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By means of methylation and hydrolysis techniques it was demonstrated that the 1,1-bis(acetamido)-1-
deoxycellobiitol, the 1,1-bis(acetamido)-1-deoxylactitol, and the 1,1-bis(acetamido)-1-deoxymaltitol obtained
by the reaction of ammonia upon the corresponding acetylated aldobioses have an acyclic structure in the
nitrogenated moiety. The separation of a mixture of 2,3,5,6-tetra-O-methyl-p-glucose and 2,3,4,6-tetra-O-
methyl-p-glucose by gas-liquid and by anion-exchange resin chromatographies is described.

The reaction of ammonia with acetylated disac-
charides®? afforded substances which possessed the
structure of a disaccharide with two acetamide groups
on C-1 and which can be designated as 1,1-bis(acet-
amide)-1-deoxyaldobiitols.?

Zechmeister and Té6th* described the reaction of
liquid ammonia with octa-O-acetylcellobiose and iso-
lated a 1,1-bis(acetamido)-1-deoxycellobiitol, for which
they proposed the two possible structures I or II.
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According to studies performed on the mechanism
of this reaction,® which is intramolecular, the structure
IT would not be probable; the analytical data for
structure I do not permit a clear distinction between
such a structure and the acyclic one (III) which
we proposed! for 1,1-bis(acetamido)-1-deoxycellobiitol.
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This structure agrees with that already postulated for
analogous monosaccharide derivatives.

Similar open-chain structures were proposed for 1,1-
bis(acetamido)-1-deoxymaltitol? and for 1,1-bis(acet-
amido)-1-deoxylactitol.? These substances can crystal-
lize with solvent, and the analytical data depend on
the drying conditions.

However, the possibility of a ring as shown in I
cannot be excluded and recently a group of sugars
has been described which bear a nitrogen atom on the
hemiacetal ring, such as 5-acetamido-5-deoxy-p-ribo-
pyranose,” 5-acetamido-5-deoxy-D-xylopyranose,”® 5-
acetamido-5-deoxy-L-arabinopyranose,”® and 5-acet-
amido-5-deoxy-L-xylopyranose.’® Although these sub-
stances have been obtained by a different path, a
similar heterocyclic ring could be possible in 1.

We clarified the structure of 1,1-bis(acetamido)-1-
deoxycellobiitol, 1,1-bis(acetamido)-1-deoxylactitol, and
1,1-bis(acetamido)-1-deoxymaltitol through a methyla-
tion technique which confirmed the acyeclic structure in
the nitrogenated moiety of these disaccharides, repre-
sented by III for the former compound. The usual
technique of methylation with dimethyl sulfate in
alkaline solution!! was inadequate for these substances
because of their sensitivity to strong alkali. The tech-
nique of Kuhn and Baer!? with methyl iodide and
barium oxide in dimethylformamide does not present
any difficulty, provided that certain soluble barium
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compounds formed in the reaction are eliminated from
the chloroform solution of the methylation product by
washing with sulfuric acid. These barium compounds
deacetylate the nitrogens on C-1, when the chloro-
form solution is concentrated under vacuum.

The methylated disaccharides obtained were very
sensitive to the usual conditions of hydrolysis and this
made the application of controlled conditions necessary.
Hydrolysis of octa-O-methyl-1,1-bis(acetamido)-1-de-
oxylactitol (IV) during 6 hr. with methanolic hydrogen
chloride and then for another 4 hr. with aqueous acid
led to the isolation of 2,3,4,6-tetra-O-methyl-p-galactose
but destroyed the other moiety of the methylated
disaccharide. When the heating was reduced to 25
min. at 100° with 1 N sulfuric acid, it was possible to
fsolate a mixture of 2,3,5,6-tetra-O-methyl-p-glucose
and 2,3,4,6-tetra-O-methyl-n-galactose, which were
separated using a cellulose column and identified by
their optical rotations and preparation of derivatives.

Methylation of 1,1-bis(acetamido)-1-deoxycellobiitol
and of 1,1-bis(acetamido)-1-deoxymaltitol, which differ
only in their 8 and «, respectively, glycosidic con-
figurations, led to octa-O-methyl-1,1-bis(acetamido)-1-
deoxycellobiitol (VI) and octa-O-methyl-1,1-bis(acet-
amido)-1-deoxymaltitol (VII) which, when hydrolyzed
under the conditions described, gave the same hy-
drolytic fragments, t.e., 2,3,4,6-tetra-O-methyl-p-glu-
cose and 2,3,5,6-tetra-O-methyl-p-glucose. Both meth-
ylated monosaccharides could not be separated by
means of cellulose or alumina column chromatography,
but their presence was demonstrated by a gas-liquid
chromatography!® of a sample of each hydrolysis.
Practically both hydrolysis mixtures gave the same
pattern, in which the percentage of 2,3,5,6-tetra-O-
methyl-p-glucose was about 209, pointing out that,
in spite of the mild hydrolysis conditions employed,
appreciable destruction of the furanose form had oc-
curred.

The presence of two tetramethyl monosaccharide
units in each of the hydrolysis mixtures of the three
methylated disaccharides shows that methylation
was complete. Infrared spectra of these methylated
disaccharides did not show free hydroxyl group bands
at 3640-3680 cm.~! and showed amide bands!* at
1625-1700 and at 3400 cm.~!, pointing out that the
substituents at C-1 had not been altered by the methyla-
tion technique.

The mixture of 2,3,5,6-tetra-0-methyl-p-glucose and
2,3,4,6-tetra-O-methyl-p-glucose could be fractionated
in a preparative way using the strongly basic ion-
exchange resin, Deacidite FF, as was described for
isomeric glycosides by Baddiley, ef al.'> The separa-
tion was sharp and the elution from the resin depended
on the handling of the resin, as is described in the
Experimental part.

Experimental

Paper chromatography was performed on Whatman No. 1,
using  1-butanol-ethanol-water (5:1:4 v./v., top layer).
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Spray reagent was aniline hydrogen phthalate,® and 2,3,4,6-O-
methyl-pD-glucose was employed as standard. Evaporations
were performed at reduced pressure at 50°.

A. Methylation of 1,1-Bis(acetamido)-1-deoxylactitol.—
Eight grams (0.056 mole) of methyl iodide was added to a solu-
tion of 1 g. of 1,1-bis(acetamido)-1-deoxylactitol (0.0023 mole) in
20 ml. of dimethylformamide which contained 4.35 g. of barium
oxide (0.028 mole). The addition was completed in 30 min.
and the suspension was shaken for 6 hr. at room temperature.
It was then poured into 150 ml. of chloroform, and the
barium oxide was filtered off. The chloroform solution was
washed with cold 1 N sulfuric acid until no more barium sulfate
appeared in the interphase, then with water, a saturated solution
of sodium hydrogen carbonate, and water, and finally dried with
anhydrous sodium sulfate. The aqueous solutions from the
different washings were extracted with 100 ml. of chloroform and
dried, added to the former chloroform extract, and evaporated
to dryness. The residual sirup obtained weighed 1 g. and did
not show any spot on paper chromatography; upon strong heat-
ing a weak spot of R; 1.06 appeared. The yield of octa-O-
methyl-1,1-bis(acetamido)-1-deoxylactitol (IV) was 809.

This crude product was purified by chromatography on a cellu-
lose column of 580 X 30 mm. using water-saturated 1-butanol
as eluent. Eight 50-ml. fractions were collected; in fractions
4-7 practically all the product was eluted as a colorless sirup,
which was repeatedly purified by dissolution in water, filtration
through activated charcoal, and evaporation to dryness; the
same operation was performed many times using ethyl ether as
solvent until total elimination of turbidity of the methyl sugar
solution was achieved; [a]?D —19° (¢ 0.7, water).

Anal. (for a sample dried at 65° and 0.0001 mm.).
for CQ4H46N2012: C, 51.98; H, 830, N, 5.05.
52.42; H, 8.24; N, 4.86.

B. Hydrolysis of Octa-O-methyl-1,1-bis(acetamido)-1-deoxy-
factitol (IV).—Compound IV (230 mg.) was dissolved in 10 ml.
of 1 N sulfuric acid and was heated at 100° in a water bath for
25 min. The solution was neutralized with barium carbonate
and evaporated to dryness. The residue was dissolved with
ethyl ether and dried exhaustively; yield 140 mg.; paper chro-
matography gave two distinet spots of 2,3,5,6-tetra-0-methyl-p-
glucose (R 1) and 2,3,4,6-tetra-O-methyl-p-galactose (R; 0.88).
The mixture was fractionated on a cellulose column of 360 X 20
mm. and fourteen 5-ml. fractions were collected. Fractions
1-5 gave 20 mg. of starting material; fractions 6-8 gave 50 mg.
of 2,3,5,6-tetra-O-methyl-p-glucose; fractions 9-10 did not
leave any residue; and finally fractions 11-14 gave 70 mg. of
2,3,4,6-tetra-O-methyl-n-galactose.

C. Identification of Hydrolytic Fragments.—2,3,5,6-Tetra-O-
methyl-p-glucose was purified by repeated dissolution in water
and in ethyl ether as was described under A for the methylated
disaccharide; [a]®p —7.0° (¢ 0.678, water). Irvine, Fyfe, and
Hogg! gave [a]®p —7.2° (¢ 2.08, water), and Haworth, Porter,
and Wayne®® gave [a]®p —7.6° (¢ 0.9, water). The identifica-
tion of this sugar was completed by preparation of its aldonic
acid lactone and amide, as follows.

2,3,5,6-Tetra-O-methyl-p-gluconolactone (V).—2,3,5,6-Tetra-
O-methyl-p-glucose (30 mg.) was dissolved in 7 ml. of water,
and 0.5 ml. of bromine was added. The solution was shaken 24
hr. at room temperature, and the excess bromine was eliminated
by aeration. After precipitation of bromide ion with silver
oxide, the filtered solution was treated with hydrogen sulfide
to eliminate silver ions. The solution was filtered and evaporated
to dryness, and the residue was taken up with ethyl ether; [a]%D
+63.2° — +31.7° (¢ 0.134, water, 506 hr.). This substance was
obtained as a sirup by Humphreys, Pryde, and Waters!® with
[a]lD +63.2° — +40.85° (water, 24 days). Haworth, et al.,®
obtained this lactone as a crystalline solid of m.p. 26-27° and
la]?'p +62.5° — +32.9° (¢ 1.415, water, 501 hr.).
2,3,5,6-Tetra-0-methyl-p-gluconamide.—The lactone V ob-
tained as above (10 mg.) was dissolved in 3 ml. of methanolie
ammonia, then left 3 days at 0°, and evaporated to dryness.
The residual sirup (8 mg.) had [«]®p +40.4° (¢ 0.136, water).
Humphreys, et al.,'® gave [«]p +39.2° (water).
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The 2,3,4,6-tetra~-0-methyl-p-galactose obtained in the pre-
viously described hydrolysis had [«]*'p +107.8° (¢ 2 .94,.wate.r) ;
the literature?® gives [a]D +109.5° (water). Its identity
was confirmed by preparation of the anilide as follows. The
sugar (100 mg.) was dissolved in 1.2 ml. of methanol and 0.5 ml. of
freshly distilled aniline was added. The solution was refluxed
2 hr., then was left 24 hr. at +5°, and after dilution with a
little ethanol the crystalline solid obtained was centrifuged and
washed with cold methanol and with ethyl ether; yield 50 mg.
of m.p. and m.m.p. 192°, [«]*'p —76.0° (¢ 0.092, acetone); lit.22
m.p. 192°, [a}p —77.0° (acetone).

D. Methylation of 1,1-Bis(acetamido)-1-deoxycellobiitol.—
This substance (500 mg.) was dissolved in 10 ml. of dimethyl-
formamide, then 2.2 g. of barium oxide and 2 ml. of methyl
iodide were added, and the suspension was shaken for 6 hr.
The technique described under A for 1,1-bis(acetamido)-1-deoxy-
lactitol was followed, and 610 mg. of octa-O-methyl-1,1-bis(acet-
amido)-1-deoxy-cellobiitol (VI) as & sirup finally was obtained
in 97.4% yield. This sirup was purified first by chromatography
on & cellulose column of 550 X 28 mm. and then by means of
repeated dissolutions and evaporations from water and ethyl
ether and filtering through activated charcoal until a colorless
sirup was obtained.  This sirrup had [«]*p +27.0° (¢ 0.37,
water).

Anal. (for a sample dried at 65° and 0.0001 mm.). Caled.
for CqusNzOlzZ C, 51.98} H, 830, N, 5.05. FOUDd: C,
52.00; H, 8.51; N, 4.91.

E. Methylation of 1,1-Bis(acetamido)-1-deoxymaltitol.—This
substance (500 mg.) was methylated as described under D for
the cellobiitol derivative. Octa-O-methyl-1,1-bis(acetamido)-1-
deoxymaltitol (VII) (500 mg.) was obtained in 80% yield. The
colored sirup was purified through a cellulose column employing
water-saturated 1-butanol as eluent. The colorless sirup ob-
tained was treated with water and filtered, and the solution was
then evaporated and treated with ethyl ether to obtain a trans-
parent solution. Evaporation of ether gave a sirup of [a]%p
+89.9° (¢ 1.35, water).
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Anal. (for a sample dried at 65° and 0.0001 mm.). Calcd.
for CoHuNyOw: C, 51.98; H, 8.30; N, 5.05. Found: C,
52.31; H, 8.39; N, 5.09.

F. Hydrolysis of VI and VII.—The separate hydrolysis of
both substances employing the technique described under B
gave the same pair of methylated monosaccharides, i.e., 2,3,5,6-
tetra-O-methyl-p-glucose and 2,3,4,6-tetra-O-methyl-p-glucose.
Both monosaccharides have practically the same R; and it was
impossible to separate them by cellulose and alumina column
chromatography. However, a cellulose column of 400 X 20
mm. was used to free the hydrolyzed mixture (100 mg.) from
nonhydrolyzed material. The mixture obtained from the column,
purified as usual, was submitted to a gas-liquid chromatography
at 135° using a column packed with 1 part of Craig polyester
(20% on Chromosorb W), 1 part of Apiezon M (20% on Chromo-
sorb W), and 1 part of Apiezon M, 0.1% on glass beads (60-80
mesh). The carrier was argon at 140-150 cc./min. Both
hydrolysates gave practically the same pattern. For the hydro-
lyzed compound VI, the proportion of 2,3,5,6-tetra-O-methyl-p-
glucose in the mixture was 20.1 and 79.9% for the 2,3,4,6-tetra-
O-methyl-p-glucose. For hydrolyzed compound VII, the per-
centages were 20.2 and 79.89, respectively. The retention
time for 2,3,5,6-tetra-O-methyl-p-glucose was 0.79, taking
2,3,4,6-tetra-0-methyl-p-glucose as reference compound. ‘

G. Separation of 2,3,4,6,-Tetra-O-methyl-p-glucose from
2,3,5,6-Tetra-O-methyl-p-glucose on Anion-Exchange Resin.!*—
The resin was Permutit Deacidite FF, which was washed with
1 N sodium hydroxide and then with water free from carbon
dioxide. The mixture of methylated sugars (120 mg.), obtained
by hydrolysis of VII, was dissolved in 3 ml. of water and applied
to the column (20 X 2 em.). The elution was carried out with
water and 16-ml. fractions were collected at a rate of 5 ml./hr.
Evaporation of fractions gave 2,3,4,6-tetra-0-methyl-p-glucose
(fractions 1-4, 50 mg.), [«]??p +81.3° (¢ 0.92, water, final value);
then a mixture of both methyl sugars was obtained (fraction 5, 15
mg.); and finally 2,3,5,6-tetra~-O-methyl-p-glucose was obtained
(fractions 6-10, 30 mg.), {«]*Dp —11° (¢ 1.05, water). Both
sugars gave on paper chromatography a single spot of R, 1.

When the resin was prepared and allowed to stand 2 weeks
under water free from carbon dioxide, the elution of the methyl
sugars could not be carried out with water, and the use of pure
methanol was necessary to elute the sugars from the column, but
no separation was achieved.
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On irradiation with ultraviolet light ethanethiolic acid adds trans and stereospecifically to the double bonds of

3g-acetoxy-5,16-pregnadien-20-one.

The initial attack of the acetylthio radical occurs from the most hindered

side (8 face) of the molecule. The structures of the adducts are proved by their n.m.r. spectra, rotatory dis-

persion curves, and chemical reduction produets.

Because of the ease? with which the A%-20-oxo sys-
tem of steroids adds nucleophilic reagents, a number of
small molecules have been added in attempts to en-
hance certain desirable physiological properties of ster-
oids. Acetone,? alcohols,?* amines,® diethyl malonate,®
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haloforms,” hydrogen cyanide,® nitromethane,® and
mercaptans!® have all been added in the presence of
base. Ethanethiolic acid,”® hydrogen chloride,®
mercaptans,®™ nitromethane,® and vinyl ethers!! have
been added under conditions of acid catalysis. Fur-
thermore, diazomethane,!? ethyl diazoacetate,'® meth-
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