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Summary

Reaction of difluoroboron compound of β-hujaplicin and bromine afforded 8-bromo

compound, which gave β-dolabrin and 8-alkoxyhinokitiol by a treatment of base in

alcohol.
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Several methods for the preparation of 1,6-anhydro-β-D-hexoses (levoglycosans)

have been reported. The pyrolysis of sugars and polysaccharides under reduced

pressure have been well known to afford 1,6-anhydrides.1)

Besides pyralysis, 1, 6-anhydro-β-D-glycopyranases were also obtainable when aryl-

β-D-glycopyranosides,2) aryl-β-D-thioglucopyranoside,3) 2, 3, 4, 6-tetra-O-acetyl-β-D-glyco-

pyranosyl trimethylammonium bromide,4) 2, 3, 4, 6-tetra-O-acetyl-α-D-glucopyranosyl

nitrate,5) 2, 3, 4, 6-tetra-O-acetyl-α-D-glucopyranosyl fluoride6) and 2, 3, 4, 6-tetra-O-acetyl-

β-D-glucopyranosyl azide6) were treated with hot alkali, respectively.

Moreover, it was reported that, by a treatment with alkaline reagents, the ester

derivatives sterically hindered, stevioside7) and 1-O-(2, 4, 6-trimethylbenzoyl)-β-D-gluco-

pyranose8, 9) gave 1, 6-anhydride.

In addition to the reaction with alkaline, the methods of preparing 1, 6-anhydro-

β-D-glucopyranose by treating 1, 2, 3, 4-tetra-O-acetyl-β-D-glucopyranose10) and 6-O-

trityl-1, 2, 3, 4-tetra-O-acetyl-β-D-glucopyranose11) with acidic reagents were reported.

The mechanism of 1, 6-anhydro ring formation from phenyl-β-D-glucopyranoside
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(II)

Chart 1.

with hot alkali was interpreted by McCloskey and Coleman,12) with a formation of
unstable intermediate of 1, 2-anhydro ring (epoxide) to alkali-stable 1, 6-anhydro ring.

Likewise, the reaction mechanism of 1, 6-anhydro ring formation with acidic re-
agents was interpreted by Lemieux and Brice,10) to form an unstable intermediate of
1,2-α-D-cyclic ion.

(II)

Chart 2.

Thus the reaction mechanism of 1, 6-anhydro ring formation described above was
accounted as a nucleophilic substitution of the groups situated at 1-position of the

carbon by the hydroxyl group at 6.9, 13)
The present paper deals with the synthesis of 1, 6-anhydro-β-D-glucopyranose from

6-O-p-toluenesulfonyl-1, 2, 3, 4-tetra-O-acetyl-β-D-glucopyranose by the reaction of cold

sodium methoxide.
An elimination of the halogens, sulfonic ester groups, and to some extent, nitric

ester groups from sugar derivatives in alkali is one of the main methods to provide
anhydro sugars.14)

For anhydro ring formation through the above procedure, the hydroxyl group

participated in anhydro ring formation is required to be situated sterically so that the
displacement of the hydroxyl group is capable to approach to the expelling group (i. e.,
p-toluenesulfonyl- or halogeno-group) from the rear side.14)

According to the stereochemical criterion as discussed, the acetoxy groups located
at 1-position of the carbon atom and 3 are capable to form anhydro rings (1, 6- and
3, 6-anhydro) when 6-O-p-toluenesulfonyl-1, 2, 3, 4-tetra-O-acetyl-β-D-glucopyranose (I)

was treated with alkaline reagents.

(I) (II)

Chart 3.
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As expected, by treatment of (I) with cold sodium methoxide, 1, 6-anhydro-β-D-gluco-

pyranose (II) was formed and isolated as triacetate in 60～70% yield. However, 3, 6-

anhydro-D-glucose (III) was failed to be isolated from this reaction mixture. For the

reason of preferential formation of 1, 6-anydro ring to 3, 6-anhydro ring, the following two
factors are suggested to be necessary for the formation; firstly, the hydroxyl group at
1-position of the carbon atom is hemiacetalic and would be more nucleophilic than the
other hydroxyl groups; and secondly, there is no obstacles between the carbon atom at
1 and 5 (lactolic oxygen) by a comparison between the carbon atom at 3 and 5 (hydro-
gen and hydroxyl group at carbon atom 4) on the occasion of inversion from Cl to 1C
conformation.15)

On the other hand, however, the hydroxyl group situated at carbon atom 1 is unable
to approach sterically at carbon atom 6 in the case of α-anomer, accardingly it would

be also unable to expect the forrnation of (II) from this anomer.

Assurnption cited abave, by a similar treatment to 6-deoxy-6-iodo-1, 2, 3, 4-tetra-O-

acetyl-α-D-glucopyranose (IV) with sodium methoxide, (II) was not obtained, but a syrup

was obtained to give 3, 6-anhydro-D-glucose phenylosazone in 60% yield.

(IV) (III)

Chart 4.

For the estimation of anomeric configuration, the conductivity of sugars in boric

acid solution,16) molar refractive index,17) infrared absorption spectrum,18) and proton
magnetic resonance spectrum19) have been reported as physicochemical methods. As

the chemical methods for determination of anomeric structure, the formation of 1, 6-
anhydride20) and mercaptolysis of acetate21) are also reported.

Evidently these results described above showed that the absolute configuration of

α,β-anomers of glucopyranose derivatives agreed with the structural formula of present

representation.22)

Relating to D-galactose, however, 6-O-p-toluenesulfonyl-1, 2, 3, 4-tetra-O-acetyl-β-D-

galactopyranose (V) did not give an expected 1, 6-anhydro-β-D-galactopyranose by treat-

ment with sodium methoxide under the same conditions used f or (1), but gave a syrup

which reduced the Benedict's solutian. As to the α-anomer of galactose derivative,

1, 6-anhydride was not obtainable likewise to β-anomer。

The reason of this failure may be explained by a speculation of the following

effects: D-galactose derivatives can be represented as Cl conformation and, on the other
hand, 1,6-anhydrides exist in 1C conformation as appointed by Reeves.15)
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Cl 1C

Chart 5.

In the course of inversion of conformation from Cl to 1C, the hydroxyl group loca-
ted at 4-position must pass through with the hydroxyl group at carbon 3 and hydroxy-
methyl (carbon 6) group of carbon 5 in the configuration of galactopyranose. At low
temperature, it would be concievable that this passing may give serious effect on the
inversion of conformation of galactose derivatives. On the other hand, β-D-gluco-

pyranose derivative (I) has no such effect at all, that it would give 1, 6-anhydride (II)

easily, being compared with galactose derivative (V).

6-O-p-Toluenesulfonyl-1, 2, 3, 4-tetra-O-acetyl-β-D-glucopyranose (I) and 6-deoxy-6-

iada-1, 2, 3, 4-tetra-O-acetyl-α-D-glucopyranose (IV) were prepared after the method of

Hardegger and Montavon,23) and 1, 6-anhydro-β-D-glucopyranose (II) was characterized

through triacetate and tribenzaate. The anomeric 6-O-p-toluenesulfonyl-1, 2, 3, 4-tetra-

O-acetyl-D-galactopyranose were prepared according to Ohle and Thiel,24) and a syrup

obtained by alkali treatment has been investigating.

Cl 1C

Conformational inversion of galactose

Cl 1C

Confarmational inversion of glucose
Chart 6.

Experimental

1, 6-Anhydro-2, 3, 4-tri-O-acetyl-β-D-glucopyranose-A solution of 16.2g. of MeONa (6.9g. of

Na in 150cc. of abs. MeOH) was cooled to 5～10°and to this 50g. of 6-O-p-toluenesulfonyl-1, 2, 3, 4-

tetra-O-acetyl-β-D-glucose (I)23) was added in small portions under stirring. After being kept over-

night in refrigera tor, the mixture was neutralized with AcOH cautiously, and the solvent was re-

moved under reduced pressure. The crystalline residues were acetylated with pyridine and Ac2O as

usual. In this case, sodium p-toluenesulfonate was deposited as crystals. The mixture was removed

into ice-water and extracted with CHCl3, which was washed with dil. H2SO4, NaHCO3 solution, and

water successively, and dried over Na2SO4. After a removal of the solvent, 20g. of crude product

was obtained in 70% of theory. Recrystallizations from Et2O, the product melted at 109～110°;〔 α〕20D

-46°(c=2 .5, EtOH), reported m.p. 108°, 25) 110°26);〔 α〕D-45.5°in EtOH. 25) Anal. Calcd. for C12H16

O8; C, 50.00; H, 5.60. Found: C, 49.93; H, 5.63.

1, 6-Anhydro-2, 3, 4-tri-O-benzoyl-β-D-glucapyranase-The alkali-treated mixture of 25g. of (I),

as described above, was treated with 30g. of benzoyl chloride in 100cc. of pyridine. After standing

23) F. Hardegger, R. Montavon: Hely. Chim. Acta., 29, 1199 (1946).
24) H. Ohle, H. Thiel: Ber., 66, 525 (1935).
25) See ref. 2) and 3).
26) E, Vongerichten, Fr. Mueller: Ber., 39, 241 (1908).
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overnight, the mixture was poured into ice-water, a syrupy product was produced, which was solidi-

fied on standing for several hours. This was filtered off and washed with water, and air dried;

yielding was 14.1g. in 60% of theory. After several recrystallizations from CHCl3-EtOH, it melted

at 201～202°;〔 α〕20D -35.6°(c=0.92, CHCl3), reported, m.p. 194°, 25) 199～200°, 26) 202～204°8);〔 α〕D -36.4°.8)

Anal. Calcd. for C27H22O8: C, 68.35; H, 4.67. Found: C, 68.06; H, 4.66.

1, 6-Anhydro-β-D-glucopyranose (II) Asolution of 5.6g. of 1, 6-anhydro-2, 3, 4-tri-O-acetyl-β

-n-glucose in 50cc. of 0.01N MeONa in MeOH was allowed to stand in refrigerator overnight. After

a removal of the solvent, the residues were recrystallized from AcOEt to afford 2.8g. of (II), m.p.

178°;〔 α]20D -66°(c=0.9, H2O), reported,25) m.p. 178°and〔 α〕D -66.5°in water. Anal. Calcd. for

C6H10O5: C, 44.44; H, 6.22. Found: C, 44.52; H, 6.32.

Phenylosazone of 3, 6-anhydro-D-glucose 10g. of 6-deoxy-6-iodo-1, 2, 3, 4-tetra-O-acetyl-α-D-

glucopyranose (IV)23) was treated with 3.5g, of MeONa (1.5g. of Na in 30cc. of MeOH) in the same

manner described in (I). As compared with β-anomer, the reaction mixture was deepen in its color.

After being kept standing overnight in refrigerator, the mixture was neutralized with AcOH and
the solvent was removed under reduced pressure. The residues dissolved in water were passed
through a column of Amberlite IR-120 (H+) and then a column of Amberlite IR-45 (OH-) successively.
The effluent was treated with charcoal and concentrated under reduced pressure to slightly colored
syrup, which reduced the Fehling's solution, yielding was 3g. 1.0g. of syrup, 2.0g. of freshly distilled
phenylhydrazine and 2cc. of 50% AcOH were dissolved in 30cc. of water and heated on a steam-
bath for 30min. After cooling, yellow precipitates were filtered off and washed with a small
amount of cold water. Recrystallization from EtOH gave yellow needles, m.p. 190°(decomp.);〔 α〕20D

-84.4～-37.5°(after 24hr .) (c=1.28, pyridine) reported27) m. p, 187～188°and〔 α〕D -146°in MeOH.

Anal. Calcd. for C18H20O3N4: C, 63.51; H, 16.46. Found: C, 63.66; H, 5.86; N, 16.55.

Thanks are expressed to Mr. K. Narita for performing microchemical analysis.

Summary

1,6-Anhydro-β-D-glucopyranose was synthesized from 6-O-p-toluenesulfonyl-1, 2, 3, 4-

tetra-O-acetyl-β-D-glucopyranose by a treatment with sodium methoxide. Since 1, 6-

anhydro-β-D-glucose is not obtainable from 6-deoxy-6-iodo-1, 2, 3, 4-tetra-O-acetyl-α-D-

glucopyranose, this procedure is applicable to distinguish α, β-anomers chemically.

Some conformational discussions are made.
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The Metabolism of Alizarin Dimethyl Ether.
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The authors were interested in biological demethylation of anthraquinone deriva-

tives, especially on the difference of behavior to demethylation between their 1-methoxyl
and 2-methoxyl groups.

From this point of view, urinary metabolites of alizarin dimethyl ether were studied

qualitatively and quantitatively in this paper. And as a reference, the metabolism of
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