formation were also checked by elution of the coloured 
substances from the chromatogram and determination of the values of R,,,. The 
colour differences proved to be useful, since the solvents employed on cellulose 
did not adequately separate a mixture of iso- and meta-saccharinic acids. This problem 
was overcome by effecting the separation on silica gel, which also had the advantage 
of providing brighter colours and less background colour, but had the disadvantage 
of giving more-fragile plates. 

The value of the technique was demonstrated by its application to meiibiose. 
Corbett and Kenner” reported that treatment of melibiose with 0.033~ calcium 
hydro.xide for 19 days at 21-22” produced a mixture of 6-&%-D-galactopyranosyl- 
saccharinic acids, which, on hydrolysis, gave fi-metasaccharinic acid, together with 
some isosaccharinic acid. After treatment of melibiose with 0.05N barium hydroxide 
for 100 h at 25”, no free meta- or iso-saccharinic acid could be detected on thin-layer 
plates. However, a component was present that had the mobility of a disaccharide. 
Acid hydrolysis gave free glucose, but no meta- or iso-saccharinic acid. These results 
agree with those obtained’ by the assay methods used in solution, since no formaldehyde 
was liberated after periodate oxidation of the mixture obtained by alkaline degradation 
of melibiose. 

The superiority of silica gel for the separation of the two types of acid enabled 
elucidation of the sequence of acid liberation during the alkaline degradation of a 
uigeran trisaccharide [LX-D-G&~ ++)-a-D-Gp-(1 +3)-D-Gp]. As would be expected 
theoretically, the order was meta- and iso-saccharinic acid, parallelling the results 
reported for analyses in solution’. 

It has been possible to show the presence of bound saccharinic acids in the 
degradation products of several oligosaccharides by using thin-layer ionophoresis. 
Compounds having similar ionophoretic mobilities have been observed in the alkaline 
degradation products of panose and gentiobiose; isomaltotriose yields a compound 
of lower mobility, and both saccharinic acids have an identical and higher mobility. 

ACKtiOWLEDGMENTS 

We thank Professor M. Stacey, C.B.E., F.R.S., for his interest in this work, and 
the Medical Research Council and British Council for a fellowship (to P.J.S.) and 
scholarship (to A.R.), respectively. We are grateful to Dr. 0. Theander for authentic 
samples of saccharinolactones. 

REFERENCES 

I S. A. BARKER, A. R. LAW, P. J. SOMERS, AND M. STACEY, Carbobyd. Res., 3 (1967) 435. 
2 S. M. PARTRIDGE, Natare, 64 (1949) 443. 

Carbohyd. Res., 6 (1968) 341-346 



346 S. A. BARKER, J. hf. EDWARDS, P. J. SOMERS, A. REPAS 

3 S. A. BARKER AND P. .J. SOMERS, Carbohytf. Res., 3 (1966) 220. 
4 M. L. WOLFROM, D. L. PAX-IN, AND R. M. DE LEDERmEhmt, Chem. fnd. (London), (1964) 1065; 

3_ Chromalog., 17 (1965) 488. 
5 J. A. THOUA AND D. FRENCH, Anal. Chem ., 29 (1957) 1645; 0. THEANDER, Acra Chem. Scum& 

19 (1965) 1127. 
6 M. ABDEL-AKHER AND F. SMITH, J. Am. Chem. Sot., 73 (1951) 5859. 
7 L. WARREN, J_ Biol. C/rem., 234 (1959) 1971. 
8 L. WARREN. Narure, 186 (1960) 237. 
9 D. WALDI in E. STAHL (Ed.), Thin-layer Chromatography, Springer Verlag, Berlin, 1965. 

10 W. M. GDRBEITAND J. KENNER, J. Chem. SOL, (1954) 3281. 

Carbohyd Res., 6 (1968) 341-346 



347 

FLUOROCARBOHYDRATES 
PART XVIII. 9-(3-DEOXY-3-FLUORO-j?-D-XYLOFURANOSYL)ADENINE AND %(%DEOXY-3- 

FLUORO-a-D-ARABINOFURANOSYL)ADENINE 

J. A. WRIGHT AND N. F. TAYLOR 

Biochemistry Group, School of Biological Sciences, Bath University, Bath (Great Britain) 

(Received September 12th, 1967; in revised form, October IOth, 1967) 

ABSTRACT 

An alternative synthesis of 3-deoxy-Wluoro-a-D-xylose (4a) from methyl 
2,3-anhydro-5-O-benzyl-fi-o-ribofuranoside (1) is described. Methyl 5-U-benzyl- 
3-deoxy-3-fluoro-/?-D-xylofuranoside (3) and methyl 5-0-benzyl-3-deoxy-3-fluoro-a-~- 
arabinofuranoside (11) were converted, cia the 2,5-di-0-benzoyl derivatives (6) and 
(12): into the corresponding a/?-D-glycosyl bromides (7) and (13). The latter compounds 
were then condensed with 6-benzamidopurine to yield the fluorinated nucleosides, 
6-benzamido-9-(2,5-di-U-benzoyl-3-deoxy-3-fluoro-p-D-xylofuranosyl)purine (8) and 
6-benzamido-9-(2,5-di-U-benzoyl-3-deoxy-3-fluoro-a-D-arabinofuranosyl)pu~ne (14), 
respectively. Structural assignments of the fluoronucleosides (8) and (14) were based 
upon U.V. comparison with known 9-(3-deoxy-P-D-pentofuranosyl)adenines, and the 
fact that, on alkaline hydrolysis, compounds 8 and 14 yielded crystalline fluoro- 
nucleosides (9) and (15) which gave the 5’-toluene-p-sulphonates 10 and 16; on 
heating, compound 10 formed a 3,5’-cyclic p-toluenesulphonate, whereas compound 
16 did not. These results are consistent with the anomeric configuration assigned to 
9-(3-deoxy-Ifluoro-@%xylofuranosyl)adenine (9) and 9-(3-deoxy3-fluoro-a-D- 
arabinofuranosyl;adenine (15). 

This synthesis of deoxyfiuoronucleosides is considered to be less limited in 
application than those so far reported. 

INTRODUCTION 

Work so far reported on the introduction of fluorine into nucleosides has been 
based on (i) replacement of hydrogen by fluorine in the heterocyclic moiety (e.g., 
2-fluoroadenosine’ and 5-fluorouridine’), or (ii) the replacement of the I?‘-hydroxyl 
group of the nucleoside directly by fluorine (e.g., 2’-deoxy-2’-Auorouridine3). As part 
of a synthetic programme directed towards the replacement of hydroxyl groups by 
fluorine, we now report the synthesis of 9-(3-deoxy-3-fluoro-/3-Dxylofuranosyl)- 
adenine (9) and 9-(3-deoxy-3-fluoro-a-D-arabinofuranosyl)adenine (15). 

RESULTS AND DISCUSSION 

The method of introducing fluorine into the 2’-position of uridine by Fox 
er aL3 appears to be limited to pyrimidines having an oxygen function at the 2-position 

Carbobyd. Res., 6 (1968) 347-354 













FLUOROCARBOHYDRATES. XVIII 353 

with saturated aqueous sodium hydrogen carbonate (2 x20 ml) and water (20 ml), 
dried (MgSO,), and evaporated to dryness in L;acuo. On cooling, the residue solidified. 
T.1.c. (solvent 0) showed the presence of one major component, R, 0.60, and smal! 
proportions of compounds having RP 0.68 and 0.75. The major component, an 
amorphous solid (51 mg), which proved to be the title compound 10, was isolated 
by p.1.c. (solvent 0) It had &_ EtoH 261 nm (E 12,800) (Found: C, 48.4; ET, 4.6. 
C,,H,,FN,O,S talc.: C, 48.2; H, 4.3%). Bands in the i.r. spectrum at 1175 and 
1365 cm-l indicated the presence of the sulphonyloxy residue. On refluxing 
sulphonate 10 (47 mg) with sodium iodide (33 mg) in anhydrous acetone (0.35 ml), 
sodium toluene-p-sulphonate was deposited. 

9-(3-Deoxy-3-fuoro-5-O-tosyZ-a-D-arabinofuranosyl)adenine (16). - Toluene- 
psulphonylation of compound 15, as described above, gave the title compound as 
an amorphous solid, R, 0.60 (solvent D), il,,, EtoH 261 nm (E 7550). The i.r. spectrum 
contained bands at 1180 and 1365 cm-’ (- SO,R), and the sulphonyloxy group of 
compound 16 exchanged with sodium iodide-acetone in accordance with Oldham 
and Rutherford’s rule”. 

3,5’-Cyclo-9-(3-deosy-3-~lforo-P_D-xylofuranosyl)adenine toluene-p-suiphonate. 

- 9-(3-Deoxy-3-fluoro-5-O-tosyl-B-D-xylofuranosyl)adenine (37 mg) was dissolved 
in anhydrous p-dioxane ‘lb (3 ml) and the solution was refluxed for 3 h. A white 
solid separated. The solvent was evaporated, and the residue was re-suspended in 
acetone. The solid was filtered off, and washed with acetone. The acetone-soluble 
material was shown (t.1.c.) to be starting material, and the insoluble portion (15 mg), 
on the basis of t.1.c. [2 spots, R, 0.02, 0.21 (toluene-p-sulphonate anion), solvent D] 

and U.V. spectrum [12,,, Hso(pH7) 274 nm (E 10,900)], was assigned the structure ofthe title 
compound. The appearance of intense bands in the ix-. spectrum at 1215 and 684 cm-l, 
assigned to the toluene-p-sulphonate anion, provided further evidence for this 
structure. 

9-(3-Deoxy-3-fluoro-S- O-tosyl-a-D-arabinofuranosyl)adenine underwent no 
change on similar treatment, and therefore possessed the a--D-configuration at the 
anomeric centre. 
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ABsTRAcr 

6-O-(2-Hydroxyethyl)+-glucose, and its ethylene oxide adducts having 2-5 
ethylene oxide units in the 6-position, were synthesised, and separated by partition 
chromatography on an anion-exchange resin. Paper chromatography, gas-liquid 
chromatography, and mass spectrometry were used in the characterisation of these 
compounds. 

INTRODUCTION 

As shown by Brownell and Purves ‘, 6-O-(2-hydroxyethy$n-glucose (s,J can 
be prepared by treating 1,2:3,5-di-O-methylene-D-ghrcofuranose with ethylene oxide 
in alkaline medium. The hydroxyl groups present in the substituent can react further 
and give rise to 6-O-[2-(2-hydroxyethoxy)ethyl]%-glucose (._rs6). This substance 
was isolated by Croon and Lindberg2 from hydrolysates of O-(2-hydroxyethyl)- 
cellulose. Further reaction would give rise to higher members of the series 
RO(CH2CH20),_ ,CH,CH,OH, and these will be denoted as seG6, sses6, etc. 

The purpose of this paper is to describe the isolation of the derivatives ~~--ss~~s~ 
of this series by partition chromatography on an anion-exchange resin. Paper chro- 
matography, gas-liquid chromatography of the trimethylsilyl (TMS) derivatives, 
and the mass spectra of these derivatives were used to characterize the substances. 

EXPERIMENTAL 

1,2:3,5-Di-O-methylene-D-glucofuranose 6-acetate was saponified in alkali and 
a 20-fold excess of ethylene oxide was bubbled through the solution for 1.5 h at 70”. 
The solution was allowed to stand at room temperature for 2 h and was then extracted 
with chloroform. After being dried under vacuum, the product was hydrolysed in 
dilute hydrochloric acid under conditions given by Brownell and Purves’. The solution 
was deionized, and evaporated under diminished pressure to give a syrup. 

Partition chromatography on a preparative scale on an anion-exchange resin 
was used for the fractionation of the reaction mixture. The resin was a carefully 
fractionated anion-exchanger, Dowex-1X8, 17-24 pm, in its sulfate form. The 
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M-90 in low intensity for all. The most-suitable ion for determination of the molecular 
weight was M-105 (M-90-15). 

The intense peaks at m/e = 19 1, 204, and 217 are analogues of ions having 
m/e = 75, 88, and 101 in the mass spectra of fully methylated monosaccharides**‘. 
They have also been recorded for TMS-derivatives of monosaccharides”. The mass 
number of the base peak was equal to 204 in all spectra. In the lower part of the 
spectrum, several prominent ions (m/e = 73, 103, 147) were found, which were 
earlier shown to be characteristic of TMS-derivatives’“~‘l_ 

Unfortunately, few ions of high intensity characteristic of 6-O-substituted 
monosaccharides are formed. Ions which were recorded for ethylene oxide adducts 
carrying the substituent in the 6-position, but which did not appear in the spectra 
of 2-U-(2-hydroxyethyl)-~-glucose, 3-0-(2-hydroxyethyl)-~-glucose, and higher 
members of these series, are listed in Table III. 

TABLE III 

hfAss SPECTRA: RELATIVE INTENSITY OP IONS CHARAC~E~S~IC 0F 6-~IJEJ~TITLITION 

Compound II m/e 
249-E (n-I)44 363-F (n-1144 377-i- (n-1)44 389-b (n-1)44 40.5f (n-I)44 

-3 1 0.4 0.33 0.04 0.30 0.14 

S66 2 2.2 0.30 0.04 0.17 0.09 

-%ae 3 4.5 0.28 0.07 0.25 0.08 

3.6666 4 4.7 0.35 0.03 0.21 0.06 
saeaae 5 5.0 0.34 - 0.30 - 

The peak at m/e = 377+(n- 1)44 probably represents the ion C, defined by 
Kochetkov and Chizhov’. The peaks at m/e = 389+(n- I)44 and 405+(n- 1)44 
can be explained as arising from splitting oE of trimethylsilanol, trimethylsiloxyl 
groups, and methyl groups, M-90-90-15 and M-89-90. The relative intensity of the 
ion m/e = 249 + (n- 1)44 increases with increasing number of ethylene oxide units. 
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ABSTRACT 

A galactomannan, having [& +50” and a D-galactose-D-mannose ratio of 
1:2, has been isolated from the seeds of Sesbania grandJ?orapers. Methylation of the 
polysaccharide, followed by hydrolysis, affords 2,3,4,6-tetra-0-methyl-D-galactose, 
2,3,6-tri-U-methyl-D-mannose, and 2,3-di-0-methyl-D-mannose in equimolecular 
proportions. Periodate oxidation of the polysaccharide, followed by reduction and 
hydrolysis, gives glycerol (1 mole) and erythritol (1.8 mole). The structural signi- 
ficance of these results is discussed. 

INTRODUCTION AND DISCUSSION 

Galactomannans occur as water-soluble polysaccharides in the seed endosperms 
of legumes’. The two most well-known and industrially important galactomannans 
are from guar (Cyamopsis tetragonolobus) seeds2 and from the locust bean (Cerotonia 

siliqrra L.). Many other galactomannans, such as those isolated from the seeds of 
Trifohm pratense4, Trifoolium repens L.5, Trigonella foenum graecum6, and Medicago 

saliva’ have been studied. Although the galactose to mannose ratio varies in different 
galactomannans, the main structural features are similar and involve branched 
structures comprising a backbone of /I-(1 + 4)-linked D-mannopyranose residues 
which carry, through position 6, a-D-galactopyranose residues. The physical properties 
of the galactomannans are dependent upon the degree of branching and the degree 
of polymerization (0. P.) of the polymer. 

This communication is concerned with the structure of a galactomannan 
isolated from the seed tegmen (inner seed-coat) of Sesbmtia grandjlora pet-s. Recently, 
Rao and Rae’ have studied this galactomannan, but the structural aspects were not 
investigated in any detail. 

The polysaccharide, purified by fractionation with Fehling’s solution, had 
[a];* +50” in water. Hydrolysis with acid produced galactose and mannose in the 

*Present address: National Research Councii of Canada, Ottawa 2, Canada. 
**Central Food Technological Research Institute, Mysore, India. 
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(II-;) resin and evaporated to dryness, and boric acid was removed from the residue 
by repeated distillations with methanol. The residue was hydrolysed with N sulphuric 
acid in a sealed tube for 16 h at 95”. The hydrolysate was neutralised (BaCO& and 
then deionised with Amberlite resins IR-120 and IR-45. Analysis by paper chromato- 
graphy showed the presence of glycerol and erythritol; no sugars were detected. 
Glycerol and erythritol were separated quantitativeIy on paper and estimated by 
the chromotropic acid method 25 The ratio of these alcohols was found to be 1:1.8. . 
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ABSTRACT 

Rate coefficients and kinetic parameters were determined for the hydrochloric 

acid-catalysed hydrolysis of twenty-seven alkyl fl-D-xylopyranosides. Application of 
the Hammett and Burmett criteria indicates a unimolectdar (A-l) mechanism, as 

does the high, positive entropy of activation. A linear relation between activation 
entropy and energy in this series was proved by the Exner method, and related to 
a similar relation for alky1 D-D-glucopyranosides. 

INTRODUCTION 

Considerable interest has been shown in the acid-catalysed hydrolysis of 

glycopyranosides. The mechanism now accepted was suggested by Edward’ and 

confirmed by several investigators 2-1o. It involves a rapid, equilibrium-controlled 

protonation of the glycosidic oxygen atom. The slow, rate-determining step involves 
unimolecnlar heterolysis of the glycoside conjugate acid to form a cyclic carbonium- 
oxonium ion (probably in the half-chair conformation) which then reacts rapidly 
with water to yield the glycopyranose. The mechanism is thus analogous to the A-l 
mechanism proposed for the acid-catalysed hydrolysis of acetalsLi-12. The present 
investigation is concerned with the influence on the rate parameters of alkyl aglycon 
groups in the acid-catalysed hydrolysis of several alkyl 8-mxylopyranosides. 

RESULTS AND DISCUSSION 

Twenty-seven a&y1 P-D-xylopyranosides were hydrolysed in 0.5~ aqueous 
hydrochloric acid at dierent temperatures. The kinetic parameters and estimated 
standard deviations are presented in Table I. All of the reactions are first order, and 
Ink is a linear function of l/T_ 

InfIuence of the acid concentration. - According to the Zucker-Hammettr3 
hypothesis, an acid-catalysed reaction, whose transition state behaves like the con- 
jugate acid of the uncharged reactant, will show a linear correlation with unit slope 
between the logarithm of the rate constant and the Hammett acidity function H,_ 
Accordingly, k, was determined, at constant temperature and various concentrations 
of hydrochloric acid, for a number of /3-D-xylosides (Table II). 
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previously’g-21. The polarimetric measurements were carried out at 436 nm, with 
a Perk&Elmer model 141 photoelectric polarimeter, in jacketed.polarimeter tubes 
connected to an ultrathermostat bath, accurate to within 0.05”. 

A solution of the n-xyloside (0.05 to 0.025nr) in hydrochloric acid was placed 
in the tube, and readings were started after the temperature equilibration was complete. 
The, first-order rate coefficients (ln e, set-l) were calculated from least-squares, 
straight-line fits of plots: log(a, &a,) = Iog(aO &a,)-kt. Because a, is a function 
of the temperature and the acid concentration, these values were determined experi- 
mentally for corresponding D-xylose solutions. The expected, infinite-time rotations 
were checked by actual measurements, and agreed within experimental error. As a 
check, some rate coe5cients were determined by the Guggenheim22 method. These 
duplicate runs agreed within the estimated error. 

The energy of activation (E), log A, and the estimated standard-deviation were 
calculated from the least-squares, straight-line fits of Arrhenius piots. A minimum 
of five rate constants was determined, usually at 60 to 80”. Calculations of other 
thermodynamic activation-functions were based on absolute-reaction rate theory. 
The entropy of activation (@) was calculated for 60” from the relationship: 

TASS.= E--RT--RTln (kT/Iz)+RTln (k,/h,), 

where kI represents the first-order rate coefficient (see-‘), and ho = 0.631 for 0.5hr 
hydrochlotic acid. The other terms have their usual signScance. The uncertainty 
in AS* is & 1 e-u., corresponding to a standard deviation of 2% in the k, values. 
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Notes 

CARBOHYDRATE RESEARCH 

SepareGon of the anomers of glycosyl phosphates 

The separation of one anomer of a glycosyl phosphate from the other by chro- 
matographic or ion-exchange techniques is made very difficult by the close similarity 
in behavior, in such systems, of the members of any pair of anomers. As yet, no 
uniformly successful method is available for such a separation. Attention has recently 
been turned in this laboratory to the problem, which had arisen in connection with the 
synthesis of such phosphates by the fusion procedure’. Although some measure of 
success has been achieved, it is apparent from the work now reported that the search 
for a separation method applicable to any anomeric pair of glycosyl phosphates is 
still hampered by a number of as-yet-unidentified factors. 

The paper or thin-layer chromatographic separation of a pair of anomers of a 
glycosyl phosphate from each other has met with very limited success. Although a 
two-dimensional system of paper chromatography has been developed for the 
separation from each other of a wide variety of phosphorylated carbohydrates’, the 
system does not provide good separation of anomeric pairs and, in addition, some of 
the more labile glycosyl phosphates decompose in the alcoholic picric acid used as the 
solvent. Recently, the anomers of D-glucopyranosyl phosphate have been separated 
from each other on paper in an acid solvent3, and this system may be applicable to other 
pairs of anomers. A separation (on paper) having no practical importance has been 
described, for the anomers of 2-deoxy-D-erythro-pentofuranosyl phosphate4, that 
uses ammoniacal solvents and excessively long development times. Appropriate 
derivatives of a number of phosphorylated sugars have been separated by gas-liquid 
chromatography5*6, and the selectivity of this method should be ideally suited to the 
separation of anomeric glycosyl phosphates. However, such phosphates are presum- 
ably too labile to withstand the conditions of gas-liquid chromatography. The 
trimethylsilyl derivative of a-D-glucopyranosyl phosphate decomposes to give three 
peaks, only one of which, that due to inorganic phosphate, was identified6. 

Ion-exchange chromatography has been used successfully for certain sepa- 
rations. The anomeric 2-acetamido-2-deoxy-D-glucopyranosyl phosphates were 
resolved satisfactorily on Dowex-1 (Cl-) by use of dilute hydrochloric acid as the 
eluant’. Similarly, the anomers of D-glucopyranose 1,6-diphosphate are separable 
from each other on a column of Dowex-1 (HCOO-) by use of a linear pyridine-formic 
acid gradient’ at pH 3. Each of these separations involved relatively stable glycosyl 
phosphates, and the acidic conditions used would not be ideal for those of normal 
lability to acid. Adequate separations under neutral conditions that have been reported 
include (a) the anomers of D-galactopyranosyl phosphate by use of Dowex-1 (Cl-) and 
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hydrogen carbonate solution, and then 250 pmoles of each anomer to be separated, 
or 500 pmoles of a mixture of anomers, in 0.05~ triethyiammouium hydrogen carbon- 
ate was added. The column was developed mth a linear gradient of triethylammonium 
hydrogen carbonate, starting with 2 liters of 0.05~ solution in the mixing vessel and 
2 liters of 0.3M solution in the reservoir. The flow rate was 1 ml per tin, and 15-ml 
fractions were collected. Samples (0.1 ml) were diluted with Fisk-SubbaRow reagent 
and acid molybdate to a final volume of 5 ml, and were read at 530 nm after they 
had been heated13 for 7 min. The results of the separations are shown in the Figures. 

The D-glucopyranosyl phosphates. - The mixture to be separated contained 
93 mg (250 /rmoles) of a-r)-glucopyranosyl (dipotassium phosphate) dihydrate and 
114 mg (250 pmoles) of 8-m@ucopyranosyl (dicyclohexylarmnonium phosphate). 
The tubes containing a particular component (see Fig. 1) were combined, and the three 
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Fig. 1. Ion-exchange chromatography of the anomers of D-ghIcopyranosyl phosphate. The tube 

number is plotted against the Aa0 of a sample (0.1 ml) in a total volume of S ml. The dotted Iine 
represents the gradient of the concentration of triethylammonium hydrogen carbonate. 

tubes separating the two components were discarded. Each of the two fractions was 
concentrated in vacua at ca. 15 torr, and the residue was made up to 10 ml with water. 
Determination of optical rotation and of phosphate indicated 238 irmoles of a-~- 

giucopyranosyl phosphate (95% recovery) in the first fraction, [M]n I-29,000, and 
222 pmoles of /3-rz-ghtcopyranosyl phosphate (S9O/, recovery) in the second fraction, 
[Mfn j-2,600. From optical rotations previously recorded for salts of these phosphates, 
the molecular rotations calculated are +29,000 and -f-2,700, respectively. The phos- 
phates can be converted into appropriate s&s, and these can be crystallized. Ir: this 
way were obtained a-r)-glucopyranosyl (dipotassium phosphate) dihydrate (73.6 mg; 
79%), [cr]g3 +77.6’ flitJ4 + 78”) and &D-glucopyranosyl (dicyclohexylammonium 
phosphate) (76.3 mg; 66%), [LY]:: -I- 5.3” (lit.” + 5.9”). 
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ated on the column. The results were similar to thoseshowninFigure 3, but there was 
a slight shoulder on the trailing edge of the peak. 
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Fig. 3. Ion-exchange chromatography of the anomers of 2-deoxy-D-er_vrhro-pentofuranosyl phos- 
phate. (Depiction as in Fig. 1.) 

The D-ribupyranosylphusphates. - A sample (0.8 g) of P-D-ribopyranose tetra- 
acetate”*‘* was heated with 1 g of anhydrous phosphoric acid for 2 h at 50”, and 
processed in the usual way. A mixture of glycosyl phosphates was formed, as shown 
by t.l.c., in 55% yield. Attempted separation of the anomers by ion-exchange chro- 
matography (500 pmoles, neutralized solution) was likewise unsuccessful. 
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Preparation of B-D-mannopyranose and some derivatives’+ 

In the past, both c+D-mannopyranose and /CD-mannopyranose could be 
obtained. The P-D anomer was isolated from such traditional sources as ivory nut. 
However, after crystallization of the a-D anomer had been accomplished, the /?-D 
anomer could not be obtained in the same laboratory’. This situation has probably 
been occasioned by the presence of micro seed-crystals of the X-D anomer which 
have become common in preparatory laboratories. As a result of the seed-crystal 
problem, only the a-D anomer of D-mannopyranose is now commercially available. 

It has become desirable to synthesize a-D-mannopyranosyl phosphate. The 
chemically useful routes to the glycosyl phosphates have basically involved reactions 
of analogous types. Two of the more common procedures are (a) the replacement of 
the halogen atom of the tetra- U-acetyl-a-D-aldohexopyranosyl halide by treatment 
with silver orthophosphate2*3 or a diester thereof, and (b) the direct displacement of 
the 1-O-acetyl group of the fully acetylated sugar by treatment with anhydrous 
orthophosphoric acid4. In both cases, the j?-D-pentaacetate is the more synthetically 
useful intermediate. For this reason, it has been important to obtain crystalline 
/3-D-mannose prior to the acetylation reaction_ 

By the procedures now described, it has been found possible to (1) obtain 
/3-D-mannopyranose in good yield and purity from ivory nut, (2) convert commercially 
available a-D-mannose into /I-D-mannopyranose, and (3) acetylate the P-D anomer, 
to form the highly useful #I-D-pentaacetate. 

EXPERIMENTAL 

PreparaZion of ~-D-lnannopyranoseS-8. - Four liters of 1% sodium hydroxide 
solution in a 6-liter Erlenmeyer flask was heated to boiling on a hot plate equipped 
with a magnetic stirrer, and 400 g of ivory-nut powderS was gradually added with 
continuous stirring. The flask was removed from the hot plate, and the mixture was 
stirred intermittent!y with a glass rod for 30 min, filtered through several layers of 
cheesecloth, and the residue washed with distilled water until the filtrate was clear. 
The filter cake was transferred to a Pyrex dish, and dried at 50”. 

The dried meal (200 g) was hydrolyzed by adding it slowly, with constant 
stirring, to a beaker containing 65% (w/w) sulfuric acid (165 ml), while keeping the 
temperature below 50”. The brownish, dough-like material was kept overnight at 
room temperature to permit continuation of the hydrolysis. The material was then 
dissolved in 2 liters of distilled water, and the solution was transferred to a 5-liter 
flask and refluxed (heating mantle) for 3 h. Barium carbonate (336 g) was slowly 
added to the hot hydrolyzate during 1.5 h with continuous heating, and finally until 

*Michigan State Journal No. 4256. 
*Supported by Grant No. AM 11156 from the National Institutes of Health. 
TObtained from Pfanstiehl Laboratories, Inc., Waukegnn, Illinois. 
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the mixture was neutral to Congo Red paper. The hot suspension was filtered by 
suction, and the cake was washed with hot, distilled water. Excess barium ions in the 
filtrate were removed by dropwise addition of 1:20 sulfuric acid-water until no further 
precipitate of barium sulfate was formed and the solution was not acid to Congo Red 
paper. Barium sulfate was removed by filtration, and a few ml of acetic acid were 
added to the filtrate_ The solution was cooled to room temperature, decolorized twice 
with Norit (log), the suspension was filtered, and the solution was concentrated 
at 30” (rotary, flash evaporator) to 60-65% of solids as determined by a refractometer. 
The resulting, light-yellow solution (100 ml) was added to 200 ml of 95% ethanol, 
with stirring, and the suspension was kept overnight at room temperature, and 
filtered. The filtrate was concentrated in a l-liter, round-bottomed flask to 87-88% 
of solids, an equal volume of acetic acid was added, and the mixture was warmed and 
shakenuntil thoroughly mixed. The solution was allowed to cool to room temperature, 
and the flask was stoppered and placed in a refrigerator. After several days, with 
intermittent scratching of the inside walls of the flask, crystallization occurred 
(crystallization may be hastened by nucleation with crystals of pure /J-D-mannose). After 
2 to 3 weeks, the crystals were filtered off, and washed twice with acetic acid, several 
times with 95% ethanol, and once with absolute ethanol. The crystals, protected from 
dust, were dried in the air, and then in a vacuum desiccator over calcium chloride 
at room temperature; yield 50 g (25% of the weight of the dried, extracted meal) 
of p-D-mannopyranose, m-p. 132” (dec.), [a]::, - 17” (c 4.0, water). 

Conversion of x-D-?nannopyranose into b-D-??tannopyranose. - a-D-MaMOSe* 
(10 g) was dissolved in warm, de-ionized, distilled water (ca. 10 ml), and the solution 
was filtered through Whatman No. 1 paper into a well-rinsed, previously unused, 
50-ml, round-bottomed flask, and thi solution was evaporated to dryness. After 2 h 
at 30” (rotary, flash evaporator), 2.0 ml of acetic acid was added, a few seed crystals 
of /I-D-mannose were added, and the mixture was kept for 10 days at 4”, during which 
time, crystallization occurred_ With the aid of ice-cold acetic acid, the crystals were 
filtered with suction; they were washed with a small volume of cold absolute ethanol, 
and dried in cacuo over phosphorus pentacxide (Abderhalden dryer) at 65”; yield 
6.35 g of j?-D-mannose, [a]:,‘, - 15.7 + + 14.6” (c 4.0, water); lit.’ - 17 --, + 14.6”. 

Penta-O-acetyf-j3-D-mannopyranose’”. - Powdered /I-D-mannose (10 g; dried 
as described) was mixed with pyridine (67 g) and acetic anhydride (50 g)*. The flask 
was stoppered and kept in an ice bath, and the suspension was stirred magnetically 
until complete dissolution occurred (2 h). To complete the acetylation, the reaction 
mixture was kept for two days at 4”; the clear, straw-colored solution was then poured, 
with vigorous stirring, onto finely cracked ice (250 g). The crystals were collected by 
filtration, air-dried for 2 h, recrystallized_from 96% ethanol (30 ml), and washed with 
cold, absolute ethanol; yield of penta-O-acetyl-/3-D-mannose, 11.4 g; m.p. 116-I 17”; 

bl% -24” (c 4.0, chloroform); lit.” m-p. 117-l 18”; [a]g -24.9” (chloroform). 

*Obtained from Nutritional Biochemicals Corporation, Cleveland, Ohio. 
tpyridine was dried by refiuxing it over calcium hydride chips, and both the pyridine and the acetic 
anhydride were freshly distilled before use. 
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The acetylation procedure was repeated with 6.4 g of j3-D-mannose-‘4C, and 
the corresponding proportions of the acetylating agents. The fi-o-marmose-‘4C was 
prepared, as already described, from a mixture of or-D-mannose-i4C and a-D-mannose; 
yield of the ?Xabeled penta-O-acetyl-jS-D-mannose, 8.4 g; m-p. 117-l 1P. 

DISCUSSION 

Sefore the isolation and characterization of a-D-mannose, conditions for 
crystallization of D-mannose from biological sources favored the 8-D anomer. Later, 
however, as with o-glucose, if seeds of the CL-D anomer were present, the CC-D anomer 
crystallized. 

The present procedure describes the isolation of p-D-mannose from ivory nut. 
Commercially available cr-D-mannose may be converted into the B-D anomer by 
essentially the same crystallization steps. The product so isolated has a strong negative 
rotation which reaches the correct equilibrium value for the LY$ mixture. Further 
characterization of the 8-D anomer was afforded by direct acetylation to crystalline 
penta-O-acetyl-/I-D-mannopyranose; the properties of this compound were the same as 
those previously reported. These values are quite different from those reported for 
penta-O-ace@-cr-D-mannopyranose, and direct acetylation to yield the crystalline 
a-~ anomer by this procedure has proved impossible. 

By employing crystalline penta-O-acetyl-JP-D-mannopyranose, cr-D-manno- 
pyranosyl phosphate has been prepared by displacement, by use of silver phosphate, 
of the halogen atom from tetra-O-acetyl-x-D-mannopyranosyl halides. Alternatively, 
this sugar phosphate has been prepared by the MacDonald procedure, by direct 
displacement of the I-O-acetyl group of the /I-D-pentaacetate by treatment with 
crystaliine orthophosphoric acid. 

Departmert of Biochemistry, STEVEN LEVINE 
Michigan State University, R. G. HANSEN 
East Lansing, Michigan 48823 (U. S. A.) H. M. SELL 
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STUDIES ON URONIC ACID MATERIALS 

PART XXVII*. THE STRUCTURE OF THE GUM FKOM Acacia rmbica BENTH. 

D. M. W. ANDERSON AND G. M. CREE 

Department of Chemistry, The University, Edinburgh 9 (Great Britain) 

(Received September 9th, 1967) 

ABSTRACT 

The polysaccharide exuded by Acacia nubica trees has a high, positive specific 

rotation, has low methoxyl and L-rhamnose contents, and contains D-galactose, 
r_-arabinose, and D-glucuronic acid, which is present in two aldobiouronic acids, 

6-0-(fl-D-glucopyranosyluronic acid)-D-galactose and 4-0-(ac-D-glucopyranosyluronic 

acid-D-galactose. Autohydrolysis experiments gave 3- 0-b-L-arabinofuranosyk- 
arabinose, 3-0-P_L.-arabinopyranosyk-arabinose, /?-(I -+ 3)-linked-L-arabinose tri- 

saccharides, and a degraded gum A of molecular weight 5,730, which was studied 

by linkage and methylation analysis. Partial hydrolysis with acid gave 3-O-&D- 

galactopyranosyl-D-galactose and 6-0-/3-D-galactopyranosyl-D-galactose. An examin- 
ation of the O-methyl derivative of degraded gum A gave 2,3,4,6-tetra-, 2,3,4-, 2,3,6-, 

and 2,4,6-k%, and 2,Pdi-0-methyl-D-galactose; 2,3,4-tri-0-methyl-L-arabinose; 

and 2,3.4-tri-O-methyl-D-glucuronic acid. Degraded gum A was subjected to a 
Smith degradation, and the product was examined by linkage and methylation 
analysis. 

The O-methyl derivative of the whole gum gave 2,3,4- and 2,3,5-t&, and 2,5- 

and 3,5-di-0-methyl-L-arabinose; 2,3,4,6-tetra-, 2,4,6-, 2,3,6-, and 2,3&tri-, 2,6- 
and 2,4-di-, and 2-0-methyl-D-galactose; and 2,3,4-tri-0-methyl-D-glucuronic acid. 

The whole gum was subjected to five successive Smith-degradations, and the Smith- 

degraded polysaccharides SZ-S.5 were each examined by linkage and methylation 
analysis. 

The structural evidence suggests that A. nubica gum molecules possess highly 
branched D-galactan frameworks, to which are attached D-glucuronic acid residues 

and L-arabinose-containing side-chains, some of which are at least six units long. 

The gum contains the largest proportion of L-arabinose in any of the Acacia gum 
exudates studied to date. 

INTRODUCTION 

In a preliminary study of the gum exudates from several Acacia species, Acacia 

*For Part XXVI, see Ref. 1. 
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nubica Benth. was found’ to differ in several interesting respects from the Acacia 

species studied previously. Thus, A. nubica gum gave a high, positive specific rotation 
(t IOOO), very low methoxyl and rhamnose contents, and the highest arabinose content 
of any Acacia species examined to date. A structural study of the gum from A. nubica 

was therefore undertaken, since these analytical parameters indicated that the gum 
might provide an examp!e of one extreme structure-type within the genus Acacia. 

Recent studiesIS have indicated that structural variations between gums of different 
Acaria species are more pronounced than was at one time supposed. 

RESULTS 

The crude gum from Acacia nubica is dextrorotatory ([CX]~ + 100°) and is 
composed (see Table I) of D-galactose, r_-arabinose, D-@UCLIrOnk acid, and r_-rhamnose 
in the proportions 33:59:7:1. There is a very small methoxyl content ~0.05-0.1% for 

TABLE I 

ANALYTKALDATA~ FORTHREESAMPLESOF Acacianubica GUM 

Sample A Sample B 

Crude Purified Crude purified 

Sample C 

Crude Purified 

Moisture, % 
Ash, % 
Nitrogen, % 
Uranic anhydride, O/b b 
Cold-water insoluble, % 
pH, 3% solution 
Free, titratable acidityc 
[c@ (c 3.0) 
Methoxyl, % b 
D-&lactose, % 
r-Arabinose, % 
r-Rhamnose , % b 

IO.4 
1.54 
0.20 
6.4 

1.4 
4.70 
0.49 

+98” 
- 

33 
59 

I 

5.2 
0.02 
0.21 
7.3 

2.5 
- 

+ 1010 
0.05 

a9 
63 

0.6 

11.1 
I.52 
0.13 
7.5 
1.5 
4.74 
0.64 

ClOO~ 

- 
- 

5.0 
0.01 
0.21 
7.6 

- 
- 
+ loo” 
0.05 

28 
64 
trace 

9.2 

1.54 
0.21 
7.6 

1.9 
4.85 
0.60 
+99= 

- 
-- 
- 

5.1 
0.01 
0.16 
7.2 

- 
+ 100” 

0.06 

28 
64 
trace 

eAll data corrected to dry-weight basis. bBy vapour-phaseinfrared methods. CAsmlof0.02N NaOH 
per 10 ml of 3% solution. 

different specimens), and a small proportion (0.3%) of the uranic acid is probably 

present as 4-O-methyl-D-glucuronic acid. The gum contains nitrogenous material 
(N, 0.21%) of which some, at least, was shown to be proteinaceous. The crude gum 
gave a positive test for peroxidase. Paper-chromatographic examination of a solution 
ofcrudegum showed that material of low molecular weight was present; after isolation 
by dialysis, it was shown that free arabinose, galactose, rhamnose, and 3-0-/3-k 
arabinopyranosyk-arabinose were present. The proportion of rhamnose appeared 
(visual examination of chromatograms) to be greater than that obtained on complete 
hydrolysis of the purified gum polysaccharide. 
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Autohydroiysis experiments. - Reasonably complete autohydrolysis of the 
gum (5% solution) required 120 h at 98” [cf-, autohydrolysis of A. Senegal gum 
(uranic acid, 16%) which requires only 50 h at 98”]. During autohydrolysis, the pH 
decreased from 2.5 to 1.9, and the specik rotation increased from + 100 to + 108” 
(24 h) and then decreased to + 87” (144 h) as shown in Table II, which also indicates 
the nature of the reducing sugars liberated. Three arabinose oligomers were detected: 
3-0-/3-L-arabinopyranosyl-L-arabinose (X),3- O-fl-L-arabinofuranosyl-L-ara binose (Y), 
and a Disaccharide (Z), identified tentatively as O-/3-L-arabinopyranosyl-(1 -+ 3)- 
0-/3-L-arabinofuranosyl-(1 + 3)-L-arabinose. Disaccharide X has been detected 
previously in several Acacia gums, and disaccharide Y has been detected in the gums 
from A. pycnantha and A. Senegal; trisaccharide 2 has not been reported previously_ 
The disaccharide, 3-0-;c-D-galactopyranosyl-L-arabinose, was not detected; it has 
been reported to be present in the gums from A. Senegal, A. cyanophylla, and A. karroo. 

Degraded gum A, isolated after autohydrolysis (yield 24% ; methoxyl, 0.1% ; 
[a]o +44”), contained glucuronic acid (12%), galactose (83%), and arabinose (5%); 
its reducing end-group was shown to be a galactose unit, and its degree of poly- 
merisation4 was found to be 33 (AI, = 5,730). This value must be compared with the 
value of 4,800 obtained for a sample of A. senegaf gum degraded by autohydrolysis5. 
Mild hydrolysis of degraded gum A gave 3- O-P-D-galactopyranosyl-D-galactose, 
6-0-/I-D-galactopyranosyl-D-galactose, the p-~-Cl - 3)- and p-~-(1 --_, 6)-linked 
galactose Disaccharides, and a fraction which was probably a mixture of tri- and 
tetra-saccharides. The &D-(1 + 3)-linked trisaccharide has been detected in A. Senegal 
gum, but this is the first report of the p-~-(1 + 6)-linked trisaccharide in an Acacia 

gum. In contrast to A. Senegal gum, the A. nubica degraded gum A gave more of the 
/3-D-(1 + 6)- than of the p-~-(1 --, 3)-linked disaccharides. 

Graded hydrolysis experiments. - Hydrolysis of the whole gum (N-sulphuric 
acid, loo”, 8 h), followed by cellulose-column chromatography, gave L-xhamnose, 
L-arabinose, D-galactose, D-glucurono-6,3-lactone, and 4-0-methylglucuronic acid. 
The aldobiouronic acids were shown to be 6-0-(/-D-glucopyranosyluronic acid)- 
D-galactose and (in minor proportion) 4-O-(a-D-gmcopyranosyluronic acid)-D- 
galactose. 

Methylation studies. - Degraded gum A was methylated6 by the sodium 
hydride-methyl iodide-methyl sulphoxide system, and cellulose-column chromato- 
graphy of the methylated products showed the presence of 2,3,4,6-tetra-O-methyl- 
D-galactose; 2,3,4-tri-O-methyl-L-arabinose; 2,3,4-, 2,4,6-, and 2,3,6-tri-O-methyl- 
D-galactose; 2,4-di-0-methyl-D-galactose; and 2,3,4-tri-0-methyl-D-glucuronic acid. 

After methylation6 of the whole gum, cellulose-column chromatography 
showed the presence of 2,3,5-tri-0-methyl-L-arabinose; 2,3,4,6-tetra-O-methyl-D- 
galactose; 2,5- and 3,5-di-0-methyl-L-arabinose; 2,3,4-tri-0-methyl-L-arabinose; 
2,3,4-, 2,4,6-, and 2,3,6-tri-0-methyl-D-galactose; 2,6- and 2-4-di-O-methyl-D- 
galactose; 2-0-methyl-D-galactose; and 2,3,4-tri-O-methyl-D-glucuronic acid. About 
50% of the arabinose was present as 2,3,5-D-i-0-methyl-L-arabinose, with a major 
proportion of di-0-methyl-L-arabinose, and a small proportion of 2,3/I-tri-o-methyl- 
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L-arabinose. The di-O-methylarabinose fraction consisted of 2,5-di-U-methyl-L- 
arabinose (one part) and the less-common 3,5-di-0-methyl-L-arabinose (four parts). 
L-ArabinofuranosyL(1 + 2)+arabinose units must therefore be present in the gum, 
and arabinopyranose units appear to occur only as non-reducing end-groups. The 
major galactose-containing fraction from the methylated whole gum (about 60% of 
the total galactose) was present as a mixture of 2,4,6-tri-0-methyl-D-galactose 
(5 parts), 2,3,4-t& (one part), and 2,3,6-tri-O-methyl-D-galactose (trace). Most of the 
remaining galactose occurred as 2,4-di-0-methyl-D-galactose, with relatively little 
2,3,4,6-tetra-0-methyl-o-galactose, 2,6-di-O-methyl-D-galactose, or 2-O-methyl-o- 
galactose. Under-methylation of O-4 of galactose units has been reported’ in A. Senegal 
gum; the occurrence of 2,6-di- and 2-O-methylgalactose in A. nubica gum may also 
arise from under-methylation. The acidic residues in the gum are present as end 
groups. When the methylation results are compared, the most striking feature is the 
very small proportion of galactopyranose end-groups in the whole gum, when com- 
pared with the degraded gum. The whole gum contains proportionately more 2,4,6- 
tri-O-methyl-D-gaiactose and 2,4-di-0-methyl-D-galactose. It therefore appears that 
the point of attachment of the arabinose-containing units in the whole gum is to 
C-3 of (1 + 6)linked galactose units and otherwise unsubstituted galactose units. 
Some arabinose may be linked to C-6 of galactose residues, but this cannot occur to 
any great extent as the most abundant, methylated galactose from the methylated 
whole gum would then be 2&I-tri-O-methyl-D-galactose. 

Smith degradations. - Five successive Smith-degradations were carried out on 
the whole gum, and the five degraded polysaccharides (SI-S5) isolated were examined 
by hydrolysis and methylation. Every stage of the sequence of Smith degradations 
gave the same methylated sugars, aiz., 2,3,5-tri-O-methyl-r_-arabinose; 2,5- and 
3,5-di-O-methyl-L-arabinose; 2,3,4,6-tetra-O-methyl-D-galactose; 2,3,4- and 2,4,6- 
tri-0-methyl-r+galactose; and 2,Pdi-0-methyl-D-galactose. Although it is unlikely 
that complete reaction is obtained at each stage of such a sequence of Smith degra- 
dations, the following conclusions appear to be reasonable. (a) Product SI did not 
contain rhamnose, glucuronic acid, or arabinopyranose units. This confkms the 
evidence from the methylation study, which indicated that acidic and arabinopyranose 
units are present exclusively as end groups. The rhamnose residues are oxidised by 
periodate and are probably present in peripheral, end-group positions. (b) Only the 
first Smith-degradation gave ethylene glycol and threitol as low molecular-weight 
products. Thus, all of the arabinopyranose end-groups, and oxidisable galactose 
residues linked through C-4, are eliminated at the first stage. (c) Yields from the 
degradations were low at every stage, compared with the yields obtained’ in a study 
of A. Senegal gum. This indicates a higher proportion of end groups in A. mbica and 
suggests a higher degree of branching than in A. senegal, which is itself extensively 
branched’. (d) Arabinose was the major sugar present in all the Smith-degraded 
polysaccharides SI-S5: this suggests that most of the arabinose-containing side- 
chains are at least 6 arabinose residues in length, and some may be considerably 
longer. 
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DISCUSSION 

The core of A. nubica gum appears to be a highly branched galactan framework: 
some branches are terminated by D-glucuronic acid (and a very small proportion of 
its 4-O-methyl derivative) linked mainly p-(1 + 6) to D-galactose, but with some 
cc-(1 3 4) links also. The only linkages detected between the D-galactose residues 
were p-(1 + 3)- and B-(1 + 6), -with the latter type preponderating_ Blocks of three 
contiguous p-( 1 + 6)-linked D-galactose residues occur. There is no evidence for 
a “backbone” of (1 -P 3)-linked D-galactose residues; this is at variance with early 
studies of Acacia gum exudates, but is in agreement with recent investigations of 
gums from A. Senegal’ and A. arabica3. 

Chains of z.-arabinose residues are attached to the branched gala&an frame- 
work, mainly at C-3 of the D-galactose residues; the L-arabinose chains are, on 
average, at least six units long, and some are terminated by L-arabinofuranose and 
r_-arabinopyranose residues linked P-Cl + 3) to L-arabinose. The chains contain only 
(1 + 2)-linked L-arabinofuranose residues, with a smaller proportion of (1 + 3)- 
linkages. It is not known whether chains occur which are exclusively (I + 2)- or 
(1 + 3)-linked, or whether both types of linkage occur in one chain. 

A. nubica and A. arabica exudates are the first strongly dextrorotatory Acacia 
gums to be studied structurally, and it is of interest to consider the nature of the major 
structural differences between these species and the Acacia species that give laevo- 
rotatory gums, e.g., A. Senegal’. Although the (1 + 4)-linked aldobiouronic acid 
present has a high positive rotation, it is not sufficiently abundant to make a decisive 
contribution to the overall rotation. Indeed, when the (1 -+ 4)-aldobiouronic acid 
linkage was destroyed by periodate oxidation, the residual polysaccharide was even 
more strongIy dextrorotatory, and this effect persisted for Smith-degradation products 
S2 and S3. The origin of the highly positive rotation is clearly a deep-seated feature 
of the gum molecule. 

A. nrrbica gum resembles other Acacia gums in giving a degraded gum consisting 
mainly of D-galactose residues linked p-(1 + 3) and p-(1 + 6). Unlike the gums from 
A. Senegal5 and A. pycnantha’, p-~-(1 -+ 6)-linkages preponderate in A. nubica gum. 
It has been deduced5 that A. senegalgum has a branched, tree-like core of D-galactose 
residues; there is evidence that the core of A. nubica gum is even more highly branched. 
As in A. Senegal5 gum, the L-arabinose chains are attached to C-3 of D-galactose; 
in A. pycnantha7, they are attached to C-6 of D-galactose, and in A. seyal’ they are 
attached to both C-3 and C-6 of D-galactose. The t.-arabinose chains in A. nubica 
gum are much longer, however, than in A. Senegal’ gum (where four Smith-degra- 
dations eliminated ail of the L-arabinose). The L-arabinose chains also differ in the 
respect that they consist largely of (1 + 2)-Iirked L-arabinofuranose units. Until 
recently, 3,5-di-O-methyi-L-arabinose had been reported to occur in only one species, 
A. pycnantha7, but from studies carried out at the same time as this workg, this sugar 
is now known to occur in -4. arabica gnm3, and also in gums from several other Acacia 
species”. 
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It therefore appears that A. nrrbica gum has a markedly different structure to 

that of A. Senegal gum. It is not known whether A. nubica and A. arabica are typical 

of the dextrorotatory species that have low contents of L-rhamnose, or whether 

A. Senegal is typical of the laevorotatory species that have relatively high contents 

of r_-rhamnose; further studies of a wider range of ACCX~Q gum exudates are required_ 

EXPERIMENTAL 

The standard analytical methods have been described5*“. Paper chromato- 

graphy was carried out on Whatmac No. 1 and 3MM papers with the following 

solvent systems (v/v): (a) butyl alcohol-ethanol-water (&l:S, upper layer); (b) butyl 
alcohol-pyridine-water-benzene (5:3:3:1, upper layer); (c) ethyl acetate-pyridine- 

water (10:4:3); (n> ethy1 acetate-acetic acid-formic acid-water (I 83: I :4); (e) ethyl 

acetate-acetic acid-formic acid-water (l&8:3:9); (f> butyl alcohol-acetic acid-water 
(4:1:5, upper layer); (9) acetone-ethanol-propan-2-ol-borate buffer (O.OShr, pH 10) 

(3: 1: 1:2); (/z) butanone-acetic acid-water, saturated with boric acid (9: 1: 1); (i) butan- 

one-water-cone. ammonia (200:17:1). R col values refer to distances moved relative 

to galactose; Ro values of O-methyl sugars refer to distances moved relative to 2,3,4,6- 

tetra-O-methyl-D-glucose. Zone electrophoresis of sugars on Whatman No. 1 paper 

was carried out in 0.05~ borate buffer (pH 10); MC values refer to the true migration 

of the sugar relative to that of glucose. G.1.c. [chromatograph Type S3A, fitted with 

flame-ionisation detectors (Gas Chromatography Ltd.)] of mixtures of O-methyl 

sugars was carried out at nitrogen flow-rates of ca. 100 mI/min on columns of(i) 15% 
by weight of poly(butane-1,4-diol succinate) on 60-70 mesh Celite (5 ft x 0.25 in) 

at 175”, and (ii) 15% by weight of poly(ethylene gIyco1 adipate) on 60-70 mesh 
Celite (3 ft x0.25 in) at 160”. Retention times (T) are quoted relative to that of 

methyl 2,3,4,6-tetra-U-methyI-fl-D-glucopyranoside. Unless otherwise stated, methyl- 

ations were carried out by the sodium hydride-methyl iodide-methyl sulphoxide 

system6. 
Origins of specimens. - Three samples of the exudate from A. nubica Benth. 

were available; they were collected by (the late) M.P. Vidal-Hall, formerly Gum 

Research Officer, El Obeid, from a single tree at Goz el Ganzara, Kordofan Province, 
Republic of the Sudan, on 15 December 1962 (sample A), 30 December 1962 (sample B), 

and 25 January 1963 (sample C). 

Analytical data for the crude samples. - The results of analyses of samples 

A, B, and C are shown in Table 1. 

Purification and analysis of the purifiengum. - Aqueous solutions of samples 
A, B, and C were filtered, dialysed, and then exhaustively electrodialysed. The 

results of analyses are shown in Table I. All further studies were made on Sample A. 

Separation and characterisation of neutraZ sugars. - A series of experiments 

established that hydrolysis with N sulphuric acid for 8 h at 100” cleaved all glycosidic 
linkages (excepting those of aldobiouronic acids), without causing significant degrad- 

ation of the sugars released. Gum sample A (5 g) was hydrolysed, and the hydrolysate 
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was ncutralised (B&O,), deionised [IR-120(H+) resin], and concentrated to a syrup 
that was applied to a cellulose column (60 x4 cm), which was then developed with 
solvent (b). Fractions (25 ml) were collected; arabinose first appeared in tube 50. 
Fraction 1: the contents of tubes 11 to 47 were combined and evaporated to a syrup 
(15 mg). Chromatography [solvents (a), (b), (c), and (41 revealed the presence of 
rhamnose. The syrup was taken up in ethanol-water. On standing, crystals were 
obtained: these gave an X-ray diffractogram identical to that of authentic rhamnose. 
Fraction 2 had m.p. 158”, [a];’ +105” (~0.5, water), and was identical chromato- 
graphically to L-arabinose in solvents (a), (b), and (c)_ The sugar was characterised 
as its phenylosazone, m.p. 163-164”; the X-ray diffractogram was identical to that 
of authentic r.-arabinose. Fraction 3 had m.p. 171 O, [a];’ + 8 1 o (c 0.5, water) and was 

identical chromatographically to D-galactose in solvents (a), @I), and (c). This sugar 
was characterised as its phenylosazone, m.p. 200”; the X-ray diffractogram was 
identical to that of authentic D-galactose. 

Separation and characterisation of acidic sugars. - The acidic sugars, virtually 

immobile in solvent (b), were eluted with water from the cellulose column described 
above, and isolated as a syrup (600 mg): chromatography [solvents (b) and (&I] 
revealed the presence of galactose, glucuronic acid, and glucurono-6,3-lactone. The 
syrup (200 mg) was hydrolysed with sulphuric acid (2N, IOO”, 8 h), and the neutralised 
hydrolysate (BaCO,) was filtered and deionised. The products were separated into 
neutral and acidic components on a column (40 x 3 cm) of Duolite A4 resin. The 
neutral sugars, with traces of glucurono-6,3-lactone, were eluted with water and not 
investigated further. The acidic fractions were eluted with formic acid (5%), and 
isolated as a syrup (95 mg) that was chromatographed [solvent (41 on thick paper; 
five fractions were obtained_ Fraction I was D-glucurono-6,Zlactone, RGol 3.49, 
[r]o + 19” (c 2.0, water); re-crystallisation from water gave crystals, m.p. and mixed 
m-p. 177”. Fraction 2 (3 mg) was syrupy 4-0-methyl-o-glucuronic acid, RGoI 2.58, 
[CC&, + 33” (c 0.1, water), and was chromatographically identical to authentic material 
[solvents (n) and (e)]. Reduction (borohydride) of the methyl ester methyl glycoside 
gave a trace of material that was chromatographically identical [solvent (a)] to 4-0- 
methyl-D-glucose. Fractiolr 3 was chromatographically identical to D-glucuronic acid, 
in solvents (d> and (e), and since glucurono-6,3-lactone had been characterised from 
Fraction 1, this material was not examined further. Fraction 4 was chromatographi- 
tally identical to o-galactose in solvents (a), (b), and (c)_ Fraction 5 consisted of a 
trace of unhydrolysed aldobiouronic acid, RGaI 0.23, identical chromatographically 
in solvent (d) to 6-0-(&D-glucopyranosyhrronic acid)-D-galactose. 

TIte aldobiouronic acids. - The aldobiouronic acid fraction was obtained by 
partial hydrolysis of the gum with N sulphuric acid for 8 h. The reaction product was 
neutralised (BaCO,), filtered, concentrated to a syrup, and added to ethanol. The 
precipitated barium aldobiouronates were removed at the centrifuge, deionised, and 
purified by paper chromatography on thick paper [solvent (a]_ Traces of material 
[R,, 0.61, solvent (G?)] could not be isolated in sufficient quantity for characterisation. 
The major component was a syrup [R col 0.28, solvent (a], [& + 11” (c 0.5, water). 
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Since this did not correspond to any of the aldobiouronic acids commonly found’ 
in the Acacia group, the product was re-examined; prolonged paper chromatography 
[solvent (41 resolved two components having RGaI 0.26 (major) and RGal 0.32 (minor 
component). The syrupy major component was chromatographically identical to 
authentic 6-U-(P-D-glucopyranosyluronic acid)-D-galactose, and had [a], - 4” (c 1.0, 
water); the minor component was identical chromatographically to 4-@(a-~- 

glucopyranosyluronic acid)-D-galactose, [a]n + 87” (c l-0, water). These two aldo- 
biouronic acids were then rigorously characterised by the same sequences of reactions 
already described’ for the identification of the aldobiouronic acids in A. seyal gum. 

Autohydrolysis experiments. - Solutions (5%) of purified samples A and B were 
heated at 98”; portions (5 ml) were withdrawn at various intervals and analysed. The 
results for solution A are shown in Table II; solution B gave virtually identical results. 

Degraded gum A was obtained by autohydrolysis of a solution of sample A 
(29.14 g in 600 ml of water) for 100 h at 98”. The solution was cooled, filtered, and 
dialysed against distilled water for 5 days; the dialysates were concentrated, and 
retained for further study. The solution of degraded gum A was freeze-dried (yield, 
dry weight basis, 24.5%); [aJD +44” (c 1.9, water); methoxyl, 0.10; uranic acid, 12; 
galactose, 83; arabinose, 5%. 

Examination of degraded gum A. - Degraded gum A was hydrolysed at 100” 
in sulphuric acid (0.5~); aliquots were removed at 0.5, 1, l-5,2,3,4, and 5 h, neutral- 
ised, and examined chromatographically in solvents (a) and (b). The yield of disacchar- 
ides, estimated visually, was greatest after 1 h. Accordingly, degraded gum A (1.793 g) 
was dissolved in sulphuric acid (O.~N, 100 ml) and hydrolysed for 1 h. The solution 
was neutralised, filtered, concentrated, and examined by paper chromatography 
in solvents (a), (b), and (c). Five fractions were obtained. Fraction I, RGar 0.54 [solvent 

(all, 0.47 @), 0.5 1 ( c ) , was chromatographically identical to 3- O-fl-D-galactopyranosyl- 
n-galactose. Crystallisation from acetone-water gave a product having [a],, f 61” 
(c 1.1, water); m.p. and mixed m.p. 161”. Fraction 2, Real 0.36 (a), 0.31 (b), and 
0.44 (c), did not crystallise; it had [a]: + 33” (c 0.12, water), and the phenylosazone 
had m-p. 198-199”. The fraction was chromatographically identical to ~-O-&D- 
galactopyranosyl-o-galactose; it was methylated6, and, after methanolysis, the methyl 
glycosides of 2,3,4,6-tetra-O-methyl-D-galactose [T = 1.67 (i); 1.66 (ii)]; 2,3,4&-O- 
methyl-D-galactose [r = 5.06 (i); 6.22 (ii)]; and 2,3,5-tri-0-methyl-D-galactose 
[T = 3.16,4.12 (i); 3.92, 5.30 (ii)] were identified by g.1.c. Fraction 2 was about three 
times more abundant than Fraction 1. Fraction 3, Real 0.22, (a) and (b), present in 
trace amount only, was chromatographically identical to 0-P-D-galactopyranosyl- 
[l -+ 3)-O-/3-u-galactopyranosyl-(1 -_, 3)-D-galactose, with a degree of polymer- 
isation” = 2.91_ Partial hydrolysis gave only galactose and 3-0-P-D-galactopyranosyl- 
o-galactose. Fraction 4, RGa, 0.14 (a), 0.16 (6); degree of polymerisation’2 2.80; was 
a syrup having [aID -I- 18” (c 0.11, water). Partial hydrolysis with acid gave galactose 
and 6-O-b-D-galactopyranosyl-D-galactose. After methylatior@ and methanolysis, 
the methyl glycosides of 2,3,4,6-tetra-0-methyl-D-galactose, and 2,3,4- and 2,3,5- 
tri-O-methyl-rr-gaIactose, were identified by g.1.c. The mixture of methyl glycosides 
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was hydrolysed, and double development of the resulting sugars in solvent (i) gave 
spots corresponding to 2,3,4,6-tetra-0-methyl-D-galactose and 2&l-tri-O-methyl-D- 
galactose. It was concluded that the trisaccharide was O-Q-D-gaIactopyranosyl- 
(1 + 6)- O-/?-D-galactopyranosyL(1 + 6)-D-galactose. Fraction 5 had RGnl 0.08 (a), 
0.09 (b); degree of polymerisation’* = 3.6. Partial hydrolysis by acid, with and 
without prior reduction of the reducing end-group, showed the presence of 3-0+-D- 

galactopyranosyl-D-galactose and 6-O-fi-D-galactopyranosyl-D-galactose. It was 
concluded that this fraction was a mixture of tetra- and tri-saccharides. 

Degraded gum A (415 mg) was dissolved in water (100 ml), and sodium boro- 
hydride (400 mg) was added. After 1 day, further sodium borohydride (100 mg) 
was added. After dialysis, the reduced, degraded glrn was freeze-dried; yield, 91%. 
A portion of the reduced, degraded gum was hydrolysed (N sulphuric acid, lOO”, 7 h). 
After neutralisation and concentration, chromatographic analysis (solvent h) showed 
galactose, traces of arabinose, and galactitol. A portion of the reduced, degraded 
gum (200 mg) was hydrolysed, neutralised, filtered, deionised, and concentrated to 
ca. 25 ml. The solution was made 0.1~ with respect to ammonia, and IRA-400 
resin (OH-) was added l3 The solution was heated (lOO”, 6 h), cooled, filtered, and . 
taken to dryness. Paper chromatography [solvent @)] of a solution of the residue 
revealed galactitol and immobile material. With solvent (ci), galactitol and slow- 
moving material were found: galactose was not detected with either solvent. On 
evaporation, a semi-crystalline mass was obtained; this was treated with acetic 
anhydride containing a trace of sulphuric acid. After 24 h, water was added; hexa-O- 
acetylgalactitol (6 mg) was precipitated, and recrystallisation from ethanol gave 
crystals, m-p. 168”. 

Molecular weight of degraded gran A. - Reduced, degraded gum A (41.83 mg) 
was dissolved in p-hydroxybenzaldehyde solution (O.l%, 10 ml), and degraded gum A 
(44.23 mg) was likewise dissolved_ After complete oxidation with sodium meta- 
periodate, 9.946 ,ug of formaldehyde was liberated from each mg of the degraded gum, 
and 16.734 pg/mg was obtained from the reduced, degraded gum, corresponding to a 
molecular weight of 5,730 for the degraded gum A. 

Inuestigation of other autohydrolysis products. - (a) Proteinaceom material. 
Filtration of the solution of autohydrolysed gum gave a brown residue which was 
suspended in hydrochloric acid (6~) and hydrolysed for 12 h (sealed tube). Con- 
centration under diminished pressure gave a brown syrup which was chromatographed 
in solvent (a). On detection with ninhydrin, blue spots were revealed, indicative of 
the proteinaceous nature of the residue. (b) Carbohydrate material_ The dialysate of 
the autohydrolysate contained arabinose and galactose (in the ratio 4:1), a mixture 
of oligosaccharides, and some 6-O-(/.-D-gluCOpyianOSyluronic acid)-D-galactose. 

The yield of arabinose oligomers was, however, very low, and attempts were 
made to improve the yield by carrying out the autohydrolysis in a dialysis sac so that 
material of low molecular weight was not, in turn, subjected to continued hydrolytic 
conditions. After trial kinetic experiments to establish the conditions that gave the 
maximum yield of oligosaccharides, a 5% solution of the purified whole gum was 
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autohydrolysed for 16 h at 95”. The dialysate was concentrated, and four fractions 
were obtained by chromatography in solvent (n). Fraction 2 was identical to arabinose 
in solvents (a), (b), ( c , and (d), and was not examined further. Fraction 2; RGal 1.23 (d), ) 

1.28 (6) (~5, L-arabinose, 1.39), 1.24 (c) (c$, L-arabinose, 1.38); was a syrup having 
[a],, + 88” (c 0.1, water). Hydrolysis gave only arabinose, and the phenylosazone 
had m.p. 201-203”. It was suspected that this disaccharide was 3-O-/3-L-arabino- 
furanosyl+arabinose (lit.r4, [a]n +89” and +94”; phenylosazone, m.p. 200”). After 
methylatio# and methanolysis, the products were found (g.1.c.) to be the methyl 
glycosides of 2,3,5-tri-0-methyl-L-arabinose [T = 0.52, 0.67 (i); 0.54, 0.73 (ii)]; 
2,3,4-tri-U-methyl-L-arabinose (trace) [T = 0.82 (i); 0.96 (ii)]; 2,5-di-O-methyl-L- 
arabinose [T = 1.30,2.23 (i); 1.77, 3.16 (ii)]; and a trace of 2,4-di-U-methylarabinose 
[7’ = 1.47, 1.60 (ii); 2.19, 2.29 (ii)]. Fraction 3 had Rcol 0.70 [solvent Q], 0.88 (c), 
and was chromatographically identical to authentic 3-O-/?-r-arabinopyranosyl-L- 
arabinose. Hydrolysis gave only arabinose, and the phenylosazone had m.p. 229-230” 
and mixed m-p. 230” (with an authentic sampler4 of m-p. 233”). After methylatiot? 
and methanolysis, the products were found (g.1.c.) to be the methyl glycosides of 
2,3,4-tri-U-methyl-L-arabinose [T = 0.83 (i); 0.98 (ii)]; 2,5-di-0-methyl-r_-arabinose 
[T = 1.30, 2.21 (i); 1.78, 3.17 fii)]; and a trace of 2,4-di-0-methyl-r_-arabinose 
[T = 1.47, 1.61 (i); 2.20,2.28 (ii)]. Fraction 4 had RGal 0.54 [solvent(d)], and hydrolysis 
gave only arabinose. Mild hydrolysis (sulphuric acid, 0.01~; IOO’, 2 h), followed by 
neutralisation (Deacidite FF resin), gave arabinose and 3-O-&~.-arabinopyranosyl- 
L-arabinose as the major products, with traces of 3-0-@_-arabinofuranosyl-~- 
arabinose. Methylatio#, methanolysis, and g.1.c. examination of the products showed 
the following glycosides to be present: 2,3,4- and 2,3,5(trace only)-tri-O-methyl- 
arabinose; 2,5- and 2,4(trace only)-di-0-methylarabinose. This fraction was therefore 
identified as O-I)-L-arabinopyranosyl-( 1 + 3)-O-fl-L-arabinofuranosyl-( 1 --P 3)-L- 
arabinose, although the presence of the homologous p-(1 -+ 3)linked L-arabino- 
furanosyl trisaccharide cannot be excluded. 

Methylation studies. - The methylations of A. nubica gum and of degraded 
A. nubica gum A have been described6. 

Examination of methylated, degraded gum A. - The methylated, degraded 
gum had [a],, + 10” (c 0.1, chloroform); methoxyl, 41.8%. Methanolysis, followed 
by g.1.c. examination of a portion of the mixture of methyl glycosides, gave the results 
shown in Table III. Hydrolysis of the major portion, with examination of the free 
U-methyl sugars by paper chromatography in solvents (a), m, and (j), gave the 
results in Table III. The mixture of methylated sugars was then fractionated on a 
cellulose column [65 x 4 cm, solvent (a>]; when necessary, sub-fractions were obtained 
by thick-paper chromatography [solvent(j)]_ When all of the neutral sugars had been 
eluted, acidic components were eluted with water. Fraction I (193 mg), which had 
RGol 0.91 [solvent (a)], [a],-, + 111” (c 1.9, water), was chromatographically identical 
to 2,3,4,6-tetra-O-methyl-D-gaiactose in solvents (a), [f), and 0’). It was characterised 
by conversion into 2,3,4,6-tetra-O-methyl-N-phenyl-D-galactosylamine, m-p. 195-I 96” 
(from ethyl acetate). Fraction 2 (12 mg), R, 0.84 [solvent (a)], was chromatographically 
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identical, in solvents (a) and G), to 2,3,4-tri-0-methyl-L-arabinose. Fraction 3 (341 mg) 
was a mixture [solvent u)] of 2,3,4-, 2,4,6-, and 2,3,6-tri-O-methyl-D-galactose. Since 
the 2,3,4- and 2,4,6-tri-U-methyl-D-galactose could not be separated satisfactorily, 
the procedure of Dutton and Unraul* was applied to Fraction 3. As a result, galactitol, 
arabinitol, and threitol were obtained in the proportions l&9: 1, and hence the pro- 
portions of 2,4,6-, 2,3,4-, and 2,3,6-tri-0-methyl-D-galactose must have been 11:7:1. 
Fraction 4 (266 mg), RG 0.48 [solvent (a)], [cc], +84” (c 2.5, water), was chromato- 
graphically identical to 2,4-di-0-methyl-n-galactose in solvents (a) and G)_ Demethyl- 
ation gave D-galactose, and the sugar was characterised as 2,Cdi-O-methyl-N- 
phenyl-D-galactosylamine, m.p. 214-215” (from ethyl acetate). Fraction 5 (130 mg), 
R, 0.80 [solvent cf)3, [aID +55” (c 2.9, water), was identical chromatographically to 
2,3,4-tri-0-methyl-D-glucuronic acid in solvent cf)_ The methyl ester methyl glycoside 
was reduced (lithium aluminium hydride) to give 2:3,4-tri-O-methyl-n-glucose, which 
was purified by thick-paper chromatography [solvent (a)]; yield, 52 mg. This sugar 
was characterised as 2,3,4-tri-0-methyl-N-phenyl-D-glucosylamine, m-p. 147’. 

Examination of methylated, whole gum. - The methylated6 gum (methoxyl, 
41.0%) was methanolysed, and g.1.c. examination of a portion of the mixture of 
methyl glycosides gave the results shown in Table IV. The major portion was 
hydrolysed, and the free O-methyl sugars were examined by paper chromatography 
in solvent (a) (results in Table IV)_ The mixture of methylated sugars was then 
fractionated on a cellulose column (65 x 4 cm); the initial eluant was light petroleum- 
butyl alcohol (7:3), saturated with water. When most of the tri-U-methylgalactoses 
had been eluted, the eluant was changed to light petroleum-butyl alcohol (l:l), 
saturated with water. When necessary, sub-fractions were obtained by thick-paper 
chromatography in solvents (a) and u). After the neutral sugars had been eluted 
from the column, the acidic components were eluted with water to give the following 
fractions. Fraction Z (942 mg, syrup) had [& -29” (c 1.0, water), and was identical 
chromatographically to 2,3,5-tri-0-methyl-L-arabinose. Demethylation gave arabinose 
only. The sugar was characterised by conversion into 2,3,5-tri-O-methyl-L-arabinon- 
amide, m-p. 136” (from ethyl acetate). Fractiorz 2 (33 mg) had [LX],, + 110” (c 0.7, 
water), and was identical chromatographically to 2,3,4,6-tetra-O-methyl-D-galactose. 
The sugar was characterised by conversion into 2,3,4,6-tetra-O-methyl-N-phenyl- 
D-galactosylamine, m.p. and mixed m.p. 195-196”. Fraction 3 (750 mg, syrup) was 
a mixture of2,5- and 3,5-di-U-methyl-L-arabinose. Paper-electrophoretic examination 
(7.3 volts/cm, 0.6 mamps/cm, Whatman 3 MM paper, 6 h) in 0.05~ borate buffer 
(PH 10) confirmed the presence of 2,5-(&I, 0.00) and 3,5-di-0-methylarabinose 
(n/r, 0.70). Continuous electrophoresis on a paper curtain at 600 volts allowed the 
two components to be separated, the 3,5-di-0-methylarabinose migrating towards 
the anode as the borate complex. After elution of the sugars with water, the solutions 
were deionised and taken to dryness, and borate was removed by several distillations 
of 1% methanolic hydrogen chloride from the residue. The resulting methyl glycosides 
were hydrolysed to the free sugars as subfractions (a) and (b). Subfraction (a) (101 mg), 
[a],, -37” (c 0.10, water), had the same mobility as 2,5-di-0-methyl-r_.-arabinose, 
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and gave the same colour with the aniline oxalate spray: it was immobile on paper 
electrophoresis in borate buffer. The sugar was characterised by conversion into 
2,5-di-0-methyl-L-arabinonamide, m.p. 129”, (from ethyl acetate). Subfraction (b) 
(392 mh), [& -29”, was identical to 3,5-di-O-methyl-L-arabinose on paper chromato- 
9raphy16, and paper electrophoresisl’ in borate buffer. The sugar was characterised 
by conversion into 3,5-di-0-methyl-L-arabinonamide, m.p. 143” (from ethyl acetate). 
Fraction 4 (70 mg), [or&, + 112” (c 1.3, water), was identical chromatographically to 
2,3,4-tri-0-methyl-r_-arabinose, and was characterised by conversion into 2,3,4-tri-O- 
methyl-L-arabinonamide, m-p. 103”. Fraction 5 (505 mg) was shown by paper 
chromatography and g.1.c. to be a mixture of 2,4,6-, 2,3,4-, and 2,3,6-&i-O-methyl- 
D-galactose in the proportions 5: 1:trace. These sugars had already been characterised 
during the examination of the degraded gum, and they were not investigated further. 
Fraction 6 (10 mg) gave galactose on demethylation, and was chromatographically 
identical to 2,6-di-0-methyl-D-galactose in solvents (a) and (j). Fraction 7 (254 mg) 
had [a],, +86” (c 2.5, water), and crystallised spontaneously, m-p. 86-87”. The sugar 
was identical c!-~omatographically to 2,4-di-0-methyl-D-galactose, and was charac- 
terised as 2,4-di-0-methyl-IV-phenyl-D-galactosylamine, m-p_ and mixed m-p. 214”. 
Fraction 8 (14 mg), [cY]~ + 77”, gave only galactose on demethylation, and was identical 
chromatographically to 2-O-methyl-D-galactose in solvents (a) and (j). Fraction 9 
(173 mg) had [c& +53” (c 1.0, water), and was identical in soivent cf) to 2,3,4&-O- 
methyl-D-glucuronic acid. Reduction of the methyl ester methyl glycoside gave 2,3,4- 
tri-O-methyl-D-glucose. This sugar had already been characterised in the degraded 
gum and was not examined further. 

Smith degradation of degraded gum A. - Degraded gum A (1.782 g) was 
dissolved in water (100 ml), and 0.25~ sodium metaperiodate solution (100 ml) was 
added. The amount of formic acid released (mmoles/g) was 6.93 (23 h), 7.14 (29 h), 
and 7.19 (33 h). After 36 h, the reaction was stopped by addition of ethylene giycol. 
The solution was dialysed (36 h), and then sodium borohydride (2 g) was added. 
After 48 h, the solution was diaiysed for 100 h, and the dialysate was shown [solvent 
(a)] to contain glycolic acid, glycerol, and threitol. The polyalcohol was hydrolysed 
in N sulphuric acid for 48 h at room temperature. After neutralisation (BaCO,), 
and concentration to 15 ml, the solution was added to ethanol (1 litre). The precipitate 
was re-dissolved, and the solution was neutralised, filtered, and freeze-dried to give 
degraded gum B (yield, 16.2%). 

Partial acid hydrolysis and methylation of degraded gum B. - Degraded gum B 
(10 mg) was hydrolysed (0.5N sulphuric acid, 1 h), and the products were examined 
chromatographically in solvents (b), (c), and (4. Galactose, traces of arabinose and 
glycerol, and three oligosaccharides, viz., 6-O-j?-D-galactopyranosyl-D-galactose, 
3-0-fi-D-galactopyranosyl-D-galactose, and the p-(1 + 3)-linked D-galactose 
trisaccharide were identified by comparison with authentic samples; the trisaccharide 
was tentatively identified from its reported chromatographic mobility. 

Degraded gum B (82 mg) was methylated6; methanolysis of the product, 
followed by g.1.c. examination of the mixture of glycosides, gave the results shown 

C’arbohyd- Res., 6 (1968) 385403 
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in Table V. A portion of the mixture of methylated glycosides was hydrolysed, and 
the free sugars were examined in solvents (a) and (,i); the sugars listed in Table V 
were identified. 

TABLE V 

EXAhllNATION OF hiETHANOLYSIS PRODUCTS FROM h¶ETHYLATED DEGRADED GUhl B 

ReIntiLe retention times (T) Approx. 
of methyl gfycosides relatice 

Column (i) co IU??vl (ii) proporrions 

O-MetJiyJ sagar identified 

1.67 1.67 

2.97,3.40 3.74,4.21 
5.06 6.49 
9.59, 10.9 14.6, 16.4 
O-54,0.67 0.57,0.73 

+++ 
+++ 
+ 
+ 
trace 

2,3,4,6-tetra-O-methyl-D-galactose 
2,4,6-tri-O-methyl-o-galactose 
2,3,4-tri-O-methyl-o-galactose 
2,4-di-U-methyl-o-gaIactose 
2,3,5-tri-U-methyl-L-arabinose 

Successive Smith-degradations of the whole gum. - Borohydride reduction of 
periodate-oxidised whole gum (20.6 g), followed by controlled acid hydrolysis of the 
polyalcohol for 48 h at room temperature, gave polysaccharide SI (yield, 54%; 
analytical data as shown in Tables VI and VII). The dialysate from the controlled 

TABLE VI 

FORhflC ACID RELEASED= ON PERIODATE OXIDATIONS 

Time (h) 3 6 9 I2 24 27 30 48 54 96 I42 

A. nubica gum 0.39 0.50 0.58 0.66 0.83 0.89 1.0 

Polysaccharide SZ 0.63 0.66 0.68 0.74 0.74 
Polysaccharide S2 0.46 0.47 0.48 0.48 
Polysaccharide S3 0.32 0.34 0.37 0.41 0.42 0.48 
Polysaccharide S4 0.10 0.14 0.40 0.46 

OAs mmoles of formic acid per g of polysaccharide. 

acid hydrolysis of the polyalcohol was concentrated to a syrup; chromatographic 
examination in solvent (6) revealed the presence of glycolaldehyde (R, 0.67, major 
product); glycerol (RF 0.53, major product); threitol (RF 0.40, minor product), 
and arabinose (RF 0.34, trace). Examinations were also made in solvents (a), Cc), (d), 

and (Iz), with similar conclusions_ 
Examination of Smith-degraded poiysaccharide S 1. - Hydrolysis, followed by 

chromatographic examination [solvents (b), (c), and (41, showed only galactose and 
arabinose (35:65). Partial hydrolysis (0.5N sulphuric acid, 2 h), followed by chromato- 
graphic examination [solvents (b) and (c)l, showed arabinose, galactose, ~-O-,%-D- 

galactopyranosyl-D-galactose, and 6-O-/?-D-galactopyranosyl-D-galactose to be 
present. 

Carbohyd. Res., 6 (1968) 385403 
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TABLE VII 

RESULTS OF SMITH DEGRADATIONS 

Whole Smith-degraded poJysaccJlarides 
gam SI s2 s3 s4 LT.5 

Yield from preceding polysaccharide, % - 54 37 29 25 11 
b]D iloo” f102” f117” +I12” +98” +89” 
Formic acid released on periodate 1.01 0.74 0.48 0.49 0.46 - 

oxidationa 
Sugar ratios, %: galactose 33 35 35 30 26 31 

arabinose 59 65 65 70 74 69 
rhamnose 0.7 - - - - - 
glucuronic acid 7 - - - - - 

OAs mmoles of formic acid per g of polysaccharide. 

Polysaccharide SI (350 mg) was methylated6 (yield, 300 mg; methoxyl, 39.7%). 
A portion of the methylation product was methanolysed, and half of the product 
was examined by g.1.c.; the remainder was hydrolysed to the free sugars and examined 
by paper chromatography [sclvents (a) and (j)]_ The methyl glycosides and metb.ylated 
sugars listed in Table VIII were identified. The 2,3,4- and 2,4,6-tri-&methyl-D- 
galactose were resolved in solvent(j); by g.l.c., the ratio of 2,3,4- to 2,4,6-tri-U-methyl- 
D-galactose was 1:2. 

Relative reteatioa times (T) 
of methyl gJycosidesn 

Column (i) Column (ii) 

0.5 1,0.64 0.58,0.74 
0.78, (1.67) 1.05,2.40 
1.29, 2.18 (I-SO), 3.19 
(1.67) (1.67) 
3.00,3.45 3.78,4.26 
5.11 6.53 
9.62, 11 .Ol 14.9, 16.9 

RG in 
solvent (a) 

0-MerJlyI sugars identified 

0.97 
0.81 
0.84 
0.92 
0.73 

::4738 

X,3,5-tri-0-methyl-r-arabinose 
3.5-di-0-methyl-L-arabinose 
2,5-di-0-methyl-r_-arabinose 
2,3,4,6-tetra-0-methyl-D-galactose 
2,4,6-tri-0-methyl-D-galactose 
2,X,4-tri-O-methyl-D-galactose 
2,4-di-0-methyl-D-galactose 

aparentheses denote sugars that were incompletely resolved. 

Preparation, partial and complete hydrolyses, and methyIation of degraded 
polysaccharide S2. - The second Smith-degradation product, SZ, was obtained from 
SI (10.6 g) in a manner similar to that described above for the preparation of poly- 
saccharide SI from the whole gum. The yield and analytical data for polysaccharide 
S2 are shown in Tables VI and VII. Hydrolysis, and partial hydrolysis, gave the 
same sugars, m similar proportions to those identified in polysaccharide SI. A porticn 
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(326 mg) of polysaccharide S2 was methylated6 (yield, 120 mg; methoxyl, 40.0%). 
Paper-chromatographic and g.1.c. examination of the methanolysis and hydrolysis 
products from methylated polysaccharide S2 gave the methyl glycosides and O-methyl 
sugars shown in Table VIII. In this instance, however, the ratio of 2,3,4- to 2,3,6-tri- 
O-methyl-D-galactose was 25. 

Preparation, partial and complete hydrolysis, and methylation of degraded 

polysaccharide S3. - The third Smith-degradation product, S3, was obtained from 
S2 (3.26 g) by the method outlined above for SZ. The yields and analytical data for 
polysaccharide S3 are shown in Tables VI and VII. Partial and complete hydrolyses 
showed the same sugars as identified in polysaccharides SZ and S2. A portion (346 mg) 
of polysaccharide S3 was methylated (methoxyl, 40.1%). Methanolysis and hydrolysis 
of the product was followed by g.1.c. and paper chromatography; the methyl glycosides 
and O-methyl sugars shown in Table VIII were identified. The proportion of 2,3,4,6- 
tetra-O-methyl-n-galactose was, however, much smaller, and the ratio of 2,3,4- to 
2,4,6-tri-O-methyl-D-galactose was 15. 

Preparation, hydrolyses, and methylation of degraded polysaccharide S4. - In 
view of the low yield of S3 (0.856 g from 20 g of A. nubica gum), the first three Smith- 
degradations were repeated on a larger scale (90 g of A. nubica gum). These were 
carried out serially as described for the preparation of polysaccharides SZ, S2, and S3, 
with the exception that SZ and S2 were not isolated. The product (3.34 g), S3, from 
the third degradation, was freeze-dried and analysed: it had the same ratio of galactose 
to arabinose as S3 described above, and this preparation of S3 (3.05 g) was used to 
prepare S4. 

The percentage yield and analytical data for S4 are shown in Tables VI and VII. 
Partial and complete hydrolyses showed arabinose, galactose, 6-O-P-D-galacto- 
pyranosyl-D-gaiactose, 3-O-b-D-galactopyranosyl-D-gaIactose (and its homologous 
trisaccharide) to be present. A portion of S4 (61 mg) was methylated: the product 
was shown by g.1.c. and paper chromatography to contain the methylated sugars 
shown in Table VIII. The ratio of 2,3,4- to 2,4,6-tri-O-methyl-D-galactose was 1:12. 

Preparation, hydrolysis, and methylation of degraded polysaccharide SS. - The 
fifth Smith-degraded product, S5, was obtained from S4 (487 mg). The yield and 
analytical data are shown in Tables VI and VII. Total hydrolysis showed only galactose 
and arabinose to be present. The remaining material (30 mg) was methylated6. The 
product was methanolysed, and 50% of the solution obtained was retained for g.1.c. 
examination; the remainder was hydrolysed to the free sugars and examined by paper 
chromatography. The glycosides and sugars shown in Table VIII were identified 
although only a trace of 2,3,4,6-tetra-O-methyl-D-galactose was present: the ratio 
of 2,3,4- to 2,4,6-tri-O-methyl-D-galactose was 1:5. In view of the small amount of, 
S5 obtained (48 mg), the results must be considered with caution. Perhaps the most 
significant result from the preparation of this degraded polysaccharide is the small 
yield (11%). Considering the Smith-degradation sequence overall, the significant 
factors are: (2) the progressively smaller yields at each stage, (b) the steady decrease 
in the amount of 2,3,4-6-tetra-O-methyl-D-galactose detected, and (c) the preponder- 
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ante of 3,5-di-O-methyl-L-arabinose as a major product in all of the polysaccharides; 

the proportion of 2,5- relative to 3,5-di-U-methyl+arabinose decreased as the 

degradation sequence proceeded from SZ to S5. 
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ABSTRACT 

2,3,4-Tri-O-acetyl-l,6-anhydro-j?-D-glucopyranose (1) reacts with excess of 
dichloromethyl methyl ether to give 2,3,4-tri-0-acetyl-6-U-(dichloromethyl)-cr-D- 
glucopyranosyl chloride (4); with 1.2-1.3 moles/mole of the ether, compound 1 gives 
2,3,4-tri-O-acetyl-6-O-formyl-a-D-glucopyranosyl chloride (3). Compound 4 was very 

readily hydrolysed by thin-layer chromatography on silica gel to give compound 3 

and 2,3,4-tri-O-acetyl-a-D-glucopyranosyl chloride (6). With silver acetate-acetic 
acid, compounds 3 and 4 give 1.2,3,4-tetra-O-acetyl-6-O-formyl-~-~-glucopyranose (8) 
which may also be obtained by formylation of 1,2,3,4-tetra-O-acetyl-P-D-glucopyranose 

with the N,N-dimethylformamide-phosgene reagent. With 1.2 moles/mole of 

dibromomethyl methyl ether, compound 1 is converted into 2,3,4-tri-O-acetyl-6-O- 

formyl-a-D-glucopyranosyl bromide (10). Treatment of compounds 3 and 10 with 

ethanol-silver carbonate gives the ethyl fl-D-glucoside derivative_ 

ZUSAhlMENF.4SSUNG 

2,3,4-Tri-0-acetyl-l,6-anhydro+D-glucopyranose (1) reagiert mit iiberschiis- 

sigem as.-Dichlormethylather zu 2,3,4-Tri-O-acetyl-6-O-(dichlormethyl)-or-D-gluco- 

pyranosylchlorid (4), mit 1.2-I .3 Mol as.-Dichlormethyhither zu 2,3,4-T&O- 

acetyl-6-0-formyl-a-D-glucopyranosylchlorid (3). AuBerordentlich leicht schon bei 

Diinnschichtchromatographie auf Kieselgel wird 4 in 3 bzw. 2,3,4-Tri-U-acetyl-or-~- 

glucopyranosylchlorid (6) hydrolytisch gespalten. Mit Silberacetat-Eisessig konnten 3 
und 4 in 1,2,3,4-Tetra-O-acetyl-6-O-formyl-j?-~-glucopyranose (8) umgewandelt 

werden, welche unabhangig such durch Formylierung von 1,2,3,4_Tetra- O-acetyl-&D- 

glucopyranose mit Dimethylformamid-dichlorid erhaltlich ist. Mit 1.2 Mol as.- 

Dibrommethylather kann 1 in 2,3,4-Tri-O-acetyl-6-O-formyl-a-~-glucopyranosyl- 

bromid (10) iibergefuhrt werden. Reaktion von 3 und 10 mit Athanol-Silbercarbonat 

liefert das Ethyl-B-D-glucosid-Derivat (5). 
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EINFtkRUNG 

In friiheren Untersuchungen haben wir gefunden, daR bei der Reaktion von 
vollacetylierten Zuckem und Glycosiden mit as.-Dichlor- und DibromHthern eine 
selektive Spaltung der glycosidischen C-0-Bindung eintritt. Hierbei bilden sich die 
stabilen Anomeren der Acetohalogenzucker1-2. Von Interesse sind in diesem 
Zusammenhang die 1,6-Anhydro-aldohexosen, wie z.B. die 1,6-Anhydro-/?-D-glu- 
copyranose. Diese Verbindungen kiinnen formal als ,, innere Glycoside “ angesehen 
werden und es war die Frage zu iiberpriifen, ob und in welcher Weise a.s.-Dihalogen- 
3ther tier die glycosidische C-0-Bindung angreifen. Wir haben daher die Reaktionen 
von 2,3,4-Tri-O-acetyl- 1,6-anhydro-/?-D-glucopyranose (1) mit as.-Dihalogenather 
untersucht. 

DISKUSSION 

Die Spaltung des Anhydroringes von 1 mit Titantetrahalogenid fiihrt zu 
2,3,4-Tri-O-acetyl-cr-D-glucopyranosylhalogenid3. Spaltung mit Bromwasserstoff- 
Eisessig gibt in glatter Reaktion Tetra-0-acetyl-cc-D-glucopyranosylbromid4. Acyl- 
bromide reagieren analog zu 2,3,4-Tri-O-acetyl-6-O-acyl-a-~-glucopyranosylbromid~. 
Auch ist seit langerem die Reaktion mit fliissigem Bromwasserstoff oder mit Phqsphor- 
pentabromid bekannt 6. Diese etwas energischeren Reagentien fiihren zur Bildung 
von 1,6-Dibromderivaten. 

Erwarmt man 2,3,4-Tri-0-acetyl-1,6-anhydro-&D-glucopyranose (1) mit 
iiberschiissigem as.-Dichlorather in Gegenwart von wasserfreiem Zinkchlorid, so 
kann man nach der iiblichen Aufarbeitung in ca. 7O%iger Ausbeute ein kristallines 
Produkt (A) isolieren, das eine stark positive Drehung aufweist. Daraus lal3t sich 
auf eine Aufspaltung des Anhydroringes schliehen. Das Produkt enthalt jedoch an 
Stelle des fur ein Monochlorprodulct erwarteten Chlorgehalts von ca. 10% durch- 
schnittlich 23-24% Chlor. 

Das Diinnschichtchromatogramm von A auf Kieselgel (abs. Ather-abs. 
Toluol) zeigte zwei Flecken. Bei chromatographischer Trennung von 1 g A liegen 
sich beide Verbindungen nach Eluieren und Umkristallisieren in reiner, kristalliner 
Form isolieren, wobei die Verbindung mit kleinerem RF-Wert (B) zu 2%, die andere 
Verbindung (C) zu 70% erhalten wurde. Der Chlorgehalt der beiden Verbindungen 
betrug CCI. 10%. Dieser gegeniiber dem Ausgangsprodukt A vie1 niedrigere Chlor- 
gehalt zeigt, daB B und C Monochlorderivate darstellen. Im Verlauf der Dhnnschicht- 
chromatographie war offenbar eine Solvolysereaktion eingetreten. Daraus kann 
geschlossen werden, dal3 A neben einem C-I-Halogenatom noch weitere Chloratome 
in reaktiver Form enthalten mu& 

Die Substanz B konnten wir mittels Diinnschichtchromatographie und Misch- 
schmelzpunkt als 2,3,4-Tri-0-acetyl-cc-D-glucopyranosylchlorid (6) identifizieren. 

Im NMR-Spektrum von C sind, wie Tab. I zeigt, die chemischen Verschiebungen 
und Kopplungskonstanten fiir die Protonen H-l, H-2, H-3 und H-4 nahezu identisch 
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mit den entsprechenden Werten des NMR-Spektrums von 6. Dies deutet darauf bin, 
da13 die Substituenten am Ringsystem in C mit denen in 6 fibereinstimmen. Die 
OH-Gruppe am C-6 in C sollte acyliert sein, da die H,-6-Protonen gegeniiber 6 z-u 
niedrigerem Feld verschoben sind. Bei einer Acylierung von OH-Gruppen wird 
stets eine geringere Abschirmung beobachtet. Bei niedrigstem Feld wird ein Singulett 
ftir ein Proton bei z 2.00 gefunden, welches auf Grund der chemischen Verschiebung 
einem Formylproton zukommen kann. Das Spektrum ist am besten mit der Struktur 
eines 2,3,4-Tri-U-acetyl-6-O-formyl-a-~glucopyranosylchlorids (3) vereinbar. 

Zum Beweis dieser Struktur wurde C mit Silberacetat-Eisessig zu einem bei 
136-7” schmelzenden Acetat umgesetzt. Die Verbindung war nicht identisch mit den 
bekannten einfachen Zuckeracetaten; im IR-Spektrum zeigten sich zwei Carbonyl- 
banden (bei 1754 und I712 cm-‘) von unterschiedlicher IntensitBt, was auf das 
Vorhandcnc ._ ciner anderen CarbonyIgruppe hinwies. Nach Hydrolyse mit Lauge 
konnte P jtometrischem Wege Ameisensiiure nachgewiesen werden. Danach 
solhe t .tat die Struktur einer 1,2,3,4-Tetra-O-acetyl-6-O-formyl-P-D- 
glucopyrti .& besitzen, was durch eine unabhingige Synthese von 8 bests@ 
werden kon .:e: 1,2,3,4-Tetra-O-acetyl-fl-D-glucopyranose (7) lieI sich mit Dimethyl- 
formamid-dichlorid analog einem Verfahren von Arnold7 in 6-Stellung in guter 
Ausbeute zu 8 formylieren. Die experimentellen Befinde bestitigen demnach die 
aus dem NMR-Spektrum abgeleitete Strnktur von C. SchlieBIich konnte 8 durch 

Hz-6 

H-l H-3 H-4 H-2 H-5 

OCHCI, 

I 

3 Acetyl-_ 
w-men 

$H20CHC12 

I I I I I I 

-IT- 3 4 5 6 7 8 

Abb. 1. 100 MHz-NMR-Spektrum van 2,3.4-Tri-O-acetyl-dO-(dichlormethyl)-cr-D-glucopyranosyl- 
chlorid (4) in CDCh. Innerer Standard TMS. 

Carbohyd. Res., 6 (1968) 404413 



REAKTION VON i,6-ANHYDROZUCKBRN MIT CIS.-DIHALOGENMETHYLji’lHER 407 

Umsetzung mit TiCI, nach Pacsu’ wieder in 3 zurlickverwandelt werden (3 = Ver- 
bindung C). Die Substanz 3 liel3 sich nach den iiblichen Verfahren in das Ethyl-P-D- 
glucosid 5 iiberfuhren. 

Wie erwihnt war 3 zunachst durch eine Solvolysereaktion im Verlauf der 
diinnschichtchromatographischen Trennung von A entstanden. Es war demnach zu 
envarten, dal3 3 such aus 1 durch Umsetzung mit einem geringen UberschuB des 
Chlorilbertragers zugtinglich sein mtigte. Bei Reaktion von 1 mit 1.2-1.3 Mol 
Dichlorgther-&Cl, konnte in 7l%iger Ausbeute 3 erhalten werden. Die Verbindung 
wurde nach Diinnschichtchromatographie auf Kieselgel in 60%iger Ausbeute rein 
erhalten. Auf dem Diinnschichtchromatogramm ist vor der chromatographischen 
Trennung in geringen Mengen such 6 nachweisbar. 

Im NMR-Spektrum von A (Tab. I und Abb. I) sind wiederum chemische 
Verschiebung und Kopplungskonstanten der Protonen H-l, H-2, H-3 und H-4 

TABELLE I 

CHEhiISCHE VERSCHIEBUNG IN T-WERTEN. KOPPLUNGSKONSTANTEN IN Hz NACH EINER ANALYSE 

ERSTER ORDNUNG. SPEKTREN BE1 100 MHz 1N CDC13, TETRAhlETHYLSILAN ALS INNERER STANDARD 

Verbindung 

B (6) 

C (3) 
A (4) 

Verbindung 

B (6) 
c (3) 
A (4) 

H-I H-2 H-3 H-4 H-S Hc-6 -0CHO -0CHCtz 

3,76 5,lO 4,45 4,96 5,9 6,4 - - 

3,80 5,09 4,52 4,96 5,8 5,s 2,00 - 
3,78 5,09 4,52 4,94 5,69 5,95 - 2,72 

4.2 J2,3 J3,4 J4.s 

430 92 9,s w 
4s) 999 
490 98 

nahezu identisch mit denen im Spektrum von 3 und 6. Die Hz-6-Protonen liegen bei 
niedrigem Feld. Bei r 2.72 trittein Singulett fur ein Proton auf, das einem Dichlorather- 
Proton zukommen konnte. Fiir CH,-0-CHCI, findet man das Dichlorather-Proton 
beir 2.65. Auf Grund dieser Daten sollte A ein 2,3,4-Tri-O-acetyl-6-O-(dichlormethyl)- 
cr-n-glucopyranosylchlorid (4) darstellen. Diese Struktur stimmt mit dem hohen 
Chlorgehalt iiberein und erklart such die aul3erordentlich leichte Solvolysierbarkeit 
der Verbindung bei der Chromatographie. 

Zum Beweis dieser Struktur wurden die folgenden Reaktionen durchgefuhrt: 
mit Silberacetat-Eisessig konnten wir 4 in 8 iiberftihren, dessen Struktur wie erwahnt 
durch eine unabhangige Synthese gesichert war. SchlieDlich konnten wir aus 4 n-tit 
Methanol-Silbercarbonat und anschliel3ender Acetylierung das bereits bekannte 
Methyl-b-D-glucosidtetraacetat (9) erhalten. Bei dieser Reaktion bildet sich wahr- 
scheinlich zunachst ein C-6-Orthoformylderivat, das in nicht genau bekannter Weise 
(z.B. durch Methanolyse) den Formylrest abspaltet. Das so erhaltene Triacetylderivat 
geht bei der Acylierung in 9 iiber. 
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Der Austausch der k&den Chloratome in Dic~ormethylalkyl~ithern gegen 

Sauerstoff verlauft ohne Schwieriglceiten z.B. bei Umsetzung mit Acetanhydrid, 
wubei neben dem entsprechenden Alkylfurmiat Acetylchlurid entstehtg: 

CH,-0-CHCI,+(CH,CO),O --, CH,OCHO+2CH,COCI 

Analog war es moglich, 4 mit 1 Mol Acetanhydrid unter Abspaltung von Acetylchlorid 
in 3 umzuwandeln (Ausb. 68%). 

SchlieDlich gelang die Synthese von 4 such durch Reaktion von Dichlorgther- 
Z&l, sowohl mit 3 (41% Ausbeute) als such mit dem auf unabhangigen Wegen 
synthetisierten 8. Im letzteren Falle wird nicht nur die Formylgruppe in die Dichlor- 
methylgruppe iibergeftihrt, sondern gleichzeitig der Acetoxyrest am C-l durch Chlor 
ausgetauscht. Mit diesen Befunden kann die aus dem NMR-Spektrum abgeleitete 
Struktur von 4 als gesichert angesehen werden. 

Die Reaktion der 2,3,4-tri-O-Acetyl-l,6-anhydro-/?-n-glucopyranose mit 
asymm. Dichlorather* verlauft demnach vermutlich prim&- unter Aufspaltung des 
1,6-Anhydroringes zu einem unstabilen Zwischenprodukt (2), das dann entweder 
mit asymm. Dichlorgther direkt in 4 iibergeftihrt wird oder aber unter Methyl- 
chloridabspaltung in 3 iibergeht. Wie oben gezeigt kann 3 mit iiberschiissigem 
Dichlorather zu 4 chloriert werden. 

Mit as.-Dibromather reagiert 1 ganz analog: mit 1.2 Moi Dibromather entsteht 
das 3 entsprechende Bromderivat. Mit iiberschtissigem Dibromather wurde eine 4 
entsprechende Verbindung in sirupiiser Form erhalten. Das Monobromderivat 
reagiert wie erwartet mit Silberacetat-Essigszure ebenfalls zu 8 und lcann wie tiblich 
in das Glucosid 5 tibergeftihrt werden. 

EXPERIMENTELLER TEIL 

2,3,4-Tri-O-acetyl-6-0-(dichlormethyI)-a-~-gIucopyrano~~cIz~orid (4). - 2,3,4- 
Tri-O-acetyl-l,6-anhydro-/?-n-glucopyranose (1,2 g) wird mit 6 ccm a.s.-Dichlordi- 
methylather und einer katalytischen Menge (0_1-0.2 g, S-10%) von wasserfreiem 
ZnCl, 1 Stunde am Wasserbad auf 75-80” erwarrat. Dann wird i.Vak. zur Trockne 
eingedampft und in ca. 20 ccm CHCI, aufgenommen. Die Chloroform-Losung wurde 
mit Eiswasser, mit NaHCO,-Losung dann wieder mit Eiswasser gewaschen, getrocknet 
und i.Vak. vijllig eingedampft. Der &-up&e Riickstand kristallisiert aus Ather- 
Petrolather in schiinen Nadeln. Ausbeute 2.8 g (70% d.Th.), Schmp. 96-98”, [a],, 

+164” (~0.5, Chloroform). C,,H,,OsCI, (407.6) Ber.: Cl, 26.1. Gef.: Cl, 23.5%. 
Die Verbindung enthat Venmreinigungen und kann durch Umkristallisieren 

nicht weiter gereinigt werden. 
Diirznsclziclztchromato~raphische Trennung von 4 unter Solvolyse. - Die Ver- 

bindung 4 wurde iiber Kieselgel G mit einem Gemisch von abs. &her-abs. Toluol 

*Untersuchungen fiber den Ablauf entsprechender Spaltungsrcaktionen siehe Acta. Cbim. Acad. 
Sci. Hung., im Druck. 
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(1:2) chromatographiert. Zur Entwicklung wurde wie tiblich mit S%iger alkoholischer 

Schwefelsgure gespriiht. Die Verbindung 4 gab 3 Flecke, der Fleck mit dem grd3ten 
R,Wert war sehr schwach. Die anderen beiden Verbindungen wurden (vou einer 

anderen Platte) mit abs. Ather eluiert und die so gewonnenen kristallinen Substanzen 

aus lither-Petrolather umkristallisiert. Wir erhielten in Z%iger Ausbeute 2,3,4-T& 

0-acetyl-a-n-glucopyranosylchlorid (6), Schmp. 124” (lit. Schmp. 125”)“. Die 

Substanz gab keine Schmelzpunktdepression mit einem authentischen Muster. 

C,,H,,OsCl(324.7) Ber.: Cl, 10.9. Gef.: Cl, 10.7%. 

Die andere Verbindung mit grbf3erem R,-Wert (Ausbeute: 70% d.Th.) schmolz 

bei 75-76”; [aID + 176” (c 0.6, Chloroform) und war identisch mit dem auf anderem 
Wege hergestellten 2,3,4-Tri-O-acetyl-6-O-formyl-a-D-giucopyranosylchlorid (3). 

CIgH1,O&l (352.7) Ber.: Cl, 10.07. Gef.: Cl, 10.2%. 
2,3,4-Tri- O-acetyi-6-O-formy/-a-D-ghxopyranosykhlorid (3)_ - (a) Aus 1 mit 

as.-Dic/zZordimet}zyZ~t~zer. Die Substanz 1 (2 g) wird mit 1 ccm as.-Dichlordimethyl- 

ather und einer katalytischen Menge (5- 10%) wasserfreiem ZnClz auf dem Wasserbad 
1 Std. auf 75” erwgrmt und das Reaktionsgemisch wie bei 4 aufgearbeitet. 

Die aus Ather-Petrolather gewonnenen nadelfiirmigen Kristalle (1.75 g; 

Schmp. 65-66”) sind uneinheitlich. Das Produkt enthalt nach den Angaben des 
Diinnschichtchromatogramms (Einzelheiten siehe vorstehend) als Verunreinigung 6 
und kann davon durch Umkristallisieren nicht gereinigt werden. Nach diinnschicht- 

chromatographischer Trennung (die Bedingungen sind identisch mit dem fib die 
Verbindung 4 angewandten Verfahren) und nachfolgendem Eluieren mit abs. lither 

gewannen wir die Verbindung in 60%iger Ausbeute, Schmp. 76”, [aID + 178” (c 0.4, 

Chloroform). Gef.: Cl, 10.05%. Nach Eluieren mit trockenem CHCI, (Ausbeute 

20% d.Th.) schmolz die Substanz bei 77-78”. 

(6) Aus 8 mit TiCI,. 1,2,3,4-Tetra-O-acetyl-6-O-formyl-P-~-glucopyranose 

(8, 1.2 g) wird in 25 ccm wasserfreiem CHCI, gel&t und mit 2 ccm TiCI auf dem 

siedenden Wasserbad 45 Min. lang erhitzt. Nach dem Abkiihlen wird die Losung 

mit Eiswasser saurefrei gewaschen, mit CaCl, getrocknet und i.Vak. bis zur Trockne 

eingedampft. Der sirupose Riickstand kristallisiert aus &her-Petrohither. Ausbeute 

0.4 g (36% d.Th.), Schmp. 76-77”, [a]n + 177” (c 0.43, Chloroform). Gef.: Cl, 9.84%. 

Die Verbindung zeigte mit der nach (a) hergestellten Substanz keine Schmelzpunkt- 
emiedrigung. 

(c) Au.s 4 tit Acetanhydrid. Die Substanz 4 (2 g) wird in 3 ccm Chloroform mit 

0.5 g Acetanhydrid (geringer UberschuB) und mit einer Spur ZnCl, ca. 10 Min. 

unter Durchleiten von trockenem Stickstoff auf 50” erwarmt. Eine gekiihlte Vorlage 

enthielt eine Mischung von CHCI, und Acetylchlorid. Durch Umsetzung mit einer 
Btherischen Anilinlijsung konnte Anilinhydrochlorid (Schmp. 195”) und Acetanilid 
(Schmp. 114’) erhalten werden. 

Die Reaktionsmischung wurde nach Verdiinnen mit CHCI, mit Eiswasser 1 

geschiittelt, mit Bicarbonatlijsung saurefrei gewaschen und die getrocknete Lijsung 

i.Vak. eingedampft. Der sirupiise Riickstand wurde aus Ather-Petrolather umkristal- 

lisiert. Ausbeute 1.2 g (68% d.Th.), [a],, + 175” (c 0.78, Chloroform). Die Substanz 
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schmolz nach nochmaligem Umkristallisieren bei 73-74”; keine Schmelzpunkt- 
depression mit dem nach (a) hergestellten Praparat. 

iiberftihrung tton 3 in 4. - 2,3,4-Tri-U-acetyl-6-O-formyl-a-D-glucopyranosyl- 
chlorid (3, 1 g) wird mit 3 ccm as.-Dichlordimethylather und katalytischen Mengen 
(510%) von wasserfreiem ZnCll 1 Std. auf 75-80” erwgrmt. Das Reaktionsgemisch 
wurde dann wie bei 4 aufgearbeitet. Ausbeute 0.47 g (41% d.Th.), Schmp. 95”, 
[a], + 163” (c 0.42, Chloroform). Gef.: Cl, 23.2%. Die Substanz gibt keine Schmelz- 
punktdepression mit dem aus 2,3,4-tri-0-AcetyE1,6-anhydro$-D-glucopyranose 
hergestellten Produkt. 

1,2,3,4-Tetra-O-acetyl-6-O-formyZ-~-~gfucopyranose (8). - (a) 2,3,4-Tri- 
O-acetyl-6-O-(dichlormethyl)-a-~glucopyr~osylchlorid (4, 1 g) wird in 10 ccm 
Eisessig gel&t und mit 1.9 g Silberacetat unter Rtihren auf dem siedenden Wasserbad 
1.5 Stdn. erhitzt. Das Reaktionsgemisch wird abgesaugt, die LSsung i.Vak. ein- 
gedampft und der Riickstand mit Wasser verrieben. Das kristalline Produkt (0.6 g, 
67% d.Th.) schmolz nach mehrmaligem Umkristallisieren aus Alkohol bei 136-I 37”; 
[a]b + 10.5” (c 3.7, Chloroform). C, SH,,O, 1 (376.0) Ber.: C, 47.87; H, 5.31; OAc, 
45.74. Gef.: C, 47.72; H, 5.21; OAc I1 44.64%. Die Substanz gibt mit Penta-U- , 

acetyl-p-D-glucopyranose (Schmp. 136”) ca. 30” SchmeIzpunktdepression. 
(b) 2,3,4-Tri-O-acetyl-6-O-formyl-a-~-glucopyranosylchlorid (3, 0.35 g) (die 

wir vorher mittels Diirmschichtchromatographie gereinigt hatten) wurde in 6 ccm 
Eisessig mit 0.8 g Silberacetat analog (a) umgesetzt. Ausbeute 0.14 g (38% d.Th.), 
Schmp. 136”. Gibt mit dem nach (a) hergestellten Formylderivat keine Schmelz- 
punktdepression. Gef.: C, 47.92; H, 5.19; OAc’l, 44.03%. 

(c) 1,2,3,4-Tetra-0-acetyl-j?-D-gh~copyranose’~ (7, 2.33 g) wird zu einer 
eisgekiihlten Liisung von Dimethylformamid-dichlorid gegeben, die wir nach 
Arnold’ aus 2.9 g abs. Dimethylformamid in 16 ccm trockenem CHCI, und 3.9 ccm 
4 M Phosgenlosung in CHCl, gewonnen haben. Die klare Losung wird 1 Std. bei 
Raumtemperatur stehengelassen, dann mit Eiswasser geschiittelt und in der wal3rigen 
Phase 5.82g Natriumformiat geliist. Die Chloroformschicht wird mit KHC03- 
Liisung ausgeschiittelt, getrocknet und i.Vak. eingedampft. Der kristalline Riickstand 
schmolz, aus Alkohol umkristallisiert, (1.97 g, 81% d.Th.) bei 136”, [a]n + 11.3” 
(c 2.7, Chloroform). Die Substanz zeigte keine Schmelzpunktdepression mit den 
nach (a) und (b) hergestellten Verbindungen. 

~berftihrung uon 8 in 4. - 1,2,3,4-Tetra-O-acetyl-6-O-formyl-~--~-glucopyranose 
(8, 0.5 g) wurde mit 2 ccm as.-Dichlordimethylather und katalytischen Mengen 
(5-10%) ZnCl, nach dem bei 4 angegebenen Verfahren umgesetzt und aufgearbeitet. 
Nach zweimaligem Umkristallisieren aus lither-Petrolather erhielten wir 0.25 g 
(46% d.Th.) Substanz, die bei 94-96” schmolz, [aID + 166” (c 0.61, Chloroform). 
Die Verbindung gab keine Schmelzpunktdepression mit einem authentischen Prgparat. 

~thyZ-2,3,4-tri-O-acetyZ-6-O-formyZ-~-D-giucopyranosid (5) aus 3. - Die 
Substanz 3 (2.4 g) wurde in 45 ccm abs. Athanol gel&t und mit 4.5 g frisch herge- 
stelltem, trockenem Silbercarbonat 16 Stdn. bei Raumtemperatur geschiittelt. Nach 
dem Absaugen wird die alkoholische LSsung geklart und i.Valc. bis zur beginnenden 
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Kristallisation eingedampft. Die Substanz wird dann aus Athanol umkristallisiert. 
Ausbeute 1.2 g (50% d.Th.), Schmp. 138”, [a]o - 11.2” (c 0.53, Chloroform). 
C,5H22010 (362.3) Ber.: OC2H5, 12.43. Gef.: OC,Hs, 12.30%. 

Methyl-tetra-0-acetyI-8-D-glucopyranosid (9) aus 4. - Die Substanz 4 (1.3 g) 

wnrde in 20 ccm abs. Methanol gel&t und mit 2.7 g Silbercarbonat 25 Stdn. 
geschiittelt. Nach Fihrieren wird die Losung i.Vak. viillig eingedampft, der sirnpSse 
Riickstand in 5 ccm abs. Pyridin und 5 ccm Acetanhydrid gelost und 18 Stdn. bei 
Zimmertemperatur stehengelassen. Nach dem Eindampfen der Reaktionsmischung 
i.Vak. wurde der Glige Rtickstand aus Alkohol umkristalhsiert. Ausbeute 0.5 g 
(43% d.Th.), Schmp. 105”, [cc]o - 17.6” (c 1.02, Chloroform). j&it.13 Schmp. 104105”, 

[a& - 18.2” (Chloroform)]. Mischschmelzpunkt mit authentischer Verbindung keine 
Depression. 

Umsetzung von 1 mit iiberschiissigem asymm. Dibromdimethylc7her. - Die 
Substanz 1 (1 g) wurde in 1.5 ccm Chloroform mit 2.5 ccm as.-Dibromdimethylather 
und einer Spur wasserfreiem ZnClz bei 65-70” erwBrmt und wie bei dem a.naIogen 
Chlorderivat aufgearbeitet. Es wnrden I .4 g Sirup erhalten, der sich nicht umkristahi- 
sieren lieI3. Die sirupiise Substanz erhielt 48.4% Brom (fm das Tribromderivat 
berechneter Wert 44.3%). 

2,3,4- Tri-O-aceryI-6-O-fornlyl-a-~-glrtcopyranosyibromid (10). - Die Substanz 
I(3 g) wird in 5 ccm abs. CHCl, aufgeliist und mit 1.29 ccm as.-Dibromdimethylgther 
und einer Spur wasserfreiem ZnCl, 50 Min. auf dem Wasserbad auf 60” erwarmt. 
Das Reaktionsgemisch wird dann wie das entsprechende Chlorderivat aufgearbeitet. 
Die Substanz kristallisiert aus Chloroform-Petrolather in schonen Nadeln. Ausbeute 
(2.28 g) (41% d.Th.), Schmp. 96-97”, [a]n +237” (c 0.43, Chloroform). C13H1 ,BrOs 
397.2 Ber.: Br, 20.1. Gef.: Br, 21.2%. Die Verbindung enthielt nach diinnschicht- 
chromatographischen Daten (Einzelheiten iiber die Durchfiihrung der Diinnschicht- 
chromatographie siehe friiher) in geringen Mengen 2,3,4-Tri-O-acetyl-a-~-gIuco- 
pyranosylbromid. Die Substanz 10 lat sich durch Umkristallisieren nicht weiter 
rein&x. 

1,2,3,4-Tetra-O-acetyl-6-O-formy/-8-D-glucopyranose (8) aus 10. -Die Substanz 
10 (1.83 g) wird in 20 ccm Eisessig mit 2.2 g Silberacetat umgesetzt. Die Reaktion 
wurde unter den friiher angegebenen Bedingungen durchgeftihrt. Es wnrde 1 g 
(58% d.Th.) reines 8 erhalten, Schmp. 135-136”, [a]n t9.8” (c 2.3, Chloroform), 
identisch mit authentischem 8. 

A”hyZ-2,3,4-tri-O-acetyl-6-O-formy~-~-~-g~ucopyranosid (5) aus 10. - Die 
Substanz 10 (2.4 g) wurde in 50 ccm abs. Iithanol gel&t und mit 5 g frisch hergestelltem 
trockenem Silbercarbonat 16 Stdn. bei 20” geschiittelt. Das Reaktionsgemisch wurde 
nach der bei der analogen Umsetzung von 3 angegebenen Weise aufgearbeitet. 
Ausbeute 1.Og (48% d.Th.), Schmp. 138-139”, [aID -12.0” (c 0.75, Chloroform). 
Die Verbindung gab keine Schmelzpunkterniedrigung mit dem aus 3 gewonnenen 
Glucosid. 
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ABSTRACT , 

Decomposition of penta-O-acetyl-l-deoxy-l-diazo-keto-D-gluca-heptulose, in 
the presence of N-methylindole and copper powder as catalyst, results in the formation 
of penta-O-acetyl-l-deoxy-l-(N-methylindol-3-yl)-keto-D-gZ~co-heptulose (1). Com- 
pound 1 is acylated by carboxylic anhydrides at C-2 of the iV-methylindole moiety, 
and cyclisation of the intermediate diketone, in the presence of 70% perchloric acid, 
gives indolo-[2,3-cl-pyrylium perchlorates. 

With aqueous ammonia, these perchlorates are easily transformed into /3- 
carbolinyl sugars that are close structural analogues of the indole alkaloids harmane, 
harmine, and melinonine. 

INTRODUCTION 

Although there exists a great variety of methods’ for the synthesis of sugars 
having heterocyclic C-substituents, similar compounds containing the alkaloid-like 
system of fl-carboline were hitherto unknown. Lobry de Bruyn and Alberda van 
Ekenstein2 failed to synthesise j?-carbolinyl derivatives by condensing D-glucose with 
tryptamine according to the Pictet-Spengler method3*4. 

We thought it worthwhile to synthesize fi-carbolinyl sugars, which are near 
structural analogues of the indole alkaloids, harmane, harmine, melinonine, and 
others’. 

EXPERIMENTAL 

Infrared spectra (mineral oil) were obtained with a HKC-14 spectrophoto- 
meter. Ultraviolet spectra were recorded for methanolic solutions (IO-%) with a 
Q-4 spectrophotometer. Polarimetry of the products was precluded by their intense 

colours. 
Perzta-O-acetyl-I-deoxy-l-(N-merlzyZindol-3-yl)-keto-D-glucq-heptulose (1). - 

To a mixture of N-methylindole (3 g, 0.02 mole), dry toluene (5 ml), and a catalytic 
quantity of copper powder at 95-IOO”, was added dropwise a solution of penta-& 
acetyl-1-deoxy-I-diazo-kero-D-glrrco-heptulose6 (4.3 g, 0.01 mole) in toluene (50 ml), 
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Liberation of nitrogen began at once, and when this was complete, the catalyst was 
filtered off, and toluene was removed in caczto. The residual syrup was treated 5 or 
6 times with light petroleum and then dissolved in benzene (50 ml), and the solution 
was gradually poured into light petroleum (500 ml). The product separated as a dark 
syrup that was dissolved in chloroform-methanol (19:1), and the solution was shaken 
with a small quantity of alumina for several hours. The alumina was filtered off, 
and the filtrate was evaporated in oacuo. The residue was dissolved in benzene (50 ml), 
and the solution was poured into light petroleum (500 ml). The crude product was 
precipitated as an amorphous, yelIow powder, and was purified by repeated repre- 
cipation from light petroleum: the material precipitated initially was discarded_ 
The title compound (1.8 g, 29%) was finally obtained as an amorphous, yellow powder 
that was soluble in most organic solvents, but insoluble in water and light petroleum, 
and had vFatl 1756 (OAc), 1723 (C = 0), 1640, I5 10 (heterocycle), and 1222 cm- ’ 
(C-O-C); vg; 2812cm-’ (>N-CH,); E,,, 222 (E 26,500) and 282 nm (6,200) (Found: 
C, 58.20; H, 5.88; N, 2.80. C,,HXINO,, talc.: C, 58.53; H, 5.81; N, 2.62%). 

I,9-Dimetfzyf-3-~~-gIuco-pentaacetoxy~e~ztyl)-~-car6o/ine (4a). - Perchloric 
acid (70%, 0.8 ml) was added dropwise to compound 1 (4 g, 0.007 mole) dissolved 
in IO ml of acetic anhydride. After 15-20 min, the highly resinous mixture was 
diluted with 200 ml of ether. The resulting, dark-brown residue of the perchlorate 
3 was carefully ground with ether, filtered off, and washed several times with ether in 
order to remove anhydride. The product was suspended in ether and treated with an 
excess of 20% aqueous ammonia. The product was extracted 5-10 times with ether, 
and the dried (Na,SOJ extract was purified with charcoal. The solvent was distilled 
off, leaving compound 4a (1 g, 25%) as an amorphous, yellow powder. Further 
purification of the product was effected by repeated reprecipitation from chloroform 
(with light petroleum); the first material to be precipitated was discarded in each 
case. The product was soluble in most organic solvents, but not in water and light 
petroleum, and had v,,, N3C1 1736 (OAc), 1624, 1603, 1535, 1485 (heterocycle), and 
1218 cm- 1 (C-O-C); R,,, 239 (E 24,200), 278 nm (i4,OOO) (Found: C, 60. I I ; H, 5.96; 
N, 4.78. C,8H3tN20,0 talc.: C, 60.43; H, 5.75; N, 5.03%). 

I-EthyI-9-?nethyf-3-(D-gluco-pentaacetoxypentyl)-P-carboline (4b). - According 
to the directions given for obtaining compound 4a, compound 1 (2 g, 0.003 mole) 
was treated with propionic anhydride (5 ml) and perchloric acid (0.4 ml) to &give 
compound 4b as an amorphous, yellow powder (0.61 g, 29%); vF$’ 1748 (OAc), 
1630, 1604, 1538, 1489 (heterocycle), and 1215 cm-’ (C-O-C); &,,,238 (E 24,200), 

279 nm (14,000) (Found: C, 61.31; H, 5.97; N, 5.21. Cz9H34N2010 talc.: C, 61.05; 
H, 5.96; N, 4.91%). 

9-~~etfyf-3-(D-gIuco-pentaacetoxypentyf)-l-propyf-~-carbofine (4~). - Accord- 
ing to the procedure described for the preparation of compound 4a, compound 1 

(2 g, 0.004 mole) was treated with butyric anhydride (5 ml) and perchloric acid 
(70%, 0.4 ml) to give compound 4c (31%) as an amorphous, yellow powder that was 
soluble in most organic solvents, insoluble in water and light petroleum, and had 
~2~:’ 1745 (OAc), 1624, 1610, 1530, 1499 (heterocycle), and 1217 cm-’ (C-O-C); 
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Am,,238 (a 24,2OO), 278 nm (14,000) (Found: C, 62.70; II, 5.30; N, 4.81. C3tHs6N201 a 
talc.: C, 62.41; Ii, 5.36; N, 4.69%). 

DISCUSSION 

The oxocarbenes formed by the decomposition of diazoketoses, in the presence 
of copper powder, attack 7*8 C-3 of N-mcthylindole (Scheme 1). to give l-deoxy-l- 
(N-methylindol-3-yl)-ketose acetates. Penta- O-acetyl- I-deoxy-(N-methylindo2-3-yl)- 

CHNz E-4 
I I 

c=o c==o 
I I 

HCOAC HCOAc C===O 
I I 

I I 

AcOCH & AcOCH 

& o%, 

\ I 

I 
HCOAc 

I 
HCOAc HCOAc I 

I I 
ACOCH 

HCOAC HCOAc 
I 

I I 
HCOAc 

CH,OAC 
I 

CH,ObK H CQAC 

I 
C+OAc 

Scheme 1 

Cicero-D-gluco-heptulose (1) is an amorphous, coloured powder. Its study by polarimetry 
is impossible because of the intense colour of its solutions. The intense bands at 
1756 and 1222cm-’ in the i.r. spectrum are characteristic of the ‘acetyl groups, 
and the weak bands at 28 12, 1640, and 15 10 CM- ’ may be assigned to the N-methyl- 
indole moietyg. The U.V. spectrum, having I,,,, 222 (E 26,500) and 282 nm (6,200), 
was similar to those of indole derivativcss. 

Indolylacetone and alkylindolylacetones are acylated” at C-2 by carboxylic 
anhydrides in the presence of 70% perchloric acid to yield indolo-f2,3-cl-pyrylium 
perchlorates. In order to obtain C-substituted indolopyrylium salts and carbolines, 
we investigated the acylation of compound 1 with acetic, propionic, and butyric 
anhydrides in the presence of 70% perchloric acid. The acylating agents in these 
reactions are acyl perchlorates”. The diketone 2, formed as an intermediate in the 
presence of perchloric acid, cyclises to give the pyrylium salt 3. The reaction is 
accompanied by resin formation and a consequent lowering of the yield of the final 
product. The acylation of indol-3-ylketoses having an unsubstituted nitrogen atom 
have not been studied, since, in this case, acylation of indole, and a number of other 
processes connected with the Iabihty of the indole system in strongly acid media 
are possible. In the acylations of indol-3-ylacetone, the yield of products does not 
exceed 20%. The ease with which a pyrylium oxygen atom is replaced by nitrogen 
makes itpOssib~P;t~o~~crt~ndd~[2,3-~3~~ry~iuM sahsinto derivatives ofp-carbohne. 
The transformation of pyryhum salts 3 into &carbolines 4 took place directly at 
room temperature- The i.r. spectra of the &carboZinyl sugars (4) showstrong bands at 
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1750-1736 and 1220-1214 cm-‘, which are regions that are characteristic of the 
acetylated sugar moiety. The bands at 1630, 1600,1530, and 1500 cm-’ are consistent 

‘ir ’ 

CH -E-R 

(R’C0120 
A 

o”c 

c=o 

HaO 51 
2 4 

C&R 

2 

40 R’=Me 

4b R’=Et 

4c R’=Pr 

H&Ok 

R= AcO&H 

3 

t 
HCOAc 
I 

HtoAc 
CH20Ac 

Scheme 2 

with the heterocyclic moiety. There was no band characteristic 
group’, and the band in the region 1750-1730 cm-’ was narrow. 
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OPTICAL ROTARY DISPERSION STUDIES. CORRELATION BETWEEN 

THE STRUCTURE _4ND 0-R-D. CURVES QF ACYCLIC KETOSES 

T. STICZAY, C. PECIAR, K. BABOR, M. FEDORORKO, AND K. LINEK 

institute of Chemistry, Siouak Academy of Sciences, Brarislaua (Czechosloaakia) 

(Received August 5th, 1967; in revised form, December 19th, 1967) 

The o.r.d.curves of some tetruloses and 2- and 3-pentuloses have been measured, 
and a relation has been found between the structure of the ketoses and their Cotton 
effects. 

INTRODUCTION 

In studying the 0-r-d. curves of organic compounds, most attention has been 
devoted to substances possessing a carbonyl group, which is a suitable chromophore 

for generating the Cotton effect. Since sugars generally exist as cyclic hemiacetals, 

they exhibit plain o.r.d. curves’*’ in the visible and near-ultravioiet regions. In spite 

of recent studies3-5 of the relation between the structure of sugars and the magnitude 

and sign of optical rotation at ca. 200 nm, these correlations are of small practical 

importance. Because of this, various sugar derivatives containing optically active 

chromophores have been examined, e.g.; xanthates6.‘, disulphides’, nitro deriva- 

tives’-r3, and compounds r4-” having azo, acetyl, lactone, azido, or carbonyl groups. 

The first systematic study of acyclic compounds was carried out by Levene and 

Rothen”. Acyclic aldehy d e s and ketones’l may be compared with saccharide deriva- 
tives (peracetates) possessing a free carbonyl group. The prediction that, in solution, 

suitable pentuloses and tetruloses would contain free carbonyl groups has been 

verified experimentally by the generation of a Cotton effect. Since intramolecular, 
cyclic hemiacetals of tetruloses and 3-pentuloses cannot be formed, only hydration 

influences the proportion of free carbonyl groups. In the case of pentuloses, formation 
of a cyclic hemiacetal can take place, resulting in a further lowering of the proportion 
of free carbonyl groups. These effects are reflected in the amplitudes of the measured 

Cotton effects. 

RESULTS AND DISCUSSION 

The ketoses studied in this work are shown in TabIe I,- together with the signs 

and amplitudes of the Cotton effects. The ultraviolet absorption spectra of these 

compounds show maxima or shoulders at ca. 280 nm (E < loo), corresponding to 
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TABLE I 

SlGNS AND AMPLITUDES OF THE COTTON EFFECTS FOR VARIOUS KETOSES 

Compound Cotton effect” 

D-glycero-tetrulose (1) 
L-glycero-tetrulose (2) 
D-eqtfhro-pentulose (3) 
L-er.Mfo-pentulose (4) 
o-three-pentulose (5) 
D-fkeo-3-pentulose(6) 
eryrhfu-3-pentulose (7) 

- (22.1) 
+ (22.0) 
- ( 4.2) 
+ ( 5.8) 
+ ( 5.9) 
- (83.1) 

aThefiguresgivenparentheticallyaretheamplitudes, ([a] firstextremum-[la] second extremum)/lOO. 

the n -+ x* transition of a carbonyl chromophore. L-g&zero-Tetrulose (2), L-erythro- 

pentulose (d), and D-three-pentulose (5) exhibit a positive Cotton effect in their o.r.d. 
curves; whereas D-gl’cero-tetrulose (l), D-eryfizru-pentulose (3), and D-&eo-3- 

pentulose (6) exhibit negative efTects (Fig. 1). The first extremum in the 0-r-d. curves 

of these substances appears at ca. 295 nm, and the second is found at ca. 255 nm. 

The single exception is D-fhreo-3-pentulose (6) for which both extrema are shifted 
10 and 5 run, respectively, to higher wavelengths. This observation is in complete 

CH.2OH CHzOH CHzOH CH20H 
I I I I 

CHn_OH CHnOH c=o c=o c=o HOCH (R) 

I I I I I I 
c=o c=o HCOH (R) HOCH (S) HOCH (S) c=o 

i I I I I I 
HCOH (R) HOCH (.S) HCOH (R) HOCH (S) HCOIf (R) HCOH (R) 

I I I I I I 
CHzOH CHzOH CHzOH CHgOH CHzOH CHzOH 

1 2 3 4 5 6 

agreement with the bathochromic shift of the U.V. absorption maxima [c$ also 

erythro-3-pentulose (7)] in comparison with the other compounds. 
The occurrence of Cotton effects for these saccharides indicates that a free 

carbonyl group is present. D-g@cero-Tetrulose (1) has the centre of chirality at C-3, 
and its absolute cotiguration” is R; the 0-r-d. curve; exhibits a negative Cotton effect. 
L-glycero-Tetrulose (2), having an absolute S configuration at C-3, shows a positive 
Cotton effect. The amplitudes of the Cotton effects are of the same magnitude (see 

Fig. la and Table I). 
The signs of the Cotton effects of the pentuloses are influenced by two centres 

of chirality. merythro-Penfdose (3) has the R configuration at both C-3 and C-4, 
and shows a negative Cotton effect. Its enantiomer, L-erythro-pentulose (4) shows a 

positive Cotton effect. The amplitudes of the Cotton effects are, as expected, nearly 
identical (see Fig. lb and Table II). D-tlzreo-Pentulose, which possesses two centres 
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of chirality having different absolute configuration (S at C-3 and R at C-4), shows 
a positive Cotton effect. The sign of the Cotton effect is therefore influenced by the 
absolute configuration at the closest centre of chirality. If two such centres having 
the same absolute configuration are attached to the chromophore, as in D-thee-3- 

pentulose (6), both centres contribute equally to the sign of the Cotton effect, as 
shown in Fig. lc. More-distant centres of chirality do not influence the sign of the 
Cotton effect, but the overall shape of the o.r.d. curve is affected in a manner that 
depends on the absolute configuration. On this basis, the character of the o.r.d. curve 
of D-three-pentulose may be explained; for this compound, the entire curve, including 
the positive Cotton effect, is situated in the range of negative values of rotation. 
erythro-3-Pentulose is optically inactive in the whole of the measured region. D-glycero- 
Tetrulose (l), r_-glycero-tetrulose (2), and D-rhreo-3-pentulose (6) exhibit substantially 
bigger amplitudes than those for the other compounds (Table I), which corresponds 
with the fact that these compounds, in contrast to the pentuloses, cannot cyclise. 

For the acyclic derivatives, penta-0-acetyl-D-fructoseZ3, tetra-O-acetyl-L- 
fucose23, and D-fructose 1 ,6-diphosphate24, positive Cotton effects were found, in 
agreement with the S configuration at the centre of chirality adjacent to the carbonyl 
group. 

It seems reasonable to assume that, in the case of acyclic saccharides, the centre 
of chirality adjacent to a carbonyl group determines the sign of the Cotton effect. 
If the absolute configuration of the neighbouring centre of chirality is R, the induced 
Cotton effect will be negative, whereas it will be positive when the configuration is S. 

EXPERIMENTAL 

U.V. and 0-r-d. spectra were measured on a JASCO UV/ORD-5 Spectrophoto- 
meter in the region from 600 to 220 nm at 24-27” in 1-5 cm cells. Concentrations are 
expressed in g/100 ml in redistilled water. Molecular rotations are given according 
to Djerassr . -25 All of the substances studied were chromatographically pure; D- and 
L-&cero-tetruloses were purified on a cellulose (Whatman) column, and an ionex 
columrP was used for the other compounds. 

D-&cero-Tetrulose (l), prepared2’ from D-erythrose, had [a]g5 - 10.7” (c 2.O), 
R,, 278 nm (l-67), and gave an o-nitrophenylhydrazone, [a]L6 - 51 o (c 0.45, abs. 
ethanol), m-p. 152-153”. 0.r.d. data (Fig. la) (c 0.0959): [O&eO - lo”, [IZI],,, - 15”, 

PI295 -940” (min), [0l,,, + 1270” (max), [01z2,-, +960”. 
r.-g&zero-TetrulosezB (2), [a]? + 10.6” (c 1.0) (lit?‘, + 11.4 + 1” (c 2.37)), 

I c,,,zX 274 nm (l-40), was characterised as the o-nitrophenylhydrazone, [a];’ +49” 

(c 0.44, abs. ethanol), m.p. 152-153”; [lit?8, [a];’ +48 +2” (c 1 .O, abs. ethanol), 
m.p. 152-153”], o.r.d. data (Fig. la) (~0.0945): [la],,, -lo”, [ar]5ss - 15”, [B&s4 
+940” (max), [01zs4 - 1260” (min), [1zI],,, -1000” (max), [ar],,, -1150”. 

o-erytlzro-Pentulose (3), [a]i2 -21” (c O-20), I_ 279 nm (1.24), was prepared2’ 
from D-arabinose and identified as the o-nitrophenylhydrazone, [a]:: -48”, m.p. 
168-l 69”; lit.2g, m.p. 168-169.5”. 0.r.d. data (Fig. lb) (~0.1118): [Olsoo -3O”, 

clzrls*, - 30”, car],,4 -390” (min), [0-l,,, +30” (max), [IZI],,, -240”. 
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terythro-Pentulose (4), [y]k4 -1-21” (cO.lO), {lk3’, [c&l + 15 -+ f 16.3”(c2.08)), 
&.,_ 279 nm (l-16), was prepared by biochemical oxidation of ribito13’- 0-r-d. data 
(Fig. Ib) (~0.10): fprf,,, -3O”, [OJsss -30°, fOjtss -i-390° (ma& WI256 -190” 

Wn), Wl22o -1-150”. 
P-threo_Pentulose (s), [&Jg3 -32.8” (c O.lO), (lit.32, toiJk8 -33.2 M-4” (c O-253)), 

Ash 275 nm (i-52), was prepared 32 from D-xylose. 0.r.d. data (Fig. Ic) fc 0.106); 

tr?l600 -445”, t%,, - 50”, [!Zjzso - 10” linax), [0&so -600” (min), [ar],,, - 570" 

(m& WItto -740”. 
D-three-3-Pentulose (6), [XI;’ - S5O (c LO), AmaX 284 nm (I .74), was preparedt6 

by oxidation of D-arabinitol with mercuric acetate33. 0.r.d. data (Fig. Ic) (~0.10): 

raflsoo -120”, [VI,,, - 130”, WI;,, -3930” (min), WlzGO t43S0” (max), WlzzO 
t27s0°. 

er@ro-3-Pentulose (7) was prepsed by oxidation of ribitol with mercuric 
acetate33, and had A,,, 287 nm (1.95). 
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(Received October 24th, 1967) 

ABSTRACT 

Solvolysis of 3-acetamido-3-deoxy-1,2-O-isopropylidene-5,6-di-O-methane- 
sulphonyl-rr-D-glucofuranose (3) in either 95% 2-methoxyethanol or N,N-dimethyl- 
formamide, in the presence of sodium acetate, gives 3,6-(acetylepimino)-3,6-dideoxy- 
1,2-0-isopropylidene-P-r_-idofuranose (6) as the product. The structure is assigned 
on the basis of chemical and spectroscopic evidence. The mechanism of the solvolysis, 
which involves neighbouring-group participation by the amide group, is discussed. 

INTRODUCTION 

We have recently reported’ on a facile synthesis of 3-acetamido-3-deoxy-1,2:5,6- 
di-0-isopropylidene-a-D-glucofuranose (1) and its conversion into 3-acetamido-3- 
deoxy-D-glucose and 3-amino-3-deoxy-D-xylose. Graded, acid hydrolysis of com- 
pound 1 removed the 5,6-O-isopropylidene group*, and the resulting diol (2) was 

converted into 3-acetamido-3-deoxy-l,2-O-isopropylidene-5,6-di-O-methanesul- 
phonyl-a-D-glucofuranose (3) on methanesulphonylation. Disulphonate 3 is of 
interest, since it contains sulphonic ester groups that are two and three carbon atoms 
removed from an acetamido group, which could conceivably participate2 in their 
removal; 3 is, therefore, of potential value in the synthesis of diamino sugars of 
biological interest. 

1 R=Ac 2 R= H; R’=COCHx 

5 R=H 3 R = MS; R’= COCH, 

4 R = MS; R’= COCDB 

*Part III: J. S. Brirnacombe, (Miss) P. A. Gent, and M. Stacey, J. Chenr. Sot. C, (1968) 567. 
**This work was presented, in part, at the 4th International Symposium on Carbohydrate Chemistry, 
Kingston, Ontario, July, 1967. 
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Amides are ambident nucIeophiles, and examples of nucleophilic participation 
involving attack by the oxygen and nitrogen atoms of the amide group are known2”. 
The carbohydrate field is particularly rich in examples of neighbouring amide-group 
participation, which have proved of immense value in amino-sugar syntheses3. In 
most of the cases examined, the participating and departing groups have been located 
on vicinal carbon atoms, and there are comparatively few reports on amide-group 
participation where this relationship is not found. One example was recorded by 
Meyer ZI.I Reckendorf4, who observed that solvolysis of methyl 2,6-dibenzamido-2,6- 
dideoxy-4-O-methanesulphonyl-3-O-methyl-~-B-D-glucopyranoside, with ethanolic 
sodium ethoxide, occurred with inversion of cotiguration at C-4 to give a six- 
membered dihydro-oxazine derivative. A second case was described by Hanessian’ 
during the course of this investigation. Thus, treatment of 5-acetamido-5-deoxy- 
1,2-O-isopropylidene-bO-methanesulphonyl-8_~-arabinofuranose with sodium ben- 
zoate in iVJ%dimethylformamide afforded S-acetamido-5-deoxy- 1,2-O-isopro- 

pylidene+&yxofuranose, by breakdown of the intermediate dihydro-oxazinium ion. 
We now report on the solvolysis of disulphonate 3. 

DISCUSSION 

Solvolysis of dimethanesulphonate 3, with boiling 95% 2-methoxyethanol 
(Methyl Cellosolve) in the presence of sodium acetate, for 24 h gave a crystalline pro- 
duct (A), in moderate yield, following chromatography of the reaction mixture on 
silica gel. Attempts to follow the course of the reaction by thin-layer chromatography 
were made difficult by the fact that the various components were not well-separated, 
and the presence of compound A in the reaction mixture was best judged by the 
reddish spot produced on spraying the chromatogram with the vanillin-sulphuric 
acid reagent6. Product A was also formed when the solvolysis was carried out in 
NJV-dimethylformamide-sodium acetate. 

Compound A had a molecular weight of 243 (by mass spectrometry) and 
elemental analyses corresponding to the moIecular formula C, I H, 7N05. The absence 
of sulphonic ester groups in A was confirmed by infrared spectroscopy, which also 
indicated the presence of an isopropylidene group and a hydroxyl group. The spec- 
trum showed only one absorption band in the region 1500-1700 cm-r, signifying 
that the acctamido group had been modified in some way during the solvolysis. 

The n.m.r. spectrum of compound A (Fig. 1) established the presence of an 
isopropylidene group, but the most significant feature of the spectrum was the 
appearance of a pair of doublets at r 4.16 and 4.27 (J 3.5 Hz), corresponding to one 
proton, which could be ascribed to the anomeric proton. Integration showed that 
these signals were in an approximate ratio of 1:2.5, and the pair of singlets at ca. 
r 8.00, corresponding to three protons, had the same ratio. The spectrum simplified 
when the temperature was raised to 100” and, noticeably, the doublets at low field and 
the pair of singlets at r cu. S-00 each coalesced; the process was reversed on cooling. 
This behaviour is characteristic of sugars in which the ring oxygen atom is replaced 
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by the ) NCOCH, group and is attributable to hindered internal rotation 
the nitrogen-acetyl bond, which allows the rotamers to be distinguished by 
spectroscopy? 
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about 
n.m.r. 

l H- 
CPS 

1....l..~..I....~....I....~....I....~....I....~....I....~....~....~..~.~....~....l..., 
2 3 4 5 6 7 8 9 z 

Fig. 1. N.m.r. spectrum (100 MHz) of compound A, subsequently identified as 3,6-(acetylepimino)- 
3,6-dideoxy-I .2-U-isopropylidene-/I-r-idofuranose (6). 

The presence of the )NCOCHs group in compound A was also inferred from 
mass spectrometry. Fragmentation of acetamido sugars invariably gives rise’ to a 

peak in the spectrum at m/e 43, attributable to the MeC =h ion. With A, however, 
this ion will also result from fragmentation of the isopropylidene groupg. These 
fragmentation modes were distinguished by examining the product resulting from the 
solvolysis of 3-deoxy-1,2-O-isopropylidene-S,6-di-O-methanesulphonyl-3-(trideu- 
terioacetamido)-a-D-glucofuranose (4). Compound 4 was obtained by N-trideu- 
terioacetylation of 3-amino-3-deoxy-1,2:5,6-di-O-isopropylidene-cr-p glucofuranose 
(5), followed by selective removal of the cr-acetal group with acid, and methane- 
sulphonylation. The mass spectrum of the product from the solvolysis of compound 4 

showed peaks, inter alia, at m/e 43 (M&Z&) and 46 (CD,C=d), which were 
considered to arise by fragmentation of an isopropylidene and an > NCOCD, 
group, respectively. 

Acetylation and methanesulphonylation of compound A gave a mono-ester, 
in each case, signifying the presence of a single hydroxyl group. The methane- 
sulphonyloxy group was not exchanged on treatment with sodium iodide in either 
butanone or NJV-dimethylformamide, so that it is uulikely’” to be present at a 
primary position. 

Carbohyd. Res., 6 (1968) 423430 
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The foregoing evidence points to a 3,6-(acetylepimino)-3,6-dideoxy-1,2-O- 
isopropylideneglycofuranose as the basic structure for compound A, leaving the 
stereochemistry at C-5 undecided for the moment. 

Although mechanistic considerations imply an L-ido configuration (6) for 
compound A, it seemed desirable to confirm the stereochemistry at C-5 by independent 
means, particularly as desulphonylation, resuhing from O-S bond cleavage, has been 
observed’ under conditions comparable to those used for the solvolysis. The 
methanesulphonate, derived from compound A, was also found to be resistant to 
nucleophilic attack by either benzoate or azide ions, although thin-layer chromato- 
graphy indicated that other reactions were occurring in both cases. The unreactivity 
of the sulphonic ester towards bimolecular nucieophilic displacement signified that it 
had an exo (Le., L-ido) configuration (7) with respect to the oxa-azabicyclo[3.3.0]- 
octane ring system. This argument is enhanced by the knowledge that the endo- 

sulphonyloxy group of 3,6-anhydro-1,2-U-isopropylidene-5-O-(toluene-p-sulphonyl)- 
a-D-glucofuranose is smoothly displaced by azide” and benzoate** ions. Moreover, 
with the closely related, bicyclic ring-system present in the 1,4:3,6_dianhydrohexitols, 
it has been establishedI that S,2 displacement of exo-sulphonates is sterically 
hindered, whereas displacement of an endo-substituent is facile. On this evidence, 
compound A can be assigned as 3,6-(acetylepimino)-3,6-dideoxy-1,2- O-isopropylidene- 
B-L-idofuranose (6). 

dc 
6 R=H IO 

7 t?=t”ls 

Carbohydrate sulphonic esters are relatively stable under acidic and neutral 
conditions”, but are readily solvolysed in the presence of a group capable of rendering 
anchimeric assistance. Of relevance to the present discussion, it has been observed14 
that 3-O-acetyl-1,2-O-isopropylidene-5,6di-O-(toluene-g-sulphonyl)-a-D-glucofuran- 
ose is solvolysed, in 95% 2-methoxyethanol-sodium acetate, to give 3,6-anhydro- 
1,2-O-isopropylidene-5-U-(toluene-p-sulphonyl)-cr-D-gIucofuranose, with deacety- 
lation but without cleavage of the sulphonic ester group at C-5. Thus, the first step in 
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The solution was extracted with chloroform (6 x 100 ml), and the combined and 
dried (MgSO,) extracts were concentrated to ca. 2 ml, and chromatographed on 
silica gel by elution with chloroform-ethanol (20:l). Combination and evaporation 
of the appropriate fractions gave 3,6-(acetylepimino)-3,6-dideoxy-1,2-O-isopropyl- 
idene-p-r_-idofuranose (6) (0.285 g, 45%), m.p. 169-I 70” (from acetone-light 
petroleum), [a]b -75” (c 0.4,chloroform) (Found: C, 54.6; H, 7.0; N, 5.9. C, ,H,,NO, 
talc.: C, 54.3; H, 7.0; N, 5.8%). The mass spectrum of the product showed the highest 
peak at m/e 228 (M-15)‘, corresponding to a molecular weight of 243; it also contained 
a peak at m/e 43. Its infrared spectrum exhibited absorptions at 3500 (OH) and 
1380 cm-’ (isopropylidene group); the amide II band, present in the spectrum of 
compound 3, had disappeared while the amide I band (1650 cm-‘) persisted. The 
n.m.r. spectrum of compound 6 is shown in Fig. 1. 

(b) Using sodium acetate in N,N-dimethylfornzami. A solution of compound 3 
(0.2 g) and sodium acetate (0.13 g) in dry NJV-dimethylformamide (16.8 ml) was 
heated under reflux for 3 h. The solvent was then removed, the residue was dissolved 
in water (20 ml), and the solution was extracted with chloroform (6 x40 ml). The 
combined and dried (MgSO,) extracts were concentrated to ca. 2 ml; t.1.c. (chloro- 
form-ethanol, 2O:l) revealed the presence of two components (RF 0.1 and 0.6). 
Chromatography, as in (a), gave the faster-moving component (40 mg, 32%) which 
proved to be identical with compound 6, m.p. and mixed m-p. 169-170”. The 
chromatographic properties and infrared spectra of the two compounds were 
indistinguishable. 

3 - Deoxy - I, 2 - 0 - isopropylidene - 5,6 - di- 0 - methanesulphonyl- 3 - (triderrterio- 

acefamido)-cr-D-gkofuranose (4). - This compound, m.p. l23-124”, mixed m.p. 
123-124” with compound 3, was obtained by methanesulphonylation of 3-deoxy- 
I ,2-O-isopropylidene-3-(trideuterioacetamido)-a-Dglucofuranose, essentially as de- 
scribed above. The latter compound was prepared by trideuterioacetylation of 
3-amino-3-deoxy-1,2:5,6-di-O-isopropylidene-cr-D-glucofuranose (5), followed by 
graded hydrolysis with acid, as described elsewhere’. 

Solvolysis of compound 4, as detailed in (a), gave 3,6-dideoxy-l,2-O-iso- 
propylidene-3,6-[(trideuterioacetyl)epimino]-~-L-idofuranose, m.p. l69-170”, [c& 
- 75” (c 0.45, chloroform); no depression of melting point was observed on admixture 
with the product from (a). The mass spectrum of the deuterated product exhibited, 

irrter a&a, the following peaks, m/e 231 (M-15), 46 (CD,C =b), and 43 (CH,C=b). 

5-0-Acet~~l-3,6-(acetyZepi?nino)-3,6-dideo.u)I,2-O-isopropyIidene-p-L-id~furatIose. 

- This compound, m-p. 126-127” (from chloroform-light petroleum), was obtained 
by acetylation of compound 6, with acetic anhydride in pyridine, in the normal way 
(Found: C, 54.1; H, 6.7. C,,HrgNO, talc.: C, 54.2; H, 6.6%). N.m.r. data: r 4.13, 
4.25 (doublets, .i, ,? 3.5 Hz, anomeric proton); 7.85,7.96 (singlets, 3-proton, integrated 
ratio ca. 1:2.5, NAc); 7.95 (3-proton singlet, OAc); 8.50, 8.70 (3-proton singlets, 
CMe,). 
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idofuranose (7). - A solution of compound 6 (0.1 g) and methanesulphonyl chloride 
(0.05 ml) in pyridine (0.5 ml) and benzene (0.2 mi) was set aside overnight, water 
was then added, and the solution was concentrated. The syrupy residue was dissolved 
in chloroform (25 ml), and the solution was washed with dilute, aqueous cadmium 
chloride, dried (MgSO,), and concentrated. Chromatography of the residue on silica 
gel by elution with ethanol-chloroform (1:20) gave sulphonate 7 (0.11 g), m.p. 
144-145” (from chloroform-light petroleum) (Found: C, 44.7; H, 5.7; N, 4.0; 
S, 10.2. ClaH,sN07S talc.: C, 44.9; H, 5.9; N, 4.4; S, 10.0%). 

Attempted displacement reactions with compound 7. - (a) With sodium iodide. 

A solution of compound 7 (20 mg) and sodium iodide (30 mg) in dry N,Wdimethyl- 
formamide (1 ml) was heated in a sealed tube overnight at 95-100”. The solvent was 
removed, the residue was dissolved in water (10 ml), and the solution was extracted 
with chloroform (5 x 20 ml). Starting material (13 mg), m.p. and mixed m-p. 144-145” 
(from chloroform-light petroieum), was recovered on removal of the solvent. T.1.c. 
indicated that no other components were present. 

Starting material was also recovered when the displacement was attempted 
in butanone. 

(b) With sodium berrzoate. A solution of compound 7 (50 mg) and sodium 
benzoate (0.1 g) in N,IV-dimethylformamide (3.75 ml) was heated under reflux for 5 h. 
The solution was processed in the usual manner, and the residue was chromatographed 
on silica gel with ethanol-chloroform (1:20). This gave two unidentified components, 
neither of which showed an appreciable absorption attributable to benzoic ester 
in its infrared spectrum. 

(c) Wit/z sodium azide. A solution of compound 7 (0.1 g), sodium azide (23 mg), 
and urea (3 mg) in water (0.05 ml), contained in a sealed tube, was heated for 36 h 
at 115” and then processed in the usual way. The residue was shown by t.1.c. (ethyl 
acetate) to contain at least five components, but its infrared spectrum showed insig- 
nificant absorption at ca. 2100 cm-’ attributable to azide groups. 

In a parallel experiment, 3,6-anhydro-1,2-O-isopropylidene-5-O-(toluene-p 
sulphonyl)-cr-D-ghrcofuranose was smoothly converted into the azido derivative in 
high yield (cl: Ref. 1 I). 
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AS AN OXIDANT FOR ALCOHOLS 
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ABSTRACT 

The oxidation of benzhydrol and partially protected sugars with ruthenium 
tetroxide has been studied and the stoichiometry of the reaction verified. Axial and 
equatorial hydroxyl groups on an otherwise protected pyranoid ring are oxidized 
with equal ease. The generation of the tetroxide with periodate and ruthenium dioxide 
has been confirmed to be an easy reaction, providing that the dioxide has been pre- 
pared by the precipitation process. 

INTRODUCTION 

Recently, we introduced ruthenium tetroxide as an oxidant for partially pro- 
tected carbohydrates’. This oxidant represented a considerable improvement on the 
methods then available for oxidizing alcoholic groups in partially protected pyranoid 
or furanoid rings. Although another method is now available*, which uses less 
expensive reagents, we still find ruthenium tetroxide to be the reagent of choice, when 
a good yield of clean product is quickly required. We were smrprised, therefore, to 
learn that some workers3 had found difficulties in preparing the tetroxide from the 
dioxide, uatil we experienced the same trouble4. 1 

This problem has now been resolved. Ruthenium dioxide is available commer- 
cially in an anhydrous form, prepared by direct oxidation of ruthenium metal, and 
a hydrated form, with the probable composition Ru02*2H20, obtained by a pre- 
cipitation process. The form required must be specified when purchasing, since rhe 
chemical catalogues list them both under one heading. Only the hydrated form is 
oxidizabie under the mild conditions that we used4*‘. It is noteworthy that the dioxide 
recovered from the oxidations described below was always easy to reoxidize. 

We now report on a detailed procedure for these oxidations and an examination 
of the stoichiometry of the reactions involved. 

RESULTS AND DISCUSSION 

Ruthenium tetroxide was formed by shaking a suspension of hydrated ruthenium 
dioxide with an aqueous solution of sodium periodate and extracting the tetroxide 
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as a yellow solution into carbon tetrachloride. The stoichiometry of this conversion 
was determined by treating a weighed quantity of RuO,.2H,O with a measured 
excess of sodium periodate. Shaking was continued until all of the insoluble, black 
dioxide had been consumed. The RuO, was extracted by several washings with carbon 
tetrachloride. The residual aqueous solution was then examined spectroscopically@ 
in order to determine the amount of remaining sodium periodate. The results reported 
in the experimental section show the expected stoichiometry, depicted by equation (i). 

RuO,-2H,O+2NaIO, -+ RuO,+2NaIO, +2H,O 

Ammonium persulphate, which has been shown7 to oxidize ruthenium salts, 
did not effect this conversion. Although RuO, can be obtained from RuO, by treat- 
ment with sodium hypochlorite8, the process is not efficient. 

The stoichiometry of the conversion of alcohols into ketones was then investi- 
gated because it is known9 that Ru”“’ can, in certain circumstances, be reduced to 
Rum or to Ru”’ rather than the more common1o Ru Iv The benzhydrol-benzophenone . 

conversion was selected for this study because the yield, based on the alcohol, is 
high”. Also, the amount of ketone formed in the crude product could be measured easily 
by ultraviolet spectroscopy. The method adopted was to treat a measured excess 
of the alcohol with carbon tetrachloride containing a known amount of ruthenium 
tetroxide. This was obtained by oxidizing a weighed sample of RuO,*2H,O with an 
excess of aqueous sodium periodate solution followed by extraction of the RuO, 
into carbon tetrachloride. The results recorded in Table I clearly show that the 
stoichiometry for this oxidation is that given by equation (ii). 

RuO,+2RR’CHOH --, RuO,+2H,O+2RR’CO (ii) 

These results also show (see Entries 1 and 2 in Table I) that carbon tetrachloride is 
the solvent of choice for dissolving the alcohol. Entry 6 shows that acetone is a poor 

TABLE I 

Entry a Alcohol oxidized (nzntoles) Ketone (mnwles) formed Solcezr, 

by I nunole of RuO4 25 nd 

Benzhydrol (4.08) 1.90 
Benzhydrol (4.63) 1.88 
Benzhydrol(3.85) 1.78 
Benzhydrol (3.84) I A2 
Benzhydrol (3.95) 1.50 
Benzhydrol (3.93) 1.22 
1 (3.92) 1.53 
2 (3.99) 1.54 

cc14 

cc14 

CHKln, 
CHpC12 
CHzCl-2 
(CH3)2CO 

CHaCln 
CH?Clo 

=Entry 2 and 4: the extracts of ruthenium tetroxide were run into solvent, and the mixture was stirred 
for 5 min before addition of solid benzhydrol. Entry 5: as 2 and 4. but stirring was continued for 
30 min before addition of benzhydrol. 
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solvent; dichloromethane is quite good, providing that the oxidant is not in contact 
with it for more than a few minutes (cf- Entries 3, 4, and 5). 

The behaviour of the oxidant towards methyl 4,6-O-benzylidene-Z-deoxy-a- 

D-arabino-hexopyranoside (1) was then examined. Ultraviolet spectroscopy was not 
suitable for estimating the amount of glycopyranosidulose in the product, but n.m.r. 
spectroscopy was applicable, since the signals for the anomeric protons of the “0x0 
sugar” and the parent alcohol were well separated. The benzylidene, one-proton 
singlet was used to represent lOO%, since its chemical shift was the same in both 

starting material and product. Compound 1 was picked because it is crystalline and 
therefore obtainable in a high state of purity. Its solubihty in carbon tetrachloride 
is low, and dichloromethane was therefore used. This drawback is aggravated by 
the relatively slow oxidation of compound 1 compared to benzhydrol. Thus, the result 
given in Entry 7, that only 1.53 moles of compound 1 are consumed by 1.0 mole 
of oxidant, must be compared with Entries 4 or 5 (probably Entry 5, since the reaction 

time for the oxidation of compound 1, under the conditions used, approaches 30 min). 
We conclude, therefore, that the stoichiometry for the oxidation of the hydroxyl 
group in partially protected sugars is that depicted in equation (ii), and that the loss 

of 0.47 mole of oxidant in the case of compound 1 is due mainly to oxidation of the 
dichloromethane. 

/ 
OCHZ 

0 

d2 

PhCH 

Lo OH OMe 

1 

/OCH2 0 
PhCH 

10 
0 

OMe 
OH 

2 

Since equations (i) and (ii) indicate that no acid is produced, it appears that the 

necessity to add base in the catalytic RuO,/IO,- oxidation3b must arise from carboxylic 

acids produced through oxidation and hydrolytic breakdown of some sugar molecules. 
Possibly, they could be produced partly from hydrolysis of lactones of the type 
described by Nutt ei al-l2 as arising from over oxidation by prolonged treatment 

with an excess of ruthenium tetroxide. We find’ that formation of such lactones 
proceeds slowly, but consecutively with simple oxidation, from the initial stages of 

the reaction. 
The oxidation of methyl 4,6-O-benzylidene-2-deoxy-c+D-ribo-hexopyranos- 

ide (2) is also noteworthy. The efficiency of this oxidation is again lowered by the 
use of dichloromethane, but the amount of carbonyl-group formation is virtually 

identical to that produced from compound 1. Thus, ruthenium tetroxide appears to 

oxidize axial and equatorial hydroxyl groups with equal ease, and, iu other work, 

we have shown that it oxidizes equally well endo and eso hydroxyl groups in 1,4:3,6- 

dianhydrides13. 

EXPERIMENTAL. 

Comersion of rrrthenimn dioxide into ruthenium tetroxide. - Precipitated 
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ruthenium dioxide (RuO,.2H,O) (0.1691 g, 0.001 mole) was added to an aqueous 
solution (50 ml) of sodium periodate (2.14 g, 0.01 mole). The mixture was shaken 
until all of the insoluble, black dioxide had been converted into tetroxide. The 
tetroxide was then removed by washing with carbon tetrachloride (25 ml x 3). The 
residual, aqueous solution was made up to a standard volume, and the residual 
periodate was found to be 0.008 mole by spectroscopic measurement. 

Oxidation of alcohok with ruthenium refroxide. - (a) Benthydrol. Precipitated 
ruthenium dioxide (0.1691 g) was oxidized with an aqueous solution containing an 
excess of sodium periodate. The known amount of tetroxide so formed was quanti- 
tatively extracted into carbon tetrachloride (25 ml x 3) (the partition of RuO, between 
Ccl, and H,O is 6O:l). This solution of oxidant was added to a stirred solution of 
benzhydrol(O.004 mole) in carbon tetrachloride, dichloromethane, or acetone. After 
10 min, the oxidation was complete, and the precipitated ruthenium dioxide was 
filtered off, and washed with solvent (25 ml x2). The combined colourless filtrates 
and washings were evaporated to small volume, transferred to a 250-ml volumetric 
flask, and diluted to standard volume with ethanol. The benzophenone in the crude 
product was estimated by measuring the absorbance at 333 nm, with a Unicam 
SP.500 spectrophotometer. In calibration experiments, benzophenone had &,,, 333 nm 
(E 155). Only a small correction for benzhydrol at this wavelength was necessary_ 

(b) Sugar derivatiues 1 or 2. The method was similar to that used in (a), except 
that dichloromethane was used as solvent for these compounds and the oxidation 
period was longer, Le., 30 min. A portion of the filtrate from this reaction was 
removed, and evaporated to give about 50 mg of crude product. This was dissolved 
in deuteriochloroform and examined with a Varian A-60 n.m.r. spectrometer over 
the range 250-350 Hz from tetramethylsilane at sweep width of 100 Hz. The 
benzylidene signal which appeared at T 4.42 for both starting material and oxidation 
produci, and the anomeric protons of compound 1 at z 5.20 (quartet) and oxidation 
product at ~4.86 (quartet) were integrated several times. The composition of the 
crude product was then estimated by comparing the size of the signals at ‘c 5.20 and 
4.86 with the one-proton signal at T 4.42. 
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ABSTRACT 

On pyrolysis at 300-500” for a short period, D-erythrose, D-xylose, D-ribose, 
D-arabinose, D-glucose, L-sorbose, D-fructose, rr-glucurono-6,3-lactone, cellobiose, 
maltose, lactose, sucrose, raffinose, amylose, amylopectin, and cellulose give the 
same volatile products of degradation. This finding suggests that, by degradation, 
dehydration, and condensation reactions, aI of these compounds form similar 
polymeric intermediates that then undergo a secondary thermal degradation. A 
different distribution of pyrolysis products was found with DL-glyceraldehyde, 
hexitols, pentitols, and 1,6-anhydrohexoses. Addition of acid salts has a small effect 
on the composition of the pyrolysis products; neutral salts have no effect. Addition 
of basic salts suppresses the formation of furans and facihtates the formation of 
carbonyl compounds. Analysis of the products of pyrolysis was effected by a com- 
bination of gas-liquid chromatography and mass spectrometry. 

ZUSAMMENFASSUNG 

D-Erythrose, D-Xylose, D-Ribose, D-Arabinose, D-Glucose, r_-Sorbose, D-Fruc- 
tose, D-Gh.rcurons&rrelacton, Cellobiose, Maltose, Lactose, Saccharose, Raffinose, 
Amylose, Amylopektin und Cellulose liefern bei der Kurzzeitpyrolyse im Bereich 
von 300-500” die gleichen fltichtigen Zersetzungsprodukte. Dieser Befund legt die 
Annahme nahe, da13 durch Spaltungs-, Dehydrierungs- und Kondensationsreaktionen 
von allen Verbindungen ahnliche Polymerkiirper gebildet werden, die einer sekundaren 
thermischen Spaltung unterhegen. Eine abweichende Verteilung der Pyrolyseprodukte 
wurde bei DL-Glycerinafdehyd, bei Hexiten, Pentiten sowie bei 1,6_Anhydrohexosen 
gefunden. Neutralsalzzus%tze haben keinen, saure Zus%tze einen geringen EinfluB 
auf die Zusammensetzung der Pyrolyseprodukte. Basische Zusatze unterdrticken 
die Bildungvon Furankiirpem und erleichtem die Bildung von Carbonylverbindungen. 
Die Analyse der Pyrolyseprodukte erfolgte durch Kombination von Kapillarchro- 
matographie und Massenspektrometrie. 
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EINLEITUNG 

In unserer vorhergehenden Arbeitr haben wir die beim Erhitzen von D-Glucose 
auf 300” gebildeten fliichtigen Pyrolyseprodukte untersucht und zum grogten Teil 
identifizieren k&men. Unter diesen Prod&ten war eine Gruppe von 23 verschieden 
substituierten Furanen von besonderem Interesse. Diese Furane werden sogar in 
grijRerer Ausbeute gebildet, wenn man den bei der Pyrolyse von D-Gh.mSe gebildeten 
schwarzen Polymerkijrper einer Nacherhitzung bei 500” unterwirft. Dieser Befund 
war ein erster experimenteller Hinweis dafiir, daB im schwarzen Polymerkijrper 
Furanringe als Bauelemente vorgebildet sind, die bei der Pyrolyse teilweise abge- 
spalten werden und dann als verschieden substituierte Furane im Pyrolysat auftreten. 

In der vorliegenden Untersuchung haben wir die fliichtigen Pyrolyseprodukte 
und das Verhalten der gebildeten Polymerkijrper einer Reihe von Monosacchariden, 
wie Triosen, Tetrosen, Pentosen, Hexosen, Hexuronsgure, 1,6_Anhydrohexosen, 
Zuckeralkoholen und von Oligo- und Polysacchariden mit verschiedener Verkniip- 
fungsart untersucht. Ferner w-rude der Ein.i%rB von anorganischen Salzen, Basen und 
Sguren auf die pyrolytische Zersetzung studiert. 

Urn eine grol3e Anzahl von Proben untersuchen zu k&men, mugte ein Verfahren 
ausgearbeitet werden, bei dem schon mit wenigen Milligrammen einer Substanz 
eine Pyroiyse und schnelle Analyse der gebildeten Produkte miiglich ist. Wir entwick- 
kelten eine Pyrolyse-Zelle, mit der Kurzzeit-Pyrolysen mit Substanzmengen von 
5 mg ausgefuhrt und eine Reaktionsdauer von 10 Sek. erreicht wurde. Unter diesen 
Bedingungen werden Sekund&reaktionen der gebildeten Pyrolyseprodukte weit- 
gehend verhindert, dasie rasch aus der heiI3en Zone herausgefiihrt und sofort analysiert 
werden konnen. Zur Analyse wurde die Pyrolysezelle direkt in den Tragergasstrom 
eines Kapillargaschromatographen geschaltet. Die aufgetrennten Substanzen wurden 
iiber ein Direkteinlagsystem unmittelbar in das Massenspektrometer geleitet. Da von 
unseren Pyrolyseuntersuchungen an der D-Glucose’ die gaschromatographischen 
Retentionszeiten und die Massenspektren der meisten Pyrolyseprodukte bekannt 
waren, gestaltete sich die Identifiziernng relativ einfach. 

ERGEBNISSE 

1. Pyrolyse Zion MOIIO-, Oligo- und Polysacchariden 

Folgende Kohlenhydrate wurden unter Standardbedingungen, gemaD den 
Angaben im experimentellen Teil pyrolysiert: DL-Glycerinaldehyd (dimer), 
D-Erythrose, D-Xylose, D-Ribose, D-Arabinose, D-Glucose, L-Sorbose, D-Fructose, 
D-Ghrcuronsaurelacton, Cellobiose, Maltose, Lactose, Saccharose, Raffinose, 
Amyiose, Amylopektin und Cellu!ose. Es ist zweckmrtDig, die Ergebnisse der Pyrolysen 
im Temperaturbereich (a) 300-450”, (b) 500-600”, (c) 700-900” getrennt zu betrachten. 

Uberraschend zeigte sich, da13 bei den verschiedenen Temperaturen alle 
untersuchten Kohlenhydratverbindungen keine wesentlichen Unterschiede in der 
qualitativen Zusammensetzung der Pyrolysate aufwiesen. Unterschiede traten in 
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einigen Fallen nur in der quantitativen Verteilung der Produkte auf. Allerdings 
erhat man bei niedrigen Zersetzungstemperaturen (300-350”) aus den untersuchten 
Polysacchariden auf Grund ihrer hiiheren therm&hen Bestandigkeit keine fliichtigen 
Zersetzungsprodukte, wahrend Mono- und Oligosaccharide bereits in merklichem 
Umfang fliichtige Stoffe bilden. Wird die Pyrozysetemperatur aber urn 30-40” erhoht, 
erhat man aus den Polysacehariden die gleichen Fragmentierungsprodukte, die 
aus Monosacchariden schon bei tieferen Temperaturen entstehen. 

(a) Temperaturbereich 300-450“. - Die Pyrogramme sind einfach und enthalten 
wenige Komponenten als Hauptbestandteile. Neben- und Spurenkomponenten 
werden nur in geringem MaBe gebildet, s. Abb. 1. Die Pyrolyseprodukte der D-Glucose 
bei 350” werden such aus Pentosen, Hexoaldosen, Hexoketosen, Disacchariden und 
aus Raffiose erhalten. Glycerinaldehyd bildet bei 350” ledighch kleine Mengen 
Acetaldehyd. Aus D-Erythrose entstehen infolge ihrer geringen thermischen Stabilitat 
bereits bei 350” die Produkte, die z.B. aus Hexosen erst bei 400” gebildet werden. 
Polysaccharide liefern bei 350” noch keine fliichtigen Produkte. In Tabelle I wird 
ein Uberblick tiber die bei 400” und 450” entstehenden Pyrolyseprodukte gegeben. 
C02, CO, H, und H,O sind als wesentliche Fragmentierungsprodukte nicht mit 
aufgeftihrt, da sie von dem Detektor (F. I. D.) nicht erfaI3t werden. D-Erythrose bildet 

20 

Abb. 1. Fliichtige Pyrolyseprodukte aus 5 mg D-Glucose, PyroIyse-Temperatur 400”, SIule (a). 

bei 450” noch etwa 50 weitere Nebenkomponenten, deren Konzentration jeweils 
< 0.2% des Gesamtpyrolysates ist. Diese Stoffe lierjen sich zum Teil identifizieren 
(s. Abschnitt b)_ AuBerdem entsteht aus D-Erythrose noch eine weitere, nicht identi- 
lizierte Komponente mit geschatztem Sdp. 155”, Molgew. 84, in einer Konzentration 
von etwa 1%. In den Pyrogrammen von Pentosen ist der Anteil von ZMethylfuran 
und 2,5-Dimethylfuran kleiner, der von Furfurol grof3er als bei den Hexosen, 
Disacchariden und Rafhnose. 
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(b) Temperaturbereich 500-600”. - Bei Pyrolysetemperaturen zwischen 500 
und 600” nehmen Anzahl und Menge der fliichtigen Zersetzungsprodukte bei allen 

untersuchten Kohlenhydraten stark zu. In den Pyrogrammen lassen sich bis z-u 150 
Substanzen erkennen. Eine Ausnahme bildet Glycerinaldehyd, bei dessen Pyrolyse 

nur die Stoffe in graI3erer Menge auftreten, die such bei 450” erhalten werden. Die 

Hauptkomponenten der iibrigen Pyrogramme entsprechen den bei einer Zersetzungs- 
temperatur von 450” gefundenen Stoffen (s_ Tabelle I), ihre Menge steigt jeweils urn 
das 3-4fache an. Besonders stark tritt der Anteil der Gasfraktion hervor. Ihre Kon- 

zentration ist deutlich griil3er als die des Furfurols. Die von uns bei der langsamen 
Pyrolyse von D-GhCOSe bei 300” nachgewiesenen Produkte treten hier in den bei 
550” erhaltenen Pyrogrammen gleichfalls auf. ZusHtzlich wurden Cyclopentadien, 

Methylcyclopentadien, Cyclohexadien, Ethyl-vinyl-keton und 2-Methyl-cyclo- 

pentanon gefunden. Die Gasfraktionen, die bei 550” aus D-Ghcose, D-Fructose und 

r_-Sorbose entstehen, wurden auf einer Dimethylsulfolan-Sgule gesondert verglichen. 

Sie sind bei den drei Monosacchariden qualitativ ebenfalls gleich, die quantitative 

Zusammensetzung zeigt 5uBerst geringe Unterschiede. Folgende Verbindungen 
wurden massenspektrometrisch und durch Vergleich der Retentionswerte gefunden: 

Methan, Athan, Propan, n-Butan, n-Pentan, Athylen, Propen, i-Buten, I-Buten, 

2-Buten (cis- und tram-), I-Penten, 2-Penten (cis- und tram-), Cyclopenten, 1,3- 

Butadien, Isopren und Acetylen. 

Die Zusammensetzung des Gesamtpyrolysates von D-Glucose, D-Fructose 
und L-Sorbose bei 600” wurde sehr genau quantitativ bestimmt. Sie ist bei diesen drei 

Kohlenhydraten innerhalb der Fehlergrenze (+5% bezogen auf den Einzelwert) 

identisch. Die Hauptkomponenten der Pyrolysate (einschlieDlich Gasfraktionen) 
sind in Gewichtsprozenten: Furfurol21%, Acetaldehyd 15%, Methan 12%, Acrolein 
1 l%, Athan+-Athylen 9%, Furan 6%, Propen 5%, Aceton 2.5%, Biacetyl 2.5%, 

5-Methylfurfurol 2.5%, Propionaldehyd 2%, Butadien-I,3 1.5%. D-Glucuronszure- 

lacton wurde bei 550” pyrolysiert. Das Pyrogramm zeigt qualitativ und quantitativ 

die gleichen Produkte, die such aus D-Glucose entstehen. 
(c) Temperatwbereich 700-900”. - Wird die Pyrolysetemperatur von 600” 

auf 700” erhcht, beobachtet man eine sehr starke Verschiebung der Konzentrations- 

verhgltnisse der Pyrolyseprodukte. Die sauerstoffhaltigen Verbindungen nehmen ab, 
die aliphatischen Kohlenwasserstoffe (Gasfraktion) und die aromatischen Kohlen- 

wasserstoffe nehmen zu. Bei 800” und 900” erhglt man zunehmend einfache Pyro- 

gramme mit geringerer Komponentenzahl. 

Die quantitative Analyse der Pyrolyseprodulcte von D-Glucose bei 900” liefert 

als Hauptkomponenten (in Gewichtsprozenten): Methan 44%, &han+&hylen 
25%, Acetylen ?.5%, Benz01 7%, Acetaldehyd 3.5%, Propen 1.8%, Naphthalin 

1.5% und Furan 1.5%. Femer enthglilt das Pyrolysat jeweils 0.5-I .O% Toluol, Styrol, 
Inden, Phenylacetylen und Butadien. Daneben entstehen als Spurenkomponenten 
noch einige weitere Kohlenwasserstoffe sowie einfachere Carbonylverbindungen. 

Furfurol und andere Furankiirper (auBer Furan) fehlen ganz. Qualitativ und quanti- 

tativ gIeiche Pyrolysate erhalt man such hier aus D-Fructose und L-Sorbose. 
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Bei diesen Temperaturen zwischen 700 und 900” treten zunehmend fiir Kohlen- 
hydrate uncharakteristische Spaltprodukte auf. 

2. Pyrolyse uon Zuckeralkoholen und I,bAnhydroaldosen 
Xylit, D-Mannit, I ,4-Anhydro-u-mannit, D-Glucit und myo-Inosit wurden bei 

450” und 550” pyrolysiert. Bei 450” verdampft die Hauptmenge der eingesetzten 
Zuckeralkohole unzersetzt. Xylit ist therm&h am wenigsten bestsndig und liefert 
als einziger der eingesetzten Stoffe geringe Mengen einfacher Kohlenwasserstoffe 
(Gasfraktion), Acetaldehyd, Aceton und Acrolein. Bei 550” lassen sich von allen 
pyrolysierten Zuckeralkoholen leichtfliichtige Pyrolyseprodukte in griif3erer Menge 
nachweisen, obgleich such hier ein Teil des Materials unzersetzt verdampft. Die 
Pyrogramme sind einfach; sie enthalten wenige Komponenten und sind qualitativ 
gleich. Als Hauptprodukte entstehen, unabhgngig vom eingesetzten Material, je 
etwa 30% Acetaldehyd, Acrolein und Gasfraktion. Als Nebenkomponenten treten 
auf (Reihenfolge in abnehmender Konzentration) Furan, Propionaldehyd, Biacetyl, 
Methacrolein; ZMethyIfuran und Furfurol sind nur in Spuren vorhanden, andere 
Furankiirper lassen sich nicht nachweisen. 

Tm Pyrogramm des 1,4-Anhydro-D-mannits erscheint Furan aIs Hauptkompo- 
nente. Diese Besonderheit beruht wahrscheinlich auf dem im 1,4-Anhydro-D-mannit 
bereits vorgebildeten Furanring. 

Bei 550” bilden 1,6-Anhydro-P-D-glucopyranose und 1,6-Anhydro-P-D- 
galactopyranose die gleichen Aiichtigen Pyrolyseprodukte wie die Zuckeralkohole; 
such im quantitativen Verhgitnis treten keine besonderen Unterschiede auf. 

3. Pyrolyse L;on Kohlenltydraten mit anorganischen Ztt..&zen 

(a) Netrtralsalzzttsritze. - Frisch bereitete LGsungen von D-Glucose mit 0.5%, 
5%, 10% und 20% KC1 sowie von D-Glucose mit 5% und 10% NaHCO, wurden 
nach Verdunsten des LGsungsmittels bei 300”, 350”, 400” und 450” pyrolysiert. Bei 
allen Versuchen wurde festgestellt, daD diese Salzzusatze weder die quantitative noch 
die qualitative Zusammensetzung der Pyrogramme-verglichen mit jenen von reixier 
D-Glucose bei gleichen Temperaturen - beeinflussen. Die Konzentration des Salz- 
zusatzes ist gleichfaIls ohne EitiuD. Der Zusatz von Neutralsalzen erieichtert oder 
beschleunigt die thermische Zersetzung von D-Glucose nicht. 

(6) Alkalische Zusa&e. - Folgende Gemische wurden bei 250”, 300”, 350”, 
400”, 450” und 550” pyrolysiert: D-Glucose, D-Fructose, D-Xylose, Glycerinaldehyd 
mit 0.5%, 5%, IO%, 20% NaOH, Na,CO,, Na,SO,. Der Zusatz von Basen bewirkt 
eine sehr starke Verschiebung der relativen Konzentrationen der Pyrolyseprodukte. 
Im gesamten untersuchten Temperaturbereich zeigen die Pyrogramme folgende 
Vergnderungen: (i) eine sehr ausgeprggte Abnahme der Menge ailer Furanderivate, 
besonders des Furfurols, (ii) die bevorzugte Bildung der cr-Dicarbonylverbindungen 
Biacetyl und 2,3-Pentandion, (iii) eine hohe Konzentration der einfacheren Mono- 
carbonylverbindungen (C,-C,). 

Die Zusammensetzung der Pyrogramme hgngt ab von der Konzentration der 
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zngesetztea Base, ist aber unabhtigig von der Art der Base. Werden nur 0.5% Base 
zugcsetzt, weichen die Pyrogramme nur unwesenthch von denen reiner Kohlenhydrate 
ab. Bei 5% Basezusatz sind Abweichungen starker, nehmen bei 10% Zusatz noch zu, 
bleiben aber bei 20% Basezusatz unvergndert. Die Pyrogramme von D-Xylose, 

3 

7 

6 
14 

Abb. 2. Fliichtige Pyrolyseprodukte aus 5 mg o-Ghxose+NaOH (9:1), Pyrolyse-Temperatur 300”, 
SIUIC (b). 

D-Fructose oder Glycerinaldehyd mit Basen stimmen quabtativ und quantitativ 
mit den aus D-Glucose und Base erhaltenen iiberein. Die Tabelle II zeigt die Eichtigen 
PyroIyseprodukte, die aus D-Glucose mit 10% Basezusatz bei Pyrolysen zwischen 
250” und 450” erhalten werden. Bei 550” treten quahtativ die gleichen Produkte auf 
wie in den Pyrogrammen reiner Koblenhydrate. Die oben erwahnten Verschiebungen 
in der quantitativen Verteihrng der Komponenten bleiben aber bestehen. 

(c) Saure Zusci~ze. - Folgende Gernische wurden bei 300°, 350”, 450” und 
550” pyrolysiert: D-Glucose, D-Fructose, Glycerinaldehyd mit 0.5%, 5%, 10% und 
20% BorsSure. Borsgure wurde wegen ihrer Schwerfiiichtigkeit gewSihlt. 

Im gesamten untersuchten Temperaturbereich zeigen die Pyrogramme von 
D-Glucose- bzw. D-Fructose-Borsgure-Gemischen einige Besonderheiten: (i) Die 
Furankiirper treten stark hervor, besonders Furfurol, Furan, Z-Methylfuran, 
2-Viny&ran, weniger ausgepragt such 2 ,5-Dimethylfuran und 2-Methyl-5-vinylfixan. 
(ii> Die Carbonylverbindungen werden in geringerer Menge gebildet, besonders 
Biacetyl, 2,3-Pentandion, Aceton; bei Acetaldehyd ist der Unterschied weniger 
auff allig. 
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Der Zusatz von 0.5% BorsZure beeinfiuDt die Zusammensetzung der Pyro- 
gramme nur wenig, Borssurezusatz von 5-20% Whrt zu gleichen Ergebnissen: Im 
Temperaturbereich 300” bis 350” treten die Abweichungen weniger deutlich als bei 

TABELLE II 

PYROLYSEPRODUKTE VON D-GLUCOSE UND 10% BASE ZWISCHEN 250 UND 450” 

Peak-Nr. Pyre fyseprodukrea Pyrolysetemperatur 
in Abb. 2 250” 3o0° 350” 400” 450” 

1 

3 
5 
6 
7 
S 
9 

II 
12 
13 

14 

Gasfraktionb - + ++ 4-f 

Acetaldehyd +-I-+ +-l--l- +++ +++ 

Furan - + + + 

Propionaldehyd - f-t- ++ +++ 
Aceton - ++ +-f-+ +++ 
Acrolein - + ++ ++ 
Z-MethyIfuran - + -t -I- 

Butanon - + -i- + 

Butenon-2 ++ ++ ++ 

Biacetyl +++! -I-++! +++! +++1 

Benz91 - - - 

2,5-Dimethylfuran - - 

Crotonaldehyd - - + -I- 

1,3-Pentandion ++ ++ ++ 

2-Vinylfuran - - - 

Pentadienal - 

Furfurol - + 

5-Methylfurfurol - - - 

++i- 
-I-++ 
+ 
+++ 
+++ 
+++ 
+ 
++ 
+-I- 

+++! 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+ 

=-i- + + ! = Hauptprodukt; + + + = r 10% des Gesamtpyrolysates; + + = l--IO% des Gesamt 
pyrolysates; + = < 1% des Gesamtpyrolysates. %belIc I. 

450” und 550” auf. Pyroiysen von Cilycerinaldehyd und Borsgure liefem die gleichen 
fliichtigen Produkte wie bei der Pyrolyse reinen Glycerinaldehyds. Eine bevorzugte 
Bildung von Furanderivaten erfolgt hier nicht. 

EXPERIMENTELLER TElL 

Die Abb. 3 gibt einen schematischen uberblick iiber die Versuchsanordnung, 
bestehend aus Gaschromatograph F6/4HF, Per&n-Elmer, und Pyrolysezelle. Das 
Trtigergas kann durch den Verteiler A wahlweise iiber den Einspeisblock E zur 
KapillarsZule K (Weg 1) oder iiber die Pyrolysezelle P und die Vorsaule V zur Sgule K 
(Weg 2) geleitet werden. Nach Einfiihren der Probe in die Pyrolysezelle werden P 
und V 10 set vom Trggergas durchstrijmt (Weg 2), danach wird, bis zur Beendigung 
der GC-Analyse, das Trggergas iiber den Weg 1 zur Trennssule geleitet. 

Vor Beginn der nschsten Pyrolyse werden die in der VorsUe zuriickgehaltenen 
schwerer fliichtigen Produkte aus der Apparatur gespiilt: nach dffnen der Pyrolysezelle 
bei B wird der Gasstrom iiber E, V und P gefiihrt und bei B ins Freie gelassen. Die 
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Vorsaule besteht aus V2A Stahl (100 x 3 mm), ihre Fiilhmg aus 5% Silicongummi 
SE 30 auf Diatoport S (60-80 mesh). Sie wird wahrend der Pyrolyse und wahrend 

D = Oetektor 

F = Frontplatte des GC 

5 : GaUtromungsteller 

Abb. 3. 

des Rtickspiilens auf 180” gehalten, durch eine Widerstandsheizung, die van der 
Heizung des Saulenofens unabhgngig ist. Die Abb. 4 zeigt die Pyrolyseeinheit. 

Abb. 4. 
A, Pyrolyserohr aus Quarzglas. B, KugeIschliff mit Haken. C, FiihrungskSrper des Probengebers, 
hohler Messingzylinder (35 x 16 mm). D, Teflonring (StoBdlmpFer). E, Probengeber, zylindrischer 
Pt-Drahtnetzkorb; DrahtstHrke 0.06 mm, Siebweite 1024 Maschen/cm”. F, Trlgergaszufiihrung 
zur Pyrolysezelle. G, Fiilhmg mit Cu-Drahtwendeln. H, Heizmantel. J, Zylindrischer Ofen mit 
Widerstandsheizung (“Kurzbrenner” d. Fa. Heraeus, Hanau). K, Thennoelement. L, AnschluDstiick 
zur Vorslule. 

Ausfiihrung der Pyrolyse (vergl. Abh. 4). - Der Pyrolyseofen wird auf die 
getinschte Arbeitstemperatur gebracht, der seitliche Arm F des Quarzrohres A auf 
250”, die Vorsaule auf 180”. In den Probengeber, den Platinkorb E, werden aus 
wZ&iger LGsung (bzw. Suspension), nach Verdunsten des Losungsmittels, etwa 5 mg 
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Substanz als gleichmHl3iger Film aufgebracht. Probengeber und Fiihrungszylinder 
werden dann an dem KugelschlitT des Pyrolyserohres befestigt, die Zelle wird durch 
eine Kugelschliffkammer gasdicht abgeschlossen. Durch das Rohr F wird die 
Pyrolysezelle mit vorgeheiztem Trsgergas gespeist. Zur Einfiihrung der Probe in 
die heii3e Ofenzone wird der Kern B des Kugelschliffes seitlich bewegt (von Stellung 
M nach Stellung N). Nach Durchlaufen der Fallstrecke bis zum Teff onring D, gelangt 
die Probe mit reproduzierbarer Geschwindigkeit stets an die gleiche Stelle der 
Heizzone. Durch diese Art der Dosierung liU3t sich ein reproduzierbares Aufheizen 
der Probe erreichen. 10 Sek. nach der Dosierung wird der Tragergasstrom umgestellt 
(Weg 1, Abb. 3). Nun gelangen aus Pyrolysator und Vortiule keine Substanzen mehr 
in die Kapillarsgule. 

Gaschimatographische Trennung der Pyroiysate. - Trennsgulen: (a) Poly- 
propylenglycol, 50 m x 0.25 mm, Stahlrohr; (b) 2,PXylenylphosphat, 50 m x 0.25 mm, 
Stahlrohr; (c) Marlophen 87 (CWH), 25 m x0.25 mm, Stahlrobr; (d) Dimethyl- 
sulfolan 25% auf Chromosorb W, 4.5 m x 6 mm, Kupferrohr (zur Analyse der 
Gasfraktion). SHuIeneinlaBdruck: 0.85 ati.i, Trggergas He (99.9%) Linde. Gas- 
stramungsteilung bei Sgule: (a) und (b) 1:80, 1.0 ml/min durch die Kapillarsgule; 
(c) 1:50, 1.5 ml/min. Detektor: F. I.D.; H, = 25 ml/min; Luft = 250 ml/min. 
Detektortemperatur, 250”. Sgulentemperatur siehe Gaschromatogr. 1 und 2. 

Kombination Gaschromatographie und Massenspektrometrie. - Der Ausgang 
der Kapillarsgule wurde durch eine auf 150” geheizte Stahlkapillare und einen 
EinlaBteil EC2 mit einem Massenspektrometer CH4 ATLAS verbunden. Bei schnellem 
Massendurchlauf wurden die Massenspektren iiber einen UV-Lichtpunktschreiber 
auf Photopapier registriert. Ein parallel geschalteter Oszillograph diente als Detektor. 

ldentifizierung der Pyroiyseprodukte. - Die Identifizierung der fiiichtigen 
Abbauprodukte erfolgte durch ihre Massenspektren und durch Vergleich der gas- 
chromatographischen Retentionswerte mit authentischen Vergleichssubstanzen auf 
den SBulen (a), (b) und (c). 

Quantitatit-e Bestimmung der Komponenten der Pyrogramme. - Da die Identitgt 
aller Substanzen in den Pyrogrammen, deren Konzentration etwa >O.l% (Flgchen- 
%) betragt, bekannt war, konnte eine quantitative Analyse durchgefiihrt werden. 
Zur Bestimmung der Bandetigchen der Substanzen wurde der elektronische Inte- 
grator D,, Perkin-Elmer, mit Digitaldrucker Kienzle verwendet. Aus den Integral- 
werten (Flgchenwerten) wurde unter Beriicksichtigung der stoffspezilischen Korrektur- 
faktoren fi fiir die F. I.D.-Anzeige die Zusammensetzung der Pyrolysate in 
Gewichtsprozenten ermittelt. Die Faktoren fi verschiedener Carbonylverbindungen 
und Furane wurden unter Verwendung von Benz01 CfBenrol = 1.000) als Bezugs- 
substanz bestimmt, die Faktoren niedrig siedender Kohlenwasserstoffe aus der 
Literatur’ entnommen. 

DISKUSSION 

Die untersuchten Mono-, Oligo- und Polysaccharide liefern beim Erhitzen 
unter Standardbedingungen die gleichen Pyrolyseprodukte. Eine Ausnahme bildet 
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nur der Glycerinaldehyd. Dadurch wird die Vermutung nahegelegt, dal3 alle diese 
Kohlenhydratverbindungen im Verlauf der therm&hen Fragmentierung analoge 
Zwischenstufen durchlaufen, die zur Entstehung der gleichen fliichtigen Pyrolyse- 
produkte ftien. Man kijnnte vermuten, dal3 dies schon hohermolekulare Vorstufen 
zum schwarzen Polymerkiirper sind, dessen thermische Fragmentierung die beo- 
bachteten fliichtigen Produkte liefert. Es ist bemerkenswert, da13 dabei innerhalb 
gewisser Greuzen die Lange der Kohlenstoffkette des Zuckers keine Rolle spielt; 
ob em Mono-, em Oligo- oder em Polysaccharid eingesetzt wird, ist gleichfalls ohne 
EinfluB. Glycerinaldehyd zeigt ein von den anderen Kohlenhydraten abweichendes 
Verhalten insofem, als bei der Pyrolyse entstehende Furankiirper nur noch in geringer 
Menge auftreten. 

Bei der Kurzzeitpyrolyse von D-Glucose und anderen Kohlenhydraten werden 
bei 550-600” die gleichen fliichtigen Spaltprodukte gebildet wie bei der langsamen 
Pyroljrse’ von D-Glucose bei 300”. Die Ergebnisse sind somit durchaus vergleichbar. 
Die Bildung von Sekundarprodukten, die man beim langsamen Erhitzen und lang- 
samer Entfernung der Pyrolyseprodukte aus der Heizzone erwarten kiinnte, diirfte 
nicht sehr erheblich sein. Bei dem schnellen Aufheizen und kurzzeitiger Erhitzung 
der D-Glucose auf die vorgegebene Temperatur sollten derartige Reaktionen auf ein 
Minimum beschrankt bleiben. Andererseits tritt bei der Kurzzeitpyrolyse bei 300” 
nur geringfugige Fragmentieruug ein, so dat3 fliichtige Produkte kaum entstehen. 
Erst bei 400” und hoheren Temperaturen werden fliichtige Produkte in ausreichender 
Menge gebildet, urn eine Analyse durchfiiren zu kiinnen. 

Uronsauren neigen such ohne Einwirkung von Aminoverbindungen leicht 
zu Br&.rnungsreaktionen3. n-Glucuronsaurelacton liefert jedoch die gleichen Pyro- 
gramme wie D-Glucose. Wahrscheinlich erfolgt bei der Pyrolyse des Saurelactons 
zunachst eine Decarboxylierung4 zur Pentose, aus der dann die entsprechenden 
Spaltstiicke entstehen. 

Die Zuckeralkohole verhalten sich bei der Pyrolyse abweichend, sie hinterlassen 
keinen Riickstand und liefem keine Furanderivate. Die fehlende Carbonylfunktion 
sollte fiir dieses Verhalten mahgeblich seir?. 

Glassner und Pierce6 pyrolysierten Cellulose und 1,6-Anhydro-@-glucose 
(170-320”, Pyrolysedauer 6 Min.) und fanden bei der gaschromatographischen 
Untersuchung eine qualitative Ubereinstimmung der fliichtigen Reaktionsprodukte. 
Sie vertreten die Ansicht, dab Laevoglucosan das entscheidende Zwischenprodukt 
beim thermischen Abbau von Cellulose ist. Wir konnten dagegen keine Ubereinstim- 
mung in der Zusammensetzung der Pyrolyseprodukte von Polysacchariden oder 
anderen Kohlenhydraten mit denen von 1,6-Anhydro-fl-~-glucose bzw, 1,6-Anhydro- 
p-D-gafactose finden. Die beiden Anhydrozucker bilden die gleichen fliichtigen 
Produkte wie die Zuckeralkohole; Furfurol und andere fur die Pyrogramme van 
Kohlenhydraten typischen Furanderivate werden nur in Spuren gebildet. Wir nehmen 
daher nicht an, daI3 den Glycosanen eine zentrale Bedeutung beim thermischen 
Abbau der Kohlenhydrate zu fliichtigen Pyrolyseprodukten und dem schwarzen 
Polymerkijrper zukommt. 
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Die bevorzugte Bildung von Furankorpern bei der Pyrolyse von D-Glucose 
mit Borsaurezusatz (5-20%) entspricht dem Befund, da13 beim Erhitzen waf3riger 
Hexoseliisungen in saurem Milieu die Furfurolbildung sehr stark zunimmt’. Tnteres- 
sant ist ein Vergleich der Pyrogramme von o-Glucose-Borsaure-Gem&hen mit denen 
von unliislichen Zuckerhuminen, die durch Behandlung von L-Sorbose,~ D-Fructose 
und D-Tagatose mit konzentrierten Halogenwasserstoffsauren bei 75” hergestellt 
wurden*. Bei dem Vergleich der bei 500-550” erhaltenen Pyrogramme findet man 
qualitativ eine gute Ubereinstimmung und eine grol3e Ahnlichkeit der quantitativen 
Zusammensetzung. Dies deutet wiederum darauf hin, daB aus dem Zucker bei der 
Kurzzeitpyrolyse intermediar hiihermolekulare Zwischenprodukte entstehen, bei 
deren Fragmentierung dann die fhichtigen Produkte gebildet werden. 

Bei der Pyrolyse von D-Glucose mit Basenzusatz (lO-20%) erhalt man vor- 
wiegend offenkettige Carbonylverbindungen geringer Kohlenstoffzahl (C,-C,), 
Furankorper treten nur als Neben- bzw. Spurenkomponenten auf (s. Abb. 2). Diese 
Befunde entsprechen der Beobachtung, daB beim Erhitzen von D-Glucoselijsungen 
in basischem Milieu eine Aufspaltung der Kohlenstoffkette des Zuckers erfolgt”. 

Der Basenzusatz bewirkt eine deutliche Beschleunigung der pyrolytischen 
Zersetzung von D-Glucose. Das ergibt sich daraus, daR unter den gewtilten Arbeits- 
bedingungen D-Glucose-Base-Gemische bereits bei 250” merklich zersetzt werden 
und bei 300” Pyrogramme entstehen, deren Banden steile Flanken und gute Aufliisung 
zeigen (Abb. 2). Durch die schnelle Zersetzung der Probe in der Pyrolysezelle tritt hier 
keine Verziigerung bei der Speisung der Kapillarsaule ein. Reine D-Glucose liefert 
selbst bei 350 und 400” weniger scharf aufgeliiste Banden (Abb. 1). Ein Basezusatz 
von 0.5% hat einen sehr geringen EinfluI3 auf die Pyrogramme von D-Glucose, da 
anzunehmen ist, da13 die bei der thermischen Zersetzung des Zuckers freiwerdenden 
Carbonsguren den geringfiigigen Basezusatz schnell unwirksam machen. 

Eine Beschleunigung der thermischen Zersetzung von Cellulose durch NatCO, 
wurde von Madorsky und Mitarb.g gefunden; eine beschleunigte Zersetzung erfolgt 
such durch Borax-Borsaure (7:3)“. 

Die katalytische Wirkung der Zusatze kann man beurteilen, indem man die 
untere Pyrolyse-Temperaturgrenze bestimmt, bei der mit bestimmten Zusatzen ein 
Zucker unter Standardbedingungen noch eine merkliche und hinreichend schnelle 
Zersetzung zeigt. Diese Temperaturgrenze betragt fur D-GluCOse mit lo-20% NaOH, 
Na,CO,, Na,SO,: 300”; D-Glucose mit 5-20% Borsaure: 350°; D-Glucose mit 
0,5-20% KCl, NaHCO,: 420-450”; Reine D-Glucose: 420-450”. 

Ein Vergleich der Wirkung zeigt, dal3 die Zusammensetzung der Pyrolysate 
von Basen am stgrksten, von S&.rren weniger stark und von Neutral&Zen nicht 
beeinflugt wird. Diese Reihenfolge entspricht der katalytischen Wirkung der 
zugesetzten Stoffe auf die Zucker-Pyrolyse. 
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ABSTRACT 

The following polysaccharides and polysaccharide derivatives give precipitin- 
like reactions with gelatin in distilled, de-ionized water: glycogen, soluble starch, 
lichenan; phosphates of soluble starch, glycogen, and dextran; phosphono-D-mannan, 
and phosphono-D-galactan. Uranic acid-containing, and sulfated polysaccharides 
which elicited precipitin reactions were: dextran sulfate (mol. wt. 2 x 106), agar, 
poly-D-galacturonic acid, gum karaya, L-arabinan, pectin, gum tragacanth, and gum 
arabic. The following acidic polysaccharides and phosphorus-containing biopolymers 
elicited precipitin reactions, but only at high concentrations of gelatin (10-30 mg of 
gelatin per mg of polymer): dextran sulfates (mol. wt. 1.8 x lo4 and 5 x lo’), fucan, 
carrageenans, chondroitin sulfate, hyaluronic acid, sodium pectate, D-xylan, RNA, 
DNA, poly(adenylic acid), phosvitin, and ovalbumin. With the exception of dextran 
sulfates and fucan-gelatin interactions, all polymer-gelatin precipitin reactions were 
inhibited, either partially or totally, in the presence of 0.145~ sodium chloride. In 
contrast, the dextran sulfates and fucan showed enhanced precipitation with gelatin 
in the presence of 0.145~ sodium chloride. All polymer-gelatin precipitin reactions 
were inhibited by 1.0,~ urea or by 0.3M guanidine. The complex, phenol-extracted, 
bacterial lipopolysaccharides of Salmonella and Escherichia genera also elicited 
precipitin reactions with gelatin in distilled, de-ionized water, whereas the correspond- 
ing lipopolysaccharide preparations extracted with 5% trichloroacetic acid (TCA) 
failed to elicit precipitin reactions_ Both trypsin-digested and 5% TCA-extracted 
lipopolysaccharides from Serratia marcescens elicited precipitin curves similar to 
the acidic poiysaccharide-gelatin precipitin curves. Soluble starch, glycogen, and 
lipopolysaccharides of E. coli 011 l:B4 gave rise to characteristic u.v.-scattering spectra 
when complexed with gelatin. The i-r. absorption spectra of gelatin and gelatin-n- 
glucan complexes indicated spectral shifts on complexation in the regions of 1650- 
1450 cm-l and 1100-900 cm- ‘. Optical rotatory dispersion spectra were used to 
detect formation of a complex between gelatin and neutral D-glucans. The effects 
of sodium chloride, urea, and guanidine hydrochloride, in conjunction with U.V. 
difference spectra, on various biopolymeric, gelatin complexes are discussed in terms 
of the electrostatic and hydrogen-bonding forces most probably responsible for 
specific polymer-gelatin, precipitin-reactions. 
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INTRODUCTION 

The results of previous studies lW3 have shown that gelatin interacts with 
polysaccharides to form highly stable complexes that are soluble in such organic 
solvent systems as 5% trichloroacetic acid (TCA), 83% ethanol, or 0.83% TCA-83% 
ethanol. These solvents are generally considered to be protein or polysaccharide 
precipitants, or both. It has also been recently noted that phenol-extracted lipopoly- 
saccharides (LPS) of Gram-negative bacteria can be partitioned by TCA-ethanol into 
as many as three hexose-containing, macromolecular subfractions: 1, insoluble in 
5% TCA; 2, TCA-solubie, ethanol-insoluble; and 3, TCA-soluble, ethanol-solubIe5. 
Therefore, in addition to soluble complexes, precipitin-like reactions between gelatin 
and LPS have been observed in organic solvent systems. 

Other investigators have studied polysaccharide-protein (concanavalin A) 
precipitin reactions in aqueous environments, and have used such model systems as 
a means of investigating the functional groups in the polysaccharide moieties of 
antigens5-g. Precipitin -like reactions between specific enzymes and their parent 
(or related) polysaccharide substrates have also been shown to OCCU~~~-~~. The present 
study was designed to investigate interactions between gelatin and a number of 
polysaccharides in terms of the precipitation of biopolymeric complexes from aqueous 
solution. 

ExFmuMENTAL 

Materials. - An acid-precursor, pigskin gelatin (isoelectric point 9.1, batch 
No. 70-3998) was supplied by Eastman Organic Chemicals, Rochester, N.Y. Prior 
to its use as the binding protein in these studies, a 5% solution of gelatin was dialyzed 
against cold, distilled, de-ionized water, and then lyophilized. 

The source of numerous polysaccharides and the preparation of D-glucan 
derivatives have been previously noted 2n3 Solutions of alI polysaccharides and their _ 
derivatives were dialyzed and lyophilized prior to use in these studies. Shellfish 
glycogen (lot N 1605), soiuble starch (lot P 1043), and dextran (mol. wt. 80,000, 
lot G 2431) were obtained from Mann Research Laboratories, New York, N.Y. 
The degree of substitution (D-S.) of the phosphated D-glucans was 0.048, 0.033, 
and 0.079 for phosphates of glycogen, soluble starch, and dextran, respectively. 
In addition to the dextrans having known linkages, and the bacterial levans previously 
used3, Dr. Allene R. Jeaues, Northern Regional Research Laboratories, Peoria, 
Illinois, also kindly supplied phosphono-D-mannan (Y-41 l), phosphono-n-galactan, 
and an acidic polysaccharide (Y-1401) from Cryptococcz~.s Zaurentii var. flaaescens. 
The following, water-soluble polysaccharides were gifts from Stein, Hall and Co., 
Inc., New York, N. Y.: carrageenans (Genulacta LlOO, Genuvisco “J”, and Genulacta 
K-100), D-galacto-D-mannans of guar gum (Jaguar J25-1 non-ionic, Jaguar 808 
anionic, and Jaguar Plus-cationic), a D-galacto-D-mar-man from locust-bean gum, 
gum karaya, gum arabic, gum tragacanth, and r-arabino-D-galactans (Stractan, and 
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Stractan AF-2). Dextran sulfates, mol. wt. 5 x IO5 (jot No. 263) and mol. wt. 2 x lo6 
(lot No. 6668), and Ficoll (lot No. 4975), a polysucrose polymer of mol. wt. 4 x lo’, 
were obtained from Pharmacia Fine Chemicals, Piscataway, N. J. Dextran sulfate 
(lot No. 93-B-1550), average mol. wt. I .8 x 104 was obtained from Sigma Chemical 
Co., St. Louis, Missouri_ Heparin, sodium salt (lot No. 2031), hyaluronic acid (lot 
No. 7082), and phosvitin (lot No. 4615) were obtained from Nutritional Biochemicals 
Corp., Cleveland, Ohio. Chondroitin sulfate (lot No. 102) and highly polymerized, 
salmon-sperm 2’-deoxyribonucleic acid (rot No. 50072) were obtained from Calbio- 
them, Los Angeles, California. Poly(D-galacturonic acid) (lot No. C2623), D-xylan 
(lot No. N2236), pectin (lot No. M2281), sodium polypectate (lot No. N2542), 
agarose (special grade), ovalbumin, 2 x tryst. (lot No. R3237), highly polymerized 
yeast ribonucleic acid (lot No. P1194), and poIy(adenylic acid), potassium salt (lot 
No. P2457) were supplied by Mann Research Laboratories, Inc., New York, N.Y. 
-Mannan, r_-arabinan, and fucan were supplied by Pierce Chemical Co., Rockford, 
Illinois. Agar, purified (control 464028), and the following Boivin-extracted (B), 
Westphal-extracted (W), and trypsinized (TS) bacterial lipopolysaccharides (LPS) 
were purchased from Difco Laboratories, Detroit, Michigan: Salmonella typhimurium, 
(W, lot No. 137085) and (B, lot No. 462074); Sabnonella abortas equi (W, lot No. 
46601D) and (B, lot No. 466006); Escherichfa coli Olll:B4 (W, lot No. 471289) and 
(B, lot No, 462737); Escherichia coii 0128:B12 (W, lot No. 134454) and (B, lot 
No. 140431); and Serratia marcescens (B, lot No. 134455) and (TS, lot No. 462038). 

Turbidimetric assay. - The absorbancies (A) of suspensions of the various 
polymers and biopolymeric complexes, in distilled, de-ionized water, were measured 
in a Coleman Jr. spectrophotometer at 450 nm. With respect to bacterial LPS- 
gelatin complexes, the total reaction-mixture (2.0 ml), which contained 1.0 mg of 
LPS and 0.5-10 mg of gelatin, was incubated for 30 min at 25” in spectrophotometer 
tubes (8 mm in diameter) and A was then read against the appropriate gelatin blank. 
For neutral D-glucans (erythrodextrin-free soluble starch, glycogen, and dextran) 
and their derivatives (formates, acetates, and phosphates of D-glucan, partially and 
fully methylated, and periodate-oxidized), the total reaction-mixture (7.0 ml), which 
contained 2.0 mg of the D-glucan or its derivative in addition to 0.5-30 mg of gelatin, 
was incubated for 30 min at 25” in spectrophotometer tubes (19 mm in diameter) 
before A was read against the respective blank of D-ghCan_ For all other biopolymers 
(RNA, DNA, poly(adenylic acid), and phosphonoproteins), homo- and hetero- 
polysaccharides, or polysaccharide mixtures (pectin, gum karaya, and gum arabic), 
the total reaction-mixtures (7.0 ml), containing 1.0 mg of the biopolymers, were 
assayed in a manner similar to that outlined for the D-glucans. The ratio of the quantity 
of gelatin required to produce maximal turbidimetric readings with 1.0 mg of the 
respective polysaccharide is defined as the equivalence binding-ratio. 

The effect of sodium chloride on the turbidities of biopolymer-gelatin complexes 
was determined by adding a 0.05 vol. of 2.9M sodium chloride to the reaction mixtures 
in distilled, de-ionized water (final concentration of sodium chloride, 0.1&M) and, 
after incubating for 30 min at 25”, reading A at 450 nm (A&. 
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For testing the effect of specific antiserum on formation of the LPS-gelatin 
complex, the total reaction mixtures (2.0 ml) contained 1.0 mg of LPS from E. c&i 
011 l:B4 (W), 1.0 mg of dialyzed Bacto, E. coli OB antiserum, 011 l:B4, control 489522, 
(Difco Laboratories, Detroit, Michigan), and weights of gelatin that ranged from 
OS-30 mg. Following incubation for 30 min at 25”, turbidimetric readings at 450 nm 
were read against a blank of distilled water containing 1.0 mg of antiserum. Other 
proteins substituted for antiserum were l-O-mg samples of the phosphonoproteins, 
ovalbumin, and phosvitin. 

The effects of guanidine hydrochloride (lot No. #A, Eastman Organic 
Chemicals, Rochester, N.Y.) and urea (ultrapure, Mann Research Labs., Inc., New 
York, N. Y.), on the turbidities produced by macromolecular interactions in distilled, 
de-ionized water were also determined by adding either 0.1 vol. of 10~ urea or 
0.05 vol. of 6~ guanidine hydrochloride to the reaction mixtures. After the reaction 
mixture had been incubated for 30 min at 25”, A,,, was recorded. In some instances, 
the combined effects of 0.145~ sodium chloride and either 1.0~ urea or 0.3~ guanidine 
hydrochloride on the dissolution of the macromolecular, gelatin precipitate were 
also assayed. 

Spectral arzalyses - U.V. absorption spectra for gelatin and gelatin- 
polysaccharide mixtures were determined in a Car-y Model 14 recording spectro- 
photometer. “Scattering spectra” for gelatin-polysaccharide complexes were obtained 
according to the procedure of Holladay et al. 15. In essence, spectra of aqueous, 
gelatin solutions were obtained, with distilled, de-ionized water as a blank in the 
reference beam. In order to eliminate effectively any absorption due to the poly- 
saccharide, the spectra of gelatin-polysaccharide complexes were obtained with the 
respective polysaccharide or lipopolysaccharide in the reference beam. 

Lr. spectra of gelatin, o-glucans, and gelatin-D-glucan mixtures were obtained 
with a Beckman Model IR-7 infrared spectrophotometer equipped with an attenuated 
total reflectance (ATR) attachment and a thallous iodide-bromide (KRS-5 Barnes 
Engineering Co.), internal-reflecting crystal. Thin films cast from 4% gelatin, D-glucan, 
or gelatin-D-glucan solutions served as the samples. All films were prepared 
simultaneously, to minimize possible spectral differences induced bjr atmospheric 
conditions. However, no dectable spectral changes were observed in samples prepared 
on different days. 

Optical rotatory dispersion curves for gelatin, D-glucans, or gelatin-D-glucan 
mixtures were determined by use of a Jasco-Durrum (Model ORD/UV 5) recording 
spectropolarimeter and a l-cm silica cuvette. 

RESULTS AND DISCUSSION 

During the course of investigations on the formation of polysaccharide-gelatin 
complexes in acidified ethanol solutions3, it was observed that gelatin-o-glucan 
(soluble starch or glycogen) complexes, in distilled, de-ionized water formed turbid 
suspensions. However, upon the addition of TCA, the solutions became clear. These 
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observations suggested that polysaccharide-gelatin interactions may also be character- 
ized by their differential solubility characteristics in distilled, de-ionized water. The data 
in Fig. 1-A show that interactions of glycogen and soluble starch with gelatin resemble 

4 5 6 
CO~CEPJT:TRA~IOhf0F GELATIN 

IO 20 30 
(mg per 7.0 ml) 

Fig. l- Turbidimetric changes accompanying formation of complexes between neutral (and substituted) 
polysaccharides and gelatin in distilled, de-ionized water. A: 2.0 mgofsolublestarch(O),dextran (a), 
and glycogen (A); 2.0 mg of soluble-starch phosphate, D.S. = 0.033, (a), dextran phosphate, 
D.S. = 0.079, (I), and glycogen phosphate, D.S. = 0.048, (A). 3: 1.0 mgof lichenan (O), phospho- 
nogalactan (o), phosphonomannan (A), and agar (V). C: 1.0 mg of o-galacturonan (O), gum 
karaya (III), r-arabinan (v), and dextran (NRRL-Y1401) (A). 

the classical, antigen-antibody, precipitin curves. The gelatin-soluble starch and 
gelatin-glycogen equivalence binding-ratios were 1.5 and 1.0, respectively. These 
binding ratios closely paralleled the stoichiometric binding-ratios previously noted 
for the solubilization of D-glucan-gelatin complexes in acidified ethanol solutionszS3. 
On the other hand, dextran-gelatin solutions failed to exhibit a precipitin reaction 
throughout a range of weight of gelatin of 0.5-30 mg. 

The data in Fig. 1-A also show that (phosphorylated D-glucan)-gelatin mixtures 
not only elicit an increase in precipitin formation, when compared to the respective 
neutral D-glucans, but also show “anomalous” precipitin curves at high concentrations 
of gelatin (10-30 mg of gelatin per 7 ml)_ Whereas the (glycogen phosphate)-gelatin 
precipitin curve exhibited the typical, antigen-antibody, precipitin curve, both 
dextran phosphate and soluble-starch phosphate showed inflection points at low 
concentrations of gelatin and increased precipitate formation at high concentrations 
of gelatin. A similar increase in precipitable gelatin-but not the biopolymeric 
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complexes-at gelatin to glucan ratios of 20:1 or higher, has previously been noted 
for the glucan-gelatin solubilization reaction in acidified ethanol solutior@. Con- 
sequently, increased precipitation at high concentrations of gelatin may only be a 
reflection of the aggregation of gelatin. Data presented in this .study do not permit 
differentiation between such nonspecific, protein-exclusion phenomena by poly- 
saccharides”-lg and enhancement of macromolecular complex-formation in the 
presence of high concentrations of protein. 

The addition of 0.145M sodium chloride to either neutral D-glucan- or (D- 

glucan phosphate)-gelatin complexes inhibited precipitin formation throughout the 
concentration range of OS-30 mg of gelatin per 2 ml. The inhibition of (D-ghCa.II 

phosphate)-gelatin precipitation by 0.145M sodium chloride suggests that electrostatic 
interactions may be the primary mechanism of reaction involved in precipitation of 
these macromolecular complexes. On the other hand, it is difficult to attribute 
inhibition, by sodium chloride, of neutral, D-glucan-gelatin, precipitin formation 
to electrostatic interactions, as neither glycogen nor soluble starch possesses the 
requisite ionic groups necessary for the formation of salt-like complexes. 

The effect of glycogen on the U.V. absorption spectrum of gelatin (see Fig. 2) 
provides evidence for the occurrence of macromolecular interactions in distilled, 
de-ionized water. Similar spectra for trypsin-agar complexes have been recorded14. 
(Soluble starch)-gelatin complexes had a higher U.V. absorbance (not shown) than 
glycogen, whereas dextran was ineffective in inducing a “scattering spectrum”. 

1 
250 260 270 280 290 300 3 

WAVELENGTH (nm) 

Fig. 2. U.V. spectra of gelatin and the gelatin-glycogen complex. Gelatin (6.0 mg/ml) against a blank 
of distilled, de-ionized water (-), and 6.0 mg of gelatin/ml f 2.0 mg of glycogen/ml against a blank 
of 2.0 mg of glycogen/ml (- - -). 
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These results are consistent with the data shown in Fig. I-A. Addition of 5~ urea or 
3M guanidine hydrochloride inhibited formation of the gelatin-D-gkan complex 
when measurements were made at either 280 nm or 450 run. Decreasing the concen- 
trations of urea and guanidine hydrochloride to 1.0 and 0.3~~ respectively, yielded 
identical decreases in turbidirnetric measurements at 450 nm. Thus, the gelatin-D- 
glucan complexes resemble the concauavalin A-D-glucan complexes, in that agents 
breaking hydrogen bonds interfere with the interaction properties of the polymers2’. 
These differences in absorbance at 280 and 450 nm, for the complexes of soluble 
starch and also of glycogen, in conjunction with the inability of dextran-gelatin 
complexes to produce any differential alterations in absorbance, most probably indicate 
that specific, differential binding-sites exist ih the protein macromolecule for these 
three D-glucans. Addition of D-glucose to gelatin had no effect on the U.V. spectra of 
gelatin solutions; consequently, it is suggested that the altered U.V. absorption curves 
of D-glucan-gelatin complexes not only confirm the existence of biopolymeric 
complex-formationindistilled, de-ionized water, but also afford a means of differentiat- 
ing between the D-glucans by way of their interactions with gelatin. 

Although dextran-gelatin interactions in distilled, de-ionized water could not 
be detected by either U.V. or visible spectral measurements, ATR-i-r. studies indicated 
that specific solute-interactions did exist (see Fig. 3). Thus, dextran-gelatin complexes 
induced shifts to higher frequencies in the i.r. region of 1650-1450 cm-‘. Similar 
shifts were obtained with soluble starch and glycogen. In the case of gelatin, the two 
absorption maxima at 1620 and 1530 cm- ’ correspond to the Amide I and Amide II 
bands, respectively, which are characteristic of proteins and polypeptides”. D-Glucan 
(soluble starch, dextran, or glycogen)-gelatin complexes also induced shifts in the 
1100-900 cm-’ region of the i.r. spectrum. The data in Fig. 3 show that the absorption 
maximum for dextran (990 cm-‘) is shifted to a higher frequency (1003 cm-r) when 

Fig. 3. ATR-i.r. spectra of gelatin, dextran, and the gelatin4extran complex in the 1100-900 cm-l 

and 1650-1450 cm-r regions. Gelatin (-); dextran (x-x); gelatin-dextran complex (0-O). 
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dextran is complexed with gelatin. The band assignments found in this i-r. region 
are numerous22, and interpretation of shifts for polysaccharides is extremely complex. 
However, in conjunction with shifts in the Amide I and II regions, the concomitant 
shifts from 990 to 1003 cm-’ most probably arise from alterations in the O-H 
bending modes. These results suggest that immunologically important, protein- 
polysaccharide interactions that do not elicit precipitin reactions may be detected 
by similar analysis of their i.r. spectra. 

Other regions studied (1650-300 cm-’ and 1450-l 100 cm-‘) were devoid 
of shifts. The region 3600-2900 cm-‘, widely used in studying hydrogen bonding 
between molecules, was also scanned. However, strong, intramolecular hydrogen- 
bonding in both gelatin and the D-gkICanS tended to give rise to wide absorption areas 
that masked possible shifts in gelatin-glucan mixtures_ These data are difficult to 
interpret, inview of the fact that hydrogen bonding would tend to lower the absorption 
maxima in gelatin. It could be supposed that the D-glucans alter the normal, internal 
hydrogen-bonding in gelatin to give rise to the spectral shifts. In this connexion, 
however, D-ghrcans do not influence the gelation of 4% gelatin solutions*. Moreover, 
crystallinity would not appear to be a factor here, as all three of these D-glucans gave 
rise to essentially identical shifts. 

D-Glucan-gelatin interactions also cause marked changes in rotatory dispersion 
properties when compared with those of the individual polymers (see Table I). Thus, 
the specific rotations of glycogen-gelatin complexes are not equivalent to the sum of 
those of the two po!ymers. Similar differences were noted for dextran and soluble 
starch when these were mixed with gelatin. Although these data do not reveal possible 
sites or mechanisms of interaction, they are useful in detecting formation of a complex. 
In contrast other results showed that D-glucose did not markedly influence the rota- 

TABLE I 

ROTATIONS= OF GELATWGLYCOGEE; COhlPLEXES 

Wavelength Gelatinb 
nm 

GIycogenb Gelatin + glycogen 

Calculated Observed 

420 -339 +310 -29 -71 
400 -369 +350 -19 -92 _ 
370 -441 f429 -12 -100 

350 -510 +4!?0 -20 -119 

“Values reported as degrees of rotation. bConcentrations of gelatin and glycogen were each 1 mg/ml. 

tory properties of concanaxxlin A in its Cotton-effect regionz3. Similar differences 
in 0-r-d. spectra between nucleotides of low molecular weight and the sum of their 
monomers have been reported by others24*25, and have been utilized to detect inter- 
actions between solutes. 

The data in Fig. 4 show that precipitin formation with dextran sulfates and 
gelatin is dependent on the molecular weight of the substituted dextran. Whereas 
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o- l mol. wt. 18~10~ 
0-m mol.wt. 5x105 
A-& mol.wt 2*106 

Ll 

J 

2 
p’? 

4 
0123456 YL E 

CONCENTRATION OF GELATIN (mg per 0.7 ml) 

Fig. 4. Turbidimetric changes accompanying (dextran sulfate)-gelatin interactions. D djp tran sulfate 
(1.0 mg) in distilled, de-ionized water (0, 0, A), and in 0.145M sodium chloride (e, I, A)_ 

the dextran sulfate of mol. wt. 2 x lo6 elicited an atypical precipitin curve, interactions 

of gelatin with either dextran sulfate of mol. wt. 1.8 x IO4 or dextran sulfate of mol. 
wt. 5 x lo5 did not yield a precipitate except at high concentrations of gelatin (10-30 mg 
of gelatin per mg of dextran sulfate). The sulfated polysaccharide f&an reacted with 
gelatin in a manner sin&u to that of the dextran of mol. wt. 5 x lo5 within the range 
of concentration of O-5-6.0 mg of gelatin per experiment. At higher concentrations 
of gelatin, the fucan-gelatin precipitin curve parallels the precipitin curve for the 
dextran sulfate of mol. wt. 2 x 106. 

An unexpected finding was the enhancement of precipitin formation of all 
(dextran sulfate)-gelatin and fucan-gelatin complexes in the presence of 0.145~ 
sodium chloride within the concentration range of 0.5-6.0 mg of gelatin per experi- 
ment. In contrast, 1.0~ urea or 0.3~ guanidine hydrochloride not only inhibited the 
precipitin reaction of the high mol. wt. (dextran sulfate)-gelatin complex, but also 

solubilized the precipitate induced by 0.145~ sodium chloride of both (dextran 
sulfate)- and fucan-gelatin complexes. 

It is possible that the salt aided formation of the gelatin-fucan and (dextran 
sulfate)-gelatin complexes by the interposition of cations (Na+) between ionic sites 
(such as sulfate) on the polymers, thereby forming bridged complexes. Although 
divalent cations were not examined, univalent cations would not be expected to be 
so effective as multivalent cations. 

The data in Table II further characterize the specificity of polysaccharide- 
gelatin precipitin reactions in distilled, de-ionized water. Of the numerous neutral 
homo- and hetero-polysaccharides tested, only soluble starch, glycogen, and lichenan 
were capable of forming a precipitate with gelatin. Precipitin formation with substi- 
tuted homopolysaccharides was limited to the phosphoric esters of soluble starch, 
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glycogen, dextran, D-mannan, and D-galactan, as well as a sulfated derivative of 
agarose and a dextran of high molecular weight. The precipitin curves in Fig. 1-B 
reveal the stoichiometry of gelatin interactions with lichenan, phosphonogalactan, 
phosphonomannan, and purified agar. Both 1 .OM urea and 0.3~ guanidine hydrochlor- 
ide, as well as 0.145~ sodium chloride, inhibited precipitin formation with puritied 
agar and gelatin. Since only limited amounts of the other polysaccharides in Fig.- 1-B 
were available, the effects on these macromolecular interactions of the respective 
monomers, sodium chloride, and agents for breaking hydrogen bonds, were not 
investigated. 

Although the sulfated polymer agar elicited the precipitin reaction, its corre- 
sponding neutral homopolymer, agarose (Table II) did not form a precipitate with 
gelatin. Other notable differences between agar-gelatin and (sulfate-containing poly- 
saccharide)-gelatin interactions were the lack of any nonspecific increase of precipitin 
formation at high concentrations of gelatin (10-30 mg of gelatin per 7 ml) and the 
lack of enhancement of precipitin formation by 0.145~ sodium chloride. The carra- 
geenans, chondroitin sulfate, and hyaluronic acid exhibited precipitin curves similar 
to that of fucan. In contrast to the enhanced precipitin reactions of fucan and dextran 
sulfate in the presence of 0.145~ sodium chloride, the carrageenans, chondroitin 
sulfate, and hyalnronic acid did not exhibit corresponding precipitin reactions. The 
sulfated polymer heparin failed to yield precipitin-like reactions with gelatin under 
any of the varied experimental conditions. 

These differential solubility-characteristics of sulfated polysaccharides with 
gelatin in distilled, de-ionized wtiter, and in the presence of either 0.145~ sodium 
chloride or agents breaking hydrogen bonds, not only provide an additional means 
for preliminary identification of sulfated polysaccharides isolated, but also reveal 
the complex nature of the bonding forces most probably involved in complex- 
formation. It is evident that charged groups on a polysaccharide do not necessarily 
induce precipitation with gelatin, because neutral formates and acetates of Dglucan 
resemble heparin in not forming precipitates with gelatin. 

On the other hand, numerous uranic acid-containing polysaccharides listed 
in Table II gave precipitin reactions (see Fig. 1-C). Polysaccharide mixtures containing 
uranic acid residues (such as gum karaya, pectin, and gum arabic) also exhibited 
precipitin reactions with gelatin_ Precipitin formation between all glycuronans and 
gelatin, within a range of concentration of gelatin of 0.5-6.0 mg per experiment, was 
inhibited by 0.145M sodium chloride, by 1.0~ urea, and by 0.3~ guanidine hydro- 
chloride. These results reemphasize the complex nature of the bonding forces involved 
in poIysaccharide-gelatin precipitin reactions. 

The inhibitory effects of sodium chloride on precipitin formation suggest 
that the polyionic polysaccharides that elicit precipitin reactions may react with the 
positively charged gelatin to form salt-like complexes. However, the inhibitory effects 
of both urea and guanidine hydrochloride on these same acidic polysaccharide- 
gelatin complexes is not explained by this postulate. 

The mechanisms whereby urea and guanidine hydrochloride denature proteins 
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still remain obscure. Based on thermodynamic measurements of urea-peptide bond- 
interactions in water, Kresheck and Benjamin26 have shown that urea frees water 
molecules from peptide groups through hydrogen bonding. Robinson and Jencks27 
have implicated both hydrophobic and non-hydrophobic effects of these compounds 
on peptides of low molecular weight, and have suggested that these denaturing 
agents react directly with synthetic tetrapeptides to form complexes. With respect 

to (macromolecular protein)-urea interactions, Olson and Liener** have shown that 
8~ urea dissociates concanavalin A into protein subunits that are not capable of 
eIiciting a precipitin reaction with glycogen. Other studies have shown that both 
urea and guanidine hydrochloride competitively inhibit precipitin formationto 
between polysaccharide and concanavalin A. From the data presented, dissociation 
of gelatin into nonreactive protein subunits cannot be ascertained. 

Although hydrogen bonds between tetrapeptides in aqueous solution are 
stated to be unstablet7, in such macromolecular interactions as gelatin-polysaccharide 
complex-formation, wherein potyfunctional hydrogen-bonding can occur, a favorable 
entropy of formation could be realized 2g Therefore, the possibility of hydrogen . 
bonding between proteins and polysaccharides in aqueous solution cannot be 
excluded, even though such complexes may have only a low stability. In this respect, 
the ability of 3~ urea or 0.6~ guanidine hydrochloride to inhibit precipitin formation 
between gelatin and nonionic D-glucans (soluble starch and glycogen) suggests that 
hydrogen bonding may be the primary force operative in these biopolymeric 
interactions. 

With the exception of DNA, the data in Fig. 5 show that precipitin reactions 

a5 

1 o-. RNA 1 ‘r 
P o-. OVALBUMIN P 

z 0.4- q -. DNA 
c 

zs 

A- A WLY (ADEN~LIC ACID) 

2 0.3- 
0 

2 
2 0.2- 

g 

1 
Q o.i- 

0 -m PHOSVITIM 

o-f-; 
0123456 IO 15 30 0 5 6 

CONCENTRATION OF GELATIN (mg per 7.0 ml) 

Fig. S.Turbidimetric changes accompanying gelatin-(phosphorus-containing biopolymer)interactions 
in aqueous solution. Phosphorus-containing polymer (1.0 mg) in distilled, de-ionized water (0, fl, A) 
and in 0.145hr sodium chloride (9,~. &. 

of phosphorus-containing biopolymers [RNA, DNA, poly(adenylic acid), phosvitin, 
and ovalbumin] did not occur within a concentration range of 0.540 mg of gelatin 
per experiment. Interactions of DNA with gelatin gave rise to highly viscous, gel-like 
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solutions that could not be measured accurately by the turbidimetric assay procedure_ 
Consequently, the turbidimetric readings of gelatin-DNA mixtures within the range 
of concentration of gelatin of 0.5-6.0 per experiment (see Fig. 5) cannot be attributed 
to a specific, precipitin-like reaction. Because numerous polysaccharides (phosphor- 
ylated soluble-starch and dextran, dextran sulfates, fucan, carrageenans, chondroitin 
sulfate, hyaluronic acid, and LI-xylan), as well as the phosphorus-containing 
biopolymers noted in Fig. 5, all elicited enhanced precipitin formation at high 
concentrations of gelatin (10-30 mg per experiment), the specificity of gelatin- 
polysaccharide precipitin formation is limited mainly to ratios of gelatin to 
polysaccharide of 0.5: 1 to 6: 1. 

The data in Fig. 6A and 6B, show that phenol-extracted preparations of 
bacterial endotoxins (Westphal lipopolysaccharides) invariably exhibited precipitin- 
like reactions with gelatin, whereas the corresponding TCA-extracted endotoxins 
(Boivin endotoxins) did not produce increased turbidities under identical experimental 
conditions. The differences in the slopes of the precipitin curves, in conjunction with 
differences in equivalence binding-ratios, indicate that specificity is also involved 

“‘1 A.SALMONELLA ENDOTOXINS 

0a27 c SERRATIA ENDOTOXINS 
I 

CONCENTRATION OF GELATIN 
(mg per 20 ml) 

Fig. 6. Turbidimetric changes accompanying formation of (Enterobarferiaceue endotoxin)-gelatin 
complexes in distilled, de-ionized water. Boivin-extracted endotoxin (1 .O mg) (0, O), Wesphal- 
extracted endotoxin (0, I), and trypsin-digested endotoxin (A). A: S. ryphimurium (0, q ), and 
S. aburros equi (0, q ). B: E. co/i 011 l:B4 (0, m), and E. coli 0128:B12 (a, E). C: S. marcesrens 
(0, A). All endotoxin-gelatin complexes were measured against blanks containing the appropriate 
concentration of gelatin. 
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with gelatin-lipopolysaccharide precipitin reactions_ These interactions are more 
d.ifEcult to interpret than those discussed in the foregoing paragraphs, because of 
contamination with such other macromolecules as protein and RNA4. However, 
as RNA alone did not elicit a precipitin reaction within the concentration range 
of OS-Xi.0 mg of gelatin per experiment (see Fig. 5), the RNA contaminants, which 
are normally associated with crude, phenol-extracted, bacterial LPS, most probably 
do not contribute to the turbidimetric values of phenol-extracted LPS-gelatin 
complexes. 

With the exception of the Boivin-extracted LPS from Serratia marcescens, 
TCA-extracted preparations of LPS invariably exhibited initially higher turbidimetric 
values, which were not altered on subsequent addition of gelatin. Since Boivin- 
extracted endototins contain 6-72 times as much protein as the respective phenol- 
extracted LPS4, it is suggested that the inherent protein may not only account for 
the initially high tnrbidimetric values, but may also occupy or mask the gelatin 
binding-sites in the Boivin preparation. 

Since both the Boivin (14.5% of protein) and trypsin-digested (10.9% of 
protein) LPS preparations of S. marcescens were capable of eliciting precipitin 
reactions, it appears that innate protein contaminants do not invariably inhibit 
precipitin reactions; however, LPS preparations from S_ marcescens are unique, 
in that they contain uranic acid (11.8% of the dry weight) which is absent from the 
LPS preparations4 from E. coZi and Salmonella. The similarity in the precipitin curves 
of (S. marcescens LPS)-gelatin complexes (see Fig. 6-C) to those of the glycuronan- 
gelatin complexes (see Fig. 1-C) suggests that the uranic acid moiety within the 
S. marcescens LPS may be the major monomeric constituent effecting precipitin 
formation with gelatin. 

Although the Boivin-extracted LPS of Esclzerichia coZi Oil l:B4 did not elicit 
a precipitin reaction (see Fig. 6-A), alterations in the U.V. absorption spectrum of 
gelatin by LPS (see Fig. 7) su ggest that complex-formation occurred between these 
biopolymers in distilled, de-ionized water. The data in Fig. 7 also show that the 
Westphal-extracted LPS produced greater changes in the U.V. absorption spectrum 
of gelatin than did the corresponding Boivin preparation at a gelatin: LPS ratio of 
6:1 (2.0 mg of gelatin f0.33 mg of the respective LPS preparations). In addition, 
alterations in the U.V. spectra of (Westphal-extracted LPS)-gelatin complexes in 
distilled, de-ionized water are dependent on the LPS concentration. It is inferred 
from these results that the Westphal preparation most probably possesses functional 
groups that are more accessible, and that can react more readily with gelatin, than 
those in the corresponding Boivin preparation. Owing to the presence of numerous 
functional groups within these LPS preparations, meaningful interpretations of the 
U.V. scattering spectra are difficult. 

The present results also show that the interaction of LPS with gelatin is not 
suppressed in the presence of specific anti-LPS serum (see Fig. 8). However, precipitin 
formation was inhibited by 0.145M sodium chloride. These observations suggest 
that the reactive components of LPS-gelatin and LPS-antibody are different. 
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Fig. 7. U.V. spectral changes associated with Escherichia co/i 011 I:B4 Iipopolysaccharide (LPS)- 
gelatin complexes in aqueous solution. All samples contained 2.0 mg of gelatin/ml and were measured 
against blanks containing the respective concentration of LPS. LPS concentrations used were: 
0.5 mg/ml (0); 0.33 mg/ml (9); 0.25 mg/ml ( x); and 0.125 mg/ml (A) in distilled, de-ionized water 
and in 0.145~ sodium chloride (I!#). Absorption curve of gelatin (2 mg/mi) in distilled, de-ionized 
water or &l&hi sodium chloride (V). Dotted lines represent Boivin-extracted LPS, and solid lines, 
the Westphal-extracted LPS, respectively. 

CONCENTRATION OF GELATIN (mg par 2.0 ml) 

Fig. 8. Turbidimetric changes accompanying the interactions of Westphal-extracted E. cofi 01 ll:B4 
LPS with binary protein solutes in distilled, de-ionized water. In addition to the concentrations of 
gelatin listed, the reaction mixtures contained 1.0 mg of LPS and 1.0 mg of one of the following 
proteins: E. co/i 011 l:B4 antiserum C-B-), phosvitin (-a-_), or ovalbumin (LA-). The blank 
contained 1 .O mg of LPS and 1 .O mg of antiserum, ovalbumin, or phosvitin, respectively. 
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The data in Fig. 8 also show that tertiary polymeric mixtures containing 
phosphoproteins (instead of specific antiserum) induced alterations in both the shape 
of the precipitin curve and the equivalence binding-ratio of LPS-gelatin complexes. 
In the presence of 1 mg of either phosvitin or ovalbumin, the equivalence binding- 
ratio was increased to 10. The complexity of the resultant interactions in tertiary 
biopolymeric mixtures is further evidenced by the observation that the high turbidities 
of gelatin-phosvitin mixtures in the presence of IO-30 mg of gelatin per 2 ml (see 
Fig. 5) were inhibited by the presence of 1 mg of LPS (see Fig. 8). Since simple, 
concentration effects cannot account for these decreased absorbances, it is suggested 
that both nonprecipitating (LPS-phosvitin) and precipitating (LPS-gelatin) 
interactions were present. 
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ABSTRACT 

D-arabino- and D-l’xo-Hexosulose I-acylhydrazone 2-arylhydrazones and 
2-acylhydrazone l-arylhydrazones have been prepared from the respective hexosulose 
I-hydrazone and the corresponding hydrazine. Their properties are compared with 
those of saccharide aryl- and acyl-osazones. Also prepared were a number of 
mesoxalaldebyde 1,2-bis(acylhydrazones), I-acylhydrazone Zarylhydrazones, and 
2-acylhydrazone I-arylhydrazones. 

In a previous communicationl, we described the preparation of a number of 
hexosulose Zacylhydrazone 1-arylhydrazones (1) and compared their properties 
and reactions with those of aryl- and acyl-osazones (2). To complete this comparative 
study, we have now prepared a number of 1-acylhydrazone 2-arylhydrazones (3a) 

and 2-acylbydrazone I-aqlhydrazones (la) and (lb). 

HC=N-NHR HC=N-NH-CO-R HC = N-NH-CO-R 
1 I I 
C =N-NH-CO-R’ C =N-NH-CO-R C=N-NH-R’ 
I I I 

1 2 3 

I I I 
HOCH HCOH HC=O 

I I 
HCOH HOCH 

I I 
HCOH HCOH 

I I 
CHzOH CHzOH 

(a) 

Starting with D-arabim-hexosulose 1-benzoylhydrazone2 and phenyl- or 
ptolyl-hydrazine, we prepared D-arabino-hexosulose 1-benzoylhydrazone 2-phenyl- 
hydrazone and I-benzoylhydrazone 2-p-tolylhydrazone. Lie the osazones of type 1, 

these osazones are yellow, and their electronic spectra show three maxima, at 256, 
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306, and 390 nm. Their infrared absorption spectra show a band at 1600 (C=N) 
and at 1660 cm-’ (CONH). They give colors with ferric chloride (indicating that their 
acylhydrazone residues are enolized), and form stable copper complexes, and ~~IIS 
resemble, in these respects, both the bis(acylhydrazones)3 and the %acylhydrazone 
1-arylhydrazonesl. 

Of the 2-acylhydrazone 1-arylhydrazones, the following compounds were 
prepared: of D-alumina-hexosulose, the 2-@-iodobenzoyl)hydrazone I-phenylhydraz’o- 
ne, the Zbenzoylhydrazone I-p-tolylhydrazone, and the 2nicotinoylhydrazone l-p- 
tolylhydrazone; and of D-l’xo-hexosulose, the 2-benzoylhydrazone 1-phenylhydrazone 
and the 2-(p-chlorobenzoyl)hydrazone 1-phenylhydrazone. 

For preparation of mesoxalaldehyde 1,2_bishydrazones, the bis(acylhydrazones), 
Zacylhydrazone I-arylhydrazones, and 1-acylhydrazone 2-arylhydrazones of D- 

arabino-hexosulose were oxidized with periodic acid. Mesoxalaldehyde 1,2-bis- 
(acylhydrazones) (2~) were colorless, whereas the mixed types (lc) and (3c) were 
orange. Their infrared absorption spectra showed, in addition to the (C=N) and 
(C=O) bands, a CONH band at 1650-1680 cm-‘. Unlike mesoxalaldehyde 1,2-b% 
(arylhydrazones)4, which cyclize to 1-aryl-4-arylazo-2-pyrazolin-5-one on treatment 
with acid reagents, all of the mesoxalaldehyde 1,2-bis(hydrazones) studied failed to 
cyclize. 

EXPERIMENTAL 

1.r. spectra were recorded with a Unicam SP-200 spectrophotometer, and 
U.V. absorption spectra with a Unicam SP-800 spectrophotometer. 

D-arabino-Hexosrrlose I-benzoylhydrazone 2-phenylhydrazone (3a; R = R’ = P/z). 
- A solution of n-arabino-hexosulose 1-benzoylhydrazone (0.3 g) in ethanol (10 ml) 

was treated with a solution of phenylhydrazine (0.11 g) in ethanol (5 ml) and a few 
drops of acetic acid. The mixture was gently warmed on the water-bath for 2 mm, 
and then kept for 24 h at room temperature. The product (0.11 g) crystallized from 
methanol in yellow plates, m-p. 207-212”; ~2: 1600 (C=N), 1660 (CONH), 
3350 cm- ’ (OH) ; iEzxH 256, 306, 390 nm (log E 1.00, 0.70, 2.30), AEEH 279, 327 run 
(log & 0.50, 0.70). 

Anal. Calc. for Cr9HZ2N405: C, 59.1; H, 5.7; N, 14.5. Found: C, 59.5; 
H, 6.0; N, 14.4. 

D-arabino-ETe.rosuIose I-benzoylhydrazone 2-p-toIyIhydrazone (3a; R = Ph, 
R’ = CsH4iWe-p). - A solution of D-nrabino-hexosulose 1-benzoylhydrazone 
(0.4 g) was treated with p-tolylhydrazine (0.17 g), and the mixture was warmed on 
the water-bath for 2 min and then allowed to cool. The product (0.25 g) was filtered 
off, and washed with and crystallized from methanol, in yellow plates, m-p. 215-220”. 

Anal. Calc. for C,,H,,N,O,: C, 60.0; H, 6.0; N, 14.0. Found: C, 60.4; 
H, 6.5; N, 14.0. 

D-arabino-Hexosulose 5-(p-iodobenzoyl)hydra:one I-pheny&vdrazone (la; 
R = Ph, R’ = C,&&p). - A solution of marabino-hexosulose 1-phenyIhydrazone5 
(1 g) in water (15 ml) was treated with a solution of p-iodobenzoylhydrazine (0.6 g) 
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in methanol (10 ml) and a few drops of acetic acid. After being warmed on the 
water-bath for 5 min, it was allowed to cool, and the product that separated was 
filtered off, washed, and dried (1.1 g). It crystallized from pdioxane in yellow needles, 
m.p. 198-200” (dec.); v,,, KBr 1600 (C=N), 1665 (CONH), 3350 cm-’ (OH). 

Anal. Calc. for Cr9H,,NJ0,: C, 44.6; H, 4.1. Found: C, 44.7; H, 4.2. 
D-arabino-Nexosulose 2-benzoylhydrazone I-p-tolylhydrazone (la; R = 

C&T,Me-p, A’ = Ph). - -4 solution of D-arabino-hexosulose 1-p-tolylhydrazone 
(0.5 g) in ethanol (10 ml) was treated with benzoylhydrazine (0.7 g) as above. The 
product (0.5 g) was filtered off, and crystallized from ethanol in yellow plates, m.p. 
218-219” (dec.); vz: 1600 (C=N), 1660 (CONH), 3350cm-’ (OH); AEEH 242, 
282, 384 mn (log E 1.00, 0.90, 1.20), ,%z:rr 265, 323 run (log e 0.30, 0.80). 

Anal. Calc. for C,,,H,,N,O,: C, 60.0; H, 6.0; N, 14.0. Found: C, 59.9; H, 6.1; 
N, 14.2. 

D-arabino-Hexosulose 2-nicotinoylhydrazone I-p-tolylhydrazone (la; R = 

CJ&Me-p, R’ = 3-pyridyl). - The title compound was prepared as above from 
D-arabino-hexosulose I-p-tolylhydrazone (0.5 g) and nicotinoylhydrazine (0.7 g). 
It crystallized from methanol in yellow plates, wt. 0.4 g, m.p. 206-208” (dec.); 
~2; 1595 (C=N), 1670 (CONH), 3350 cm-’ (OH). 

Anal. Calc. for C,,H2,N,0,: C, 56.8; H, 5.8; N, 17.5. Found: C, 56.8; H, 6.3; 
N, 17.8. 

D-lyxo-Hexosulose 2-benzoyihydrazone I-phenyl~~~~drazone (lb; R = R’ = PIz). 

- A solution of D-Zyxo-hexosulose 1-phenylhydrazone (1 g) in water (10 ml) was 
treated with benzoylhydrazine (0.6 g) in methanol (5 ml) and a few drops of acetic 
acid. After being warmed for 10 min on the water-bath, the mixture was allowed to 
cool, and the product (1 g) that separated was filtered off, washed, and dried. It 
crystallized from methanol-water in yellow needles, m.p. 221-222” (dec.); ~2: 1603 
(C= N), 1660 (CONH), 3400 cm-l (OH). 

Anal. Calc. for C19H1?2N405*H20: C, 56.5; H, 6.0; N, 13.9. Found: C, 56.5; 
H, 5.8; N, 14.4. 

wlyxo-He_xosulose2-(p-chIorobenzoy1)hydrazone I-phenylhydrazone (lb; R = Ph, 

R’ = C,H,CZ-p). - D-ly=co-Hexosulose I-phenylhydrazone (1 g) was dissolved in 

water (10 ml) and treated with p-chlorobenzoylhydrazine (2.7 g) as above. The 
product (1.1 g) was filtered off, and crystallized from methanol-water in yellow 
needles, m-p. 206-208” (dec.); ~5:: 1605 (C=N), 1665 (CONH), 3450 cm-’ (OH). 

Anal. Calc. for C,,H,,ClN,O,-0.5 H,O: C, 53.1; H, 5.1; N, 13.0. Found: 
C, 53.1; H, 5.4; ‘N, 13.1. 

Mesoxalaidehyde I,2-bis(benzoylhydrazone) (2~; R = Ph). - A suspension 
of D-arabino-hexosulose bis(benzoylhydrazone)3 (1 g) in water (10 ml) was treated with 
a solution of metaperiodic acid (2 g) in water (20 ml), and the mixture was kept for 
24 h at room temperature, with occasional shaking. The aldehyde (0.7 g) was Sltered 
off, washed, and crystallized from ethanol, giving needles, m.p. 220-222” (dec.); 
vKBr 1605 (C =N), 1650 (CONH), 1690 cm- ’ (C= 0); J_zg,“,” 259, 332 nm (log E 4.44, UlBX 
4.24), A;EH 218, 298 nm (log E 4.13, 4.06). 
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Anal. Calc. for C,,HI,N,+03: C, 63.3; H, 4.3; N, 17.4. Found: C, 63.7; 
H, 4.8; N, 17.3. 

Mesoxalaldehyde I,2-bis(m-tokoyIhydrazone) (2~; R = C&&Me-m)*. - A 
suspension of D-arabino-hexosulose bis(m-toluoylhydrazone)3 (1 g) in water (10 ml) 
was oxidized with metaperiodic acid (2 g) as before. The aldehyde (0.6 g) crystallized 
from ethanol in needles, m-p. 215-216” (dec.); ~2: 1610 (C = N), 1680 (CONH), 
1710 cm-’ (C=O). 

Anal. Calc. for C19H18Na03: C, 65.1; H, 5.2; N, 16.0. Found: C, 64.6; 
H, 5.0; N, 16.2. 

Mesoxalaldehyde I,2-bis(p-toZuoyIhydrazone) (2~; R = C,HbMe-p)*. - 

D-arabino-Hexostiose bis(p-toluoylhydrazone)3 (1 g) in water (10 ml) was oxidized 
as before with metaperiodic acid (2 g). Mesoxalaldehyde 1,2-his@-toluoylhydrazone) 
(0.6 g) crystallized from methanol in needles, m-p. 240-242” (dec.); YE: 1615 (C= N), 
1680 (CONH), 1690 cm-’ (C=O). 

Anal. Calc. for C19H,,N,03: C, 65.1; H, 5.2; N, 16.0. Found: C, 65.5; H, 5.2; 
N, 16.2. 

MesoxalaIdehyde I,2-biA(m-chlorobenzoylhydrazone) (2~; R = C,H,CI-m)*. 
- D-arabino-Hexosulose bis(m-chlorobenzoylhydrazone)2 (1 g) suspended in water 
(30 ml) was treated with metaperiodic acid (2 g) as above. The product (0.55 g) 
crystallized from methanol in needles, m.p. 225-226” (dec.); vgi 1600 (C=N), 
1670 (CONH), 1690 cm-’ (C=O). 

Anal. Calc. for C,,H12C12N40,: C, 52.1; H, 3.5; N, 14.3. Found: C, 51.5; 
H, 3.7; N, 14.8. 

lciesoxaialdehyde I,2-bis+chlorobenzoy&vdratone) (2~; R = C&i,Ci-p)*. 
- A suspension of D-arabino-hexosulose bis(p-chlorobenzoylhydrazone)3 (1 g) in 
water (30 ml) was treated with metaperiodic acid (2 g) and kept for 24 h at room 
temperature. The product (0.6 g) crystallized from ethanol in plates, m.p. 235” 
(dec.); v:f! 1595 (C = N), 1680 (CONH), 1700 cm-’ (C = 0). 

Anal. CaIc. for C1~H12C12N~03: C, 52.1; H, 3.5; N, 14.3. Found: C, 52.0; 
H, 3.2; N, 14.5. 

Mesoxalaldehyde 2-benzoylhydrazone I-phenylhydrazone (lc; R = R’ = Ph)_ 

- A suspension of D-arabino-hexosulose 2-benzoylhydrazone I-phenylhydrazonel 
in water (10 mlj was oxidized with metaperiodic acid (0.5 g) as before. The aldehyde 
crystallized from methanol in orange needles, m.p. 175-I 77” (dec.) ; vgi 1605 (C = N), 
1665 (CONH), 1700 cm-’ (C=O). 

Anal. Calc. for C16H14N402: C, 65.3; H, 4.8; N, 19.1. Found: C, 65.7; 
H, 5.0; N, 19.5. 

Mesoxalaldehyde I-phenylhydrazone 2-p-toluoy/hydrazone (lc; R = Ph, 

R’ = &H,Me-p). - D-arabino-Hexosulose I-phenylhydrazone 2-ptoluoylhydrazone’ 
(0.5 g) was oxidized with metaperiodic acid (0.7 g) as above. The product 
crystallized from ethanol in orange, prismatic plates, m.p_ 178-181” (dec.). 

(O-2 d 

*These experiments were performed by M. Nassr. 
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Anal. Calc. for C,,H,6N402: C, 66.3; H, 5.2; N, 18.2. Found: C, 65.6; 
H, 5.5; N, 18.6. 

Meso#alaldehyde 2-@-chlorobenzoyI)hydrazone I-phenyIhydrazone (PC; R = Ph, 
R’ = C&I&I-p). - D-arabino-Hexosulose 2-(p-chlorobenzoyl)hydrazone I-phenyl- 
hydrazone’ (0.3 g) was oxidized with metaperiodic acid (0.5 g) as before. The aldehyde 
(0.15 g) crystallized from ethanol in yellow-orange piates, m.p. 195-196” (dec.). 

Anal. Calc. for C,,H,&12N~02: C, 58.5; H, 4.0; N, 17.1. Found: C, 59.0; 
H, 4.1; N, 17.4. 

Meso_ralaldehyde I-benzoylhydrazone 2-phenylhydrazone (3~; R = R’ = Ph). 
- A suspension of D-arabino-hexosulose 1-benzoylhydrazone 2-phenylhydrazone 
(0.2 g) in water (10 ml) was treated with metaperiodic acid (0.4 g) in water (5 ml), 
and kept for 24 h at room temperature, with occasional shaking. The product (0.1 g) 
crystallized from methanol in orange needles, m-p. 186-190” (dec.). 

Anal. Calc. for CIBH,,N,O,: C, 65.3; H, 4.8; N, 19.1. Found; C, 65.7; 
H, 5.0; N, 19.0. 
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ABSTRACT 

A number of mixed arylosazones were prepared and converted into dianhydro 
derivatives of the Percival type (2) by deacetylation of their tetra-O-acetyl derivatives, 
and into dianhydrides of the pyrazole type (3 and 4) by boiling with acetic anhydride. 

INTRODUCTiON 

In this paper, we describe the preparation of some new, mixed arylosazones 
and their conversion (together with some other known arylosazones) into (a) dianhydro- 
osazones of the Percival type, by deacetylation of their acetates’, and (b) dianhydro- 
osazones of the pyrazole type, by boiling with acetic anhydride2. 

The mixed osazones prepared, of type (1) (see Table I), were: D-arabino-hexulose 
2-@-chlorophenyI)-I-phenyl-, 2-@-bromophenyl)-, and 2-lp-iodophenyl)-osazones; 
and 2-(p-chlorophenyl)-I-ptolyl-, Z@bromophenyl)-, and (2-p-iodophenyl)-osazones. 
Crystalline tetra- U-ace@ derivatives were obtained from the mixed(2-g-bromophenyl)- 
1-phenylosazone and the 2-@-iodophenyl)-1-phenylosazone, as well as from simple 
arylosazones of D-arabzko-hexulose and D- or L-erythro-pentulose (see Table I). 
Deacetylation of the hexose derivatives yieIded dianhydro-osazones of the Percival 
type (2) (see Table II). 

2 

On boiling D-arabjiro-hexulose o-tolylosazone with acetic anhydride, and 
hydrolyzing the product, we obtained 5-(D-glycero-1,2-dihydroxyethyl)-3-formyi- 
I-o-tolylpyrazole N-acetyI-o-tolylosazone (3, R = o-Me). Similar treatment of 
mmzbinu-hexulose m-toiylosazone and p-tolylosazone yielded 5-(D-glycero-1,2- 
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dihydroxyethyl)-3-formyl-I-m-tolylpyrazole ALacetyl-m-tolylhydrazone (3, R = m-Me) 
and 5-(o-gZycero-l,2-dihydroxyethyl)-3-fo~yl-l-p-tolylp~~ole N-acetyl-p-tolyl- 
hydrazone (3, R = p-Me). Acetylation of the last compound afforded S(D- 

gZycero-l,2-diacetoxyethyl)-3-fo~yl-l-p-tolylpyrazole Wacetyl-p-tolylhydrazone. 

TABLE II 

DIANHYDRO-OSAZONES OF THE PERCIVAL TYPE (2) 

Parent sugar R R’ m.p.3 Formula Calc. Found VEi2 
degrees= C HNC UN C=N OH 

~-Glucose H p-Br 251--255(d.)ClaH17BrN402 53.8 4.2 14.0 53.4 4.1 13.6 
p-Me H 224-227(d.) ClgH2gN40g 67.8 6.0 - 67.5 6.3 - 

R=R 
4-Br-2-Me 20&206(d.) C~gHzgBr~N~On 47.2 3.9 - 46.9 4.0 - 

D-Galactose p-Br 268-271 (d.) C1gH16Br2N&a 45.0 3.3 11.7 45.4 3.8 11.3 
L-Sorbose p-Br 270-272(d.) ClgH16Br2N402 45.0 3.3 11.7 45.1 3.6 11.5 1595 3500 

o-Me 208-2105 CzoHz2N40g 68.6 6.3 16.0 68.5 6.8 15.8 1595 3350 
p-Me 264-2665 CzoHzzN40g 68.6 6.3 16.0 68.8 6.8 16.0 1615 3550 

aThe symbol d. indicates decomposition. 

Similar treatment of D-three-pentulose p-tolylosazone with boiling acetic anhydride 
yielded E(acetoxymethyl)-3-formyl-I-p-tolylpyrazole N-acetyl-p-tolylhydrazone, 
which, on hydrolysis, afforded 3-formyl-5-(hydroxymethyl)- I-ptolylpyrazole N-acetyl- 
p-tolylhydrazone (4). 

HCOH 
I 

CHZOH 

C&OH 

3 4 

The N-acetylated derivatives (3 and 4) (see Table III) showed infrared spectra 
absorption characteristic of the N-acetyl group at 1690-1660 cm-‘, whereas the 
fully acetylated compound showed the ester band at 1740, the amide band at 1690, 
and the C=N band at 16lOcm-‘. Similar treatment, with acetic anhydride, of 
D-arabino-hexulose l-(2-methyl-2-phenyl)-2-phenylosazone yielded 5-(D-glycero-I ,2- 
diacetoxyethyl)-3-formyl-1-phenylpyrazole (2-methyl-2-phenyl)hydrazone (5), which 
is further proof that closure of the pyrazole ring involves the phenylhydrazone residue 
on C-2 of the osazone, and not that on C-l. 
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TABLE III 

DIANHYDRO-OSAZONES OF THE PYRAZOLE TYPE (3 AND 4) AND THEIR o-ACETYL DERIVATIVES 

Parent sugar R m.P., Formula Calc. Found Vg_r 

degrees C NN c NN C=NNA~ 0H 

D-Xylose p-Me 129-131 C21H22N40~ - - 15.5 15.5 1610 1660 3450 
D-Glucose o-Me 164-166 C~ZHP~N~O~ 67.3 6.1 14.3 67.0 6.2 14.3 1610 1690 3400 

m-Me 173-175 Cs2He4N403 67.3 6.1 14.3 67.1 6.2 14.5 1610 1660 3400 
p-Me 185-I 88 Czt?H~4N403 67.3 6.1 14.3 67.4 6.6 14.5 1610 1685 3420 
pOMe16&165 Cc~H~4N40s 62.3 5.5 13.2 62.1 5.4 13.4 

L-Sorbose p-Me 186 ‘hHwN403 67.3 6.1 14.3 67.5 6.3 14.6 1610 1680 3400 
0-Acetyl derivatives vOAc 
D-XylOSe p-Me 88-90 Cn3HtxN403 68.3 5.9 13.9 68.5 6.2 14.3 
D-Glucose p-Me 128-130 CesH~aN&s 65.5 5.9 11.8 65.5 5.9 11.6 1610 1690 1740 

P-1 166-l 68 CzoH”eI~N40s 41.1 3.1 8.0 41.1 3.4 7.8 1610 1690 1740 

Me 

HCOAc 

; 
CHzOAc 

5 

ExPERIhENTAL 

Infrared spectra were recorded on a Unicam SP-200 spectrophotometer, and 
ultraviolet spectra on a Unicam SP-800 spectrophotometer. Microanalyses were 
performed by A. Bembardt, Mulheim, Germany. 

Mixed osazones. - A solution of Isarabino-hexosulose 1-phenylhydrazone3 
(0.7 g), or 1-p-tolylhydrazone4 (0.6 g) in ethanol (10 ml) was treated with (p-chloro- 
phenyl)hydrazine (0.6 g), (p-bromophenyl)hydrazine (0.6 g), or Cp-iodophenyl)- 
hydra&e (OS g) in ethanol. A few drops of acetic acid were added, and the mixture 
was warmed on a hot-water bath for 10 min, and cooled. The osazone obtained was 
collected, washed with dilute ethanol, and dried. The mixed osazones (see Table I) 
were recrystallized from dilute ethanol, giving yellow needles, soluble in methanol, 
ethanol, or acetone, and insoluble in water. 

0-Acetyl derivatives of osazones. -A solution of the osazone (0.5 g) in pyridine 
(10 ml) was treated with acetic anhydride (10 ml), and the mixture was kept overnight 
at room temperature. It was then poured onto crushed ice, and the acetate obtained 
(see Table I) was Cltered off, and recrystallized from dilute ethanol, to give yellow 
needles, soluble in methanol, ethanol, or ether, and insoluble in water. 
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Dianhydro-osazones of the Percival type. - A solution of the osazone acetate 
(0.3 g) in acetone (25 ml) was deacetylated with 1.5% aqueous sodium hydroxide 
(30 ml) overnight at room temperature. The dianhydro derivative that separated was 
filtered off, and recrystallized from ethanol, to give yellow needles, soluble in methanol, 
ethanol, or ether, and insoluble in water (see Table II). 

Dianhydro-osazones of the pyrazole type. - A solution of the osazone (5 g) 
in acetic anhydride (50 ml) was refluxed for 2 h, and then poured onto crushed ice. 
After 24 h, the aqueous layer was decanted and discarded, and the residual oil was 
washed with water. This product was then hydrolyzed for 24 h at room temperature 
with ethanolic ammonia (20%, 30 ml). The solution was evaporated almost to dryness 
on a hot-water bath, whereupon the dianhydro-osazone of the pyrazole type (see 
Table III) separated. It was recrystallized from dilute ethanol, to give colorless 
plates, soluble in methanol, ethanol, or ether, and insoluble in water. 

0-Acetyl derivatives of the dianhydro-osazones of the pyrazole type. - A 
solution of the dianhydro-osazone (0.4 g) in pyridine (10 ml) was treated with acetic 
anhydride (5 ml), and the mixture was kept overnight at room temperature. It was 
then poured onto crushed ice, and the U-acetyl derivative that separated was 
recrystallized from dilute ethanol, to give colorless plates, soluble in methanol, ethanol, 
or ether, and insoluble in water (see Table III). 

S-(D-glycero-I,Z-Diacetoxyethyl)-3-fo~yI-I-phe~y~yr~oIe (Z-methy&2-pheny& 

lzydrazone. - D-arabino-Hexulose I-(2-methyl-2-phenyl)-2-phenylosazone (0.5 g) 
was reffuxed with acetic anhydride (5 ml) for 30 min, and the mixture was poured 
onto crushed ice. The residue obtained (0.1 g) was washed, and recrystallized from 
ethano1, to give colorless, prismatic needles, m-p. 155-156”; soluble in methanol, 
ethanol, or chloroform, and insoluble in water. 

Anal. Calc. for &H,,N,O,: C, 65.7; H, 5.7; N, 13.3. Found: C, 65.3; 
H, 6.0; N, 13.2. 
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VIII. SYNTHESIS AND HYDROLYSIS OF THREE ALDOTRIOURONIC ACIDS 
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ABSTRACT 

2-O-W-D-Glucopyranosyluronic acid)cellobiose, 6-O-(8-D-glucopyranosyl- 
uranic acid)cellobiose, and 6’- 0-(8-D-glucopyranosyluronic acid)cellobiose have 
been synthesized and characterized, and kinetic data have been determined for the acid- 
catalyzed hydrolysis of the D-glucuronide and D-glucoside linkages in each compound. 
The D-ghrcosidic bonds are all hydrolyzed at a rate lower than that for cellobiose, the 
stabilizing effect of the D-glucuronic acid residue being most pronounced in the last 
two compounds. The results are discussed with reference to recent theories concerning 
the acid hydrolysis of acidic polysaccharides. 

INTRODUCTION 

Previous studies’ in the present series have dealt with factors influencing the 
acid-catalyzed hydrolysis of the glycoside (glycuronide) bonds of glycosiduronic 
acids. Many polysaccharides carry residues of hexuronic acid attached directly to 
their main chain. For some time, the effect of the uranic acid residue on the adjacent 
glycosidic bonds in the polymer backbone has been a moot question. Various pre- 
dictions have been made as to the nature and magnitude of this effect2, and attempts 
have been made to estimate it qualitatively 3*4 The object of the present investigation . 
was to adduce quantitative information on this point. The first approach involved 
synthesis of three aldotriouronic acids, and a study of their rate of hydrolysis. 

RJBuLTs 

The three aldotriouronic acids were 2-0-(/I-D-glucopyranosyluronic acid)- 
cellobiose (l), 6-O-(P-D-glucopyranosyluronic acid)cellobiose (2), and 6’-O-(&D- 
glucopyranosyluronic acid)cellobiose (3). Compound 1 was synthesized by conden- 
sation of 1,3,6,2’,3’,4’,6’-hepta-0-acetyl-c~ellobiose~ with methyl 2,3,4-tri-O-acetyl- 
I-bromo-1-deoxy-ac-Dglucopyranuronate6 in the presence of active silver carbonate 
and silver perchlorate7. The resulting, crystalline compound (10% yield), after 

*Present address: National Institutes of Health, Bethesda, Maryland 20014. 
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deacetylation and saponification, afforded 1 as a chromatographically pure syrup. 
Permethylated 1, on methanolysis, gave the expected 0-methylated compounds, 
both before and after reduction of the carboxyl group. Partial, acid hydrolysis yielded 
2-0-(8-D-glucopyranosyh.~ronic acid)-D-glucose (4). 

1,2,3,2’,3’,4’,6’-Hepta-0-acetyl-&cellobiose* was condensed with methyl 
2,3,4-tri-O-acetyl-I-bromo-l-deoxy-a-D-glucopyranuronate to giveasyrupycompound 
(40%) which was characterized via the crystalline 1,2,3,2’,3’,4’,6’-hepta-O- 
acetyl-6-U-[methyl (2,3,4-tri-O-acetyl-~-D-glucopyranosyl)uronatel_8-ce~obiose (5). 
Deacetylation and saponification afforded chromatographically pure 2, which was 
identified in the same way as for 1. Partial, acid hydrolysis gave 6-0-(P-D- 
glucopyranosyluronic acid)-D-glucose (6). 

Compound 3 was prepared by condensation of 2,3,2’,3’,4’-penta-O-acetyl- 
1,6-anhydrocellobiose’ with methyl 2,3,4-tri-O-acetyl-l-bromo-l-deoxy-a-D-gluco- 
pyranuronate (85%), followed by deacetylation, saponikation, and hydrolysis 
of the crystalline intermediate. The chromatographically pure syrup was characterized 
as for the compounds already discussed. 

Hydrolysis was effected in 0.5~ sulfuric acid, as described previously”. In 
compounds 1,2, and 3, the glucuronide bond is much more stable towards acid than 
is the glucoside linkage. Since formation of cellobiose was not observed in the course 
of the hydrolyses, it may be assumed that the aldotriourouic acids are hydrolyzed 
largely to aldobiouronic acid and D-glucose, and to only a minor extent to D-glucuronic 
acid and D-glucose. A minor proportion of the aldobiouronic acid is also hydrolyzed, 
presumably at the same rate as for the D-glucuronide bond in the aldotriouronic 
acid. If a, is the optical rotation of the reaction mixture at any instant, and (at -aZo) 
is the change in optical rotation caused by hydrolysis of the aldobiouronic acid, 
do = [a, -(a2 -a2”)] is the corrected value of the optical rotation attained on hydrolysis 
of the aldotriouronic acid to the aldobiouronic acid and D-glucose. The rate of 
hydrolysis of the D-glucosidic bond was, accordingly, determined by following 
polarimetrically the hydrolysis of the aldotriouronic and corresponding aldobiouronic 
acid, and correcting for the contribution of the latter, as shown in Fig. 1. The values 

1 * 1 I 
0 500 1000 1500 

TIME (MIE;) 

Fig. I. Acid hydrolysis at 80”. Optical rotation (a) as a function of time. 
[-e--, t-O-(8_D-Ghxopyranosyluronic acid)cellobiose (uncorrected plot); 
--o_, Z-O-@-D-glucopyranosyluronic acid)celIobiose (corrected plot); and 
-a-, 2-O-(P-D-glucopyranosyluronic acid&D-glucose.] 
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thus obtained, when plotted as shown in Fig. 2, gave linear relationships throughout, 
as required for a pseudo-l?rst-order reaction. Kinetic data for the di- and t&saccharides 

-1.0 1 t I 

0 50 100 I 

TIME (H) 

0 

Fig. 2. Hydrolysis of aldotriouronic acids at 60”. 
[-I-, 2-O-(/3-D-Glucopyranosyluronic acid)cellobiose; 
-Q-, 6-O-(B-D-glucopyranosyluronic acid)cellobiose; and 
--e-Y 6’-0-fj9-mglucopyranosyluronic acid)cellobiose.] 

are summarized in Table I. Application of the Guggenheim m&hod resulted in rate 
coefficients very close to the above values. 

TABLE I 

KINETIC DATA FOR THE HYDROLYSIS OF DI- AND TRI-SACCHARIDES IN 0.5hl SULFURIC ACID 

Compound k x 106, set-l 
60” 70” 80” 

E, ASX, 
kcal at 60”, 
moteB1 cal deg-1 

mo Ie-l 

Disaccharides 
Cellobioselo 2.72 9.63 39.5 31.5 f9.0 
2-O-@-o-Glucopyranosyluronic acid)-D-glucose (4) 0.12 0.52 1.98 32.2 f5.1 
6-0-(p-D-Glucopyranosyluronic acid)-D-glucose (6) 0.25 0.69 2.51 31.3 f3.7 

Trisaccharides (glacosidic bond) 
2-0(/h-Glucopyranosyluronic acid)cellobiose (1) 2.38 8.64 34.4 32.7 + 12.3 
6-0-@-D-Glucopyranosyluronic acid)cellobiose (2) 0.63 4.45 15.4 37.4 +24.1 
6’-0-(B-D-Glucopyranosyluronic acid)cellobiose (3) 0.43 2.23 7.54 33.7 +11-S 

DISCUSSION 

Cellobiose is hydrolyzed 23 times as fast as 4, and 11 times as fast as 6. It had 
previously been found” that (1 + 6)-linked aldobiouronic acids are hydrolyzed 
more rapidly than those linked (1 -+ 2) or (1 + 4) 

The D-glucosidic linkages in the three aldotriouronic acids are all more stable 
towards acid than is the linkage in cellobiose. For 1, the difference is slight, but for 
2 and 3, the bond is 3-4 and 5-6 times as stable, respectively_ The lower rate of 
hydrolysis of 2, as compared to that of 1, is probably attributable to greater steric 

Carbohyd. Res.. 6 (1968) 475481 



478 N. ROY, T. E. TlME?LL 

hindrance to protonation at the D-glucosidic oxygen atom in 2. From the results of 
McKee and Dickey3, it is evident that the carboxyl group in the D-glucuronic acid 
residue is not involved in the case of compound 3. Instead, these investigators suggested 

OH 

OH 

3 

the operation of a conformational effect”. Bearce4, who adduced indirect evidence 
for the stabilization of glycosidic linkages, such as those in 1 and 2, proposed that 
the D-glucuronic acid residue interferes with the protonation of the glycosidic oxygen 
atom. 

It seems likely that steric and conformational factors are both responsible for 
the stabilization of the D-ghtcosidic bonds noted here. Polar effects are, however, 
probably also involved, as indicated by the recent results by Hook and Lindberg, 
who found that O-alkylated methyl D-glucopyranosides are rendered more labile 
towards acid by U-isopropylr3, but are stabilized by U-(2-hydroxyethyl)14, substituents. 
In agreement with the present data, Klemer” found that the (1 --, 4)- and (1 + 6)- 
linkages in 6-U-B-D-glucopyranosylmaltose are both hydrolyzed at somewhat 
lower rates than are corresponding bonds in maltose and gentiobiose. 

Marchessault and RBnby2*16*‘7 have claimed that, in polysaccharides having 
the general structure 

+A+BdC+D+E+ 

t 
GA 

where A to E represent neutral sugar residues and GA is a residue of o-glucuronic 
acid, linkage C + D should be stabilized towards acids, whereas linkage B + C 
should be destabilized, by the D-glucuronic acid residue. The present results offer 
direct evidence for the non-existence of any such” “activating inductive effect”; on 
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the contrary, the B -_, C bond, is stabilized by the acid side chain. This conclusion 
is in agreement with theoretical considerations of other investigatorsSV4*” lo. 

Recently, Feather and Harris l8 have shown that the bond at the nonreducing 
end of cellotriose is hydrolyzed 1.5 times as fast as that at the reducing end. Inter- 
estingly, compound 2 in the present study is also hydrolyzed 1.5 times as fast as 3. 
Of course, the reason for this behavior is, the same in both cases-namely, the fact 
that, for compound 2, the D-glucose residue undergoing hydrolysis is unsubstituted, 
whereas, in compound 3, it carries a bulky substituent that impedes the transition 
from a chair to a half-chair conformation’2. 

EXF’ERMENTAL 

Melting points are corrected. Thin-layer chromatography (t.1.c.) was performed 
with Silicagel H (E. Merck) with 9:1 (v/v) b enzene-methanol; R, values refer to 
sr-cellobiose octaacetate. Paper chromatography (p-c.) was conducted with l&7:8 
(v/v) ethyl acetate-acetic acid-water; R, values refer to cellobiose. Gas-liquid 
chromatography (g.1.c.) was performed with an F and M Model 810 instrument, 
with 10% diethylene glycol succinate (column A) or 10% Apiezon M (column B) 
on Chromosorb W. Kinetic measurements were made as described previouslyr. 

2-O-(-8_D-Glucopyranosyhtronic acid)celIobiose (I). - a-Cellobiose octaacetate 
(100 g) was converted in the usual way’* into 2,3,6,2’,3’,4’,6’-hepta-O-acetyl-cr- 
cellobiosyl bromide (88 g, 83%), m.p. 184-185”, [a]:: +93” (c 2.0, chloroform); 
lit.‘* m.p. 185”, [& +94”. A portion of this bromide (50 g) was added to tetrahydro- 
furan (500 ml) containing water (1.2 ml). Active silver nitrate (17.5 g) was added, 
and the mixture was boiled. After 5 min, calcium carbonate (20 g) was added, and 
boiling was continued for 30 min. The suspension was filtered, and the filtrate was 
poured into ethyl ether (1500 ml), giving a precipitate which was removed by filtration. 
The filtrate was concentrated to a syrup which was dissolved in ethyl ether (1200 ml); 
crystals (16 g) formed immediately. The crude product was recrystallized from 
4:l (v/v) ethanol-ether, giving needles (6.1 g, 13.4%) of 1,3,6,2’,3’,4’,6’-hepta-O- 
acetyl-a-cellobiose5, m.p. 178-I 80”, [a]g + 66” (c 2.0, chloroform), RT.L_c_ 0.39; lit.‘, 
m-p. 178-180”, +67.6”. 

Anal. for C26H36018: C, 49.1; 5.70. C, H, 
The (10 g) was ethanol-free, dry chloroform (50 ml), 

active silver carbonate (10 g) and anhydrous calcium sulfate (15 g) were added, and 
the mixture was stirred for 2 h. Iodine (0.5 g) and silver perchlorate’ (0.5 g) were 
introduced, and then a solution of methyl 2,3,4-tri-O-acetyl-l-bromo-l-deoxy-a-D- 
glucopyranuronate6 (7.5 g) [m.p. 106107”, [aIF +196O (c 2;0, chloroform)], in 
chloroform (20 ml) was added during 16 h. After 12 h, silver carbonate (5 g), anhydrous 
calcium sulfate (5 g), and iodine (0.5 g) were added, and a solution of the bromide 
(3 g) in chloroform (20 ml) was introduced during 8 h. The condensation was repeated 
with the same amounts of reagents. The filtrate was evaporated to dryness, and the 
residue was dissolved in anhydrous ethanol (100 ml), giving needles (1.2 g) which 
were recrystallized twice from methanol to yield 1,3,6,2’,3’,4’,6’-hepta-o-acetyl- 
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6-@[methyl (2,3,4-tri-O-acetyl-8-D-glucopyranosyl)uronate]-cc-celiobiose (0.7 g), m-p. 
272-276”, [cc]:’ + 11.4” (c 2.0, chloroform), RT_L_c_ 0.64. 

Anal. Calc. for Cs9Hs20z4: C, 49.15; H, 5.46. Found: C, 49.07; H, 5.44. 
No condensation occurred in the absence of silver perchlorate. Deacetylation 

and saponitication gave 1 in an overall yield of lo%, [a];’ -3.2” (c 2.0, water). 
Anal. Calc. for C18HJOOl,: equiv. wt., 518. Found, equiv. wt., 526. 
On prolonged hydrolysis, compound 1 afforded D-glucose and a small pro- 

portion of D-glucnronic acid. After methanolysis, the fully methylated product gave 
peaks for the anomers of methyl 2,3,4,6-tetra-U-methyl-D-glucopyranoside and 
methyl (methyl 2,3,4-tri-O-methyl-D-glucopyranosid)uronate on g.1.c. (column A). 
After reduction with lithium aluminum hydride and further methanolysis, peaks 
were obtained for the anomers of methyl 3,6ddi-, 2,3,4-t+, and 2,3,4,6-tetra-O-methyl- 
r+glucopyranoside (column B). 

Partial, acid hydrolysis of 1 yielded pure 2-O-(P-D-glucopyranosyluronic 
acid)-D-glucose, [a];’ - 1.6” (c 2.0, water), which, on further hydrolysis, afforded 
D-glucose and D-glucuronic acid. 

6-o-(j&D-Ghcopyranosyhronic acid)celZobiose (2). - 1,2,3,2’,3’,4’,6’-Hepta- 
O-acetyl+cellobiose8 [m.p. 198-200”, [a];’ -20.4” (c 2.0, chloroform)] (8 g) was 
condensed with methyl 2,3,4-tri-O-acetyl-l-bromo-l-deoxy-a-D-glucopyranuronate 
(12 g) as described for the corresponding derivative of 1. Silver perchlorate had no 
effect on the yield. After deacetylation and saponification, the reaction mixture 
contained equal amounts of cellobiose and a trisaccharide. The trisaccharide was 
isolated by preparative, paper chromatography; yield 2.3 g (34%). After further 
purifkation with active carbon, compound 2 (1.7 g) had [a]f: +3.3” (c 2.0, water). 

Anal. Calc. for C18H3aOr7: equiv. wt., 518. Found: equiv. wt., 539. 
After permethylation, methano!ysis, reduction, and renewed methanolysis, 

compound 2 gave the 2,3-di-, 2,3&tri-, and 2,3,4,6-tetra-methyl ethers of methyl 
a,@-glucopyranoside. Partial, acid hydrolysis yielded D-glucose and ~-O-(&D- 

g1ucopyranosyluron.k acid)-D-glucose which, on further hydrolysis, afforded D-glucose 
and @glucnronic acid. 

Compound 2 (200 mg) was dissolved in water (10 ml), and methanol (60 ml) 
was added. A slight excess of diazomethane was added at -77”, the solvents were 
removed by evaporation, and the resulting methyl ester was boiled for 5 h with 
acetic anhydride (10 ml) in the presence of anhydrous sodium acetate (1 g). The 
mixture was poured into ice-water (150 ml), and the mixture was extracted with 
three 50-ml portions of chloroform. The extracts were combined, dried, and evapo- 
rated, and the product was crystallized twice from methanol, giving 105 mg (31%) 
of 4, m-p. 217-220”, [a]f: -2.5” (c 2.0, chloroform). 

Anal. Calc. for C39H52024: C, 49.15; H, 5.46. Found C, 49.60; H, 5.44. 
6’-O-@-D-Ghcopyranosyhronic acid)cellobiose (3). - 2,3,2’,3’,4’-Penta-O- 

acetyl-1,6anhydrocellobiose, [m.p. 156157”, [a]? - 59” (c 2.0, chloroform)] was 
prepared according to Lindberg and Sellebyg. 

Anal. Calc. for C22H30015: C, 49.40; H, 5.66. Found: C, 49.37; H, 5.63. 
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This compound (10 g) was condensed, as already described, with methyl 
2,3,4-tri-O-acetyl-l-bromo-l-deoxy-~-D-glucopyranuronate 

One component (Rpac. 0.84) (160 mg) was 6-O-@- 
D-glucopyranosyluronic acid)D-glucose and the other (Rp_c. 0.60) (330 mg, 45%) was 
compound 3, [a]h5 -4.8” (c 2.0, water). 

Anal. Calc. for C,,H,,O 17~ equiv. wt., 518_ Found: equiv. wt., 530. 
On partial, acid hydrolysis, compound 3 afforded D-glucose, ~-O-(&D- 

glucopyranosyluronic acid)-D-glucose, and a small proportion of D-glucuronic acid. 
On methanolysis, permethylated 3 gave the anomers of methyl (methyl 2,3,4-tri-O- 
methyl-D-glucopyranosid)uronate and methyl 2,3,4,6-tetra-O-methyl-~gluco- 
pyranoside. Reduction and further methanolysis yielded the anomers of methyl 2,3,4- 
tri-0-methyl-D-glucopyranoside and methyl 2,3,6-tri-O-methyl-D-glucopyranoside. 
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THE ACID HYDROLYSIS OF GLYCOSIDES 
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ABSTRACT 

Kinetic data have been determined for the acid-catalyzed hydrolysis of the 
xylosidic bond in 2-O-(40-methyl-cr-Dglucopyranosyluronic acid)xylobiose, 2’-0- 
(4 0-methyl-g-c-D-glucopyranosyluronic acid)xylobiose, and 2’- O-(4- O-methyl-cx-D- 
glucopyraaosyl)xylobiose. Xylobiose is hydrolyzed 1.2, 7.0, and 3.4 times as fast 
as the above compounds, respectively, indicating the stabilizing effect of the 4-O- 
methyl-D-glucuronic acid residue. The lower rate of hydrolysis of the xylosidic bond 
in the trisaccharides is attributed to conformational and steric effects. There is no 
evidence for the existeace of any “activating inductive effect”, postulated by earlier 
investigators. 

INTRODUCTION 

The influence of the acid side-chains on the acid-catalyzed hydrolysis of (4-0- 
methylglucurono)xylans has been the subject of considerable controversy in recent 
years. Marchessault and RBnby’ have suggested that, in such xylans, linkage A is 
destabilized tcwards acids by an “activating inductive effect”, whereas linkage B is 

--+ 4)-l]-D-xy1p-(i _,4)-~-D-~~~p-(1-->4)-~-D-~~1p-(i~4)-~-D-~~~p-(~ -+ 

(A) 2 (J3 

! 
4-0-Me-x-GpA 

subjected to a “stabilizing inductive effect”, both effects being exerted by the carboxyl 
group in the 4-0-methyl-D-glucuronic acid residue. Some investigators have sup- 
ported this theory” or have suggested similar ones3. I;1 contrast, the existence of au 
“activating inductive effect” has been doubted by other investigators4’5, and has been 
conclusively shown to be of no consequence in the acid hydrolysis of pseudoaldo- 
biouronic acid6 and two aldotriouronic acids 7_ It was the objective of the present 
investigation to acquire additional evidence on this point by establishing the kinetic 

*Present address: National Institutes of Health, Bethesda, Maryland 20014. 
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parameters for the hydrolysis of linkages A and B in a (4-O-methylglucurono)xylan, 
and also to evaluate the effect of the carboxyl group attached to C-5. 

RESULTS 

On alkaline extraction, delignified aspen wood gave a pure (4-O-methylglu- 
curono)xylan in a yield of 18.3%. When this compound was subjected to partial, acid 
hydrolysis with 45% formic acid, 2-O-(4-U-methyL_a-D-glucopyranosyluronic acid)- 
D-XylOSe (l), a mixture of two aldotriouronic acids, and a mixture of aldotetraouronic 
acids were obtained in yieids of 4.5, 7.6, and 4.0% respectively; these yields are 
considerably higher than those reported by previous investigators, who used mineral 
acids, which are non-swelling. 

The two aldotriouronic acids could not be separated from each other by paper 
chromatography or by paper electrophoresis’. A portion of the mixture of these 
two acids was permethylated, and the product subjected to methanolysis, giving a 
neutral and an acid fraction. The former consisted of the methyl glycosides of 2,3-di- 
and 2,3,4-tri-O-methyl-D-xylose in the molar ratio of 28.911, as estimated by gas- 
liquid chromatography (g.1.c.). The acid fraction contained two partly methylated 
aldobiouronic acids, which were reduced and subjected to methanolysis, affording 
the methyl glycosides of (a) 3-O-methyl-D-xylose, 3,4-di-O-methyl-D-xylose, and (b) 
2&t-tri-O-methyl-D-glucose. The ratio (b-a)/b was 30.3. These results show that the 
aldotriouronic acid mixture consisted of 2’-0-(4-O-methyl-a-D-glucopyranosyluronic 
acid)xylobiose (2), and 2-0-(4O-methyl-a-D-glucopyranosyluronic acid)xylobiose (3) 
in the ratio of approximately 3O:l. The possible occurrence of both aldotriouronic 
acids in a partial hydrolyzate of acidic xylans has been mentioned’ previously, but 
never proved. The fact that compound 3 constituted only a minor proportion of the 
mixture suggests that linkage A is less stable towards acids than is B. 

Repeated recrystallization removed most of compound 2 from an aqueous 
solution of the mixture of 2 and 3, leaving a residue which could not be further 
resolved by recrystallization, and which contained 2 and 3 in the ratio of 0.87:l. 
Attempts to isolate compound 3 in the pure state were unsuccessful. 

OH 

OH 

OH 

Carbohyd. Res., 6 (1968) 482487 



484 N. ROY, T. E. TIhlELL 

Crystalline 2 was permethylated, and the product was subjected to methanolysis; 
methyl 2,3-di-U-methyl-D-xyloside was the only neutral glycoside formed. The 
physical properties of 2 were those observed by previous investigatorssyg for the same 
compound. Reduction with diborane of the peracetylated aldotriouronic acid gave 
2-O-(40-methyl-cc-D-gh~copyranosyl)xylobiose~ (4). Compound 1 was similarly 
reduced to 2-O-(40-methyl-OL-D-glucopyranosyl)-D-xylosel’ (5). 

The acid-catalyzed hydrolysis of 1, 2, 4, and 5 was followed polarimetrically, 
and the rate of hydrolysis of the xylosidic bond in 2 and 4 was calculated as described 
previously’. Hydrolysis curves are shown in Figs. 1 and 2. The rate of hydrolysis of 

0 600 1200 11 
Time (min) 

10 

Fig. 1. Acid hydrolysis at SO”; optical rotation (a) as a function of time. [-O-, 2’-O-(4-O-Methyl- 
a-D-glucopyranosyluronic acid)xylobiose (2) (uncorrected plot); -o-, 2’-O-(4-O-methyk-D-glucopy- 
ranosyluronic acid)xyIobiose (2) (corrected plot); -a-. 2-O-(4-0-methyl-a-D-gh~copyranosyh.~ronic 
acid)-D-xylose Cl).] 

Time (mid 

Fig. 2. Hydrolysis of three compounds at 80”. [a, 2’-0-(4-0-Methyl-u-D-glucopyranosyluronic 
acid)xylobiose (2); -+, 2-O-(4-0-methyl-a-D-glucopyranosyl)-D-xylose (5); -a-, 2’-O-(4-O-methyl- 
a-D-glucopyranosyl)xylobiose (4).1 
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the xylosidic bond in 3 was determined from the hydrolysis of the 0.87:1 mixture of 
2 and 3, by use of the method of Brown and Fletcher” for two parallel, first-order 
reactions producing common products. The curve for log (u,-cz) uersus time for the 
mixture became linear after 40 h at 60”, indicating that compound 3 had been com- 
pletely hydrolyzed at that time. When the known, extrapolated value of (a,+~) for 
2 was subtracted from that observed for the mixture, (a,+) for the pseudo-first-order 
hydrolysis of 3 was obtained_ The kinetic data are summarized in Table I. 

TABLE I 

KINETIC DATA FOR THE HYDROLYSIS OF THE XYLOSIDIC BOND IN XYLOBIOSE AND IN THREE TRISACCHARIDES 

Compound k x 106, set-1 E, AS, 
60” 70” 80” kcal. or 60” 

mole-1 cal.deg.-l 
mole. l 

Xylobiose4 19.0 69.8 274 32.7 f16.5 
3’-0-(4-0-Methyl-a-o-glucopyranosyluronic 2.71 10.1 43.4 32.4 i-11.8 

acid)xylobiose (2) 
2-O-(4-0-Methyla-D-glucopyranosyluronic 15.4 

acid)xylobiose (3) 
2’-O-(4-O-Methyl-a-D-glucopyranosyl)- 5.6 27.9 105 34.3 c19.0 

xylobiose (4) 

DISCUSSION 

Xylobiose is hydrolyzed 7.0 times as fast as the xylosidic bond of 2, 1.2 times 
as fast as that of 3, and 3.4 times as fast as that of 4. Substitution at C-6’ in cellobiose 
had previously been found’ to stabilize the D-ghtcosidic bond to approximately the 
same extent (6.4 times) as in 2. In both cases, the bulky substituent would hinder the 
chair to half-chair transformation I2 In addition, the protonation of the xylosidic . 
oxygen atom in 2 is probably impeded by the 4-O-methyl-D-glucuronic acid residue. 
Comparison of the data for 2 and 4 shows that the carboxyl group also lowers the 
rate of hydrolysis of the xylosidic bond, an effect that probably involves the polarity 
of the carbovyl group. McKee and Dickey’ have postulated the operation of a con- 
formational effect only, but this is evidently not the only factor involved. 

The reason why the xylosidic bond in compound 3 is slightly more stable than 
in xylobiose is probably that the bulky 4-0-methyl-D-glucuronic acid residue at C-2 
offers hindrance to the protonation of the xylosidic bond. A D-glucuronic acid 
residue attached to C-6 in cellobiose had previously been found’ to render the 
D-ghrcosidic bond 4 times as stable as that in cellobiose. This difference can probably 
be attributed to the greater proximity and steric availability of the substituent on 
C-6 as compared to that on C-2. 

It is evident that the 4-O-methyl-D-glucuronic acid side-chain in acidic xylans 
stabilizes linkage A to some extent, and linkage B to a considerable extent. A destab- 
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ilization of A has not been observed, and the “activating inductive effect” proposed 
by Marchessault and RSnby’ has neither experimental nor theoretical5S6 foundations. 
This conclusion is not unexpected, because this alleged effect does not take cognizance 
of the fact that the hydrolysis is influenced, not only by the rate of heterolysis, but 
also by the extent of protonation of the glycosidic oxygen atom. 

EXPERIMENTAL 

General experimental conditions and kinetic measurements were those given 
in the previous paper’. RxYl refers to the rate of movement on the paper chromatogram 
relative to D-xylose, with i&7:8 ethyl acetate-acetic acid-water as the developer. 

Isolation andpartial, acid hydrolysis of (4-O-methylglucurono)xyIan. - Extract- 
ive-free sawdust of aspen (Populus tremuloides) was deligniiied with chlorous acid. 
The resulting holocellulose (73% yield) was exhaustively extracted with 24% (w/w) 
aqueous, potassium hydroxide, giving pure (4-O-methylglucurono)xylan in a yield 
of 18.3% (based on the wood). The polysaccharide (80 g) was stirred for 30 min 
at room temperature with 90% formic acid (800 ml), water (800 ml) was added, 
the mixture was stirred for 255 min at IOO”, and cooled, and formic acid was removed 
by repeated addition and evaporation of water. The aqueous solution was treated 
with Amberlite IR-120 (H’) ion-exchange resin (500 ml), and the suspension was 
titered through a bed of Celite and Darco G-60 carbon. The filtrate and washings 
were combined, concentrated to 500 ml, and added to the top of a column (5 x 55 cm), 
containing Dowex-l X4 (OAc-) ion-exchange resin. The neutral sugars were eluted 
with water, and the acid sugars were removed with 30% aqueous acetic acid (5 liters), 
giving 18.5 g of an acid fraction (23%). 

The mixture of sugar acids was partly resolved by preparative paper-chromato- 
graphy, affording an aldobiouronic acid (1) (3.6 g, 4.5%, Rx,,, 1.02), aldotriouronic 
acids (6.1 g, 7.6%, R,, 0.75), and aldotetraouronic acids (3.2 g, 4.0%, R,, 0.52). 

Characterization qf the aldotriouronic acid 2. - Compound 2 (5.0 g) was 
recrystallized three times from water, giving large, needle-shaped crystals (2.6 g), 
m-p. 180-183” (dec.). An anhydrous preparation had [aJ,, +53-O” (c 2.0, water). 

Anal. Calc. for Cr7H2s0r5: OCHs, 6.56; equiv. wt., 472. Found: OCH,, 
6.53; equiv. wt., 478. 

Partial, acid hydrolysis gave D-xylose and 2-0-(4O-methyl-a-D-glucopyranosyl- 
uranic acid)+-xylose. 

Compound 2 (100 mg) was permethylated by the methods of Ha+irorth’j and 
Kuhn, and co-workers14, to yield a product (60 mg, 49%) that did not show any 
hydroxyl band in its i.r. spectrum. G.l.c. (column A) of the methanolyzate showed 
the presence of only methyl 2,3-di-O-methyl-D-xylosides in the neutral fraction. 

Analysis of the aldotriowonic acid mixture. - (a) The mixture of aldotriouronic 
acids obtained by paper chromatography (1.6 g) was permethylated, giving a product 
(1.4g, 71%) that was boiled for 11 h under reflux with 0.9M methanolic hydrogen 
chloride. G.1.c. showed the presence of methyl 2,3-di-O-methyl-D-xylosides and methyl 
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2,3,4-tri-0-methyl-D-xylosides in the ratio of 29:l. Traces of methyl 3,4-di- O- methyl- 
D-xylosides were also noted. After saponification and acidification, the acid part of 
the methanolyzate was recovered with an ion-exchange resin, and esterified, the 
ester was reduced with lithium aluminum hydride, and the product subjected to 
methanolysis, followed by trimethylsilylation in the usual way; G.l.c. (3% SE 52 on 

Chromosorb W) indicated the presence of trimethylsilyl ethers of methyl 3-O-methyl- 
D-xylose, methyl 3,4-di-O-methyl-D-xylose, and methyl 2,3,4-tri-O-methyl-D-glucose. 

(6) The mother liquor remaining after most of 2 had been removed from a 
mixture of 2 and 3 (by recrystallization) was permethylated, and the product 
methanolyzed. G.1.c. (column A) showed the presence of methyl 2,3-di-O-methyl-D- 
xylosides and methyl 2,3,4-tri-0-methyl-D-xylosides in the molar ratio of 47:53. 

2’-0-(4-0-~~et~-D-g~~copyranosyl (4). - Compound 2 (1 .O g) 
was boiled for 4 h under reffux with acetic anhydride (20 ml) and sodium acetate 
(1.3 g). The peracetylated product (1.6 g) was dissolved in tetrahydrofuran (150 ml), 
and reduced with diborane as described previously”. Deacetylation of the product 
gave a neutral trisaccharide (4) (0.54 g, 56%), [Or&, +49” tc 2.0, water), RxYl 0.23. 

Anal. Calc. for C,,H30016: OCH,, 6.78. Found: OCH,, 6.25. 
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Notes 

The acid hydrolysis of glycosides 
X. Hydrolysis of Z-O-(4-O-methyl-a-D-glucopyranosyluronic 
xylose and related disaccharides 

acid)-D- 

The great resistance to hydrolysis of the 4-O-methyl-p_glucuronic acid residues 
in (4-O-methylgiucurono)xylans is well known. It has been found that, under con- 

ditions of hydrolysis that cause cleavage of all xylopyranosidic bonds, two-thirds 

of the 4- O-methyl-D-glucopyranuronide linkages remain intactil’. Several investigators 

have tried to determine the rate of hydrolysis of the acid side-chains in various 

xylans , 3*4 but the rest& do not agree, even after application of correction factors5. 

Whistler and Richards3 found that 2-0-(4-O-methyl-a-D-glucopyranosyl)-D-xylitol 

is hydrolyzed at the same rate as maltose, and 18 to I9 times as fast as 2-0-(4-U- 
methyl-a-D-glucopyranosyluronic acid)-D-xylose. The rate coefficients, however, 

decreased notably during the course of the hydrolysis. It was the object of the present 

investigation to adduce more-exact information on this point. 

RESULTS AND DISCUSSION 

2-0-(4-O-Methyl-a-D-glucopyranosyluronic acid)-D-xylose (1) was obtained by 

partial, acid hydrolysis of an aspen (4-U-methylglucurono)xylan, as described pre- 

viouslyg. Reduction of peracetylated 1 with diborane afforded6 2-0-(4O-methyl-a-D- 

glucopyranosyl)-D-xylose (2). When treated with borohydride, compound 1 gave 
2-0-(4-O-methyl-a-D-glucopyranosyluronic acid)-D-xylitol (3). Kinetic data for the 

three disaccharides were determined as described earlier’ -g_ The results are presented 

in Table I, together with values for maltose’ and for 2-0(/I-D-glucopyranosyluronic 

acid)-D-glucose* (4). 

TABLE I 

KINETIC DATA FOR THE HYDROLYSIS OF DISACCHARIDES 

Compound k x 106, se& 
60” 70” 80” 

E. Asx 
kd. at 60” 
nwfe-1 Cal. deg.-l 

mole& 

2-0-(4-0-Methyl-a-D-glucopyranosyluronic acid)- 0,062 0.275 1.22 32.4 + 4.6 
D-xylose (1) 

2-0-(4-O-Methyl-a-D-glucopyranosyl)-D-xylose (2) 3.62 14.1 59.5 33.0 + 14.0 
2-0-(4-0-Methyl-a-D-glucopyrnosyluronic acid)- 

D-ZCylitOl (3) 6.95 
Xylobiose7 19.0 69.8 274 32.7 +16.5 
Maltose7 5.56 23.6 91.0 32.7 + 14.0 
2-O-@-D-Giucopyranosyturonic acid)-D-glucose* (4) 0.12 0.52 1.98 32.2 f 5.1 
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Despite its a--p_glycosidic bond, compound 1 is hydrolyzed half as fast as 4, 
possibly owing to its C-4 methoxyl group. The pronounced influence of the carboxyl 
group on the rate of hydrolysis is shown by the fact that compound 2 is hydrolyzed 
60 times as fast as 1. The largest ratio so far reported between the rates of hydrolysis 
of an aldobiouronic acid and the corresponding, neutral disaccharide is” 37, recorded 
for cellobiouronic acid and cellobiose”. Maltose is hydrolyzed 90 times as fast as 1. 
The factor of 19 previously reported3 is probably incorrect. 

Compound 3 is hydrolyzed almost 6 times as fast as 1, presumably because of 
the greater mobility of the acyclic xylitol end-group present in 3. Both isomaltose’2 
and maltose13, on the other hand, have been reported to be hydrolyzed at a somewhat 
lower rate than isomaltitol and maltitol, respectively. Obviously, care has to be 
exercised when comparison is made between rates of hydrolysis of aldose residues 
and those of alditol residues, a fact not always realized by previous investigators3. 

Xylobiose is hydrolyzed 250 to 300 times as fast as compound 1. Even when 
allowance is made for the fact that the two linkages on either side of the branch 
point are somewhat more stable g, the overall difference in rate of hydrolysis of the 
glucuronide and the xyloside linkages in (4-O-methylgh.~curono)xylans is very large, 
thus confirming previous, qualitative observations1*2. 

EXPERIhfENTAL 

General experimental conditions were the same as in previous investigations’-‘. 
Preparation and characterization sf disaccharides. - Compound 1 had [u)h5 

+110.6” (c 2, water) and gave D-xylose and 4-U-methyl-D-glucuronic acid on 
hydrolysis. The latter had [01]g +45” (c 2, water); the derived amide14 had m.p. 
231-232” and [c&’ + 135” (c 2, water). 

Compound I was reduced to 2 as described previously6. 
For preparation of 3, compound 1 (380 mg) was reduced in the usual way 

with potassium borohydride (800 mg), giving a product which was purified by 
preparative, paper chromatography to give 3 (205 mg, 54%), [a]“,” + 82.9” (c 2, water). 

Anal. Calc. for C12HZ201,: OCH,, 9.10. Found: OCH,, 10.0. 
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Synthesis of the methyl D-allopyranosides 

Although a synthesis of D(L)-allose from D(L)-ribose has been known’ for some 
time, surprisingly little is known of the chemistry of t’his sugar. The introduction of 
new oxidation reagentszP3 has now made D-allose even more accessible from D-glucose 
derivatives4 and should encourage interest in its reactions. In this context, the pro- 
tection of position 1 of D-allose by glycosidation is likely to be of importance in 
future synthetic work. 

Methyl @-D-ahopyranoside (5) was prepared5 initially, in small amount, by 
reduction of methyl P-D-ribo-hexopyranosid-3-ulose with Raney nickel. This procedure 
also yielded methyl ,&D-glucopyranoside, and subsequent studies6 indicated that the 
proportion of alloside 5 was increased when reduction was carried out with hydrogen 
and a platinum catalyst. Methyl a-D-allopyranoside (4) is formed on reduction of 
methyl a-D-riDo-hexopyranosid-3-ulose but was not isolated6. Recently, allosides 4 
and 5 have been prepared zGa benzoate displacement reactions on the appropriate 
methyl 2,4,6-tri-O-benzoyl-3-O-(toluene-p-sulphonyl)-D-glucopyranoside, followed 
by deacylation’. In connexion with the synthesis of some naturally occurring 6-deoxy- 
D-allOSe derivatives’, we devised the following, convenient synthesis of allosides 4 
and 5 from the readily available” methyl 4,6-0-benzylidene-2-O-(toluene-p-sulphonyl)- 
a-D-r&o-hexopyranosid-3-ulose (1). 

_‘qYMe phc(;d+oMe HoB 
OTS HO OR HO OH 

(1) (21 R = Ts (4) R=OMe, R’=H 

(3) R=H (5) R=H, R’=OMe 

TS = so2- C,H,Me-p 

Compound 1 was reduced stereospecifically, with sodium borohydride in 
methanol, to give methyl 4,6- 0-benzylidene-2- O-(toluene-psulphonyl)-a-D-allo- 
pyranoside (2), which afforded methyl 4,6-0-benzylidene-a-D-allopyranoside (3) 
on treatment with methanolic sodium methoxideg. Removal of the bewlidene group 
from compound 3 was best accomplished by using a hot, aqueous suspension of 
Amberlite IR-120 @I+) to give methyl a-D-ahopyranoside (4>, which, in our hands, 
was obtained as an amorphous solid, [aID + 154” (water); this value is somewhat 
higher than that recorded (+ 134”) for a syrupy material’. The molecular rotation 
of our compound is +299”, in good agreement with the value (+ 309O) calculated’ 
by Whiffen’s method lo for the U(D) conformation. The n-m-r. spectrum of alloside 4 
and the physical constants of the derived tetraacetate were in close agreement with 
reported data7. 

Treatment of the a-D anomer 4 with boiling, 2% methanolic hydrogen chloride 
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gave a mixture consisting mainly of the methyl D-allopyranosides 4 and 5, which 

were judged (by n.m.r. spectroscopy) to be present in approximately equal amounts. 

Chromatography of the mixture on silica gel afforded crystalline methyl /I-D-allopyran- 

oside (5) K In subsequent experiments, the P-D anomer was obtained, without . 
resort to chromatography, by seeding of the glycoside mixture. 

EXPERIMENTAL 

r Thin-layer chromatography was performed with Kieselgel G (Merck, 7731) 

and detection with vanillin-sulphuric acid l1 N.m.r. spectra were measured with . 

a Perk&Elmer R-10 spectrometer for ca. 10% solutions in deuterium oxide, with 

sodium 2,2-dimethyl-2-silapentane-5-sulphonate as internal reference. Where possible, 
compounds were identified by mixed m.p. and by infrared spectroscopy. 

Methyl 4,6-O-benzylidene-2-0-(toZuene-p-sulphony~-a-D-ribo-hexopyranosid-3- 

uzose (1). - This compound was prepared from methyl 4,6-O-benzylidene-2-O- 

(toluene-p-sulphonyl)-a-D-glucopyranoside by using either the literature procedure9 

or the following method. 

A solution of the glucoside (0.81 g) in methyl sulphoxide (6 ml) containing 
acetic anhydride (4 ml) was kept overnight at room temperature, chloroform (75 ml) 

and water (75 ml) were then added, and the solution was adjusted to pH 8 with 
2.5~ aqueous potassium carbonate. The aqueous layer was separated, and washed 
with chloroform (4 x 50 ml), and the combined organic layers were dried (M&SO,) 

and evaporated. Recrystallisation of the residue from ethanol gave compound 1 
(0_62g), m-p. 165-166”; lit.‘, m.p. 165-167”. 

Methyl 4,6-0-benzylidene-a-D-allopyranoside (3)_ - This compound, m-p. 

175-176”, [a]n + 128 f 1” (c 0.5, chloroform), was prepared from compound 1 by 
borohydride reduction, and desulphonylation with sodium methoxide-methanol, 
essentially as described by Baker and Bussg, who gave m-p. 175-177”, [a]D + 117 12” 

(iV,N-dimethylformamide). 

MetZyZ a-D-a~~opyranoside (4). - A solution of compound 3 (1.3 g) in water 

(30 ml), containing sufficient ethanol to effect solution, was treated with Amberlite 
IR-120 (Hf) (20 ml) for 1 h at 60”. The resin was filtered off, and washed thoroughly 

with water, and the filtrate and washings were evaporated to give alloside 4 (0.8 g, 

89%), [aID +154 +l” (~0.5, water); lit.‘, [aJD + 134” (water). The product was 

initially obtained as a clear syrup that solidified to a readily manageable material 

after storage in uacuo over silica gel. The amorphous nature of the solid was demon- 

strated by X-ray diffraction (kindly obtained by Miss P-A. Gent). (Found: C, 42.8; 

H,7.05. C7H,406calc.: C,43.3; H,7.3%).N.m.r. data:r5_23(pairofdoublets,J,,, 4, 
J cu. I Hz, H-l); 5.92 (triplet, J2,3 = J3,4 

HiG,4,5,6); 6.59 (3-proton singlet, OMe). 

cu. 3 Hz, H-3); 6.17-6.45 (multiplet, 

Methyl 2,3,4,6-tetra-O-acetyl-a-D-ahopyranoside, prepared in the usual way, 

had m.p. il5-116”, [a&, + 103” (c 1.2, chloroform); lit.‘, m-p. 115-116”, [a&-, +97.7” 

(c 1.3, chloroform). 
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Me?/zyl @-D-Q~~opyr~noside (5). - A solution of the CL-D anomer 4 (OS g) in 
2% methanolic hydrogen chloride (12 ml) was heated under refhtx for 2 h, where- 
upon t.1.c. (ethyl acetate-methanol, 1:l) showed the presence of two principal com- 
ponents. The cooled soiution was neutralised (PbCO,) and filtered, and the solvents 
were removed under diminished pressure to afford a syrup, which was chromato- 
graphed over silica gel (200 g). Elution with ethyl acetate-methanol (1:l) gave first 
methyl /_?-D-ahopyranoside (3 (0.18 g, 36%), m-p. 150-l 5 1 o (from ethanolj, [aID - 55” 
(c 0.6, water); lit., m.p. 150-151”, [a]b -53” (c 2, water)5; m-p. 154-155”, [aID -50.8" 
(c 5.7, water)7. N.m.r. data: 5 5.42 (doublet, JI,z 8 Hz, H-l); 5.85 (triplet, J2,3 ca. 3, 
J 3,4 ca. 2.5 Hz, H-3); 6.16-6.50 (multiplets, H-4,5,6); 6.45 (3-proton singlet, OMe); 
6.60 (pair of doublets, J, ,Z 8, J, ,3 CQ. 3 Hz, H-2). Continued elution with the same 
solvent gave a mixture of allosides 4 and 5 from which a further quantity (20 mg, 4%) 
of the B-D anomer was obtained upon the addition of ethanol, seeding, and cooling. 

In a second experiment, P-D-alloside 5 was obtained directly, in 34% yield, 
by seeding and cooling an ethanolic solution of the glycosides. Integration over the 
methoxyl proton signals of the n.m.r. spectrum of the original mixture indicated 
that allosides 4 and 5 were present in roughly equal amounts. 
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The synthesis of a 
a-D-(? +2)-linkage 

pseudoaldobiouronic acid having an 

Recently’, the direct synthesis of a derivative of a pseudoaldobiouronic acid 
having an a-~-(1 + 2)-linkage, viz., 2-0-a-D-glucopyranosyl-D-galacturonic acid (l), 
was reported. This derivative, which was synthesized by a modified Koenigs-Knorr 

condensation, was methyl [methyl 3,4-O-isopropylidene-2-0-(2,3,4,6-tetra-O-acetyl- 
a-D-ghrcopyranosyl)-a-D-galactopyranosidhuonate (2). In a similar experiment, we 

have obtained, in addition to disaccharide 2, the corresponding /i-~-(1 + 2)-linked 

disaccharide 3 by treatment of 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide (7) 
with methyl (methyl 3,4-0-isopropylidene-a-D-galactopyranosid)uronate (6) in 

nitromethane in the presence of mercuric cyanide. Compounds 2 and 3 were 

fractionated by chromatography, and, on deacetylation, yielded methyl [methyl 
3,4-O-isopropylidene-2-O-(a-D-glucopyranosyl)-a-~g~~topyranosid]uronate (4) and 
methyl [methyl 3,4-O-isopropylidene-ZO-(BD-glucopyranosyl)-a-D-galactopyrano- 

sidluronate (5), respectively. 

ge M$ Me.Me: 

0 RO AcO et- 
OR OR OAc 

2 R=Ac SR=AK 
4 R=H bR=H 

Although mercuric cyanide is reported2 to specifically catalyse the formation 
of a-D linkages in the Koenigs-Knorr reaction, in our first experiment, the reaction 
mixture contained mainly the /?-D-linked disaccharide. For further investigation of 

this situation, the series of experiments listed in Table I was performed. In each case, 
the j&D-linked disaccharide was formed in an amount 2-3 times larger than that 
of the a-D-linked disaccharide. The change in the molar ratio of a- and p-o-linked 

disaccharides with change of reactants, concentration, or molar excess of 2,3,4,6- 

tetra-0-acetyl-a-D-glucopyranosyl bromide (7) was not very great. The presence 
of a desiccating agent in the reaction mixture did not affect the a$ ratio, except that 
use of Drierite gave almost exclusive formation of the /I-D-linked disaccharide. 

It is often d_ifEcult to distinguish between S,l and S,2 mechanisms in substi- 
tution reactions. The Koenigs-Knorr reaction is generally considered to involve an 
SN1 mechanism, similar to that of the substitution reactions of alkyl halides which 
are catalysed3 by silver or mercury salts. The formation of both disaccharides 2 

and 3 would be expected for an S,l mechanism. A continuous change from an S,l 
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to au S,2 mechanism may occur on variation of reaction conditions, although the 
“point” or “region” of change in mechanism is sometimes difficult to establish. 
The almost exclusive formation of disaccharide 3 in the experiment with Drierite 
indicates that such a change to an SN2 mechanism may have occurred. It was found 
that, under the conditions of reaction, 0.04 g of Drierite and 0.01 g of sodium sulphate 
were soluble in 100 ml of anhydrous nitromethane. This larger solubility of Drierite 
may be responsible for the change in mechanism, but further experiments are required 
to elucidate this point. 

EXPERIMENTAL 

Melting points (uncorrected) were determined on a micro hot-stage Type 
HMK 61214 (Franz Kiistner, Dresden). Optical rotations were measured on a 
Bendix-Ericcson ETL-NPL Automatic Polarimeter Type 143a. T.1.c. was performed 
with Silica Gel G, buffered with 0.02hr sodium acetate, and benzene-methanol (95:5). 
Preparative column-chromatography was effected on silica gel (Merck, 75-250 US 
mesh) with benzene-acetone (8:2) and the ‘cdry-column” method4. 

Synthesis of the disaccharide derivatities 2 and3. - A solution of methyl (methyl 
3,4-O-isopropylidene-oz-o-galactopyranosid)uronate5 (6) (1 g) in 50 ml of absolute 
nitromethane was treated with a l-molar excess of 2,3,4,6-tetra-O-acetyl-cc-o- 
glucopyranosyl bromide6 (7), mercuric cyanide was added, and the reaction mixture 
was shaken for 21 days with the addition of 1.5 g of anhydrous sodium sulphate. 
The solid phase was filtered off, the filtrate was diluted with chloroform, and the 
solution was then washed with aqueous sodium hydrogen carbonate and water. 
The chloroform solution was dried (Na,SO,), and evaporated in t’acuo, and the 
residue was subjected to column chromatography to give the P-D anomer 3 (0.45 g, 
20%) as a glass; the U-D isomer 2 was obtained as a yellowish syrup (0.18 g, 8%). 

Compound 3 crystallized from methanol, yielding white plates, m.p. 151-l 52”; 
[a]:: + 62.7” (c 1 .O, chloroform) (using Hudson’s rules, a calculated value of N t 50” 
was obtained); RF (t.1.c.) 0.53. The i-r. spectrum of compound 3 was closely similar 
to that’ of compound 2, as was the n.m.r. spectrum, except for small differences in 
the region of the anomeric proton (r 4.5-5.5). 

Anal. Chic. for CzSH,,O,,: C, 50.67; H 6.12; OCH,, 10.48. Found: C, 50.61; 
H, 6.12; OCHa, 10.87. 

The physical constants of compound 2 have been reported’. Deacetylation of 
compound 2 by the ZemplCn method’ yielded compound 4 as white needles, m.p. 
137-139” (from isopropyl alcohol-ethanol), [a]L5 134.3” (c 1.0, methanol). 

Anal. Calc. for C,,H,aOI1: C, 48.08; H, 6.65; OCH,, 14.79. Found: C, 47.81; 
H, 6.62; OCH3, 14.53. 

Deacetylation’ of compound 3 yielded compound 5 as a colourless syrup, 
[ali -1-54.4” (c 1.0, methanol). 

Syntheses qf disaccharides under r-arious reaction conditions. - A series of 
experiments performed by the above generaI procedure is shown in TabIe I. The 
chromatographic separation was omitted, and the yields of disaccharides were 
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determined by t.l.c., in comparison with known amounts of reference substances. 
The t.1.c. plates were sprayed with sulphuric acid and then heated in an oven for 
20 min at 110”. The developed spots were scanned with a densitometer ERI 10 
(C. Zeiss, Jena); the calibration curves for reference substances and for each experi- 
ment were separately constructed. 
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Mutarotation of D-galactose. Tautomeric composition of an 
equilibrium solution in pyridine 

Such sugars as D-glucose, D-mannose, and D-xylose, which exhibit simple, 
pseudo-&St-order kinetics of mutarotation, are expected to have only two major 
components present at equilibrium (i.e. a- and P-pyranoses). Such sugars as D-fructose, 
D-arabinose, and D-galactose, which exhibit complex mutarotation, are expected 
to have more than two tautomers present in significant proportions at equilibrium. 
Smith and Lowry’ examined the complex kinetics observed for the mutarotation of 
D-galactose, and postulated a mechanism involving two consecutive and reversible 
f&t-order reactions in which “ y-D-galactose” was an intermediate in the a-D- e #?- 
D-pyranose transformation. The “y-form” was initially presumed to be an acyclic 
modification. Later, however, these authors* recognized that two furanose modifi- 
cations, yielding a total of five tautomers, were probably present at equilibrium. 
Although polarographic and spectral3 techniques show only trace proportions of an 
acyclic tautomer of D-galactose to be present at equilibrium, there is evidence to 

indicate that an initial rapid phase in the mutarotation of D-galactose is associated 
with pyranose * furanose interconversion 4. However, examination of solutions of 
D-galactose in deuterium oxide by p.m.r. spectroscopy has failed to reveal signals of 
anomeric protons that can be assigned to furanose tautomers’. 

It seems unlikely that furanose forms are intermediates in pyranose-pyranose 
anomeric interconversidn. This leads us to believe that the initial mechanism proposed 

H 

ROC+ 
OR H 

ROk4Z 

1. R=H 3. R=H 5, R=H 7. R= H 
2, R = MepSi 4. R=Me3Si 6, R = MeaSi 8. R= Me$ii 

by Smith and Lowry’ is but a partial description of the complete phenomenon. A 
prerequisite to the formulation of a complete mechanism for the mutarotation of 
D-galactose is the identification of all tautomers present at equilibrium in solution. 
This report describes the ring tautomers that prevail at mutarotational equilibrium 
in pyridine. 

RESULTS AND DISCUSSION 

In a preliminary communicatiorP, the per-O-trimethylsilyl derivatives of two 
additional tautomers formed from a-D-galactopyranose during mutarotation in 
pyridine were reported. Together with P-D-galactopyranose, a third component, 
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associated with a distinct, rapid phase of the mutarotation, was observed. After 
isolation by preparative g.I.c., the third component was identified as the per-O- 
trimethylsilyl derivative of &wgalactofuranose. 

In a personal communication, Sijrensen7 showed that calculations from the 
optical rotatory data of Smith and Lowry’ and of Ssrensens indicate that, at eqti- 
librium in water, the so-called “ y-D-galactose” is probably or-D-galactofuranose 
([u];’ +46.3”), and that it probably accounts for 92-95% of the total furanose forms 
present at equilibrium. Careful re-examination of our data and techniques confirmed 
the original assignment for the third component. However, the shape of the chromato- 
graphic peak assigned to the /3-D-galactopyranose derivative did not, at that time, 
exclude the possibility that it contained an unknown amount of a fourth, or even a 
fifth, component. Mathematical analysis of that peak, with a computer programmed 
for a slightly skewed Gaussian distribution, indicated that a fourth component was 
probably present. The fourth component was finally isolated from a mutarotated 
solution of Dgalactose that had been per(trimethylsilyl)ated and the product resolved 
on ag.1.c. column having a stationary phase of (ethylcyano)silicone. More than 100 mg 
of each component was isolated, and a typical preparative cbromatogram is shown 
in Fig. 1. 

8 10 72 74 1.5 78 20 22 24 

me (MINUTES) 

Fig. 1. Gas-liquid chromatogram of per-O-trimethylsilylated tautomers of D-galactose formed in 
pyridine at 80’. 

Data used to establish the identity of each peak, in descending order of elution 
from the columns, are shown in Table I. The molecular rotations found are consistent 
with those reported for the peracetylated tautomers of D-galactose’, and indicate that 
the fourth component isolated is the per-0-trimethylsilyl derivative of cr-D-galacto- 
furanose (6). 

The p.m.r. spectra of the four individual per-0-trimethylsilyl derivatives of 
Dgalactose yielded three sets of signals for protons. One set occurred at z 5, and is 
assigned to the anomeric protons. A second set was found at T 5.7-6.9, and is assigned 
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to the remaining methane and methylene protons. The third set, resonating at t 10, 
is assigned to protons of the 0-trimethylsilyl substituent groups. The integrated areas 
of these three sets of proton signals were in the ratios of 1:6:45. These ratios are 

TABLE I 

DATA CHARACXERIZING THE TRIhtETHYLSILYL TETRA-O-(TRIhlETHYLSILYL)-D-GALACTOSIDES 

compound [cz];~, MID p.m.r. data at 60 MHz Elemental 

degrees Chemical shift JI,~ Coupling analysis* 

of H-I signal, z constant, Hz C H Si 

2 -36.2 - 15,950 5.00 (doublet) 2.5 46.83 9.43 24.41 
4 f66.2 + 35,750 5.10 (singlet) 0.0 46.79 9.64 24.41 
6 l 52.3 +28,200 5.02 (doublet) 4.5 46.74 9.33 24.38 
8 t2.2 + 1,190 5.63 (doublet) 6.0 46.95 9.51 24.23 

*Calc. for these derivatives: C, 46.66: H, 9.63; Si, 25.92%. 

consistent with the view that the four compounds isolated are, in fact, the per-O- 
trimethylsilylated derivatives of D-galactose, and the possibility that one of the 
compounds is the hexakis(trimethylsily1) derivative of an open-chain, hydrated aldehyde 
can be excluded_ Moreover, i-r. analysis failed to reveal any bands arising from hydroxyl 
or carbonyl absorption. 

Coupling constants (Hz) shown in Table I for the four derivatives of D-galactose 
further indicate that the third and fourth components are 2 and 6. With reference to 
the Karplus equation, however, these coupling constants are found to be about 2 Hz 
lower than the values predicted; this difference is probably due to difficulties in 
defining suitable parameters for use with the Karplus equation as applied to these 
compounds’O. 

The data on chemical shift for the anomeric protons, shown in Table I, suggest 
that it would not be possible at 60 Hz to resolve three of the H-l signals of D-galactose 
at mutarotational equilibrium. At 100 MHz, Perlin” observed at least three anomeric 
hydroxyl-proton signals in methyl sulfoxide solution, and two of these signals were 
partly superimposed. We examined the p.m.r. spectrum of a mutarotated solution 
of D-galactose (15%, in deuterium oxide) and found at ?: 5.57 a sharp doublet having 
a coupling constant of 6 Hz (assigned to H-l of 7). A second broad (20 Hz wide), 
unsymmetricai signal occurred at about r 4.90, and this might comprise the H-l 
signal for 1, 3, and 5. Apparently, the furanosides, and possibly the furanoses also, 
have an electronic environment about the anomeric proton that is very similar to 
that of the anomeric protons of the a-D-pyranose and the pyranosides of D-galactose. 

The distribution of tautomers of D-gdaCtOSe, after 8 h at 80” in pyridine, as 
revealed by g.1.c. of the per-0-trimethylsilyl derivatives, is: 2, 23.4% ; 4, 3 1.7% ; 
6, I3.7% ; and 8,31.2%. After several weeks at 25”, a constant [a]*; value of + 50.5” 
was observed, and the distribution of tautomers at equilibrium was found to be 
12-l%, 33.8%, Xl%, and 49-O%, respectively. Mathematical analysis of these peaks 
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for deviation from Gaussian distribution suggests that the presence of additional, 
unresolved compounds is unlikely. 

In our studies, we have found that the equilibrium composition of aldose 
tautomers in pyridine differs markedly from that found in water. Changes in the 
position of the mutarotation equilibrium with changes in the polarity of the solvent 
is currently being studied, as well as the effect of the silylation reaction on the position 
of the equilibrium. 

EXPERIMENTAL 

Preparation of per-0-trimethyIsilyl derivatives of D-galactose. - A solution of 
anhydrous cr-D-galactopyranose (5 g) in 500 ml of redistilled and dried pyridine 
(b.p. 114-l 14.5”) was kept for 8 h at 80”. To this solution was added 100 ml of 
hexamethyIdisilazane followed by 50 ml of chlorotrimethylsilane. After one h, 
precipitated salts were removed by decantation and centrifugation. The solution 
was then concentrated in vacua to a thick, yellow oil, which was filtered through 
Whatman No. 52 paper (by gravity) to remove silicone polymers of high molecular 
weight, yielding 15 g of a mixture of per-0-trimethylsilyl derivatives of D-galactose. 

Preparative g.i.c.~ separation of the per-0-trimethylsilyl derivatives of D-galactose. 
- The four isomers were isolated in greater than 99.9% purity from center cuts of 
the respective peaks by using a Varian Aerograph, Model A-700, preparative gas- 
chromatographic unit equipped with a variable effluent-splitter and a flame-ionization 
detector. Samples (30 fl) were injected repeatedly. The vaporization chamber was 
maintained at 270° to ensure complete volatilization. The tautomers were separated 
on an aluminum column (6 m x0.94 mm i.d.) containing 30% (w/w) XF-1150” 
stationary phase on a 60-80 mesh support of Chromosorb A. The column oven was 
maintained isothermally at 155”. Nitrogen was used as the carrier gas, at a flow rate 
of 100 ml per min. The detector and colIector temperatures were maintained at 270” 
and 210”, respectively. After 20 days of continuous operation, about 500 mg of each 
component was collected_ In order to remove stationary phase that had been eluted 
with the initial samples, all compounds isolated were rechromatographed, to yield 
140-350 mg of each individual tautomer. 

Mathematical analysis of’ chromatograms. - Deviations from Gaussian distri- 
bution in the g.1.c. data were studied with a DuPont Model No. 310 modified analog 
computer (Curve Resolver). 

Determination of optical rotation. - Optical rotatory data were obtained with 
a Rudolph Model No. 80 polarimeter equipped with an oscillating polarizer and a 
photoelectric read-out attachment. Rotations in chloroform were observed with 
a I-dm tube. The concentrations of the D-gaiactosides used were: 2, 2.4% ; 4, 3.7% ; 

6, 1.5%; and 8, 1.4%. 
P.m.r. and ix. sprc li Tll 3.m.r. data reported were measured with a 

*An (ethylcyano)silicone column supplied by Varian Aerograph, Walnut Creek, California (U. S-A.). 
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Varian A-60 n.m.r. spectrometer with chloroform solutions. The chloroform served 
as the internal standard instead of tetramethylsilane, so that interference with substi- 
tuent trimethylsilyl groups was avoided. Chemical-shift data are expressed relative 
to r 7.27 for the cbIoroform proton signal. The i.r. spectra were recorded for films 
by using a Beckman Model IR-7 instrument equipped with a sodium chloride prism. 
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Preliminary communication 

Formation of chlorodeoxy glycosides during sulfonylation of methyl 
D-glucopyranosides 

Displacement of p-toluenesulfonic ester groups by pyridinium chloride during 
p-toluenesulfonylation of methyl a- and P-D-glucopyranoside in pyridine at 75” 
was demonstrated by Hess and Stenzel’. The chlorinated products were described’ 
as methyl 4-chIoro4deoxy-2,3,6-tri-O-p-tolylsulfonyl-a- (1) and -j?-D-glucopyrano- 
side (2) and methyl 4,6-dichloro-4,6-dideoxy-2,3-di-O-p-tolylsulfonyl-a- (3) and 
-&D-ghrcopyranoside (4), but the correctness of these designations has been 
questioned by Tipson*. 

Recently, we described3 an improved preparation of some methyl 6-chloro-6- 
deoxy-D-hexopyranosides, including methyl 6-chlorod-deoxy-cr- (5) and -P-D- 

glucopyranoside4*’ (6); p-t o uenesulfonylation 1 of 5 and 6 at 30” gives derivatives 
having physical properties identical with those reported’ for I and II. By repeating 
the experiments described by Hess and Stenzel’, we have shown by direct comparison 
that the compounds assigned’ the structures 1 and 2 are, in fact, methyl 6-chloro-6- 
deoxy-2,3,4-tri-O-p-tolylsulfonyl-a- and -/I-D-glucopyranoside. These new structural 
assignments are based on analysis of n.m.r. spectra at 60 and 100 MHz. 

When p-toluenesulfonylation of methyl a-D-glucopyranoside or 5 was per- 
formed at 75”, we obtained methyl 4,6-dichloro-4,6-dideoxy-2,3-di-O-p-tolyIsulfonyl- 
a-D-galactopyranoside having physical properties identical with those reported’ 
for the compound described as 3. The n.m.r. spectrum showed J,,z 3.5 Hz, J2,3 
10.0 Hz, J3.4 3.7 Hz, and J4.s 1.3 Hz, and H-5 gave a triplet having an average 
splitting of 6.5 Hz; this pattern due to H-5 has been observed with several D-galactose 
derivatives6. 

Similar treatment of methyl P-D-glucopyranoside or 6 afforded methyl 4,6- 
dichloro-4,6-dideoxy-2,3-di-O-p-tolylsulfonyl-~-D-g~actopyranoside having the same 
physical properties as the compound described by Hess and Stenzel’ as 4. The n.m.r. 
spectrum showed J1,2 7.7 Hz, J2.3 9.5 Hz, Jss4 3.6 Hz, and J4,s 1.5 Hz, together 
with a triplet due to H-5 having an average splitting of 6.5 Hz. Another product 
obtained from this reaction in 23% yield is thought to be 4; for this compound, the 
coupling constant of J1 ,z 7-5 Hz is consistent with the D-&co or ~-ah configuration, 
but not with a D-nzanno configuration. Stevens and co-workers’ have obtained deoxy- 
halogen0 compounds that are epimeric at C-4 by treating methyl 6-deoxy-2,3-di-Q- 
benzyl4U-(methylsulfonyl)-r-gluco- or -D-galactopyranoside with sodium iodide 
in 2+pentanedione at 125”. 

When p-toluenesulfonylation of methyl a- or j?-D-ghrcopyranoside was per- 
formed for 16 days at 27”, the introduction of chlorine _ was again observed. 
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The Q-D anomer afforded tetra-0-p-tolylsulfonyl and Gchloro-6-deoxy-2,3,4-tri-O- 
p-tolylsulfonyl derivatives in yields of 59% and 37%, respectively, whereas the 
/3-D anomer gave 90% of tetra-0-p-tolylsulfonyl derivative, but only 4% of 6-chloro- 
6-deoxy-2,3,4-tri-0-p-tolylsulfonyl derivative. Chlorination at a primary hydroxyl 
group during p-toluenesulfonylation at room temperature has previously been 
observed* with uridine, resulting in formation of 3-(5-chloro-5-deoxy-2,3-di-O-p-tolyl- 
sulfonyl+D-ribofuranosyi)uracil. 

We have obtained mass spectra of the above compounds at 200” and 70 eV 
by introducing the sample on a probe into a Consolidated Electrodynamics Corpo- 
ration CEC21-110 mass spectrometer. A feature common to these mass spectra is that 
the ion of greatest mass is that corresponding to loss of ap-tolylsulfonyl group from 
the parent molecule. Previous mass spectra of methyl glycoside derivatives9 lacking 
p-tolylsulfonyl groups have shown the ion of greatest mass to be that corresponding 
to loss of the glycosidic methoxyl group. The number of chlorine atoms in the above 
compounds was readily ascertained lo from the isotopic clusters derived from fragments 
containing 35Cl and 37Cl. 

Methanesulfonylation of methyl cr-D-glucopyranoside at 75” has also been 
perfo_rIlled, and leads to the formation of methyl 6-chloro-6-deoxy-2,3,4-t&O- 
(methylsulfonyl)~a-D-glucopyranoside and methyl 4,6-dichloro-4,6-dideoxy-2,3-di- 
0-(methylsulfonyl)-c+D-galactopyranoside. Similar reaction of methyl P-D-gluco- 
pyranoside gives methyl 6-chloro-6-deoxy-2,3,4-tri-O-(methylsulfonyl)-~-D-gluco- 
pyranoside and methyl 4,6-dichloro-4,6-dideoxy-2,3-di-O-(methylsullbnyl)-P-D-gluco- 
pyranoside, but no methyl 4,6-dichloro-4,6-dideoxy-2,3-di-O-(methylsulfonyl)-~-D- 
galactopyranoside was found. 

Pioneering Research Laboratory, 
U. S. Army Natick Laboratories, 

Natick, Massachusetts 01760 (U. S. A.) 
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Book review 

505 

Carbohydrate Chemistry: by EUGENE A. DAVIDSON, Duke University, Durham, N.C., 
U.S.A. Holt, Rinehart, and Winston, Inc., New York, 1967, iii + 441 pp., 

15.5x23.5 cm, cloth. $ 11.95. 

The theory and practice of carbohydrate chemistry have undergone profound 
changes in the past twenty years, and the established information on all aspects 

of the subject has grown by several orders of magnitude. As a result, our general 

theoretical insight has developed to such a degree as to make possible a highly con- 
densed treatment which could serve as the working basis for research in carbohydrate 

chemistry at a level of effectivity that could not have been dreamed of only twenty 
years ago. This strength has developed mainly through advances in technique and 

instrumentation (chromatography, nuclear magnetic resonance and infrared spectro- 

scopy, polarimetry, and electrophoresis) and in general theory based on electronic, 

stereoelectronic, and conformational considerations. For these reasons, the time has, 

for the past few years, been ripe for the appearance of an authoritative book that would 

give the new generation of carbohydrate chemists the advantage of ready access to 

these developments, and thereby catalyze their efforts on the rapidly receding frontiers 

of research in carbohydrate chemistry. Furthermore, carbohydrate chemistry is in 

need of a new image if it is to regain, as a field of competence, the respect of the general 

body of organic chemists, and thereby attract to its challenges its proper share of our 

best developing minds. Holding these views, I accepted with enthusiasm the invitation 

to review this book, which was advertised, in part, “to correlate modem theory with 

carbohydrate reactions”, and as “a discussion of methods (n.m.r., g.l.c., o.r.d., etc.) 

currently used in determining the three-dimensional structure of molecules”. I was 

soon to regret this decision. 

The author obviously possesses some competence for assessing developments 

in carbohydrate chemistry in the early 1950’s. However, and most unfortunately, 

the major breakthroughs in the past fifteen years are beyond his ken. The result of 
this is that the author has contributed to the perpetuation of a lot of the bad and 

obsolete chemistry that almost inevitably exists as a prelude to genuine advance. 

Furthermore, and more seriously, the book grossly misrepresents the inherent value 

of some of the major advances made in recent years, through unbelievably wrong and 
badly documented statements. However, the book probably does not represent so 

serious a threat to carbohydrate chemistry as one might imagine, since it is so replete 
with errors at the most elementary level that no-one of competence could possibly 

maintain any interest past page 23, where basically wrong definitions of axial and 

equatorial bonds are given. A detailed criticism of this book, which is replete with 
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errors that. charitably, may be described as typographical, and theory that is either 
erroneous or inadequate, is beyond reasonable expectation. The only conceivable 
use for the book that occurs to this reviewer would be as source material for, %ue 
or false” type examinations. 

This book should not have been published. Have publishers no responsibility 
in this regard? Certainly, a publishing firm must be expected to provide a far more 
acceptable format than is represented by this thoroughly badly produced book. 

University of Alberta R. U. LEMIEUX 

Carbohyd- Res.. 5 (1968) MS506 

Corrigendum 

Carbohyd. Res., Vol. 6, No. 2 page 245; 

Formula 3 should read: 

Me2 

=2 
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