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INTRODUGTION

Only two naturally occurring amino hexoses have so far
been isolated, glucosamine (2-amino-2-deoxy-glucose) and
galactosamine (2-amino-2-deoxy-galactose). As the systematic
name implies these substances are sugars in which a hydroxyl
group is replaced by an amino group. Glucosamine and

galactosamine are widely distributed in nature, as structural

CH,OH CH,OH OH
o o X o 0
i HoH 5 H,0H H,OH
KO
. NHp NH, NH,  OH
D=Glucosamine D-Galactosamine 3-Amino-3-deoxy-~-D-ribose
(1)

components of the mucopolysaccharides . These include such
biologically important compounds as heparin, hyaluronic acid,
tissue polysaccharides, and bacterial polysaccharides., Chitin,
a polymer of N-acetyl-glucosamine, is present as the organic
skeletal substance of insects, erustacea, and fungi. These
amino sugars normally possess the D-configuration but the
antibiotic streptomyein has been shown to contain N-methyl-L-
glucosamine(z). Recently an amino pentose (3-anino-3-deoxy-D-
ribose) has been identified as a component of puromycin(3),
D-Glucogsamine was first isolated by the hydrolysis of the
chitin in lobster shells(4) and was shown to have a close

structural relationship to D-glucose by its conversion to



D-glucosazone on treatment with_phenylhydrazine.(s) The
isolation of D-galactosemine was first reported from
cartilage and tendon mucoProteinsts) and this amino hexose

(7)

was shown by similar reasoning to be related to D-galactose,

From 1912 to 1939, many efforts were made to establish
the configuration of these two sugars, Much indirect
evidence was obtained in the course of this work but no
unequivocal proof of configuration was achieved until 1939
when Haworth, Lake and Peat(a) obtained definite evidence by
synthetic methods., These authors treated methyl 4:6-
dimethyl-2: 3-anhydro-p-D-mannoside (I) with methanolie
anmonia and obtained methyl 4:6-dimethyl-2-amino-2-deoxy-p-
D-glucopyranoside isolated as its N-acetyl derivative (II).
Methylation of this gave methyl 2-acetamido-2-deoxy-3,4,6-
trimethyl-p-D-glucopyranoside (III), identical with
the product prepared by methylation of the methyl N-acetyl-

CllaOM?.Q oMe CH:OMQ oMe GH‘OMGO Ao
o — OH S oMe.
o A NH.A¢ e At-Ac
(1) (11) (III1)
f-D-glucosaminide obtained from naturally occurring
glucosamine, In 1945(9) D-chondrosamine was synthesised

by the action of ammonia on 1:6-2:3-dianhydro-p~D-
talose (IV). 1l:6-Anhydro-2-amino-2-deoxy-D-galactose (V)
wes obtained and this on hydrolysis with hydrochloric acid gave



2=-amino=-2-~deoxy-D=-galactose hydrochloride (VI) identical with

naturally occurring D-galactosamine hydrochloride.
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Foster and Staoey(lo) have reviewed the chemistry of
2-amino sugars, the properties of which are similar in many
respects to those of simple sugars. The active amino group,
when unsubstituted and in its positively charged ioniec form,
exerts, however, a profound influence on the cl atom, with
the result that a normally simple operation such as glycoside
formation is very difficult by the ordinsry methods. The
inhibition of this acid catalysed reaction is precumed to be
due to the repulsion of hydrogen ions by the positive charge
on the neighbouring amino group(ll). This effect is evident
also in the hydrolysis of the methyl glucosaminides. The
hydrolysis constants for these reactions are some 100-200 times

11
less than those of the methyl glucosides( ).

Nevertheless,
when the amino group is blocked by a suitable substituent,
glycoside formation can be more readily carried out. For
instance, N-carbobenzyloxy-glucosamine readily gives the

corresponding methyl glucosaminides on treatment with methanolie



(12)

hydrogen chloride However, the acetyl group appears to

be exceptional in this respeet for the methyl N-acetyl-
glucosaminides can only be prepared witgﬁgifiiculty from
N-acetylglucosamine by treatment with methanolie toluene-p-
sulphonie acid(l3). Instead it is necessary to treat a
methanoliec solution of this compound with an ethereal solution
of diazomethane at low temperature to form the methyl glucosami-

nide(zl).

The other hydroxyl groups in the molecule do not
appear to be influenced by the amino residue.

In recent years amino sugars have been synthesised by
several methods. Treatment with ammonia of a toluene-p-
sulphonyl sugar derivative in which all the remsining hydroxyl
groups are protected by alkali-stable residues(14'22) leads to
the direct replacement of the toluene-p-sulphonyl=oxy group by

the amino residue, but the yields are invariably poor.

CHOR CHOR

I
Hclsoma HONH,
ROCH 0 KH KOCH 0
| — 3 5
HCOR HCOR (R, an alkali-stgble
residue)
H W
CH203 CH20R

Another method is based on the glycosylamines (VIII) obtained

by the action of ammonia on sugers (VII). The carbon chain is
then lengthened by addition of hydrogen cyanide and two epimeriec
nitriles (IX) and (X) are produced, and these on hydrolysis and



reduction give the corresponding amino sugars (XI) and (XII).cls)
?N ?HO
H?NHZ H?NHE
HOCH HOCH
—_—
HOOH H?OH
CHO ?H=NH H?OH HCOH
HOCH HO?H CHQOH CHoOH
HLOH HCOH (IX) (xX1)
| NHy | +HCN
HCOH ———> HCOH
| I CN ?HO
CHZOH CH20H H2NCH HZNCH
(vii) (viii) HOCH HOCH
— |
H?OH H?OH
HCOH H?OH
CH20H Gﬁgoﬁ
(X) (XI1)

A novel synthesis of 2-amino-xylose (XIII) has been reported by
degradation, with sodium metaperiodate, of ethyl 2-acetamido-

2-deoxy=a-D=glucothiofuranoside (XIV) followed by reduction

and hydrolysis.(la)

CH,OH

CHZOH 8 HOCH &

OH
SEl

NH, MH.Ac

(XI1I) (X1IV)



The usual method zdopted for the synthesis of amino sugars
involves the seission by ammonia of carbohydrate ethylene
oxide ring compounds, |

Anhydro sugars of various types have been studied for
many years and a comprehensive review of the work carried out
up to 1944 has been wrilten by Peat.(17) It was not until
1928 that the first true example of the ethylene oxide type
of anhydro sugar was synthesised. Since then many of these
derivatives have been prepared, usually by the saponification
of a sulphonic acid ester of a sugar. This reaction is
recognised as following a fundamentally different course from

(17) congiders

the saponification of a carboxylic ester. Peat
that the hydrolysis of a sulphonic acid ester involves a break
between the carbon atom of the chain and its attached oxygen
atom with the formation of a carbonium cation.

z\/‘cﬁ-o-sozn ———>:>5H +  0-S02R
Thie hydrolysis will occur readily only if there is a suitably
situated nucleophylie group in the molecule. A hydroxyl group
on an adjacent carbon atom, if trans situated with respect to
the sulphonyloxy residue, satisfies this condition. The
oxygen atom of the hydroxyl group displaces the sulphohyloxy
group with the formation of =n ethylene oxide ring. This
involves a Walden inversion at the carbon atom previously

occupied by the sulphonyloxy group.
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This necessity for trans relationship between the hydroxyl and
sulphonyloxy groups is illustrated by comparison of the action
of sodium methoxide on methyl 4-mesyl-p-D-galactopyranoside

(Xv) and methyl 4-mesyl-p-D-glucopyranoside (XVI).(lB) The
glucoside is rapidly transformed into methyl 3:4-anhydro-f-D-
galactopyranoside (XVII), but sodium methoxide is without effect

on the galactoside.

CH,OM CH,0H CH,0H
Ms0 0. OMe oMe 0. OMe
on oM > K ? A
Mso
OH [o]}) OH
XV XVI VI

The mode of scission of these oxide rings in sugars has in
recent years aroused considerable interest. The resction is
intermolecular and the attacking ion becomes part of the final
product, It is considered that either carbon atom involved in
the oxide ring cen develop cation activity, and that the
attacking ion then approaches the active centre on the side
opposite from that originally oceupied by the oxide ring, union
occurs end this results in a change of configuration on the

carbon atom which acqguires the attacking ion. In many of the



derivatives studied, both centres appear to become active and
a mizture of two different sugars is produced on scission of

the ring, both of which are configurationally different from

the ring compound itself,

Reagents commonly used to study this seciscsion include
hydrochloric acid (giving C-chloro-derivatives), sodium
hydroxide solution (giving free sugars), methanolic sodium
methoxide (giving mono-O-methyl sugars), lithium aluminium
hydride (giving deoxy sugars), and ammonia. The action of
dry methenolie ammonia is regardec{mas an exchange of the NH,

anion derived from ammonis as follows:

+
NH3 — HH; + H

and the products are amino sugers.

These reagctions have been studied by many investigators,
generally as part of a study of the mode of scission of
ethylene oxide rings, and several emino hexoses have been
prepared from these ring compounds. lMore recently the method
has been used for the preparation of amino pentoses, The
antibiotie puromyecin was shown(3) to contain 3J-amino=3-deoxy«D-
ribose (XVIII) and Baker and his collaborators(3’19) have
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synthesised the methyl furanosides and pyrénosidea of this
sugar., Derivatives of 3-amino-3-deoxy-D-arabinose (XIX) and
J~amino-3-deoxy-D-xylose (XX) were also prepared in the course

of this work.

CH,OH CH,OH CH,0H o
H,0M
HOH Ho S HOH . NH,
NH,  OH NH, OR
(XVIII) (XIX) (XX)

The separstion of the two amino sugars produced on
anmonolysis of the oxide ring has invariasbly proved difficult.
Fractional crystallisation has proved successful in some
experiments, and it has generally been found that one amino
sugar is formed in greater quantity than the other. Although
several hypotheses have been advanced, based on the conformation
takeﬁiby the pyrenose sugar ring, to account for this preferentisal

(20) it is not yet possible

cleavage of the ethylene oxide ring,

to predict, on scission of a particular ring compound, which

of the two possible products will be formed in the larger amount.
The characterisation of the resulting amino sugars, unless

they are derivatives of either glucosamine or galactosamine,

has proved exceedingly diffiicult since very few guthentic

reference compounds of amino sugars have been prepared. When

it has proved impossible to obtain zauthentic specimens of the

possible products, then identification has been by analogy
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with the products of scission of the ethylene oxide compound
with sodium methoxide, It is assumed that the mechanism of
scission of the ethylene oxide ring is the same with sodium
methoxide (active ion OCH;) as it is with ammonia (active

ion NHp) and taat both show the same preference for one
particular direction of ring opening. In other words it is
agsumed that & particular ethylene oxide derivative of a sugar,
whether it is split by ammonia or sodium methoxide, gives rise
preferentially to a derivative of the same sugar. For example
wiggins(22) identified the orystalline derivative obtained in
649, yield from the ammonclysis of methyl 2:3-anhydro=p=D-
toloside (XXI) as methyl 3-amino-3-deoxy-p-L-idoside (XXII) by
analogy with the 64% yield of methyl 3-methyl-4:6-benzylidene-
B=D-idoside (XXIV) obtained on treatment of methyl 2:3-anhydro-
4:6-benzylidene-p=-D-taloside (XXILI) with sodium methoxide,

CH,0H CH30H
Ho O, OMe e Wo OMe (Hajor produot)
o =2 Ho
NH,
(XX1) (XX1I1)
W o
I‘I‘c\uo CH, o OMe th{l;_OCH; St |
NaOMe (Major product)
o Ho }
QMe

(XXIII) (XX1V)
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The present investigation is concerned with the mode of
scission of ethylene oxide ringe in lyxofuranose derivatives.
Here the suger ring is conuidered to be plinar and the conforma-
tion taken up by the sugar cannot be the deciding factor in
the preferential cleavage of the oxide ring, At the same time

new amino pentose sugars have been synthesised and characterised,

The phosphate esters of sugars are of great biological
importance since they act as intermediates in the breakdown of
glycogen to lactic acid in the muscle, in the fermentation of
sugars to alcohol and other products, and, possibly, in
oxidative metabolic processes in general, The specially
important group of hexose phosphates includes glucose l-phosphate,
glucose 6-phosphate, fructose €-phosphate, and fructose 1,6~
diphosphate. As a group, the phosphoric esters of sugars are
etrongly acidic and the meterials have been isolated in many
cases a8 the erystalline barium, caleium, lead, sodium, or alkeloid
salts. Synthetic carbohydrate phosphoric esters were first
obtained by the direet phosphorylation of the free sugars and
the products from most experiments were mixtures containing
phosphate groups attached to various carbon atoms in the sugar
chain, The phosphorylating agent used was phosphorus
oxychloride at low temperature in the presence of a neutralising
agent such as pyridine. To prevent reaction with more than
one hydroxyl group, it has often been necessary to block the
other groups. Isopropylidene and acetyl groups have been

used successfully in many experiments for this purpose by Levene
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(23)

and his associates.

More recently diphenyl phosphorochloridate (XXV) has
been introduced as a phosphorylating agent(24) and has been
extensively used.

9
PhO-P-Cl
ben
(XxV)

For phosphate esters substituted at the glycosidie carbon
atom (XXVII) the usual method of preparation is the treatment

CHBr J GHOP03H2 GH0P0352
?HOAQ .?HOAO ?HOH
CHOAe Agﬂ2P04 CHOAc Deacetylation CHOH

l —t ] > o

?HOAO' 0 fHOAo 0 ?HOH 0
?H—l ?H——] CH
GHZOAO CH,0hc CH,OH

(XXvI) (XXVII)

of the tetra-acetyl-glycosyl bromide (XXVI) with silver
phosphate followed by deaodtylation.(25) For hexose 6~phos-~
phates (XXIX), the usual method involves the preparation of
the tetra-acetyl-6-trityl derivative (XXVIII) followed by

CHOAe : CHOAc CHOH
?HOAO CHOAe CHOH
?HGAO Detritylation CHOAe Deacetylatioq_LHOH
?HOAG 0 ph09ph0f31&t£;n CHOAc 1 ,LHOH 7
?H %H ?H-———
CH, 0Tr CHyOPO4H CHo0PO03H)

(XXVIII) (XXIX)
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detritylation, phosphorylation and deacetylation,(zs’zn

Direct phosphorylation methods have recently been reported
to give reasonsble yields of glucose 6-phosphate directly
from glucoae.(ze’zg)

Harpur end guaatel(Bo) and Grant and Long(31) have
reported that glucosamine is phosphorylated at the expense
of adenosine triphosphate in the presence of aqueous extracts
of oXx brain which had been dried with acetone and powdered.
The enzyme involved is presumably brain hexokinase.
N-Acetyl-glucosamine which is not phosphorylated acts as a
competitive inhibitor in this reaction. No attempt was made
to isolate the glucosamine phosphate formed. Brown too has
reported the rapid phosphorylation of glucosamine by A.T.P. in
the presence of orystalline yeast hexokinase.(32) The
product was isolated as the barium salt of an ‘'acid-stable’
reducing phosphate ester of glucosamine, The constitution of
this derivative was established, by elemental analysis and by
the extent of oxidation by periodate, as glucosamine 6-
phosphate. Brown(33) has also shown that this glucosamine
6-phosphate is converted to glucosamine l-phosphate by
phosphoglucomutase from rabbit muscle. The equilibrium
mixture in this conversion contains about 20% of the l-
phosphate.

Not a great deal is known about the exact significance

of glucoszmine 6-phosphate in metabolic processes. Enzymes

are found in Neurospors crassa which will convert hexose
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6-phosphates to glucosamine 6-phosphate, acetylate the latter,
and interconvert the acetyl-glucosamine l- and 6-phosphates
produced.(34) Brown(32) congiders that the phosphorylation
of glucosamine by hexokinase mey be important in the series

of anabolic stages whereby naturally occurring polysaccharides
containing this sugar are produced, Kalckar and Klenow(35)
suggest thet the formation of glucosamine 6-phosphate should
also be considered as a pathway in the biosynthesis of

purine ribosides.

When the present work was begun no chemical synthesis of
glucosamine 6-phosphate had been reported. In view of the
markedly increased interest in this metabolite in recent years
and the fzet that the ampunts prepared by biosynthetic methods
have been very small, it appeared desirable to synthesise and
characterise this compound by chemical means, Not only
would it be of value as & reference compound but, if easily
available, would enable studies to be made of its behaviour
when treated with various enzyme systems, In this way some
insight might be gained into the way in which glucosamine is

utilised in nature.
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PART 1

The Syntheses and Ammonolyses of Derivatives

of 21 3-Anhydro-D-lyxose.




DISCUSSION

Amino sugars have been synthesised from xylose
through the methyl 3:5=-isopropylidene-2-toluene-p-sul-
phonyl-D-xylofuranosides and the 2:3-anhydro-sugars, In
the course of this work 2:3-anhydro-D-lyxofuranoside and
its D-methyl ether have been prepsred by the method of

(67)

Perecival and Zobrist. the former in an overall yield

of 32% from xylose. (Formulae of the intermediates
prepared during the syntheses of the 2:3-anhydro-lyxose
derivatives will be found on p.30), The anhydro-sugar
was isolated as the erystalline a-methyl furanoside and

as a syrupy mixture of the two anomers. In 1955, Baker,
Schaub and Williama(lg)! reported the synthesis of both
anomers of this derivative. While Percival and Zobrist
used, as an intermediate, a syrupy mixture of the methyl
3:5-isopropylidene a- and p-D-xylofuranosides, Baker partly
separated this material, by distillation, into its two
anomers, This author considered that the separation was
facilitated by the eis and trans position of the glycosidie
methoxyl group with regard to the hydroxyl group on Cp.

In the a-furanoside the methoxyl group which is cis to the
hydrokyl group on G, is considered to be in a favourable
position for intra-molecular hydrogen bonding and this is

% As this reference occurs freguently it is given hence-

3
forth in the abbreviated form Baker.( 9)
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thought to lower the voiling point, whereas in the g
furanoside the glycosidic methoxyl is trans to the hydroxyl
on Cp and can therefore only bond intermolecularly in the

normal fashion of alecohols,

CHO

o oMe
o’t:.l'le 7
oM
Methyl 3:5-isopropylidene~ Methyl 3:5-isopropylidene-
a=D-xylofuranoside pf=D=xylofuranoside

Although Baker carried out the subsequent syntheses
on the two separate fractions and isolated crystalline a
and P methyl furanosides of the anhydro-sugar none of his
intermediate derivatives were obtained in a erystalline
form. In the present work on the large scale preparation
of the anhydro-sugar, separation by distillation of the
enomers of the isopropylidene derivative was attempted.
The specific rotations of the two fractions differed con-

(19) The more

giderably from the values recorded by Baker.
volatile ('a') fraction had [c.]D +75° (Baker records +18°)
and the less volatile ('f') fraction hed [a]p -80° (Baker
records -64°), That this was a more efficient separation

was confirmed by the ready isolation of the two erystalline
methyl 3:5-isopropylidene-2-toluene-p-sulphonyl-xylofurano-
sides. Hydrolysis of the isopropylidene group with boiling
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1% methanoliec hydrogen chloride, as uged by Percival and
Zobrist.(SG) caused extensive anomerisation. Baker(lg)
elaims that 80% acetic acid at 50° caused only 15% con-
version, As this was shown to be unsatisfactory in the
present work, 0°1l% methanolic hydrogen chloride at room
temperature for 30 minutes was used to hydrolyse this group.
No enomerisation occurred and methyl 2-toluene-p-sulphonyl-
a-D=-xylofuranoside was obtained crystalline. During
preliminary hydrolysis experiments with the B-anomer, a
erystalline ditosyl ester of methyl p-D-xylofuranoside was
isolated. Partial hydrolysis of the isopropylidene residue
had presumably occurred during tosylation and the ditosyl
compound had remained with the monotosyl isopropylidene
derivative even after recrystallisation. No structure can
be assigned definitely to this compound but if the hydroxyl

(69) have the same

groups in xylose and those in glucose
relative reactivities, then it is probgbly methyl 2:5-di-
toluene-~p-sulphonyl-p-D-xylofuranoside.

Although methyl 2-toluene-p-sulphonyl-p-D-xylofuranoside
could only be obtained as a syrup, good yields of both
eryetalline methyl 2:3-anhydro-D-lyxofuranosides were
readily obtained on hydrolysis of the monotosyl esters.

Two amino sugers, methyl 2-amino-2-deoxy-D-xylo-
furanoside (I) and methyl 3-amino-3-decxy-D-arabofurancside
(I1), can in theory be obteined on scission with ammonia of

the ethylene oxide ring of methyl 2:3-anhydro-D-lyxofurano-
side.



CH ,OH
H,0Me
OH
NH,
I
CH, 04 o
NH,
Io

If the mechanism of the action of ammonia on the oxide
ring is the same as that of sodium methoxide then, by

6
analogy with the results of Pereival and Zobrist,( 7 the

amino-azrabinose derivative would be expected to predominate,
Preliminary experiments on the ammonolysis of methyl 2:3-
anhydro-g-D-lyxofuranoside led to the isolation of a
erystalline N-acetyl derivetive in 54% yield.! Since

this compound failed to condense with acetone it was

presumably not the 2-amino-xylofuranose derivative. The

action of toluene-p-sulphonyl chloride at room temperature
on the N-acetyl derivative showed that no change in the
ring form from furenose to pyranose had occurred as the
di-tosyl derivative isolated (III) gave a positive test for

the presence of a primary toluene-p-sulphonyloxy group on

¥ Formulze of the amino-arabinose derivatives prepared from
this aﬁmonolyaia and subsequent ammonolysis products may be

found on pp.4s,4¢.



treatment with sodium iodide in acetone.(63) Jeanloz(45)
CHOT CH,1 a
Mal
%A e s
. OMe OoMe
NH.AC NH.Ac
III

postulates the partial formation of an N-tosyl derivative
0f N-acetyl-glucosamine in a tosylation carried out at
50°. That this did not occur in the present work was
indicated by parallel experiments carried out at room
temperature on penta-acetyl-p-D-glucosamine, where no
evidence for the formation of én N-tosyl derivative could

(57) states that an N-

be obtained, In addition Tipson
tosyl group would not be.replaoad by iodine under the con-
ditions used. This was horné out by the féilure Yo
isolate sodium tosylate on treatment of toluesne-p-sulphon-
amide with sodium iodide in acetone. |

That the erystalline N-acetyl derivative was methyl
J-acetamido-3-deoxy-a~D-arabofurancside was further con-
firmed by hydrolysis with 3N hjdroohloric acid at 100°,
A erystalline f hydrochloride was isolated, the specific
rotation of which differed from that recorded for the

hydrochloride of 2-amino-2-deoxy-D—xylose.(16)
After the above work had been carried out, Baker(lg)
reported the isolation of the same erystalline N-acetyl

derivative. This author identified it as the 3-amino-
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arasbinose compound because hydrolysis led to the isolation
of a crystalline hydrochloride which gave a negative
ninhydrin test in 1+5% sodium hydroxide solution. The
constants obtained for the hydrochloride in the present
work were in good agreement with those recorded by Baker
for the same derivative.

Vhen the ammono;ysis was carried out on the large
seale, attempts were made to obtain a more complete separa-
tion of the amino-arsbinose derivative by solution of the
crude ammonolysis product in hot acetone. This gave, on
cooling, an 85% yield of the ecrystalline N-isopropylidene
derivative (IV) prepared by Baker,(lg) the speeifie rotation

CHOH o

HO
oMe
N:CMgl

_ IV
of which agreed with the value recorded by the latter
author. N-Acetylation of this compound gave a good yield
of methyl 3-acetamido-3-deoxy-o~D-arabofuranoside
identical with that obtained in the preliminary experiments.
Although readily crystalline, no sample of the N-iso-
propylidene derivative could be obtained which gave a
sharp melting point. Three recrystallisations or drying
at 1000/15 mm. for 8 hours brought sboup little improvement.

Elemental analysis slso indicated contamination, The
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extreme sensitivity of the isopropylidene group to aecid
suggests that the contaminant may be the hydrolysis product,
methyl 3-amino-3-deoxy-o~D-arabofuranoside, and the
analytical figures are in agreement with this, Baker(lg)
records a 54% yield of the N-isopropylidene-amino-
arabinose from the ammonolysis of the erude anhydro-sugar
and a 90% yield from an ‘'analytically pure' sample.

After removal of the a N~isopropylidene 3-aminoe
arabinose derivative, the residual material (10% of
theoretical) from the mother liguors was investigated for
the presence of xylose derivatives. It was hoped to
isolate a crystalline methyl N-acetyl-3:5-isopropylidene-
Xyloside but N-acetylation gave a syrup which failed to
yield a erystalline derivative on condensation with acetone.
Separation of any isopropylidene derivative was attempted
by fractionation of the resulting syrup between chloroform
and water. The chloroform fraction gave a very dark
brown non-reducing syrup in an overall yield of 0+2% from
the orude ammonolysis product, The non-reducing dark
brown syrup (5% yield from the erude ammonolysis product)
obtained on evaporation of the water soluble fraction
showed, on chromatographic exemination the presence of two
major components having RG values close to, but not
identical with, that of methyl 3-acetamido-3~deoxy-a«D-
arabofuranoside. One of these components may be the
corresponding 2-acetamido-~2~deoxy-xylose derivative but

no erystalline compound could be isolated.
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From the ammonol;sis of the 'syrupy' methyl 2:3-
anhydro-ap-D-lyxofuranoside, after N-acetylation, 21% of
a erystalline product was isolated. This was proved,
as before, to be a methyl 3-acetamido-3-deoxy-D-arabo-
furanoside, but a mixed m.p. determination and specific
rotation measurement showed it to be different from the
o form already obtained. The constants for this compound
were, however, in good agreement wifh those subsequently

(19) It is worthy of

note that the large difference in the specific rotations

reported for the p-znomer by Baker,

recorded for the crystalline methyl a- and f-D-
arabofuranosides (+128° and -119° in watar)(84) is
maintained in the corresponding 3-acetamido derivatives
(+134° and -120° in water). The mother liguors from
this ammonolysis were not examined further.

Ammonolysis cf methyl 2:3-anhydro-p-D-lyxofuranoside
led to the isolation of 62# of the methyl 3-amino-3~-deoxy-
N-isopropylidene-p-D-arabofuranoside described by Beker, {19
The speecific rotation of this compound was in exact
agreement with that recorded by Baker but, although
recrystallised several times, this derivative also failed
to anzlyse well and to melt sharply. N-Acetylation,
however, gave a good yield of the crystalline B N-acetyl
derivative isolated in the previous experiment from the
anmonolysis of the mixed methyl 2:3-anhydro-D-lyxofurano-

sides. Unfortunately Baker records no figure for his

yield of N-isopropylidene derivative from an ‘'analytically’
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pure sample of the f anhydro sugar but only records a
47% yield from crude material,

Once more an attempt was made to isolate a 3:5-
isopropylidene xylose derivative,=S¥si=—%ime from the
mother liquors after removal of the p N-isopropylidene=-
3=anino-arabinose derivative. No crystalline derivative
could be obtained after acetonation and the chloroform
fraction yielded a very dark, non-reducing, syrup in en
overall yield of 0-6% from the crude ammonolysis product.
The syrup @3% yield) isolated from the agueous fraction
gave a negative test for the 150?rogylidene group and
yielded after distillation crystals in 0+6% yield. The
erystals which gave on chromatographic analysis a single
spot had constants which differed from those of methyl
3-acetamido~3=deoxy=p-D=arabofuranoside and it is presumed
that they are methyl 2-acetamido-2-deoxy-pf-D-xylofuranoside.
Chromatographic analysis of the mother liguors gave two
spots one of which was identical with that given by the-
erystals, although no further yield of erystals could be

isolated.
Two methylations of the 2:3-anhydro-lyxofuranosides

with the Purdie reagents were sufficient to give the 5-
methyl ethers. The known erystalline a-anomer was
obtained in good yield. The p-anomer was isolated as a
very mobile syrup which, after distillation, crystallised
completely on cooling in ice. The melting point was

difficult to determine as it was below room temperature.
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A mixture of the two anomers was obtained on methylation
of 'syrupy' methyl 2:3-anhydro-ap-D-lyxofuranoside.

From the ammonolysis product of methyl 2:3-anhydro-
5=0-methyl-g~D-lyxofuranoside a erystalline N-isopropyli-
dene derivative was isolated in T72% yield and this, like
the analogous compounds from the unmethylated anhydro
sugars, gave & poor melting point and analysis.
N-Acetylation gave a erystalline aceiate which wes
identified as methyl 3-acetamido-3-deoxy-5-0O-methyl-a-D-
arabofuranoside inasmuch as complete methylation gave
erystalline methyl 3-acetamido-3-deoxy-2:5-di-0-methyl-a-D-
arsbofuranoside, identical with the dimethyl ether
obteined from the methylation of suthentic methyl 3-
acetanido-3~deoxy-a~D-arabofuranoside.

Ammonolysis of the 'syrupy' methyl 2:3-anhydro=5-0-
methyl-ap-D-lyxofuranoside followed by N-acetylation led
to the isolation of a erystalline derivative (21% of the
N-zcetylated product) which was identical with the
methyl 3-acetamido-3-deoxy-5-0-methyl-p-D-arabofuranoside
subsequently obtained and identified.

No erystalline N-isopropylidene derivative could be
isolefed after ammonolysis of the p S5-methyl-anhydro-
sugar. However, after purification by distillation of
the syrupy N-isopropylidene mixture & orystalline N-acetyl
derivative was obtained (49% of the N-acetylated product).
This was identified as methyl 3-acetamido-3-deoxy-5«0-
methyl-p-D-arabofurenoside by methylation to a erystalline
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dimethyl ether identical with that obtained by repeated
methylation of methyl 3-acetamido-3-deoxy-p-D-arabo-
furanoside. During this latter methylation a crystalline
mono-methyl ether was isolated, znd identified, as methyl
3-acetamido=-3-deoxy~2«0-methyl-p-~D-arabofuranoside, by
conversion to a mono-tosyl ester which gave a positive
test for the presence of the primary toluene p-sulphony-
loxy group. It should be mantioned'that the B-derivatives
0f 3-acetamido-3-deoxy-D-arabinose were insoluble in
methyl iodide and, zlthough the addition of methanol
brought about solution of the material, complete methyla-
tion was difficult to effect.

No erystalline xylose derivative could be isolated
from the mother liguors from the ammonolysis of either
the o~ or the p-S5-methyl-asnhydro sugars, although syrups
(2# yield from the crude azmonolysis product) with
positive rotations were obtained after distillation of
the mother liquors from the £ S5-methyl anhydro suger.

Ammonolysis undoubtedly causes decomposition for
the crude product is always dark brown and this, besides
depleting the yield, makes the isolation of crystalline
produects difficult. The percentage yields of crystalline
3-amino-arabinose derivatives, isolated in the present

work, are set out below.

3-Amino-arabinose derivatives

a-gnomer % p-anomer %
From 2:3-Anhydro-sugar 85 62
" S5-Methyl-2: 3-anhydro- T2 49

sugar
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In view of the difficulties of isolation it can
safely be said that these yields do not represent the
total arabinose content and it is significant in this
respecet that where there is a lower yield there is also
an increase in solubility of the isolated crystals.

While no significant yields of erystalliine derivatives

of 2-amino-xylose could be obtained in this work there

is some evidence, in the ammonolysis mother liquors, for
the presence of a suger derivative other than the arabinose
derivative, but it is considered that this does not
represent more than a small fraction of the products.

The results of all four ammonolyses are in faet such

that it may be concluded that the action of ammonisa,
whether it be as NH,™ as suggested by Peat(IT) or as

NH3 as suggested by Ingold,(78) favours a break between

03 and the oxygen atom of the oxide ring and incorporation
of the amino group at Cj. Certainly the yield of the 3=~
amino-arabinose derivative obtained from the methyl 2:3-
anhydro-a-D-lyxofuranoside indicates an almost complete
conversion to this sugar. .

Percival and Zobrist(67) from the action of sodium
methoxide on methyl 2:3-~anhydro-ap-D-lyxofurancside
isolated 3-methyl-arabinose and 2-methyl-xylose derivatives
in the ratio of 2:1. Similar treatment of the S-methyl-
anhydro-sugar gave no evidence of the presence of 2:5-

dimethyl-xylose although the yield of the 3:5-dimethyl-
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argbinose was not very high.

It is difficult to find an explanation which will
account for all the different yields of products from
the fission of these 2:3-epoxide furanose sugar compounds.
Furanose sugar rings are considered to be nearly planar-
and therefore theories advanced c¢oncerning the direction
of ring fission in pyrsenose sugars based on the conforma-
tion taken up by the sugar ring do not apply. The
importance of electronic factors in governing the direec-
tion of epoxide ring opening has long been realised and
more recently the influence of steric effects exercised

(85)

by substituents has been recognised. It appears
very probable that the direction of fission of epoxide

rings in furanose sugars is influenced by both these

factors. If it is assumed that at the transition stage
bond breaking is more important than bond msking then, in

the present instance, although the epoxide ring is attached
to electron attracting substituents on both sides, it is
considered that the effect of the hemiacetal group is the
stronger. Applying the arguments of Vanderwerf(as) this
would result in preferential cleavage between 03 and the
epoxide oxygen and explain the higher proportion of arabinose
derivatives formed. That this fission is apparently

enhanced in the a-series can be explained as being due to
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the steric effect of the c-glycosidic methoxyl group
hindering attack. The larger yields of arsbinose

- 4
chon /© enor °
> Ho Al OH
NH, NH,
R = H or Me 3-amino- 2—-amino-xylose
arabinose

derivatives from attack by ammonia as compared with
attack by sodium methoxide follow from these assumptions,
for ammonia is a weaker base than OMe and therefore with
ammonia, bond meking is even less important than with
OMe .

No reason for the smaller yield of erystalline
arabinose derivatives from the 5-methyl derivatives after
attack by ammonia can be advanced beyond the faet of
the greater solubility of the crystals in the erystallising

aolvent.
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The Syntheses of Derivatives of 2:3-Annydro-D-lyxose

CH30H Hy 04 0.
LOH H,0m¢
@ 7 : -
OH OH
D-Xylose Methyl D-Xylofuranoside
H,0
CH 0
e N l e
d/ ; /Cmf\-
2 OoH
Methyl 3:5-Isopropylidene- Methyl 3:5-Isppropylidene-
a-D-xyloside P=D-xyloside
CHLD (o) CH;C(T?J @
H0
Ome ome
p e, D/C Me .
Q Ma
i: o o(r)
ot
Methyl 3:5-Isopropylidene- Methyl 3:5-lsoprop- matnyl_?,5(?}-ui-
2-tosyl-0-D-xyloside ylidene-2-tosyl=pP- togyl-P-D-xyloside
l D-xyloeide x
CH.OH cHOH O
OMme
OH - OH
Ts oTs
Methyl 2-Tosyl=-a-D- Methyl 2-Togyl=r=D-
xylofuranoside xylofuranoside
HoR O HOR
Me
0O, ome
Methyl 2:3-Anhydro-a-D- Methyl 2:3-Annydro=-r=D-
lyxofuranoside (R=H) lyxofuranoside (r=n)
Metnyl z:3-Anhydro-5=methyl- Methyl 2:3-Anhydro-5-metnyl-

a-D-lyxofuranoside (k=Me) r=-D=-lyxofuranoside (r=ie)
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NOTES

e e e

Melting points were determined on the Kofler hot-
stage microscope. Specific rotations were measured in
1 dm. polarimeter tubes. Elemental analyses for C, H,
N, and S were performed by Drs, Weiler and Strauss,
Oxford. Hethoxyl,(79) acetyl,(so) and phosphorua(al)
determinations were carried oat by the =uthor, Estima-
tions of acetyl content on compounds containing an
N-acetyl group, were too variable to have any significance,
For analysis and determination of physical constants, all
compounds were dried in vacuo (Ol mm.) over phosphorie
oxide. All evaporations were carried out under reduced
pressure at temperatures not higher than 50°. Salts of
silver and barium were removed by filtration through layers
of charcoal and Filtercel on a sintered glass funnel and
thé residue on the filter washed at least thrice with a
suitable solvent. In the case of the silver salts from
Purdie methylations, boiling acetone was used. All light

petroleum used was the fraction of b.p. 60-80°.
The chromatographic examination of the various K-

acetylated glycosides of amino pentoses was carried out
using butanol-ethanol-water (4:1:5) as eluant and the
sugars were detected according to the method Rydon and
Smith(87) with chlorine and starch-potassium iodide., The
Rg values were calculated with tetra-methyl-glucose

(Rg 1°0) as standard.
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The analyses of compounds, new when prepared by the
author, are reported in the form
Found: €, =y=; H, =.-.
CgHy100g Trequires €, -.-; H, T
whereas for compounds which are mixtures of anomers or
which had already been adequately described in the
literature the form is
Found: C, =,=; H, =.-,
Cale. for CgHy,06: €y =.=3 H, =.=%.
Throughout the experimental secetions, the nomenclature is
in accordance with the recommendations of the Joint
Committee on Nomenclature.(mv In the Introduction and
Discussion however, the nomenclature is simplified for
the sake of clarity; the generally recognised trivial
name D-glucosguine is used throughout instead of the

systematic neme 2-amino-2-deoxy-~D-glucose.
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The Syntheses of the Methyl 2:3-Anhydro-D-lyxofuranosides and
their 5-0-llethyl Ethers.

Methyl D-Xylofuranoside.

Dry erystalline D-xylose (22 §.) was treated with dry
methanolic hydrogen chloride (500 ml., 0°5%) for 5 hours at

6
(64) FNeutralisation with silver carbonate

room temperature.
followed by filtration and evaporation gave & colourless
syrup, which was exhaustively extracted with ethyl acetate.
The combined extracts were concentrated to a colourless syrup
(182 g., 76% of theoretical) which had [os]%8 +21° (e, 10

in EtO0H).

Methyl 3:5-0-Isopropylidene-D-xylofuranoside.
Methyl xylofursnoside (18:0 g.) was shaken with dry

acetone (600 ml.), acetaldehyde (0+20 ml.) and anhydrous copper
sulphate (60 g.) for 4 days. Concentrated sulphuric acid
(0°4 ml,) was added and shaking continued for a further 24

(65) The copper sulphate was removed by filtration

hours.
and washed thoroughly with dry acetone. The combined acetone
solutions were neutralised with barium carbonate, filtered,

and evaporated to a mobile syrup. Distillation at 110-130°
(bath temperature) /0.05 mm. gave & colourless mobile syrup
(16-8 g., 75% of theoretical) which had [a]3}? +20° (e, 1.0 in
H20), n%5 1.4640. (Percival and zobrist{®®) recora [u.]15 -26°
in Hp0 np° 1-4640).

Found: acetone, 29.1.

Cale. for Cqg HygOg5: acetone, 28+ 44,
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Methyl 3:5-0-~Isopropylidene-2-0-toluene-p-sulphonyl-D-xylo-

furanoside.

To methyl 3:5-0O-isopropylidene-D-xyloside (16-8 g.) in
pyridine (45 ml.), powdered toluene-p-sulphonyl chloride
(230 g.) was added and the mixture kept at room temperature
for 48 hours in the presence of 'Drierite' (2 g.).(ss) The
filtered resction solution was poured slowly into stirred ice-
water and the precipitate which formed was washed with ice-
water until free from pyridine. The product was a white
powder (19+2 g., 65% of theoreticel), [n];g +10° (e, 1°*3 in
03013).

Methyl 2-0-Toluene-p-sulphonyl-D-xylofuranoside.

Methyl 3:5-0-isopropylidene-2-0-toluene-p-sulphonyl-D-
xyloside (19:2 g.) was treated with dry 1% methanolie hydrogen
chloride (100 ml.) at 70° for 1 hour.(es) Neutralisation
with silver carbonate, filtration, and evaporation gave a pale
syrup (15+4 g., 91% of theoretical), [a]%5 +37° (¢, 0-8 in
MeOH) nd! 1°5210. (Percival and 2082t 08 jecerd [e]p® +41°

in MeOH, nj’ 1+5269).

Methyl 2:3-Anhydro-D-lyxofuranoside.

lethyl 2-0-toluene-p-sulphonyl-D-xylofurenoside (15-4 g.)
in ethanol (300 ml.) at 759 was titrated with 2N sodium
hydroxide solution until the mixture was permenently pink %o
phenolphthalein (22-1 ml.).(67) The solution was evaporated

t0 dryness and the residue exhaustively extracted with cold
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ethyl acetate., After removal of the insoluble sodium
toluene-p-sulphonate the filtrate was concentrated to & syrup
(6.9 €., 98% of theoretical). On standing at 0°, this
pertly crystallised. The erystals (1.8 g., 25% of theore-
tical) were identical with the methyl 2:3-anhydro-g=-D-lyxXo-
fursnogide prepared by Percivel and Zobrist.(ST) After one
reerystallisation from benzene they had m.p. 79%, mixed m.p.
with authentic material 79-80°, [u]%7 +529 (e, 0+4 in Hzo).
(Percival and Zobrist record m.p. 81°, [a];lj5 +57° in Hp0).
The residual syrup was freed from water insoluble
impurities and the agueous solution on concentration gave
& syrup (3+5 &.), [a]%a -49° (e, 1¢1 in H2O). (Pereival
and zobrist(67) record [c,]%5 +4° in Hy0). This product
is considered to be an ‘g=p mixture of the desired anhydro

eompound.,
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Fractional Distilletion of Methyl 3:5-0-Isopropylidene=D-

xylofuranoside.

Methyl 3:5-0-isopropylidene-D-xylofuranoside was prepared
(from D-xylose'(zoo g.)) as deseribed on p, 3 The product
was purified before distillation by solution in water (200 ml.)
and extraction with chloroform (3 x 200 ml.). The dried
¢hloroform extracts were concentrated to a colourless syrup
(172 &.). This syrup was fractionally distilled (in 30 g.
portions) with a Vigreux column and the specific rotation of
each fraction was used as an indication of the extent of
fractionation. If this value lay between the arbitrarily
aet_étandards, [u.-]D +65%9 «65°, then the product was re-
fractionated. Finally, two fractions were obtained.

Fraction I: 716 g. (42% of theoretical), b.p. range 60~70°/
0+05 mm,, averaze [a]p +75° (e, 1°0 in CHCLl3), (range of
[e], +70% +82°), nl® 1-4638.

Fraction II: 655-2 g. (32% of theoretical), b.p. range
90-100%/0+05 mm. , averagé (alD -80% (e, 1:0 in CH013), (range
of [a]) -65%,-85°), ni’ 1.4650.

Fraction I was believed to be predominantly methyl 3:5-
O-isopropylidene=-a-D-xylofuranoside and fraection II pre-
dominantly methyl 3:5-0-isopropylidene-p-D-xylofuranoside.

Baker, Schaub, and Williams(lg) carried out this
frectionation and obtained fractions (I) b.p. 85-88°/0:1 mm.,

2
[a]§4 +18° in water and (II) b.p. 108~1100/b-1 mm. , [u]D4 -64°

in water.
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Methyl 3:5-0O-Isopropylidene-2-0-toluene-p-sulphonyl-a-D-

xylofuranoside.

A cooled solution of methyl 3:5-0O-isopropylidene~De
xylofuranoside (71 g., [e]lp +75°) in dry pyridine (120 ml,)
mixed with toluene-p-sulphonyl chloride (73 g&.) in the presence
of *Drierite' (7 g.) was allowed to stand at room temperature
for 24 hours. The mixture was then filtered and ice-water
(10 ml,) added to decompose the excess of acid chloride,

The resulting solution was poured into stirred ice-water

(3 1.). After stirring for 3 hours, the precipitated
erystalline solid was separated and dried. This product
(92 g., T4% of theoretical) which had m,p. 779, [u]g1 +66°
(e, 14 in GH013) was considered to be sufficiently pure for
further use, This meterizal, methyl 3:5-0-isopropylidene«2-
0-toluene-p-sulphonyl-g~D-xylofurano: ide, after recrystal-
lisation from light petroleum, hed m.p. 79-80°, [a]3® +68°
(¢, 1+1 in CHC13).

Found: €, 53.2; H, 6-1; S5, 8.9.

C16H55078 requires C, 53+6; H, 6-2; S, 9-0%.

lMiethyl 3:5-0-Isopropylidene-2-0-toluene—p—sulphonyl-—pg—D-

Eylofuranosida.

Methyl 3:5-O0-isopropylidene-D-xylofuranoside (55 8y
[«]p -80°) in dry pyridine (100 ml.) was treated es in the
previous experiment with tolueneﬁg-sulphonyl'ehloride (5T 8.)»
The produet isolated (80 g.) had [u]%a -37° (e, 1+1 in CHC13).
Recrystallisation from agueous methanol gave methyl 3:5-0-
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isopropylidene-2~0-toluene-p=-sulphonyl-p-D-xylofuranoside
(62 g., 645 of theoretical), m.p. 119-1200, [a]%7 —53° (e,
0.9 in cﬂcl?), [a]3® -44° (c, 0.4 in MeoH). (Percival

66)

and Zobrist record m.p. 120°, [a]%5 -45° in MeOH for

this produet).

Methyl 2-0-Toluene-p-sulphonyl-o-

D-xylofuranoside.

Preliminaery Experiment. Iliethyl 3:5-0O-isopropylidene-

2-0-toluene-p-sulphonyl-a-D-xylofuranoside (203 mg.) was
allowed to stand with QO+l% methanolic hydrogen chloride
(20 ml.) at room temperature until the rotation of the

solution reached a constent value.

Time (min,) ap, (2 dm,)
0 + 1+46°

+ 180°

5 + 1-95°

10 + 2+08°

15 + 2¢12°

20 + 2-23°

25 + 2°13°

Neutralisation with silver carbonate followed by
filtration and eveporation gave a syrup which crystallised
completely. Recrystallisation from chloroform-light
petroleum gave methyl 2-0=-toluene-p-sulphonyl-g-D-xylo-
furenoside (144 mg., 80% of thebretical), m.p. 90-91°,
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{a]§5 +101° (e, 1-3 in CHOL,).
Found: C, 49-5; H, 5.-8; 8, 10.4.
013H1807S requires ¢, 49-1; H, 5°73 3, 10-1%.

Large Scule Preparation. Methyl 3:5-0-isopropylidene-

2=-0=~toluene-p-sulphonyl-e-D-xylofuranoside (89 g.) was
treated as in the previous experiment with 0.1% methanolie
hydrogen chloride (2200 ml.). The rotation was constant
after 40 minutes and the produect, isolated as a syrup (75 &.,
95% of theoretical), erystallised completely. This was

considered to be sufficiently pure for further use without
recrystallisation. It had m.p. 88-90°, [a]%4 +37° (e,

1.2 in CHCl3).

Methyl 2-0-Toluene-p-sulphonyl-p~D-xylofuranoside.

Preliminary BExperiments. (a) Methyl 3:5=0-iso-

propylideneuzno-to1uene-praﬁlphonyl-a-D-xylofuranoside was
treated with 17 methanolie hydrogen chloride at room tempera-
ture and an attempt was made to follow the hydrolysis of
the isopropylidene group by estimating the acetone liherated.(ss)
However, the methanol present in the aliquots also reacted
with the alkaline hypoiodite and the method was abandoned.

(b) The p-isopropylidene derivative (519 mg.) in 80%
acetic a¢id (375 ml.) was heated at 500.(19) After 30

minutes the rotation of the solution was found to have
reached a constant value. On cooling, needle shaped crystals

(40 mg,) separated and were removed, No further yield of



ol O

erystals could be obtained from the mother liquors. After
recrystallisation from methanol, the crystals had m,p.
132-133°, [a]§° -32° (e, 1-3 in CHOL3).

Found: C, 51.3; H, 4.9; S, 14.9.

Cale. for ©;3H18075 : C, 49-1; H, 5°7; &, 10-1.

Cale. for CyoHp,048,: €, 50.8; H, 5:1; S, 13.6%.

(013318073 = llethyl 2-0-toluene-p-sulphonyl-p-D-xylofuranoside
0203240732 = Methyl di-O-toluene-p-sulphonyl-p-D-xylofuranoside).
The erystals gave 2 positive test for the presence of a

primary toluene~p-sulphonyloxy group(63) and this, together
with the analytical figures, indicated that the materiel

was a di-tosyl ester, possibly methyl 2,5-di-0O-toluene-p-
sulphonyl-f-D=xylofuranoside.

(e) The p-isopropylidene derivetive (251 mg.) with 1%
methanolie hydrogen chloride (25 ml,) was kept at room
temperature until the rotation of the solution reached a
constant value (5 minutes). Neutralisastion with silver
garbonate, filtration, and evaporation gave a syrup which
could not be erystallised,

(d) The p-isopropylidene derivative (3.6 g.) after
standing with 0°+1% methanolie hydrogen chloride (400 ml,)
at room temperature until the rotation of the solution

reached a constant value, gave, after the usual treatment, a
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Pime (min,) ap(2 dm,)
0 = -0.83°
3 -0.78°
10 ~0.60°
15 «0¢53°
20 -0.51°
25 -0.50°

syrup. This on sclution in hot methanol and cooling, gave
a small guantity (280 mg.) of the di-tosyl ester previously
obtained. The residual syrup, methyl 2-0-toluene-p-
sulphonyl-p-D-xylofuranoside, had {c,f]; —.10°6:Hcs,),n%2 1-5243,

Large Scale Preparation. The f-isopropylidene
derivative (54 g.) with 0+1¥ methanolic hydrogen chloride

(4300 ml,) gave in a prepargtion similar to the preliminary
experiment (d), syrupy methyl 2~0-toluene-p-sulphonyl=pf=D=
xylofuranoside (45°5 8., 95% of theoretical).

Methyl 2:3-inhydro-a-D-lyxofuranoside.

Methyl 2-0-toluene-p-sulphonyl-a-D-xylofuranoside (75
g.) in ethanol (800 ml.) at 75° was titrated with 2N sodium
hydroxide solution (103 ml.) as previously deseribed (p.3% 5,

Evaporation of the ethyl acetate extracts gave a orystalline
residue (34+3 g.) which on recrystallisation from carbon
tetrachloride gave methyl 2:3-anhydro-e-D-lyxofuranoside
(29+3 g., 85% of the theoretiecal), m.p. 80°, [a]%l +60°

(e, 1+C in Hy0).
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Methyl 2:3-Anhydro-f-D-lyxofurgnoside.

llethyl 2-0-%0luene-p~sulphonyl-p-D-xylofuranoside (45
8.) on similar treatment with 2N sodium hydroxide solution
(68 ml,) gave a erystalline residue (19.8 g.) which after
recrystallisation from benzene-light petroleum gave methyl
2: J-anhydro-p-D-lyxofurancside (176 g., 85% of theoretical),
with m.p. 73-74°, and [a]%a ~104° (¢, 1.0 in H20). (Baker,
Schaub, and Williams(lg) record m.p. 74=75°, [a]%5 -1029),
Pound: C, 49-6; H, 6+7.
Cale, for CgHygO4: C, 49°3; H, 6°9%.

Methyl 2:3-Anhydro=5-0-methyl-e-D-lyxofuranoside.
Methyl 2:3-asnhydro-g-D-lyxofuranoside (11-7 g.) in dry
methanol (5 ml.) was methylated at 40° with methyl iodide

(50 ml,) and silver oxide (48 g.), the latter being added
in portions over 6 hours. The silver residues were
removed and thoroﬁghly washed with hot dry acetone. The
combined filtrate and washings were concentrated at room
temperature, Remethylation of the erystalline residue
as before (without addition of methanol) gave a erystalline
product (10°6 g.) which on purificaticn by sublimation at
40°/0.01 mm, gave erystals of methyl 2:3-anhydro-5-0-
methy leg=D-lyxoiuranoside (9.8 g., 76#% of theoretical),
mep. 41-42°, [a]25 4610 (e, 14 in Hp0), [a]§® +67° (o,
le2 in HeOH). (Percival and aobrist(67) record m.p.
43°, [a]%a +60° in MeOH).
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Methyl 2:3-Anhydro~5-O-methyl-p-D-lyxofuranoside.
lethyl 2:3-anhydro-f-D-lyxofuraznoside (8.0 g.) in dry

methenol (10 ml,) was methylated three times with methyl
iodide (50 ml,) and silver oxide (48 g.) as in the previous
experiment, The reaction was followed by noting the
change in the refractive index, ,
After 1 methylation nfl = 1.4590
w2 B’ = 1°4478
"3 " nBt = 1°4478
The final produet was a very mobile syrup (7°3 &.),
[a]%o -84° (e, 07 in Hp0). Distillation gave a syrup
(644 8., 73% of theoreticel), b.p. 54=57°/0+05 mm.,
[a]5% -88° (c, 1+1 in H,0), n5' 1-4470. '
Found: ¢, 52-8; H, 7-8; OMe, 39°1,
C7H1204 reguires C, 525; H, T-6; OMe, 38+8%,
This syrup, methyl 2:3-anhydro-5-0-methyl-p-D-lyxofuranoside,
orystallised completely on eooling to 0° but melted below

room temperature (m.p. ca. 14-15°),

'Syrupy* Methyl 2:3-Anhydro-5-O-methyl-D-lyxofurancside.

‘Syrupy* methyl 2:3-anhydro-D-lyxofurasnoside (4.0 g.,
[a]%8 -49%) was methylated three times with methyl iodide
(20 ml.) and silver oxide (20 g.) as before. The reaction
was followed by noting the change in the refractive index,

Starting matericzl n%3 1.4730
After 1 methylation  nd3 1.4500
"2 " a3 1.4503

" o3 . af3 1-4503
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The final product was a very mobile asyrup (3.9 g., 89%
of theoreticsal), [a.]%5 -38% (e, 0+9 in Hy0). . (Percival

and Zohrist(ET)

record [a]gj8 +24°% in H20).
Found: OMe, 38-4.
Cale, for CqHy50,:  Qlle, 38-84.
This syrup is presumed to be & mixture of the two

anomers of methyl 2: 3-anhydro-5-0-methyl-D-lyxofuranoside.



Derivatives of Methyl 3-Amino-3-deoxy-a-v-arabofuranoside

CHWOH O,

Methyl 2:3-Anhydro-a-

W

D-lyxofuranoside
cHzof O
<
M fome
NH.AC

Methyl 3-Acetamido-3-deoxy-
a-pD=arabofuranoside

L

cHone /O
ome

NH.A
Methyl 3-Acetamido-3-deoxy-

2,5=-di-methyl=-a=-D-
arsbofuranoside

0me O

CH10H

Ho

NH,

Metnyl 3-Amino-3-deoxy-
o=pP=arabofuranoside

CHO0H
H OMe

N=CMe,
YMetnyl 3=-Amino-3-deoxy-

N=-igopropylidene-a-D-
arabofuranoside

H
HoO Ho

%f(g-

3=-Amino=3=-deoxy=-rP=-D=-
arabinose hydrochloride

OMe

NH.Ac

Metnyl 3-Acetamido-3-deoxy-
S5-methyl=-a-~D=araboiuranogide

cHyome O

CH.0Me.
H OMMe
N=CTe,

Metnyl 3-Amino-3-deoxy-
N-isopropylidene-5-metnyl-
a-D-arabofuranogide

Methyl 2:3-Anhydro-5-methnyl-
a-D-lyxofuranoside

CHz0Me O
? H
o
4 oMe
NH;,

Metnyl 3-Amino-3-deoxy=5-
methyl-a-D-arabofuranoside
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Derivatives of Methyl 3-Amino-3-deoxy=-P-D=-arabofuranoside

H,0H CH3O0H O,
OVie O Me
Ho
NHy

Methyl 2:3-Anhydro-~-D- Methyl 3-Amino-3-deoxy-
lyxofuranoside P=D=-arabofuranoside

O, cHion O
CH.0¢ ome me
H : H

NH.Re

v

N=2C e,
Methyl 3-Acetamido-3-deoxy- Metnyl 3-Amino-3-deoxy-
F=D=arabofuranogide N-isopropylidene-r-D~
arabofuranoside

O on
H
me Ho
NH Ac NH; @
Methyl 3-Acetamido-3- Methyl 3-Acetamido- 3=Amino-3-deoxy=-P-~
deoxy=-2,5-di-methyl-~ 3-deoxy~-2-methyl-F- D-arabinose
P-D-arabofuranogide D=arabofuranoside nydrochloride
/I\ 20Me
Hy0Me, oTe. Tle
H &
NHA NxCTle,
Methyl 3-Acetamido-3-deoxy- Methyl 3-Amino-3-deoxy-
5-methyl-P-D-arabofuranoside N-isopropylidene-5-umetnyl-
P-D-arabofuranoside
CHa0Me
0.
H:0Me e e
N
/
o
Methyl 2:3=-Anhydro-5-methyl=- Methyl 3-Amino-3-deoxy-b=

P-D-1lyxofuranoside me thyl-vrP-D-arabofuranoside



~47-

The Ammonolysis of llethyl 2:3-Anhydro-a-D-lyxofurenoside.

(4) Preliminary Experiment

(i) Ammonolysis Crystalline methyl 2:3-anhydro-a-D-

lyxofuranoside (1+40 g.) in a saturated solution of ammonia
in dry methanol (65 ml.) was heated in a sealed tube at
120° for 48 hours. The resulting solution was filtered
end concentrated to & brown syrup (1°55 g., 99%¢ of theore-
tical). All attempts to obtain & erystalline product from
this methyl a-D=pentosaminide mixture (I) failed. Part
of this product (1+0 g.) after distillation gave & colour-
less syrup (0-85 g:), b.p. 150-170° (bath temperature)/
0-01 mm.,

(ii) N-Acetylation. The distilled methyl a-D-

pentosaminide mixture (0+85 g.) in water (20 ml,) and
methanol (2 ml,) at 5% was stirred with anion exchange
resin (Amberlite I.R.400; bicarbonate form) (24 ml.) and

acetic anhydride (0-6 ml.) for 90 minutes.(36) Filtration
and evaporation gave & syrup (0.96 8., 90% of theoretical)

which on solution in methanol-acetone (1l:1) and addition

of ether to turbidity s=ve & erystaelline product (0.524 g.,
54% of the crude N-acetylaeted product) which had m.p.
110-115° end was shown to be methyl 3-acetamido=3-deoxy-
a-D-arsbofuranoside (II), These crystals on recrystallisa-
tion from acetone had m.p. 120-121°, [a]%2 +134° (e, 0-9

in Hy0), [¢]5° +124° (c, 07 in EtOH). (Baker, Schaud,
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and williems{1?) record m.p. 115-116°, [a]3! +102° 1n Hy0).
Found: C', 47’2; H' 7'6; H, 6‘5.
08H1505N requirea C, 46.8; H’ 7.4; N’ 6'8;“49.

(1ii) Attempted formation of an isopropylidene deri-
vative. Methyl 3-acetamido-3-deoxy-a-D-arabofuranoside

(11) (50 mg.) was shaken with dry acetone (10 ml.,),

anhydrous copper sulphate (1 g.) and acetaldehyde (O<1l ml,)

for 14 days. Filtration and evaporation of the filtrate

gave a syrup (45 mg.) which on trituration with acetone
erystallised completely. This product was unchanged

starting material, m.p. -and mixed m.p, with starting material
118-120°, [a]h® +136° (e, 1°0 in Hp0).

Found: C, 46°9; H, T7-4.

CgHys505N requires C, 46+8; H, T-4.

Cale. for Cq3HjgOsN (isopropylidene derivative) C, 53-9; H, 7-8%.

(iv) Tosylation. lethyl 3-acetamido-3-deoxy-a~D-
arabofuranoside (II) (10 mg.) in dry pyridine (1 ml,) was
treated with toluene-p-sulphonyl chloride (40 mg.) in the
presence of 'Drierite' (0«1 g.) for 60 hours et room tempera-
ture. The reaction mixture was filtered, the excess of
acid chloride decomposed with a few drops of ice-water, and
the mixture poured slowly into sitirred ice-water. The
resulting precipitate after washing with water and drying
gave methyl 3-acetamido-3-deoxy-2,5-di-0-toluene-p-
sulphonyl-a-D-arabofuranoside (III) as a white powder (8 mg.).
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(v) Ireatment of the ditosyl derivative with sodium
iodide. The ditosyl derivative (III) (6 mg.), in dry

acetone (0+1 ml,) was heatéd with sodium iodide (10 mg.)

in a sealed tube gt 100° for 2 houra.(63)

plate-shaped crystals of sodium toluene=-p-sulphonate were

Characteristic

deposited in 88% yield (after allowanc(eﬂjfor solubility in
acetone) and were identified as the S-benzylthiouronium
salt, m.p. 179-180°. (Hopkins and Williams(7l) record
m.p. 182°), The yield of sodium toluene-p-sulphonate was
comparable to that obteined from a corresponding quantity
of methyl 2,3,4-tri—0—$enzoyl-6-0—toluene-graulphonyl—a-
D-mannopyranoside (81l% of theoretical). Toluene=-p-sul-
phonamide under these same conditions failed to yield any

sodium toluene-p-sulphonate.

(vi) Hydrolysis of the methyl e-D-pentosaminide mixture.

Crude methyl a-D-pentosaminide (I) (135 mg.) in N sulphuric
seid (11 ml.) wes heated at 100° until the rotation of the

solution resched a constant value.

pime (min.)  gs(l dm.)

15 +0+459
30 +0+28°
60 +0+00°
105 ~0.30°
145 -0:48°
180 ~0+53°

240 -04+53°
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Neutralisation with barium carbonate, filtration,
and concentration gave a syrup which was extracted with
water (3x1 ml.). The aqueous extracts were filtered and
evaporated to a syrup (80 mg., 65% of theoretical),
[c]%g ~47° (e, 1:1 in Hp0) . This pentosamine mixture
could not be erystallised and no crystalline hydrochloride
could be isolated.

(vii) Hydrolysis of methyl 3-acetamido-3-deoXy—a-De

arebofuranoside. Methyl 3-ascetamido-3-deoxy-a-D-arabo-

furanoside (II) (91 mg.) in 3N hydrochloric aeid (10 ml,)
was heated at 100° until the rotation of the solution

reached a constant value,

Time (min,) 8o (1 dm,)

0 +1.24°
15 -0+87°
35 -0°*86°
60 -0°86°

The hydrolysis solution was évaporated to dryness and
the residue dried by treatment with ethanol-benzene (3:1)
and removal of the solvents. Trituration with methanol
gave crystgls of 3-amino-3-deoxy-p-D-arabinose hydrochloride
(69 mg., 84% of theoretical), m.p. 161° (dec.), [a]%a -1430°
(3 minutes) — [c]%8 ~109° (final; 30 minutes) (e, 0-3
in Hp0). (Baker, Schaub, and Williama(lg) record m.p.

159° (dec.) [e]3% -110°, and -112° in H,0).
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Foundf c' 32'6; H, 6'5; N’ ?‘3; Cl, 18'70
05H1104N.H01 requires C, 32+4; H, 6-5; N, T-6; Cl1l, 19-1%.

(B) lLarge Seale Preparation.

(1) Ammonolysis. Methyl 2:3-anhydro-o-D-lyxofurano-

side (13+2 &.) in methanolic ammonia (500 ml.) was heated
in an sutoclave at 120° for 48 hours. The resulting brown
solution was filtered and treated twice with charcozl at
room temperature. Removal of the solvent gave a brown
syrup which was freed from ammonia by solution in ethanol
and concentration to a syrup (I) (14+60 g., 994 of theore-
tical).

(ii) Separation of & crystelline N-isopropylidene

derivative. The crude ammonolysis product (I) was dissolved

in hot acetone (250 ml,) and the coole® solution deposited
erystals of methyl 3-amino-3-deoxy-N-isopropylidene-g-=D-
arabofuranoside (IV). The mother liquors were concentrated
and treated several times in this way and a total yield of
155 g. (854 ofltheoretical) of crystalline material was
obtained.

After several recrystallisations from acetone, this
compound had m.p. 120-135%, [a]f’ +100° (e, 1:7 in Hp0).
(Baker(lg) records m.p. 157-159°, [a]g6 +98+5° in Hp0).
Found: ¢, 49-8; H, 8:23 N, T-1l.

Calc., for Cg Hy704N : ¢, 53-2; H, 8-4; N, 69,
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Cale, for CgHy304N : C, 44.2; H, 8.0; N, 8-64%.

(05H1304N = lMethyl 3-amino-3-deoxy-e-D-zrabofuranoside).
The mother liguors were concentrated to a syrup (V)
(1-8 g.).

(iii) N-Acetylation of the erystglline N-isopropylidene

derivative. A solution of the erystalline N-isopropylidene

derivative (IV) (8+0 g.) in water (200 ml.) was acidified
with 2N hydrochloric acid to hydrolyse the isopropylidene
group and then cooled to 5° with methanol (20 ml.) and

anion exchange resin (Amberlite I.R.400; Dbicarbonate form)
(200 ml.). Acetic anhydride (5.5 ml.) was added and the
mixture stirred for 90 minutes at 5°, Removel of the

resin, followed by evaporation, gave a syrup which on
solution in ethanol and addition of light petroleum deposited
erystels (6°62 g., 82% of theoretical), m.p. 120-121°9,
identical with the methyl 3-zcetamido-3-deoxy-a-D-argbo-

furgnoside (II) previously prepared.

(iv) Investigation of the residual syrup (¥). After

removal of the erystalline N-isopropylidene derivative (1IV)
from the ammonolysis product, the residual material (V)
(1-8 g.) in water (50 ml.) was N-acetylated in the usual
way with methanol (5 ml.), resin (50 ml.), and acetic |
anhydride (1+25 ml,). The syrupy product (1.5 g., 83% of
theoretical) in dry acetone (50 ml.) was sheken with
anhydrous copper sulphate (8 g.) and N sulphurie acid

(0-08 ml.).(19) After 3 days the copper sulphate was
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removed and the solution neutralised by addition of ammonium
hydroxide, Svaporation gave a non-reducing syrup (1.0 g.)
which was fractionated between chloroform and water by

a counter-current technigue. A syrup (900 mg., 90% of
theoretical) was obtained on evaporation of the agueous
fraction which had [e]52 +112° (e, 1+1 in Hp0), (ec.f.

[o.]D +134° in HoO for methyl 3-acetamido-3-deoxy-a-D-
arabofurancside). It wés non-reducing to Fehling's solu-
tion before, and reducing after, hydrolysis with hot

dilute hydrochloric acid, and gave a negative test for the

(68) Chromatographie

presence of the isopropylidene group.
examination (see p. 3/ ) showed the presence of two major
components, Rg 0+67 and Ry 0+76 (c.f, Rg 0°73 for methyl
3~acetamido=~3-deoxy-a-D-arabofuranoside). No erystalline

fraction could be obtained from this product.
Evaeporation of the chléroform fraation yielded a syrup

(40 mg., 4% of theoreticzl) which was non-reducing to
Fehling's solution and which gave a faint positive test

for the presence of the 1isopropylidene group.

Methylation of methyl 3-acetamido-3-deoxy-o-D-

arshofuranoside.

Methyl 3-acetamido;s—deoxy—a-ﬂ-arabofuranoside (11)
(4°0 g.) was methylated in the usual way with methyl iodide
(23 ml,) and silver oxide (20 g.). The reaction was

followed by noting the change in the refractive index,
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After 1 methylation nﬁo 1-4788

~After 2 methylations nﬁo 1.4713

After 3 methylations nﬁo 14654

After 4 methylations nﬁo 1-4652
The product wes a mobile syrap (430 g.) which after distil-
lation, b.p, 50-120%/0+05 mm., had n3° 1.4647, and on
standing partly orystallised, The orystale (2-69 g.,
597% of theoreticel) were freed from syrup by washing with
e¢old light petroleunm. These hygroscopic erystals of

nethyl 3J-zcetenido=3-~deoxy-2,5-di-0-methyl=-c-D-arasbofuranoside.
eould not be reerystalliszed and had m.p. 57-59°,

[¢]§3 +131° (e, 1.0 in H,0), and Rg 0+97.
Found: 0,5/-6 ; H, %Il ; N, 5% ; OMe, 39.2.
01051905“ requires €, 51+5; H, 823 N, 6+0; Ode, 39*9%.
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Ihe Ammonolysis of 'Syrupy' Methyl 2:3-Anhydro-D-lyxofura-

nogide,

(i) Ammonolysis. 'Syrupy' methyl 2:3-anhydro-D-

lyxofuranoside (2+8 g.) in methanolic ammonia (75 ml,) was
heated in a sealed tube at 120° for 48 hours. The result-
ing brown solution was concentrated to a syrup which was
treated with charcoal in ethanol. Removal of the solvent

gave a syrup (VI) (2.81 g., 90% of theoretical).

(ii) N-Acetylation. The ammonolysie product (VI)

(101 g.) in methanol (20 ml.) and acetic anhydride (2+5 ml,)
was allowed to stand at room temperature overnight,

Dilution with water (10 ml,), neutralisation with solid
sodium bicarbonate, and removal of the solvent gave a
residue which was extracted with chloroform (3 x 80 ml,).
Concentration of the dried extracts gave = syrup (0°76 g.,
59% of theoretical) which on solution in methanol—aoefone
(1:1) and addition of ether to turbidity gave orystals

(160 mg., 177 of theoretical), These had m.p. 147-149°

and were shown t& be methyl 3-ascetamido-3-deoxy-p-D-arabo-
furanoside (VII). After recrystallisation from the same
solvents they had m.p., 1569, mixed m.p. with the @ anomer
(11) 90-1009 [a.]Il)‘8 -165° (¢, 1+0 in B40H), <1209 (c, 1.2
in H,0). (Baker(lg) records m.p. 1559, [a]ﬁ‘ -119° in H,0,
for this compound.)

Found: C, 46.2; H, Te3; N, 6.9.

GBH1505N requires C, 46.8; H, 7-4; N, 6-8%.
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The mother liguors were re-tréated with methanol-acetic
anhydride but no ecrystalline materiasl could be obtzined
from the product which had [a]}j8 -49 (e, 1+5 in H20).

(iii) Attempted formetion of an isopropylidene

derivative, liethyl 3-acetamido-3-deoxy-f-D-arabofuranoside

(VII) (50 mg,) in dry acetone (10 ml.,) was shaken with

anhydrous copper sulphate (1 g.) and acetaldehyde (2 drops)

for 14 days. Filtration and concentration gave & syrup

(46 mg.) which on trituration with acetone erystallised

completely. This product was unchanged starting materisal,

m.p. and mixed m.p. with starting material 1569, [a]%a -160°

(e, 0+5 in EtOH).

Found: C, 46.9; H, 7-4.

CgH1505N requires C, 46-8; H, 7-4%.

Cale. for C31H)qUsN (isopropylidene derivative): C, 53+9;
H, 7°-8%.

(Lv) Tosylaetion. Methyl 3-ascetamido-3-deoxy—p=D-
arsboiuranoside (VII) (10 mg.) in dry pyridine (1 ml,) was
treated with toluene-p-sulphonyl chloride (40 mg.) in
exactly the same as for the a anomer. The ditosyl deriva-

tive (VIII) was isolated as & white powder (1l meg.).

(v) Dreatment of the ditosyl derivative with sodium

iodide. The ditosyl derivative (VIII) (10 mg.) in dry

acetone (0+1 ml,) was heated with sodium iodide (10 mg.)

6
in a sealed tube at 100° for 2 hoursf 3) Characteristioc
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plate~-shaped crystals of sodium toluene-p-sulphonate were

deposited in 85% yield.

(vi) Hydrolysis of the ammonolysis product (VI). The

erude ammonolysis product (VI) (315 mg.) in N hydrochlorie
soid (25 ml.) wes heated at 100° until the rotation of the

solution reached a constant value.,

Time (min,) ao(l dm,)

0 ~0+25°
45 -0.60°
90 ~0.68°
120 -0-68°

Evaporation gave & syrup (354 mg., 99% of theoretical),
[0]3} -47° (e, 1°2 in H,0), which could not be orystallised.

(vii) Hydrolysis of methyl 3-acetanido-3-deoxy=—p=D-

arabofurancside, Methyl 3-acetamido-3-deoxy-pf-D-arabo-

furanoside (VII) (40 mg.) was hydrolysed with 3N hydro-
ehloric aecid (5 ml.) at 100°. After 1 hour, evaporation
of the hydrolysate gave a syrup which on trituratioﬁ with
methanol gave crystals (27 mg., 75% of theoretical), m.p.
161° (dec.), [a]%a -108° (e, 0+7 in H20), identical with
the 3-amino-3-decxy-f-D-arabinose hydrochloride previously
obtained.
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The Ammonolysis of Methyl 2:3-Anhydro-p-D-lyxofuranoside.

(1) Aumonolysis. Crystalline methyl 2:3-anhydro-—p-D-

lyxofuranoside (8.4 g,) in methanolic ammonia (500 ml,)

was heated in an autoclave at 120° for 48 hours. The
resulting brown solution was filtered and treated twice
with charccoal at room temperature. Filtration and removal
of the solvent gave a brown syrup from which any residual -
amnonia was removed as beforeand a syrup (X) (9-21 g.,

98¢ of theoretical) was isolated.

(ii) Separation of & erystalline N-isopropylidene

derivative. The orude ammonolysis produet (X) (9.2 &.)

was dissolved in hot acetone (50 ml,) and the coocled solu-
tion deposited erystals of methyl 3-amino-3-deoxy-N-
isopropylidene-p-D-arsbofurenoside (XI) (total yield,

T*1l g., 62% of theoretical), After several recrystallisa-
tions from acetone, this compound had m,.p. 130-145°,

[a]%5 ~96°% (e, 1+5 in Hp0). (Bakertlg) records m.p.
155-157°, [a.]ZD5 -96% in H20),

Found: ¢, 51.7; H, 8.2; N, 6.9,

Cale. for CgHy704N : C, 53-2; H, 8+4; N, 6:9%,
The mother liguors were concentrated to a syrup (XII) (35 g.).

(iii) N-Acetylation of the crystalline N-isopropylidene

derivative. A solution of the crystalline derivative (XI)

(4°0 g.) in water (100 ml,) was acidified and N-acetylated
in exactly the same way as for the o anomer. The product

was recrystallised from acetone to give methyl 3-acetamido-
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3-deoxy~f-D-arabofuranoside (VII) (3-41 g., 84#% of
theoretical), m.p. 156°, identical with the product iso-
lated from the ammonolysis of the 'syrupy® methyl 2:3-
anhydro—D-lyxofuranoside.

(iv) Investigation of the residual syrup (XII).

After removal of the erystalline N-isopropylidene derivative
(XI) from the ammonolysis product, the residual material
(35 g.) was N-acetylated in the usual way. The syrupy
product (3+4 g., 964 of theoretiecal) in dry acetone (50
ml, ) was shaken with anhydrous copper sulphate (8 g,) and

N sulphuriec acid (0-08 ml.).(lg)

After 3 days the copper
sulphate was removed and the solutiog neutralised with
-ammanium hydroxide. Evaporation gave a non-reducing syrup
(30 g. [a]%z -48° (e, 1¢5 in Hp0)), which was fractionated
between chloroform and water as in a previous experiment.

The aqueous fraction gave a syrup (2+65 g., 88+5% of
theoretical) which wes distilled, b.p. 170-175°/0+1 mm.,
(0:94 8.), [a]pt -46° (e, 10 in H20) (c.f. methyl 3-
acetanido-3-deoxy-p-D-erabofuranoside, [elp -120° in Hy0)»
The syrup was non-reducing to Fehling's solution before,

end reducing after, hydrolysis with hot dilute hydrochloric
acid, and gave a negative test for the presence of the
isopropylidene group. Chromatographic examination (see p.3))
showed the presence of two major components, Rg 0«60 and

Rg 070 (e.f., Rg of methyl 3-acetamido~-3-deoxy-p-D-arabo-
furanoside 0*64). A solution of this syrup in ethanol-light
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petroleum deposited erystals (60 mg.) which had m.p,
212-214°, [a]3® -64° (c, 0-9 in Hp0), and Rg 0-60.
Found: G,h68 ; n,I{g, PN ET

G ¢ qéﬂ requires C ,#6‘8 3 h-;vafr s—, 166 e
[)D.r,«?cu.c‘wo-c_,:ulg_ .

— MeLQ,Gp Q-mcdﬂm:do‘-ﬂ-ciﬂ-dﬂ—r)‘p-zxﬁ 1

The chloroform fraetion yielded a dark brown syrup

(70 mg., 2.3% of theoretical), which was non-reducing to
Fehling's solution and gave a faint positive test for the

presence of the isopropylidene group.

Methylation of methyl 3-acetamido-3-deoxy-f-D-arabofuranoside.

iethyl 3~acetamido-3-deoxy-p-D-arabofuranoside (VII)
(2°0 g,) in methanol (15 ml.) was methylated at 40° in the
usual way with methyl iodide (23 ml.) and silver oxide (20
&), After 3 methylations, a solution of the erystalline
produet in acetone-light petroleum deposited erystals

(0.90 g.), m.p. 154-157°, A cooled solution of these in
acetone gave crystals 'A' (580 mg.), and on addition of

light petroleum further orystals '3' (280 mg.) were isolated.

Examination of 'A°', These erystals were non-reducing

to Fehling's scolution, end, ai ter recrystallisation from
acetone as prisms, had m.p.'ﬁﬁ%‘. [a]ﬁ4 «1182 (¢, 0.7 in HZO)
and mixed m.p. determinations geve a depression with

gtarting material, fraction 'B', and suthentic methyl
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J-zcetamido=-3-deoxy-5=0-meth) l-p=D-arabofuranoside.
Chromatogrephic examination (see p.3 ) showed the presence
of only one component Ry O+77.
Found: e;lﬁ-?’; r:,TQ; N,ggi OMe, 28.3.
09H1705N requires ¢, 49+3; H, T«8; N; 6-4; OMe, 28+3%.
The crystales (50 mg.) were tosj}aﬁﬁggéﬁgﬁhiqgi%?ayqchch)
way =nd the toluene-p-sulphonyl eateq{rgolated (55 mg, )
gave & positive test for the presence of a primary toluene-

gfaulphonyloxy group,(63) thue 1dbhtifying the erystals

as methyl 3-aeetamido-3-deoxy-2—0-methyl—S—D-arabofuranosidq,

e

Examination of 'B'. These crystals were non-reducing

to Fehling's solution and, after recrystallisation from

acetone-light petroleum as needles, had m.p. 156—1600,‘and

mixed m.p. determinatione showed them to be different

from starting meterial, fraction 'A', and authentic methyl

3~acetamido=-3-deoxy-5=-0-methyl-p-D-arabofuranoside.

‘Chromatographic analysis gave two spots having Rg 0.92

and Ry 0478 (e.f. Ry values for authentic methyl 3-acetamido-

3-deoxy=2,5~di-0-methyl-p-~D-arabofuranoside (0-92) and

Fraotion 'A' (0-77).

Found: €, 51.0; H, 8.5; £!~500; Olie, 36-2.

010H1905N reguires ¢, 51-5; H, 8-2; N, 6+0; Olle, 39+9.

Coll 705N  requires C, 49-3; H, T7+8; N, 6-4; Olie, 28+3%.

(C1oH1905N = Nethyl 3-acetemido-3-deoxy-2,5-di-O-methyl-
B=D-zarabofuranoside.

Cgliy 705t = Methyl 3=-acetanido-3-deoxy-mono=0-methyl=pf=D-

furanoside).
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Methylation of the residues. The materizl left after

the separation of these two fractions (l+1 g., OlMe, 24°+9%)
was remethylatéd three times as before. The product (1-0
g., OMe 36+57) was extracted with cold ecetone (2 ml.)

and the extract treated with light petroleun. Needle -
shezped cerystals of methyl 3-acetamido-3-deoxy-2,5-di-0-
methyl-p-D-arsbofurenoside were deposited (0.51 g.) which
after reerystallisation from the same solvents had m.p.
174-175°, [a]§3 -107° (e, 08 in Ho0), and Rg 0-92. (r3)
Found: ¢€,5/-6 i—H,8/ ; N,59 ; OMe, 39.4.

C10H1905N requires €, 51+53 H, 8«24 N, 603 OMe, 39+9%.
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The Ammonolysis of Methyl 2:3-Anhydro-5-0-methyl-g-—D-

;Ixofuranoside.

(1) Ammonolysis. Methyl 2:3-anhydro=-5-0-methyl-a=D-

lyxofuranoside (9-1 g.) in methanolic ammonia (500 ml,)

was heated in an autoclave at 120° for 48 houfs. The
resulting brown solution was filtered and treated with
charecoal at room temperature. Removal of the solvent

gave a brown syrup which was freed from ammonia by soldtion
in ethanol and concentration to a syrup (9+51 g., 94% of
theoretical).

(ii) Separation of a orystalline N-isopropylidene

derivative. The crude ammonolysis product (9¢51 g.) was

dissolved in hot acetone (50 ml.) and the cooled solution
deposited crystals, shown to be methyl 3-amino-3-deoxy-N-
isopropylidene-5-0-methyl-a-D-arabofuranoside (XIII)
(8434 8., T2% of theoretical). After seversl recrystallisa-
tions from scetone, they had m.p., 115-125°, [a]%z +106°
(ey 0.9 in H20).
Found: C, 54-3; H, 9+4; N, 6-4.
010H1904N requires ¢, 55-3; H, 8-8§ N, 6-5.
CqHy504N  requires C, 47-43 H, 8-5; N, T7°9%,
(CqH1504N = Methyl 3-amino-3-deoxy-5-0-methyl-a=D-arabo-
furanoside).

Coneentration of the mother liquors gave a dark brown
syrup (2:82 g., [o.]D +65°% (¢, 0°7 in Hp0)), which was
distilled b.p., 100° (bath temperature)/0-03 mm., and this
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syrup (520 mg.) ylelded a further orop of the above
eryatale (80 mg.).

(Lii) H-icetylution of the erystalline N-isopropylidene
derivative. The orystulline Ne-isopropylidene derivative

(Z111) (5+81 g.) in water (150 ml,) was scidified with 2N
hydroenlorie acid and Neacetylated in the usuel way, The
syrupy product (580 g., 994 of theoretical) parily
aryetnollised but the erystals, w.p. 43-45%, coald not de
recrystallised, Distillation guve & colourless syrup
(4°64 8+) Depe 140° (bath teuperature)/0+0% mm., which
eryatallised, This product could not be recrystallised
but the oryetsls could be freed from syrup by washing with
ether., These nygroscopic crystals, methyl J-aceteunido=3-
deoxj=5=0=methylen-D-arabofurancvide, (3+87 g8.), had m.p,
60-62°, [c)3! 41199 (e, 0.9 in Hp0), end Rg 0488, (p- 31)
Found: @€, 482 ; 4, J6 s N, 58 ; OMe, 27.8.

Cgfiy70s¥ requires C, 49+3; 1, To8y #, Ged4y Ole, 28034,

(iv) Hydrolysis of the crystalline N-lsopropylidens
derivative., The N~isopropylidene derivative (XIII) (227

mg.) in 2K hydrochloric acid (15 ml.) was haeated at 100°

antil the rotation of the solution reached a constant value.

ime (min,) el dm,)

o +1'97°

fa]
10 +0°70
25 +0°33°
50 +0°26

. 9
70 +0 2%
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The hydrolysis solution was evaporated to dryness but

n¢ erystalline hydrochloride could be isolated.

Methylation of methyl 3-acetamido-3-deoxy-5-0-methyl-

a-D-arabofuranoside,

lethyl 3-acetomido-3-deoxy-5-0-methyl-a-D-2rabo-
furanoside (1.0 g.) was methylated four times with methyl
iodide (23 ml.) and silver oxide (20 g.) in the usual way.
The produet (1+07 g.) was a mobile syrup and had n%a 1+4548.
Distillation gave two fractions (1) 310 mg., b.p. 80°
(bath temperature)0:02 mm., the nature of which is being
investigated, and (2) 520 mg., b.p. 100° (bath tempera-
ture)/0+°02 mm., which erystallised completely on standing.
The erystels from the latter fraction were isolated by
washing with light petroleum and were identicgal with the
methyl 3-acetamido-3-deoxy-2,5-di-0-methyl-a-D-arabo-
furanoside previously prepared. They had m.p,., and mixed
m.p. with euthentic materiel 57-59°, [a.]%l +129° (e, 0+9
in Hp0), and Rg 0+97. (r31)
Found: Olle, 39-1.
01031905N reguires OMe, 39-9%.
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The Ammonolysis of 'Syrupy' Methyl 2:3-Knhydro-5-0O-methyl -
op-D-lyxofuranoside,

(1) Ammonolysis. *Syrupy' methyl 2:3-anhydro-5-0-

§ethyl—aB—D-lyxofuranoside (1-32 g.) in methanolic ammonia
(60 ml.,) was heated in a sealed tube at 120° for 48 hours.
The product was a brown syrup (1°40 g., 96% of theoretiocal),
This on distillation gave a Colourless syrup (XIV) (0-76
€¢)y b.p. 110-120° (bath temperature)/0.02 mm., [31%8 -42°
(e, 1+4 in EtOH). :

(ii) N-Acetyletion. The distilled product (ZXIV)

(535 mg.) was N-acetylated in the usual way and the product
(605 mg., 91% of theoretical) was a syrup which on solution
in acetone and addition of light petroleum deposited
orystals (125 meg.). After recrystallisation from the
same solvents, these had m.p. 161-162°, [a]%8 ~111% (e,
0+4 in Hp0), and were shown to be identical with the methyl
J-acetemido=-3-deoxy=-D-0-methyl-g-D-arabofuranoside
subsequently prepared.
Found: C, 49+6; H, 7-8; N, 6-3.
09H1705N requires C, 49-3; H, 7-8; N, 6-4%.

No further orystals could be obtained from the mother

ligquors.
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The Ammonolysis of Methyl 2:3-Anhydro-5-0-methyl-p-D-

;yxofuranoside.

(i) Ammonolysis. Methyl 2:3-anhydro=5-0-methyl-g-

D-lyxofuranoside (6.2 g.) was treated with methanoliec
aumonia (500 ml.) in exactly the same way as the & anomer,

The product was a brown syrup (617 g., 90% of theoretical).

(i1) Attempted prepsration of an N-isopropylidene

derivative. The crude ammonolysis product was dissolved

in hot acetone as in previous experiments but no erystal-
line product separated, Removel of the acetone followed
by distillation gave a colourless syrup (XV) (5°64 g.,
74+ of theoretical), b.p. 84-86°/0-03 mm.,

(iii) N-Acetylation. The distilled mixture (XV) in
water (150 ml,) was acidified and N-acetylated in the
usual @ag. The product (544 g., 96% of theoretical) on
solution in acetcone and addition of light petroleum gave
erystals (2:66 g., 49% of the N-acetylated product) shown
to be methyl 3-zcetanido=3=«deoxy=S5=0-nethyl=pf=D-arabo-
furanoside. After recrystallisation from acetone-light
petroleum, the erystals had m.p, 161-162°, [a]%3 -114°
(e, 1+2 in Hy0), and Ry 0-81.(r%)

Found: C,k9-5 ; n,r% ; N,6% ; OMe, 28.1.
CgH1705N requires €, 49-3; H, 7+83 N, 643 OMe, 28-3%.,

Evaporation of the mother liguors gave a brown syrup

20
which distilled as & syrup (71 mg.), [e]p +30° (e, 0-7
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in H20). An agueous extract of the distillation reéidueg
gave, on treatment with charcoal and evaporation, a syrup

(80 mg.), (]3> +18° (e, 0:8 in H,0).

Methylation of methyl 3-zcetanido=3=-deoxy=-5-0-methyl-p=D=

arabofuranoszide.

Methyl 3-acetamido=3~deoxy=5=0-methyl-p=-D-arabofuran-
oside (1+0 g.) in methanol (5 ml.) was methylated four
times in the usuzl way. The produet (1+0 g.) on solution
in acetone and addition of light petroleum deposited
erystals (750 mg.) identical with the methyl 3-acetamido-
3=de0xy=2,5=di-0-methyl-p=-D-arabofuranoside previously
~ prepared. They had m.p. and mixed m.p. with authentic
material 174-175°, [n]§3 -107° (e, 1.1 in Hy0), and RG
0.92, (p-31)

Found: OMe, 40-1l.
C10H1905N reguires OMe, 39°9%.
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2ART 1II

Synsheses of Gluocosamine 6-Phosphate
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PART II

SYNTHESES OF GLUCOSAMINE 6-PHOSPHATE

Discussion

In order to synthesise authentic glucosamine 6-
phosphate and to avoid the danger of contamination with
derivatives carrying phosphate residues on other carbon
atoms in the sugar chain, it is necessary, firstly to
protect the amino group and all the secondary hydroxyl
groups in the molecule before phosphorylation, and secondly
to choose substituents for these groups that can be
removed without affecting the phosphate residue on Cg. It
is also highly desirable to obtain crystalline derivatives
at each stage in the synthesis. The well-=known psaper
chromatographic method of analysis of syrupy materials is

notoriously difficult to apply to amino sugars owing to

the diffuse nature of the spots obtained and to the lack

of satisfactory detecting reagents.(lo)

In general three different types of substituents have
been used to protect the amino group in syntheses of glucos-

amine derivatives. Condensation of aromatic aldehydes

with this group gives a Schiff's base type of compound.(43)

(44) used the derivative

In particular, Bergmann and Zerveas
prepared from p-methoxy-benzaldehyde to prepare 1,3,4,6-

tetra-O-acetyl-glucosamine, Methyl glucosaminides have
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frequently been prepared(lz) by first blocking the amino
group with the carbobenzyloxy residue.

CH,0H

KOH H.OH

HO

HMN.CO.0CH,.C4Hg
N-Carbobenzyloxy-D-glucosamine

Acetylation has been used successfully by Jeanloz(4o'45'46)
in the preparation of partly methylated derivaetives of
glucosamine,

In a preliminary investigstion, it was decided to
use N-p-methoxybenzylidene-glucosamine as starting material.
(FPormulae of the intermediate compounds preparedeﬁring
this synthesis will be found on p.87 ). This compound

was readily obtained in & erystalline form and in excellent
(44) The

blocking of the primary hydroxyl group with a trityl residue

yield by the method of Bergmann and Zervas.

and the remaining hydroxyl groups with acetyl residues was

conveniently carried out in one operation in a manner
similar to that used by Reynolds and Evans.(BB) The

resulting material was amorphous and separation of a single
anomer was achieved once only on a very small scale. The
erystalline product isolated was analytically pure and its
high poeitive specific rotation suggested that it was the
a~anomer of 1,3,4-tri-0-acetyl-N-p-methoxybenzylidene-6~0-
triphenylmethyl-D-glucosamine, The amorphous material
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had an acetyl content 17 lower than the theoretical.

The preferential removal of the trityl group from
this latter material was attempted by various methods,
Treatment with 607 acetic acid at 1000(40) gave a syrupy
product analysis of which indicated that partial hydrolysis
of the p-methoxybenzylidene group had also occurred.
Removal of the trityl residue with hydrogen bromide in
glacial ascetic acid(47) gave, in a preliminary experiment,
& syrup which snalysed correQ@tly for the expected triacetyl
Schiff's base, In the large scale preparation however,
the syrup was contaminated with tritanol and several
attenpts were made to remove this. Separation on an
aluamina column(4a) was effective in separating the tritanol
but the basic nature of the alumina caused partial de-
acetylation of the sugar derivastive. Finally, the
tritanol was removed by exhaustive extraction with light
petroleum, but the residual syrup was shown to contzin a
small amount of bromine, presumably due either to addition
of hydrogen bromide at the double-bond of the Schiff's base
(I) or to partial conversion to the 6-bromo-6-deoxy

&8
derivative (II).( )

CH,OH CH,Br
0

oRe H,0Rc KOM. H,0Ac
Aco

NH.CH.CoH), . OCHy N=CH.C¢H, .OCH,
3 & II

RO
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Phosphorylation was carried out(26) with diphenyl-
phosphorochloridate prepasred by the method of Foster,

42)

Overend, and Staoey.( Elemental analysis of the syrupy

product was in agreement with the composition of the

expected diphenyl phosphate derivative. Attenpted removal

(26)

of the phenyl groups by hydrogenolysis again gave a

syrup, analysis of which indicated that only partial removal
of the phenyl groups had taken place. De-acetylation with

potassium methoxide and hydrolysis of the p-methoxybenzylidene

group were attempted, but no recognisable product could be
isolated. It seemed likely that the double bond of the

Schiff's base had been saturated under the conditions used
for the hydrogenolysis of the phenyl groups. In view of
this and of the failure to obtain crystalline derivatives in
the later stages of the synthesis, this route was abandoned.

Search was then made for other substituents of the

amnino group. Phenyl thiocarbonyl ehloride (III) has been

Ph-S-?ﬂO
Ccl

III

used to protect amino groups in amino acida,“g) but no
erystalline derivative of glucosamine could be prepared
(see p.127). Experiments were carried out to determine
the conditions necessary for the complete hydrolysis of N-

acetyl-glucosamine and p-penta-acetyl-glucosamine (p.l28).
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Since these did not appear to be sufficiently drastic to
cause hydrolysis of the phosphate group, a second synfhesis
0of glucosamine 6-phosphate was planned in which acetyl
groups were used to protect the amino group as well as the

secondary hydroxyl groups. (For formulae of the compounds

prepered during this synthesis, see p.9% ).
Instead of the older method of preparation of N-acetyl-

glucosamine with silver acetate and acetic anhydride,(so)

(36) was used.

that reported by Roseman and Ludowieg
Aeatylatidn was carried out in a cold aguecus solution of
acetic anhydride, neutrality being maintained by the addi-
tion of the carbonate form of an anion-exchange resin.
Unchanged glucosamine was removed from the reaction mixture
by pessage through a column of cation-exchange resin and
crystalline N-aoefyl—a-n-gluoosamine was isolated in good
yield from the eluate. The unchaenged glucosamine was
recovered as the hydrochloride from the resin column by
elution with N hydrochloriec acid.

Simultaneous trityletion and acetylation is usually
carried out at 100° (38) vut preliminsry experiments in this
synthesis were done at 40° in an attempt to retsin the a-
configuration and to reduce decomposition. An amorphous
substance was obtained which on fractional erystallisation
gave two products, The first of these was not very soluble
in chloroform and had a very high melting point. Elemental
analysis and trityl content(‘l? showed this to be a tri-
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acetyl-ditrityl-glucosamine, It was non-reducing to
Fehling's solution, whereas compounds with the reducing group
blocked by an acetyl residue were reducing. This suggested
that the compound was 3,4-di-0O-acetyl-N-acetyl-l,6-di-0-
triphenylmethyl-D-glucosanine, Confirmation of this was
obtained by removal of the trityl residues. A tri-acetyl-
glucosamine was isolated which showed mutarotation in
agueous solution, and which proved to be identical with the
tri-acetate produced by detritylation and partial de-
acetylation of the zuthentiec 1,3,4~tri-0-acetyl-N-acetyl-6-
O=-triphenylmethyl-p-D-glucosamine prepared in later experi-
ments. The negative speecifie rotation (-29°) of the
ditrityl derivative suggested that it had the p-configuration.
Steric factors mey hinder the formation of the other anomer,
The reason for the formation of this ditrityl derivetive is
undoubtedly the relative insolubility of N-acetyl-glucosamine
at the reaction temperature with the resulting high propor-
tion of trityl chloride to sugar derivative in the solution.
The formation 1l,6-ditrityl ethers of D-xylose, D-ribose, and
I=arsbinose has been reported in experiments where a high
proportion of trityl chloride was preaent;(48)
The second product isolated from the fracticnal
erystallisation, after recrystallisation from chloroform-
light petroleum, showed, on analysis, the presence of solvent
of crystallisation. Complete removal of the solvent gave

a erystalline material which analysed correctly for 1,3,4-
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tri-0-acetyl-N-acetyl-6-0-triphenylmethyl-a-D-glucosamine.
The solvated product, from the analytical figures and
from gquantitative desolvation, was shown to contain more
than one solvent. The presence of chlorine indicated
thaet chloroform is present but in insufficient guantity

to account for all the solvent. The other solvent may be

light petroleum or may be due to ethanol, present as
impurity in the chloroform.

In view of the results of this preliminary experiment,
it was decided to revert to tritylation at 100° followed by

(38) Three crystalline

acetylation without cooling.
fractions were obtained. The first fraction was deposited
on cooling a hot carbon tetrachloride solution of the crude
material. After one recrystallisation it was isolated in
25% yield with solvent of erystallisation, Removal of the
solvent gave erystaels of 1,3,4-tri-O-acetyl-N-acetyl-6-0-

triphenylmethyl-p-D-glucosamine which was characterised by

melting point, analysis, and specifie rotation. The solvated
material was shown to contain four thirds of & molecule of

carbon tetrachloride to every molecule of sugar. Recrystal-
lisation from other solvents appeered to give other solvates
but these were not examined. This phenomenon of solvent

of erystallisation is seldom encountered in non-ionic sugar
derivatives. Trityl ethers, however, appear to be more

ligble than most derivatives to behave in this way. For
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example, the preparation of the ethyl alcoholate of

ditrityl-dulecitol has been reported,(sl)

and Edington,
Hirst and Percival(sg) have isolated methyl tribenzoyl-
6-trityl-a-D-mannopyranoside with one molecule of pyridine,
one molecule of acetone, or three qguarters of a molecule
of chloroform of crystallisation.

After removal of the solvent from the mother liguors,
the residual syrup was dissolved in warm chloroform.

Addition of an egual volume of ether and cooling caused the

deposition of erystals of 1,3,4~tri-0O-acetyl-N-acetyl-6-0~

triphenylmethyl-a-D-glucosamine as a mixed solvate (5% of
theoretical). 3,4=Di-0-acetyl-N-acetyl-l,6-di-0-triphenyl-

methyl-De~glucosamine was isolated in 2% yield on the
addition of light petroleum to the residual solution,

It was hoped to incresse the yield of the pf-anomer of
the tetra-acetyl-6-trityl-glucosamine by suitable treatment
of the mother liguors. With this in view, the crystalline
g-anomer was heated with acetic anhydride in pyridine for
varying lengths of time, Unchanged starting material was
invariably recovered, however, indic=ting that no anomerisa-

tion had taken place. This failure to achieve partial
anomerisation of the a-form hes been met previously in the

methyl glycosides of glueoaamina(12’53) and of 3-amine-
(54)

glucose.

Seversal methods were investigated for the removal of
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the trityl residues and difficulties in isolation were
encountered due to the unusual relative solubility of the
resulting acetates in chloroform and water. When an

acetic acid solution of the ditrityl ether was treated with
hydrogen bromide in acetie acid,(47) extraction of an
agueous solution of the product with chloroform failed to
give any significant yield of the tri-acetate, due to its
preferential solubility in water. An attempt was made to
utilise this relative insclubility in chloroform by treating
the ditrityl ether with hydrogen chloride in this solvent(39)
but no erystalline acetate was deposited. Hydrogenolysis
of the trityl groupa(39) was attempted but, possibly due

to poisoning of the catalyst, no cleavage appeared to occur,

Use of 60% acetic acid at 1000. howevér, gave crystalline
3y4=-di-O-acetyl-N-acetyl-a~D-glucosamine, identified by
elemental analysis and by the fact that it showed muta-
rotation in agueous solution,

Treatment of the tetra-acetyl-6-trityl-a-D-glucosamine
according to all the methods used for the ditrityl ether
failed to yield a orystalline product. When the pf-anomer
of the tetra-acetyl-6-trityl derivative was heated at 100°
with 60%# acetic acid, a moderate yield of a crystallihe
tri-acetate was obtained. This was identical with the
tri-acetate isolated from the detritylation of tri-acetyl-
1,6~ditrityl-glucosamine. Penta~acetyl-p-D-glucosamine

was subsequently shown to undergo partial hydrolysis under
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these conditions, the recovery of starting material being
only 33%. This method was clearly unsuitable for the
detritylation of compounds with an acetyl group at Cy end
possibly for acetates in general, although it has been used
successfully by Jeanloz in the detritylation of glucosamine
derivatives containing an N-acetyl group(40'46) and O-
benzoyl groups.(46)

Preliminary experiments on the detritylation of the
solvate of tetra—acetyl—G-trityl—5;D—glucosamine with
hydrogen bromide in acetic acid gave negligible yields of
product on chloroform extraction of the agueous solution,
Investigation showed that, whereas 1,2,3,4-tetra-acetyl-g-
D-glucose may be isolated readily by chloroform extraction
of an &agueous solution,(Ba) the analogous glucosamine
derivative was preferentially soluble in water, the parti-
tion ratio between chloroform and water being 1l:3. This
difficulty was overcome by exhaustive chloroform extraction
and elimination of the usuasl water washing of the extracts.
The erystalline p-tetra-acetate was obtained in good yield,
the reaction being spparently unaffected by the presence
of the carbon tetrachloride in the starting material,

In view of the ease of preparation of fhe p-form of
the trityl ether, as compared with the a-anomer and also
the ready prepaeration of crystalline 1,3,4-tri-O-acetyl-N-
acetyl-p-D-glucosamine, it was decided to continue the

synthesis with this material, But before proceeding with
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the synthesis the structure of this compound was confirmed.
It analysed correctly for a tetra-acetyl derivative of
glucosamine and failed to show any mutarotation in agueous
solution indicating that Cq was blocked by an acetyl residue.
The principal danger was the possibility of acetyl migration
during the hydrolysis of the trityl group.(ss) Conversion
of 1,2,3,4-tetra-acetyl-p-D-glucose to the 1,2,3,6-tetra-
acetate has been shown to occur readily in alkaline solution
and even in neutral solutions contained in a soft-glass
vessel.(56) If the tetra-acetyl-glucosamine has the
postulated structure and no migration of acetyl groups has
ocourred, then tritylation should give the parent trityl
ether. Some difficulty was experienced in cerrying out
this reaction at room temperature but reaction at 50° gave
the desired product. The analogous 1,2,3,4-tetra-acetyl-
p=-D-glucose was also shown to be resistent to tritylation at
room temperature. Final proof that the primery hydroxyl
group was free was obtained by tosylation, A crystalline
mono-toluene-p-sulphonyl-derivative was isolated which gave
a positive test for the presence of & primery toluene-p-
sulphonyloxy group when treated under the standard conditions
with acetone and sodium 1od1de.(63)
Phosphorylation of 1,3,4-tri-O-acetyl-N-acetyl-p-D-
glucosszmine in pyridine solution with a slight excess of
diphenyl phosphorochloridate gave a erystalline diphenyl

phosphate, Removal of the phenyl groups by a platinum
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catalysed hydrogenolysis proceeded smoothly at room tempera-
ture in ethanolic¢ solution. In exXperiments on the large
scale, the time required for the uptake of hydrogen to

reach completion varied considerably, presumably due to
differences in the physical state of the catalyst, and the
uptake was always a little below that required by theory.
Removal of the solvent (at low temperature to prevent zuto-
hydrolysis) gave a syrup which erystallised readily from
ethanol, Although one attempt to prepare a crystalline

gycelohexylamine salt (IV) was apperently successful, all

P
Q_ 07 NH3. CgHy

Km
Aco

+
Q- NHS- C‘““
OAc

NH. Ac
Iv

subsequent attempts failed. No adequate explanation for
this can be put forward.

A preliminary hydrolysis of the acetyl groups with N
hydrochloric acid to constant rotation failed to give either
a orystalline glucosamine phosphorie acid or a crystalline
eyclohexylamine salt, The hydrolysis was repeated and the
barium salt of the sugar phosphate isolated by neutralisa-
tion of the hydrolysate %o pH 7 with barium hydroxide.
Although the produet, after purification by several
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reprecipitaetions from water, had a theoretical phosphorus
content, the carbon and hydrogen contents were too high.

This may be due either to incomplete de-acetylation or to

the addition of insufficient barium hydroxide to convert

all the phosphoric acid ester to the barium salt. In view
of this result hydrolysis for three hours in N sulphuric acid
was carried out. It was observed that very little change

in rotation occurred after the first 30 minutes, The
solution was neutralised by shaking overnight with finely
powdered berium carbonate. Removal of the insoluble

barium salts and addition of ethanol gave a product which
after drying was not readily soluble in water. This
difficulty was overcome by the addition of a few drops of
dilute hydrochloric acid. This material after reprecipita-
tion had a theoretical organic phosphorus content and a
negligivle amount of inorganic phosphate, but, although

the carbon content was nearer the theoretical, this value

and that for hydrogen were still too high. The hydrolyeis
with sulphuric acid was repeated end the sugar phosphate isolated
a8 the free phosphoric acid derivative by careful neutralisa-
tion of the sulphuric¢ acid with barium hydroxide, Since

the barium salt of the sugar phosphate is soluble in water,
it was possible to ensure that a négligible quantity of

this derivative was formed as the presence of barium ions
could(?g)detected with the very sensitive reagent rhodizonice

acid. After removal of the inscluble barium sulphate,
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and addition of ethanol to the concentrated filtrate,
erystals were deposited on cooling. These analysed
correctly for the monohydrate of a glucosamine mono-
phosphate and gave & single spot on & paper chromatogram.
In view of the established structure of the erystalline
1,3y4-tri-O-acetyl-N~acetyl=-p=-D-glucosamine and the isola-
tion of exrystalline derivatives at each subsequent stage,
there is little doubt that this material is D-glucosamine
6-(dihydrogen phosphate)., This was further confirmed by
the fact thnat it consumed 4 moles of periodate for every
mol., of sugar phospnate indicating that the phosphate must
be situated at either C; or Cg.

HONH, | HONH,
i —— “-\ s .
Ho-(ﬁ; & n’_:?,:;-*—»—xiaxo“ﬂ@glqia )
H_c|:_og/___, \\_HCOH
?H-—» \\ CH—
CHp0P04Hy Ezou
(59)

The ebsence of formaldehyde in a periodate oxidised

solution of the phosphate showed the absence of an unsub-
stituted primery hydroxyl group. Furthermore Brown(33)
reports that glucosamine l-phosphate is readily hydrolysed
in aeid solution, Glucosamine 6-phosphate was shown to
be considersbly more resistant to acid hydrolysis than
even glucose 6-phosphate. The latter compound was 50%

hydrolysed in N hydrochloric zcid at 100° in 23 hours(so)
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whereas the glucosamine derivative, under exactly the

same conditions, reguired T3 hours. The erystalline
phosphate had [a]gl +549 (cale. for the anhydrous compound
[2]81 +57.59) whereas Browa 33! . restrds [e]34 +48:5° for
the dipolar ion.

The identity of the barium salt isoclated is not so
certain, It Yoo consumed the theoretical amount of
periodate for a 6-phosphate and gave no formaldehyde on
periodate oxidation,

The acidity of a 7% aqueous solution of the tetra-
acetyl 6-phosphoric acid derivative was found to be
sufficient to effect hydrolysis of the acetyl groups.

After heating this solution at 100° for 30 hours, a small
gquantity of & erystalline dihydrate of glucosamine 6-
(dihydrogen phosphate) was isolated.

Tne estimation of the glucosamine content of the

glucosamine O-phosphate by the colorimetric method of Elson

(61) £(62)

and Morgan a8 modified by Belcher, Nutten, and Sambroo

wag shown to be wpsatisfactory, the solutions obtained

being orowner than those given by the glucosamine controls

end the intensity indicating a glucosamine content of only
59% of the theoreticalsl M slihrim were alfaved z!fwhmd afls
a.a’ry.-rtmeut'" ke FH o Bk i e achiiadnse: TaFeE caﬂéﬁ: ced sk B .

‘ ' oS AL ue wlia
r:o*ﬁ»'»wwv Hen q&-qg% cﬁ_ }Qawcﬂ-waJQ crxm’ﬁfuﬁj was
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While the work on an unambiguous chemical synthesis
of glucosamine 6-phosphate was proceeding, the possibility
of the preparation of this compound by direect phosphoryla-
tion was investigeted, The preparation of glucose 6-
phosphate has been reported by Seegmiller and Horeoker(za)
by treatment of glucose with *'tetraphosphoric acid! and by
Viscontini and Olivierczg) using metaphosphorie acid,

As the latter reagent gave a purér product in betier yield,
and is stated to react preferentially with primary hydroxyl
groups to the exclusion of secondary hydroxyl and amino
groups, it was decided to investigate its reasction with
glucosamine, In the phosphorylation of glucose, however,
the reducing group =also appeared to be phosphorylated,

but the reducing power was restored by mild aeid hydrolysis.
In order %o reduce caramelisation of the glucose, methyl
cyanide was added during the phosphorylation. ‘

When the phosphorylation of glucosamine was carried out
under these conditions, it was iound necessary to increase
the reaction time from 40 minutes to 25 hours and then to
re-treat the product for a further 1.5 hours in order to
raise the phosphorus content to the same value as that

-obtained in the glucose preperation,

Hydrolysis of the product with N hydrochloric acid at
100° was earried out. Variation in the time of hydrolysis

had no apparent effeet on the composition of the hydrolysate.

Chromatographic examination of this showed the presence of
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glucosamine hydrochloride and a reducing sugar phosphate.
Attempted separation on a column of anion-exchange
resin (Deacidite F)(29) led to extensive decomposition of
the phosphate. Products with very low phosphorus and
high nitrogen contents were isolated. Separation as the
amorphous barium 6-phosphate met with more success but
considerable difficulty wes experienced in purifying the
material with conseguent serious reduction in the yield.
Although apparently chromatographically pure and analysing
correctly for the barium salt of a glucosamine mono-

phosphate, it oxidised considerably more slowly with

periodate than the authentically synthesised material,

The consumption of periodate was T0% of the theoretical
after 22 hours compared with 94% of theoretical for the
barium salt isolated by the synthetic method. Furthermore
formaldehyde was produced during the reaction in gquantity
corresponding to the presence of about 35% of a derivative
carrying a free primary hydroxyl group. It would appear
therefore that the product obtained contained only 60-70%
of the desired glucosamine 6-phosphate and that the method,
particularly in view of the poor yields, is unsuitable

for the preperation of this derivative.
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The Synthesis of D-Glucosamine 6-Fnosphate (Metnod I)

CH.0H CH210H
O,
H,0H —_—) H,0H _—
HO\ oW HO\OH

N U; o N=zAn

D-Glucosamine Hydrochloride N-Anisal-D-glucosamine
CHiOT» Hhon '

(o] o]

Hahc 3 NORe  ——— )
Ao\ 0AL A OR
N=2An N=An
1,3,4-Tri-acetyl-N-anisal- 1,3,4=-Tri-acetyl=N=-anigal-
6=trityl-D=-glucosamine D-zlucosamine
cHy0P0.(0P), ¢H, 0PO.[oH),
A0 OAc A “

N=An Nafin
1,3,4-Tri=-acetyl=-N=-anigal- 1,3,4-Tri-acetyl-l=-anisal-
D-zlucosamine 6-(diphenyl D-glucosamine 6-(dinydrogzen

phospnate) phospnate)
CH0P0.(0H),
OH
H H W
NH,

D-Glucosamine 6-(dinydrogen phospnate)
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N-p-liethoxybengylidene-D-glucosamine.

Preliminary Experiments. (a) D-Glucosamine hydro-
chloride (1°0 g.) in N sodium hydroxide solution (4°*7 ml.)
was shaken with twice-distilled anisaldehyde (0.64 g.) for

2 hours.“Q) The crystalline solid which separated was
washed with ice-water (1 ml.) and dried. These crystals
(.35 g., 98% of theoretical) after recrystallisation from
ethanol had m.p. 176=-177° [a]%o +44° (¢, 02 in EtOH).
{(Bergmenn and zervas(44) record yield 86%, m.p. 166° for
N-p-methoxybenzylidene~D-glucosamine).

(b) D-Glucosamine hydrochloride (10 g.) and sodium
bicarbonate (0+55 g.) in water (12 ml.,) were shaken with

(70) The resulting

anisaldehyde (0+80 g.) for 2 hours.
mixture deposited, on cooling, erystals of N-p-methoxy-
benzylidene-D-glucosamine (0°65 g., 47% of theoretical),

m.p. 171-173°.

Lerge Scale Preparation. D-Glucosamine hydrochloride

(20+0 g.) in N sodium hydroxide solution (94 ml,) was

shaken for 2 hours with anisaldehyde (12°+8 g.). Filtration
and washing gave the desired product (25:9 g., 94% of
theoretical), m.p. 172-174°,
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ireliminary Experiment., Hepelethoxybenzylidens-D=-
glacosamine (1+0 g.) in dry pyridine (5 al.) was heated

with triphenylohloromethane (0+91 g.) and 'Drierite* (0+5
g.) at 50° for 4 hours., Without cooling, acetic anhydride
(8°0 ml,) was sdded and the mixture allowed to staund over-
night at room tomporatare.(sa) The filtered solution was
poured into vigorously stirred icee-water (600 ml.,) and the
precipitate which formed was washed with water till free
from pyridine and dried., The amorphous powder (1°43 g.,
645 of theoreticul) had [@]%5 +37° (e, 1+0 in CHCl3).
Found: (QH3CO, 1844,

Cale. for Cygligglgh ¢ CH3C0, 19+44.

Slow evaporation of an ethanolic solution of this
powder gave a erystulline groduct (300 mg., 13% of theore-
tieal). On reorystallisation from ethanol the orystals had
mep. 178-179°, [a]3? +90° (o, 0+6 1n cHOL3).

Found: 0©, T0.23 H, 573 N, 2.2; CH300, 19-1.
039339093 rnquigaa G, T0°4; H, 5+93 K, 213 OCH3CO, 19+4%.

Large Scele IPreparation. — Nep-lethoxybensylidene-i-
glucosamine (21+0 g.), in dry pyridine (100 ml.) was treated

. with triphenylohloromethune (20*0 g.) and acetic anhydride
(168 ml,) as in the preliminary experiment, The dried
produect, & wahite powder (35 g., T4¢ of theoretical), haed
(e)3® +29° (o, 1°1 in OHOLy).
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Found: CHBCO’ 18'5%.
All attempts to obtain a crystalline fraction failed.

1,3,4-Tri-0-acetyl-N-p-methoxybenzylidene-D-glucosamine.

Preliminary Experiments. (a) 1,3,4-Tri=0-acetyl-N-p-

methoxybenzylidene-6-0-triphenylmethyl-D-glucosamine (1.3 g.)
was dissolved in glacial acetie acid at 100°, water (16 ml,)
was.added dropwise, and the heating continued for 1 hour.(‘o)
Water (80 ml.) was added to the cooled solution and the
precipitated triphenylcarbinol removed. The agueous
filtrate was concentrated and the residue, freed from
acetic acid by repeated addition of dry toluene and evapora-
tion, was obtained as a syrup (0°80 g., 95% of theoreticzl).
Found: CH3CO, 34.
Cale. for CogHasOgN : CH3C0, 30+5%.

 Solution in ethanol and treatment with charcoal at
reflux teuperature gave, on filtration and evaporation, a
syrup (062 g., T4% of theoreticel), [o]h? +33° (e, 11 in
GHCLy). _
Found: C, 52°<4; H, 6°3; _N, 3+8; CH3CO0, 37.
Cale. for C,gHps0gN : €, 56+7; H, 5°9; N, 3°3; CH3C0, 30°3.
Cale. for CpoHygOgN : C, 47+2; H, 6+3; N, 4-6; CH3CO0, 42-3%.
(02032509N = 1,3y4-Tri-0-acetyl-N-p-methoxybenzylidene-D-

glucosamine

CyoHyg0gN = 1,3,4=Tri-0-acetyl-D-glucosamine).
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(b) The trityl ether (1.2 g.) in glacisl acetic acid
(5 ml.) at 10° was shaken with a cooled (10°) saturated .
solution of dry hydrogen bromide in acetic acid (1.2 ml.)
for 60 seconds.(47) The precipitated triphenylbromomethane
was removed and the filtrate poured immediately into ice-
water (600 ml.). The precipitate of unchanged starting
material and tritanol was removed and the filtrate extracted
with chloroform (4 x 100 ml.). The combined chloroform
extracts were washed with ice-water (2 x 40 ml,.,), dried, and
concentrated to a8 syrup (0+37 g., 49% of theoretical),
[«13® +23° (e, 1.0 in GHCL,).
Found: ¢C, 56°<3; H, 6+0; N, 2-9; CH3C0, 29.
Cale. for CpgHpsOgN : C, 56°7; H, 5°9; N,3-3; CH3C0, 30°5%.

Large Scale Preparation. A cooled solution of the

trityl ether (23 g.) was treated with hydrogen bromide and
glacial acetic acid as before. A syrup (7°1 g., 48% of
theoretical) was obtained.

Found: CHJGO, 233 Br, 1l-1,

Cale. for CpoHpsOgN : CH3CO, 30+5; Br, 0#.

Several attempts were made to purify this product.
Addition of single and mixed solvents failed to give a
erystalline product. Separation of the desired compound
from impurities on a column (15 em. x 2.75 em.) of B,D.H.

(48) was carried out. The

chromatographic grade alumina
column was washed with dry benzene and the crude product

(1414 g.) was applied in benzene solution. Elution with
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benzene (18 1,) removed all the triphenylearbinol (0-26 g.).
Elution with ethanol (2 1,) gave on evaporation a syrup
(0+56 g.).
Found: CH3C0, 25%.

A qualitative test for the presence of trityl groups
in this syrup was negative. Acetylation of the syrup
(0+36 g.) in the usual way with acetic anhydride and
pyridine gave a syrup (0+30 &.).
Found: CH3C0, 36.2,
Calec. for 022H27010N 3 GH3CO. 37-0%.
(022H27010N = 1,3,4,6-Tetra~-0-acetyl-N-p-methoxybenzylidene-

D-glucosamine),

1,3,4-Tri-O-acetyl=-N-p-methoxybenzylidene~D-glucosamine 6-
(diphenyl phosphete).

Diphenyl phosphorochloridate (see p.ito ) (1°5 ml.) was
added dropwise, with shaking énd cooling, to a solution of
1,3,4-tri-0—acetyl—Hngmefhoxybenzylidene-D—glucosamine
(L-7 g.) in dry pyridine (6 ml.),(zs) Thelreaation mixture
was kept at 0° for 30 minutes and then left for 18 hou;s at
8°, The excess of aeid chloride wazs decomposed by addition
of a few drops of ice-water and the mixture after standing
for 30 minutes was poured slowly into stirred ice-water,

The preecipitated product was washed several times with
water and dried. The amorphous powder was purified by

solution in ethanol, filtration, and concentration to a
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syrup (1-4 g., 53% of theoreticel) [a]}® +23° (e, 05 in

CH013).

Found: c’ 58‘3; H’ 5.3; N' 2'2; P, 3'7; CHBCO, 2).

Cale. for 032H34012NP : C, 58'65 H, 5’2; N, 2'13 P, 4'7;
CH3C0, 19+7%.

Attempted Preparation of 1,3,4-Tri-O-acetyl-N-p-methoxy=~

benzylidene~D-glucosamine 6-(dihydrogen phosphate).

Hydrogen was bubbled through a stirred solution of
1,3,4~tri-0-acetyl-N-p-methoxybenzylidene-D-glucosamine
6-(diphenyl phosphate) (0+63 g.) in dry ethanol (15 ml.)
for 5 hours in the presence of platinum (added as 60 mg.

(26) After removal of the

of Adam's platinum oxide).
catalyst, the solution was concentrated to a syrup (0.57
8+y 118% of theoretical), [4]3136 +18° (e, 1+8 in CHCl3).
Found: C, 57-2; H, 5.6 N, 2-4; P, 3+5; CH3CO, 23.
Cale, for CppHog0oNP ¢ C, 47+7; H, 5¢23 N, 2°8; P, 6°+2;
CH3CO, 25°+6%.
De-acetylation of this crude product with potassium
methoxide and hydrolysis of the N-p-methoxybenzylidene
group with N hydrochloric acid at 100° were attempted but

no recognisable product could be isolated,
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The Synthesis of D-Glucosamine 6-Phosphate (Method II).

c HZOH c HJO“

NH.Ac

NH,. HCP
D-Glucosamine Hydrochloride N-Acetyl-a-D-glucosamine
CH. o-rt CHIOTI CHIOT‘—
o}
OAc RJ'QTT
Aco
NH.Ac NH. hc NH.Ac
1,3,4-Iri-0O-Acetyl- 1,3,4=-Tri-O-acetyl 3,4=Di-0=ccetyl-N-
N-acetyl=-0-0-trityl- N-acetyl=-6-0=-trityl- acetyl-l,6-di-0-
f=D=glucosamine c=D=-glucosamine trityl—D-glucosamim
¢ \
cH,ou

CH, oH cH,oH

0. OAc
OAc
NH.Ac NH. M.

NH.Ac

3,4=-Tri-O-acetyl 1,3,4-Tri-0-acetyl- 3,4=-Di-0O-acetyl-
ﬁ-acetyl-B-D-. N-acetyleo=D=- Nezcetyl=o=D-
glacosamine > glucosamine glucosamine

cH OPO.(ON\)’_ CH,0Ts

mng ]: ’
NH. Ac

NH.Ac
1,3,4-Tri-0-acetyl-N- 1,3,4=Tri-Q-acetyl-
acetyl-ﬁ-D-glacogamine N-acetyl-6-0-tosyl-
be(Diphenyl phosphate) B-D=glucosamine

cu;oPo (oH), CH,0¢0.(OH),

0 ©OAc ' ———0
—_y KOH H,0H
HO
NH

NH.Ac

1,3,4=Tri-0-zcetyl- D-Glucosamine
N-acetyl-pf-D-glucosamine 6-(Dihydrogen phosphate)
6-(Dihydrogen phosphate)



N-Acetyl-oa-D-glucosamine

A solution of D-glucosamine hydrochloride (130 g.) in
water (3 1.) and methanol (300 ml.) was stirred for 90
minutes at 5° with anion exchange resin (Amberlite I.R.400,(36)
bicarbonate form) (3600 ml.) and acetic anhydride (78 ml.).
The mixture was filtered and the filtrate and washings were
passed through a column of cation exchange resin (Amberlite
I.R.100 (H), 600 ml,). |[Evaporation of colourless eluate
and washings gave a crystalline residue which after recrystal-
lisation from 90% agueous ethznol-ether (115 g., 864 of
theoretical) had m.p. 209-210° (deec.) [a]%s +53° (4 nmin,) —
+40° (final) (e, 1+1 in Hp0)., (ef. Roseman and Ludowieg,(36)
yield 77%, m.p. 210° (dec.), [u]D +41-0° in Ho0 (£final).

Kuhn and Haber(37) record m.p. 202-204°, [a]p +82°— +40:4° in
Ho0). |

Found: C, 43-4; H,"6+5; N, 6-9,

Cale. for CgHygOgN C, 43-4; H, 6-8; N, 6-3f.

Tritylation and Acetylation of N-Acetyl-a-D-Glucosamine.

(2) At 40°.

N-Acetyl-a-D-glucosamine (13 g.) in dry pyridine (45 ml.)
was treated with triphenylchloromethane (17-1 g.) in the
presence of 'Drierite' (1 g.) at 40° for 18 hours. Acetic
anhydride (24 ml.) was added and the mixture kept at 40° for

a further 24 hours. The reaction mixture was filtered slowly
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into vigorously stirred ice-water. After stirring for 2
hours the white granular powder which had been deposited was
removed to fresh ice-water and stirred for 30 minutes, The
dry white amorphous solid (30+5 g., 88% of theoretical) had
[a]%s +46° (¢, 1+3 in CHCl3). The crude product was
dissolved in hot chloroform and light petroleum added to
turbidity. On standing erystals were deposited (5.7 8.,
16.5% of theoretical) which hed m.p. 245-247°, [a]%g -20°
(e, 1.2 in 9H013). On reerystallisation from chloroform-
light petroieum this produet, 3,4-di-O-acetyl-N-zcetyl-l,6-
di-0=triphenylmethyl-D=glucosamine, had m,p, 254-2569,

(a2 -290 (e, 1.0 in CHCl3).

Found: €, 75-9; H, 6.0; N, 2.2; Tr, 60-8.

Cgolg708N requires C, 76-0; H, 6<0; N, 1-.8; Tr, 61-6%.

This compound was only slightly scluble in chloroform
and was non-reducing to Fehling's solution.

The reducing test was carried out as follows: 1 drop
of mixed Fehling's solution and 2 drops water were added to
1-2 mg. sugar derivetive dicsolved in 4 drops hot ethanol
(freed from aldehydes by distillation over sodium). The
mixture was then heated at 100° for several minutes, The
following compounds were tested:

Compound Result
1,3,4,6=-Tetra-0-acetyl=-N-acetyl-p-D-glucosamine ..... + ve
1,2,3,4=-Tetra-0-acetyl-6-0-triphenylmethyl-p-D=glucose + ve

1,3,4-Tri-0-acetyl-N-acetyl=-6-0-triphenylmethyl-a=D-
glucosamine + ve



Compound Result
1,3,4-Tri-0-acetyl=-N-acetyl-6-0-triphenylmethyl-pf-D-
glucosamine + ve

3,4-Di-0-acetyl-N-acetyl-1l,6-di~-0-triphenylmethyl-D-
glucosamine - ve
After removal of the ditrityl ether, the addition of
light petroleum to the mother liguors gave another crystal-
line fraetion (9.3 g., 27% of theoretical). Recrystallise-
tion from chloroform-light petroleum geve a solvate of 1,3,4-
tri-O-acetyl-N-acetyl-6-0-triphenylmethyl-a-D-glucosamine,
m.p. 110-113°, [u]%s +91°% (e, 1-0 in CHC13).
Found: C, 66-6; H, 6°0; N, 2.6; CL, 2-T#.

For complete removal of the solvent of erystallisation, it
was necessary to heat the compound at 100°/15 mm. for 20
hours.

Found: loss of weight, 5-.64.

The compound, freed from solvent of crystallisation, had m.p.
154-156°, [a]éa +97° (e, 1+2 in cHCL,).

Found: ¢, 66+9; H, 6+0; N, 1-8; cCl, 0.

033H3509N requires ¢, 67-2; H, 6.0; N, 2.4; Cl, 0%.

(b) At 100°.

Preliminary Experiment. N-Acetyl-a-D-glucosamine (10 g.)

and triphenylchloromethzne (13-1 g.) were heated at 100° for
30 minutes in dry pyridine (50 ml.) in the presence of
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'‘Drierite' (1 g.). Acetie anhydride (20 ml,) was added(38)

and, after standing overnight, the reaction mixture was
filtered slowly with vigorous mechanical stirring into ice-
water (1 1.). The amorphous solid which separated
immediately was stirred for 2 hours and then for a further
30 minutes with fresh ice-water. The product (17 g.),(64%
of theoretical) was filtered and dried. It had [a]i® +32°
(e, 1°1 in CHCl13).

When & hot filtered solution of the crude product in
carbon tetrachloride was allowed to cool, a cerystalline
Ifraction was obtained (4 g., 15%) of theoretical) [o.]%8 +24°
(e, 0.9 in CHCly). After four recrystallisations from the
same solvent, this product, shown to be the carbon tetra-
chloride solvate of 1,3,4-tri-O-acetyl-N-acetyl-6-0-tri-
phenylmethyl-p=D-glucosamine, lost solvent at 100-110° and
hed m.p. 187-189°, [a]38 4+22° (e, 1:4 in omHel,).

Found: C, 52-3; H, 473 N, 233 Cl, 21+9.

3033H3509H.40014 requires, C, 51.-9; H, 4-4; N, 1.8; cCl1, 23-8%.
For complete removal of the solvent of erystallisation, it

was necessary to heat the compound at 100°/15 mm. for 18

hours.

Found: 1loss of weight, 26+2.

3C33H3509N.4CCl4 requires loss of weight, 25-8%.

The compound, freed from solvent of erystallisation, had

m.p. 189-191°, [¢]38 +33° (e, 1.0 in cHCly).

Found: C, 66-8; H, 5:7; N, 2:0; Cl, O.

Cy3H350qN Tequires C, 67-2; 'H, 6-0; N, 2.4; Cl, O%.



Lorge Scale Preparation., N-Acetyl-a-D-glucosamine

(75 g.) in dry pyridine (500 ml.) in the presence of
'‘Drierite' (8 g.) was heated with triphenylchloromethane
(98 g.) at 100° until the reactants dissolved (20 minutes).
Acetic anhydride (150 ml.) was added and, after standing
overnight, the reaction mixture was filtered and the excess
of triphenylchloromethane in the filtrate decomposed with
ice-water. The aqueous pyridine solution was then poured-
slowly with stirring into a large volume of ice-water, and
the precipitated product was treated as in the preliminary
experiment. After drying, the product was a white
anorphous powder. (170 g., 85% of theoretical).

Solutioun of the crude product in the minimum of hot
carbon tetrachloride, filtration, and slow cooling gave a
8ood yield of the carbon tetreschloride solvate of 1,3,4-
tri-O-acetyl-N~acetyl-6-0-triphenylmethyl-p-D-glucosamine,
Recrystallisation from carbon tetrachloride gave colourless
needles (68 g., 25% of theoretical) which lost solvent at
100-110° and had m.p. 187-189°, [a]3® +22° (o, 1-1 in cHOlj).

After removal of the B anomer, the solvent was
evaporated from the mother liguors and the residual syrup,
dissolved in warm chloroform, was treated with an equal volume
of ether. On standing, a erystalline product (11.0 g.,
5.5% of theoretical) was obtained. This had m.p. 111-112°
[a]ﬁo +90° (e, 0+9 in GH013) and was identical with the
solvate of 1,3,4=-tri-O-acetyl-N-acetyl-6-0-triphenylmethyl-o-
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D-glucosamine isolated in the previous experiment.ﬁ‘?‘f)

The residual mother liquors were then warmed and light
petroleum added to turbidity. On cooling erystalline 3,4-
di-O-ccetyl-N-acetyl=l,6-di-0-triphenylmethyl-D-glucosamine
wgs deposited (4 g., 2% of theoreticazl). This had m.p. and
mixed m.p., with the ditrityl ether previously isolated
254-256°, [a]}7 -28° (e, 1-3 in oHCL,).

Attempted Conversion 0f the a-Tetra-ascetate to the f-Anomer.

(a) A solution of 1,3,4-tri-O-acetyl-N-acetyl-6-0-
triphenylmethyl-a-D-glucosamine (1°02 g., [c]%s +85°) in dry
pyridine (5 ml.) was heated to 100°, treated with acetic
anhydride (1 ml,) and allowed to cool. The filtered
reaction mixture was poured into ice-water and the mixture
stirred for 2 hours. The washed and dried precipitate
(0-67 g.) hed [a]j? +86° (e, 0-8 in CHCL;).

(b) The above experiment was repeated starting with
0°6 g. of tetra-acetate, the temperature being maintained
at 100° for 1 hour after the addition of the acetic anhydride.
Again starting material was recovered (0.46 g.) [a]%g +86°
(e, 1-0 in CHCljy).

Removal of the Trityl Residues from 3,4-Di-O-acetyl-N-acetyl-

1,6-di-0-triphenylmethyl-D-glucosamine.

(a) 3,4=-Di-0-acetyl-N~acetyl=-1l,6-di-0-triphenylmethyl-D-
glucosamine (1+0 g.) in glaecial ascetic acid (4 ml.) was cooled
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to 5% and treated with 2 cooled saturated solution of

).(%7) After

hydrogen bromide in glacial geetic acid (0-4 ml,
sheking and cooling for 60 seconds, the reaction mixture was
filtered free from precipitated triphenylbromomethane and the
filtrate was poured immediately into ice-water (100 ml.).
A precipitate (145 mg.) of unchanged material was deposited
and removed by filtration, The agueous filtrate was
extracted with chloroform (4 x 100 ml.) and the combined
chloroform extracts were washed with water (2 x 50 ml,),
dried, end evaporated to a syrup (20 mg.).

(b) Hydrogen chloride was bubbled through a solution of
the ditrityl ether (099 g.) in chloroform (20 ml.) for 15
minutes and the mixture was kept at 4° for several hours.(Bg)
No crystalline material separated and fractionation between
water and chloroform failed to yield a erystalline product.

(e) A solution of the ditrityl ether (280 mg.) in
aldehyde-free ethanol (50 ml.) was shaken with hydrogen at
40° for 16 hours in the presence of platinum (from 60 mg. of
Adam's platinum oxide).(jg) After removal of the catalyst
the solution was evaporated to dryness. The residual solid
was extracted twice with light petroleum to remove triphenyl-
methane and twice with water. The agueous extracts were
eveporated to dryness, the residue treated with water (2 ml,),
and the mixture filtered., Evaporation gave a syrup (10 mg.).

(d) The ditrityl ether (1-01l g.) was dissolved in
glacial acetic aecid (18 ml.) at 100°, water (12 ml,) was
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added dropwise and the temperature maintained at 100° for
60 minutes, (40) On cooling cerystals of triphenylearbinol
were deposited. The remaining triphenylcarbinol and
unchanged starting material were precipitated by the
addition of water (60 ml.). Filtration and evaporation

of the filtrate gave a syrupy residue which was treated
with water (2 ml.) and filtered. [Evaporation of the clear
filtrate gave a syrup (390 mg.). Trituration of this
syrup with chloroform caused partial erystallisation. The
orystals isolated (150 mg., 38% of theoretical) had m.p.
175-183°, After reerystallisation from acetone-light
petroleum, the crystals gave & negative qualitative test
for the trityl group(‘l) and were identified as 3,4-di-0-
acetyl-N-acetyl-a-D-glucosamine, m.p. 186-187°, [a.]%8 +75°
(e, 0°9 in CHCl3), [a];8 +65° (5 min.)s +35° (final) (e,
1.0 in Hp0).

Found: C, 47.23; H, 6+3; N, 4-5,.

clelgoaN requires C, 47.2; H, 6.3; N, 4.6%.

Removal of the Trityl Residue from 1,3,4-Tri-O-acetyl-N-

agetyl-6-0-triphenylmethyl-a-D-glucosamine.
(a) A solution of 1,3,4-tri-O-acetyl-N-acetyl-6-0-

triphenylmethyl-a-D-glucosamine (0:5 g.) in glacial acetic
acid (2 ml.,), cooled %o 100, was treated with a saturgted

solution of hydrogen bromide in acetic acid (0-2 ml,) and

the mixture shaken for 45 seconds with cooling. The
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precipitated triphenylbromomethane was filtered off and the
filtrate immediately poured into ice-water (100 ml.). The
slight precipitate which formed was separated and the
filtrate extracted with ehloroform (4 x 100 ml.). The
combined chloroform extracts were washed with water (4 x 100
ml,) and dried over magnesium sulphate. Evaporation of
the dried extracts gave & syrup (20 mg., 8°5% of theoretical),

(b) The trityl ether (0+4 g.), dissolved in glacial
acetic eseid (8 ml.), was heated to 100°, Water (5 ml,) was
added dropwise and the heating continued for 60 minutes.
After cooling aﬁd addition of water (25 ml,), the mixture was
filtered and the residue washed with water. The combined
filtrate and washings were evaporated to give a syrup (225 mg.,
95% of theoreticgl). Extraction with water (3 ml.), filtra-
tion through filtercel-charcoal, and evaporation gave a
"syrup (170 mg.) which could not be crystallised.

(¢) The trityl ether (C-7 g.) in aldehyde-free ethanol
(55 ml,) was shaken with platinum-charcoal (econtaining 60 mg.
Pt) in the presence of hydrogen at a pressure slightly
greater than one atmosphere. After 9 hours at room tempera-
ture the catalyst was removed and the solution evaporated to
dryness. The solid residue wes extracted with cold light
petroleum to remove triphenylmethane (100 mg., 34% of
theoretical). The residue was then extracted with water
(2 x 20 ml,) and the extracts were evaporated to a syrup

(125 mg., 304 of theoretical) which could not be crystallised.
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(d) A solution of the trityl ether (2+0 gm.) in ethyl
acetate (40 ml,) was added to ethyl acetate containing
platinum (50 mg.) (added as Adam's platinum oxide and
reduced in sitm). The mixture was shaken with hydrogen as
before at room temperature for 10 hours. Removal of the
catalyst followed by evaporation of the solvent gave a solid
residue which was extracted with light petroleum and then
with water. The agueous extracts on eveaporation gave a

syrup (10 mg.).

Removal of the Trityl Residue from 1,3,4-Tri-O-acetyl—N-

agetyl-0-0-triphenylmethyl-p-D-glucosamine.

In all the following experiments with this trityl ether,
the starting material wes weighed, and added, as its carbon
tetrachloride solvate.

Preliminary Experiments. (a) 1,3,4-Tri-0O-acetyl-N-

acetyl=6=-0-triphenylmethyl=p-D-glucosamine (20 g.) was dis-
solved in glacial acetic acid (36 ml,) at 100°, water (24 ml.)
added dropwise, and heating at 100° continued for 60 minutes.
After cooling and addition of water (120 ml.) the mixture was
filtered and the filtrate evaporated to a syrup (800 mg.).

The gooled solution of this syrup in ethanol yielded crystals
of 3,4-di-0-acetyl-N-acetyl-ec-D-glucosamine (330 mg., 43%

of theoreticel) m.p. 184-186°. On reerystallisation from
ethanol, this product hed m.p. 188-189°, mixed m.p. with
3,4~di=-0~acetyl-N-acetyl-a-D-glucosanine prepared from the
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1,6-di-trityl ether 186-188°, [u]%g +68°% (5 min.)— +32°
(final) (e, 1.0 in H20).

Found: C, 4T7-1; H, 6+2; N, 4.7.

012H1908N requires C, 47-2; H, 6-8; N, 4-69.

This matericl was undoubtedly 3,4-di-O-zcetyl-N-acetyl-
o~D-glucosamine produced by detritylation and partial de-
acetylation., 1,3,4,6-Tetra-0-acetyl-N-acetyl-p-D-glucosamine
was subseguently shown to be hydrolysed under the above
conditions, the recovery of starting material being only 33¢.

(b) A solution of the trityl ether (20 g.) in glacial
acetic acid (6 ml.) was cooled to 10° and treated with a
cooled saturated solution of hydrogen bromide in glacial
acetic acid (1.0 ml.)., The mixture was shaken for 45
seconds with cooling and the precipitated triphenylbromo-
methene removed. On pouring into ice-water the filtrate
gave a slight precipitate which was removed and the filtrate
extracted with chloroform (2 x 100 ml.). The combined
enloroform extracts were washed with water (3 x 50 ml,),
dried and evaporated to a syrup (10 mg.). The agueous
filtrate after extraction with chloroform was combined with
the water washings of the chloroform extract and the whole
exhaustively extracted with chloroform (14 x 100 ml.). The
combined extrects were dried without washing and evaporated
to dryness to give a syrup (340 mg.). Solution in
ethanol and addition of light petroleum gave a crop of
orystals (60 mg.) m.p. 166-170° [a]38 +24° (e, 1-1 in H,0).
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A gualitative test for the trityl group was negative. The
mother liguors were evaporated to dryness and the residue,
on solution in hot benzene and cooling, yielded a further
erop of erystels (50 mg.) m.p. 165-170°. The total yield
(110 mg,) was 124 of theoretical.

(¢) The trityl ether (5+0 g.) in glacial acetic acid
(16 ml.,) was cooled and treated as before with hydrogen
bromide in acetic acid (1+5 ml,). After removal of the
triphenylbromomethane the acetic acid solution was poured
into wpter (100 ml,) and the resulting cloudy solution
filtered and the precipitate washed. The combined filtrate
and washings (200 ml.) were extracted with chlorcform and
the extracts dried and concentrated to a syrup. To remove
residual chloroform and acetic acid, the syrup was treated
with dry toluene and the solvent removed by distillation
under reduced pressure. Repetition of this treatment gave
a erystalline residue. The yields from the various chloro-
form extractions were as follows:

4 x 200 ml. GH013 1.11 g. (51% of theor:tical)

4 x 200 ml., CHCl, 0.-34 g. (16¢ » " )
4 x 200 ml. CHOl, 004 g. ( 2% " )

The total yield (1.5 g.) was 69% of theoretical.

After 2 reorystellisations from chloroform-ether, this
compound, 1,3,4-tri-O-acetyl-N-acetyl-p-D-glucosamine, had
m.p. 175-1769, [o]38 +5:59 (o, 1+6 in 0HC13) end []}® +18°
(e, 1+1 in Hzo).



-107-

Found: ¢, 48.1; H, 6:2; N, 4-0.
Cy4Hp10gN requires C, 48-.4; H, 6-1; N, 4-0%.

Large Scale Preparation. The large scale preparation

of 1,3,4~tri-0-acetyl-N-acetyl-p-D-glucosamine was carried
out on 5 portions (each 10 g.) 6f the carbon tetrachloride
solvate of 1,3,4~tri~0—acef;&:gfgttriphenylmethyl-s-D-
glucosamine as follows:

A cooled solution of the trityl ether (10 g.) in
glacial acetic acid (32 ml,) was treated with a cooled
saturated solution of hydrogen bromide in glacial acetic
acid (3.2 ml,). The mixture was shaken with cooling for
60 seconds and, after removal of the precipitated triphenyl-
bromomethane, the filtrate was poured into ice-water (200
ml.)s The resulting so lution was filtered and the combined
filtrate and washings (ca. 300 ml.) were extracted with
ehloroform (8 x 300 ml.). The extracts were dried without
washing and evaporated to a syrup. This syrupy residue on
treatment with toluene as before gave a cerystalline product
of sufiicient purity for further use, m.p. 169-1710.

Overall yield 14.6 g. from 50 g. (67% of theoretical).

Iritylation of 1,3,4-Tri-Q-acetyl-N-acetyl-g-D-glucosanine.

(a) A solution of 1,3,4-tri-O-acetyl-N-acetyl-p-D-
glucosamine (50 mg.) in pyridine (1 ml,) was treated with
tfiphenylchloromethune (40 mg.) at room temperature for 48

hours in the presence of 'Drierite' (200 mg.). The reaction
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mixture was filtered and the filtrate poured into ice-
water, A white powder (10 mg.) was precipitated. Solu-
tion in the minimum guantity of hot carbon tetrachloride
and cooling gave the characteristic erystals of triphenyl-
carbinol admixed with a little of the impure 6-trityl
ether., 1,2,3,4-Tetra-0-acetyl-p-D-glucose (50 mg.) under
the same conditions also gave a negligible quazntity of the
6=trityl derivative. The product isolated (18 mg.)
consisted mainly of triphenylecarbinol.

(b) A aoiution of 1,3,4=tri-0-acetyl-N-acetyl=p=D=-
glucosamine (200 mg.) in pyridine (2 ml.) was treated with
triphenylchloromethane (160 mg.) at 50° for 60 hours. The
product isolated on pouring into ice-water was a white
powder (220 mg.). This was dissolved in the minimum quantity
of hot carbon tetrachloride znd the solution filtered. On
cooling needle shaped erystals of 1,3,4-tri-O-acetyl-N-
acetyl=0-0=-triphenylmethyl-p-D-glucosamine separated (150
mg., 33% of theoretical)., They lost solvent at 100-110°
and had m.p. 185-187°, mixed m.p. with guthentic sample
(after loss of solvent at 100-110°) 185-188°, [a]%8 +24°
(e, 1.2 in CHCl3).

1,3,4-Tri-0~acetyl-N-acetyl=-6-0-toluene-p-sulphonyl—p-D—

glucosamine.,

A solution of 1,3,4-tri-O-acetyl-li-acetyl-p-D-glucosamine
(100 mg.) in pyridine (1 ml,) was treated with toluene-p-
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sulphonyl chloride (110 mg.) at room temperature for 72
hours in the presence of 'Drierite' (200 mg.). The regc-
tion mixture was filtered, the excess of acid chloride
decomposed with a few drops of ice-water and the resulting
solution poured into ice-water. The mixture was extracted
with chloroform (3 x 150 ml,) and the extraects, after
washing with 2 N. sulphuric scid (3 x 50 ml.), saturated
sodium bicsrbonate solution (3 x 50 ml.) and water (3 x 50
ml.), were dried and concentrated to a syrup (105 mg.).
Trituration with methanol induced crystallisation. After
recrystallisation from acetone-light petroleum, 1,3,4=-
tri—o-acetyl—N-acetyl—6—0-toluene-grsulphonyl—B—D—glucos—
amine had m.p. 170-1T1° [o.]%,7 +16° (o, 1°1 in Q0HO13).
Found: €, 50.T73 H, 5-4; S, 6-1.
Co1Hp7013NS requires €, 50+3; H, 5°4; S, 6°4%.

This material (10 mg.) dissolved in dry acetone (0-1
ml,) was heated in a sealed tube with sodium iodide (10 mg.)
at 100° for Q hours. The reaction mixture deposited charée
eteristic plate-shaped cfystals of sodium toluene-p-

aulphonaté,.indicating the presence of a primary toluene-

p-sulphonyloxy group.

Iritylation of 3,4-Di-O-acetyl-N-acetyl-a-D-glucosgmine.
A solution of 3,4~-di-O-acetyl-N-azcetyl-a-D-glucosamine

(51 mg.) in pyridine (1 ml,) was treated with triphenyl-
chloromethane (60 mg.) in the presence of 'Drierite' (100 mg.).
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After standing at room temperature for 14 days, the product
wae isclated from the reaection mixture as a white crystalline
solid (65 mg.). This on recrystallisation from carbon
tetrachloride had m.p, 178-180° [c];4 +31° (¢, 07 in chl3).
[n]%‘ +52° (e, 0+6 in 90% agueous ethznol). No mutarota-
tion in agueous ethanol was observed.

Found: ¢C, 66-0; H, 603 N, 2.5,

Cale, for C33H3308N ¢C, 68-0; H, 6:1; N, 2+6%.

Lack of material precluded identification of this
produet which did not appear to be either the expected
derivative, 3,4-di-0O-acetyl-N-acetyl-6~0-triphenylmethyl-D-
glucosamine, or the 1,6-ditrityl derivative.

;4},4—Tr§-0—acetylnﬂ-écetyl-s-gzglacosamine o=

(diphenyl phosphate).

The phosphorylating agent used was diphenyl phosphoro-

chloridate prepared by the method of Foster, Overend and

(42) Fractional distillation with a Vigreux column

gave a product which had b.p. 184—1850/15 mm. , n%a 1+5509.

Steacey.

The aniline derivative was prepered and this had m.p.
128-129°, Foster, Overend and Stacey record b»,p. 180-190%/
15 mm., n%s 1:5505 for diphenyl phosphorochloridate and
m,p. 0f aniline derivative 128-129°,

Preliminery Experiment. 1,3,4-Tri-0~acetyl-N-acetyl-

f=-D-glucosamine (1.0 g.) was dissolved in dry pyridine (4
ml,) in the presence of 'Drierite' (0-2 g.) and cooled to 0%
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Diphenyl phosphorochloridate (0+85 g.) was added with shaking
and cooling over 20 minutes and the mixture kept at 0° for a
further 15 minutea.(zs) After standing overnight at 10°,

the solution was filtered and cooled to 0° and the execess of
acid chloride decomposed by the addition of & few drops of

ice-water. After standing for 30 minutes the solution was

poured slowly with stirring into ice-water. The product

separated as a gel.like material which changed on stirring

to a white erystalline solid (0+95 g., 57% of theoreticel)

which had m.p. 137-138°. After reerystallisation from

agqueous acetone, the diphenyl ghgsphate had m.p. 144-1450,

[0138 4259 (o, 0.7 in cHOL3).

Found: €, 5363 E, 5+3; K, 273 P, 5-4.

C26H30012FP requires ¢, 53.9; H, 5-2; N, 2-4; P, 5+3%.
Large Seale Preparation. 1,3,4=-Tri-0-acetyl-N-acetyl-

p=-D-glucosamine (11l+0 g.) was phosphorylated as in the
preliminary experiment (pyridine, 33 ml., diphenyl phos-
phorochloridate 9-4 g.) and gave, on pouring into water,
the erystalline diphenyl phosphate (12-4 g.) m.p. 137"
After recrystallisation from asgueous acetone, the product
(11+8 g.) hed m.p. 144-145°, The aqueous filtrate was
extracted with ehloroform (2 x 250 ml,) and the extracts
were washed successively with 2N, hydrochloric acid (2 x 50
ml,), satureted sodium biearbonate solution (2 x 50 ml.)
and water (2 x 50 ml.), dried, and eveporated to a syrup.

A cooled solution of this syrup in aqueous acetone gave a
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further erop of erystals (l-1l g.) identical with the main
product. The total yield (12.9 g.) was T0% of the
theoretical.

1,3,4-Tri-O-acetyl-N-acetyl-p-D-glucosamine 6-

(dihydrogen phosphate).

Preliminery Experiment. A solution of 1,3,4~tri-O-

acetyl-N-acetyl-p-D-glucosamine 6-(diphenyl phosphate) (430
mg.) in aldehyde~free ethanol (25 ml.) was refluxed for 25
minutes with activated charcoal (0+5 g.). The charcoal

was removed and the solution added to ethanol (15 ml.)
containing the platinum catalyst (from 40 mg. Adam's platinum
oxide reduced in situ). ~ The solution was shaken in an
atmosphere of hydrogen at a pressure slightly greater than
one atmosphere until the upteke of hydrogen ceased (40
minuteg)., The upteke of hydrogen, correected to N,T.P. (132.5
ml,) corresponded to 8 mol. (theoretical uptake & mol.).

The c¢atalyst was removed and the pro&uot, after evaporation

of the solvent at 250, was obtained as a sepi-erystalline mass.
Trituration with acetone gave a erystalline product (230 ng.,
73% of the theoretical) which had m.p. 164-166° (decomp.),
(0]} +25° (o, 1+0 in Hp0).

Found: ¢C, 38-9; H, 5°0; N, 365 P. 7-0.

C14H20010oN? requires C, 39-3; H, 5-2; N, 3-3; P, T+ 3%
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large Scale Prepsration, The diphenyl ester (12+8 g.)

was treated as shove, in three separate portions (each 4-2 g,.)
with a2 total quantity of ethancl (100 ml.,) and Adam's
pletinum oxide (1.3 z.), In each experiment the uptake of
hydrogen reached 7+6 mol. (95% of the theoretical) and
stopped. The time reguired for this uptske varied con-
siderably, 18, 19 and 7 hours being required respectively for
the three experiments, Removal of the solvent at low
temperature gave a syrup which on treatment with ethanol gave
the erystalline product (6+40 8.). The mother liguors on

concentration yielded a further crop of erystals (0-69 g.)
The total yield (7-09 g.) was 75% of the theoretical.

Cyclohexylamine salt., A solution of the above phosphate
(50 mg.) in ethanol was treated with cyclohexylamine (1 drop)
in ethanol, Addition of ether to the mixture gave a
erystalline product, m.p. 183-184°, T™is could not, however,
be recrystallisad,_and all subsequent attempts tc prepare

this derivative feiled.

D-Glucosamine 6-(Dihydrogen Phosphate).

(a) 1,3,4=ri-0-acetyl-N-acetyl=-f-D-glucosamine 6-
(dihydrogen phosphate) (450 mg.) in N hydrochloric acid
(11 ml,) was heated at 100° until the rotation became

constant, The final value of the rotation corresponds
to [a]%o +53+5°% (e, 2.5 in N HCl) for the dipolar ion of
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Time (mins.) ap(l dm,)

0 +0.72°
5 +1.74°
15 +1.34°
25 +1.33°
35 +1.33°

glucosamine 6-phosphate. Concentration of the solution
to smell volume and the addition of ethanol and acetone
failed to induce orystallisation and attempts to prepare

a crystalline gyclohexylamine salt were also unsuccessful.

(b) The hydrolysis was repeated with 10 g. of the
phosphoric ester and N hydrochloric acid (25 ml.).
After 30 minutes at 1000, the reaction solution was
neutrslised with bearium hydroxide solution to pH 7. The
neutral solution was treated with ethanol (4 volumes) and
the preecipitated barium salt was isolated and washed
successively with 90% agueous ethanol, ethanol, ethanol-
ether (75:25), ethanol-ether (25:75), and ether. The
dried precipitate (1°9 g., 206% of theoretical) was
purified by solution in water (15 ml.) and reprecipitation
with ethanol (60 ml,). The precipitate, washed with
ethanol-ether as before, was obtained as a dry white powder
(640 mg.).
Found: P, 3.5.
CgHyp0gNPBa requires P, T-87%.,
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This was purified further by solution in water (18 ml.),
end repreecipitation with ethanol (72 ml.). After washing
as before a white powder (240 mg.) wes obtained.

Found: P, 6+6%.

Repetition of this procedure gave & product (80 mg.,
94t of theoretical) which, after drying at 78°/15 mm., had
P, T*6%.,

Found: ¢, 20+8; H, 4-3; N, 2*9; P, 7°6.
CgH120gNPBa requires ¢, 18.3; H, 3+1; N, 3-65 P, T-8T#.

The preparation of & erystalline dibrucine salt was
attempted by treatment of the barium salt (40 mg.) in
water (5 ml.,) with a solution of brucine sulphate (103 mg.)
in water (40 ml,). The precipitated barium sulphate was
removed by centrifugetion and the clear solution concentrated
to & glass, Trituration with ethanol gave an amorphous
solid (50 mg.) which could not be erystallised.

Found: P. 3+T. '
C5H1408NP.2(023H2504N2) reguires P, 3.0%.

(e) 1,3,4-Tri-0-acetyl-N-acetyl-pf-D-glucosanine 6-
)
(dihydrogen phosphate) (400 mg.) was hydrolysed with N
sulphuriec zecid (12 ml.) at 100° for 3 hours.

Time (mins, ) ap(l dm,)

0 +0.58°
30 +1-10°
90 +1-18°

150 +1.21°

180 +1-21°
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The final value of the rotation corresponded to
[a]%o +60° (¢, 2:0 in N H,50,) for the dipolar ion of
glucosamine 6-phosphate. The reéation solution was
neutralised by shaking overnight with finely divided barium
carbonate, After filtrgtion and thorough washing of the
barium salts with water, the combined filtrates were
treated with ethanol (4 volumes) and the resulting pre-
cipitate washed and dried as in previous experiments.
Found: 2, 6-3.
CgHy20gPBa requires P, 7°9%.

The product, & white powder (290 mg.), was dissolved
in 0:0lN hydrochloric acid (6 ml,) and treated with
ethanol (24 ml.). The resulting precipitate (150 mg.,
41% of theoretical), had [a]g‘)8 of the dipoler ion +53°
(e, 04 in HyO pH 2°5). (Brown(33) records [a]%4 +48+5°
(e, 0+5 in Hp0 pH 2+5) for the dipolar ion).
Found: €, 19°6; H, 4°4; N, 4°7; total P, T7-82;

inorgeniec P, 0+05.
CgHy20gNPBa reguires C, 18-3; H, 3*1; N, 3-6; total P, T-8T;
inorganic P, 0O%.

(d) 1,3,4-Pri-0-acetyl-N-acetyl-f-D-glucosamine 6-
(dihydrogen phosphate) (400 mg.) was hydrolysed with N
sulphuric acid (12 ml.) at 100° for 2.5 hours, The
hydrolysis solution was neutralised with barium hydroxide
solution (half saturated). During the neutralisation,

semples (1 drop) were removed and tested for the presence
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ANALYTICAL RESULTS.
5873 Ej;:é.zl 4.025mg 3.750mg COy 1.975mg H,0 0.445mgRes.
5874 SL.40 3.590 10.730 1.645
5875 \igm.74 3.700 7.030 1.460
5876 .G.104 4.265 14.560 2.480
5877 ¥ HH.57 4.120 7.800 1.830
5878 v 58 5.808 7.205 1.635
5879 v 59 5.690 7.285 1.585
5880 ¥ 60 3.430 6.715 1.745
5881 v - 61 2.570 5.600 1.035
8882 L5.G.108 4.235 0.150 2.795
5875 VSM.74 5.306mg 3.26lmg S0, 20.50% S
5876 5.G.104 3.782mg No Cl. found.
5876 “7S.G.104 0.430mg 4.345mg Camphor 15.1° 240 M.Wt.
5873 B.P.21 3 .860mg 0.201lml W, 764/20° 6.10% N
5874  LBL.40 3.835 0.382 764/20 131 %6
5875 SM.74 3.200 0.230 764,20 8.40

2.900 0.199 757/19 8.00
5882  \W8.G.105 3.690 0.1107 764/19 35.20

Substances have been dried according to ins:ructions.
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of berium ions with a solution of rhodizonie acid in
(58)

water., When all the sulphuric aéid had been pre-
cipitvated as barium sulphate, the presence of soluble
barium was shown by a red-brown precipitate of barium
rhodizonate, The precipitated barium sulphate was removed
by centrifugation and the clear solution (pH 4) was con-
gentrated to 10 ml, Ethanol was added to turbidity and
the mixture kept at 0° for several days., Crystals were
deposited (120 mg., 46% of theoreticzl) and these, after
drying at 18°/0.1 mm. had decomp. point 170-180°
[a]%l +54° (e, 6-5 of the hydrate in H,0), cale. for the
anhydrous compound +58°, Anelysis indicated these to
be the monohydrate of D-glucosamine 6-(dihydrogen phosphate).
Found: C, 25.8; H, 5:7; N, 5.2; total P, 11l.3;
inorgsnic P, O.
CgHly 4OgliP. H 0 requires ¢, 26-0; H, 5-8; N, 5-1; total P, 11:2
inorganic P, 0%.

(e) 1,3,4-Tri-0O-acetyl-N-acetyl-g~-D-glucosamine 6-
(dihydrogen phosphate) (2-8 g.) was hydrolysed with N
sulphuric acid and the hydrolysate neutralised as in
preliminary experiment (d). On treatment of the neutralised
gsolution with ethanol, the monohydrate of glucosamine
6-(dihydrogen phosphate) separated as crystals (0-81 g.,

45% of theoretical). :
Found: P, 11-3.
06H1408NP.H20 requires P, 11l°2%.
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Chromatographic examination of this product (azpplied
in dilute sulphurie acid solution) and the barium salt
previously obtained (freed from barium by treatment with
sulphuric aeid) showed identical spots. The chromatograms
were run using the ascending paper teehnique(SB) and with
ethyl acetate-pyridine-formamide (6:1:3) as solvent, The

spray uséd was ferric chloride-sulphosalicylie aoid.(74)

(£f) A solution of 1,3,4-tri-0-ccetyl-N-acetyl-p=D-
glucosamine 6-(dihydrogen phosphate) (200 mg.) in water
(3 ml,) was heated af 100° for 30 hours. The resulting
brown solution, after decolourisetion with charcoal, was
filtered and concentrated to & glass, The glass was
dissolved in water (4 ml.) and ethanol added to turbidity.
After several deys the precipifate which had been deposited
was removed and the filtrate treated with more ethanol and
seeded with the eorystalline monohydrate obtained in the
previous experiment, The erystalline product which
separated after standing for several weeks at 0° was
isolated. ‘This product (17 mg., 124 of theoretical) had
decomp. point 165-175° and snalysis indicsted that it was
the dihydrate of glucoéﬁmine 6=-(dihydrogen phosphate).
Found: ©, 24-4; H, 6+0; N, 4-635 P, 10-4,
CgH1408NP,2Ho0 requires C, 2445 H, 6+1; N, 4+7; P, 10-5%.

Hydrolysis of D-Glucosamine 6-(Dihydrogen phosphate).

The crystalline monohydrate of glucosamine 6-(dihydrogen
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phosphate) (67+9 mg.) in N hydroechlorie acid (25 ml,) was
heated at 100°(60) and aliguots were analysed for
hydrolysed phosphorus, Robison(so) has carried out the
hydrolysis of glucose 6-(dihydrogen phosphate) under the
Bame conditions and his percentage hydrolysis figures are

shown slongside for comparison,

" 60
O
-phosphate phospnate

0 nil 0 -
4 0013 4.3 12.7
0.021 6-8 21+6

20 0-048 15.6 44-9
45 0-104 | 34.2 75-0
58 0-128 4§21 ' &
70 - - 88-9
80 0«160 52+6 -

(See 3raﬂ£s ,P-”q)
Periodate Oxidation of Glucosamine 6—?hoaghate.

(A) Periodate Uptake. The oxidations were carried

out under conditions similar to those used by Brown.(32)
The unbuffered oxidation solutions were adjusted to pH 4+5
and the oxidation allowed to proceed at room temperature
in the dark. The following is a typical oxidation, The
weighed substance (lOO-EOO)Lmoles) was dissolved in water
and the solution adjusted to pH 4.5 and made up to 25 nl,
A sample of this (6 ml,) was taken, 3 ml. of 0°1M sodium
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metaperiodate added and the mixture made up to 10 ml,

At suitable intervals, 3 ml, portions were withdrawn and
treated with 0:.6 g. sodium bicarbonate, 0.6 g, potassium
iodide, and 5 ml, Q+1N sodium arsenite. After 10

minutes the mizxture was titrated with 0.-05N iodine using
starch indicator. In the case of & barium salt, the
barium was precipitated by addition of 3 ml, 0+1N sulphurie
acid and removed prior to adjusting the pH to 4:5.

Uptake of Periodate in moles/mole of sugar

22 hours 64 hours 94 hours

Glucosamine hydrochloride 4-8 4:9 4-9

Glucossmine 6~(barium phosphate) 3-8 3-9 39

Glucosamine 6-(dihydrogen 39 39 39
phosphate?

Theory: Glucosamine 5+0 moles/mole
Glucosamine 6-phosphate 4.0 moles/mole.

(B) Formaldehyde Release. Solutions of the suger
derivatives were oxidised in buffered solutions (pH 7.5)
with periodate (21 hours) and the formaldehyde released
estimated under exactly the conditions advocated by O'Dea
and Gibbona.(sg) Three glucose solutions of different
eoncentration were used as standards and the filter used

was the Ilford spectrum yellow (606).
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Sugar Derivative Moles of HCHO/ Theoretical
mole of saugar

Glucosamine hydrochloride 0.81 1.0

N-Acetyl-D-glucosamine 0.98 1.0

Glucosamine 6-(barium phosphate) 0-CO 0.0

Glucosamine 6-(dihydrogen phosphate) 000 00

Attempted Estimation of the Gluooaam;ne Content of Gilucosamine

6~chosphate,

An attempt by the method of Elson and Morgan(®?) as

modified by Belcher, Nutten, snd Sambrook,(62) was made

1Yo determine the glucosamine content of the glucosamine
6-phosphate samples prepared, Following the method
prescribed exactly, using glucosamine solutions as atandards
and the Ilford spectrum green (604) filter, the crystalline
monohydrate of glucosamine 6-(dihydrogen phosphate) was
found to have & glucosanine content 59% of the theoretical
and the barium salt a content 2974 of the theoretical. It
was noted that the colours of the solutions obtained from
the phosphate derivatives were considerably more brown than

those of the glucosamine standsrds,
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Attempted Preperation of Glucssemine 6-Phosphate by Direct

Phosphorylation.

Phosphorylation

Preliminary Experiment. Metephosphorie acid, prepared

by heating A. R. syrupy phosphoriec acid (7 ml.) in water
(1.33 ml,) until the solution became turbidfmwaa added to
dry D-glucossmine hydrochloride (6 g.) and methyl cyanide
(distilled over phosphoric oxide) (20 ml.) and the mixture
heated under anhydrous conditions with occasional shaking
at 80° for 40 minuteﬂ.(zgj Removal of the methyl cyanide
by decantation and treatment of the chilled residue with
isopropanol (50 ml.) and ether (50 ml.) gave a solid
product which after drying was a chocolate-coloured powder
(6-5 g.).

Found: P, 5%.

Large Secale Preparation.  Glucosamine hydrochloride

(20 g.) wes stirred with metaphosphoric acid (from 25 ml.
phosphorie acid) and methyl cyanide (70 ml,) at 80° for

2+5 hours. The product wes isolated, as in the preliminary
experiment, as a dry powder (25 g.).

Found: P, 8-4%,
This product was re-phosphorylated under exactly the

same conditions for 1% hours and isolation as before gave
a dry powder (27 g.).
Found: P, 1l4-2%,
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Attempted Selective Hydrolysis to D-glucosesmine 6-(Dihydrogen
Phosphate).

(a) The phosphorylated glucosamine (3°5 g., P, 14°2%)
was hydrolysed for 25 minutes with N hydrochloric acid
(70 ml.) at 100°. Eveporation gave a syrup which was
washed with isopropanocl (2 x 25 ml.) and extracted with
water (150 ml,). The filtered agueous extract was
decolourised with charcoal and passed through a column
(30 em. x 5 em.) of anion-exchange resin (Deacidite F).
The column was eluted with water (1:5 1.) until the eluate
was non-reducing to Fehling's solution. The eluate was
treated with N hydrochlorie acid (5 ml.) and concentrated
to small volume., On c¢ooling, the residual solution
deposited erystals of D-glucosamine hydrochloride (0°:65 &.),
[n];7 +95° (3 minutes)— +72° (final) (e, 1°1 in H»0).
(72) record [a]p +100% +72+5° in Hp0).
The column was then eluted with N hydrochloric acid

(Irvine and Barl

until the eluate gave & negative test for the presence of
phosphorus (1500 ml.). Evaporation of the eluate and
trituration of the residue with isopropanol gave & yellow
powder (17 &.).

Found: ©, 22-9; H, 4:-5; N, 14-4; P, 1l-4.

Cale. for CgHj4OgNP: ©, 27-8; H, 5-4; N, 5-4; P, 12-0.
Cele. for CgHy,OgNP.HCl: O, 24-4; H, 5-1; N, 4-7; P, 10-5%.
(0631403NP = Glucosamine 6-(dihydrogen phosphate)

CgHy40gNP.HCL = Glucosamine 6-(dihydrogen phosphate) hydro-
chloride).
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Paper chromatographic examination of this product
with butanol-pyridine-water (l:1:1) as solvent and aniline
oxalate as spray falled to reveal the presence of any
glucosamine hydrochloride,

The resin column was eluted with a further guentity of
N hydrobhlorio acid (1 1.) and a yellow powder (1l-+2 g.)
was isolated from this eluate.

Found: N, 16-4; P. 0-3%.

(b) The phosphorylated glucosamine (5:9 g., P, 14.2%)
wes hydrolysed with N hydrochlorie acid (160 ml.) at 100°
for 40 minutes. The hydrolysate was evaporated to
dryness and the residue washed thoroughly with isopropanol
in an attempt Vo remove free phosphoric acid and
hydrochlorie aecid. The residue was then extracted with
water (100 ml.) and the extract filtered and treated with
charcoal et 100°., Residual phosphoric acid was then
removed from the colourless solution by addition of barium
acetate solution followed by barium hydroxide solution
until no further preecipitation of barium phosphate

occurred. After removal of the insoluble inorgenic salts,
the sugar phosphate was isolated as the barium salt by

the addition of a small excess of barium hydroxide followed
by precipitation with ethanol (4 volumes). Washing with
90% agueous ethenol, ethsnol, ethanol-ether (75:25),
ethénol—ether (25:75), and ether left a powder (220 mg.).
Found: P, 3°8.

CgHyo0gNPBa requires P, T-87%.
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Extraction with water (20 ml.) and reprecipitation
with ethanol (80 ml.) left, after washing with ethanol and
ether as before, a dry powder (90 mg.).
Found: P, 5-9%.
The purification process was repeated and a product
(45 mg.) isolated which hed [a]%a +24° (¢, 0.7 in Hy0),
[o.]%8 +43°% (e, 0+2 in H20, pH 2-5). Brown(33) records
(¢]5% +48+5° in Hp0, pH, 2+5 for the dipolar ion.
Found: ¢, 17.2; H, 3463 N, 2.9; total P, 6.9,
inorganiec P, 0+03y Ba, 31-0.
CgHy,0gNPBa requires C, 18+3; H, 3+1; N, 3+6; total P, 7-87,
inorgenie P, 0.0; Ba, 34.8.
CgH1,0gNPBaHCL requires C, 16+7; H, 3:0; N, 3+2; total P, 7-2,
inorganic P, 0.-0; Ba, 31-84.
Chromatographic examination of this material with

(73) as eluant and both

n-propancl-ammonia-water (6:3:1)
aniline oxalate and ferriec chloride-sulphosalieylic acid(74)

as sprays revealed only one spot.

Periodate Oxidation, Using the methods already

deseribed, the periodate uptake (p.f20) and the formalde-
hyde release (p.!al ) of this barium salt were determined,
Results.
22 hours 66 hours 100 hours

Periodate uptake 2.8 37 3-8 (Theory 4-0)

Formaldehyde release 0+38 moles/mole (Theory 0-0).
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MISCELLANEQUS EXPERIMENTS

fhenyl Thiocarbonyl Chloride.

2N Sodium hydroxide solution (25 ml.) wes added,
dropwise with cooling, to a mixture of phosgene (4:85 g.)
and thiophenol (5¢39 g.) in dry toluene (25 ml,).(75)
The toluene layer was separgted, drisd, and the solvent
removed, The residual oil was distilled, b.p. 95-105°%/
12 mm. and redistillation, b.p. 100°/12 mm., geve phenyl
thiocarbonyl chloride (1-:99 g.).

Attempted Preparation of the Phenyl Thiocarbonyl Derivative
of Glucosamine.

Glucosamine (0-40 g.) in dry pyridine (30 nl.) was
treated at room tempergture with phenyl thiocarbonyl
chloride (0-31 ml,) in the presence of 'Drierite.'  After
T2 hours, the filtered reaction mixture was poured into
ice-water. The resulting amorphous precipitate (79 mg.,
124 of theoreticel) was weshed with water end dried.

The agueous fraction was extracted with chloroform (3 X 100
ml,) and the extracts, after washing with 2N hydrochlorie
acid and water, were dried and concentrated to a syrup (30
mg.y 4% of theoretical). No erystalline product could

be isolatéd from either the amorphous solid or the syrup.
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B=D~-Glucosamine.

Glucosamine hydrochloride (5.0 g.) in ethanol (57 ml.)
and diethylemine (3.6 ml.) was shaken for 2 days.(76)
The insoluble product was separated and again shaken with
ethanol (10 ml,) end diethylamine (08 ml.) for 1 hour.
The ecrystalline residue was further purified by digestion
with ethanol (25 ml.) at 40° overnight end, after drying,
these orystals of p-D-glucosamine had m,p. 118°,
[n]%2 +25° (3 min,)—> +48° (final) (e, 1-2 in H,0).
(Westphal and Holzmann{78) precora m.p. 120° [a]p +20

+47°5° in H20).

>

1,3,4,6-Tetra-0-ecetyleN-acetyl-pg-D-glucosamine.

f-D-Glucosamine (3+0 g.,) in pyridine (31 ml,) end
acetic anhydride (19 ml,) wes allowed to stend at room
temperature for 5 days.(Ts) The mother liguors were
decanted and the resi&ual erystalline product was washed
with water and dried. The crystals (2.2 g., 34% of
theoretical) of 1,3,4,6-tetra-0-acetyl-N-ccetyl-p-D-
glucosamine had m.p. 185-187°, [aly +1° (&*2 in GH013)
(Hudson and pale77) record m.p. 187-189°, [alp +1.2° in
CHCIS).

Hydrolysis of N-Acetyl-D-glucosamine.

Solutions (4%) of N-acetyl-D-glucosamine in various

concentrations of hydrochloric acid were hydrolysed, at
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different temperatures, until the rotations of the solu-~

tions reached constant values.

(A) N. HCl at 60° (B) N, HC1 at 100°
Time (hours) ag(l dm.) Pime (hours) ap(l dm,).
0 1. 41° 0 1- 41°
2 1.70° 05 230"
4 1-87° 1 2+ 49°
22 2. 41° 2 2+ 65°
58 2.62° 3 2+ 65°
70 2-68°
(c) 3N. HOL at 60° (D) 3N. HCL at 100°
Time (hours) ap(l dm,) Time (hours) ag(l dm,)
0 1+40° 0 1. 40°
1 1.69° 0-5 2-70°
2 1.88° 1:0 2-76°
3 2+03° 1+5 2+76°
55 2:21°
10+5 2+50°

Hydrolysis of 1,3,4,6-Tetra-O-acetyl-N-acetyl-p-D-

glucosamine.

A solution (4%) of 1,3,4,6-tetra-O-acetyl-N-acetyl-p-

D-glucosamine in N hydrochloric acid was heated at 100°

until the rotation reached a constant value.
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Time (min.) ap (1 dm.)
2 1.99°
13 1.21°
25 1.29°
42 | R 757
57 B 1.43°
70 : 1:437

The hydrolysate was concentrated to small volume and
treated with ethanol (3 vol.) and acetone, (Crystals of
D-glucosamine hydrochloride (200 mg., 84% of theoretical)
separated which had [n]%s +86° (3 min,) — +70° (final)

(72)

(ey 1.1 in Hp0) (Irvine and Earl record [alp +100q-—}

+72.5% in H0).
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SUMMARY

Part I

(1) Crystalline methyl 2:3-anhydro-a- and B-D-lyxofuranosides
have been prepared (the latter for the first time) by an
improved method from the erystalline methyl 3:5-isopropyli-
dene-2-toluene-p-sulphonyl-c- and p-D-xylofuranosides.
lMethylation of these anhydro sugars gave the corresponding
S5-methyl ethers.

(2) The methyl 2:3-anhydro-D-lyxofuraznosides have been
treated with methanolic ammonie and erystalline N-iso-
propylidene and N-acetyl derivatives of the methyl 3-amino-
3-deoxy-D-arabofuranosides have been isolated and
characterised. Hydrolysis of the N-acetyl derivatives
gave & crystalline hydrochloride of 3-amino-3-deoxy-D-
arabinose,

(3) Methylation of the methyl 3-acetamido-3-deoxy=D-
arabofuranosides led to the isolation of one mono- and

two di-methyl new erystalline ethers.

(4) Ammonolyses, with methanolic ammonia, of the methyl

2: 3=anhydro-5-methyl-D-lyxofuranosides gave crystalline
N-acetyl derivatives of the methyl 3-amino-3-deoxy-5-
methyl=-D~arabofuranosides which were characterised.

(5) Attempts were made to separate crystalline 2-amino-
2-deoxy~-D-xylose derivatives from the ammonolysis products
of each of the 2:3-anhydro-D-lyxose derivatives without

significant success.
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Part 11

(6) An attempted preparation of glucoscmine 6-phosphate by
tritylation and acetylation of H-p-methoxybenzylidene-D-
glucosamine followed by detritylation, phosphorylation,
and de-acetylation was unsuccessful, due mainly to the
instability of the Nep-methoxybenzylidene group.

(7) A successful synthesis was carried out by tritylation
and acetylation of NeacetyleD-glucosamine, The ¢ and p
anomers of the tetra-acetyl-6-trityl derivative were
separated, Detritylation and phosphorylation of the £
anomer, followed by de-acetyletion led to the isolation
of the erystalline monohydrate of glucoseamine 6-phosphate.
Eech intermediate in the synthesis was obtuined crystalline,
(8) The constitution of the glucosamine 6-phosphate was
confirmed by the theoretical uptake of periodate and the
absence of formaldehyde on oxidation with periodate uader
standard conditions., [Estimation of the glucosamine
content of glucosamine 6-phosphate by the Elson-ilorgen
technigue was shown to be inapplicable.

(9) The prepsration of glucosamine S-pnosphate by the
direct phosphorylation of glucosamine hydrochloride with
metaphosphoric acid was not successful, an impure product

being obtained.
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The Ammonolysis of Methyl 2 : 3-Anhydro-p-lyxofuranoside.
By J. M. ANDERSON and ELIZABETH PERCIVAL.
[Reprint Order No. 5857.]

BAKER, ScHAUB, JosepH, and WiLLiams (]. Amer. Chem. Soc., 1954, 76, 4044) in the
course of a total synthesis of puromycin reported the isolation of the «- and the g-form
of methyl 3-acetamido-3-deoxy-p-arabofuranoside by ammonolysis, followed by N-acetyl-
ation, of the methyl 2 :3-anhydro-p-lyxofuranosides. In investigations into the mode
of fission of ethylene oxide rings we too carried out this series of reactions and isolated
the two anomers, Baker et al. (loc. cit.) concluded that their product was the 3-amino-
3-deoxy-p-arabinose derivative and not the other possible fission product, the 2-amino-
2-deoxy-p-xylose derivative, inasmuch as the hydrochloride of their product had a
different decomposition point and rotation from 2-amino-2-deoxy-p-xylose hydrochloride,
prepared by Wolfrom and Anno (]. Amer. Chem. Soc., 1953, 75, 1038). We obtained
proof that neither of the crystalline N-acetyl derivatives was a xylose derivative because
all attempts to condense them with acetone were unsuccessful. The starting material
was obtained in quantitative yield in every experiment, whereas 2-amino-2-deoxy-p-xylose
would have given the 3 : 5-isopropylidene derivative. It is clear therefore that the main
product from the fission of the oxide ring is an arabinose derivative.

Proof that no change to the pyranose form had occurred was obtained by the isolation
from both anomers of the di-O-toluene-p-sulphonyl derivative followed by replacement of
the primary toluene-p-sulphonyloxy-group by iodine. The action of sodium iodide in
acetone was carried out under conditions specific for the replacement of a toluene-p-
sulphonyloxy-group attached to a primary carbon atom (see Tipson, Adv. Carbohydrate
Chem., 1954, 8, 192). Control experiments were carried out with methyl 2 : 3 : 4-tri-0-
benzoyl-6-0-toluene-p-sulphonyl-«-D-mannopyranoside and toluene-p-sulphonamide. The
former gave the same percentage yield of sodium toluene-p-sulphonate as did the above
di-O-toluene-p-sulphonyl derivatives; the latter gave no sodium toluene-p-sulphonate,
evidence that had the toluene-p-sulphonyl chloride condensed with the amino-group of
the sugar it would not be removed under these conditions.

Experimental.—Solvents were removed under reduced pressure. Methanolic ammonia was
prepared by saturating dry methanol with ammonia at 0°.

Methyl 3-acetamido-3-deoxy-u-D-arabofuranoside. Methyl 2 : 3-anhydro-«-p-lyxofuranoside
(J., 1953, 564) (m. p. 80°; 0-90 g.), dissolved in dry methanolic ammonia (40 ml.), was heated
in a sealed tube at 120° for 48 hr. After concentration of the cooled solution, distillation gave
a viscous syrup (0-85 g.), b. p. 150—170°/0-01 mm. A solution of this in water (20 ml.) and
methanol (2 ml.) was stirred at 5° with anion-exchange resin (Amberlite I.R. 400; bicarbonate
form) (24 ml.) and acetic anhydride (0-6 ml.) for 90 min. (Roseman and Ludowieg, J. Amer.
Chem. Soc., 1954, 76, 301). Filtration and evaporation gave a syrup (0-96 g.), which formed
prisms (0-52 g.) from acetone, and on recrystallisation had m. p. 120—121°, [«]3 +124° (¢, 0-7
in EtOH), +134° (¢, 1-0 in H,0O) (Baker et al., loc. cit., record m. p. 115-—116°, [«], +-102° in
H,O) (Found : C, 47-2; H, 7-6; N, 6:5. Calc. for CqHyggO;N : C, 46-8; H, 7-4; N, 6-8%).

Methyl 3-acetamido-3-deoxy-p-p-arabofuranoside. Syrupy methyl 2 : 3-anhydro-af-p-lyxo-
side (2-8 g.), in dry methanolic ammonia (75 ml.), was treated as described for the a-form. A
portion (1:01 g.) of the derived syrup in dry methanol (20 ml.) was treated with acetic anhydride
(2-5 ml.), and the mixture kept at 18° for 18 hr. This, after dilution with water (10 ml),
neutralisation with solid sodium hydrogen carbonate, filtration, and evaporation to dryness,
gave a residue which was extracted with chloroform. Evaporation of the dried chloroform
extract gave a syrup (0-76 g.) which, on solution in methanol-acetone (50%,), addition of ether
to incipient turbidity and recrystallisation, yielded needles (0-16 g.), m. p. 156°, [«]}} —165°



(¢, 1:0 in EtOH), —120° (¢, 1:2 in H,0) (Baker ef al., record m. p. 155°, [«], —119° in H,O)
(Found : C, 46-2; H, 7-3; N, 6:9%).

Attempled isolation of an isopropylidene dervivative. Methyl 3-acetamido-3-deoxy-«-D-
arabofuranoside (50 mg.) was shaken with dry acetone (10 ml.), anhydrous copper sulphate
(1 g.), and 2 drops of acetaldehyde for 14 days. This gave a syrup (45 mg.) which crystallised
completely on trituration with acetone; the solid had m. p. and mixed m. p. with starting
material 118—120°, [«]}’ +4124° (¢, 0-7 in EtOH). Methyl 3-acetamido-3-deoxy-@-p-arabo-
furanoside (50 mg.) was treated with dry acetone and anhydrous copper sulphate under the
same conditions. The product (46 mg.) had m. p. and mixed m. p. with starting material
156°, [a]} —160° (¢, 0:5 in EtOH) (Found: C, 46:9; H, 7-35. Calc. for CeHys0,N: C, 46-8;
H, 7-4; for C;;H,,O,N: C, 53-8; H, 7-8%).

Methyl 3-acetamido-3-deoxy-2 : 5-di-O-toluene-p-sulphonyl-e-n-arabofuranoside. Methyl
3-acetamido-3-deoxy-«-D-arabofuranoside (10 mg.) in dry pyridine (1 ml.) was treated with
toluene-p-sulphonyl chloride (40 mg.) in the presence of *‘ Drierite”’ for 60 hr. at room
temperature. The toluene-p-sulphonyl derivative (11-7 umoles) obtained after appropriate
treatment, was dissolved in dry acetone and heated with sodium iodide in a sealed tube for
2 hr. at 100°. Characteristic plate-shaped crystals of sodium toluene-p-sulphonate (identified
as the S-benzylthiouronium salt, m. p. 179—180°) were deposited in a yield (10-3 pmoles)
comparable with that in a similar experiment carried out on methyl 2: 3 : 4-tri-O-benzoyl-
6-O-toluene-p-sulphonyl-z-nD-mannopyranoside (9:3 pmoles from/11-4 pmoles). Toluene-p-
sulphonamide failed to yield sodium toluene-p-sulphonate under similar treatment. Identical
experiments were carried out with the f-anomer (10 mg.) and the derived 2 : 5-di-O-toluene-
p-sulphonyl derivative (19-5 umoles} on treatment with sodium iodide in acetone gave sodium
toluene-p-sulphonate (16-5 wmoles). (Corrections for solubility of sodium toluene-p-sulphonate
in acetone were made in all of these experiments.)

3-Amino-3-deoxy-p-avabinose hydvochloride. After methyl 3-acetamido-3-deoxy-z-p-arabo-
furanoside (91 mg.) had been heated at 100° with hydrochloric acid (10 ml.; 3x) for 60 min.
and the solution had been concentrated to dryness, a syrup was obtained which crystallised
from methanol; the solid had m. p. 161° (decomp.), [«]}¥ —109° (¢, 0:3 in H,O) {Baker &/ al.,
loc. cit., record m. p. 159° (decomp.), [«], —112° in H,O}
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224. The Synthesis of Laminaribiose (3--p-Glucosyl p-Glucose) and
Proof of its Identity with Laminaribiose isolated from Laminarin.

By P. Bicurr and (the late) E. G. V. PERCIVAL.

Laminaribiose has been synthesised by the interaction of 1:2-5: 6-
diisopropylidene glucose and tetra-acetyl glucosyl bromide, proof of its
formulation as 3-p-p-glucosyl p-glucose being thus obtained. The synthetic
material is identical with laminaribiose prepared from laminarin. Various
derivatives of the sugar are described including the «- and the f-octa-acetate,
hepta-acetyl laminaribiosyl bromide, hepta-acetyl methyl-B-laminaribioside,
and methyl-f-laminaribioside.

LAMINARIBIOSE was first studied by Barry (Sei. Proc. Roy. Dublin Soc., 1941, 22, 423), who
isolated it as the osazone from the mixture of sugars produced by the action of the juice
of Helix Pomatia on the polysaccharide laminarin.  The free sugar, m. p. 161—162°, was
obtained by the partial hydrolysis of laminarin with mineral acid. After removal of the
glucose by fermentation and of the oligosaccharides by precipitation with alcohol, the
disaccharide was obtained as an amorphous powder which crystallised when its aqueous
solution was slowly evaporated. Earlier work by the same author (ibid., 1939, 22, 59)
had shown that laminarin was composed of glucose residues mutually linked through the
1 : 3-positions by p-linkages. Since the disaccharide was hydrolysed by emulsin giving
rise only to glucose, Barry formulated it as 3-g-D-glucosyl D-glucose. Laminaribiose was
further studied by Connell, Hirst, and Percival (]., 1950, 3494), and its identity has now
been confirmed by synthesis as the result of the condensation of 2 : 3 : 4 : 6-tetra-acetyl
glucosyl bromide with 1 : 2-5 : 6-diisopropylidene glucose.

Gakhokidze (J. Gen. Chem. U.S.S.R., 1946, 16, 1923) had previously claimed the
synthesis of the a-linked analogue of laminaribiose by the condensation of 2:3:4:6-
tetra-acetyl glucose with 4 : 6-benzylidene 1 : 2-Zsopropylidene glucose followed by alkaline
and acid hydrolysis. The formulation of this as 3-a-D-glucosyl D-glucose was established
by the same author in a later paper (ibid., 1949, 19, 2100). Preliminary experiments
revealed that reactions of this type are by no means easy to carry out and the presence of
an effective internal desiccant has been found to be essential. Helferich, Bohn, and
Winkler (Ber., 1930, 63, 989) used calcium chloride in their synthesis of gentiobiose by the
interaction of tetra-acetyl glucosyl bromide and 1:2:3:4-tetra-acetyl glucose, and
Reynolds and Evans (J. Amer. Chem. Soc., 1938, 60, 2559) found the proprietary material
“ Drierite ” enabled gentiobiose octa-acetate to be obtained in 75—809%, yield. Haskin,
Hann, and Hudson (2bid., 1941, 63, 1724) have also used *‘ Drierite ’ in similar reactions.

In the present work 3-g-D-glucosyl D-glucose was synthesised by the condensation of
tetra-acetyl glucosyl bromide with 1 : 2-5 : 6-dissopropylidene glucose in benzene solution
in the presence of silver carbonate, iodine, and ‘“ Drierite.”” Deacetylation, followed by
removal of the isopropylidene group, and separation of the products on a cellulose column
gave in 9-59, yield the crystalline a-form, laminaribiose, m. p. 198—201°, [«]y 25° —>
--18-6° in water (compare Connell, Hirst, and Percival, loc. cit.).

For comparison with the synthetic material, laminaribiose was prepared from laminarin.
After partial hydrolysis of the polysaccharide, laminaribiose was separated from the other
products on a charcoal-" Filter Cel '’ column of the type described by Whistler and Durso
(J. Amer. Chem. Soc., 1950, T2, 677). The crystalline product had m. p. 199—202°, and
gave no depression of m. p. on admixture with the synthetic material. The two samples
gave identical osazones and octa-acetyl derivatives, and their X-ray powder photographs
were indistinguishable. The formulation of natural laminaribiose as 3-p-D-glucosyl
p-glucose is, therefore, definitely established. In the course of these experiments



crystalline hepta-acetyl methyl-g-laminaribioside and methyl-g-laminaribioside were
prepared.

After this work had been completed a synthesis of 3-8-glucosyl glucose was reported by
Freudenberg and Oertzen (Annalen, 1951, 574, 37), who used the same starting materials
for the synthesis and obtained the crystalline g-form, m. p. 188—192°, [«],, +-7° —>- 20-8°
in water, of laminaribiose, but were not in a position to compare directly the natural and
the synthetic disaccharide. There is, moreover, little overlap between their work and
ours since their experimental methods and the derivatives they describe are not the same
as those recorded in the present paper.

EXPERIMENTAL

1:2-5: 6-Diisopropylidene 3-(B-Tetva-acetyl D-Glucosyl) p-Glucose.—Pure 1 :2-5: 6-diiso-
propylidene glucose (10 g.), silver carbonate (15 g.), and * Drierite " (30 g.; dehydrated at 240°
during 2 hours) were shaken in dry benzene (80 c.c.) for 12 hours. lodine (3 g.) was added
followed by an equimolecular proportion of 2 : 3 : 4: 6-tetra-acetyl glucosyl bromide (15-7 g.)
in dry benzene (80 c.c.), added slowly during 1 hour with constant shaking in the dark. The
shaking (with occasional release of carbon dioxide from the flask) was continued until a test
sample gave no precipitate with alcoholic silver nitrate (70 hours). After filtration through
‘“ Filter Cel " the unchanged diisopropylidene glucose (2-8 g.) was removed by repeated
extraction with water (4 x 100 c.c.). The aqueous extracts showed only diisopropylidene
glucose when examined on a paper chromatogram. The solution was dried (Na,SO,), treated
with a little charcoal, and filtered. Removal of the solvent gave a colourless glass (4) (16-8 g.).

3-B-p-Glucosyl p-Glucose.—The acetyl groups were removed by shaking a solution of (A4) in
methanol (80 c.c.) for 6 hours with 0-1n-sodium methoxide (10 c.c.) at room temperature,
followed by neutralisation with aqueous oxalic acid. Removal of most of the methanol at
40°/15 mm. was followed by the removal of the isopropylidene groups by treatment of the
residue with oxalic acid (0-01x; 150 c.c.) at 100°. After neutralisation with barium carbonate
and filtration, the remaining ions were removed by Amberlite 1R-100H and 1R-4B ion-exchange
resins. Evaporation of the water left a colourless syrup (B) (10-3 g.) (Found: Ae, nil).
Examination on the paper chromatogram with pyridine showed the presence of much glucose
(£g 1-0) and of substances with R values 3-1, 2-1, 0-75 (laminaribiose), 0-4, and 0-25.

A column of powdered cellulose (50 x 2-8 cm.) was prepared, washed, and tested as described
by Hough, Jones, and Wadman (/., 1949, 2511). The syrup (B) (10-2 g.) was dissolved in
butanol-pyridine-water (2:1:1). The elution was started with butanol (300 c.c.) followed by
butanol-water—pyridine (6 : 1:1). The disaccharide appeared after elution of the column by
butanol (300 c.c.) and butanol-water—pyridine (6 : 1 : 1) (2130 c.c.), and was present in the next
600 c.c. Removal of the solvent gave a white glass (1-242 g.; equivalent to a yield of 9-59, of
theory); this crystallised slowly when a concentrated solution in ethanol was kept at 0°, and
formed needles (1:17 g.), m. p. 196—199°. Further recrystallisation gave material, m. p. 204—
206°, [« +24:9° (20 minutes), +-18-6° (9 hours, constant) in water (¢, 2-5). Estimation by
hypoiodite oxidation according to the method described by Hirst, Hough, and Jones (J., 1949,
928) indicated that the material was 99-5—1009, pure (Found: C, 42.0; H, 6:6. Calc. for
C12HgeOgy 1 C, 42-1; H, 6:59%).

3-B-Glucosyl Glucosazone.—The disaccharide (0-075 g.) on suitable treatment gave laminari-
biosazone, which recrystallised from hot water containing some pyridine as long needles, m. p.
199—201°, [«]} —76:0° in ethanol (¢, 0-5) {Connell, Hirst, and Percival (loc. cit.) recorded
[e]lp —71-5° for natural laminaribiosazone; Barry and Dillon (Proc. Roy. Ivish Acad., 1941,
22, 423) gave —79:6°, and Freudenberg and Oertzen, —71°} (Found : C, 54-2; H, 6:4; N, 10-4.
Calc. for CyyHy,O0N, 1 C, 55:4; H, 6:2; N, 10:7%). The osazone acetate was prepared by
Muir and Percival’s method (J., 1940, 1480); it formed a yellow amorphous solid.

Laminarin (20 g.) was hydrolysed by heating it with aqueous oxalic acid (750 c.c.; 0-1x)
at 100° for 7 hours. After neutralisation with calcium carbonate and filtration, the solution
was evaporated at 40°/15 mm. to 100 c.c. Examination of the product on a paper chromatogram
[solvent : benzene—n-butanol-pyridine—water (1:5:3:3)] indicated the presence of glucose
(R 1-0), laminaribiose (R 0-75), and four unknown substances having R; 0-45 and less. The
mixture was separated on a column (25 x 4 cm.) of equal parts of charcoal and ** Filter Cel "
(Whistler and Durso, loc. cit.). The charcoal and “ Filter Cel ” had been thoroughly mixed,
and a suspension in water was poured in small quantities into the column, the lower end of which
was closed with a tightly pressed layer of cotton wool. The water was allowed to drain through



between the additions. The column was washed with water (1500 c.c.) before use. Water
was used as the eluant and after the removal of glucose and a portion of the unknown substance
having Rg 0-45 (750 c.c.), a mixture of laminaribiose (1-03 g.) and the rest of the unknown of
Rg 4:5 (200 c.c.) was obtained. Laminaribiose alone was present in the next 800 c.c. and its
complete removal (2-62 g.) was effected by changing the elnant to water—ethanol (10: 0-7)
(1200 c.c.). The impure fraction of laminaribiose was passed through a smaller column
(12 x 4 cm.). The first fraction contained the unknown sugar, R; 0-45, and the laminaribiose
(0-37 g.) was obtained after addition of 79, of alcohol to the eluant. The total yield of
laminaribiose was 2-99 g. After crystallisation it had m. p. 204—206° not depressed on
admixture with synthetic laminaribiose; [«]}¥ +26:5° (15 minutes), --19:5° (40 hours, constant)
in water (¢, 2-8). Through the kindness of Dr. C. A. Beevers, X-ray powder photographs of
the natural and the synthetic product were obtained, a copper target and 1 hour’s exposure
(25 ma; 50 kv) being used; the two substances gave identical photographs (Found : C, 42-1;
H, 6-8. Calc. for C;,H,,04, @ C, 42-1; H, 6:5%).

Octa-acetyl B-Laminarvibiose.—lLaminaribiose (0-53 g.) (from laminarin) and anhydrous
powdered sodium acetate (0-26 g.) were heated with acetic anhydride (3 c.c.) at 100°. After
20 minutes the powder had dissolved, and heating was continued for a further 20 minutes. The
addition of water (15 c.c.) caused the precipitation of an oil which was separated from the
supernatant liquor (C). This oil solidified very slowly when kept under cold water. The
solid (0-31 g.; m. p. 135°) was crystallised by the addition of methanol to its solution in
chloroform, followed by concentration. Crystallisation was initiated by the addition of ether,
followed later by light petroleum (b. p. 40—60°). After five recrystallisations octa-acetyl
B-laminaribiose was obtained as prismatic needles, m. p. 160—161°, [«]}} —28-8° in chloraform
(e, 2:5) (Found : C, 49-7; H, 5-7; Ac, 50-7. CygHz30,, requires C, 49-6; H, 5-6; Ac, 50-79%,).

Synthetic disaccharide (0-22 g.) was treated as above and after three recrystallisations from
methanol-ether gave octa-acetyl -laminaribiose (0-08 g.), m. p. 156—158° not depressed on
admixture with the material just described; [«]}¥ —25-3° in chloroform (¢, 2-2).

Octa-acetyl a-Laminaribiose.—(a) Laminaribiose from laminarin. The liquor (C) (see previous
paragraph) was neutralised (sodium hydrogen carbonate) and extracted with chloroform. On
evaporation of the chloroform, crude octa-acetyl laminaribiose was obtained as a yellow oil
(0-6 g.). This material was isomerised by heating it with acetic anhydride (3 c.c.) and fused
zinc chloride (0-04 g.) (cf. Hudson and Johnson, J. Amer. Chem. Soc., 1915, 37, 1270). After
45 minutes the mixture was cooled and water (20 c.c.) added. On the repeated addition of
water and decantation, the precipitated oil solidified. After four recrystallisations of the brown
solid (0-38 g.) from chloroform—ethanol octa-acelyl s-laminaribiose was obtained as prismatic
needles containing one molecule of ethanol of erystallisation ; it had m. p. 77—78°; [«]i} +20°
in chloroform (¢, 3-6), calculated for the ethanol-free compound (Found: Ac, 47-5, 47-8.
CpgH;30,9,CoHO requires Ac, 47-5. Cy3Hgg0,4 requires Ac, 50-7%). The rotation figures for
the - and the B-octa-acetate indicate that the separation of the two isomers is not quite
complete (compare Hudson and Johnson, ibid., 1917, 39, 1272).

(b) Synthetic laminaribiose. The sugar (0-075 g.) was acetylated by the procedure described
by Kruger and Roman (Ber., 1936, 69, 1832) and Nicolas and Smith (Nature, 1948, 161, 349)
(vield of crude octa-acetate, 51%). Recrystallisation from ethanol gave a product having
m. p. 77—79° not depressed on admixture with the octa-acetate from natural laminaribiose
described above, [«]if +21° in chloroform (¢, 1-8) (Found: C, 50-0; H, 6-3; Ac, 47-9. Calc.
for CyHy40,4,CoHO = C, 49-7; H, 6:1; Ac, 47-5%). Attempts to remove the ethanol from
the crystals only led to its replacement by other solvents; for instance recrystallisation from
methanol gave a product having [«]}3 +21-5° in chloroform (¢, 2:56), m. p. indefinite, containing
one molecular proportion of methanol of crystallisation (Found : C 49-0; H, 6-2; Ac, 48-9.
CagH,50,4,CH,O requires C, 49-0; H, 6:0; Ac, 48:5%,). Similar results were obtained with
benzene.

Hepta-acetyl Laminaribiosyl Bromide.—Laminaribiose octa-acetate (0-6 g.; a mixture of
the - and the B-form) was added with shaking to glacial acetic acid (2 c.c.) saturated with
hydrogen bromide at 0° (Latham, May, and Mosettig, [. Org. Chem., 1950, 15, 884). After
5 minutes, cooling was discontinued but shaking was continued until all the octa-acetate had
dissolved (10 minutes). The viscous oil which separated was kept at 15° for 3 hours. Addition
of dry toluene (20 c.c.) followed by its removal at 40—50°/12 mm. gave after two such operations
a pale yellow solid (0-48 g., 839;). Crystallisation of this from chloroform—ethanol gave white
needles (0-44 g.), m. p. 1656—167°. After four recrystallisations from chloroform-ether-light
petroleum hepta-acetyl laminavibiosyl bromide was obtained having m. p. 180:5—181-5°



[«]}% +4-85-0° in chloroform (¢, 3:0) (Found : C, 45:15; H, 4:9; Br, 10:8. C,,H,,0,,Br requires,
C, 44-6; H, 50; Br, 11-49,).

Hepta-acetyl Methyl-B-laminaribioside.—Hepta-acetyl laminaribiosyl bromide (0-32 g.), dry
methanol (10 c.c.), and dry benzene (10 c.c.) [dried by shaking it with ** Drierite " (3 g.) for
2 hours] were shaken in the dark with dry silver carbonate (0-5 g.) and iodine (0-1 g.) until a
test sample gave no precipitate with silver nitrate (20 hours) (compare Reynolds and Ewvans,
J. Amer. Chem. Soc., 1940, 62, 66). Chloroform (50 c.c.) was added, and after filtration aided
by “ Filter Cel,” followed by evaporation of the solvent, a red syrup was obtained which
crystallised on the addition of ethanol (yield 0-255 g., 869,). Hepta-acetyl methyl-f-lamina-
ribioside after three recrystallisations from ethanol had m. p. 164—165°, but on further heating
it resolidified and melted again at 179—180°. In another experiment the substance was
obtained in the first instance as needles, m. p. 183°; nevertheless on recrystallisation it showed
the double melting point, 164—165° and 179—180°, and had [«]} —45° in chloroform (¢, 1-7)
(Found : C, 50-0; H, 6:0; OMe, 4-3; Ac, 48:0. C,;H;30,, requires C, 49-8; H, 5-9; OMe,
4-8; Ac, 47-79%).

Methyl-p-laminaribioside.—Hepta-acetyl methyl-B-laminaribioside (0-408 g.) in dry methanol
(10 c.c.) was boiled with sodium methoxide (1 c.c.; 0-1x) for 1 hour (Zemplen, Ber., 1936, 69,
1827). Filtration through charcoal and removal of the solvent gave a colourless syrup, which
crystallised after 4 days under alcohol. Three recrystallisations from ethanol-ether gave
methyl-B-laminaribioside as fine needles, m. p. 165—166°, [«]}) —28° in water (¢, 2-5) (Found :
C,41:9; H, 7:0; OMe, 7-8. C,3H,,0,,,H,0 requires C, 41-7; H, 6-95; OMe, 8-3%).
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