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CHAPTER 1

INTRODUCTION

The second most abundant aminosugar known in nature is
galactosamine. A review of the literature reveéled that only one
hundred and sixty-two galactosamine derivatives have been character-
ized compared to over twenty-five hundred glucosamine derivatives

(46) . The fundamental chemistry of galactosamihe derivatives has

not been widely investigated.

Secondly, the literature revealed that although galactosamine
seems to be widely distributed in nature, its physiological function
is not generally known. The quantities, sources, and chemical
moieties containing aminosugar residues in various organisms are

also in the process of being investigated.

The elucidation of the chemistry and structure of

galactosamine is historically related to its isolation from natural

sources in biological systems (29).

Its detection.as a possible new aminohexose was first report-
ed by Levene and La Forge in 1914 (30). Their work consisted, in
part, in isolating two carbohydrate derivatives from chondroitin
sulfate. One derivative was recognized as a D-glucuronic acid
and the other as a hexosamine. The hexosamine was obtained

directly as the crystalline hydrochloride by concentration of the



products of hydrolysis. The new substance was thought to be
identical with glucosamine hydrochloride, but on closer scrutiny
was found to be isomeric with glucosamine hydrochloride, an amino-
hexose which had previously been isolated from chitin. The work

of Levene and La Forge resulted in the characterization of the new
hexosamine as an entity separate and distinct from glucosamine.
Their work generated interest and a further search for possible

new aminohexoses. It also stimulated interest in characterizing
the structure of the new aminohexose which they called chondrosamine.
A structure for a chondrosamine derivative was developed by P.
Karrer and Julius Mayer (28). They determined the configuration

of aminogluconic acid and aminogalactonic acid in 1937. Finally,
James, Smith, Wiggins, and Stacey in 1946 published a constitutional
synthesis of chondrosamine and other similar derivatives by the
action of ammonia on 2:3-1:6-dianhydro-g-D-talose (24). They
succeeded in proving that a-chondrosamine from natural sources and
their synthetic product, the hydrochloride of 2-amino galactose,

had identical properties.

The biological importance of aminohexoses is indicated by
their widespread occurrence in numerous organisms and tissues. The
following literature review indicates some of the more important
ones. Fieser (12) reported that a complex polysaccharide known as

chondroitin sulfate occurs linked to proteins in skeletal tissues
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such as cartilage. Mild hydrolysis of this chondroitin sulfate with
oxalic acid splits off sulfuric and acetic acids and cleaves the
polysaccharide chain to a disaccharide, chondrosine. The nature of
chondrosine has been studied by Davidson and K. Meyer (9). On
hydrolysis chondrosine yields 2-amino-2-deoxy-D-galactose. The
formula for this polysaccharide, as shown in Chapter II, was
established in 1954 by K. Meyer. Another chondroitin sulfate isolated
from umbilical cord is sulfated at C-6 rather than C-4. Chondroitin
sulfate isolated from skin tissue is similar to that isolated from

cartilage except that L-iduronic acid has replaced D-glucuronic

acid.

The two aminohexoses, glucosamine and galactosamine, have
been isolated and their quantitative estimation made in certain
blood group substances. These studies were made in conjunction with
immunochemical studies on blood groups (26, 27). Investigations
of Heidelberger have shown that virulent pneumococci are encapsulated
in polysaccharides. It is also of interest to report that specifi-
cally active polysaccharides have been obtained from pathogenic
bacteria. The hapten of group A hemolytic streptococcus is composed
of N-acetyl-D-glucosamine and D-gluronic acid in equimolecular amounts
(12). It is not surprising to note that recent sources of biologi-
cally important galactosamine compounds have come from culturing

certain strains of bacteria. In 1958, Crumpton and Davies (7)



reported the isolation of a new aminosugar from a lipopolysaccharide

of Chromobacterium violaceum. The sugar was thought to be 2-amino-

2,6-dideoxy-D-galactose or 2-amino-2,6-dideoxy-D-talose. An infrared
spectrum and a molecular rotation proved it to be consistent with a
D-galacto configuration and it was assigned the first of the two
structures mentioned above. It is also known as D-fucosamine. The

work of Sharon and Zehavi (37) demonstrated that Bacillus licheniformis

also produced D-fucosamine. More recently, 2-amino-2,6-dideoxy-L-
galactose (L-fucosamine) has been isolated from capusular poly-

saccharide in type V Pneumococcus (2).

The role of sugar phosphates and nucleotidyl carbohydrate
derivatives in intermediary metabolism is well known. Recently
Davidson and Wheat (8) reported that considerable effort has been
directed towards obtaining and studying corresponding derivatives
in the galactosamine series. They have succeeded in isolating
uridine diphospho-N-acetyl galactosamine and N-acetyl-galactosamine-

a-1-phosphate by growing Saccharomyces fragilis on lactose as the

primary carbon source, which resulted in preliminary utilization

of the glucose moiety of the lactose followed by adaption of the
yeast to galactose. Galactokinase was used for the enzymatic
synthesis of galactosamine-o-1-phosphate. Galactosamine-a-1-
phosphate was then converted to the N-acetyl derivative and then was

condensed with uridine monophosphate to yield uridine diphospho



acetylgalactosamine. Attempts to synthesize galactosamine-a-1
phosphate by classical methods of carbohydrate chemistry have not
been successful. However, glucosamine-a-l-phosphates have been
synthesized by classical means (35). Thus it can be seen that the
chemistry of galactosamine derivatives in biological systems is
becoming increasingly more important. For a complete literature
review of the chemistry of galactosamine derivatives one should
consult the doctoral dissertation of Robert S. Strong, University

of the Pacific, 1965 (39).

Current investigations in aminosugar chemistry have shown
an interest in diaminosugar syntheses. The synthesis of the first
diaminosugar was accomplished by Weidmann and Zimmerman (42, 43).
They synthesized 2,6-dideoxy-2,6-diamino-D-glucose via the uronic
acid route. 2,6-dideoxy-2,6-diamino-D-glucose has been shown to be
identical to neosamine-C. Neosamine-C was obtained as a fragment
of neomycin-C (1, 10, 36). Rinehart et al have also published
a confirmation of the identity of neosamine-C and have shown that
the '"'diaminohexose II'' from zygomycin-A was also identical to
2,6-dideoxy-2,6~diamino-D-glucose. There was reason to be hopeful
that other discoveries of diaminosugars might be found in nétural
products. S. Hanessian and T. H. Haskell reported in 1963 that
paramose, a diaminohexose, found in the antibiotic paramomycin

and identical with neosamine-B from neomycin-B was 2,6-diamino-



6

2,6-dideoxy-L-idose (19). The configuration of paramose was known to
be '"D-glycero'" from a previous work of Haskell. Degradation of
hexoses, 2-amino-2-deoxy-hexoses and 3-amino-3-deoxyhexoses to the
lower pentose by reaction of the respective 1,1-bis (alkyl-sulfonyl)
derivatives with aqueous ammonia had previously been shown. 2-amino-
2-deoxy-D-glucose diethyl dithioacetal had been studied in detail.
Peroxypropionic acid oxidation of the dithioacetal derivative
afforded 2-amino-1,1-bis-(ethylsulfonyl)-2-deoxy-D-glucitol
peroxypropionate which was degraded to D-arabinose in aqueous ammonia.
Therefore, Hanessian and Haskell attempted the above method by using
alkaline degradation of N,N-diacetyl-1,1-bis-(alkyl-sulfonyl)-
paromitol derivatives and obtained 5-acetamido-5-deoxy L-xylofuranose
and 5-acetamido-5-deoxy L-xylopyranose thus establishing the con-
figuration at the remaining asymmetric carbon atoms in paramose.

The success of this reaction with 2,6-diamino-2,6-dideoxyhexose
derivatives constitutes an important extension of the degradation.
Their proof was further substantiated by the synthesis of 2,6-diamino-
2,6-dideoxy-L-idose by W. Meyer zu Reckendorf (34). It can be seen
that interest in the diamino-dideoxy-hexoses has been growing
rapidly. The three groups, led by Hanessian and Haskell of the
Research Division of Parke Davis Company, W. Meyer zu Reckendorf of
the Chemistry Department of Stanford University, and the Aminosugar

Research Laboratory at the University of the Pacific are actively



engaged in research involving diaminchexoses. The last mentioned
laboratory has recently completed the synthesis of four new 2,6-
diamino-2,6-dideoxy-D-hexoses. They are:

2,6-diamino-2,6-dideoxy-D-allose aan
2,6-diamino-2,6-dideoxy-D-gulose \ (15)
2,6-diamino-2,6-dideoxy-D-mannose (18)

2,6-diamino-2,6-dideoxy-D-galactose (38)

The synthesis of the last of these is the subject of this disserta-
tion. This compound was prepared from a 2,6-diamino-2,6-dideoxy-
D-glucose derivative by Meyer zu Reckendorf while the present work
was in progress (33). He has also described recently (32) an
independent synthesis of 2,6-diamino-2,6-dideoxy-D-mannose. The
recent work of Hanessian and Haskell has concerned itself with
syntheses of 3,6-diamino-3,6-dideoxy-D-hexoses (20), an area in
which research groups led by Weidmann (40) and Wolfrom et al (45)

respectively have also been active.

It became apparent from a review of the foregoing literature
and present research in the field of aminosugar chemistry that
research with galactosamine had not been widely investigated and
needed further study. However, such an investigation was faced

immediately with two acute problems: (1) the necessary starting
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materials containing galactosamine were difficult to come by and were
expensive and tedious to process, and (2) the chemistry involving
galactosamine would be somewhat more demanding technically than the
chemistry of glucosamine because crystallization is less facile with
the former series. ATherefore, the research would be limited to
working with small amounts of the sugar and with some substances

which might prove difficult to crystallize.

The objectives of this research problem were divided into
several parts. The first objective was to develop a practical method
of preparing 2,6-diamino-2,6-dideoxy-galactose. A second objective
was to investigate the derivatives of benzyl-N-carbobenzoxy-a-D-
galactosaminide. Finally, the third objective was to lay the ground
work for another possible route for the synthesis of 2,6-diamino-

2,6-dideoxy-galactose other than the uronic acid route.

The new synthetic compounds were characterized by means of

melting points, specific rotations, infrared spectra, and elemental

analyses.



CHAPTER II

PREPARATION OF ALPHA BENZYL N-CARBOBENZOXY-D-
GALACTOSAMINIDURONIC ACID

Preparation of D-Galactosamine Hydrochloride

The starting material used for the synthesis of the a-benzyl
N-carbobenzoxy-D-galactosaminiduronic acid was chondroitin sulfate.
In order to provide a measure of precaution and safety in handling
the costly starting material, two batches of 125 grams each were
processed. Chondroitin sulfate has the following suggested structure

according to Fieser (12) and Davidson and Meyer (9).

H  NHCOCH,

Chondroitin Sulfate

Hydrolysis of this natural product by cencentrated hydro-
chloric acid gave the desired starting material, D-galactosamine
hydrochloride. The experimental procedure began using the basic
process described by Wheat and Davidson (44) as follows:

One hundred twenty-five grams of chondroitin sulfate were dissoived

in 500 ml. of distilled water and stirred until clear. A 2 N
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solution of hydrochloric acid was mixed with 100 grams of Dowex
50-W-X2 resin (200 - 400 mesh). The resin and acid mixture were
placed on a shaking machine for one hour. The resin was filtered
and washed with water until the pH was 5 - 6. One hundred grams of
the Dowex 50-W-X2 resin were added to the chondroitin sulfate solu-
tion and stirred for one hour. The solution was treated with a
saturated barium hydroxide solution until the pH was adjusted to 6.
The measured volume of the solution was approximately 2000 ml. Con-
centrated hydrochloric acid was added until the solution was
approximately 4 N, and fhen it was refluxed for 12 hours in a hood.
Approximately 100 grams og Norit-A charcoal were added and the
solution filtered until clear. The solution was placed in a two-
liter flask and evaporated with a rotary evaporator using ice to
cool the receiver. The mixture was then transferred to a vacuum
distillation apparatus, using an aspirator and heating mantle, and
was evaporated overnight to reduce the volume of hydrochloric acid
still further. Evaporation was continued almost to dryness. The
residue was re-evaporated with a mixture of two parts of ethanol
and one part of benzene, to obtain a yellow slurry, and this was
followed by addition of 700 ml. of absolute ethanol and 300 ml. of
acetone. The mixture was stored in the refrigerator overnight to
allow sediments to settle out. The solution was filtered and the

paste discarded. Charcoal was again added and removed by filtration.
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An ion exchange column was filled with Dowex 50H resin suspended in

2 N hydrochloric acid. Finally the column was washed with distilled

water until the pH was 6.

The filtrate containing the hydrolyzed starting material was
divided in half, and was added to the column using a siphon system.
Each batch contained 750 ml. of solution. The column was washed with
2000 ml. of distilled water and then treated with 650 ml. of 0.3 N
hydrochloric acid. The effluent was collected in fractions which
were evaporated to dryness and weighed. To make certain that the
galactosamine hydrochloride was all recovered, an additional 200 ml.
of 0.3 N hydrochloric acid was poured through the column and treated
as above. The combined galactosamine hydrochloride product fractions
were washed with 100 ml., of acetone and 100 ml. of absolute ethanol.
The filtered and dried product was a pure white crystalline amino-
sugar which weighed 25.8 grams. The second batch of 125 grams of
chondroitin sulfate was treated in the same manner, and gave 40.0
grams of D-galactosamine hydrochloride. The specific rotation of the
starting material showed (a)]235= 89° + 2 (C = 1.02% in water). An
equilibrium value of (a)]238= 96° has been reported in the literature

(31).

Preparation of Benzyl N-Carbobenzoxy-o-D-Galactosaminide

1. Modified Method of Heyns and Beck:

The original method developed for the uronic acid synthesis
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of 2,6-diamino-2,6-dideoxy-D-glucose was that of Weidmann and
Zimmerman (43). Their initial progress was dependent on an improved-
version of a procedure for preparing benzyl N-carbobenzoxy-a-D-
glucosaminiduronic acid which was first described by Heyns and Beck
(21). Many repeated conversions of N-carbobenzoxy-D-galactosamine
to benzyl N-carbobenzoxy-a-D-galactosaminide have led to a modifica-

tion of the Heyns and Beck method. This modification may be des-

cribed as follows:

The initial step in the process is the preparation of N-carbo-
benzoxy-D-galactosamine from galactosamine hydrochloride, thus block-
ing the amino group at C-2. In this step, the reaction was carried
out in the presence of potassium bicarbonate instead of the sodium
bicarbonate used by Heyns and Beck (21). Further, the carbobenzoxy
chloride reagent was slowly added in portions (over two hours instead
of one hour) while the reaction vessel was kept at 0°C (instead of
at room temperature). Yields were increased by at least ten percent
in comparison with those reported by Heyns and Beck (21), and the
mother liquors saved during the process could be hydrolyzed with
dilute hydrochloric acid and reclaimed by dissolving in a minimum
amount of distilled water, followed by precipitation through addition
of acetone to the point of incipient turbidity. In addition to
conserving starting materials, these methods are important because

of the relatively high cost of galactosamine hydrochloride and the

-
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amount of labor required to obtain it through hydrolysis of chondroitin
sulfate and subsequent treatment in ion exchange colums. By these
combined procedures, it was possible to obtain N-carbobenzoxy-D-

galactosamine with overall losses of only twenty percent.

The second step in the preparation of the uronic acid was the
benzylation of the foregoing product to give benzyl N-carbobenzoxy-
a-D-galactosaminide. This procedure was carried out on batches
with 7.5 grams of material, as described by Heyns and Beck insofar as
the benzylation itself was concerned. However, in analogy to the
. results found in earlier work with the analogous glucosaminides (16),
it was noted that the glycosidic product, obtained through precipita-
tion by addition of di-isopropyl ether to the neutralized glycosida-
tion mixture contained a small amount of the beta glycoside in
addition to the predominant alpha-anomer. These anomers were
. effectively separated by means of a heretofore unpublished technique
devised by P. H. Gross (14). The separation of the two anomers made

use of small differences in their solubilities in water and in

acetonitrile.

Inasmuch as the procedure becomes quite involved as a result
of many interlocking manipulations, the accompanying flow chart is
given to provide an outline. The dried product from 28 grams of
benzyl-N-carbobenzoxy-D-galactosamine is digested twice in 250 ml.

portions of boiling water. The undissolved residue after this
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treatment (R-1) was recrystallized from acetonitrile twice to give
R-3, the pure benzyl-N-carbobenzoxy-a-D-galactosaminide. The mother
liquors from these crystallizations were combined, reduced in volume
under vacuum to one-fifth their original volume and allowed to stand,
whereupon a second crop of crystals of the pure a-anomer, melting at
202-7°, (a);5= 170° (C = 1.35% pyridine) and 3 grams of impure
product melting at 197-200° were obtained. The filtrates from the
foregoing steps were combined and evaporated to give a residue which

was designated R-6.

Meanwhile, the filtrate (F-1) from the original aqueous
digestion produced a quantity of crystals (R-7) on standing. The
filtrate from this residue was evaporated to dryness and then digested
in a 1:1 mixture of water and methanol to give a residue (R-8) and
a filtrate (F-3). The latter was placed under vacuum overnight until
most of the methanol contained in the solvent had been removed,

thereby producing a further crop of crystals, R-9. The filtrate from

these was discarded.

Four residues, R-6, R-7, R-8 and R-9, which were now
enriched in beta-anomer, were now combined and again digested in a
proportionately reduced volume of boiling water. Again a residue,
R-1' remained. It was removed, recrystallized from acetonitrile,

and the crystals were retained for cycling into another preparation.
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The filtrate was reduced in volume, and the resulting crystals held
for recycling. The reduced solution in the filtrate, F-7', was com-
bined with the filtrate from the water digestion, and, after evapora-
tion to dryness, the residue was digested with 1:1 aqueous methanol.
The undissolved residué (R-8') was discarded, and the filtrate (F-3')
was aspirated to remove most of the methanol, whereupon crystalliza-
tion of the benzyl N-carbobenzoxy-g-D-glactosaminide occurred to the
extent of about 1 gram. The product melted at 182° and had (a);5= 85°
(C = 1% pyridine).

In general, the beta-anomer appeared to be generally more
soluble in all solvents than did the alpha-anomer. Evaporation of
the original solution yielded a considerable quantity of crystalline
material which as yet has not been identified. It was believed that

this substance may contain a relatively large proportion of the

beta-anomer.

The starting material employed in the uronic acid synthesis
of 2,6-diamino-2,6-dideoxy-D-galactose dihydrochloride was prepared

by means of the foregoing separation procedure.

2. Method of Brendel:

An alternative method for preparing anomerically pure benzyl
N-carbobenzoxy-a-D-galactosaminide from the corresponding a-D-

glucosaminide was subsequently devised by K. Brendel et al (6). This
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~ procedure arose out of work directed toward the synthesis of D-
gulosamine derivatives in this laboratory (15). The galactosaminide
mentioned above was observed as a minor byproduct of the procedure
leading to benzyl a-D-gulopyranosido-(2,3:4',5')-oxazolidone-2'. A
systematic investigation of the experimental conditions involwved in
this reaction led to a yield of 53 percent of the galactopyranoside
by conducting the reaction in two stages. The first stage consisted
of heating the substrate, benzyl-3-0-acetyl-N-carbobenzoxy-4,6-di-0-
mesyl-a-D-glucosaminide, in a 4:10:1 mixture by weight of potassium
acetate, glacial acetic acid, and acetic anhydride at 105° for 10
hours. The product resulting from this treatment was not isolated.
The second stage consisted of heating the substrate at 135° for a
further 25 hours after adding another seven parts of potassium acetate.
Application of alkaline deacetylation conditions to the product of

this reaction led to isolation of the benzyl-N-carbobenzoxy-a-D-

galactosaminide.

It should also be noted that, under the harsh conditions used
in this procedure, a part of the N-carbobenzoxy group was also
cleaved from the sugar molecule, followed by acetylation of the
resulting free amino group on tﬁe sugar. Thus, acidic hydrolysis
of the mother liquors from the galactosaminide preparation led to a
recovery of about 13 percent of‘D-galactosamine hydrochloride. This

percentage yield was almost as high as the best recoveries of the
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hydrochloride via the chondroitin sulfate route and was obtained in

addition to the more useful galactosaminide.

The benzyl N-carbobenzoxy-a-D-galactosaminide used in the

preparations described in Chapter IV was obtained by this procedure.

Preparation of Benzyl N-Carbobenzoxy-u-D-Galactosaminiduronic Acid

The preparation of benzyl N-carbobenzoxy-«-D-galactosaminid-
uronic acid was essential to the synthesis of 2,6-diaminn-2,6-
dideoxy-D-galactose. The initial steps, and efforts to achieve this
starting material by the method of Heyns and Beck involved preparation
of the D-galactosamine hydrochloride from chondroitin sulfate
hydrolyzate, blocking the C-2 position with the carbobenzoxy group,
and then benzylation at C-1. The benzyl N-carbobenzoxy-a-D-galactos-
aminide formed was then oxidized to give the desired uronic acid.

The galactosaminiduronic acid was synthesized bpth from the o-anomer
separated by Gross' method as detailed above, and from a-anomer
obtained via the interconversion of benzyl-3-0-acetyl-N-carbobenzoxy-
4,6-di-0-mesyl-a-D-glucosaminide to benzyl N-carbobenzoxy-a-D-
galactosaminide following the procedure of Brendel et al (6). Both
methods gave identical products. Once the benzyl N-carbobenzoxy-a-
D-galactosaminide was obtained, it could be used either to form the
uronic acid or else as a starting material for a second route to the

formation of 2,6-diamino-2,6-dideoxy-D-galactose. This latter
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approach is discussed in Chapter IV.

The preparation of the benzyl N-carbobenzoxy-a-D-galactosaminid-
uronic acid was accomplished by the catalytic oxidation of the primary
hydroxyl group at C-6 in the presence of platinum. The catalyst was
prepared as follows: 2.0 grams of Pt:O2 were suspended in acetic acid
and hydrogenated at room temperature until hydrogen uptake stops.

The catalyst was then collected by filtration, washed with distilled

water, and air-dried.

The uronic écid was prepared by suspending 2.6 grams of benzyl
N-carbobenzoxy-a-D-galactosaminide (m.p. 201°C) in 350 ml. of water
at 60°C in a water bath; 1.3 grams of the prehydrogenated catalyst
were added to the mixture, followed by 12 ml. of nine percent sodium
bicarbonate solution, which maintains a slightly alkaline pH (at
7.2) for the reaction. Over a period of 10 hours at exactly 60°C,
oxygen was bubbled through the suspension while the latter is stirred
at a (stirrer) speed of at least 3600 revolutions per mintte by a
high speed stirrer. After the reaction had proceeded for seven
hours, a further 6 ml. of nine percent sodium bicarbonate solution
were added. At the end of ten hours, a light yellow solution was
obtained, which was filtered under suction. The filtrate was
evaporated to about 200 ml. on the rotary evaporator. The uronic
acid (present as the sodium salt) was precipitated by the addition

of 6 ml. of concentrated hydrochloric acid while shaking vigorously
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on the shaking machine. After two hours' storage in the refrigerator,
the precipitated uronic acid was filtered under suction and washed
with distilled water. It was then recry§tallized from 80 ml. of
methanol by addition of distilled water until turbidity begins; after
that the mixture was again refrigerated, then filtered, washed and
dried to give 2.05 grams (76%) of product melting at 231-5°C.

After repeated cwstall?zations, a product with a melting point of

20
234-5°C and (a)D = 140,2° (C = 2.05% pyridine) was obtained.
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CHAPTER III

SYNTHESIS OF 2,6-DIAMINO-2,6-DIDEOXY-D-GALACTOSE
BY THE URNOIC ACID ROUTE

The procedure employed in this synthesis parallels that used
in the analogous uronic acid preparation of 2,6-diamino-2,6-dideoxy-
D-glucose perfected by Weidmzmn and Zimmerman (42). That work was
repeated by the writer as a necessary familiarization procedure before
working with the galactose series. During this preiiminary work, it
was possible to improve the yields (5). In the uronic acid synthesis,
the uronic acid was converted successively into its methyl ester and
then the uronamide, after which the C-3 and C-4 positions were blocked
by acetyl groups. The amide was dehydrated to 1;he nitrile, using the
triphenyl phosphine dibromide method of Horner et al (23). At this
point in the synthesis of the diaminosugar, a serious technical
difficulty was encountered. The resulting nitrile derivative turned
out to be a surprisingly low-melting material. After separation from
the byproduct triphenyl phosphine oxide, it was recovered as a gum
which could be crystallized only by the process of solution sublima-
tion (16). Weidmann (41) reports that the foregoing purification
difficulties can be largely avoided by carrying out the dehydration
of the amide to the nitrile by treatment with benzenesulfonyl
chloride in pyridine (22).
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Benzy1-N-Carbobenzoxy-a-Galactosaminiduronic Acid (IV):*

This compound was prepared from III by catalytic oxidation in the

presence of PtO2 according to the procedure given by Heyns and
Beck (21).

Benzyl-N-Carbobenzoxy-oa-Galactosaminiduronic Methyl Ester (V):

Five grams of IV were dissolved in 50 ml. of absolute methanol, and
an excess of diazomethane in 100 ml. of ether was added at 0°C. The
mixture was allowed to stand at 0°C for 24 hours. The solvent was
evaporated in vacuo, and the residue was recrystallized from methanol
to give 5 gm. (97%) yield of product melting at 178-9°C. (G)ga's =
140° (C = 1% pyridine).

C22 25 (431 4) C H N
Calcd. 61.24 5.84 3.25
Found 61.16 5.72 3.94

Benzyl-3,4-di-0-Acetyl-N-Carbobenzoxy-a-D-Galactosaminiduronic
Methyl Ester (VI):

This compound was obtained from the acetylation of 100 mg. of V in

acetic anhydride and pyridine. Recrystallization from methanol/water
23-6

gave 89 mg. (74%) of product melting at 108°C. (a)D = 112° (C =

1% pyridine). |

*See Figures 3 and 4 for the structures of compounds designated by
Roman numerals.
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CoeHagOy o (515.5) C H N
Caled. -~ 60.57 5.67 2.72
Foind 59.94 5.62 3.05

Benzyl N-Carbobenzoxy-a-D-Galactosaminiduronamide (VII):

Four grams of V were dissolved at 0°C in 50 ml. of methanolic ammonia
(previously saturated with ammonia at 0°C), and allowed to stand 14
hours at room temperature in a pressure bottle. The vessel was
allowed to stand a further 10 hours at 0°C. The mixture was filtered
and evaporated to give 3 gm. (70%) of product melting at 241°C.
(a);3’6= 123° (C = 1% pyridine).

C21H22N207 (416.4) C H N
Calcd. 60.57 5.81 6.73
Found 60.20 5.70 7.48

Benzyl-3,4-di-0-Acetyl-N-Carbobenzoxy-a-D-Galactosaminiduronamide
I11):

A 4.2 gram sample of VII was dissolved in 50 ml. of pyridine and

the solution was treated with 4 ml. of acetic anhydride for 15 hours
at room temperature. The mixture was then poured over ice, filtered,
and the residue dried in vacuo over concentrated sulfuric acid.

The solid was crystallized from methanol to give 4.7 gm. (95%) of
product melting at 224°C. (m);a-6 = 118° (C = 1% pyridine).
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C25H28N209 (500.5) C H N
Calcd. 59.99 5.64 5.60
Found 60.10 5.55 5.91

Benzyl-3,4-di-0-Acetyl-N-Carbobenzoxy-o-D-Galactosaminidurononitrile
(IX):

A 6.55 gram sample of triphenyl phospine was dissolved in 80 ml. of
benzene ﬁnder a nitrogen atmosphere. Four grams of bromine in 15

ml. of carbon tetrachloride were dropped into this solution with
stirring, followed by 6.9 grams of triethylamine and 4.86 grams of
finely powdered VIII. The mixture was heated under reflux for 30
minutes, filtered, and the filtrate evaporated in vacuo. The

residue was partitioned three times between 1:1 ethylene glycol/ether.
A gum was isolated by evaporating the ether phase. This gum was
crystallized by solution sublimination in heptane to give 2.7 gnm.

23-6
(58%) of product melting at 52-4°C. (a)D = 127.5° (C = 1%

pyridine).

C25H26N208 (482.5) C H N
Calcd. 62.23 5.43 5.81
Found 62,75 5.43 5.79

2,6-Diamino-2,6-Dideoxy-D-Galactose Dihydrochloride (X):

A 2.1 gram sample of IX (gum) was hydrogenated for 5 hours under
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3 atomospheres. The catalyst was filtered out, and the filtrate
evaporated in vacuo. The fesidue was taken up in 40 ml. of methanol.
A 0.4 gram palladium black catalyst was added, together with 0.7 ml.
of concentrated HC1, and the mixture was hydrogenated 2 hours under
2 atomospheres. After filtration and evaporation of the filtrate in
vacuo, the residue was acetylated with 10 ml. of acetic anhydride,

4 ml. of triethylamine, and 6 ml. of pyridine for 12 hours. This
mixture wag poured into ice water, extracted with chloroform, and the
extract washed successively with ice-cold 0.5 N HC1 and sodium
bicarbonate solution respectively. It was then evaporated and the
residue heated in 2 N HC1, first for 1 hour at 60°, then for 3 hours
under reflux. After evaporation in vacuo, the residue was taken up
in water, clarified with charcoal, and again evaporated. Addition
of methanol/isopropanol to the residue resulted ih crystallization
of a product having (m)f)a'6 102° (5 min.) + 95° (24 hrs.) (C = 2%
water). The infrared spectrum showed typical hydroxyl and
amine hydrochloride bands and was almost completely identical with
the spectra of the dihydrochlorides of 2,6-diamino-2,6-dideoxy-D-
glucose and D-gulose. Typical band shifts were observed in the

pyranose-characteristic region of 730-960 cm.'1 (3, 4, 11).
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