[ConTRIBUTION FROM THE WiLLIAM H. NicHoLs LaBoraTORY, NEW YoRk UNIVERSITY]

THE SYNTHESIS OF OXAZOLINE DERIVATIVES OF MONOSAC-
CHARIDES AND THEIR RELATIONSHIP TO THE
AMINO SUGARS'

WERNER H. BROMUND? anp ROBERT M. HERBST?
Received February 24, 1946

Several years ago, Zemplén, Gerecs, and Rados (1) described a compound
formed by the interaction of p-glucose, potassium thiocyanate, and hydro-
chloric acid in concentrated aqueous solution which they considered to be p-
thiolglucoxazoline and to which they ascribed the structure I or Ia. The corre-
sponding u-hydroxyglucoxazoline (II) or (I1a) was obtained by oxidation of the
thio analog with hydrogen peroxide in aqueous solution. Similar derivatives
were prepared from p-fructose by Zemplén, Gerecs, and Illes (2). However, in
neither case was conclusive evidence given for the mode of attachment of the
heterocyclic nitrogen to the carbohydrate chain.

Assuming the structure assigned to the glucose derivatives to be correct, they
seemed to offer a simple method for the introduction of nitrogen into the 2-
position of the sugar molecule. With this in mind, we prepared analogous thio-
oxazoline derivatives from p-galactose (II1), p-xylose (IV) and r-arabinose (V)
by a method essentially similar to that of Zemplén and co-workers (1). Attempts
to prepare the corresponding hydroxy derivatives unfortunately led only to non-
crystallizable viscous syrups.

It was hoped that compounds of this type would provide a method of access
to the group of 2-amino sugars simpler than that of Fischer and Leuchs (3) and
the more recent procedures of Haworth and his collaborators involving the
addition of ammonia to the anhydro sugars. However, all attempts to bring
about hydrolytic rupture of the oxazoline ring of (I) and (II) led only to the
recovery of the glucoxazoline under mild conditions or extensive destruction of
the compounds under more drastic conditions. In one instance colorimetric
estimation of glucosamine by the method of Elson and Morgan (4, 5, 6) indicated
the presence of a trace of the amino sugar but attempts to isolate a solid deriva-
tive even by the procedure of Jolles and Morgan (7) were fruitless.

Our failure to isolate 2-aminoglucose by hydrolysis of the glucoxazoline deriva-
tives can bardly be attributed to instability of the former, since it withstands
rather drastic hydrolytic treatment during its preparation by hydrolysis of chitin.
Although Zemplén (1) had reported the formation of phenylglucosazone from the
glucoxazolines in amounts and under conditions comparable to its formation from
glucosamine, our results suggested the desirability of attempting the stepwise
synthesis of these compounds by a succession of unequivocal reactions. Several

1 Abstracted from a thesis presented by Werner H. Bromund to the faculty of New York
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methods of synthesizing u-oxazolones have been reported, as for instance the
elimination of methanol from N-carbomethoxyethanolamine (8), the elimination
of ammonia from g-hydroxyethylurea (11) and the treatment of N-phenyl-
ethanolamine with phosgene (12). None of these methods could be applied
successfully to suitable derivatives of either 1-amino- or 2-amino-glucose.

In the course of these attempts a number of new derivatives of both 1-amino-
and 2-amino-glucose were prepared. Thus N-carbomethoxyglucosamine-2
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(VII) was prepared by the deacetylation of its tetraacetyl derivative and by the
Forschbach method (9). The corresponding ethyl (9) and benzyl (10) esters have
been previously described although their preparation from tetraacetylglucos-
amine-2 was not previously reported. 1,3,4,6-Tetraacetyl-N-carbobenzoxy-
glucosamine-2 (VIII) occurs in three modifications, two of which appear to be
polymorphic modifications of the g-form while the third may be considered as
the o-form.
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A method for the preparation of a compound described as u-methyl-A’-glucox-
azoline (VI) by White (13), when applied to the N-glucosyl earbamates (VII),
led to products of similar intractable physical characteristics as those ascribed
to (VI) by White. These compounds were characterized by relatively low
specific rotations and low softening points. They gave intensely colored solu-
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tions when treated directly with Ehrlich’s reagent [compare White (13)], and
upon hydrolysis with dilute hydrochloric acid at room temperature were con-
verted in modest yield to the respective alkyl carbamates (VII). This behavior
suggested that the products might be ethers of u-hydroxyglucoxazoline and the
structure (X) is suggested for them, although it has not been possible to achieve
their conversion into compounds of the type (II) or the converse. The effect
of mild hydrolytic conditions has been cited; more drastic conditions resulted
in complete destruction of the structure. Even catalytic hydrogenation of the
benzy! ether (X) by the technique of Freudenberg, Diirr, and von Hochstetter
(14) gave results of dubious value. Only half the anticipated volume of hydrogen
was absorbed and no solid product could be isolated. Although the resulting
material still gave a color with Ehrlich’s reagent and could be converted into
glucosamine-2 with dilute hydrochloric acid at room temperature, the evidence
bardly suffices to establish the reductive cleavage of the benzyl ether.

The possibility remained that the glucoxazolines (I) and (II) might be derived
from 1-aminoglucose, whose structure has been established by numerous investi-
gators (15, 16, 17, 18). The carbomethoxy and carbethoxy derivatives of 1-
aminoglucose were obtained as amorphous, hygroscopic products, for which the
structure (XI) is suggested, by the interaction of the amino sugar with methyl
and ethyl chlorocarbonate. Attempts to prepare the corresponding benzyl
ester were unsuccessful. These substances failed to exhibit mutarotation, de-
veloped no color with Ehrlich’s reagent, and suffered extensive destruction when
ring closure was attempted by White’s (13) procedure. Attempts to close the
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ring by other methods (8, 12) were likewise unsuccessful.

Since Haring and Johnson (19) had shown that tetraacetylglucosy! 1-isothiocya-
nate would react with alechols to form glucosylthiourethans, it was thought that
the acetylated glucosyl isothiocyanate might undergo intramolecular urethan
formation upon deacetylation. When deacetylated with sodium methoxide ac-
cording to Zemplén (1, 20), tetraacetylglucosyl 1-isothiocyanate gave a colorless,
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hygroscopic amorphous product which did not develop a color with Ehrlich’s
reagent, showed properties generally similar to those of the carbamates (XI) and
for which the structure (XII) is suggested. Attempts to bring about ring closure
led to extensive decomposition of the material with the evolution of hydrogen
sulfide.

Deacetylation of tetraacetylglucosyl 1-isocyanate (21) with sodium methoxide
led only to a non-erystallizable, yellow, hygroscopic syrup.

EXPERIMENTAL

Monosaccharide derivatives of u-thioloxazoline (III) (IV) (V). The following procedure
for the preparation of u-thiol-p-galactoxazoline (II1) was also applied to the preparation of
u-thiol-p-xyloxazoline (IV) and u-thiol-L-arabinoxazoline (V), and is based on Zemplén’s
procedure for the preparation of u-thiol-p-glucoxazoline (1).

Potassium thiocyanate (117 g., 1.20 moles) was dissolved in a warm solution of 108 g.
(0.6 mole) of anhydrous p-galactose in 90 ml. of water to which, after cooling in an ice-bath,
108 ml. of 12 N hydrochloric acid (1.3 moles) was slowly added with continued cooling.
After the solution had stood at room temperature for three days, a precipitate of potassium
chloride and yellow amorphous material was filtered off. The clear filtrate was allowed to
stand at room temperature for six weeks and then chilled thoroughly for four days. After
a small amount of yellow amorphous solid was filtered off, the clear solution was evaporated
to a paste under reduced pressure at 40-45°, and then to dryness in a vacuum desiccator
over calcium chloride and sodium hydroxide. The thoroughly dried crystalline mass was
pulverized, extracted with 750 ml. of boiling 95% ethanol and the extract decolorized by
boiling with charcoal. The product which separated on chilling was recrystallized from
929, ethanol. All mother liquors were systematically exhausted. In the extraction and
recrystallization of the u-thioloxazoline derivatives of p-xyloset and L-arabinose, absolute
ethanol was found to be a more useful solvent. Yields, physical constants, and analytical
data for the galactose, xylose, and arabinose derivatives are given in Table I.

N-glucosyl alkylcarbamates (VII) (XI). A modification of the method devised by Forsch-
bach (9) was used for the preparation of N-carbomethoxyglucosamine-2 (VII), N-car-
bethoxyglucosamine-2 (VII), N-carbomethoxyglucosamine-1 (XI), and N-carbethoxy-
glucosamine-1 (XI). The method is described in detail for N-carbomethoxyglucosamine-2.

To a solution of 25.0 g. (0.116 mole) of 2-aminoglucose hydrochloride in 150 ml. of water,
42 ¢. (0.19 mole) of yellow lead oxide was added. The mixture was cooled to 10° and 13.2
g. (0.140 mole) of methyl chlorocarbonate was added in several portions with continuous
shaking and cooling. After one hour, 1.2 g. of methyl chlorocarbonate and 3.0 g. of lead
oxide were added, and the thick suspension again shaken until the sharp odor of methyl
chlorocarbonate had disappeared. After standing at room temperature for 24 hours, the
mixture was filtered, and the solid washed with a small amount of water. The combined
filtrate and washings were evaporated to one-third their total volume at 50° under reduced
pressure. Lead chloride was precipitated by the addition of an equal volume of 95%,
ethanol and chilling. After removal of most of the ethanol by evaporation under reduced
pressure, chloride ion was removed by treatment with silver sulfate, lead and silver were
precipitated as sulfides, and sulfate ion was removed with barium carbonate. The resulting
solution was concentrated by evaporation under reduced pressure and evaporated to dry-
ness in a vacuum desiceator over calcium chloride. The residue was recrystallized by dis-
solution in a relatively large volume of absolute methanol, followed by partial evaporation
of the solvent, and chilling of the concentrated solution.

N-carbomethoxyglucosamine-2 is a crystalline material, very soluble in water, slowly

4 The p-xylose used had the equilibrium specific rotation +18.6° at 25° in 1.99, aqueous
golution.
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soluble in hot methanol and ethanol, and relatively insoluble in these aleohols when cold.
It is insoluble in ether, acetone, benzene, chloroform, and ethy! acetate.

N-carbethoxyglucosamine-2 is very soluble in water, hot methanol, and hot ethanol.
It is relatively insoluble in the cold aleohols, and insoluble in ether, acetone, benzene,
chloroform, and ethyl acetate. When a hot, saturated aleohol solution of the substance
is cooled, a firm gel invariably forms. On standing at 4° for several months, small crystal
nuclei form to a limited extent in the gel.

Heating with normal hydrochloric acid at 97-98° for five hours eauses only slight hydroly-
gis of the methyl and ethyl carbamates while the benzyl ester is almost completely con-
verted to glucosamine-2 under these conditions.

N-carbomethoxy- and N-carbethoxy-glucosamine-1 were both prepared from 1-amino-
glucose by a similar method. Both are colorless, hygroscopic non-crystalline solids which
are very soluble in water, absolute methanol, and absolute ethanol. They are insoluble
in ether, acetone, chloroform, and ethyl acetate.

The yields, physical constants, and analytical data for the four compounds are given
in Table 1.

Tetraacetyl derivatives of alkyl N-carbozylates relaied to 2-aminoglucose (VIII). Methyl,
ethyl, and benzy! carboxy-1,3,4,6-tetraacetylglucosamine-2 were each prepared by two
methods: (a) by treatment of the proper alkyl carboxyglucosamine-2 with anhydrous
pyridine and acetic anhydride, and (b) by treatment of tetraacetylglucosamine-2 hydro-
chloride (22) with the proper alkyl chlorocarbonate. The procedures described for the
preparation of N-carbomethoxy-1,3,4,6-tetraacetylglucosamine-2 are typical.

(a) Acetylation of N-carbomethozyglucosamine-2. N-carbomethoxyglucosamine-2 (VII)
(1.6 g.) was suspended in a mixture of 14 ml. of anhydrous pyridine and 8.5 ml. of acetic
anhydride. The suspension was heated at 50° for eleven hours and then allowed to stand
at room temperature for three days. The resulting solution was evaporated to dryness
under reduced pressure at 50° and the crystalline residue washed with ice-water. The prod-
uct was dissolved in ethyl acetate, decolorized with carbon and the hot solution treated with
two volumes of (60-80° b.p.) anhydrous ligroin. The produect erystallized on slow cooling
and was recrystallized in the same manner.

(b) Treatment of tetraacetylglucosamine-2 hydrochloride with methyl chlorocarbonate. A
solution of 3.84 g. of tetraacetylglucosamine-2 hydrochloride in 35 ml. of water was treated
with 2.5 g. of sodium bicarbonate. After addition of 25 ml. of chloroform to dissolve the
liberated base, 1.15 g. of methyl chlorocarbonate was added and the mixture shaken vigor-
ously. The chloroform layer was separated, washed, dried over anhydrous sodium sulfate,
and evaporated to dryness under reduced pressure at 50°. The residue was recrystallized
as described in (a).

Acetylation of N-carbobenzyloxyglucosamine-2 by the method outlined in (a) led to the
separation of three modifications of the compound. On partial extraction of the crude
material with warm ether, modification A separated from the extract as a dense, granular
material, while modification B crystallized from the mother liquor as needles. Modifica-
tion C was obtained as needles from ether when the residual product was dissolved in this
solvent. Modification A and C have identical physical constants and apparently are
polymorphs. On treating tetraacetylglucosamine-2 with benzyl chlorocarbonate only
modification C was obtained.

The yields, physical constants, and analytical data for the compounds described above
are given in Table 1.

Derivatives of up-hydrozyglucozazoline (X). u-Methoxyglucoxazoline, p-ethoxyglu-
coxazoline, and p-benzyloxyglucoxazoline were prepared by a modification of a method
described by White (13). A solution of 7.0 g. of N-carbomethoxyglucosamine-2 (VII) in
1481 ml. of 0.02 N potassium hydroxide solution was heated to 75° for 35 minutes. The
solution developed a deep red color and smelled slightly of ammonia. After cooling rapidly
to 10° and adjusting to pH 7 with 0.1 N hydrochloric acid, the solution was warmed to 40°,
decolorized with carbon and evaporated under reduced pressure to a volume of 150 ml.
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The solution was again adjusted to pH 7 with 0.1 N hydrochloric acid, decolorized with
carbon at 40° and evaporated under the above conditions to a volume of 40 ml. After
again repeating the above treatment the solution was evaporated to a thick yellow sludge
under reduced pressure at 45°. The residue was thoroughly dried in a vacuum desiccator
over concentrated sulfuric acid and solid sodium hydroxide and then shaken with 40 ml. of
absolute methanol for 48 hours at room temperature. The supernatant liquid was decolor-
ized with carbon and evaporated under reduced pressure at 40° until a frothy solid residue
remained. The residue after drying in a vacuum desiccator over concentrated sulfuric
acid, was extracted with 35 ml. of ice-cold absolute methanol. The methanol solution was
filtered, evaporated to dryness, and dried again as described above. Another treatment
with 30 ml. of ice-cold methanol dissolved all but a very small amount of material. On
prolonged standing at 4° the supernatant solution deposited a considerable amount of brown
syrupy material. Evaporation of the supernatant liquid after decantation and treatment
with charcoal gave a frothy solid which dissolved very readily in 40 ml. of ice-cold absolute
methanol. Dropwise addition of 50 ml. of absolute acetone precipitated a flocculent solid.
Slow addition of 100 ml. of absolute ether to this mixture caused further precipitation.
Standing at 4° under the methanol-ether-acetone solution changed the precipitate to a
dense, light yellow powder. After decantation of the supernatant solution the solid was
washed with 50 ml. of absolute ether and dried in a vacuum desiceator over sulfuric acid.

The three glucoxazoline derivatives had the same general characteristics as reported by
White (13) for p-methylglucoxazoline (VI), including the formation of a red solution on
treatment with a strongly acid solution of p-dimethylaminobenzaldehyde in ethanol.

The yields, physical constants, and analytical data for the three compounds are given
in Table I.

Tetraacelylmonoglucosyl-2-urea (IX). A solution of 3.84 g. of tetraacetylglucosamine-2
hydrochloride (22) in 40 ml. of water was treated with 1.9 g. of silver cyanate. The sus-
pension was stirred at a temperature of 45-50° until the supernatant liquid gave a negative
test for chloride ion. After removal of the silver salts by filtration, the solution was
saturated with hydrogen sulfide to remove silver ion. The water-white filtrate was evap-
orated to dryness under reduced pressure at 45° and the crystalline residue dried in a
vacuum desiccator over sulfuric acid and sodium hydroxide. The product was recrystal-
lized from ethanol.

The yield, physical constants, and analytical data for this compound are given in
Table I.

Glucosyl 1-isothiocyanate (XII). A solution of 5.0 g. of tetraacetyl-p-glucosyl 1-isothio-
cyanate in 14 ml. of anhydrous chloroform was chilled in an ice-salt mixture and treated
carefully with an ice-cold solution of 1.3 g. of sodium in absolute methanol. After ten
minutes, ice-cold water was added, and the syrup that separated dissolved by stirring the
mixture. After neutralization with 1:1 acetic acid, the aqueous layer was separated,
washed with chloroform, and treated with charcoal. The aqueous solution was evaporated
to a sludge under reduced pressure at 40°, transferred to a erystallizing dish and evaporated
to dryness in a vacuum desiccator.

The dried, pulverized solid was extracted with three 20-ml. portions of absolute ethanol.
The sodium acetate which had dissolved in the ethanol was precipitated by the addition of
dry ether and the supernatant liquid was evaporated to dryness under reduced pressure
at 35°. Several repetitions of this treatment led to the formation of a material which was
rapidly and completely soluble in cold ethanol. The yield, physical constants, and ana-
lytical data for the white, hygroscopic, non-crystalline solid so obtained are given in
TableI.

SUMMARY

1. A number of derivatives of 2-aminoglucose and 1-aminoglucose have been
prepared in an attempt to synthesize oxazolone derivatives of glucose by applica-
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tion of a sequence of unequivocal reactions. It was hoped that the preparation
of these compounds would furnish a basis for the structure assigned to u-thiolglu-
coxazoline and p-hydroxyglucoxazoline by Zemplen and his collaborators.

2. It has been demonstrated by the preparation of analogous sulfur-containing
derivatives of p-galactose, p-xylose, and L-arabinose, that the reaction described
by Zemplén is applicable to monosaccharides other than glucose and fructose.

3. Several non-crystalline hygroscopic derivatives formed by ring closure from
the alkyl N-glucosyl-2 carbamates have been prepared and are believed to be
w-methoxy-, u-ethoxy-, and u-benzyloxy-glucoxazoline, since the characterigtics
of these compounds agree generally with those of the analogous methyl-A’-glucox-
azoline. The characteristics of these compounds differ widely from those of
Zemplén’s compounds.

4. Glucosyl isothiocyanate and several alkyl N-glucosyl-l carbamates have
been prepared as non-crystalline hygroscopic powders.

New Yorg, N. Y.
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