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CHAPTER 1

INTRODUCTION

In 1878 Lederhose (35) 1solatéd D-giucosamine by
mineral acld hydrolysis of chitin found'in lobster shell.,
However, it took sixty-three years to elucidate its
structure and ass1gnﬂ1t an unequivocal configuration (20,19).
In 1914 P, A, Leven isolated D-galactosamine'(chonérosamine).
Forty-one years elapéed before its structure and configura-~
tion were established conclusively (27),

Interest in aminosugar chemlstry was enhanced during
the past fifteén years since it was discovered that other
aminosugars besidgs glucosamine and galactosamine are consti-
tuents of antibiotic substances synthesized by fungi (31,2).
These are shown in Table I (48,58). /

D-glucosamine and.D-galactosamine are the twe amino-
suégrs which are found mainly in the aniﬁal kingdom,.where
thelr most usual occurrence is as constituents of carbo-
hydrate polymers--amino polysaccarides which are known as
mucopolysaccharides, mucoproteins, and mucolipids (24),

They play a vital role in specific biological functions.

Such polysaccharides are found in the skeletal substances of'
many specles, as bacterial constituents, as antigens of'many

types, andlas intercellular cementing agents and in a variety

of blological lubricants (31).



TABLE I-

OCCURRENCE OF AMINOSUGARS IN ANTIBIOTIC SUBSTANCES

i ot g et

Eminosugar

Aminosugar

“Antibiotic
Trivial Name Systematic Namq» '
Kanamycine Kanosamine BQamino=3=deoxy~D-glucose
Nystatin Mycosamine 3~am1no-3,6-dideoxy€mannose
Magnamycin Mycaminose - 3-dimethylamino=-3,6-dideoxy=
: ' D=-glucose
Erythromycins 3-dimethylamino=3,l;,6- -
Methmycins trideoxy-D-hexopyranose
Narbomycin '
- Olandomycin
. Picormycin |
Puromycin 3-amino-3~deoxy=-D=ribose -
thdomycins Rhodosamine 3=-dimethylamino=2, 3,6~trideoxy=
o lyxo-hexopyranose
Amicetin iAmosamine - J-dimethylamino=l,6-dideoxy~
D=-glucose
Racemomycins 2-amino-2-deoxy=-D-gulose
Streptothricins .
- Monomyecin: - 2-amino-D-deoxywb—glucose
Zygomycins - Neoamine=C 2,6-dlamino=-2, 6-dideoxy-D- P
glucose A
Neomycins iNeosamine-B 2 6-diamino-2 »6-dideoxy~L~-
. Paromomycln Paromose idose -
Streptomyecin Némethyl-np 2-methy1amino-2-deoxny-
glucosamine glucose
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Di- and oligosaccharides containing aminosugars ﬁay'
be4conveniently divided inte at least three categeries:
those containing (1) residues of aminosugars only, (2) non-
nitrogenous and aminosugar residues, and (3) uronic acid
residues and aminosugar residues. Several nitrogenous
~disaccharides have-béen synthesized enzymatically (49,23).
Chemlical identification and definlite proof of the structure
of these disaccharides has been achieved (43).

Alternatively, disaccharides can be synthesized by
the Koenigs-Knorr procedure (48). Thus 6-0-(2-acetamido-2-
deoxy-ﬁ?-D—glﬁdopyranosyl)-D-glucose and 6-0-(2-acetamido-2-
deoxy—ﬁ?-Déglucopyranosyl)rD-galactose (60) were synthesized
by reacting 2-acetamldo-3,4,6-tri-O-acetyl-2-deoxy-D-
glucosyl-bromide with 1,2,3,4—tetfa—o-acetyl-D—giuGOSe or
the corresponding D-galactose derivatives ih benzenevsolu-
tion in the presence of mercuric dyanide as catalyst, fol-
lowed by de-O-acetylation with ammonia (see Chart 1).

In order to understand how the antibiotic nature and

biological activity works, 1t is pertinent to synthesize

these natgrally occurring disacéharides. The first step in
this direction is the preparation of fB-D-glucbsaminides as
model compounds. Glycosidation can be effected in two dif-
ferent ways. In the first method the amino group is pro-

tected and then glycosidation is undertaken wlth alcohol In

the presence of hydrochloric acid (42,7). TIn the second



CHBQH + NH3 _ . -
at 0°C,

H, OH
CHART 1
SYNTHESIS OF DI-SACCHARIDE

A1l compounds are known.



method the hydroxy and the amino groups are protected in a
- glycosyl halide, and then glycosidation is effected with
alcohol in the presence of mercuric cyanide or silver
carbonate (34,62,21). The disadvantage of the first methed
is that it always gives an anomeric mixture. Sometimes 1t
is tedioﬁs to separate the mixture to get a pure anomer,
The second method has the advantage that it always ylelds
pure ,B-anomer. |

In order to improve the method of glycosidation, the
hydroxyl and amino groups have been protected by various
protecting groups as shown in Table II (24,59). Thnese pro-
"~ tectling groups can be examined with respect to the criterla
fop protecting groups: (1) stability towards acid, base,
and heat, (2) solubility in organic solvents, (3) crystaliza-
bility, and (4) ease of removablility by chemical methods.
It is true, however, that any one protecting group cannot
perfectly satisfy all the above criteria. Moreover, a
property which is useful (i.e., "good") in one context may

constitute a disadvantage in a different sltuation.

Hydroxyl protecting groups. . Acetyl groups are quite
satisfactory on all criteria except solubility (51). They

decrease the yleld of the product due te the frequently
fairly high golubility of derivatives containinglthem.
Ether groups (28) are stable and erystalllze well. Their

derivatives are an improvement over those of acetyl groups



JSTABLE

SUMMARY OF PROPERTIES OF
Function. _Protecting Stability Towards
) - Group Acid Base Heat
Hydroxfl - Acetyl Low Low Inter.
Ether Inter.| High | High
Benzoyl Inter,| Low ﬁigh
Methyl" " Low Low Inter.
o 1Su1fony1 ’
p~-Toluene ' Low Low “-iﬁigfw
Sulfonyl |
Amino Acetyl Inter,| High High
2 Li~dinitro~ .Inter.| High High
phernyl o
Benzyloxy~- - Inter.| High High
carbonyl y

'*Inter, = Intermedliate



II

VARIOUS PROTECTING GROTUPS

Easy

Solubility in Crystallizabllity Removeabllity
Organic Solvents :
High  Difficult Easy
Inter, Easy Difficult
Inter, BEasy . Easy
Inter. Easy Easy
Inter. Easy .. Easy
High . Easy Difficult
Inter, Easy Easy
Inter. Easy




in that théy are less soluble in organic solvents, thus
lncreasing the yield. However, it is much more difficult te
remove them., The benzoyl group fulfills all the criteria
for protecting groups. Its removablility is similar to that
of the acetyl group and it is particularly easy to crystal-
lize (29,55). These amlnosugar derivatives have a higher
melting point and are more stable than those which have the
hydroxyl groups protected by acetyl groups (54,55). Sul-
fonyl groups are also quite good protecting groups. It has
been observed that methyl sulfonyl group can be used to
effect the conversion of one optical isomer to another

- (16,17). The primary hydroxyl group can be protected by
p-toluene sulfonyl group which can be easily substituted or

removed (14).

Amino protecting groups. Acetyl groups would be
satisfactory protecting groups for amino groups except that
they require mineral acid hydrolysis for their removal (24),
Glycosides are falirly semsitive to acid and so the me thod 18'
not very useful. More recently the amino gfoup has been
protected by groups such as 2,4,dinitrophenyl (38) and
benzyloxyearbenyl (54,55). These groups have the advantage
over the acetyl group in that they satisfy éll the criteria
the acetyl group does and in addition are easily removable
by catalytié hydrogenolysis (22,33). The benzyloxycarbonyl

group has two advantages over the z,b,dinitrophehyl group?
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It can be removed by glacial acetic acid and hydrobromic acid
solution, and it increases the crystallizibility of amino-
sugar derivatives (55,44),

It‘is known that hydroxy groups at Ch and C6 can be
protected by benzylidine, propylldene, and boric acid (51),
These groups satisfy all the criteria for brotecting groups
at least moderately weil, including ease of removabllity.

C, and C, can be protected by 3,4,6-tri-O-acetyl-D-
glucopyranosido- ﬁ ,2:1&' .5 '-_\ -2'-oxazoline (40) and 3,4,6-tri-~
O-acetyl—D-glucopyranos1do-(@,2:4',5t]-2'-oxazolidone
(26,32,53). These methods are of special interest in that
they protedf both the hydroxy and the amino groups. They
are also interesting because their synthesis sheds light.on
the stereochemistry of C; and C,. Becently benzyl-4,6-d1-0-
acetyl-Q -D-glucopyranosido- {2,3:4",5 ']-2 ‘~oxazolidone has
been synthesized (17) and found to be useful in the prepara-
tion of new aminosugars. This synthesis reveals the con-
figurations of C, and 03..

The présent work consists of two parts. The first
part deals with the synthesis of 313,6-tr1-0-benzoy1-D—
glucopyranosido- @ ,230! ',5‘_'] -2'-oxazolidone (III) and the
study of its chemistry 1in order to determine whether it
could be used as @ simultaneous protecting group for Cl and

Cz in the preparation of new aminosugars. The second part

covers the synthesis and de-O-benzoylation of



10
B -D-glucosaminides. The products thus obtained can be used
to prepare new disaccharides., In addition new aminesugar

derivatives have been prepared.
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It can be. removed by glacial acetic acid and hydrobromic acid
solution, and it increases the crystallizibility of amino-
sugar derivatives (55,4b),

It is known that hydroxy groups at Cu'and Cévcan be
protected by benzylidine, propylidene, and boric acid (51).
These groups satisfy all the criteria for protecting groups
at‘least moderately well, including ease of removability.

C, and C, can be protecfed by 3,4,6-tri-O-acetyl-D-
glucopyranosido- @. 2340, 8 '] -2%-oxazoline (40) and 3,4,6-tri-
O-acetyl-D-glucopyranosido-{1,2:4',57] -2'-oxazolidone
(26,32,53). These methods are of special interest in that
they protect both the hydroxy and the amino groups. They
are also interesting because thelr synthesis sheds light on
the stereochemistry of C, and C,. BRecently benZyl-u,é;di—O- '
acetyl- ~N~gluccpyranos 1do-v\'g ,3:4%,5 ']-2 Y—-oxazolidone haé
been synthesized (17) and found to be useful in the prepara-
tion of new aminosugars. This synthesis reveals the con-
figurations of C, and 03. |

.The present work consists of two parts. The first
part deals with the synthesis of 3,4,6-tri-O-benzoyl-D-
glucopyranosido- Q 23040, 5'] -2%-0xazolidone (III) and the
study of its chemistry in order to determine whether it
could be used as a simultaneous protecﬁing_group fér C1 and

Cr in the preparation of new aminosugars. The second part

covers the synthesis and de-O-benzoylation of
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B -D-glucosaminides. The products thus obtained can be used
to prepare new disaccharides. In addition new aminesugar

derivatives have been prepared.



CHAPTER II1

ROLE OF MERCURICVCYANIDE ON COMPETITION BETWEEN
GLYCOSIDATION AND OXAZOLIDONE FORMATION

vIn order te prepare ﬁfD-glucosaminides 1t was neces-

sary to react d-brome-B,h,6-tr1-O-acetyl—glucosamine hydro-
bromide (XV) with alcohols in the presence of pyridine (12),
| Later the method was 1mproved‘by treating O-bromo-3,4,6~
tri-o-acetyl-N-cérbobenzoxy-Dmglucosamine (I) with alcohols
in éhloroform using mercuric cyanide (21) or silver carbon-
ate (41,62,13),

o/-bromo-3,4,6-tri-0-acetyl-D-glucosamine-hydrobromide
(XV) was prepared by heating D-éluoosamine with acetyl bromide
(42,6). bLater it was obtained by reacting X, 3-1,3,4,6-
tetra-ofacetyl-N-carbobenzoxy—D—glucosamine and glacial
acetic acid solution saturated with hydrobromic acid (29).
It was, however, found that Cx-bromo-B,4,6-tr1—0-acety1-D—
glucosamine-hydrobromide ‘is unstable;

K -Bromo-3,4,6-tri-0-benzyl-D-glucosamine-hydrobromide
(VI) (55) was prepared from 3d”A3—1,3,h;é-tetra-o-benzoyl-N- |
carbobenzoxy-D-glucosamine and glacial acetic acid-hydrobromic
acid solution.. It was obtalned in good yield and foﬁnd_to be
stable, It was observed that when the amino function 1is pro-
tected by an acetyl or benzoyl group, 83 ln the preceding two

. cases, bromine replaces only benzoyl or acetyl at Cl' without
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splitting the N-acetyl or N-benzoyl grbup. When the anomeric
mixture of pentaacetyl or pentabenzoyl D-glucosamine was
treated with glaclial acetic acid-hydrobromic acid solution,
pure (X -bromo compound was obtained (29,53),

Becently it has been found {17) that O-bromo-3,4,6-
tri-O-acetyl-D-glucesamine hydreobromide (XV) can be prepared
in one sﬁep by treating1dry N-éarbobenzoxy-D-glucosamine witﬁ
2 M hydrogen bromide -in acetie lanhydride, first at 0°C. amd
then faising the temperafure by the introduction of gaseous
hydrogen bromide. Q-Bromo-B,#,6-tri-O-benzéyiéD-glueosamine
hydrobromide cannot be ﬁfépared in thls way because benzoic
acid is solid and because N-carbobenzoxy-D-glucosamine is
insoluble in benzoyl éhloride. An attempt was made to pre-
pare d-chloré-B,h,6-tr1-0-acetyl—D-glucosamine hydrochloride
'byﬂ;eacting dry N-carbobenzoxy-D-glucosamine with 2 M hydrogen
chloride in acetic anhydride.. It failed however (See Chart
2). B

n-Pfﬁpyl-N-carbobenzoxy-B,b,é-tri-o—benzoyl—/9-D-
glucosaminide (IIa) was prepared by heating ol-bromo-N-
aarbabenzaxy?é,M,6-tr1-O—benzoyl-D-glucosamine (I) (56) with
n-propyl alcohol in chlorbform in the presence of mercuric
cyanide. It was poted that 3,4,6-tri-0-benzoyl-D-"
glucopyranosido-[@,zth',59 -~ 2'oxazolidone (III) and benzyl
bromide were obtaiﬁed as byprodugts (See Chart 3). It had

earlier been erroneously reported (33) that the above
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CBZ = C¢HgCHp0-CO-

2MHC1 in

(CH co)zq

3

AC = CHBCO-

CHART 2

REACTION OF N-CARBOBENZOXY-D-GLUCOSAMINE WITH
'~ 2M HYDROCHLORIC ACID IN ACETIC ANHYDRIDE

*Compounds are known.
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oxazolidone can be obtalned from certaln tLD-glucosaminide
by treating it with sodium methoxide in methanol, Thus, it
became necessary to study the reaction of glycosidation
thoroughly. |

In order to ascertain the role of mercuric cyanide in
thls reaction, the amount of mercuric cyanide was reduced in
‘successive experiments from 4.4 x 10”2 mole to 0.5 x 1073
mole per 4.4 x 10'3 mole of O-bromo-3,4,6-tri-0-benzoyl-N-
carbobenzoxy-D-glucosamine (I) (56). It was found that the
yield of the ﬁ-D-glucoéaminlde went down from 78.5 per cent
to 16.8 per cent without appreciably affecting the yleld of
the compound (III) as is shown in Table III, It seems that,
in the formation of the compound (III), mercuric cyanide
behaves as a catalyst; : .

Similar reactions were undertaken using n-butanol,
bénzyl alcohol, and cyclohexanol and the corresponding (-
Deglucosaminides (33) were obtained, besides compound (III)
and beucyl bromide (Chart 3). The yleld of the compound
(III) in each of the three cases was found to be-equal to
that obtained in the case of n-propanol. When the reaction
was carried out in the case of 1sopropahol; it was observed

‘that the yield of compound (III) was increased by 50 per cent
as shown in Tablé III, This created further interest in the
reaction, and so the reactien was carried out wlth tertlary

butanol te see whether the yield of the compound (III) could



. GLYCOSIDATION REACTIONS USING

TABLE IIT |
ROLE OF MERCURIC CYANIDE IN VARIOUS

16

4o44x107> MOLE OF COMPOUND (I)
Alcohol - Mercurilc Yield of - Yield of .
17.4 x 10~3 | Cyanide Compound (II)| Compound (III)
mole (moles) (moles) ' (moles) -
_n=-Propanol Lo4x10 3 3.4x10 3 0.19x10
n-Propanol - 202%1 0-3- 3.3x1 0’:'3 0e19x1 0"’3
n-Propanol 1.1::10"3 1.8x1073 0.19x10 >
n-Propanol 0,5x10™3 0.75x10™3 .| 0,19x10™>
n-Butanol o hx10™3 3.4x10°3 | o0.19x1073
Benzyl - _ - -
alcohol b Lix10™3 3,0%10™°> 0,19x10™3
Cyclohexanol | l.lx10~3 3,0x10™> 0.19x1053
Isopropanol | lL.hx1 0=3 3e1x1 0..3 0.29x1 0~3
Tertiary - L - | -
butanol | Lo 4x10 3 1.6x10 3 0.,96x10 3
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be increased. It was found that the yleld of the correspond-
ing ,@eﬁ—glucosaminidé (IIa) went down and that of compound
(II1) was increased five fold (Table III). The low yleld of
tertiary butyl-N-carbobenzoxy-3,4,6-tri-O-benzoyl-&-D-
glucosaminide (IId) can be attributed to the sterie effect
~of the bulky methyl groups in the SN, reaction.

The yields of compound (III) obtained in the case of
cyclohexanol and isopropanol respectively were different
(1:2), although both alecohols are secondary (Table III). The
reagson may be found in the lesser stefic hindrance in the
case of aliecyclic alcohol,

Only 3,b,6—tr1-0-benzoyl—D—glucopyranosido—[i,2:4',55}-
2'-o0xazolidone (III) and benzyl bromide were obtained when
A-bromo-3,4,6-tri-0-benzoyl-N-carbobenzoxy-D-glucosamine
was heated under reflux'iﬁ chloroform in the presence of
mercuric cyanide. It appears that‘two feactions,'SN2 and
SN, (where SN, repreéents the substitution of bromide by
benzylox&carbonyl intramolecularly), compete with each
other in the presence of mercurié cyanide and alcohols and
that the former predomlinates over the latter,

As the steric hindrance is increased in the case of
isopropanol and tertiary_buténol, the yield of the corre-~
sponding ,-D~g1ﬁcosam1n1des decreased and that of the
3,h,6—§r1-Owbenzoyl-D-glucopyranos1do-[i,2:4',53 -20

oxazolidone (III) increased. When a graph was plotted of
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the total steric energy of activation bﬁEgtagainst the yield
of the 3,b,6-tr1—0—benzy1—D-glucopyranosido-‘},zzh’,53 -2t
oxazolidone (III) obtained in the case of the various alco-
hols (Figure 1), & straight line was obtained (52). This
tends to confirm the hypotheslis that the steric effect 1is
responsible for the de;rease in the yield of ﬁbD-glucosides
when 1sopropanol and tertiary butanol were used. Because the
two reactions, SN, and SN,, compete wilth each other, the
increase in the yleld of the 3,4,6-tri-O-benzyl=D-
glﬁcopyranosido-(},2:4',5E}-2'-9xazolidone (III) is evidently
a measure of the 1ncreésihg steric interference accompanying
attack by the bulkier aléohols.

De la Mare and co-workers (9) have studied extensively
the substitutién reactions of alkyl halides by halogen in
acetone. For example:

Br~ + B-X — R-Br + X~,

where R = n-propyl, isopropyl, t-butyl -and neo?entyl. They
found that the rate of reaction decreases in the easé of
igsopropyl halide, t-butyl halide and neopentyl hallide as the
_number of substituents increases on the ¢ or¢?-oarbon atem,
It was also observed that the rate of the reaction decreases
if the size of the substituehts on the attacking reagent
increaseé. In ﬁ#substituted compounds, besides the sterie
efféct, the inductive effect alsc plays an lmportant role in

the transition state (15). The inductlive efféct may hinder
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Substituent R Total Steric Energy | . Yield of
~ of Activation Compound (III)
at 30°C, in K, Cal, in grams
n-C,H., 2.2 0.10
n-C H . 2,2 - 0.10
b9 .
CgHCH, 2.2 0,10
1-03H7A 2.4 0.15
t-Cuﬂg .308 ] . 0950
FIGURE 1

RELATION BETWEEN THE YIELD OF COMPOUND (III) AND
THE TOTAL STERIC ENERGY OF ACTIVATION AAE %
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or increase the rate of the reactlon depending on whether
the substituent 1s an eledtron donor or an electron with-
drawer. The sterie effect is called the ponderal effect
(15). This effect results in the decrease in entropy of
activation because of ecertain restrictions 1mpbsed on the
degree of freedom for rotation about the C4-Cs bend. There
~are more of these restrictlions in the éase of isopropanol
and tertiary butanol than in the case of n-propanol and the
other primary alcohols. ) '_

It is very difficult to determine the éntropy of
. activation (47) in substitution reactions, especially where
even more complex aminosugar molecules are involved.

In the case of isopropanol and tertiary butanol the
increase in negative entropy of activation decreases the
rate of glycosidation. This accounts for the low yleld of
J-D-glucosaminide obtalned in the case of tertlary butanol.
This decréase in the rate of glycosidation improves the
cdmpetitive position of the intramolecular reaction and
helps to increase the yield of 3,4,6-tri-O-benzoyl-D-
glucopyranosido-[i,z:b',s?}-2'—oxazolidone (33).

S. Konstas, I. Photaki, and L. Zervas (32) obtalned
3,4,6-tr1-O-acetyl-D-glucopyranosido- (1,2:41,57 -2°-
oxazolidone by treating 1,3,k4,6-tetra-O-acetyl-N-carbobenzoxy-
B-D-glucosamine (46) with aluminum chloride and phosphorus

pentachloride in chlorofeorm. They suggested that, in the
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formation of the oxazolidone, the reaction goes through the
intermediate compound, dwchloro-j,h,é-trl-o-acetyl-N-
'carbobenzoxy-D-glucosamine, followed by backside attack by
carbonyl oxygen at C,. Recently T. Ito prepared the above
oxazolidone by heating 1,3,4,6-tetra-O-acetyl-N-carbobenzexy-
ﬁFD—gluéosaﬁiﬁe with trifloreacetic acid and proposed a simi-
lar SN, mechanism (26). A similar observation was made in the
synthesis of 3,b,6-tr1-O-bénzoyl-D—glucopyranos1do—[1,2:4',53-
2'-oxazolidone (III),

The study of the chemistry of 3,4 6-tri-0-benzoyl-D-
‘glucopyranosido-[} 2: 4'-5{] -2'-o0xazolidone (III) was under-
taken in terms of the following attempted processes:

I, Formation of the carbonyl derivatives with 2,4
dinitrophenyl hydrazine in acetic acid.

II.. Reduction by
A, catalytic hydrogenation
B, sodium borohydride. '
III, Formation of N-acetyl and N-benzoyl derivatives.
IV, Beaction with
A. glacial acetlc acid-hydrobromic acid
B, 75 per cent acetic acid.
V. Saponification with
A, aqueous minéral acid
B. bases, _
,No‘reaction product was obtained whén the compound
(III) was heated with 2,4 dinitrophenyl hydrazine in acetic
acid. Seodium borohydride was first used to reduce aldehyde
and ketone by Chaikin and W, G. Brown (3). W. R, C, Crimmin
(5) used sodium borbhydride to reduce 2-acetamido-2-deoxy-D-

galactitol,
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The compound (IIQ, when treated with sodium boro-
hydride in tetrahydrofuran, gave no reaction product (1,57).
However, when reduction was carried out in tetrahydrofuraﬁ
and ethanol mixture, D-glucosamine and ethyl benzoate were
obtained.' No reaction product was obtained when the compound
(III) was subjected to catalytic hydrogemation in acetic
anhydrlde and acetic acid solutlon in the presence of pal-
ladium black as catalyst. The unreactivity of the carbonyl
group 1s attributed to the fact that it 1is part of‘the
cyclic urethane system. It has been reported that 2-exazelidone
exists in tautomeric forﬁ as observed by infrared spectral
study (10).

: Bgnzjl-h,6—d1-O-acetylJX—D-glucopyzanos1do-(},3:#',5']-
2'-o0xazolidone, when heéted with éotassium acetate, acetic
anhydride, and acetic acid, gave the N-acetyl derivative
(18), The compouﬁd (III) under similar conditions also gave
the N-acetyl derivative, Furthermore, thé compound (III),
when treated with benzoyl chloride in byridlne, gave the N-
‘benzoyl derivative (See Chart 4). |

The compound (III) was found to be stable when it was
heated first with 2N aqueoﬁs hydroechloric aéid and then with
6N hydrochloric acid solution. The stability maj be attribut-
able to the fact that the compound (III) is insoluble inm

hydrochloric acid solution.
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BenZyl-h,6-diuO-acgtyl-th-glucopyranes1&0-[2,3:4',Sﬂ -
2'—oxazolidone, when heated with 75 per cent acetlic acld solu-
tion, was found stable (17). The.éompound (III%; when
treated with 75 ber cent acetlc-acid under similar condi-
tions, also was found stable.
| a—Bromo-B,h,6-tr1-O-benzo§1-D-glucosam1ne hydrobromide
(55) was obtained when the compound (III) was treated with ‘
glacial acetic acid-hydrobromic acid solﬁtion.
In general ester hydrolysis is acid-base catalyzéd.
The bases weré found to be more powerful catalysts. than the
aclds (l3;42). O-Acetate groups were removed by sfreﬁg
acids and by bases (34)., Unfavorable steric effects fre-
gquently hinder the latter readtion. Q-Acetate gféups may be
removed prefereﬁtially withoﬁﬁ affecting the N-acetyl func-
tion (39,51). Deacetylation with methanolic sodium or bariuﬁ
methoxide in catalytic amounts depends upoﬁ ‘transesterifica-
tion (60). O-Acetate groups can also be removed by methanolic

ammonia solution (11),

Alkalipe hydrolysis. The compound (III) was dissolved

in chloroform methanol mixture. It was treated with a cata-
lytic amount of 0.1 N sodium methoxide solution (57).‘ No
reaction product was obtained. However the compound (III)
(3.3# x 1072 moled), when treated with sodium methoxide solu-
tion (3.8 x 1073 moles) in a solution of chloroform and

methanol, gave D-glucosamine as a reaction product (Chart 4).
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A similar observation was made when saponificatién was
effected with aqueous pétassium hydroxide in dloxane follow-
ing the method of P, Gross, K. Brendel, and H. K. Zimmerman.
(16). The compound (III), when heated with a basic ion
exchanger in methanol, gave no reaction product. The com-
pound (III) when treated with methanolic ammenia solution
(11,61), gave a product which was found to be very hygro-
scopic.‘ . ' |

3,4,6-tr1-0-benzoy1-D—glucopyranos1do—{i,z;h',S{]-z'—
oxazolidone (III), unlike benzyl-h,6—d1-05acetyi-d-D-
glucopyranosldo—[é,B:h',5{}-2'—oxazolidone (17), is unstable
towards bases and hydrobromic acia in organic solvents.,  __
Therefore it cannot be used‘as the protecting group for C1

and 02 in the preparation of new derivatives of aminosugars,



CHAPTER III
D~-GLUCOSAMINIDE SYNTHESES

Various methods of de-O-acetylation have been dis-
cussed in Chapter II. Only two methods were selected for
the purpose of de-O-benzoylation for the preparation of

~D-glucosaminides obtained from n-propanel, n~-butanol, and

. cyclohexanol, respectively.

Method 1: Scdium methoxide in methapel (51,57).
n-Butyl-N-carbobenzoxy-3,4,6-tri-0-benzoyl-p-D-glucosaminide
(II,), when treated with a catalytic amount of 0,1 N sodium
methoxide, gé#e no reéction product. However, when the
reaction was carried out with 2 moles of sodium methoxide
per mole of the compound (IIc) in solution in chloroform
and methanol for'twenty—foup.hours at room temperature,
n-butyl-N-carbobenzoxy-p-D-glucosaminide (VIIIc) was obtained

in 70 per cent yleld.

Method 2: Aqueous potassium hydroxide in dioxaxe.
P. Gross, K. Brendel, and H., K. Zimmerman (16) effected
de-O-acetylation of ALD-glucosaminide with aqueous potassium
hydroxide solution in dioxane. The reaction was complete 1ﬁ
four hours and the yleld of the product was found to be
quantitative. When the reaction was applied to de-0-

benzoylate the compound (IIa), the yleld of the product
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(VIIIa) was low and unreacted substance was recovered from
the homogenous solution; when the reaction was carried out
_ for three hours, the yield of the product (VIIIa) was 71.5
per cent.

The compound (VIIIé); a partially de-O-benzoylated
product, was found to be lacking in two benzeoyl groups.
Since the 6-0-benzoyl function 1s more reactive than either
the 3-0~b¢nzoyl or the 4-0-benzoyl functien, it is the first
to be de-O-benzoylated. Therefore, the compound (VIIIa), is
propyl-~N-carbobenzoxy-3 or 4-0-benzoyl-B-D-glucosaminide.

In order to ascertain whether the position of the free
hydroxy group iz at the C3 or the C,, the compound (VIIIa)
was reacted with benzaldehyde in the presence of amhydrous
zinc chloride (28). The product thus obtained was found to
be n-propyl-N-cérbobenzoxy-B-0-benzoy1-4,6-O-bepzylidene78-
D-glucosaminide (XXIV) by optical rotation and by reaction
with hydrochloric acid whereupon‘benzaldehYde was obtailned.
Tﬁis indicated that the free hydroxyl group 1s at the Cu
(See Chart 5).

Method (2) was chosen because of the higher yleld,
although method (i) would have been easier to work with.

B-D-Glucosaminides (IIc) and (IIIf), thus obtained
‘using n-butanol and cyclohexanol; were subjected to saponifi-
cation with aqueous potassium hydroxide in dioxane for twenty-

four hours at room temperature. The completely de-O-benzoylated
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coﬁpound (VIIIe) and (VIIIf) show similar solubility proper-
ties (Chart 5). Infrared spectra show bands at 3500 (hydroxyl):
745, 700 (phenyl).

De-O-benzoylated compound (VIIIa), (VIIIc), and
(VIIIf) were subjected to hydrogenation using palladium
black as catalyst in 1 N hydrochloric acid solution in
absolute ethanol (22,33). Compounds (IXa), (IXe), and (IX£)
thus obtained show similar solubility properties (Chart 5),
Infrared spectra show bands at 1600 (amine-hydroéhloride)-
and 3500 (hydroxyl). |

| 0{-Benzyl-N-carbobenzoxy-3,4,6-tri-0O-benzoyl-D-
glucesaminide was synthesized in order to study its chemilcal
and phys;cal propertlies and compare them to those of its
B-anomer. P, Gross, K. Brendel, and H. XK. Zimmerman (17)
pbtaiqu pure benzyl-N-carbobenzonyULD-glucosaminide by
first acetylating an anomeric mixture of benzyl-N-
carbobenzoxy-D-glucosaminide with acetic anhydrldek;nd-
pyridine. Benzyl-N—carbobenzoxyeB,hgé-tri-o—acetyl-d-D-
glucosaminide (pure anomer) was separated by fractiomal
recrystallization using a toluene, petroleum ether, and
pyridine mixture., This pure benzyl-N-carbobenzoxy-3,4,6-
tri-O-acetyl-O-D-glucosaminide (XVIII), when subjected teo
de-O-acetylation with aqueous potassium hydroxide in dioxane

followed by benzoylation with benzoyl chloride in pyridine

3
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(k4), gave pure benzyl-N-carbobenzoxy-3,4,6-tri-O-benzoyl-K-
D-glucosaminide (XX) (See Chart 6).

The physical prdpérties of the K- and the A-anomers
of the D-glucosaminides are quite different. The (-anomer
has a low melting point, high optical reotation, and high
solublility in organic solvents, while the ﬁlanomer has a
high melting point, low optical rotation, and low solu-
bility in organic solvents. |

| Benzyl-3,4,6-tri-0O-benzoyl-N-carboethoxy-B-D-
glucosaminide (XIII) was synthesized by reacting benzyl-3,4,6~
tri-O-acetyl-f-D-glucosaminide hydrobromide (X) (6,7) with
ethyl chloroformate in chloroform and agueous sddium bicar-
bonate éolution. On subsequent de-O-acetylation by potas-
sium hydroxide in dioxane, benzyl-NncafboetyoxyqéiD-
glucosaminide (XII) was obtained. The compound (XII), when
reacted with benzoyl chloride in pyridine, gave benzyl-
3,4,6-tr1~C-benzoyl-N-carboethoxyje—D-glucosaminide (XII1)
(See Chart 7). | | . |

Isopropyl-3,4,6-tri-O-acetyl-g-D-glucosaminide hydro-
bromide (XVI) was prepared with lsopropanol in the presence
of pyridine as base. Isopropyl-3,4,6-tri-O-acetyl-£8-D-
glucosaminide hydrobromide (XVI), when treated with ethyl
chlorformate 1n.chloroform and aqueous sodlum bicarbonate
solution at 0°C., gave 1sopropyl-N—carbbethpxy~3,4,6-tr1-0-

acetyl-B-D-glucosaminide (XVII) (See Chart 8).
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"AC = CH,CO-

Coz = CgHsCH,0CO-

CSHsN:
+

C6H5C001

Bzl = CgHCO-

CHART 6

BENZYL-j,b,6-TRI-0-BENZQYLaN-CABBOBENZOXI-de-GLUCOSAMINIDE

*Compounds are known.



R = CgHgCHp-

. . %
CHC13 + NaHCO3 soln., + X
C1-C0-0C,He
AC = CHBCO;
Ag . KOH
Dioxane
' H-C-NH-Cbe
Cbe = -CO-OC,H, HO-C-H
. K-
H.OH

2

CSHSN: + 06HSCO?? i X1

BZ]. = C6HSCO-

' CHART 7

 SYNTHESIS OF BENZYL-3,4,6~-TRI-O-BENZOYL-
| N-CARBOETHOXY-£-D-GLUCOSAMINIDE

*¥Comoound is known.
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AC = CHBCO-’

CHC1

+ NaHCO .
3 a 3,soln |

+ C1-C0-0C,H,

ao\/a
. H-C=NH-Che
Cbe = -CO-OC,H ACO-C-H
5 H-E.0AC
u&
Hy

OAC
XVII

o |  CHART 8
Isopnopr-3,u,6-Tﬁx;o-AcETIL-N-éABBOETHoxx-p-D-GLucOSAMIDE~

*Compound is known. .
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Ol~-Bromo-3,4,6-tri-O-benzoyl-N-carbobenzoxy-D-
glucosamine (I) (56), when treated with tertiary butyl
alcoholbin chloroform using mercuric qyanlde, gave tertlary
butyl—N-carbobenzoxy-3,4,6-tr1—O-bénzoquGLD-glucosaminide
(IIa) and 3,4,6-tr1-0-benzoy1—glucopyranos1do-[1,Zth',5ﬂ-
2'-oxazolidone (III) as a byproduct (Chart 3).

n-Propyl-N-carbobenzoxy-3,4,6-tri~0-benzoyl~4S-D-
glucosaminide (IIa) was obtained in low yield when o/-bromo-
3,4,6-tri-0O-benzoyl-N-carbobenzoxy-D-glucosamine (I) was
heated with n-propanocl in chloroform ﬁsing pyridine as base,
No 3,4,6-tri-0-benzoyl-D-glucopyranos1do-[i,g:#',5{]—2'-
oxazolidone (III) was obtained as a byprodizct (Chart 3). It
was -observed that n;propyl-B,u,é-tri-o-benzoylje-D-
glucosaminide hydrobromide (55) was obtained 1n‘good yield
when.d-bromo-B,4,6-tr1—O-benzoyl-D-glucosamine hydrobromide
(Vi) was reaéted with n-propanol in the presence of pyridine
as base. The better yield in the latter case is probabiy due
to a difference in the reaction mechanisms. In glycosida-
tion, pyridine wés found teo be impractical as proton acceptor

because the yleld of the A-D-glucosaminide was low,



CHAPTER IV
EXPERIMENTAL DETAILS

Analyses are by Microanalytisches Laboratorium im
Max-Planck-Institut, Hohenweg 17, Germany. Melting points
are uncorrected. Infrared spectra are recorded using
Perkin-Elmer IR 137B, Infracord, U.S,A, Optical rotations
are recorded using Polarimeter by Kern AABAU, Sursee,

Switzerland.

n-Propyl-3,4,6-tri-0-benzoyl-N-carbobenzoxy-@g-D-

glucosaminide (IIa). Three grams (4.4 x 107 mole) of
Q-bromo-3,4,6-tri-0-benzoyl-N-carbobenzoxy-D-glucosamine

(I) (56) were dissolved in dry chloroform (30_m1.). The
mixture was then heated under reflux in the presence of
n-propanol 1 ml. (17.6 x 1073 mole) and mercuric cyanide
1.1 g. (4.4 x 107> mole) for two hours. The solution was

to room temperature and filtered to remove mercuric salts,
‘The filtrate, on removal of chioroform, gave a residue which
was recrystallized from alcohol after treatment with char-
coal, m. p. 142-43°%; yield 2.3 g. 3.4 x 107> mole (79 per
cent). The mother liquor was concentrated to small volume
and cooled to 0°C., whereupon a substance melting at 204-05°
was obtained. It was identified as 3,4,6-tri-O-benzoyl-D-

glucopyranosido-[1,2:4',5ﬂ -2'-oxazoiidone'(III) by mixed
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melting point with authentlic sample and by optical rotation.

Yield 0.1 g (0.1 g x 10~2 mole) (4.4 per cent). The mother

liguor, on removal of alcohol, gave benzyl bromide,

Propertiesa: (IIa).is soluble in diok%ane and acetic

acid; but insoluble in petroleum ether and cyclohexane.

Apalysis:
C3gH37801 ¢ ‘e ‘n ‘x
Found 68.53 = 5.71 2.20
Calculated 68,50 5,60 2,10
Botatlon:
SPQ %5 = - 4,5° (C = 2% in CHC1,)

3,4,6-tr1 -O-benzoyl -D-glucepyraneside-[3.,2:4%, 5] -2~
exazolidone (III), Three grams (4.4 x 1073 mole) of -
promo-3,4,6-tri-O-benzoyl-N-carbobenzoxy-D-glucosamine (I)
(587‘weré heated under reflux in dry chloreform (30 ml.) in
the presence of mercuric cyanide 0.3 g. (1.3 x 1073 mole)
for two hours. The solution was cooled to reom temperature
and filtered to remove mercuric salts. The resldue obtained
on removal of chloroform was recfystalllzed from alcohol
after treatment with charcoal, M, P, 20&-050; yield 1.8 g.
(3.48 x 1073 mole) (80 per cent). The mother liquor, on

removal of alecohol, gave lacrymetory liquid benzyl bromide,
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Properties:  (III) is soluble in dioxane and acetile

acid, but insoluble in petroleum ether and cyclohexane,

Analysgis:
Cc,.H,.NO (517.2)
287239 € C 4 H % N
Found 64,70 4,63 2,92
Calculated 65.0 b4y 2,70
Botation®

i

-39.2 (1.344% in pyridine)

2
foil3”
2
93’
3,4,6-tri-0-benzoyl-P-gluc do-[1,2:4%,5"]-H-
acetyl-2'-oxazolidone (¥). Two grams (3.34 x 103 mole) of
3,4,6-tr1QO-benzoyl-D-glucopyranos1d0-[i,2:4°,5fx-2'

+ 13.25 (2% in chloroform)

oxazolidone (III) were heated with potassium acetate 1.5 g.
(1,5 x 1073 mole), acetic acid (5 ml.), and acetic anhydride
(5 ml.) for six hours at 100-05°C, The solvent was removed
under flash evaporator at SOOC. The residue fhus obtained
was washed wlth water and recrystallized from alcohol after
treatment with charcoal, M, P, 168-69°C.; yield 1.9 g.

(3.4 x 10-3 mole) (76 per cent).

Properties: (V) is soluble in chloroform and dioxane,
but insoluble in petroleum ether and cyclohexane. The infra-
red spectra of (V) show bands at 3350, 1750 (oxazolidone)?
1250 (écetate),'and 1730, 1280 ('O—bénzoyl).
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Anglysig:
CyoHps010N  (559.538) ‘e 4 n 20
| ’ Found 63.76 L,48 29,29
Calculated 64,20 4,52 28,70

‘Eﬂtﬁtlgni
-2 = --70° (C = 1,266 )
&i]n5 N 70° ( 1.266% in pyridine

3,4,6-tr1-0-benzoyl-D-glucop sido-[1,2:4%,5%)-
(IV). Two grams (3.34 x 107> molé)

of 3,b,6-tr1#O-benzoyl-D-glucopyranos1de~[i,z:k',5i]-2'-
oxazolidone (III) were dissolved in pyridine (8 ml.) and
cooled to 0°C. Benzoyl chloride 0.8 ml. (6.7 x 1073 mole)
was added while stirring at 0°C. The reaction mixture was
kept for two hours at room temperature and then poured over
crushed ice. The gummy product thus obtained was purified

by acetone-water mixture. It was then recrystallized from

‘aleohol after treatment with charcoal, M. P, 160-61°C,;

vield 2.1 g. (3.4 x 10~3 mole) (87 per cent).

Properties: (IV) is seluble in chlorofofm, dioxane,
and acetlic acid, but insoluble in petroleum ethér and cyclo=-
hexane. The infrared spectra of (IV) show‘bands at 3350,
1750 (oxazolidone) and 1730, 1280 (O-benzoyl). |

Analysis:

0353é7°10N (621.609)



% C %2 H %0
Found 67.34 L, 50 26,06
Calculated 67.50 4.35 25,80

Eéﬂ%5 = - 39.40 (C = 1.34% in pyridine)

Ireatment of 3,4,6-tri-0O-benzoyl-D-glucopyrancgido-
[a,2:4',57)-2"-oxazolidone (IIL) with 2,%-dinitre phenyl
bydrazine. One gram (1.94% x 10~3 mole) of 3,4,6-tri-O-
benzoyl-D-glucopyranosido-(1,2:#',5f)-2'-oxazolidone (I11)
was heated‘with 2,4 dinitrophenyl hydrazine 0.5 g. (2.5 x
10-3 mole) in glacial acetic acid in the water bath for one
hour. The acetic acid was removed under flash evaporator at
50°C, The residue was washed with water and recrystallized
from alcohol after treatment with charceal, M, P, 203-04°C,,
and was identified as compound (III) by mixed melting point

with authentic substance. Yield 0.8 g.

AMM hydrogenolvsis
s (050 @.,aiﬂ,i&:’“&- ZaZ

One gram (1,94 x 10~ mole) of the compound (III) and pal-

ladium black (0.2 g.) wers suspended in glacial acetic acid
(5 ml.) and acetic anhyride (10 ml.). The mixture was then
shaken for flve hours under two atmospheres of hydrogen pres-
sure at room temperature, The reaction mixfure was filtered

and the residue was washed with 2 small amount of acetic acld.
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The solvent was removed under flash evaporator at 50°C, The
residue was washed with ice cold water (15 ml.) and then
recrystallized from alcohol after treatment with charcoeal,
M, P, 204-05°C,, which was identified as the compound (III)
by mixed melting point with authentic substance. Yield

0.7 g.

Treatment of 3,k,6-trl-O-benzeyl-D-gly
[1,2:4,5!)-2'~0zazolidone (II1) with sodlum borchydride.

One gram (1.94 x 10~3 mole) of compound (III) was dissolved
in dry tetrahydrofuran (15 ml.) and was stirred in the
presence of sodium borohydride 0.12 g, (3.16 x 1073 mole)
fof threé days at room temperature. The reaction mixture
was filtered. The filtrate, on removal of tetrahydrofuran,
gave a residue. It was recrystallized from alcohol, M, P,
‘203-0400., and was identified as the compound (III) by mixed
melting point with authentic sample,

The foregoing reaction was carried out in the presence
of tetrahydrofuran and ethanol mixture (6:1) for twenty-four
hours at room temperature. The mixture was treated with
water (20 ml.) and extracted with ohloroform; The chloroform
layer was separated, dried over anhydrous sodium sulfate,
and was evaporated, whereupon ethyl benzoate was obtained
(1 ml.). The aqueous layer gave D-glucosamine, M., P, 87°C,

It reduced Fehling solution and gave D-glucosamine hydroéhloride,
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M, P, 195-97°C., when treated with aqueous hydrochloric acid

solution,

[ot] ]2)5 = 100—373°C. (C = 1.5% in water).

 Saponification of 3,4,6-tri-O-benzoyl-D-glucopyranosido
[1,2:4%,5)-2%zxazolidone (III)., Two grams (3.3% x 10~3 mole)
of 3,4,6-tr1—O-benzoyl-Doglucopyranosido-(1,224’,5']-2'-
oxazolldone (III) were dissolved in dioxane (160 ml.), and
the solution was cooled to OOC; Eighty ml. of 0.5N aqueous
potassium hydroxide (10 x 10"3 mole) were added Aropwise
while stirring. The homogenous reaction mixture was kept in
the refrigerator for twenty hours and then neutrélizéd with
acetic acid. The solvent was removed at 5000. under flash
evaporator. The dloxane was removed with acetic acid which
was then rémoved by toluene under flash evaporator. The
residue was then washéd with ether, dissolved In aqueous
hydrochloric éé&d, and poured into methanol to give a

substance melting at 194-96°C. It was identified as D-

glucosamine hydrochloride.,

fication of 3,4,6-tri~O-benzoyl-D-

.. 1do- [L,2:41,5" -2 ~exazolidone (IIL) with
méihéngliﬁ ammonis. One gram (1.94 x 1073 mole) of compound
(III) was dissolved in saturated methanolic ammonia solution
(100 ml.) at 0°C. The reaction mixture was kept for twenty

hours at 0°C. The solvent was removed under flash evaporator
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at room temperature. The residue was washed with ether to
remove meth&l benzoate (éweet eder) and the gummy product
was recrystallized from alcdhol-ethef mixture, M. P, 76-78°C,,
and found ‘to be very hygrqscopiﬁ; Yield 0.05 g.

The compound is soluble in water but insoluble in
petroleun ethér, tetrahydrofuran, and cyclohexane.

[0]3% = - 0%, (C = 1.698% in water)
Further work is necessary in order to determine the structufe

of the compound, M, P, 76-78°C,

Esnlezﬁ,&4ﬁrxnlfg-aggxxlfﬂananhgathgxx-ﬁ3ﬁQ-
glucosaminide (XI). Four grams (8.4 x 10™2 mole) of benzyl-
3,4,6-tri-O-acetyl- B-D-glucosaminide hydrobromide (X) (7)
were suspended in dry chloroform (30 ml.). The mixture was
shaken wiﬁh ethyl chloroformate 1.9 ml. (16.8 x 10~ mole)
in the presence of saturated sodium bicarbonate solutlon
(30 ml.) at 0°C, for one hour. The chloroform layer was
separated, dried over anhydrous sodium sulfate, and was
removed under flash evaporator at room temperature. The
s0lid thus obtalned was washed with n-heptane to remove
unreacted ethyl chloroformate and was recrystallized from
isopropanol, M. P, 163-64°C.; yield 3.5 g. (7.5 x 107 mole)

(89.5 per cent).

Properties: (XI) is soluble in ether, acetic acid,

and dloxane, but insoluble in petroleum ether and cyclohexane.
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Analysis:

C22H29010N (467 .480) g c < £o
Found 56,20 6.14 34.39

Calculated 56.50 6.25 34.20
Botatlon:
E%]%5-= - 22.6°C, (C = 1.54% in pyridine)

Benzyl-N-carboethoxy- B-D-glucosaminide (XII), Two
grams (4.3 x 10~3 mole) of benzyl-N-carboethoxy-3,4,6-tri-0-
acetyl—{9-ng1ucosam1n1de (XI) were dissolved in dioxane
(70 ml.),'ané 35 ml, of 0.5N aqueous petassium hydroxide
(13.0 x 10~3 mole) were added dropwise while stirring at
room temperature. The reaction mixture was stirred for two
hours more at room temperature. The solutlion was meutralized
with acetic acid and the solvent was removed under flash
evaporator at 50°C. The so0l1ld thus obtained was washed with
water and recrystalliéed from alcohol, M, P, 195-96°C.;'y1e1d

1.1 g. (3.2 x 1073 mole) (78.5 per cent).

Properties: (XII) is soluble in acetic acid and

methanol, but insoluble in petroleum ether and cyclohexane.

Analysis:

01632307m (341.362)
Found 55.12 6.72 32.07
Caleulated 55.50 6.80 32.52
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Botation:
Ei]%5 = - 47°, (C = 1.38% in pyridine)

Benzyl-3,4, 6-tri.~-O-benzoyl-N-carboethexy- B -D-
(XIII), Two grams (5.8 x 10~> mole) of benzyl-

N-carboethoxy- 8-D-glucosaminide (XII) were dissolved in
pyridihe (10 m1.), and the solution was cooled to 0°C,
Benzoyl chloride 1.6 ml. (23.2 x 107> mole) was added drop-
wise while stirring at 0°C. The réaction was kept in the
refrigerator overnight and then poured over crushed ice.

The gummy product thus obtained was purified by acetone-
water mixture, The yellowiéh white product was recrystal-
lized from alcohol after treatment with charcoal, M, P, 164-

65°C.; yield 3.1 g. (4.2.x 10'3:m®1e) (81.5 per cent).

Properties: = (XIII) is soluble in chloroform, dioxane;

and ether, but insoluble in cyclohexane and petroleum ether,

Apalysis: C,.H, 0 N (653.695) .
| % C % H % 0
Found 69.49 5.17 25.1k4
Caloulated 69.90 5,20 25,40
Botation:
[0‘]1235 = - 20.2°%. (C = 1.2% in pyridine)
Tertiary butyl-N- y-3,4,6-tr1-0-benzoyl-S -

D-glucosaminide (IId). Three,grams}(h.h x 107> mole) of
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d-brqmo—B,u,6-tr1-07benzéy1-N;carbobenzexy-D-glucosamiﬁe (1)
(55) were dissolved in dry chloroform (25 ml.). The mixture
was then refluxed with tertiary butanol 1.4 ml. (17.6 i 1073
mole) in the presence of mercuric cyanide (1.1 g.) for two
hours. The color ofvthe reactlion mixture turned from yellow
to red. It was then cooled to room temperature and filtered
to remove mercuric salts. The filtrate;_on removal of
chloroform, gave a solid, which was recrystallized from
alcohol after treatmént with charcoal, M, P, 165-66°C. ;
yield 1.1 g, (1.6 x 10'3 mole) (37,3 per cent). The mother
liquor, on concentration, gave the compoﬁnd melting at 203-
‘Ohab., which was identified as 3,4,6-tri-O-benzoyl-D-
glucopyranosido—{§,2:4';5f}~2'-oxazolid@ne (I1I) by mixed
melting point with authentic sample. Yield 0.5 g. (0.96 x
10-2 mole) (16.7 per ceﬁt).

Properties: (IId) is soluble in dioxane, acetic acid,

and chloroform, but insoluble inApetroleum ether and cycle-

hexane.
Analygis: . CygH3g0;oN (681.749) :
| ‘ %4 C % H % 0
Found 69.91 5.75 2h 61
Calculated 69.50 5.75 2k.10
Botatlon:

25 = +15.7%. (C = 1.43% in pyridine)
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n-Propyl-N-carbobenzoxy-3-0-henzoyl- S-D-glucosaminide
(VIIIp). Ten grams (1.5 x 10~3 mole) of n-propyl-N-
.carbobenz ox&-j ,4,6-tri-O-benzoyl-g ;D-gluc osaminide (IIa)
were dissolved in dioxane (180 ml,). Ninety ml, of 0,5N
aquéous potassium hydroiide (5.0 x 10‘3 mole) was added drep-
wise while stirring_durlng the course of one hour.at room
temperature. The homogenous solution was stirred for an
additional one and one-half hours at room temperature and
then was neutralized with acetic acid. The solvent was
removed under flash evaporater at 12 mm, pressure at 50°C,
Dibxane was removed by acetic acid under flash evaporator
and the residue was recrystalllized from alcohol after treat-
ment with charcoal, M, P, 184-85°C, The yield of the com-
pound (VIIIa) was 2.1 g. (0.45 x 10°3 mole) (45 per cent).
The mother liquor, 6n concentratlion, was cooled'and kept in
the refrigerator, whereupon a substance melting at 142-43°C,
was obtained. Yield 4.4 g. (0.65 x 1073 mole). It was |
identified as unreacted compound (IIa) by mixed melting

point with authentic sample and by optical rotation.

Properties: (VIIIa) is soluble in acetic acid and
methanol, but insoluble in ether, petroleum ether, and cyelo-

hexane,
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4nalx&1a:,“cznﬁz908N (459,208)
ZC % H % 0
Found 62.52 6.52 28.52
Calculated 62.9 6.37 28,90
Botation: :
[0(]12)5 = - 12,7°Cc, (C = 1.234% in pyridine)
n-Propyl-3-0O-benzoyl-/A-D-glucosaminide hydro-

chloride (IXa). Three grams (0,65 x 1073 mole) of n-propyl-
N-carbobenzoxy-3-0-benzoyl- B-D-glucosaminide (VIIIa) and
palladium black (0.4 g.) were suspended in ethanolic 1N
ﬁydrochloric acid solution (35 ml.). The mixture was then
hydrogenated under two atmospheres pressure for four hours
at room temperature. The reaction mixture was filtered_and
_the residue was washed with alcohol. The filtrate was con-'
centrated to small volume and ether added, whereupon & white
substance separated out. It was then recrystallized from
alecohol-ether mixture, M, P, 165-66°C. (decomposed). Yield
1.8 g. (0.5 x 1073 mole) (76.5 per cent).

Properties: (IXa) is soluble in water and methanol,
but insoluble in petroleum ether and chlorofeorm. The com-

pound (IXa) shows the presence of chloride,

Aralysis: CpopH,gO0gN (459,504)
: : % C % H % 0
Foung 57.35 6.22 28,43

‘Calculated  56.9  6.70  27.92
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Rotation:

[6]23 = -21.0°%C. (C = 0.96% in water)

n-Butyl-N-carbobenzoxy- 8 -D-glucesaminide (VIIIg);
Ten grams (1.47 x 1073 mole)'of n-butyl-N-carbobenzoxy-3,4,6-
tri-O-benzoyl- B-D-glucosaminide (Ilc) were dissolved in
dioxane (180 ml.). Ninety milliliters of 0,5N aqueous potas-
.-sium'hydroxide (4.5 x 16~> mole) were added dropwise while
stirring at room temperature., The homogenous solution was
kept for twenty-four hours at room temperature and then
neutfalized with acetic acld. The sclvent was removed under
flash evaporator at 12 mm. pressure at 50°C, The residue
thus obtained was washed with water and recrystallized»frOm
alcohol-ether mixture, M, P, 175-76°C.; yield 4.k g. (1.2 x

10~> mole) (81.5 per cent).

Properties: (VIIIe) is soluble in acetic acid and
methanol,'but insoluble in ether, petroleum ether, cyeclo-

hexane, and chloroform.

Apalysis: 018H2707N (369.422)

%C % H % 0
Found 59.14 - 7.35 33.56
Calculated 58.70 7.50 33.00

Botation:
E?]%S = -35°C, (C = 1.43% in pyridihe)
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n-Butyl-A -D-glucosaminide hydrechleride (IXc). Three
grams (8.1 x 107> mole) of n-butyl-N-carbobenzoxy-A-D-
glucosaminide (VIIIc) and palladium black (0.4 g.) were sus-
pended in ethanolic 1N hydrochloric acid solution (35 mi.).
The mixture was then hydrogenated under two atmospheres of
pressure for four hours at room<femperature. The reaction
mixture was filtered and the palladium black was washed with
ethanol (15 ml,). The filtrate was éoncentrated to small
volume and ether was added, whereupon a white precipitate
separated out. It was then recrystallized from alcohol-ether

mixture, M. P, 137-38°C, (decomposed); yield 1.7 g. (6.3 x
10~ mole) (77.5 per cent).

Properties: (IXe) is soluble in water and methanel,

but insoluble in petroleum ether, cyeclohexane, and chloroform.

Analysig: cwn,z-zoSNCL (271.665) |
4 c % H %0 % Cc1
Found b1.73 8.2 31.97 13.11
Calenlated = 41.%0 8.20 31.6 13.10
Botation:
[6]23% = - 21.4%. (C = 1.4% 1in water)
QM&HL;E-W" AB-D-glucosaminlde (¥11if).

Ten grams (1.3 x 1073 mole) of cyclohexyl-N-barbobégzoxy-
3,4,6-tr1-0-benzoyl-D-glucosaminide (IIf) were dissolved in

dioxane (180 ml,). Ninety ml. of 0.5N aqueous potassium
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hydroxide (4,0 x 10-3 mole) wé; added dropwise while stirring
at room temperature., After addition, the homogenous solution
was stirred for two hours and then kept for twenty-four hours
at room temperature, The solution was neutralized with
acetic acid. The solvent was removed under flash evaporator
at 12 mm. pressure at 50°C., The residue was washed with
water and recrystallized from alcohol-ether mixture, M. P,

166-67°C;; yield 4.4 g. (1.1 x 16™> mele) (80 per cent).

Propertieg: (VIIIf) is soluble in acetic acid and

methanol, but insoluble in petroleum ether, cyclohexane, and

chloroform.
Apalysig: 020H2907N (395.460) |
S %cC % N % 0
Found 61.42 7.57 . — 27.52
Calculated 61,00 7.40 27.30
Botatjion: ,
- [0]3% - _us.6%. (C = 1.374% in pyridine)
Cyclohexyl -8 -D-glucogsamine mzdms:hl.qmm (IXg).

Three grams (7;6 x 10-3 mole) of cyclohexyl-N-earbobenzoxy-
S -D-glucosaminide (VIIIf) and palladium black (0.4 g.) were
suspended in ethanolic 1N hydroéhloric acid solution (35 mi.).
- The mixture was then hydfogenated under two atﬁospheres pres-
sure for four hours at room“temperature. .The reaction mixture

was then filltered, and. the residue was washed with,ethanol;'_
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The filtrate was concentrated to small volume, and ether was
added, whereupon a white substance precipitated out. It was
recrystallized from alcohol-ether mixture, M, P, 174-75°C_;
yield 1.6 g. (5.4 x 1073 mole) (78 per cent).

Propertieg: (IXf) is soluble in water and methanol,

but insoluble -in petroleum ether, cyclohexane, and chloroform.

Analysis: Cy,H,,0NCL (297.665)
' ' % C % H % 0 % C1

Found 43,70 7.65 27.59 15.06
Calculated  43.5 7.15 27,00 14,80
Botatlon:
‘EQ%S = -25.9%C, (C =1,354% in water)
Isopropyl-3,4,6-Lri-O-acetyl- B-D-glucosamine hydro-

kromide (XVI). Four grams (8.4 x 1073 mole) of (X-bromo-
3,4,6-tr1-O-acetyl-D-glucosamine hydrobromide (XV) (55) were
dissolved in isopropanol (20 ml.) and tetrahydrofuran (20 ml.).
.Pyridine 1.5 ml. (8.4 x 1072 mole) was added dropwise while
stirring. The reaction mixture was stirred for two hours and
kept aside for ten hours at room temperature. Thé solution
was concentrated to small volume on the flash evaporator at
room temperature. Ether was added,'ﬁheréupon a yellowish
produét separatedbout. It was recrystallized from isqpropanol
after treatment with‘chérooal, M, P, 210-11°C, (decomposéd).

Yield 3.5 g. (8.2 x 10~3 mole) (76 per cent).
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Properties: (VI) is soluble in methanol, water, and

acetic acid, but insoluble in isopropyl ether, petroleum

ether, and chloroform,

Analysis: 015H2608NB1- (428,124)
.- %4 C 4 H % 0 % Bp
Found Lo,71 5.99 28.83 20,86
Calculated 40.80 6.15 28.70 20.60
Botation:
Bﬁ}%S = + 5,05°C, (C = 1,98% in methanol)
Isopropyl-N-carboethoxy-3,4,6-trli-0-acetyl~-A3-D-

glugéagminidg_(zzll). Two grams (4.7 x 10~ mole) of 1sopropyl-
3,4,6-tri-0-acetyl- B-D-glucosamine hydrobromide (XVIiﬂﬁere
suspended in chloroform (25 ml.) and ethyl chloroformate
0.8 ml. (9.4 x 10”2 mole) was added to it. The mixture was
then shaken with saturéted sodium bicarbonate selution

(25 m1.) at OOC. for one hour. The chloroform layef was
éeparated, dried over anhydrous sodium sulfate, and the
solvent was removed under flash evaporator at room tempera-
ture, The residue was washed with n-heptane to remove
unreacted_ethyl'chloroformate. It was then recrystallized
from isopropanol, M. P, 141-42°C,; yield 1.4 g. (3.35 x 10™3

mole) (71.5 per cent).

Properties: (XVII) is soluble in ether, acetic acid,

and dioxane, but insoluble ln petroleum ether and cyclohexane.
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Analysig: C gH29% 0" (419.438) |
% C % N % 0
Found 52,01 6.72 37.31
Calculated 51,60 7 .00 37,20
- Rotation:
B¥}%5 = -10,8%C. (C = 1,39% in pyridine)

1,3,k4,6-tetra-O-goetyl-N-carhobenzoxy - - 8-D-
glucosamine (XXIV) (46), Ten grams (3.2 x 1072 mole) of dry

N-carbobenzoxy-D-glucosamine (4) were dissolved in 2M hydro-
chloric acid in acetic anhydride (20 ml.) and glacial acetic
acid (10 ml.) slowly'in small portions while stirring in a -
warm water bath at 50°C. The reaction mixture was stirred

for two hours more at'50°C. The solution was concentrated

- to small volume under flash evaporatoi at 12 mm. pressure at
50°C. It was cooled’to room temperature and excess isopropyl
ether was added, whereupon a white crystalline substance
separated out.' It was recrystallized from chloroform-isopropyl
ether miXture,.M. P, 150-51°C.; yield 7.0 g. (1.45 x 1073

‘mole) (29.3 per cént).

Properties: (XXIV) is soluble in water and ether,

but insoluble in cyclohexane and petroleum ether.
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Analysis: 622H27011N (481,466)

% C % H %0 % C1
Found 54,70 5.66 36,50 0.0
Calculated 54,80 5,60 36.60 0.0
Botation:
“} %5 = + 24,0°, (C = 1,252% in chloroform)
h*]%5 = + 22-2°C. {(C = 1,354% in pyridine) -
Benzyl-N-carbohenzoxy-7i,k4,4-trl-0-benzoyl~X -D-

glucosaminide (XX). Fouf grans (1 x 10™3 mole) of benzyl-N-
carbobenzoxy- (\-D-glucosaminide (XIX) (16) were dissolved in
pyridine (20 m1,) and cooled to 0°C, Benzoyl chloride

1.6 ml, (3.5 x 107> mole)'was added dropwise while stirring

at OOC. during the course of fifteen minutes. The reaction
mixture wés stirred for one hour more and kept in refrigerator
overnight. Thevmixture was poured over crushed ice while
stirring when a gummy product separated out. It was purifiled
by acetone and water mixture. The product was recrystallized
féom cyclohexane after treatment with charcoal, M, P, 96-

- 98°C, Yield 5.6 g. (0.78 x 1072 mole) (79 per cent).

(XX) is soluble in alcohol, sther

(X3

Properties

dioxane and acetlc acid but insoluble in water.

.
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Analysis:  Cy,H,,0, N (715.766)
% C % H %0
Found 690""9 5.17 25.14
Caloulated  70.00 5.20 25,40
Rotation:
[e]25 =+ 32.2%. (C =1.3% in pyridine)

y-3-Q-benzoyl-k,6-0-benzylidene-

B -D-glucosaminide (XXIVa). Freshly fused zinc chloride 0,7
g. (5.15 x 10™> mole) was dissolved in benzaldehyde (40 ml,).

n—Propyl-3-O-benzoyl-N-carbobenzoxy-/S-D-glucosaminlde 0.7 g

(1.52 x 10™2 mole) was added. The reaction mixture was

shaken for twelve hours at room temperature, and then excess
ether was added. The white product thus obtained was washed
with ether and recrystallized from tetrahydrofuran-ether

mixture, M, P, 230-31°C,; yield 0.75 g. (0.37 x 1073 mole)

(85.5 per cent).
The compound (XXIV) when heated with hydrochleric acid

gave benzaldehyde, recognized by 1ts odor. (XXIV) is soluble

in dioxane and acetic acid, but insoluble in petroleum ether

and cyclohexane, Ei]%5 = - 90.090; (C = 1,034% in pyridine)



CHAPTER V
SUMMARY

The present work consizts of two parts. The first
part contains the synthesis of 3,4,6-tri-O-benzoyl-D-
glucopyranosido-{},z:u',Si]-2'-oxazolidone (III) and the
study of its chemistry. The second part deais with the

synthesis of new amlnosugar derlivatives,

I. ROLE OF MERCURIC CYANIDE ON COMPETITION BETWEEN
GLYCOSIDATION AND OXAZOLIDONE FORMATION

It was obseryed for the first time that, during glyco-
sidation using mercﬁric cyanide as Lewls base (with réspect
to cyanide ﬁhich abstzacts a proton from alcohol), 3,4,6-tri-
O-behzoyl-D-glucopyranosido-[i,2:4',5{]—2'-oxazolidone (I11)
was obtained as a byproduct. This product resulted from the
competing reactions of nucleophilic substitution of bromlde
by alcohol (SN,) and nucleophilic substitution of bromide by
the neighboring benzylox& carbonyl groﬁp intramolecularly
(SNy). |

In the presence of alcohol, the SN, reaction pre-
dominates over SN,., The yleld of 3,4,6-tri-0O-benzoyl-D-
glucopyranosido-[i,zzh',5{]-2‘-oxazolidone (III) increased
when 1s§propanol and tertiary butanol were used because of

the decrease in the rate of the SN2 reaction. The decrease
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in the nate.of the SN2 was attributed to the increase in the
negative entropy of &activation resulting from ilmposing certain

restrictions on the degree of freedom for rotation about the

_qm-qs bond in the'transifion state. This was confirmed by the

fact that a stralght line was obtained when the steric energy
of activation, MEJ, was plotted against the ylelds of the
3,b,6-tr1-O-benzoyl-D-glucopyranosido-[i,2:h’,5{]-2'-
oxazolidone resulting-from reactions using n-propanol,
isopropanol, n-butanol, tertiary butanol, and cycloﬁéxanol.

vIn the absence of alcohol, OG-bromo-3,4,6-tri-O~benzoyl-
N-carbobenzoxy-D-glucosamine (1), when heated in chloroform
in the presence of mercuric cyanide, gave 3,4 6-tr1-0-benzoy1-
D-glucopyranosido- (},2:1&‘ ,5'] -2'-0xazolidone (III) and benzyl
bromide. R ”

Pyridine can be used for the proton acceptor in
glycos;dation, but the yield of the S-D-glucosaminide was
found to be low. However, 3,4,6~tri-O-benzoyl-D-glucopyranosido-
Eq~ h',5tl—2'-oxazolidone (III) was not obtained,

3,4 6-tr1-O-benzoyl-D-glucopyranos1do-ii 2, .h',S:]-z'
oxazolidone (III), when reacted with 2,4, dinltrophenyl

hydrazine in acetic acid gave no keto derivative, The com-

pound (III), when sﬁbjected to catalytic hydrogenation in

acetlic anhydride and acetic acid in the presence of palladium

black, gave no reaction product. The compound (III), when

subjected to reduction by sodlium borohydride in tetrahydrofuran,
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gave no reaction produét. The compound (III) was found to
be stable when heated with 75 per cent acetic acid. However,
it gave X-bromo-3,4,6-tri-0-benzoyl-D-glucosamine hydrobromide
‘_when treated with glacial acetlc acid hydrobfomic acid solu-
tion. The compound (III). gave D-glucosamine when treated

with aqueous potassium hydroxide in dloxane.

ITI. D-GLUCOSAMINIDE SYNTHESES

The corresponding A-D-glucosamides (IIa), (IIc), and
(IIf)'have been prepared by reacting O-bromo-3,4,6-tri-O-
benzoyl-N-carbobenzoxy-D-glucosamine (I) with n-preopanol,
n-butanol, and cyclohexanel, respectively, in chloroform in
"the presence of mercurilc cyanide. The compound (IIa), when
de-O-benzolated with aqueous potassium hydroxide in dioxane
for three hours at room temperature, gave & partially de-0-
benzeoylated product (VIIIa), However, when de-O-benzoylation
was carriéd out for twenty-four hours at room temperature in
the case of (IIe) and (IIf), the complete de-O-benzoylated
products (VIIIc) and (VIIIf) were obtained. The de-O-
benzoylated products thus obtalined, when subjected to cata:_v
iytic hydrogenation, gave ,B-substituted D-glucosamine hydro-
' chlorides, : ‘ - _

Benzyl—ﬂ-cariobenzoxy-B,4,6-tr1-0-benzyl—(X;D-
glucosaminide (XX) was prepared in order %o comparé its

properties with those of the corresponding A-anomer. It was
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observed that the Oi-anomer (XX) has a low melting point,
high optical rotation, and high solubility in organic solvents.
However the QS-anomer (IIe) has a high melting point, low

optical rotation, and low solubllity in organic solvents,
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