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parce qu'on a vu qu'elles sont en effet."

J. B. Bossuet



PREFACE

This thesis presents some contributions to.the
synthetic chemistry of nitrogenous carbohydrates.

In the Introduction, the significance of rare
amino sugars and aminocyclitols 1is outlined. Some
general reactions of nitro sugars which are frequently
used in syntheses of amino sugars, are then briefly
described, and a review of the methods avallable for
the synthesis of diaminc sugars is given. Thils is fol-
lowed by a statement of the specific goals of this thesis,
the discussion of the results, and the description of the
experiments that were performed.

The thesis 1s divided into three parts. Part I
deals with the synthesis of dliamino and triamino sugars.
In Part II, the nucleophilic addition of anthranilic acid
to a nitroolefinic sugar isAstu ied, and the syntheslis of
bisglycosidylamines, a new class of amino sugar derivatives,
is reported. Part III is concerned with the synthesis of
inosatriamines and also presents a novel synthesls of

2y 5=dinitroaniline.



- i -

ACKNOWLEDGMENTS

It was a privilege and a most stimulating
experlence to work under the supervision of Professor
H. H. Baer. His contaglous enthusiasm, patience and
profound sense of humanity throughout the duration of
this research and the preparation of the manuscript,
have been a constant source of inspiration. The candidate
1s particularly indebted to him for his guidance and the
spirit of scientific enquiry he sparked and fostered in
him.

Several enlightening discussions with Professor
R. R. Fraser gare also gratefully acknowledged.

The candidate will always be indebted to his
wife, Marie-Alix, for her patlence and understanding, her
generous support — financial and moral — and her collabora-
tion in the typing and proof-reading of this thesis.

Finally, it is a pleasure to acknowledge
financlal assilstance ffom the National Research Council
of Canada in the form of one Bursary (1966-1967) and

two Postgraduate Scholarships (1967-1969).



- 111 -

TABLE OF CONTENTS

PREFACE

ACKNOWLEDGMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF REACTION SCHEMES

ABSTRACTS

B

C.

INTRODUCTTION

The Significance of Rare Amino Sugars and
Aminocyclitols
Nitro Sugars as Precursors of Amino Sugars
Some Aspects of Nitro Sugar Chemistry
1. The Nitromethane-Aldehyde Addlition Reaction
2. Synthesis of Nitroolefinic Sugars
Methods for the Syntheslis of Diamino Sugars
1. Direct Nucleophilic Displacement Reactions
2. Nucleophllic Displacements with Neighboring

Group Participation

a) Via Epoxides

b) Via Aziridines (epimines)

¢c) Via Oxazolines
3. Synthesis via Nitro Sugars

Specification of the Alms of thils Thesis

1it

xii
xiii

xiv

10
10
16
20
20

22
22
23
24
25
28



Page
DISCUSSTION

PART I
THE REACTION OF NITRO SUGARS WITH AMMONIA 30
A. Synthesls of Derivatlives of 2,3~Diamino-

24 3=-dldeoxy~-D=-glucose 31
B. Synthesis of Derivatives of 2,3,4-Triamino-

2, 3,4~-trideoxy~D~glucose 59

PART TII
NUCLEOPHILIC ADDITIONS TO METHYL 4,6-0-BENZYLIDENE=-
2, 3-DIDEOXY~3-NITRO~~D=-ERYTHRO~-HEX~2-ENOPYRANOSIDE 75
A. Synthesis of Carbohydrate Derivatives of
Anthranilic Acid . 76

B. Bisglycosidylamines, a New Class of Amino Sugars 93

PART IIT
THE REACTION OF NITRO- AND DINITROINOSITOLS WITH
AMMONIA 103
A. Reaction of Deoxynitroinoslitol Pentaacetates
with Ammonia. A Novel Synthesls of
Inosatriamines ' 104
B. Reaction of 2,3,5,6-Tetra-0-acetyl-l,4~-dideoxy~-
1,4-dinitro-neo~inositol with Ammonia. A Novel

Synthesis of 2,5~Dinitroaniline ' 118

ADDENDUM

CONCERNING THE SYNTHESIS OF GEMINAL DINITRO COMPOUNDS 124



-v-

EXPERIMENTAL

General Remarks

Part I
A. SYNTHESIS OF DERIVATIVES OF 2,3-DIAMINO-
24 3=-DIDEOXY~D~GLUCOSE

Methyl 4,6-0-Benzylidene=-2,3~-dideoxy-3-nitro-
o=D=erythro-hex=-2-enopyranoside (I)
Methyl 2-Am1no-4,6-g-benzy11dene-2;3-d1deoxy-
J=-nitro~da-D-glucopyranoside (III)
Methyl 2-Acetamido-4,6-0-benzylidene-2,3-
dideoxy=-3-nitro-a~D-glucopyranoside (IV)

Isolation of By=products V and VI

Methyl 4,6-0~Benzylidene=-2=-ethoxycarbonamido~

2, 3-dideoxy=-3-nitro~d=~D~glucopyranoside (VII)
Methyl 2-Acetamido~-2,3-dideoxy-3-nitro-
A«-D-glucopyranoside (VIII)

Methyl 2~Acetanido-4,6-d1-0-acetyl=-2,3~
dideoxy=-3-nitro-o~D~glucopyranoside {IX
Methyl 2«Acetamido-=3-amino~2;3-dideoxy-
d=D-glucopyranoside Hydrochloride (X)
Methyl 2,3-Diacetamido~2, 3-dideoxy=-o~D~
‘glucopyranoside (XI)

Methyl 2,3-Diacetamido-4,6~di-0-acetyl-

2, 3=dideoxy~0~D-glucopyranoside (XII)

132
132
133

137
139

141
142
144
145
146

148



- vy -

. Page
2, 3=-Diamino=-2, 3~dideoxy~a{=D~-glucose
Dihydrochloride (XIII) 149
B. SYNTHESIS OF DERIVATIVES OF 2,3,4-TRIAMINO=-

2,3, 4-TRIDEOXY-D-GLUCOSE 153
Methyl 2,4-Diacetamido-2,3,4~trideoxy-3-nitro=-
A-D-glucopyranoside (XV) 153
Methyl 2,4-Diacetamido-6-0-acetyl=-2,3,4-
trideoxy=-3~nitro-d-D-glucopyranoside (XVI) 155
Methyl 2,4-Diacetamido=-3-amino-2,3,4-trideoxy-
d=-D-glucopyranoside Hydrochloride (XVII) 156
Methyl 2,3,4-Tr1acetam1do-2,3,4-tr1&eoxy-
U~D=glucopyranoside (XVIII) 157
Methyl 2,3,4-Triacetamido-6~0-acetyl=2,3,4~
trideoxy=-c~D-glucopyranoside (XIX) 158

Part IT
A. SYNTHESIS OF CARSOHYDRATE DERIVATIVES OF

ANTHRANILIC ACID 161
Methyl 4,6-0-Benzylidene-2-(2-carboxyphenyl)
amino=2, 3-dideoxy~3-nitro-«(~D=-glucopyranoside
(I1) 161
Methyl 2-(2-carboxyphenyl)amino-2,3~dideoxy=
3=-nitro-d~D=glucopyranoside (IV) 165
Methyl b,6~Di-Qmacetyl—2—[ﬁ-(2~carboxypheny1)]
acetamido~2,3~dideoxy~3-nitro~-o-D-

zlucopyranoside (V) 166



- vil -

Page
Methyl 4,6-0~Benzylidene-2,3-dideoxy-
2«[2-(methoxycarbony1)phenyi]amino—B-nitro-
o=D-glucopyranoside (III) 168

Methyl 2,B-Dideoxy-z-[2-(methoxycarbonyl)
phenyl]amino-B-nitqux-D-glucopyranoside (VI) 169
Methyl 4,6~Di-Q0~-acetyl-2, 3-dideoxy~

2-[ﬂ-(2-methoxycarbonyl)phenyl]acetamido—

3-nitro-o-D-glucopyranoside (VII) 170
Catalytic Hydrogenation of 1V 172
1. Reduction 172
2. Separation over anion~exchange resin 173

3. N-Acetylation. Methyl 2,3-~diacetamido=~

2, 3~dideoxy-d-D-glucopyranoside (X) 173
4, Methyl 2,3-diamino-2,3-~dideoxy=d=D=

glucopyranoside (IX) 17&

B. BISGLYCOSIDYLAMINES 176

Bis(methyl 4,6-0-benzylidene-2,3~dideoxy-
J=nitro-d-D-glucopyranosid-2-yl)amine (XIII) 176
Bis(methyl 2,3-dideoxy~-3-nitro=o«~D=-
glucopyranosid=2-yl)amine (XIV) 178
Bis(methyl 4,6-di-0-acetyl-2,3-dideoxy-
3=nitro=-o~D=glucopyranosid-2-yl)amine (XV) 180
Bis(methyl 3-amino-2,3~-dideoxy-«~D-
glucopyranosid-2-yl)amine Trihydrochloride
KVI) 181



- viii -

Bis(methyl 3~acetamido-l4,6-d1i-0-acetyl-
2,3-d1deoxy-d-D-glucopyranosid-z-&l)amine
(XVII)

Part III

A. SYNTHESIS OF INOSATRIAMINES
1,3-Diacetamido~1,2,3~trideoxy~-2-nitro-gscyllo-
inositol (IV) and its muco Isomer (II)
1,3-Diacetamido~4,5,6~tri~0~acetyl=1,2,3~
trideoxy-z-nitro-gggg-ihos1tol (I11)
1,3-Diacetamido~2-amino-1,2,3-trideoxy~-muco-
inositol Hydrochloride (V)

142, 3-Trlacetamido-1,2,3-trideoxy~-muco-
inositol (VI)

1,2, 3-Triacetamido-4,5,6~tri-0=-acetyl-
1,2, 3~trideoxy~-muco-inositol (VII)
1,3-Diacetamido~2~anino-1, 2, 3~-trideoxy-
sceyllo-inositol Hydrochloride (VIII)
1,2, 3-Triacetamlido-4,5,6-tri-0-acetyl=-
1,2,3-trideoxy-scyllo-~inositol (IX)

B. REACTION OF DINITROINOSITOLS WITH A!MMONIA
2,5-Dinitroaniline (XVII) from 2,3,5,6-Tetra-
O-acetyl-1,4-dideoxy=-1,4~dinitro~-neo~-inositol
(XVI)

2,5=Dinitroacetanilide (XVIII)

182

184
184
18?
188
188
190
191
192

193

193
194



2, 5-Dinitrophenyl Acetate (XIX) from
2,3,5,6-Tetra-g-acetyl-1,hndideoxy*l,b-
dinitro-neo-inositol (XVI)

2, 5=Dinitrophenol (XX)

Addendum

SYNTHESIS OF GEMINAL DINITRO COMPOUNDS
2,2=Dinltrocyclohexane-cis=-1, 3-dlol (I1)
2,2-Din1trocyclohexane-g;g-l,3-diol Diacetate

(IIX)

CLAIMS TO ORIGINAL RESEARCH
REFERENCES

195
196

198
198

200

201
207



Figure

II

ITI

Iv

VI

VII

VIII

IX

LIST OF FIGURES

Part I
Infrared spectrum of compound III in
Nujol mull
Infrared spectrum of compound IV in
Nujol mull
Infrared spectrum of compound VI in
Nujol mull
NMR spectrum of compound IX in deuterated
chloroform
iMR spectrum of compound XII in deuterated
chloroform
NMR spectrum of compound XV in deuterated
dimethyl sulfoxide
NMR spectrum of compound XIX in deuterated
dimethyl sulfoxide

Part II
NMR spectrum of compound V in deuterated
chloroform |
NMR spectrum of compound XIIT In deuterated
chloroform
NMR spectrum of compound XV in deuterated

chloroforn

39

L2

k3

Sk

57

68

70

89

98

99



Flgure

XI

XII

XIII

- X] -

NMR spectrum of compound XVII in

deuterated chloroform

Part III
Infrared spectrum of compound ITI in
Nujol mull
Infrared spectrum of compound IV in

Nujol mull

100

109

110



II
IIT

Iv

VI

- xii -

LIST OF TABLES

Some unusual amino sugars occurring in

nature

Some aminocyclitols occurring in antiblotics

Chemical shifts (¥ ) data for equatorial
acetyl protons of new glycosides.described
in Part I

Characteristic infrared absorption fre-
quencies (cm™1), in Nujol mull, of new
glycosides described in Part I
Characteristic infrared absorption fre-
quencies (cm'l) of new glycosides described
in Part II (Section A)

Chemical shifts (T7) of acetyl protons of

inositol derivatives

7

72

73

91

114



Scheme

II
IITI

Ll
"

-

<

VI
VII
VIII

IX

- xiil -

LIST OF REACTION SCHEMES

Diamino sugars from nitro sugars
Triamino sugars from nitro sugars
Synthesis of carbohydrate derivatives of
anthranilic acid

Hydrogenolysis with Kuhn's catal&st
Synthesls of bisglycosidylamines
Synthesls of inosatriamines

The diamination of nitroinositols

The aromatization of a 1,4~dideoxy-~
1,4-dinitro~-inositol

A synthesls of geminal dinitro compounds

35
62

82
86
ol
105
106

121
126



- Xilv -

ABSTRACTS#*

Part I.

The synthesls of 2,3-diamino-2,3-dlideoxy~- and
2,3,4-triamino-2,3,4~-trideoxy~D-glucose derivatives is des-
cribed. Addition of ammonia to methyl 4,6-0-~benzylidene-
2,3=dideoxy=3-nitro- d.-D-erythro-hex-2-enopyranoside (I)
furnished methyl 2~amino-4,6-g—benzylideqe-2,3-dideoxy-
3-nitro-o =D=glucopyranoside (III) in high yleld. Alterna-
tively, III was obtalned by an elimination-addition reaction
from methyl 2-0-acetyl-l,6~0-benzylidene-3-deoxy=-3-nitro-
o=D=-glucopyranoside (II); in this case, small proportions
of by-products were lsolated. One of the by-products was
identified as methyl 4,6-0-benzylidene~3-deoxy=-3-nitro-
ol=D-glucopyrancside (V) and the other was a nitroaminé,h
presumably the D-manno isomer (VI) of III. The N-acetyl
derivative (IV) of III was debenzylidenated to give methyl
2-acetamido-2, 3~dideoxy=3-nitro=- «~-D=glucopyranoside (VIII).
Catalytic hydrogenation of VIII afforded the amine
hydrochloride X, which was converted into the diacetamlido
compound XI and the fully acetylated derivative XII. Acid
hydrolysis of X produced 2,3-d1aminq-2,3-d1deoxy—el-Dnglucose
dihydrochloride (XIII).

# For convenlence, compounds in each Part are described using

a different set of Roman numerals.
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ABSTRACTS#*

Part I,

The synthesis of 2,3-diamino=-2,3-dideoxy- and
2,3, 4-trianino-2, 3,4-trideoxy-D-glucose derivatlives is des-
cribed. Addition of ammonia to methyl 4,6-0-benzylidene-
2, 3-dideoxy=-3-nitro- oL-D-erythro-hex-2-enopyranoside (I)
furnished methyl 2-amino-4,6-Qrbenzylideqe-2,B-dideoxy-
3-nitro- oL ~D=glucopyranoside (IITI) in high yleld. Alterna-
tively, III was obtalned by an elimination-addition reaction
from methyl Z-Q-acetyl—u,6-g-benzylidene—3-deoxy-3-n1tro-
A-D-glucopyranoside (II); in thils case, small proportions
of by-products were 1solated. OCne of the by=-products was
sdentified as methyl %,6-0-benzylidene-3-deoxy=-3-nitro-
oL =D-glucopyranoside (V) and ths other was a nitroamine,
presumably the D-manno isomer (9¥I) of III. The N-acetyl
derivative (IV) of III was debenzylidenated to give methyl
2-gcetamido=-2, 3-dideoxy~3-nitro~- «t-D~glucopyranoside (VIII).
Catalytic hydrogenation of VIII afforded the amilne
hydrochloride X, which was converted into the dlacetamldo
compound XI and the fully acetylated derivative XII. Acid
hydrolysis of X produced 2,3-diaminq-2,3—dideoxy-ci-D-glucose

dihydrochloride (XIII).

# For convenlence, compounds in each Part are described using

a different set of Roman numerals.



The 4,6=-diacetate (IX) of the acetamidonitro
glycoside VIII reacted with ammonia at room tempe}ature
to give methyl 2,4~-d1acetamido-2,3,4~trideoxy~3-nitro-
ol ~D-glucopyranoside (XV) in 57% yield. Acetylation of
XV provided its 6é-~acetate (XVI), whereas catalytic hydro-
genation furnished methyl 2,4-diacetamido-3~amino-2,3,k4-
trideoxy- & =D-glucopyranoside hydroéhloride (Xvii). From
XVII, the corresponding 2,3,4-trlacetamido compound (XVIII)

and its 6-acetate (XIX) were prepared.

Part IT.

Nucleophilic addition of anthranilic aclid to
methyl &4,6-0~benzylidene=-2,3-dideoxy~-3-nitro- <« ~-D~erythro-
hex-z-enopyranoside (I) afforded the 2,3-diequatorially
substituted product, namely, methyl 4,6-0-benzylidene-
2-(2-carboxyphenyl)anino-2,3-dideoxy-3-nitro-
d-D-glucopyranoside (II), which was quantitatively con-
verted by diazomethane to the methyl ester (I1I1). Con-
pounds II and III were debenzylidenated to IV and VI, res-
pectively, and these products were acetylated to V and VII,
respectively. Catalytic nydrogenation of the debenzyllden-
ated acid (IV) afforded methyl 2,3-diamino-2,3-dideoxy-
o&~D-glucopyranoside dihydrochloride (VIII) which was

characterized as the free base (IX) and as the di-N-acetyl

derivative (X).
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Nucleophilic addition of methyl 2-amino=-
L,6-0-benzylidene-2, 3~-dideoxy-3-nitro- « ~-D-glucopyranoside
(XII) to the nitroolefin I furnished bis(methyl 4,6-
O-benzylidene=~2, 3-dideoxy=3~nitro- % ~D=glucopyranosid-
2=yl)amine (XIII). Its debenzylidenated derivative (XIV)
gave a tetraacetate (XV), and catalytic hydrogenation of
XIV produced bis(methyl 3-amino-2,3~dideoxy- < ~D-gluconyranosid-
2=-yl)amine which crystallized as the trihydrochloride (Xvi).
Acetylation of XVI afforded a di-N-acetyltetra-Q-acetyl
derivative (XVII), the secondary amino group remaining free

presumably owing to steric hindrance.

Part III,

Treatment of penta-Q-acetyl-deoxy-nitro-scyllo-
inositol (ILLgfforded 1,3-d1acetamido-1,2,3-tr1deoxy—2-n1tro-
scyllo~-inositol (IV) and a stereoisomer (II) possessing
most probably the muco configuration. The latter was
further characterized as its tri-QO-acetyl derivative (III),
and it gave, on catalytic hydrogenation, 1,3-dlacetamido-
2-amino~-i, 2, 3-trideoxy-muco~inositol hydrochloride (V).
Selective N-~acetylation of V provided the triacetamido
derivative VI, whereas complete acetylation furnished the
triacetamido~tri-0-acetyl derivative VII. Similarly,
catalytic hydrogenation of the scyllo compound IV afforded
the corresponding amine (VIII), which was further charac-

terized as the fully acetylated derivative Ix;

/\‘ Lot ( (\ Choian \x._;l-_/‘.\;;, @ ) tUL( a\,\;&d _,LB _/!_ —~ G C{/{?’( 0~.+";, A
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Treatment of 2,3,5,6-tetra~0-acetyl-1,4~dideoxy~-
1,4-dinitro-neo~-inositol (XVI) with ammonia led to aromati-
zation and 2,5-dinitroaniline (XVII) was obtalned in high
vield. Treatuent of XVI with sodium bicarbonate in re-

fluxing benzene also effected aromatization, the product

being 2,5-dinitrophenyl acetate (XIX).

Addendum

Nitration of trans,trans-2-nitro-1,3-cyclohexanediol

(I) with sodium nitrite and silver nitrate 1ln the presence
of sodium hydroxide afforded 2,2-dinltrocyclohexane-cis=-1,3-
diol (II), and subsequent acetylation gave the corresponding *'l

diacetate (III).



INTRODUCTTION

A. The Significance of Rare Amino Sugars and Aminocyclitols

The advent of the era of antibiotics some thirty
years ago has provided the medical world with a powerful
weapon in its fight agalnst disease and human suffering.
On the other hand, the discovery and characterization of
these antibiotics have revealed some unidue and hitherto
unknown chemical structures.

Of obvious interest to the carbohydrate chemlst
are those antibiotics which are partially or totally con-
prised of carbohydrate components. These components are
often unusual amino sugars (i), some of which also occur
in certaln bacterial polysaccharldes (2). In contrast to
the more common 2-amino-2-deoxyhexoses, especlally
D-glucosamine and D-galactosamine, which are abundant in
the animal kingdom (3) where they exist as components of
mucopolysaccharides, glycoproteins and ganglliosides, many
of the unusual amino sugars produced by microorganisns
carry an amino functlon on carbon atoms other than C-2.
Some dilamino sugars, which are not found in higher organisms,
have been discovered as components of antiblotics (4) and
as building units in a bacterlal poclysaccharide (5)-
Various amino sugars that possess configurations which are

uncommon in plant and animal carbohydrates, such as the



L-gluco, D-gulo, L=-ido and L-altro configurations, have

been encountered Iln products of microbial origin. Finally,

a number of aminocyclitols form components of antibiotics

elaborated by fungl, whereas higher plants and animals

apparently can syntheslze non-nitrogenous cyclitols

(inositols) only (6). Tables I and II list a few examples

of these unusual amino sugars and aminocyclitols together

with the sources from which they were obtained, to illus~
trate the variety of structures encountered.
The diversity of structure and configuration in

these novel amino sugars and aminocyclitols presents a

challenge to carbohydrate chemists, who have invested cone-

siderable time and energy, during the past two decades; in
devising chemlical syntheses for these natural products and
for many stereoisomers and structural analogs. Such re-
search may contribute to the chemistry of antibiotics
malinly in three ways:

1+ It provides model compounds which can be used for
purposes of comparison and identification, in degra-
dation studles undertaken to elucldate newly discovered
carbohydrate antibliotics,

2. Synthetic amino sugars and aminocyclitols could serve
as key intermediates in eventual, total chemical syn=-
theses of natural antibiotics,.

3. Synthetic amino sugars and aminocyclitols might be

used in the synthesis of structurally or conflgura-
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tionally modified antibiotics that have not yet been
discovered or that do not exist in nature. Such syn-
thetic analogs could be of value in the combat of

- strains of microorganisms which are resistant to the
antibiotics presently available., Chemical modification
might also reduce medicinally undeslrable side effects
that are shown by many existing drugs. For example,
3=-amino-3-deoxy~D-glucose has been suspected (53a) of
being responsible for the considerable ototoxicity of
kanamycin, and it would be interesting to see whether
this effect could be diminished by substituting a dif-

ferent amino sugar for that'moiety.



SOME UNUSUAL AMINO SUGARS OCCURRING IN NATURE

Amino Sugar

3=-Amino~3~-deoxy-
D=glucose

(Kanosamine)

(Amosamine)

5-Amino~5=deoxy-

D=glucose

6~Amino~6~-deoxy-

D=-glucose

Table I

Structure

?HZOH

H,OH

NH2 |

HO

OH

CH
L,6-dideoxy=L=- ‘ 3
dimethylamino-

H,0H

OH 4

D-glucose
(CH3)2N
OH

Source

Kanamycins

A, B, C

Amicetin

Nojirimycin

Kanamycin A

Reference

9, 10, 11

12 - 15

7, 8



Table I (continued)

Amino Sugar Structure Source Reference
H3 Erythromycin 16
0, oH
Narbomycin 1?7
Desosamine NR
2 Picromycin 18
Methymycin 1
OH 2
=CH.,
R=CH,
CHZOH
HO o)
2=-Amino~2~deoxy=-
H,0H Streptothricin 20, 21
D=gulose
OH NH2
HO 0
2-Methylamino-2- H,O0H
H,0H Streptomycin 22
deoxy-L~-glucose R2N
OH
R=CH
3

2,6~Diamino-2,6=-
Neomycin B 23 - 30
dideoxy-L~idose H,0H

Paromomycin I 31 - 34
(Neosamine B)




Amino Sugar

2,6-Diamino~-2,6~

dideoxy-D-glucose

(Neosanmine C)

2,@—Diam1no—2,h,64

trideoxy=-L-altrose

(Bacillosamine)

Table I (continued)

‘Structure

H_ N
2| /cH

OH

3 H,OH

NH

Source Reference

Neomycin C 26, 29, 30

Paromomycin II 31

Bacillus subtilis

polysaccharide

35

34

37
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Table II
SOME AMINOCYCLITOLS OCCURRING IN ANTIBIOTICS

Aminocyclitol Structure Antiblotic - Reference

Streptomycin 38 - 40
Dihydrostreptomycin
Streptamine Mannosidostreptomycin
(Streptomycin B)
Hydroxystreptomycin
NH,, Neomycins 24, L1
HO Paromomycins L2
2-Deoxystreptamine HHZN Kanamycins L3
Gentamycins Ll
H Hygromycin B . Ls
Actinamine Actinospectatine Lé - 49




minocyclitol

neo-Inosamine=2

scyllo~Inosamine

Table II (continued)

Structure

Antibiotic

Hygromycin

Antibiotilc
1703 - 18B

Bluensomycin

Reference

50 - 51

52

53
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B. Nitro Sugars as Precursors_of Amino Sugars

Although there exlst several different possibili-
ties of introducing nitrogen into a carbohydrate molecule,
one of the more versatile and convenlent approaches to amino
sugars 1s by way of the corresponding nitro sugars. This
route 1is espedially useful for 3~-amino sugars because thelr
3-nitro precursors can be easily obtained by cycllzatlion of
"sugar dialdehydes" with nitromethane. ?he resulting mix-
tures of stereoisomeric nitro sugars can sometimes be sepa=-
rated and the individual lsomers catalytically hydrogenated
to the corresponding amino derivatives; or alternatively,
the mixture may be hydrogenated and isolation of individual
isomers may then be achieved at the amino stage.

These approaches have been gsuccessful in multifa-
r+ious cases and have furnished, among others, the D- and
I,- enantiomers of 3-amino-3-deoxy=-ribose (54), 3-amino=-
3-deoxy-xylose (as methyl pyranosides ) (54) and 3-amino-
3-deoxy~arablnose (55); 3-am1no—3~deoxy—D-glucose,
-D-mannose, =-D-talose, and -D-galactose (56-58); 3-amino-
2,3-dideoxy-D-arabino-~hexose (59); 3-amino-2,3~dldeoxy-
D-lyxo-hexose (60); 3-am1no-1,6-anhydro-3—deoxy~(3-D-gulose,
- 8 ~-D-altrose, and - -D-idose (61); 3-amino~3,6-dideoxy-
L-zlucose (62), -L-mannose, -L-galactose, and ~L-talose (63)3;
li~amino-2,7=-anhydro-4-deoxy~- p ~D=gulo-, - p=D-altro-, and
- b -D-gllo-heptulopyranose (64,65); and 4-amino-l-deoxy-

o -L-sorbose and - @ ~D-tagatose (66).
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of Nitro Sugar Chemistry

Since
of nitro sugars
sugar chemistry
to be presented
nitromethane to

sugars.

the present thesls elaborates on reactions
and nitrocyclitols, two aspects of nitro

which are involved in the synthetic schemes
willl be briefly revliewed: the addition of

aldehydes and the synthesis of nitroolefinic

1. The Nitromethane-Aldehyde Addltion Reaction

In 1895, in a paper entitled "Formation synthé-

tique d'alcools

nitrés", L. Henry (67) first described the

base-catalyzed addition of nitromethane to aldehydes, which

yields nitro alcohols:

C
H3N02 + ?HO

R

R

. CH:NO2 CH=NO2
se
2% 5 HCIIOH + HOCH
R R
weak acid
N\
(|3H2N02 CH2N02
HCOH + HOCH
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The reaction has found wldespread application in
allphatic and aromatic chemistry and has been reviewed in
detail (68-=72). It was successfully introduced into the
carbohydfate field in 1944 by Sowden and Fischer (73), who
prepared deoxynitroalditols from aldoses and nitromethane,
and then submitted the adducts to the Nef reaction to ob-

tain the corresponding aldoses:

CHO CH,NO CHO

1. CH,NO,, OH 2772 Nef reaction
(c:HOH)3 > (CHOH)u > (CHOH)u
| 2. dilute acid | 1. NeOH
anon CHZOH 2. 60% HZSOH‘ CHZOH
aldopentose 1~-deoxy=1-nitro~alditol aldohexose

(2 epimers)

The Sowden-Flscher synthesis has become one of the most
reliable methods for lengthening the carbon chain of
carbohydrates (74),

Applying the above principle, Grosheintz and
Fischer (75) condensed with nitromethane the 1,2-0-
isopropylidene- & -D~xylo~-pentodialdo-1,4~furanose (II)

that can be prepared by lead tetraacetate oxidation of

obtained a mixture of 6-deoxy-1,2-0-isopropylidene=~6-
nitro-D=-glucofuranose (III) and its L-idofuranose isomer

(IV)s Deacetonation of these products provided the free
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CH,NO,,
_OH
0
OH
X
Iv
CH,NO,,
b
CHO
OH
HO

VI




..13-

6-nitro-6-deoxy-D-glucose (V) and 6-nitro-5-deoxy-L~idose
(VI)., Under the influence of barium hydroxide, these free
nitro sugars underwent an internal Henry reaction to gilve
a mixture of stereolsomeric deoxynitroinositols having

the scyllo (VII), myo=-1 (VIII) and muco-3 (IX) configura-
tions. When the internal Henry condensation was performed
in the presence of sodium hydroxide, only the myo-1 and
scyllo-nitroinositols were formed (75-77). This parti-
cular example of the nitroaslkane-aldehyde reaction is men=-
tloned at this point because the cyclization products have
served as startling materials for the synthesis of diamino
and triamino inositols, as will be outlined subsequently
in this thesils.

A new class of nitro sugars was rendered acces-~
sible by Baer and Fischer (78), who condensed nitromethane
with periodaﬁe-oxidized glycosides ("sugar dialdehydes").
The latter undergo a double Henry addition to yleld nitro-

byranosides:

CHOCH SHocH SuocH. | duocn
| 3 I 3 3 | 3
(‘ZHOH CHO ?HOH . C|HOH
2 NaIO CHLNO H
CHOH 0 —— % 0 ——3——2—>rf=z<oz‘ 0 ——> CHNO, 0
OH™
CHOH THO cl::»:oa HOH
CH —— CH— cg —— CH ——
| | | |
R R R R
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In this cyclization, two new asymmetric centers are
generated during the formation of the nitronate, and a
third one, on acidification of the nitrcnate: thus eight
stereoisomers are theoretically possible. However, the
reactlion normally proceeds with a marked stereoselectivity;
so that one or two of the lsomers are obtained as main
products and one or two others may be obtained in small
proportions, while the remaining ones are not formed in
isolable quantities., The lsomeric-procduct composition
seems to depend on whether the reaction is performed under
conditions of kinetic control or whether thermodynamlc
equilibration 1is allowed. For example, the dialdehyde
made from methyl-d -D-glucopyranoside (X) gives, under
kinetic control, chiefly the methyl 3-deoxy—3-nitro-ol-

D-hexopyranosides having the giluco (XI) and manno (XII)

configurations, while those having the talo (XIII) and
galacto (X1V) configurations arise upon subsequent, slow
epimerization of the nitronates in alkaline solution
(57,58). A common configurational feature of these nitro
sugars 1is the equatoriai orientation of the C=3 nitro
group (if the compounds are depicted in the Cl chalr con=-
formation). Similar results are obtailued in the analogous
series of @~D—g1ycopyranosides where the cyclization

products (gluco, galacto and manno stereoisomers) also

have the C-3 nitro group oriented equatorially (56,80,81).
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The nitromethane cyclization as illustrated
above has been applied to many other "sugar dialdehydes",
and several 3-deoxy-3-nitro sugars have thus become
available in the pentose, hexose, 6-deoxyhexose, 1,6-
anhydrohexose, and heptose (82) series, 1In analogous
fashion, dialdehydes derived from a ketohexoside (66),
from a 2,?-anhydroketoheptose (64,65), and from the disac-
charide sucrose (83) ylelded several L-deoxy-t-nitro sugar
derivatives. Similarly, cyclizatlons using nitroethane
instead of nitromethane have afforded branched-chaln com-
pounds (3-deoxy-3-methyl-3-nitro glycosides ) (84,85),
and most recently an interesting chalin extension was re-
ported in which a partially blocked hexodialdose was com=~
bined with nitroethane to yileld stereoisomeric 7,8-dideoxy~-

7-nitro-octopyranose derivatives (86),

2. Synthesis of Nitroolefinic Sugars

A very convenient route to o-nitroolefins is
the Schmidt-Rutz reaction (74,87). Thils reactlon involves
the dehydroacetylation of g~-nitroacetates in refluxing

benzene in the presence of sodlium bicarbonate:

OAc NO OAc NO. NO
_ —> - —— C_ —_— C =¢C

I
1 E | N / ~
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The reaction has found manifold applications in the syn-
thesis of open—chain,.pitrooleflnic derivatives of sugar
alcohols (88,90-92). Baer and coworkers (59,93,94) have
applied it in the synthesis of the first sugar derivatives
possessing a nitroolefinic grouping as part of the glyco-
sidic ring. Thus, the nitroolefin XVII (methyl 4,6-0-
benzylidene-z,3-d1deoxy-3-n1tro-e:-D-erxthro-hex-z-enopyr-
anoside) was obtained both from the D-gluco nitroacetate
XVI and from its D-manno isomer XVIII. The requisite
acetates XVI and XVIII)were prepared from their alcohol
precursors(xv and XIX) by acetylatlion with acetic ahhydride
in cold pyridine. However, when the mannoside (XIX) was
acetylated with hot'acetic anhydride and sodlum acetate,

the product was the gluco acetate (XVI) and not the manno

acetate (XVIII). Evidence was adduced that this eplimeriza-
tion proceeded via intermediate olefin (XVII). Reactiqns
will be described later in this thesis, in which similar
el-nitroolefins are assumed to arlse, by elimination pro-
cesses from @-nitroacetates, and then to undergo nucleo-
philic additlions producing new, @—substituted nitro com-
pounds. It 1s of interest that in reactions such as those
just mentioned, the stereochemical configuration of the
molecule even at a site not directly involwsd in the trans-
formation may govern the result. For example, the D-galacto
1somer (XX) of XV and XIX falled to become acetylated with

acetic anhydride and pyridine in the cold. When acetylation
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was attempted under forcing conditions with hot acetilc
anhydride and sodium acetate, there was obtalned neither
the corresponding 2-acetate (XXI) nor an epimer thereof,

but solely the nitroolefin (XXII).

Sy

NO,

OH

Ph _<°_"
XX \ 5

OCHB

XXII

Although many carbohydrate nitroacetates have
been successfully dehydroacetylated under standard condi-
tions, i.e. by refluxing 1ln benzene with dry sodium bicar-
bonate, the reaction has occasionally been found to be
sluggish, and the reflux times required and ylelds obtailned

have not always been accurately reproduciblee' Also; cer-
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tain by-products have been encountered in varylng propor-
tions (95). Recently Jones and coworkers (86) were able
to overcome such difficulties by substituting triethyl-
amine for sodium bicarbonate, thus performing the reactlon

in homogeneocus medliumne.

D. Methods for the Synthesis of Diamino Sugars

Since a significant portion of this thesis deals
with the synthesis of dlamino sugars, a brief review of the
synthetic methods presently avallable for such sugars will

be glvenys

1. Direct Nucleophilic Displacement Reactlons

This method has found almost universal applica-
tion for such syntheses. The displacements are carried
out on sultably blocked carbohydrates., Common leaving
groups are the grtoluenesulfonyloxy (tosyloxy) and
me thanesulfonyloxy (mesyloxy) groups, and convenlent
nucleophiles are ammonia, nydrazine and azide. In the
last two cases, the resulting hydrazino and azido products
are subsequently reduced TO the amlino stage.

A straightforward application of the above prin-
ciple is exemplified in the synthesis of 2,6-diamino=-2,6~

dideoxy~D~glucose by Rinehart and coworkers (96).
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CHZOH
0
TsCl N
OH Py 7
H OCH
3
NHAc ‘
NH
3 N 5
105°
?HZNHAC
0
OH Hel > OH H,0H.2HC1
HO OCH3 HO
NHAc NH

Diamino sugars synthesized in thls way lnclude

2, 3-diamino=-2, 3-dideoxy~D-glucose and ~D-allose (97);
3,6-diamino-3,6~dideoxy~D-altrose (98) and -D-glucose
(99); 2,5-diamino-2,6~-dideoxy-D-allose (100),
-D-gzalactose (101), -D-mannose (102,103), =-D-glucose
(104), and ~L-idose (105).
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2, Nucleophilic Displacements with Neighboring Group

Participatlion

It is often possible to syntheslize carbohydrates
that contain within the same molecule a good leaving group
and a neighboring substituent which can act as a nucleo~-
phile. The latter, under sultable conditlions, can be made
to effect an intramolecular SN2 displacemgnt that leads to
a cyclic jntermediate such as an epoxide, aziridine
(epimine) or oxazollne. These cyclic intermediates can
then be subjected to ring opening with nucleophiles such
as azide, ammonla OT hydrazine -— and nitrogenous functioﬁs
may thus be introduced into the molecule. This approach /
has been used in the synthesis of certain dlamino sugars

and will_be exemplified below:

a) Via Epoxldes:

Nucleophilic attack on the epoxide proceeds
according to the Flrst-Plattner rule (106), especially 1if
the carbohydrate molecule is not very moblle conformation-
ally. This 1s jllustrated in the synthesis of a

2, 3-diamino~D~-mannose derivative by Guthrie and Murphy

(107):
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0
_ 0
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Ph > Ph N
3/ 0ocH
CH3 3
OH
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> Ph 3 S
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1. Cat.reduction _<<if
> 3Ph
Fh N3 N, 2. N-acetylation 0 R R
OCH4 iz l: OCHB
R = NHAc

The principle has been applied in the synthesis of 2,3~
diamino-2, 3-dideoxy-D~mannose (108); 2,6-diamino=-2,6-dideoxy-
D-altrose (109): 3,6—diacetamido-3,6-d1deoxy—D~gulose and
-D-idose (110): 3,6=-dlamino-3,6-dideoxy-D-allose (111),

-D-idose (112, 113) and -L-talose (114).

b) Via Azilridines (epimines)
Guthrie and coworkers (115) used this approach to

synthesize derivatives of 2,3~diamino-2,3-dideoxy-D-a1trose:
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0
' 0
N CH3ONa
P N
R OCH Heat o % CH
l/0CH AVASLS!
OMs
R = PhCO
N3 S Ph : Reduction S
OCH3
N3 |
0
\
N~-acetylatlion \
Ph = . > Ph A, AcHN
OCH —\d /‘OCH
3 3
NHAc

The epimlne rings — like thelir epoxide counter-
parts — are opened in accordance with the Furst~Plattner

rule, although exceptions have been encountered (116,117).

c) Via Oxazolines:

2,6-Diamino~2,6-dideoxy~-D~mannose has been pre-

pared (118) by this method:
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//// N ‘ Ph
CH,COONa
3 N __
Ph——\\\o RHN > Ph O/L§N
OCH 0 OCH
3 3
Ms
R = PhCO
1. Debenzylidination N3 -
2. Tosylatlion
3. Acetylation
Chzl 3 CH2N}FI2
0
Ph 1. Reduction
OH X H,0H,2HC1
N 2. HC1 hydrolysls
AcO OCH,4 HO {
X = NH2

Other diamino sugars synthesized vla this route include

2,6~diamino-2,6-dideoxy~D-allose (97) and =-D-galactose

(119) .

3. Synthesis via Nitro Sugars:

Baer and Neilson {120) made use of the activa-

ting effect of the nitro group to introduce an amino

group in vicinal positiocon:
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0
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NH
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OCH
3 NH,

0, OCH

Ph NO, R

R = NH

D-manno

The addition gave predominantly the D-gluco nitroamine
derivative, which after N-acetylation, debenzylidenation,
reduction of the nitro group and final acid hydrolysis
gave 2,3-diamino~-2,3-dideoxy~D-glucose. The minor addi-
tion product furnished 2, 3-diamino~2, 3~dideoxy~D~-mannose
(121) in a similar sequence of steps.

The synthesis of 2,3~diamino-2,3-dideoxy-

D=galactose (122) was achieved in an analogous fashion.
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n

N=CHPh

However, the nitroamine engendered in this case turned out
to be less stable than its gluco isomer. Under the condil-
t1ons of the reaction 1t suffered, 1in part, a base~catalyzed
elimination of the &,6-0-benzylidene blocking group followed
by transformations of vndetermined nature; the benzaldehyde
co liberated formed a Schiff base with surviving nitroamine,
and thnis Schiff base could be lsolated and utilized for the

further steps of the syathesls.,
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E. Specification of the Ailms of this Thesis

As could be gauged from the previous paragraphs
1n which a few aspects of the chemistry of nitro sugars
were briefly presented, these compounds are endowed with
interesting properties which merit further studles. Since
our knowledge of these sugars 1is still rather limited, 1t
was deemed worthwhile to investigate the following pro-
blems that bear on their utilization in phe synthesis of

amino sugars:

1., The nitro group in 3-deoxy-3~-nitro-sugars exerts an
activating effect which has been utilized for the intro-
duction of substituents on the vicinal carbon atom, C=2.
However, previous and concurrent work has been directed
mainly towards the study of ﬁ-glycosidic nitro sugars,
and it was therefore interesting to see whether reactlions
involving C-2 are influenced by the anomeric configura-
tion of the glycoside. In particular, the introduction
of an amino group on C-2 was to be studied in the
d.-glycoside series; this could lead to an alternative,
and perhaps improved, synthesis of 2,3-diamino-2,3-
dideoxy sugars. Further, 1t was to be investigated
whether an anmnino group could be introduced on C-2 and
an additional one on C-4, so that an avenue would be

“opened to 2,3,4-triamino-2,3,4-tr1deoxy sugars.
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The study of 3-deoxy-3-n1tro-°¢-glycosides could then
be extended to include the introduction, at C-2, of

other substituents. Of speclal interest in this regard

would be the behavior of anthranilic acld, an addend

which had exhibited an unusual behavior in the
@-glycosidic series (121,135). Also, it was to be
investigated whether two nltro sugar molecules could

be linked together by an amine bridge. Such a synthesis

would provide a novel type of nitrogeﬁous "disaccharides®.

Finally, similar amination reactions were to be performed
with compounds that are closely related to nitro sugars,
namely, mononitro and dinitro inositols. Work in this
area would contribute to the chemistry of 1nosadiam1nés
and related derivatives, which are of current interest

in the realm of antlbiotics.
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PART I

THE REACTION OF NITRO SUGARS WITH AMMONIA



- 31 -

DISCUSSION®

A. Synthesis of Derivatives of 2,3-Diamino=2,3-dideoxy=

D=glucose

As already outlined in the introduction, most
of the diamino sugars described so far in the literature
have been synthesized by nucleophillc displacement reac=-
tions — with or without neighboring group participation —
on sultably blocked carbonydrates. A different approach
was taken in the present synthesis. Use was made of the
activating effect of the nitro group in nitroolefins,
which enables ammonia and amines to be added so as to
furnish vicinal aminonitro -compounds as precursors for

vicinal diamines.

H

N / RNH, | |

£ c\ R dEl e A
No, MHR MO,

Although bthls reactlon had been known for many
decades and had been widely employed ln general aliphatic
chemistry (123), it fouad a first application in carbohy-

drate chemistry (124) only as late as 1959. At the outsetb

# For convenlence, compounds in thils chapter are numbered

using a new set of Roman numerals.
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of the work for this thesis, the reaction had been studled
with a number of sugar alcohols (alditols) (124-128) and
with one blocked sugar {(129) which all possessed a terminal
nitroalkene grouping; a few additional examples of this
kind have been reported in the meantlime (130,131). Baer
and coworkers (120,122) applied the principle tTo sugars
that contalned a nitrocalkene grouping as part of the ring.
Thus, é,3~unsaturated 3-nitro glycosldes were aminated in
position 2, and this approach led ultimately to the syn-~
thesis of derivatives of 2,3~d1am1no-2,3-dideoxy~D~glucose
(120) and -D-galactocse (122).

The unsaturated nitro glycosides used in the work
just mentioned (120,122) were of the g-type. Previous .
experience with such 3-nitro hexosides and their do-anomers
has shown that the anomsric configuration may influence the
course of certain reactions.> For example, selective cata-
lytic hydrogenatlon of methyl 4,6-g—benzylidene-2,3~dideoxy~
3~n1tro-@—D~erxthro~hex—2—enopyranoside gave the saturated
nitro glycoside (with @—D~arabino configuration) in 87%

yield, as the sole product (59):

aan

Ph v P

NO
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However, when the same reaction was applied to the corres-
ponding ot-gnomeric nitroolefin, the saturated 3-nitro
derivative was isolated in smaller yleld (43.5%), but in
addition a 3=-oximino derivative was formed in a large pro=-

portion (49%) (94):

—— 4 0OCH

Ph
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In view of these results it was deemed worthwhile to study
the reaction of ammonia with nitro glycosides of the
ol~series. It was hoped that such investlgations would
contribute to a better understanding of stereochemical
effects in this area and at the same tlme lead to the syn-
thesis of some hitherto inaccessible aminonlitro and diamino
sugars.

An initial difficulty in applying.the reactions
described by Baer and coworkers (120,122) to the od-serles
stemmed partly from the fact that the d=-anomeric nitro-
olefin I (Scheme I) was not as readily available as 1its
g-anomer. It was reported (94) that the dehydroacetylation
[?chmidt-ﬁutz reaction (8?)] of the nitroacetate II to the
nitroolefin I required at least nine days for completion,
in contrast to only about two days for the analogous con-
version of the p-anomer (59). The authors attributed this
difference in reactivity to a sterilc influence of the
anomeric methoxyl group. It was found, however, during
the course of the present work, that the reaction time for
this dehydroacetylation 1in the ol=series could be reduced
from nine to two days when absolutely anhydrous conditions
were observed. Ylelds in the order of 80% or more of the
nitroolefin I were eventually obtained.

Reaction of methyl U4,6-0-benzylidene-2,3-dldeoxy~
3-n1tro-<an—erxthro~hex—Znenopyranoside (I) in a mixture

of gently refluxing benzene and aqueous 15N ammonia afforded
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Secheme I. Diamino sugars from nitro sugars.
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a single product, methyl 2-amino-~i4,6-0-benzylidene-~-

2, 3-dideoxy-3-nitro- d-D-glucopyranoside (III), in 95%
yield. The addition, monitored by thin layer chrouato-
graphy, was relatively facile, prgceeding to completlon
within one hour. It could also be carried out conveniently
at room temperature, in benzene or 1in tetrahydrofuran, to
give the same product III in 81 to 87% yield within one
hour.

The nitroamine III was also formed when the more
readily accesslble precursor of I, nanely methyl b, 6~
Q—benzylidene-2~Q-acetyl~2%3~d1deoxy~3~nitro-<x—D-glucopyr-
anoside (II), was treated with 15N aqueous ammonia, at room
temperature for forty minutes. Thin layer chromatography
revealed that the nitroamine IIT, which was the prepon-
derant product, was accompanied in this case by two by-
products. These were difficult to remove by fractional
crystallyzatlon, although in one experiment pure III could
e isolated in moderate yield (30%). A more satlsfactory
separation was Tlinally achleved by column chromatography
on silica gel, which furnished III in 79% yield. The
nature of the two minor producss will be discussed further
below.

The formation of III from the nitroacetate II
may be visualized as proceeding via the nltroolefin I,

which was generated 1in situ under the reaction conditions:
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Ammonia abstracts the acidic C-3 proton of II to form the

nitronabe, which then eliminates the C-2 acetoxy group to

glve intermedlate nitroolefin I, and the latter then adds

awmonia to glve IIL. This type of elimination-addition

reaction in f-nitro acetates vas first discovered in 1936

by Chattaway (1.32), who observed that the action of ammonia

(or p=toluidine ox phenylhydrazine) upon such acetates did
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not produce alcohols by ammonolysis but led to the forma=-
tion of vic-nitroamines. This was confirmed by Irving
and Fuller (133,13&))who offered the aforementioned me-
chanism.

It Ls lnteresting that in the infrared spectrum
of the nitroamine III (Fig.I) the NH, stretching bands,
which occur at 3420 and 3356 cm’l, are very weak. The
typical NH2 bending and rocking absorptions near 1600 and
830 cm“l, respectively, are also very weak. Thlis may
perhaps be rationalized in terms of hydrogen-bonding as

shovwn below:

ITT

One of the amino hydrogen atoms could participate in hydro-
gen~vonding with one oxysen stom of the nitro group, giving
rise to a six-membered ring. The second amino hydrogen

atom could gimultaneonsly engage 1in nydrogen-bonding with
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the oxygen of the glycosydlc methoxyl group. With both
hydrogens being tied up in this way,a considerable
weakening of the NH vibrations would appear reasonable.
This view 1s supporﬁed by the fact that the @~anomer of
ITT exhibits (120) a single sharp NH stretching band at
3390 cm"l. In this case only one hydrogen atom of the
amino group might be bonded (with the oxygen of the nltro
group); the second amino hydrogen atom would appear less
1likely to bond, as the glycosidic methoxyl group of the
p-anomer 1s in trans-position t;meino group. The
p-monno isomer of III shows (121,135) NH, stretching
bands of medium intensity at 3320 and 3385 cm~1l. Appa-
rently, intramolecular hydrogen bonding 1ls not favored in
this 1isoner.

Although the amino group in III could not be
readlily detected in the infrared, chemical proof of its
presence was provided by Q—ethoxycarbonylation and
N-acetylation (Scheme I): Reaction of III with ethyl
chloroformate in pyridine affofded in 81% yield the urethan
VII, methyl 4,6-g~benzylidene~2-ethoxycarbonamido—2,3-
dideoxy~3~nitro-cx~D~glu00pyranoside;‘and reaction with
acetic anhydride in tetranydrofuran at room temperature
gave in 90% yleld the acetamido derivative IV, methyl
2-acetamido-4;6-g-benzy11dene—2,3~dideoxy—3-nitro~
o.=D-glucopyranoside. Both VII and IV exhibited charac-~

teristic NH stretching bonds near 3300 cm~l (of medium
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strong intensity) and intense amide I bands in the 1660 =

1695 om™ 1

region. The amide II bands of medium intensity
partially overlapped with the nltro absorptions in the
1550 - 1530 cm"1 region.

As has been mentioned above, the reaction of
ammonia with the nitro ester II gave the nitroanmine III
admixed with two by-products, and purification of III so
prepared was cumbersome. It proved advantageous to
N-acetylate the crude mixture, whereby i1t became possible
to isolate the main product as the N-acetyl derivative (IV)
in 76% yield, and to isolate also the two .minor products.
One of the latter was found to be an acetamlidonlitro
glycoside isomeric with IV (Fig.II and III); in the ori-
ginal reactlon mixture it had no doubt exlsted as a free
amine isomeric with IIL. The jgolated amount of 1isomeric
acetamldonitro glycoside corresponded to a yleld of 5%
arguments to be subsequently presented allow a tentatlve
assignment to it of the D-manno configuration (VI).*

The other by-product did not contain an amino function

# Interestingly, VI crystallized from chloroformn-nspentane
as plateiets that contalned tightly~bound chloroform of
crystallization. The presence of the latter was sug-
gested by analytical data and verified by mass spectros-
copy (see Experimental). Removal of the chloroform

required heating at 100° and 1 mm for five dayse.
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and hence was unaffected by the N-acetylation procedure.
By comparison with an authentic sample (93) it was
identified as & known compound, namely methyl h,6-
g-benzylidene-3-deoxy-3-nitro-<i-D-glucopyranoside (v),
and its yleld amounted to 3%. It is interesting to note
that an analogously performed amination of the @-anomer
of II had yielded (120), just as in the present reaction;
chiefly the D-gluco nitroamine (g-anomer of III) along
with a small proportion of what later (135) transpired to
be the corresponding @-D-manno nitroamine. However, the
product analogous to V was not encountered in the @-serles.
Two pathways may be considered for the formation
of V from II:
(a) Amnonolysis of the 2-0-acetyl group in II,
competing with G-elimination;
(b) Base=catalyzed hydration of the intermediary
nitroolefin I, competing with aminatlon.
The fact that V arose in the reactlion of aqueous ammonia
with the ester (II) but not with the olefin (I) apparently
renders the second mechanism (b) unlikely. However, the
two reactions as originally performed were not strictly
comparable inasmuch as different solvents had been em-
ployed — benzene for I and tetrahydrofuran for II. In
order to eliminate this ambiguity the amination of I was
repeated using tetrahydrofuran as the solvent. Thin layer

chromatography indicated that the reaction proceeded well
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at room temperature within one hour. Only III was
isolated and no V was detected. It is therefore con-
cluded that I is not an intermediate in the formation

of V from II, and the pathway (a) ls preferred. One may
speculate as to why such ammonolytic deacetylation does
occur in the o~series (to however slight an extent),
whereas it was not observed in the @-series. The main
reaction which the 2=-acetates of both anomeric serles
incur evidently is dehydroacetylation followed immediately
by ammonia addition. The dehydroacetylatlon 1s initiated
by abstraction of the activated proton from C-3, and silnce
this proton is attached axially, the abstracting base will
have to epproach from an axlial direction. In the
ol-glycoside II, this approach could be slightly hindered,
sterically and electronically, by the axial methoxyl group
gso that the @—elimination is somewhat retarded and ester
ammonolysis gains in competition. Consldering the small
proportion of V that was formed, the effect must be rather
insignificant, houever.

Next, the acetamidonitro derivative IV was
smoothly debenzylidenated 1in 70% acetic aclid at 100°9. The
reaction, which was monitored by thin layer chromatography,
was complete after forty minutes and afforded methyl
2-acetamido~2, 3~dideoxy~3-nitro- oL=-D-glucopyranoside (VIII)
in 86% yield. The compound igs readily distinguishable from

its precursor IV by a broad infrared band of medium-st:ong
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intensity at 3500 = 3200 cm -, with peaks at 3420 and
3320 om™! (OH, NH), and also by the absence of the
typical phenyl bands 755 and 703 cm"1 which are present
in the spectrum of IV. Acetylation of VIII with acetlc
anhydride, using boron trifluoride catalysis (1.36),
afforded methyl 2-acetamido-4,6-di-0-acetyl-2,3-dideoxy-
3—nitro-ci-D-glucopyranoside (IX) in 80% yield. This
diacetate was required for the synthesis described in
Part I, Section B.

The next step in the present synthesls was
platinum-catalyzed hydrogenation of the acetamidonitro
derivative VIII, which was performed at room temperature
and atmospheric pressure in the presence of hydrochloric
acid. The calculated volume of hydrogen (3 mole~-equivalents)
was absorbed within twenty-four hours, and crystalline,
ninhydrin-positive methyl o-gcetamido=-3-amino-2, 3-dideoxy~
oL-D-glucopyranoside hydrochloride (X) was obtained in 96%
yield. It 1is noteworthy that the g-anomér of X, obtalned
in a similar reaction, was amorphous (120).

Selective acetylation of X at 0° with acetic
anhydride 1in methanol-water, in the presence of an anion
exchange resin, afforded the dlacetamido derivative XI,
methyl 2,3—diacetamido~2,3~dideoxy-cé—D-glucopyranoside,
in 82% yield. Complete acetylation of X was effected in
refluxing acetic anhydride in the presence of anhydrbus‘

sodium acetate, and this procedure furnished methyl 2,3~
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diacetamido~lt,6-d1i-0-acetyl-2, 3-dideoxy~< ~D-glucopyranoside
(XII) in 90% yield. The compound was obtalned as a white
solid which tended to form gels and resisted all attempts

at crystallization from common solvents. However, the conm-
pound melted sharply at 275 = 276° (dec) and gave a correct
elemental analysis, as well as infrared and NMR spectra
consistent with its structure.

Hydrolysis of the glucoside X in refluxing 6N
hydrochloric acid for eighteen hours gavé the free dlamino
sugar, methyl 2,3~-diamino-2, 3~-dideoxy~- ¢ ~-D-glucose
dihydrochloride (XIIi), in 30% yield. The sugar was lden-
tified by comparison with an authentic sample (120). In
addition to superimposable infrared spectra, the two san-
ples had similar decomposition ranges, chromatographic

mobility, and mutarotations, as follows:

XIII Authentic Sample
1, Decomposition o
range 180 - 188 180 - 185°
*
2. RGN 0.83 0.83
23
oL
3. ()5
a) Initial, o °
extropolated + 62 + 66
b) Final (2 hours) + 49,.7° + 46.8°
(¢ 1.1, H,0) (¢ 0.98, HZO)

#* Speed relative to glucosamine hydrochloride
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The conditions which had to be used in the
present hydrolysls were more drastic than those used (120)
for the hydrolysis of the (G-anomer of X, where refluxing
with 4N hydrochloric acid for ninety minutes gave XIII
in 71% yleld. It had also been found that hydrolysis of
the @ -anomer of the dlacetamido compound XI could even
be done with 1N hydrochloric acid in two hours and gave
an equally good yleld of XIII. Such was not fhe case in
the o-series. Preliminary experiments indicated that
hydrolysis of XI with 1N hydrochloric acid was slugglsh
and gave, after sixteen hours, two ninhydrin-positive
sugar derivatives (RGN 0.83 and 1.30, respectively) in an
approximate ratio of 1:1. Similarly, refluxing with 6N
nhydrochloric acid for fifteen hours produced the same two
substances, although the slower-moving one then predomi-
nated. The faster-moving spot probably represented methyl
2,3-d1amino-2,3—d1deoxy-<1-D-glucopyranoside dihydrochloride,
formed by initial hydrolysis of the N~acetyl groups.

The greater resistance of the d.-~glucosides X
and XI to acid hydrolysis, in comparison to their P-anomers,
was to be expected. The mechanlism now generally accepted
for the acild-catalysed hydrolysls of glycoslides is the
cyclic carbonium ion mechanism first postulated by Edward

(137) and illustrated below:



+
N : SN
——————
Fast +
OCH 0
’ H// \\CH
A B >
Slow
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+ H20
H H,OH &
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It involves a fast protonatlion of the anomeric oxygen 1in
the glycoside (A) to form the conjugate acid (B). This
is then followed by the slow heterolysis of the exocyclic
0—C~1 bond to form a cyclic carbonium~oxonium ion C, which
then reacts with water to glve the free sugar D.

In the Cl1 chair form, the resultant dilpole due
to the unshared orbitals of the ring oxygen 1s closer to
the equatorial, glycoéidic oxygen of the @ -anomer than it

is to axial, glycosidilc oxygen of the ol=anomer. The
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situation for X and its B-anomer X(a) may be illustrated

as follows:

X. ®™=Glucoside

X(a). ®=Glucoslide

In the @-anomer X(a), the repulsion between the- unshared
orbitals on the geminal oxygen atoms at C=~1 will be
greater than in the <i-anomér, and hence the free energy
in the ground state will be greater in X(a) than in X.
Since the free energy for the transition state is the

same for both glucosides, 1t follows that the activation
energy for the nydrolysis of the ol=glucoslde X 1is greater

than that for its @-anomer X(a). Hence the former under-
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goes hydrolysils less readily. Moreover, one has to con-
sider that hydrolysis of the C-2 acetamido group takes
place concurrently with hydrolysis of the glycosidilc
methoxyl, glving rise to a positively charged ammonium
group. If in a glven molecule the amide hydrolysls pre-
cedes the glycoside hydrolysis, the latter 1s seriously
impeded due to the jonic charge generated in the vicinity
(138). Hence, in o-gcetamido=- o =glycosides which hydrolyze
at C-1 more slowly to start'with, the competing C-2 amide
hydrolysis becomes a severer impediment than in
omacetamido-B-glycosides. These are probably the factors
responsible for the difficulties in preparing the free
diamino sugar XIII from 1ts glycosides X or XI.

Nevertheless, the work described above has
demonstrated that 2,3-diam1no-2,3-dideoxy-D-glucbse can
well be synthesized, on a preparative scale, starting from
the ol~glycosides I or II, the moderate yield (30%) in the
final step notwithstanding. This result is of speclal
signifilcance because methyl cL~-D-glucopyranoside, which 1is
used as a point of departure for making I and II, is an
inexpensive industrial product ($5.40 per kiiogram), which
renders the process rather more attractive economically
than that in the @-series)starting from methyl

& -D-glucopyranoslde ($300 per kilogram).
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Proof of Configuratlion

In the foregoing discussion it has been
tacitly assumed that all the derivatilves listed in
Scheme I (except VI) possess the D-gluco configuration.
Only the configuration of the by=-product V had been
ascertained immediately, as this happened to be a known
compound and an authentic sample was at hand for compa=
rison. However, since the addition of ammonla to the
nitroolefin I generates two asymmetrlc centers, four
possible stereolisomeric nitroamines could theoretically
be formed, namely those with the D-allo-, D=altro=-,

D-gluco- and D-manno- configurations, respectively:

Ph

—— 4 OCH

NO.,, R

R =« NH

D=-allo D=altro D-gluco D=-manno
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of course, at the end of the synthetlc sequence when the
diamino sugar dihydrochloride XIII had been identified
as the known D-gluco isomer, the nitroamine ITII and the
intermediates derived therefrom (IV and VII to XII)
could in retrospect be assigned the same configuration:
all of the steps that were involved, including the cata-
lytic hydrogenation of the nitro compound VIII 1n acid
medium (139,140), were expected to proceed without confi-
gurational change. Nevertheless, it was desirable to
adduce confirmatory evidence along the way, and this was
achieved by an independent synthesis of the diacetamido
glycoside XI and by gathering some nuclear magnetic
resonance (NMR) data.

Recently, Ali and Richardson (141) obtained
methyl 2,3~d1acetamido-4,6-grbenzylidene~2,B-dideoxy-
o =D~glucopyranoside (XIV) by borohydride reductlion and
subsequent N-acetylation of the corresponding 3-azido
derivative,which they had synthesized 1n a stereochemic-
ally unambiguous manner. The authors kindly provided a
sample of XIV, and its debenzylidenation by 90%
trifluoroacetic acid (142) yielded a substance identical
with XI according to infrared spectra, mixed melting
point, and thin layer chromatogranme.

The NMR spectrum, 1in deuterated chloroform, of
the fully acetylated nitro derivative IX (Fig.IV) was

characterized by the presence of three sharp singlets,
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each integrating for three protons, at 8.03, 7.98 and
7.90% . These can be assigned to the methyl protouns of
an equatorial C-2 acetamido group and equatorial acetoxy
groups at C-6 and c-l4, respectively, on the basis of
abundant chemical shitts data for acetylated pyranose
sugars and cyclitols (62,  .65,120,143-146). Although
the chemical shift ranges recorded in the literature for
axilal and equatorial acetamido and acetoxy groups in such
compounds are qulte useful (see also the more detailed
discussion in Part I, Sectlon B), and few misassignments
seem to have been made, there is nevertheless an element
of uncertainty because of the closeness of the ranges.
More reliable information can be obtained from the coupling
constants of the ring protons, if the corresponding
signals are sufficiently resolved.

The anomeric proton of IX gave a well-resolved
doublet at 5.24 T with a spacing of 3 Hz. The magnitude
of the latter suggested axial-squatorial coupling. Since
the anomeric proton was known to be equatorisal (1.e., IX
was an er—hexopyranoside) the signal was consistent
with an axial proton (and hence an equatorial acetamlido
substituent as postulated above) at C=2. A one-proton
signal attributable to H-4 appeared as a symmetrical
triplet that was centered at 4.43 7T and exhibited a large
spacing (9 Hz) which proved axlal-axlal coupling with both

H=3 and H=-5. Hence, the nitro group at C-3 must be équa-
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torially oriented. Finally, the glycosidlc methoxyl
protons gave a sharp singlet at 6.587, the chemical
shift being in accord (143a) with the known stereochemis~
try (axial methoxyl) at the anomeric center. If the
substituents at C=2 and C~3 in IX were indeed oriented
equatorially as suggested by the above data, this should
be verified by the occurrence of two equatorial acetamido
signals in the acetylated reductlion product XII. The
signals (Fig.V) were found as sharp three-proton singlets
at 8.04 and 8.107, in line with expectations. The Cc-4
and C-6 acetoxy signals llkewlse were in the expected
region, at 7.93 and 7.977.

It must be emphaslized that the NMR data that
could be evaluated did not in themselves provide absolute
proof of configuration, but they strongly suggested the
D=-gluco configuration for the compounds in question, in
full agreement with the chemical results. There remalins
to be discussed the minor by~product VI, which was
jsomeric with the acetamidonitro compound IV and probably
nad the D-manno configuration. This tentative conflgura=
tional assignment suggested itself on the grounds that
the analogous reaction in the @-serles (120,135) had glven
a D-manno by-product. The assumption received support
from the NMR spectrum of VI in deuterated chloroiorms wWiich
exhibited a very small splitting (ca. 1 Hz) of the anomeric

proton signal, in line with 1,2-d1equatorial coupling, and
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a chemical shift of 7.967 for the N-acetyl protons in

agreement with an axlal acetamido group (143,10LL).
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B. Synthesis of Derivatives of 2.3,4-Triamino=2,3,4~

trideoxy=-D-glucose

Much attention has been focué?d during the past
two or three decades on the synthesis of monoamino and
diamino sugars. Interest in these compounds has been
sparked by the great and long-known biological significance
of monoamino sugafs in the animal kingdom and by the more

recent discoveries of structurally unusual mono=- and

N

diamino sugars in microorganisms and their metabolites.
Monosaccharides that carry more than two amino functlons,
however, have not yet been discovered in nature. This
partially explains the only moderate interest in triamino
sugars shown so far by synthetic chemists. However, the
chemical synthesis of thils class of compounds deserves
attention in view of thelr possible biological activity
and in anticipation of their eventual discovery in nature.
It is known that in many entibiotics, e.g. the neomycins,
amino groups are located on the sugar as well as the cycli-
tol components of the molecule. It would be interesting to
synthesize model compounds in which all the amino groups
are present on the sugar component, and test them for blo-
logical activity. In this context, therefore, the synthesis
of triamino (and polyamino) sugars deserves attention.

Only a few derivatives of triamino sugars have

so far been synthesized. These are methyl 2,3,6-tribenzamido-
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2,3,6-trideoxy-g~-D-allopyranoside (97); methyl 2,3,6-
triacetamido-2, 3,6~trideoxy~l4~0-methylsulfonyl-

oL -D=-glucopyranoside (79); methyl 2,3, 5-triamino-

2,3, 5-trideoxy~p~D-arabinoside and ~xyloside (147) and
2,3,b-triam1no-1,6-anhydro-2,3,b-brideoxy-@-D-idopyranose
(obtained as trihydrochloride and tri-N-acetyl derivative)
(148). 1In the syntheses of the flrst four compounds,
nitrogen functlions were introduced in part by displace-
ment of sulfonate ester groups with azide, whereas the
D-idose derivative arose from an anhydrosugar dialdehyde
in a nitromethane cycllzation performed in the presence
of benzylamine, followed Dby catalytic hydrogenatlon.

In principle, the activating effect of the nitro
group in a sultable nitro sugar could be used to introduce
two vicinal amino groups. This has been demonstrated in a
model resction by Baer and Wang (149) who synthesized

trans,trans-l,3—d1acetamido-2-n1trocyclohexane by the ac=-

tion of ammonia upon trans,trans-z-nitro-l,3-cyclohexanediol

diacetate, followed by N-acetylation. The product was
subsequently reduced to the 1,2,3-trlamino stage. Kienzle
(135) tried to apply thils reaction to methyl 2,4,6~
tri—g-acetyl—3-deoxy—3-n1tro—@-D-glucopyranoside (136),
but he could isolate a methyl diacetamidonitrotrideoxy
hexoside in 2-4% yield only, and therefore abandoned thils
approach without having completely characterized hils pro-

duct. In view of Kienzle's apparent difficulties in the
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direct diamination of an acetylated nitro glycoside,

it was felt that a stepwise introduction of two amino
groups flanking the nitro group might be more promising*.
It was therefore decided to use as starting material a
nitro sugar into which one amino group had already been
introduced, as described in the preceding section.

The precursor chosen was methyl 2-acetamldo-
4,6-d1-0~acetyl=3-deoxy~3-nitro- dL=-D-glucopyranoside (IX).
Preliminary considerations would suggest that the C-L
acetoxy group in IX, belng activated by the C-3 viclnal
nitro group, should easily undergo base-catalyzed elimin-
ation to generate a very reactive 3,4-nitroolefiln. If
the elimination occurred in the presence of ammonia, an
amino function would probably enter at C-4 in a reaction
analogous to the conversion of nitroolefin I to nitroamino

derivative III. The 6-Qacetyl group, not being activated,

# At the time of this writing (May 1969) the March 21
1ssue of Angewandte Chemle was received, in which
F. W. Llichtenthaler, P. Voss and N. Majer (150) re-
ported in a prelimlinary communication to have success-
fully applied the direct diamination (149) to our methyl
2,#,6~tri—g—acetyl-3-deoxy-3-n1tro-9—D~g1ucopyranoside
(136). It is to be noted that these studies refer to
the P-seriles, whereas the present thesis is concerned

with d=glycosides.
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XIX R' = Ac

Scheme II., Triamino sugars from nltro sugars.
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would simply undergo ammonolysis, or alternatively it
could migrate to the new amlno group at C-4, so that
the resulting compound would be a 2,4-d1acetamido=-
3=nitro derivative, a potential triamino sugar. Expe~
riment confirmed this predictlon.

Reaction of the nitroacetamido derivative IX
(Scheme II) with 15 N aqueous ammonia in tetrahydro-
furan was completed within twenty-five minutes as
indicated by thin layer chromatography. Work-up afforded
methyl 2,4-diacetamido-2;3,4-tr1deoxy-3-n1tro-
o-D=glucopyranoside (XV) in 57% yield. The fact that
the amino group which had entered at C-L4 had become
acetylated by acyl migration was evident from the results
of elemental analysis and from the NMR spectrum (in
deuterated dimethylsulfoxide) that showed two separate
acetamido methyl signals.

Such acyl migrations have been previously ob-
served in aminations of acetylated nitroalditols (See for
instance reference 124). In the present case XV is pro-

bably formed from IX by the following mechanlism:
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The initial step involves the formation of a nltroolefin
(A) in a manner analogous to the generation in situ of
the 2,3~-nitroolefin I by ammonia from the nitroacetate II
(See page 37). The olefin then adds ammonia, giving rise
to the lM-amino derivative (B) in which the 6-0-acetyl
group is favorably oriented for migration to the L-amino
function. The migration is assumed to proceed through a
cyclic intermediate (C) (89), which then rearranges to
the 2,4-diacetamido-3-nitro derivative XV.

Compound XV was acetylated with acetic anhydride
and boron trifluoride (136) to gilve methyl z,ﬁ;diacetamldo-
6-g-acetyl-2,3,ﬁ-trideoxy-3-n1tro-a-D-glucopyranoside (XVI)
in 80% yield.

Hydrogenation of XV over Adams catalyst was per-
formed in acid medium at room temperature and atmospheric
pressure, and was completed in two days when the calculated
amount (3 mole-equivalents) of hydrogen had been absorbed.
The colorless reaction product was difficult to crystallize
as it tended to form gels with common solvents. Crystal-
lization was finally acnhlieved from absolute ethanol—ethyl
acetate at 70%: methyl 2,4-diacetamido-3-amino-2,3,4-
trideoxy-&-D-glucopyranoside hydrochloride (XVII) was
thus obtained in 94% yield as white needles. The infrared
spectrum of crystalline AVII showed an unexpected, weak

absorption band at 1740 cm’l, due probably to a small
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proportion of eﬁhyl acetate of crystallization. The latter
could not be removed by drying the sample for seventy-two
hours at 100° and 1 mm, but it disappeared by several co-
evaporations of the sample with water. However, the con-
pound thereafter could not be crystallized from various
common solvents except again from absolute ethanol—ethyl
acetate. It would thus appear that some ethyl acetate was
necessary for crystallization although the ambunt incor-
porated was so small that it was not reflected in the ele~-
mental analysis.

N-Acetylation of XVII with acetic anhydride in
methanol-water at 09, in the presence of anlon exchange
resin,furnished methyl 2,3,b-triacetam1do—2,3,#-tr1deoxy-
o.~-D-glucopyranoside (XVIII) in 504 yield, whereas complete
acetylation with acetic anhydride-pyridine afforded methyl
2,3,4-triacetamido~6-0-acetyl-2, 3,-trideoxy~
o -D-glucopyrancside (XIX) in 60% yleld. The yields of
XVIII and XIX were rather low because both compounds tended
to give gels and had to be crystallized meticulously:

The ylelds reported are those of the crystalline products
isolated, and do not necessarily reflect the total amount

of product formed 1in each reaction.

Proof of Configuration

Since the formation of XV from IX must be assumed

to proceed via a 3,4—nitroolefin intermedilate as already
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discussed, four stereoisomers could theoretically have
arisen, and consequently, proof of configuration was

needed. The four possible configuratlions are D-~allo,

D-galacto, D-gluco, and D-gulo.

CHZOAc
N e
3
NO2 NHAc
NH
3

D=allo D-~galacto D~gluco D-gulo

It could a_priorl be regarded as fairly probable that the
amination would lead to a product having the most stable,
equatorial disposition of the C-3 and C-4 substituents,
and consequently, the D-gluco configuration. Thls was
ascertained by NMR spectroscopy.

The NMR spectrum of XV (Fig.VI) in deuterated

dimethyl sulfoxide ( HSO-dé) exnivited two acetamido
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signals at 8.22 and 8.237, respectively, within the

range (8.21 - 8.277%) cited by Lichtenthaler and coworkers
(1434) for equatorial orientation in a large number of
acetylated amino sugars in that solvent. For axilal
acetamido groups, these authors have compiled values of
7.95 - 8.10 ¥ (in DMSO-dé). Corresponding values gliven
for deuterium oxide solutions.(143c) are 8.05 - 8.08 %
(equatorial) and 7.907% (axial). Compound XV gave two
coinclding acetamido signals at 8.04T 1in deuterium oxide,
again suggesting equatorial orientation for these groups.
Although most of the individual ring protons in XV were
difficult to analyze 1ln DMSO-dé, there was a clearly re-
solved, symmetrical triplet at 5.,077T, assignable to H-3.
Its splitting (J2,3 = J3,4 = 11.3 Hz) required axial
arrangement of H-2, H-3 and H-4 and thus confirmed the
D~gluco configuration. Finally, the anomeric proton gave
a doublet at 5.30 7T with J1,2 = 3 Hz (i.e. axial=equatorial
coupling), in line with the knoun stereochemistry at these
centers.

The above assignment was confirmed by the NMR
spectrum of XIX in DMSO-d6 (Fig.VII). Especially prominent
were a H-proton singlet at 8.277T and a 3-proton singlet
at 8.20T for the three equatorial acetamido groups, and a
3-proton singlet at 8.087T for the equatorial.acetoxy group.
The ring proton signal at lowest fleld was the anomerilc

doublet at 5.3% T (J1,2 = 3 Hz). In methanol solution,



v

* SPTXOJINS TAYJSWIP Ppejedeqnep ul YIX punodwoo Jo wnxzoods ¥UN °*IIA°ITd
2

6 8 ] 9 S b € c
i I I [ i T T _

N \&Sé,iégj/ \\ll T

{i 1=H HN-

SYHN

| “ £no0 T:_./ NH2V
m Om_zo_ A u<xz_
ud.Zl

WO D



- 71 =

XIX exhibited a sharp acetoxy resonance at 7.977 , and
the acetamido grdups resonated at 8.08 (3H) and 8.127
(6H) in the range accepted for equatorlal orilentation in
chloroform solution. This agrees with the results of
detailed studies by Hasagawa and Sable (151) an& with
previous observations made in our laboratory (135,149),
according to which methanol and chloroform appear to be
comparable solvents as far as chemlcal shifts of acetyl
resonance in sugars are concerned. In the absence of
special structural features that may cause abnormal
shielding or deshielding, equatorial acetamido groups
resonate in deuterochloroform at 8.05 - 8.10 Tin
inosamines [19 examples compiled by Lichtenthaler and
Emig (1430)] and in about the same range in pyranoid
amino sugars (143d,144-146,152).
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Table III

CEEMICAL SHIFTS (¥ ) DATA FOR EQUATORIAL ACETYL PROTONS

OF NEW GLYCOSIDES DESCRIBED IN PART I

Compd . Solvent  2-NHAc 3-NHAc  4-NHAc  A4-OAc 6-0Ac
IiX CDCl3 8.03 7 .90 7 .98
XII CDCl3 8.04 8.10 792 7 .97
Xv DMSO-d, 8.22 8.23
D20 8.04 8.04
XIX DMSO-d6 8.27 8.20 8.27 8.00
CH_OH 8.12 8.08 8.12 7 .97

3
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Table 1V

CHARACTERISTIC INFRARED ABSORPTION FREQUENCIES (cm-l),

IN NUJOL MULL, OF NEW GLYCOSIDES DESCRIBED IN PART I*

Compd .

III

Iv

VI

VII

VIII

IX

oH

3420m
3500-~3200

3340m

3420m
3230m

NH Ester C=0 Amide T QQ?Amide IT Phenyl

3420w
3356w

3300ms

3315m
3260w
3200m

3325ms

3320ms

1735s

3320ms

2800-2400

158 5mw

1520ms

1660s

1650s

1695s

1650s

1650s

1658s

1550s

1550~-1540s

1555-1535s

1550-1540s

1555-1530s

15523;1530ms

1542ms

762m
701m

753m
700m

755ms
704ms

-

755m
703m

# Designations are strong (s), medlum~strong (ms), medium (m),

medium=-weak (mw) and weak (w).
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Table IV (continued)

Compd . OH NH Ester C=0 Amide I N02,Am1de IT Phenyl
XTI 3460m
3425m 3290ms 16458 1560-1545ms
3120m
XIX 331 5m 1743s 1650s 1548ms
XV 3500-3200m 334 5ms 1660s 1552s
3410m 331 5ms 1550=1530ms
XVi 334 5ms 1735s 1670~-1650s 1555-1530ms

3310ms

XVII 3500-3200 3280ms

3080w
2700~2500w 1658s 1550ms

1588w

1510w
XVIIX 3470w 3330ms 16413s 1568ms

3225w 33008 1620ms 1550s

XIX 3340ms

3300ms 1735ms 1640s 1533ms

3230m
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PART II

NUCLEOPHILIC ADDITIONS TO
METHYL 4,6~0~BENZYLIDENE-2,3-DIDEOXY~-3-NITRO-
ol =-D-ERYTHRO-HEX-2~-ENOPYRANOSIDE
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DISCUSSION®

A. Synthesis of Carbohydrate Derivatives of Anthranilic Acid

Certain compounds contailning anthranilic acid and
sugars exist in nature as bacterial metabolites. Thus
1-(2~-carboxyphenyl)amino~1~deoxy-D-ribulose has been de=

tected in cultures of Aerobacter serogenes (153) and

Escherichia coli (154), and 1-(2-carboxyphenyl)amino-i-deoxy-

D-fructose 1s produced by Salmonella typhimurium (155),

R

Neurospora crassa {156) and the tryptophan-deficlient mutant

\

of Saccharomyces cerevisiase (157). These compounds, which

are supposed to be intermediates in the bacterial biosyn-
thesis of tryptophan, have also been synthesized chemically
(158) by use of the Amadorl rearrangement of anthraniliec
acid aldosylamines.

Although no sugars that carry an o-carboxyphenyl-
amino group on carbon atoms other than C-1 have yet been
discovered in nature, the synthesis of certaln methyl
@-glycosides substituted at C=2 by that group has recently
been achleved in this laboratory (135). Thus, it was found
that the stereochemical course of the nucleophilic additlon

of anthranilic acid to methyl 4,6-~-0-benzylidene~2,3-dldeoxy=-

¥ For convenlence, compounds in this chapter are numbered

using a new set of Roman numerals.
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3-nitro-f-D-erythro~hex-2-enopyranoside (the @-anomer of I)
in benzene solution depended in a characterlstic and yet
unexplained manner on the reaction conditions: When the
addend was employed in excess and a catalytlc amount of
solid potassium hydroxide was present, the adduct assumed
2, 3-diequatorial substituent orientation (i.e., the
D-gluco configuration). On the other hand, when anthranilic
acid and the @-nitroolefin were used in equimolar proportions
in the absence of catalyst, the addend entered axlally and
the product, isolated in 56% yield, assumed the D-manno
configuration*. In view of these differences, the behavior
of configuratlionally different, though closely related,
systems commanded interest. In particular, 1t seemed
worthwhile to investigate whether the anomeric conflgura-
tion of the sugar exerts a directive influence on the course
of such additions. It was therefore decided to study the
addition of anthranilic acid to the odl-glycoside I, methyl
4,6—g—benzylidene-2,3~dideoxy-3-n1tro-<1»D—erzthro-5ex-
2=-enopyranoside.

In a reaction of anthranilic acid with the nitro-
olefin I, due consideration must be given to the possibill-
ty that either the carboxylate anion or the amino group of

the anthranilic acid could act as nucleophile, for it has

# Additions of the mz2ta and para isomers of anthranilic acid

led to D-gluco adducts only, regardless of the conditions
{135).
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been shown by Bjerrum (159), in 1923, that anthranilic

aclid can exist in solution in the followling acid-base

equilibria:
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All the additions were performed in anhydrous benzene
(which is not a proton donor), and the predominant

equilibrium would therefore be expected to be

A =

o

Consequently, two different adducts could be formed,
depending on whether A or D was the nucleophile.
A would react to glve a carboxylic acid (E), whereas

D would provide a carboxylic ester (F):

E
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As will be shown subsequently, in the present instance
the addition reactlon gave an adduct of type E, and no
evidence for the formation of an adduct of type E was
obtained.

The addition of anthranilic acid to methyl
4, 6-0~benzylidene~2, 3-dideoxy~3-nitro-o -D=grythro-hex-
2-enopyranoside (f, Scheme III) was studied under the

following conditions:

Nitroolefin I Anthranilic Acild Catalyst

molar equivalents molar equivalents

-

(a) 1 2 potassium hydroxide
(v) 1 1 potassium hydroxide
(c) 1 1 none

(d) 1 2 triethylamine

All the additions were performed in refluxing, anhydrous
benzene and monitored by thin layer chromatography. Thne
following was then observed:
(1) Under conditions (a), addition occurred and the
reaction was complete withing two to three hours.
The product precipitated out of the reactlion
mixture and was obtalned as chromatographically
uniform, almost colorless needles in 65% yield.
It will be shown below that the product was

methyl U,6~g~benzylidene—2-(2—carboxyphenyl)am1no-
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2,3~-dideoxy~3-nitro~- &-D-glucopyranoside (I1).
Under identical conditions in the @g-serles (135),
the @-gluco anomer of II had been isolated in
83% yield.

(11) Under conditions (b), the same reaction product II
was formed and could be isolated in ylelds of only
10 - 15%.

(11i) When conditions (c) were employed, no reaction
appeared to occur: after six days of refluxing,
thin layer chromatography did not indicate the
formation of any adduct, when "Reagent Grade"
benzene (drled by refluxing over sodium wire for
twenty-four hours) was used és a solvent. However, ﬂ'..
when ordinary benzene from the shelf, dried in the
same manner, was used, addition took place within
thirty hours, and the adduct was identical to that
obtained under conditions (a) and (b). It appears
possible that the addition had been catalyzed by
impurities in the benzene. It 1is to be recalled
the conditions (c) were those under which, in the
g-series, addition had taken place and furnished
the P-manno isomer of II in 56% yield.

(iv) Substitution of triethylamine for potassium
hydroxlde as a catalyst [conditions (d)} again
led to the formation II, in improved yield (75%),

within three and a half hours.
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Ph

VIITI ¥ = ¥Y' = I'HBC}. COZH
IX Y = Y!' = NH2 Y =
X Y = ¥Y' = NHAc XI
J —3
Y NHBCl

Scheme III. Synthesis of carbohydrate derivatives of

anthranilic acid.
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In summary, only one product — namely the gluco
adduct II — could be 1isolated when anthranilic acid reacted
with nitroolefin I. Since the crystallization of II was
attended with difficulties, mainly owing to gel-formation,
the ylelds of isolated product do not necessarily reflect
the total extent to which the additions may have occurred.
It must also be emphasized that the yields of isolated
adduct do not preclude the formation of additionél pro-

ducts, but none could be detected by thin layer chromato-

graphy. &
The 1nfréred spectrum of II clearly indlcated
that the product was a carboxylic acid, rather than an
ester. Thus, bands associated with the carboxyl group
appeared at 3240, 2700 - 2500, and 1668 cm'l, respectively,
and no ester carbonyl band was present. There was, further-
more, a single NH stretching vibration (3360 cm'l) as
expected for a secondary amine, whereas primary amines are
expected to show two bands in that region. Compound IT
was shown chemically to be an acid by a quantitative
esterification with diazomethane, giving methyl
4,6~g-benzylidene-2,B—dideoxywz-[2-(methoxycarbonyl)phenyi]
amino-3-nitro- d~-D-glucopyranoside (III). This methyl
ester lacked bands at 3240, 2700 - 2500 and 1668 cm™l and
showed instead an ester carbonyl band at 1690 cm-lm

The adduct II was further characterized by

debenzylidenation in 70% acetic acid at 100°, which
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afforded methyl 2-(2-carboxyphenyl)amino-2,3~dideoxy-
3-nitro~ o -D-glucopyranoside (IV) in 67% yield. Treatment
of IV with acetic anhydride—boron trifluoride (136)
effected both 0- and N~acetylation and provided nethyl
4,6—d1-g-acetyl-2-[§—(2-carboxwphenyli]acetamido-z,B—dideoxy,
3-nitro- ol=-D-glucopyranoside (V) in 62% yielad.

Similar debenzylidenation of the methyl ester III
furnished, in 82% yleld, methyl 2,3-dideoxy=-
2-[2-(methoxycarbonyl)phenyi]amino-3-n1tro~cx-D—glucopyranoslde

(VI). Acetylation of the latter with acetic anhydride-—

boron trifluoride again resulted in O~ and N-acetylatlon
to give VII, methyl 4,6-di-0-acetyl-2,3-dideoxy-
2-[ﬁ-(2-methoxycarbonyl)phenyl]acetamido-}-nitro-

o ~-D~glucopyranoside. This compound crystallized from
chloroform with solvent of crystallization, as was evident
from the mass spectrum, which exhibited prominent CHClz"'
frogments at m/e 83, 85 and 87 in the intensity ratio of

9 : 6 : 1, and from a conspicuous enhancement of the small
signal (T 2.77) normally present in NMR spectra taken in
deuterated chloroform. Microanalytical data fitted the
presence of 0.75 mole of chloroform. It appears that this
golvent was necessary for the crystallizatlon: the com-
pound failed to crystallize when other common solvents
were tried.

The debenzylideriated anthranilic acld adduct Iv

was hydrogenated in acid medium. over brown palladium
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oxyhydrate on barium sulfate (160) (Kuhn's catalyst),
at room temperature and atmospheric pressure. Three
mole-equivalents of hydrogen was taken up very raplildly
and two addit19nal mole-equivalents was consumed in the
course of thréggﬁz;s. The hydrogenation resulted in
reduction of the nitro group to the amino stage and 1in
hydrogenolytic cleavage of the aromatic substltuent.
The cleavage of arylamino boﬁds by hydrogen-
ation in acid medium over brown palladium oxyhydrate on

barium sulfate had been accldentally discovered by Kuhn

and Kirschenlohr (161) while they were reducing

arylaminonitriles:
—
CN + HC-OH
HCN | 3H,/H
CHO > HC-NHPh ~  HC-NH 0
| PhNH | Pd (0H) _/BasoO ' 2 |

(free aldose)

The mechanism (161,162) proposed for this hydrogenolysis
involves the formation of a diene-cation intermedlate.
In the case of IV, the mechanism would probably be as

depicted in SchemelV.
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3 H, 2
HC1 4 gt
COH
e i

CH,,OH

2
{ wa.c1 )
Hy a\( ° /ocH
—c
+NH

3
? COZH

IV(Db) Iv(c)
H20 H20
0 ?HZOH 0
CO_H COH
2 - 2
2
’ 7 NH301
HO OCH
- 3
NH.C1

3

VIII

Scheme IV. Hydrogenolysis with Kuhn's catalyst.



The conversion of compound IV to IV(a) was reflected in
the rapid uptake of the first three moles of hydrogen,
whereas the hydrogenolysis of IV(a) to VIII was a much
slower reaction and required two additional moles of
hydrogen. One mole of hydrogen and a proton would first
generate from IV(a) the diene-cation IV(b), which could
then decompose via two pathways:
(1) by hydrolysis to give the diamino sugar VIII and
a cyclohexenonecarboxylic acid which would then
be hydrogenated to a cyclohexanonecarboxylic
acid
or (ii) by the reduction of diene-cation IV(b) to IV(c),
followed by cleavage to VIII and the cyclo=-
nexanonecarboxylic acid.

In the present lnstance, the hydrogenation pro-=
duct could not be crystallized as such. Paper chromatogra-=
phy showed an intense, ninhydrin-positlve spot (RGN 1.13)
and a minor spot (Rgy 1.59). The latter was probably due
to the presence of XI (Scheme III), resulting from incom=-
plete hydrogenolysis, whereas the major spot corresponded
to VIII. The two compounds were separated on an anion-
exchange column: elution with water afforded VIII as the
free diaminoglucoside IX, whereas XI remained on the
column because of ifts carboxylic acid group. The diamine
IX crystallized as nexagonal, white platelets. N=-Acetylation

afforded crystalline methyl 2,3-diacetamido~2,3~dideoxy-
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ol -D-glucopyranoside (X). The minor component (Rgy 1.99),
presumably XI, was eluted from the anion-exchange-column
with N/10 hydrochloric acid. Although obtained 1in
chromatographically pure form, it faliled to crystallize

and was not investigated further.

Proof of Configuration

The addition of anthranilic acid to nitroolefin I
generates two new asymmetric centers, with the formation |
of four possible stereoisomers, namely those possessing

the D-allo, D-altro, D-gluco, and D-manno configurations.

Hence, proof of configuration at C-2 and C-3 was needed.,

This was provided by NMR spectroscopy and by chemical “...
synthesis.
The NMR signals (in deuterated chloroforg) glven
by the pyranoside ring hydrogens in the acetylated nitro
compounds V and VI could be readily analyzed. Thus,
V gave a narrow doublet at 4,93 for the ol-anomeriec

proton (J = 3.5 Hz) and three other clearly separated

i,2
one~proton signals in the 4.0 - 5.2 7T region (Fig.VIII).
The magnitude of J1 > suggested axial-equatorial coupling:
since H-1 was known to be equatorial, H-2 must be axial,
and the anthranilic acid residue at C-2 must therefore be
equatorial. The signal assigned to H-2 was a quartet
centered at 4.007T with J = 3.5 Hz and J = 11.5 Hz.
2,1 2’3
The presence of a large coupling in this signal indicated
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that H-3 was axial. This was confirmed by the occurrence
of a quartet at 5.15T, which was assigned to H-3, and
which showed two large split:t:ings'(JB,2 = 11.5 Hz and
J3,4 = 10 Hz), lndicating axial disposition of H-2, H-3
and H-4%., The H=4 proton gave a symmetrical triplet
centered at 4.437 with J4’3 = Jb,s = 10 Hz, again in-
dicating axial-axial coupling of H=-3, H-4% and H-5. Thus
all the pyranosidic ring protons except H=1 in V were
axial, and this fact established the D-gluco configuration.
The spectrum of VII exhiblited essentially the same fea=-
tures except that the H-1 doublet partially overlapped
the H~3 quartet.

The spectroscopic proof of configuration was

confirmed chemically by demonstrating that the diacetamido

derivative (X) was identical with independently synthe-

sized methyl 2,3-diacetamido-2,3-d1deoxy—tﬂ-D-glucopyranoside

(compound XI of Part I, Section A; see pages L6 and 53;

see also, Experimental, pages 173 and 174) .
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Table V

CHARACTERISTIC INFRARED ABSORPTION FREQUENCIES (cm™1)
OF NEW GLYCOSIDES
DESCRIBED IN PART II (SECTION A)#*

Compd. OH,NH C02H Ester C=0 Amide I NO2 Aromatic

II 3360mw  3240w,b 1550s  1578m
2700-2500b 1520m
1668s 773m

755m
704m

III 3330mw 1690s 1553s 1607m
1585m
1525m

766m
756m
704m

IV 3450-3150b 2700~2500w 15558  1580m
3350m 1655s 1 500m
3270mw 770m

# Designations are broad (b), strong (s), medium-strong (ms),
mediun (m), medium-weak (mw) and weak (w). The spectra

were taken in Nujol mull.



- 92 -

Table V (continued)

Compd . OH,NH CO, H Ester C=0 Amide I NO, Aromatic

v 2600~-2500w 1766s 1625s 1562s 1595m
1700s 1743s _ 755m :
VI 3425m 1680s 1554s  1600mw ;
3200mw 1590m |

334 5ms 1528m

760ms

VII 17508 1668s 1562ms 762ms

1722s

IX ca.3300b  (3340-3060)

337 5ms
3305ms
1590ms
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B. Bisglycosidylamines, a New Class of Amino Sugars

Having observed the relatively facile additlons
of ammonia and anthranilic acld to the oL~nitroolefin I,
it was decided to investigate whether the scope of this
reaction could be extended to include more complex aminese.
The sddend chosen was the amino sugar XII (Scheme V) that
had been synthesized in Part I, Section A (Compound III;
see pages 34 to 36). It seemed possible that a reaction
between the olefin I and the amine XII would prove more

difficult to achieve because of the bulk of XII. On the

other hand, the reaction — if feasible — would offer a
route to a novel class of amino sugars, namely
bisglycosidylamines, which would be amine analogs of
disaccharidic ethers.

When the nitroolefin I and the nitroamine XIT
were allowed to react in a 1 : 1 molar ratio, in refluxing
benzene in the presence of a catalytlc amount of potassium
hydroxide, there was formed the adduct XIII, bis(methyl
M,é-g-benzylidene-z,3-dideoxy-3-nitro-<X-D-glucopyranosid-
2-yl)amine, which was isolated in ylelds of 67 to 78%4. No
other products could be detected by thin layer chromato-
graphy. The rate of addition as well as the yleld of
adduct seemed to be significantly influenced by the quality
of the benzene used as solvent. Thus, in the first run,

the reaction was complete in twenty-flve hours and afforded
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Ph + Ph N02
——/ OCH OCH

NO NH,

I XII

CH,OR' CH,OR"'

R'O OCH R'O OCH3

XIV R = NO,, R' = H
XV R = NO,, R' = Ac
XVI R = NH,, R' = H (.3HC1)

XVII R = NHAc, R*' = Ac

Scheme V. Synthesls of bisglycosidylanmines.
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a 78% yleld of XIII (after recrystallization). However,
with a subsequent supply of "Reagent Grade" Benzene,
longer reaction times (three to three and a half days)
were necessary and the ylelds were sonmewhat lower. The
use of potassium hydroxide as catalyst also deserves com=
ment. It was thought that the nitroamine XII might be
sufficiently baslic to undergo a Michael addition to
nitroolefin I without external catalyst. However, in the
absence of potassium hydroxide, the reaction was very
sluggish and was not complete after thirteen days.

The formatlion of XIII was reflected 1n the infra-
red spectrum of the reactlion product, where the two weak
amino absorptions (3420 and 3356 cm~l) present in the
starting amine were replaced by a single NH stretching
band at 3360 cm™!, and where the nitroalkene band (1535 cm™1)
present in the starting olefin was replaced by a nitroalkane
band at 1555 em~1l.

Debenzylidenation of XIII was attended by diffl-
culties when performed in 70% acetic acid at 100°, as the
compound dissolved very slowly in the reaction medlum and
suffered considerable decomposition. The debenzylidenated
product could thus be isolated in a yileld of only 37%.

A significent improvement was achieved by the use of 90%
trifluoroacetic acid at room temperature, according to

the method of Chrlstensen and Goodman (142). In this way,
bis(methyl 2,3~dideoxy-3-nitro—cL-D~gluc0pyranosid-2~yl)\

4
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amine (XIV) was obtained in 60% yield. When recrystallized
from ethyl acetate, XIV tenacliously retained some solvent
as indicated by infrared spectroscopy. Complete removal

of this solvent required drying at 1000 and 1 mm for fifty
hours.

The compound XIV was smoothly converted by acetic
énhydride—boron trifluoride into the tetraacetate XV,
bis(methyl 4,6-di-0-acetyl-2,3-dideoxy=3-nitro-
Jd~D-glucopyranosid-2-yl)amine. It is lnteresting that
no acetylation of the secondary amlno group in XIV occurred,
in contrast to what was observed in similar acetylations
of the anthranilic acid adducts IV and VI (page 84). This
may be attributed to a reduced accesslibility of the secon-
dary amino group in XIV, as compared to such functlons in
IV and VI.

The dinitroamine XIV was catalytically hydrogen-
ated over platinum to give the triamine, bis(methyl
3-amino-2,3-dideoxy-(l-D—gluGOpyranosid~2—yl)amine. Again,
in this compound the secondary amine nitrogen appeared to
be severely crowded in by the bulky glycosidyl substituents;
for although the compound crystallized as the trihydro-
chloride (XVI), only two N-acetyl groups were introduced
by treatment with acetic anhydrlde in pyridine, the product

being the di=-N-acetyltetra-0-acetyl derivative XVII.
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Proof of Configuration

The bis=ol =D=-gluco configuration of the new
compounds wWas ascertained by nuclear magnetic resonance
spectroscopy. The 100-MHz spectra of XIII, XV and XVII
Fig.IX, X and XI) clearly indicated that the two glycosidyl
moleties in each compound were identical, since each com-
pound gave only one set of substituent resonances. Thus,
one sharp methoxyl signal was given by XIII, XV and XVII,
and one benzylidene proton singlet was given by XIII; com-
pound XV showed two QO~acetyl signals and compound XVII,
one N-acetyl and two QO-acetyl signals. Inspection of the
ring proton resonances (to the extent that they were re-
solved well enough) likewise revealed equal chemical
shifts and spin couplings of corresponding protons in the
two glycosidyl moleties of each compound analyzedy proving
the glycosidyl moleties to be identical. This fact alone
already suggested the bis=- c-D=gluco configuration, since
it was considered highly unlikely that the ol-D=gluco
reactant XII should have suffered any stereochemlcal change
during its addition to the ol-D-erythro éomponent I.

Direct proof was obtained most convenlently by
" a2 more detailed analysis of the spectrum of XV (Fig.X) in
deuterated chloroform, in which the ring proton signals
were resolved best. In the following discussion, all pro-

ton intensities are recorded relative to that of an
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upfield (8.33%7 ) signal attributable to the secondary
amine proton, the only proton not duplicated in the
molecule. Thus, two symmetrical triplets, each of two-
proton intensity, occurred at 4.66 and 5.37r , and were
assignable to the H-4 and H-3 protons, respectlively.
Theilr large splittings of ca. 10 Hz not only confirmed
the known, axial orientation of the H~-5 and H=-4 protons,
but also required axial orientation of the H-3 and H-2
protons, thus establishing the gluco configuration. The
anomeric protons gave a two-proton doublet at 5.56 7,
which was split by 3 Hz, in accord with 1,2-equatorlal-
axial coupling. The C-6 methylene groups produced two
unsymmetrical quartets integrating to four protons in
the region 5.7 - 6.0 T, and the H=-5 protons gave a two-
proton octet (width, 18 Hz) centered at 6.18T. The
methoxyl peak (6H) occurred at 6.647T . It partlially
overlapped a two-proton multiplet which was centered
slightly upfield and must belong to the H-2 protons.
Despite this overlap a large splitting (by H-3) and a
small splitting (by H-1) were recognizable in that signal,
which showed additional weak coupling with the wvicinal
amine hydrogen. Similar multiplets, fortuitously unobs-
cured by the methoxyl absorption, were found in the
spectra of XIII and XVII. Finally, the amine hydrogen
gave a somewhat broadened signal at 8.337, upfield from

the two QO-acetyl singlets (7.92, 7.997). The existence
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of vicinal coupling between the H~2 protons and the
amine hydrogen suggests a retardation of intermolecular
exchange of the latter, and this would parallel the
observed, low reactivity towards acetic anhydride at

that site.
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PART III

THE REACTION OF NITRO- AND DINITROINOSITOLS
WITH AMMONIA
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DISCUSSION®*

A. Reaction of Deoxynitroinosito{‘Pentaacetates with

Ammonia. A Novel Synthesis of Inosatriamines

M. C. T. Wang (163) has studied the reaction
of deoxynitro-scyllo-inositol pentaacetate (I) with
ammonia In aqueous tetrahydrofupan or dioxane at room
temperature. After N-acetylation of the reaction mixture,
a crude product, thought to be 1, 3-diacetamido-1,2, 3~
trideoxy-2-nitro-scyllo-inositol (IV), was 1isolated in
69% yleld. Recrystallization afforded 1V in 32% yleld

(Scheme VI).

As shown in Scheme VII, the formation of IV
from I is thought to involve @-elimination of acetic acid
from the nitro compound, which is followed by the addition
of ammonia to an intermediate nitroolefin (149), and then,
by a second elimination-addition sequence, so that two
amino groups are introduced in the positions @ and gf to
the nitro group. During this process, the three remaining
O-acetyl groups are lost, in either one or both of two

ways:

#* Par convenience, compounds in this chapter are numbered

using a new set of Roman numerals.



OR' NHAc OR"
muco scyllo
VR' =H; X = NHBCl VIITI RY = H; Y = NHBCl
VI R' = H; X = NHAc IX R® = Ac; Y = NHAc

VII R' = Ac; X = NHAc

AcO

Scheme VI. Synthesis of inosatriamines.




1. 0N Ac migratio;\\Xy
2. Ammonolysis
HO

OH NHAc
II: muco

IV: scyllo

Scheme VII. The diamination

of nitroinositols.
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(a) Ammonolysis of XIII (or partly perhaps of
preceding intermediates) to give XIV which
is subsequently N-acetylated to IV by the
reaction with acetic anhydride.
(b) 0 —> N acetyl migration of two acetyl groups
in XIII (or in part at an earlier stage), and
ammonolysis of the remaining O-acetyl group.
Since, in the reactlon sequence, three asymmetric'centers
first disappear and are then regenerated, eight sterec-
isomeric nitrodiamines could theoretically be formed.
Wang (163) has isolated only one isomer, namely the
scyllo compound (IV), in the relatively moderate yield
of 32% (after recrystallization), although the yleld of
crude product was more than twice as high. The possibi-
1ity that stereolsomers of IV had been present in the
crude reaction product had to be considered. Hence, a
.reinvestigation of this reaction was undertaken.
The reactlon was repeated as described by Wang
(163), but its course was monitored by thin layer chroma-
tography. It was found that the reactlon mixture gave
two spots with Rf 0.6 and 0.4 prior to processing with
acetic anhydride. The Rf values of these two products
did not change on N-acetylation, and this was taken to
indicate that diacetamidonitro derivatives were already
formed, at least to some extent, during the interaction

of I and ammonia. In preliminary experiments, fractional
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crystallization (before N-acetylation) afforded only the
fast-moving product, in poor yleld (L5%), whereas the
slow-moving component could not be isolated. However,
N-acetylation greatly facilitated the process of isola-
tion, and the two acetamidonitro derivatives could be
jsolated in pure form in yields of 22 and 37%, respec=-
tively, by fractional crystallization. The separation

was tedious, and the sum of the ylelds does not necessa-
rily reflect the total amount of reaction product.
However, thin layer chromatograﬁhy gave no indication for
the presence of additional isomers. The slow~moving com=
ponent was identical with the 1,3-diacetamido~-1,2,3-
trideoxy~2-nitro=-scyllo=~inositol (IV) of Wang (163).

The fast-moving component, which is readily distinguishable
from IV by its melting point and also by spectroscopy
(Fig.XII and XIII), will be shown to be a séereoisomer
and to possess, most likely, the muco confilguration.

The proposed mechanism of diamination (Scheme VII)
implies that any deoxynitroinositol pentaacetate that is
stereoisomeric with I at C-i, C-2 or C~6 should, on similar
treatment with ammonia, furnish the same products as daid I,
although the speeds of reaction might differ. When
deoxynitro-myo-inositol pentaacetate (X) was treated with
agqueous ammonia 1in tetrahydrofuran at room temperature,
the dieminatlon reaction did indeed occur and appeared,

qualitatively, to be somewhat faster than that of the
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scyllo isomer (I). The crude reaction product, which
was crystalline and which was obtained in ylelds of

66 - 73%, showed, on thin layer chromatography, two
spots whose mobilities were identical with those of

IT and IV, respectively. Work-up without preceding
N~acetylation afforded one of the components in pure
form, in 38% yleld, whereas the other component could
not be separated from the mixture. The 1isolated mate-
rial proved identical with the muco isomer II.

The new lsomer II was readily O-acetylated,
in almost quantitative yield, by the use of acetic
anhydride—boron trifluoride, to give 1,3-dlacetamido-
4,5,6—tr1-g-acetyl-1,2,3-tr1deoxy-z-nitro-gggg-inésitol
(III). Hydrogenation of II over Adams catalyst afforded
the 1,2,3-1inosatriamine derivative V, which was
N-acetylated to give 1,2,3-triacetamido-1,2,3-trideoxy-
muco-inositol (VI)*. Peracetylatlon furnished the
hexaacetyl derivative (VII).

The scyllo isomer IV furnished on catalytic

hydrogenation the 1,2,3~inosatriamine derivative VIII.

# VI crystallized with 0.5 mole of ethanol: This was
reflected in the mlicroanalytical data, and in the NMR
spectrum (in DMSO—dé), which showed signals attrlibutable
to ethanol, namely, a methyl triplet (J = 7.3 Hz) at

8.79¢ and a methylene quartet in the 6.57 region.
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Although microanalytical data for VIII were not entirely
satisfactory (the sample presumably contained ca. 2.5
moles of water of‘crystallization), complete acetylation
provided the corresponding triacetamidi-tri-0=-acetyl
derivative (IX) which gave a correct elemental analysis

and the expected infrared and NMR spectra.

Assignment of Configuration

Since eight stereoisomeric diaminonitfo inositol
derivatives could theoretically be formed by the reaction
of I or X with ammonia, proof of configuration at C-1,

C-2 and C-3 was required. Compound IV had already been
assigned the scyllo conflguration (163) on the basis of
NMR studies. The configuration of compound II remalilned
to be established, and this was attempted by evaluating
the NMR spectra of its derivatives. One of the main
difficuities encountered, however, was the poor solubi-
1ity of II and the compounds derived from it (Irr, vi
and VII) in suitable solvents. The spectra obtalned did
not permit analysis of the ring proton resonances. Con-
sequently, the assignment had to be based solely on
chemical shift data for the acetyl protons.

Subsequent to the studies of Lemieux and coworkers
(165), who found that the methyl protons of axially orlen-
ted ascetoxy substituents in carbohydrates have lower

chemical shifts than those of equatorial acetoxy groups,
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many confirmatory observations have been reported in
the literature and have been reviewed (143a). More
recently, very extensive compilations of chemlcal

shift data for 0~ and N=-acetyl groups in polyacetylated
pyranose sugars and inositols have been presented by
Horton and coworkers (144), Lichtenthaler and Emig
(143c), and Hasegawa and Sable (151). These authors
have also drawn due attention to abnormal shifts that
can be caused by magnetically anlsotroplc groupings
present in the molecule (e.g., keto groups or aromatic
substituents), but there is general agreement that, in
the absence of such disturbing structural factors, the
0~ and N-acetyl proton shifts fall into deflinlite ranges
indicative of the conformatlional disposition. In this
regard, abnormalities assoclated with the nitro group
have never been encountered, although the spectra of
numerous, different nitro derivatives of pyranoses and
inositols have been recorded (See, for instance, refe-
rences 120, 152, 166, 167).

The chemical shifts of the acetyl protons 1in
compounds III, VI and VII are listed in Table VI together
with the ranges given by Lichtenthaler and Emig (143D
and c¢) for acetylated inositols and inosamines. The
values that were found indicate equatorial orientation
of the N-acetyl groups (in III, VI and VII) and axial

orientation of the QO-acetyl groups (in III and VII).
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Table VI

CHEMICAL SHIFTS () OF ACETYL PROTONS
OF INOSITOL DERIVATIVES

Compound Solvent N~Acetyl*® O~Acetyl®
III DMSO-d ¢ | 8.24 (6) 7 .84 (3)
7.89 (6)
iv DMSO-dg 8.22 (6)
8.25 (3)
VII DMSO-d 8.24 (9) 7.88 (9)
CDCL, 8.05 (9) 7.85 (9)
IX DMSO-dg 8.30 (9) 8.10 (9)

Reported ranges:

Solvent
DMSO-d6 CDCl3

N-Acetyl

axial 8.07 - 8.14 7.92 = 7.98

equatorial 8.22 - 8.30 8.05 - 8.10
O~Acetyl

axial 7-80 - 7-90 7071"' - 7.90

equatorial 7.97 - 8.13 7.93 - 8.03

# Number of protons in parentheses.
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It 1is noteworthy that the acetyl resonances of VII 1n
two different solvents are in mutual agreement.

Since the catalytic reduction of the nitro group
in acid medium proceeds with retention of configuratlion
(139,140), and since all the N-acetyl signals in the
triacetamido derivatives VI and VII are in the equatorial
range, 1t follows that the nitro group in III must also
be equatorial. Only the conformational formulas deplcted
below satisfy the results just described, and these for-

mulas are seen to represent the nmuco configuration:

-~

OAc
NHAc

OAc NO2
Ac
OAc

IIT

It is recognized, however, that a proof of this kind,

based on chemical shifts alone, 1s not an absolute one,

and therefore thg assignment of the muco configuration

to II ought to be confirmed 1in soﬁe other way. For
comparison, the NMR spectrum of the hexaacetyl inosatriamine

IX (L.e., the scyllo isomer of VII) was taken, in DMSO-d .
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Two sharp singlets, each corresponding to nine protons,

were found at 8.30 and 8.10T, respectively, (Table VI),

and thls was consistent with three equatorial acetamido

groups and three equatorial acetoxy groups in this com-

pound#,

It may also be noted that the relative chroma-

tographic mobllitles of the isomers II and IV are compatible

with the assigned conflilgurations, for 1t has been observed

that inositols having axial hydroxyl groups migrate faster

than those having equatorial hydroxyl groups (168).

*

At the time of this writing (May 1969) the March 21 issue
of Angewandte Chenmle was recelived, in which F. W.
Lichtenthaler, P. Voss and N. Majer (150) reported in a
preliminary communication to have applied the diamination
reaction to penta~g-aoetyl-deoxynitro-scillo-inositol as
first reported by Baer and Wanz (149). They isolated only
one product and stated that 1t appeared to be identical
with the scyllo derivative IV, Acetylation gave an
acetate (scyllo isomer of III) that showed resonances

(in DMSO-dé) at 8.26 T (6H) and 8.09T (9H) for equatorial
acetamido and acetoxy groups. The authors also prepared
IX and found 1t to exhibit an N-acetamido signal at 8.28
(9H) and an acetoxy signal at 8.09 7T (9H), in good agree-
ment with our values, but they reported a melting point

that was about 20° lower than ours.
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To summarize the results of this section, it
may be said that the diamination of nitroinoéitols appears
to ve a promising route to inosadlamines and inosatriamines.
It was shown that, 1ln addition tTo products having the
scyllo configuration (149, 150, 163), products most proba=-
bly possessing the muco confilguration can be obtained. It
has been suggested (149) that the method could prove useful
for the preparatlion of intermsdiates for a novel synthesis
of streptamine; by the same token, stereolisomers of this
antibiotics component might become avallable by this ap-
proach. At any rate, it 1s felt that a contribution has
been made to the chemistry of inosatriamines, a class of
compounds of which, at the inception of the diaminatlon
reaction, only two representatives were known, namely,
1,3,5-cis~inosatriamine {169,170) and its 1,3,5-scyllo
isomer (171).




- 118 =

B. Reaction of 2,3,5,6-Tetra-0-acetyl-1,4-dideoxy=-

1,4-dinltro-neo~inositol with Ammonia. A Novel

Synthesls of 2,5-Dinitroaniline

In contlinuation of the studies undertaken to
explore the scope of the diamination of nitro cyclitol
acetates (see the preceding Section), the reaction of
2,3,5,6-tetra-g-a¢ety1-1,4-d1deoxy-1,h-dinitro-gggr
inositol (XVI) with ammonia was investigated. Several
possibilities could a_priori be envisaged for the course

that this reaction might take, for example:

1. Complete amination:

AcO QAo N, H,
0N
y  O,N NO,,
No,,
AcO  OAc NH; NH,
XVI XXIT

2. Aromatization to 2,5-dinitrophenyl acetate:

AcO OAc
0
ZTT — 3AcOH
{
0>
AcO OAc

XVI XIX




- 119 -~

3. Diamination, followed by 0 —> N acetyl migration:

AcO  OAc
0N
0,
AcO  OAc
XVI

N02 02N N02

AOA NH H,N Ac

XXI(a) XXI(b)
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4, Introduction of an amino group followed by aromatiza-

tion to 2,5-dinitroaniline:

AcO OAc
02N |
—_—
NO2
AcO OAc

XVI XVII

The possibillity of aromatization had to be con-
sidered because it was known that the dinitroinositol
tetraacetate readily gives 2, 5~dinitrophenyl acetate (XIX)
on heating with pyridine (172). In the course of the
present work it was shown, moreover, that the same aroma-
tization to XIX occurs quantitatively when XVI is heated
in benzene solution in the presence of sodium bicarbonate.,
(Acid hydrolysis of XIX produced 2,5-dinitrophenol in 93%
yield). On the other hand, if a molecule of ammonia were
first introduced and aromatization followed, the formation
of 2,5~dinitroaniline (XVII) would be expected. This
proved indeed to be the case.

The reaction of 2,3,5,6-tetra-g-acety1-1,M—di&eoxy-
1,4~dinitro-neo~inositol (XVI) with aqueous ammonia at room
temperature (Scheme VIII) afforded in 76% yield a yellow

compound (XVII) that melted at 137 - 138° and gave analytical
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Ac DAc
02N
NO2

OAc OAc

XVI
NHNOH NaHCO3
THF

XVII XIX

Scheme VIII. The aromatization of a

1,4=-d1deoxy~1,4~dinitro=inositol.
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data corresponding to 06H5N30u' It exhlbited infrared
absorptions typical of the amino group (3510, 3398 and
1634 cm~1l), of the aromatic ring (1600.and 1500 cm™ 1),
and of an aromatic nitro group (1541 em™1), These data
suggested that XVII was 2, 5=dinitroaniline, the reported
(173) melting point of which is 137°. This wac conflirmed
by the synthesis of its N-acetyl derivative: Acetylation
of XVII afforded in 70% yield 2, 5-dinitroacetanilide
(XVIII), which showed a melting point of 120 - 121°
[reported (174,175), mp 1210] and gave an infrared spectrunm
consistent with the structure.

Undoubtedly, the first step in the formation of
XVII is elimination of one molecule of acetic acid, fol-
lpwed by the addition of a molecule of ammonia to the
intermediate nitroolefin. Whether this process is.then
repeated to gilve intermediary diamines of type XXI(a or b)
or posslibly even the tetramine (XXII), all of which could
aromatize by a series of eliminations activated by the two
nitro groups, or whether aromatization takes place imme-
diately when one amino group has entered, cannot be decided
without further study.

However, the ease with which XVII is formed in
high yield provided a convenlent, preparative route to
this compound, especially in view of the fact that the
starting material, namely the dinitroinositol tetrascetate

XVI, is readily avallable by way of the cyclic addition of



-123—

glyoxal and nitromethane (172), followed by acetylation of

the resulting dinitroinositol (172,136). 2,5-Dinitroaniline

has been prepared previously by nitration of 3=nitroacetanilide
(176), by acid-catalyzed rearrangement of 2,3-dinitroacetanilide
(177), and by ammonolysis of 2,5-dinitrochlorobenzene (178),

but all of these methods were relatively low-ylelding, the

best yleld reported (177) being 47% , and they required

tedious purificatioh procedures. It is perhaps significant

that XVII and its N-acetate are not listed in the catalogues

of the major commercial suppliers of chemicals.

—y
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ADDENDUM

CONCERNING THE SYNTHESIS OF GEMINAL DINITRO COMPOUNDS
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DISCUSSIONG®

In the course of a synthetlc program inltliated
to develop effective methods for the conversion of secon-
dary nitro compounds into the corresponding ketones in
carbohydrate chemistry, a route via geminal dinitro com~-
pounds was contemplated. It was considefed that it should
be possible to reduce such a geminal dinitro compound to
the (unstable) diamine, which would decompose to glve the
ketone and ammonia. The oxidative nitration of mononitro
compounds, developed by Kaplan and Shechter (179), was to
be applied, and it was to be tried first on an allcyclic

model compound, namely, trans,trans-2-nitro-i,3-

cyclohexanediol (I). The nitrodiol I 1s readily prepared
(180) from glutaraldehyde and niltromethane.

The reaction of I with silver nitrate and sodium
nitrite in alkaline medium (Scheme IX) was performed under
the conditions specified (179) for other aliphatic nitro
compounds and was monitored by thin layer chromatogréphy.
The reaction could not, however, be brought to completion.
Whereas. with several nitroalkanes previously studied (179),
the reaction time was only about one hour, in the present

case the reaction was incomplete even after five days.

# For convenlence, compounds in this section are numbered

using a new set of Roman numerals.
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OH
OH™ . %
? HO
NO
Agl0,4
I II
Ac 2O

OAc

Scheme IX. A synthesls of geminal dinitro compounds.
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Work-up afforded a mixture containing the starting dlol (I)
and a faster-migrating product. Separation could not be
achieved by fractional crystallization but only by column
chromatography or preparative-scale thin layer chromato-
graphy. 2,2-Din1trocyclohexaqe-1,3-§i§-diol (II) was
obtained in 16% yield. Boron trifluoride=-catalyzed
acetylation of II afforded the corresponding diacetate
(1I11).

Microanalytical data indicated the presence of
two nitro groups in each of the products II and III. The
geminal disposition of the two nitro groups wés suggested
by the infrared spectra of II and III, each of which showed
two nitro absorption bands at 1590 and 1568 cm™l in the
range typlcal of gem-dinitro compounds (181). (The

mononitro derivative I absorbed at 1555 cm~1). This

assignment was confirmed by a comparlison of the behavior
of I and II in the ultraviolet. Nelther I nor II showed
any high-intensity absorption 1n the 250-np reglon at
neutral pH. In alkaline medium, I gave the expected,
strong absorption in that reglon, which is due to the for=-
mation of the nitronate chromophore. Compound II, on the
other hand, gave no absorption near 250 m 1in alkaline
medium, since 1t lacks an ol-hydrogen and hence does not
form a nltronate.

The limited success in the oxidative nitration

of I may perhaps be rationalized as follows: Although no
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mechanism has unequivocally been proved as yet for this
reaction, the one proposed by Kaplén and Shechter (179)
may be considered here. It involves an intermediate
complex consisting of nitronate, nitrite and silver lons
in the ratio of 1 : 1 : 2. Collapse of the complex leads
to the products. In the case of I, the complex is pre=~

sumably to be pictured as V:

NO,,” opagt
— (I) P
OH | __,
R A \\
\~‘: \“>A8 A8+
o Ll
N —0
o//
i ]
v

II + 2Ag°
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It could be that the formation of the complex and/or
the approach of the nitrite nitrogen atom to the carbon
atom bearing the nitro group is not favored, for steric
or electronic reasons, owing to the presence.of the vicinal
hydroxyl groups. In this connection it 1is noteworthy that,
apart from II, no @vﬁ;dihydroxy-ggg-din1tro compound seems
to have been synthesized by this method as yet.

Attempts to introduce a second nitro group at
C-3 in methyl 3-deoxy=-3-nitro-f-D-ribopyranoside and

~glucopyranoside did not meet with success.
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EXPERIMENTAL

General Remarks

Melting points were determined in caplllaries
in an electrically heated aluminum block equipped with
a calibréted thermometer.

Ultraviolet absorptions were recorded on a
Perkin-Elmer spectrophotometer, model 202,

Optical rotations were measured in a Perkin;
Elmer automatic polarimer, model 141, at room temperature
( E{]D means E{]EB).

Unless otherwise specified, infrared spectra
were obtained from Nujol mulls on a Beckmann IR-8 instru-
ment, and band intensities are recorded as strong (s),
medium-strong (ms), medium (m), medium-weak (mw), and
weak (w).

All evaporations were carried out in vacuo at
35 = 40° bath temperature.

Petroleum ether refers to the fractlion of
boiling range 30 =~ 60°.

Thin layer chromatography was performed on
silica gel G (E. Merck AG, Darmstadt, Germany). The
spots were ildentified by sprayling with a 1% ceric sulfate

solution in 109 sulfuric acid.
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Column chromatography was performed on slliclc
acid (Mallinckrodt, 100 Mesh) .

Paper chromatography was performed by the
descending technique on Whatman N° 1 paper with acetlc
acid—ethyl acetate—pyridine-water (1 : 5 : 5 : 3). The
spots were identifled by spraying with ninhydrin.

RGN means speed relative to D-glucosamine hydrochloride.

Nuclear magnetic resonance (NMR) spectra were

recorded on a Varian Assoclates HA=100 instrument.
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Part I

A. SYNTHESIS OF DERIVATIVES OF 2, 3-DIAMINO-2, 3-DIDEOXY~

- D=-GLUCOSE

Methyl 4,6-Q-Benzy11dene-2,3-dideoxy-3-nitro-<*-D- rythro~

hex-2-enopyranoside (I)

This nitroolefin was prepared by a modification
of the method reported in the literature (94). Methyl
Z-Q-acetyl-h,6-Qrbenzy11dene-3-deoxy-3-n1tro-
ol-D-glucopyranoside (3 g, dried at 23° and 1 mm for twenty-
four hours), sodium bicarbonate (6 g, oven-dried at 100°
for two hours) and a few pleces of Drierite were refluxed
with magnetic stirring in dry benzene (150 ml). The pro-
gress of the reactlon was followed by infrared spectroscopy:
Small samples of the reaction mixture were withdrawn occa=-
sionally, filtered, and the filtrates were evaporated.

The ensuing residues were then examined as Nujol mulls.

A gradual disappearance of the peaks at 1745 cm™) (ester
CO) and 1560 cn~! (nitroalkane) was observed, and a peak
at 1535 cm"1 (nitroolefin) appeared concomitantly. Care
was taken to add a few fresh pleces of Drierite each time
when samples were withdrawn, to ensure anhydrous reactlion
conditions. Performed in this way, the reaction was

complete in two days [reported (94), nine days].
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The filltered reaction solution was evaporated
to glve a white residue (2.3 g, 9L4%) of methyl
4,6-Qrbenzylidene-2,3-dideoxy-3-nitro-ci-D-erxthro-hex-
2-enopyranoside (I), mp 178 - 179°. Recrystallization
from ethyl acetate—petroleum ether afforded 1.8 g of
stout needles melting at 183 - 184° and showing

[d']D - 91.7° (¢ 0.9, ethyl acetate). Reported (78),
mp 183°, [@JD - 93° (¢ 0.9, ethyl acetate).

Methyl 2-Amino=-l,6~0-benzylidene=-2, 3~dideoxy-3-nitro-

od-D-glucopyranoside (III)

1. By Addition of Ammonia to Nitroolefin I at 80°:

Aqueous 15 N ammonia (40 ml) was added to a
solution of compound I (765 mg) in ordinary benzene
(4O ml), and the mixture was gently refluxed, with
magnetic stirring. The progress of the reaction was fol=-
lowed by thin layer chromatography using chloroform—ethyl
acetate (1 : 1) as irrigating system: the fast-moving
spot corresponding to the nitroolefin (Rf ca. 0.9) gra-
dually disappeared wlth the concomltant appearance of a
slow-moving spot (Rf ca. 0.4). The reaction was complete
within one hour.

The mixture was then concentrated in vacuo,
whereupon a fluffy, white solid precipitated. The latter
was triturated with cold water, and the suspension was

concentrated again for the complete removal of ammonia.
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The product was then filtered off, washed several tlmes
with cold water, and dried. This crop of methyl 2~amino-
4 ,6-0~benzylidene-2, 3-dideoxy=-3-nitro- & -D-glucopyranoside
(III) (771 mg, 95%) melted at 168 - 170°. BRecrystalliza-
tion from ethanol furnished shiny, white needles (697 mg)
melting at 170 - 171° and showing E{]D + 93.3° (¢ 0.9,
dimethylformamide) .

Anal. Calcd for C14H18N206 (310.3): C, 54.19;
H, 5.85; N, 9.03. Found: C, 54.05; H, 6.08; N, 9.17.

The infrared spectrum of the compound (Fig.I)
was characterized by the presence of very weak NH2 stretching

bands at 3420 and 3356 em™l, The typical NH
1

2 bending

absorptions near 1600 and 830 cm ~ were also very weak.
Prominent bands were at 1550 em™1 (s), nitroalkane;

1096 (ms) and 1056 cm~ ! (ms), COC stretching; 762 (m) and
701 cm™~! (m), monosubstituted benzene. The amino absorp-

tions were weak also when the spectrum was run in chloroform.

2. By Addition of Ammonia to Nitroolefin I at 23°:

A mixture of compound I (100 mg), dissolved in
benzene (10 ml), and 15 N aqueous ammonia (10 ml) was
magnetically stirred at 230. Thin layer chromatography
performed as in 1, above, indicated that the reaction was
complete within an hour. Work-up as before provided the
o-amino derivative (85 mg, 81%), which was recrystallized

from ethanol.
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The recrystallized product exhibited

[}qD + 92.9o (¢ 0.7, dimethylformamide) and melted at
170 - 1?10, undepressed upon admixture of the product
from 1. The addition was alsc performed at 23° in
tetrahydrofuran in one hour. Only one product was seen
on thin layer chromatography and was isolated in 85 -
87% yield. It melted at 170 - 171° and exhibited

E¥]D + 93.8o (c 0.8, dimethylformamide), and 1t gave an

undepressed melting point in admixture with III.

3. By Reaction of Ammonlia with the Nitroacetate II:

To a solution of methyl 2-Q-acetyl-~i4,6~
0-benzylidene=-3~deoxy=-3~nitro-ol -D-glucopyranoside (1 8)Gwvdﬂ
in tetrshydrofuran (30 ml) was added aqueous 15 N ammoniaKA
The mixture was magnetically stirred at room temperature,
and the reaction was monitored by thin layer chromatography,
with benzene—ethyl acetate (3 : 2) as irrigating system:
two new spots (Rf 0.24 and 0.44) appeared at the expense
of the fast-moving spot (Rf 0.91) corresponding to the
nitro acetate; in addition a minor, fast-moving spot was
sometimes seen. The spot with RBRf 0.24 represented the
chief product of the reaction. A sample of the 2~amino
derivative prepared in 1, above, had the same Rf value in
this solvent system.

The reaction was complete within one hour,

whereafter the mixture was evaporated. Much foaming
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occurred, and a white, fluffy solld precipltated. The
solid was triturated with water, and evaporatlion was
repeated to remove residual ammonia and tetrahydrofurane.
The crude product was then filterea, washed coplously
with cold water and dried. The yleld was 803 mg of a
‘crystalline material conslsting mainly of the amino
derivative III but containing small amounts of other
substances.

The amine was very difficult to lsolate 1n pure
form from the mixture. Recrystallization from common
solvents (ethanol, ethanol-water, ethyl acetate—petroleum
ether, chloroform—n:pentane amongst others) falled to
effect any reasonable purification of the main product.
In one experiment, the crude mixture (100 mg) was dils-
solved in the minimum amount of hot ethanol and, after
filtration, the solution was allowed to cool very slowly
and seeded with crystals of III (from 1). Shiny white
needles of pure 2=-amino compound (48 mg) were deposited
within one hour at room temperature. In another, similar
experiment the solution was left standing for two hours
after seeding: again, beautiful white needles were obtalned
but they did not prove to be chromatographically uniform.

Eventually, recourse to column chromatography
was taken. In a typlcal run, the crude product (815 mg)
was separated on a column (45 cm x 2 cm) by elution with

benzene—ethyl acetate mixtures. The chromatographically

y
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pure 2-amino derivative obtained (697 mg, 79%) was
recrystallized from ethanol: it melted at 170 - 171°
and exhibited'[}q o * 93.5° (c 0.8, dimethylformamide).
However, a much better method of isolating a
pure reactlion product consisted of N-acetylatlion, as

described below.

Methyl 2-Acetamido-4,6-0~benzylidene-2,3-dideoxy=-3-nitro-

ol-D-glucopyranoside (IV)

1. By N-Acetylation of the Pure Amino Derivative:

Methyl 2-amino~4,6-g-bénzylidene-2,3-dideoxy-
3-nitro- oL ~-D-glucopyranoside (III) (100 mg) was dlssolved
in tetrahydrofuran (10 ml), and a few drops of waler were
added. The solution was ice=-cooled, acetic anhydride
(5 ml) was carefully added, and the mixture was kept at
room temperature for two hours. Partial evaporation of
the tetrahydrofuran initiated precipitation of a white
solid. Complete precipitation occurred upon the addition
of ice-water, with magnetic stirring. The white precipi-
tate was filtered off and washed several times with cold
water until it was free from a pungent smell.

The N-acetyl derivative (102 mg, 90%) was recrys-
tallized from ethyl acetate to give beautiful white needles
melting at 277 - 277.5° (with partial sublimation above

240°%) and showing E%]D + 88.0° (c 0.8, dimethylformamide) .
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Both the crude and recrystallized products gave only one
spot (Rf 0.36) on thin layer chromatography with chloroform
—ethyl acetate (2 : 3).

Anal. Calecd for 016H20N207 (352.3): C, 54.54;
H, 5.72; N, 7.95. Found: C, 54.72; H, 5.88; N, 7.85.

The product exhibited typlcal infrared bands
(Fig.II) at 3300 cm™! (ms), NH; 1660 cm™! (s), amide I;
1550 - 1540 cm™l (s), nitroalkane and amide II bands; end

753 and 700 em™! (m), monosubstituted benzene.

2. By N-Acetylation without Isolatlion of the free Amine:
The crude product obtained by the reaction of
nitroacetate II (800 mg) with ammonia in tetrahydrofuran,
as already described, was N-acetylated as in 1, above.
Thin layer chromatography with chloroform—ethyl
acetate (2 : 3) showed three spots having Rf 0.36, 0.26,
and ca. 0.9. The major product (Rf 0.36) was obtalned in
pure form by recrystallization of the crude acetylation-
mixture from a small amount of boiling ethyl acetate, which
yielded a crop of white needles (325 mg). Concentration
of the filtrate and storage at 5° overnight deposited
another 135 mg of the pure compound. Evaporation of the
filtrate and recrysfallization of the residue from a small
amount of ethyl ascetate yielded a third crop (97 mg) of
the pure compound. Finally, column separation of the com=-

ponents of the last mother liquor, by elutlon with benzene—



- 139 -

ethyl acetate mixtures, resulted in the 1lsolatlon of a
further crop (48 mg), bringing the total yleld of pure
methyl 2-acetamido=-i, 6-O-benzylidene-2,3-d1deoxy~3—n1tro-
ci—D—glucopyranoside (IV) to 605 mg (76%, based on II).

The product melted at 277 - 277. 5 and exhiblted

k{] + 87.7° (¢ 0.9, dimethylformamide). Its IR spectrum
and chromatographic mobility were identilcal to those of
the compound obtained by N=-acetylation of the crystalline
amine as described in 1, above. Also, a mixed melting
point was undepressed.

In variation of the procedure, the 2-0-acetyl
derivative (II) was treated with ammonium hydroxide in
tetrahydrofuran as before, but the reactlon mixture was
extracted with tetrahydrofuran and the tetrahydrofuran
layer washed with water (to remove residual ammonia) and
subsequently N-acetylated. Ylelds wefe of the same order
as before, and an equally pure product was obtained after

recrystallization from ethyl acetate.

Isolation of By-products V and VI

The two other components (Rf ca. 0.9 and 0.26)
mentioned in the preceding section, were isolated during
the column chromatograpny there described. After evapora-
tion of the corresponding eluate, the fast-moving com=-

ponent (Rf ca. 0.9) was obtained as a syrup that crystal-
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1ized from chloroform—n:pentane as rectangular, oblong
white platelets (22 mg). The product melted at 154 - 155°
and displayed Ei]D + 95.3° (c 0.7, chloroform). It was
methyl 4,6-Q—benzy11dene-3-deoxy—3-nitro~d~D-glucopyranoside
(V). An authentic sample (93) of V, crystallized from
chloroform-n:pentane, melted at 154 - 155° and exhibited
Ei]D + 95.5° (c 1, chloroform). The authentic sample and
the 1solated product had identical infrared spectra and
gave an undepressed mixed melting point.

The component of Rf 0.26, also obtained as a
syrup from the column, was crystallized from chloroform—
n:pentane, and gave beautiful, hexagonal white platelets.
This substance, which was presumably ﬁethyl 2=acetamido=-
U,6-g-benzylidene-3—deoxy~B-nitro-d-D—mannopyranos1de (vi),
(40 mg) sublimed gradually above 115° and melted at 123 -
125° with much foaming. It displayed [¢]  +16.0° (g 0.8,
chloroform) and gave an infrared spectrum distinctly dif-
ferent from that of the gluco isomer IV. It contalned
chloroform of crystallization.

Anal. Calcd for C16H20N20? (352.3): C, 54.54;
H, 5.72; N, 7.95. Calcd for 016H20N207.1/30H013: c, 50.00;
H, 5.203 N, 7.15. Found: C, 50.60; Hy, 5.26; N, 6.59.

The chloroform of crystallization was reedily
seen in the mass spectrum of the compound, especially at
1ow ionization potential (15 eV), when the peaks characte-

ristic of the CHClz+ fragments from chloroform eppeared
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as follows:

relative
mn/e intensity
83 9 These two peaks were
85 6 }- especially prominent
87 1

The chloroform was removed (as verified by a
mass spectrum) by drying the sample at 100° and 1 mm for
five days. The melting point of the compound now was 186 -~
187o without prior sublimation. The compound now gave an
analysis as follows: G, s4,73; H, 5.50; N, 8.13.

Infrared data (Fig.III): 3315 (m), 3260 (w) and
3200 om! (m), NH; 1650 em~l (s), amide I; 1555 - 1535 cm -
(s), NO2 and amide II; 755 end 704 em™1 (ms), phenyl. The
following peaks were present in VI, but absent in IV:
3315, 3260 and 3200 em™t (21l medium), 1075 and 900 em™1 (m) .

Methyl 4,6-Q-Benzylidene-2-ethoxycarbonamido-2,3-dideoxy-

‘3=nitro=-d~-D-glucopyranoside (VII)

The amino derivative III (650 mg) was dissolved
in ice-cooled pyridine (20 ml). Ethyl chloroformate (7 ml)
was then added dropwise at 0°. A vigorous reactlon occurred,
with the evolution of white fumes. The reaction mixture

turned pink, then purple after a few hours. It was left
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at room temperature for sixteen hours, during which tiﬁe
it turned pale yellow. Addition of ice-water, with
magnetic stirring, resulted in a coplous precipitation
of a white solid which was filtered, washed several times
with cold water, and dried. _

The crude, acylatéd product (647 mg, 81%) melted
at 209 - 2110. Recrystallization from ethanol gave f;ne
colorless needles (576 mg), mp 213 - 2149, [;JD + 83.5°
(c 1.5, dlmeth&lformamide).

Anal. Caled for 017H22N208 (382.4): C, 53.40;
H, 5.80; N, 7.33. Found: C, 53.21; H, 5.90; N, 731

Characteristic infrared bands occurred at 3325
em™1 (ms), NH; 1695 em~ 1 (s), emide I; 1550 - 1540 en”! (s), ‘..I
nitroalkane and amide II; and 755 (m) and 703 en™! (m),

monosubstituted benzene.

Me thyl 2—Acetamido-2,3-dideoxy-3—nitro~arD—glu00pyranos1de (VIII)

The benzylidene derivative IV (273 mg) was sus-=
pended in 70% acetic acid (30 ml) and heated on a steam
bath for forty-five minutes. Thin layer chromatography
of the reaction mixture, using chloroform—ethyl acetate
(2 : 3) as irrigating system, then indicated complete ab-=
sence of the starting compound (Rf 0.36) and the formation
of a non-mlgrating spot corresponding to the debenzylidenated

product (VIII).
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The yellowlish reaction mixture was evaporated
to a syrup that smelled strongly of acetic acid and
benzaldehyde. The syrup was co-evaporated four times
with water (to remove benzaldehyde), then four times with
ethanol (to remove acetic acid). It was then dissolved
in boiling ethyl acetate and treated with activated char-
coal to give, after removal of the solvent, a colorless
syrup. The latter was dissolved in the minimum amount of
ethyl acetate, and petroleum ether was carefully added to
incipient turbidity: beautiful white prisms of methyl
2-acetam1d6-2,3-dideoxy-3—nitro-d~D-glucopyranos1de (VIII)
crystallized in a yield of 175 mg (86%). The product
melted with decomposition at 162 - 163° and exhibited
E{]D + 114.2° (¢ 0.8, water).

Anal. Calcd for C9H16N207 (264.2): C, 40.91;
H, 6.10; N, 10.60. Found: C, 41.04; H, 6.05; N, 10.46.
Prominent infrared bands occurred at 3500 =
3200 cm~! (broad with peaks at 3420 and 3320 cm~l); OH, NH;
1650 om~! (s), amide I; 1555 = 1530 em™ b (s), nitroslkane
and amide II.
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Methyl o-Acetamido-L,6-d1~-0~acetyl=-2, 3-dideoxy=-3~nitro-

d=-D-glucopyranoside (IX)

Methyl 2-acetamido-2, 3-dideoxy~-3~-nitro- -
d-D-glucopyranoside (VIII) (740 mg) was suspended in acetlc
anhydride (11 ml). Boron trifluoride etherate (5 drops)
was cautiously added, whereupon the glucoside started to
dissolve in a moderately exothermic reaction. Dissolution
was completed by warming the flask slightly. The mlxture
was kept at room temperature for one hour, and was then
co-evaporated with excess ethanol (four times) until no
smell of acetic anhydride was perceptible: a yellowlsh-
brown, solid residue was thus obtained. The latter was
treated with activated charcoal in boiling ethyl acetate,
then recrystallized from ethyl acetate—petroleum ether.
Beautiful, colorless needles of the acetylated product were
obtained (779 mg, 80%). The crystals melted at 177 - 178°
and displayed Ei]D + 101.4o (¢ 1.03, chloroform).

Anal. Caled for C,,H, N, 04 (348.3): C, L44.83;
H, 5.79; N, 8.05. Found: C, 4k.68; H, 5,74; N, 8.20.

Characteristic infrared absorptions occurred
at 3340 cm™t (m), NH; 1735 cm~l (s), ester carbonyl;

1650 em™~ ! (s), amide I; 1552 em~! (s), nitroalkane; . 1530 cm
(ms), amide IIL; 1260 cm™! (ms), acetate C-0-C.
The NIMR spectrum of compound IX is shown in

Fig.IV.

1
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Methyl 2-Acetamido-3-amino-2,3-d1deoxy-dPD-glucopyranoside

Hydrochloride (X)

Platinum dioxide (350 mg) was prehydrogenated
in 0.1 N hydrochloric acid (35 ml). The acetamidonitro
derivative VIII (893 mg), dissolved in water (75 ml), was
then added and hydrogenation allowed to proceed with effi-
cient shaking at room temperature and atmospheric pressure.
The hydrogen uptake was very rapid initially: the first
mole-equivalent was absorbed within one hour, the second
within three hours. After ten hours, the calculated amount
of hydrogen (3 mole-equivalents) was almost completely
absorbed. However, the reaction was allowed to proceed for
twelve addlitional hours to ensure complete hydrogenation.
Filtration of the catalyst and evaporation of the solvent
resulted in a white, semi-solid residue which was crystal-
1ized from ethanol—ethyl acetate to give needles of methyl
2~acetam1do-3~amin0a2,3-dideoxy-de—glucopyranoside
hydrochloride (880 mg, 96%) .«

The hydrochloride (X) gradually turned brown
above 250°_and melted with decomposition at 257 - 2580.
It exhibited [@]D +101.2° (¢ 1.1, methanol) and gave one
spot on paper chromatography, RGN = 1.50.

Anal. Calcd for C H, .N.O_CL (270.7): C, 39.93:

9719275
H, 7.07; ClL, 13.10. Found: €, 40.03; H, 7.26; C1 13.02.
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Characteristic infrared absorptlons occurred at
3420 (m) and 3230 em~l (m, broad), OH; 3320 cm™! (ms), NH;
2800 - 2400 (m/w, broad band), 1585 (mw) and 1520 om™1 (ms),

NH3+; 1658 em™! (s), amlde I; 1542 cm™t (ms), amide II.

Methyl 2,3-D1acetamido-2,3-d1deoxy-dpD-glucopyranos1de (XI1)

A solution of the hydrochloride X (310 mg) in
water (15 ml) and methanol (1 ml) was cooled 1ln an lce-
water bath and stirred with Dowex 1 x 2 (003= form; 6 ml).
Acetic anhydride (0.7 ml) was added, and stirring was nain-
tained for two and a half hours. The anion-exchange resin
was then filtered off and the filtrate was briefly stirred
at 0° with Rexyn 101 (H+) cation-exchanger. The filtered
solution was evaporated to yleld a white residue which was
co-evaporated with ethanol (three times) in order to re-
move all traces of unreacted acetic anhydride. Recrystal-
lization was performed by dissolving the material 1in a
very small amount of ethanol and carefully adding a rela-
tively large amount of ethyl acetate. The nmethyl
2,3—d1acetam1do-2,3-dideoxy—er-glucdpyranoside (X1).
crystallized as short microscopic needles (260 mg, 82%)
that melted with decomposition at 245 - 246° and exhibited
o], + 60.0° (g 0.8, methanol).

Anal. Caled for C N206 (276.3): C, 47.82;

11720
H, 7.30; N, 10.14. Found: GC, 4o .64; H, 7.46; N, 10.02.
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Tnfrared data: 3460 (m), 3425 (m) and 3120 om™ !
(m), OH; 3290 em™ ! (ms), NH; 1645 cm™ ! (s), amide I;

1560 - 1545 cm“1 (ms), amide II. No bands attributable
to NH3+ were present.

A sample was recrystallized from hot, absolute
ethanol and an approximately equal amount of ethyl acetate.
It then decomposed at 265 - 267° with partial sublimation
near 260°. On reheating, the sublimate melted without
decomposition at 266 - 267°%.

A few milligrams of the benzylidene derivatlive

XIV (141) was dissolved in 0.5 ml of 90% trifluoroacetic

acid (142). After thirty minutes the solution was eva=
porated with several additlons of water and then with
ethanol, and the residue obtained was recrystallized from
absolute ethanol—ethyl acetate. The colorless crystals

gave an infrared spectrum superimposable with that of X1,
and they exhibited the same behavior on melting, alone

and in mixture with XI. The two samples were indistin-
zulshable on thin layer chromatography (chloroform—methanol,

2 ¢ 1)0
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Methyl 2,3-Diacetamido-4,6~d1-g-acety1-2,3-d1deoxy-

ol~D=glucopyranoside (XII)

Methyl 2~écetamido-3-amino-2,3-dideoxy-
d-D-glucopyranoside hydrochloride (79 mg) was refluxed
for thirty minutes in acetic anhydride (5 ml1), in the
presence of anhydrous sodium acetate (400 mg). After
cooling, the mixture was poured into ice-water. Magnetic
stirring for fifteen minutes falled to produce any solid
material. The mixture was therefore extracted with
chloroform. The chloroform extract, which was dried
over anhydrous sodium sulfate, furnished on evaporatlon
a semi~-solid residue that was co-evaporated’four times
with ethanol in order to remove residual acetic acid. A
dry solid (95 mg, 90%) melting with decomposition at 275 -
276° and showing Ei]D + 73,52 (¢ 0.9, chloroform) was
finally obtained.

Recrystallization of the crude product was
tried from a number of solvent combinations but proved
exceedingly difficult, chiefly because of gel-formation.
In one instance, attempted recrystallization from
chloroform—n:pentane gave a white fluffy product consisting
of microscoplc needles embedded in a gel. However, the
procedure could not be repeated. The crude product never-

theless gave correct analytical.data.
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Anal. Calcd for 015H24N208>(360.36): Cc, 49.99;

H, 6.71; N, 777, Found: C, 50.05; H, 6.57; N, 7.63.

Characteristic infrared absorptions occurred at

3315 cm™ ! (m), NH; 1743 em™! (s), ester carbonyl; 1650 cm~

(g), amide I; 1548 cm~! (ms), amide II; 1230 em™! (ms),

+
bands were absente.

acetate C-0-C. Hydroxyl and NH3
The NMR spectrum of compound XII is shown in

Fig.V.

2,3~Diam1no-2,3-d1deoxyw%-D~glucose Dihydrochloride (XIII)

1. Preliminary Experiments:

(a) Methyl 2, 3-dlacetamido~-2, 3-dideoxy-

o~D-glucecpyranoside (129 mg) was gently refluxed in 1 N

hydrochloric acld (20 ml) for sixteen hours. On paper

1

chromatography, the reaction mixture gave two ninhydrin-

positive spots of almost equal intensity, RGN 0.83 and

1.30. The more slowly migrating spot had the same RGN

velue as an authentlc sample of 2,3-d1amino-2,3—dideoxy-

d=D«glucose dihydrochloride (kindly provided by Dr. W.
Meyer zu Reckendorf). A few drops of the reactlon
mixture were neutralized with sodium bilcarbonate and
found to reduce Fehling solutlon.

The reactlion mixture was further refluxed for
another twenty-nine hours. Paper chromatography

thereafter indicated 1ittle change in the relative

\
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proportions of the two products formed.

(b) Methyl 2,3~dlacetamido-2,3-dldeoxy-
ol=-D-glucopyranoside (10 mg) was refluxed in a mixture
of concentrated hydrochloric acid (1 ml) and water (2 ml)
for a total of nine hours. Samples of the solutlon
were witﬁdrawn and investigated by paper chromatography
after four, six and nine hours. In all cases two
ninhydrin-positive spots (RGN 0.83 and 1.30) were ob=-
tained as in (a). Theilr relatlive intensities, which

were almost equal, changed little after four hours.

(c) Methyl 2-acetamido-3-amino-~2,3-dlideoxy-
ol-D-glucopyranoside hydrochloride (20 ml) was refluxed
in a mixture of water (5 ml) and concentrated hydrochloric
acid (5 ml) for fifteen hours. Paper chromatography
again revealed formation of the two products with
R 0.83 and 1.30, respectively, but this time the

GN
slow~-moving spot predominated.

2. Acid Hydrolysis of Methyl 2~-Acetamido=-3=-amino=-
2, 3~-dldeoxy-d~D-glucopyranocside Hydrochloride:

The hydrochloride X (222mg) was refluxed for
eighteen hours in a mixture of concentrated hydrochloric
acid (15 ml) and water (15 ml). The resulting, brown
solution was evaporated to a syrup which was co-evaporated

with nine consecutive portions of water (until the smell

N
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of hydrochloric acid was no longer noticeable). The dark
syrup was dissolved in water and treated with decolorizing
carbon, "Norit A-Neutral", which had been pretreated with
boiling, half=-concentrated hydrochloric acld and washed
neutral.

The colorless filtrate was then evaporated to a
syrup that was transferred, with a few milliliters of water,
into a Petri dish. Glaclal acetic was added dropwlse to
incipient, but not permanent, turbidity.‘ The solution was
then fanned with a stream of hot alr andi;lowly deposited
beautiful, rhombohedral crystals of 2,3-dlamino-2,3-dideoxy-
d=D-glucose dihydrochloride (XIII). The crystals (25 mg)
were filtered off, washed with lce-cold water containing
acetic acid, and dried in a vacuum desiccator over potassium
hydroxide. Addition of more glacial acetlc acid to the
filtrate, and continued fanning, furnished another 37 mg
of crystalline XIII, bringing the total yield to 62 mg
(30%) . |

The compound had no definite melting point but
decomposed gradually between 180° and 1880. Reported (120),
dec. 180 = 1850. It exhibited mutarotation ln water as
followus: l}q o + 62° (initial, extrapolated) —> + 55.0°
(13 minutes) —> + 49.,7° (2 hours, final; ¢ 1.1, water),
Reported (120): [4] | + 66° (initial, extrapolated) —>

+ 62.1° (12 minutes) 3 46,8° (2 hours, final; c 0.98).

Identity of the compound with an authentic sample was also
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supported by paper chromatography (RGN 0.83) and by their
infrared spectra, which exhibited characteristic bands ét:
3300 em™! (ms, broad), bonded OH; 3000 = 2200 em™1l (broad
band), 1585 em™! (ms) and 1515 cm™Y (ms), NH3+ (Amide bands

were absent).
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B. SYNTHESIS OF DERIVATIVES OF 2,3,4-TRIAMINO-
2,3,4~TRIDEOXY~D-GLUCOSE

Methyl 2,4-D1acetamido-2,B,U—trideoxy—B-nitro-

o~D-glucopyranoside (XV)

Methyl 2-acetamido~4,6~d1-0-acetyl~2,3-dideoxy-
3-nitro-od~D=-glucopyranoside (IX) (2 g) was dissolved in
tetrahydrofuran (65 ml), and 15 N agqueous ammonia (39 ml)
was added. The mixture was stirred magnetlically at Troom
temperature while the progress of the reaction was monitored
by thin layer chromatography usiling chloroform—ethyl acetate
(1t : 1). After 25 minutes, the mobile spot corresponding
to starting material had vanished and only a non-migrating
spot corresponding to reaction products was visible.

The reaction mixture was evaporated to glve a
yellow, semi-solid residue. The latter was triturated with
99% ethanol, whereby a white, crystalline substance (805 mg)
wags formed. This was filtered; and dried in a high vacuume.
The mother liquor was evaporated to a yellow syrup which
was dissolved, with gentle warming, in the minimum amount
of 99% ethanol. Storage of the solution for two days at 59
yielded a second crop of white crystals (200 mg), thus
bringing the total yleld of crude methyl 2,4-diacetamido~-

[3-nitrd-2,3;h~trideoxﬂ—d—D—glucopyranoside (XV) to 1005 mg

(57%). The crude product was chromatographically uniform
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(thin layer chromatography with chloroform—methanol (1 : 1)
gave a single spot), and was sultable for use in subsequent
reactions. It melted at 285 - 286° (dec).

The product was difficult to recrystallize; al-
though soluble in some common solvents (methanol, ethanol)
and insoluble in others (chloroform, ethyl acetate, petro-
leum ether), it tended to precipltate in amorphous form
from combinations of these solvents. For analytical pur-
poses, a sample of the crude product (87 mg) was dissolved
with gentle warming 1p a small volume of absolute ethanol,
and the filtered solution was allowed to cool very slowly
(protected from alr-drafts). After three hours at room
temperature and twelve hours at 59, there crystallized
microscoplc needles (22 mg), melting at 289 - 290° (dec)
and showing E{]D + 102.1° (¢ 0.79, methanol).

Anal. Calcd for 011H19N307 (305.29): C? 43,273
H, 6.27; N, 13.76. Found: C, U43.4h; H, 6.17; N, 13.92.

The infrared spectrum showed broad absorption in
the OH and NH stretching region, with peaks at 3410, 3345
and 3315 cm™l. Other characteristic bands occurred at
1660 em™ L (s), amide I; 1552 em™ 1 (s), nitroalkane; 1550 -
1530 cm—1 (ms), amide II. There was no ester carbonyl
absorption near 1740 em™L,

The NMR spectrum of compound XV is shown in Fig.VI.

On thin layer chromatography (chloroform—methanol,

1 : 1), the yellow mother liquor from the crude diacetamido
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compound XV gave a spot corresponding to XV and two addi-
tional spots, the stronger one migrating more slowly than
XV and a minor one remaining at the start. The mother
liquor displayed no high-intensity ultraviolet absorption
although there was a very weak peak at 253 m which was

greatly intensified on addition of sodium hydroxide.

Methyl 2,U~Diacetamido-é-g-acetyl-z,B,M-trideoxy-B-nitro-

s=D-glucopyranoside (XVI)

Methyl 2,h-diacetam1do-2,B,U-trideoxy-j-nitro-
o.~D=glucopyranoside (XV) (600 mg) was suspended in acetic
anhydride (9 ml). Addition of poron trifluoride etherate
(5 drops) caused éomplete dissolution of the glucoslde,
in an exothermic reaction. The flask was cooled, and left
standing at roon temperature for one hour. Co-evaporatlon
of the mixture with ethanol (four times) yielded an almost
colorless syrup. The latter was dissolved in absolute
ethanol, with gentle warming; petroleum ether was then
added dropwise to incipient turbidity, and the 6-0-acetyl
derivative (XVI) was soon deposited as colorless crystals
(545 mg; 80%) melting at ou8 - 249° (dec) and displaying
&QD + 90.6° (c 0.62, methanol) «

Anal. Calcd for 013H21N308 (347.32): C, 4b.95;
H, 6.09; N, 12.10. Found: GC, L4 ,90; H, 6.07; N, 11.93.
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Infrared data: 3345 cm™! (ms) and 3310 em™ Y (ms),
NH; 1735 em”™! (s), ester carbonyl; 1670 - 1650 em™t (s),
amide I; 1555 en~! (s), nitroalkane; 1530 (ms, broad),

amide II; 1267 cm-l (ms, broad), acetate C-0-C.,

Methyl 2,4-Diacetam1do-3-amino-2,3,&—trideoxy-

d=D=-glucopyranoslide Hydrochloride (XVII)

A solution of the nitroglucoside XV (470 mg) in
water (40 ml) was acidified with L N hydrochloric acld
(2.6 ml) and hydrogenated at room temperature and ordinary
pressure over freshly pre~hydrogenated platinum oxide (300 mg).
Hydrogenation proceeded at a moderate but steady rate. The
uptake of 3 mole~cquivalents of hydrogen was completed "l
after forty-eight hours when thin layer chromatography
showed the disappearance of the nitroglucoside and 1ts
replacement by a more slowly moving compound.

Removal of the catalyst and evaporation of the
filtrate ylelded a colorless glass which was co-evaporated
several times with water in order to remove residual hydro-
chloric acid. The residue was dissolved in boiling absolute
ethanol, and ethyl acetate was cautliously added drop by
drop. Soon, there precipitated a copious crop of beautiful,
white needles (450 mg, 94%) of the amino sugar hydrochloride,
which melted at 234 - 235° (dec) and displayed E{]D + 101.5°

(¢ 1.11, water). It gave one ninhydrin-positive spot,
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RGN 1.35, on paper chromatography.

Anal. Caled for C, H,,N30.Cl (311.77): C, 42.36;
H, 7.11; Cl, 11.37. Found: G, w2.57; H, 6.97; Cl, 11.60.

In the infrared, the product exhibited charac-
teristic absorption bands at 3500 - 3200 cm™l with peak at
3280 om™! (OH, NH); 3080, 2700 - 2500, 1588 and 1510 cm™t
(all weak; NH3+Cl'); 1658 em™Y (s), amide I; 1550 em™! (ms),
amide II. In addition, a weak band at 1740 cm~! presumably
due to a trace of ethyl acetate was present.

The small peak at 1740 cm~! could not be removed
by drying the hydrochloride in vacuo (1 mm) at 100° for
seventy-two hours. However, when the compound was dissolved
in water and then recovered by evaporation, 1its infrared
spectrum was 1dentical with that of the crystals obtalned
from ethanol—ethyl acetate, except that the small 1740 em™!

peak was no longer present. The peak was therefore probably

due to ethyl acetate of crystallization.

Methyl 2,B,U—Triacetamido—Z,3,4-tr1deoxy—d~D~glucopyranos1de

(XVIII)

The hydrochloride XVII (223 mg) was dissolved in
water (10 ml) and methanol (2 ml), and N-acetylated in the
presence of Dowex 1 X 2(C03=) anion exchange resin (4 ml)
and acetic anhydride (5 ml). The reaction mixture was

stirred at 0° for three hours, the resin was filtered off,
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and the filtrate was briefly treated at 0° with a small
amount of cation exchange reslin, Rexyn 101(H+). Eva-
poration then furnished a white solid residue that was
hard to recrystallize as 1t tended to give gels from the
common solvents. Gel formatlon was avoided by recrystal-
1ization from absolute ethanol-ethyl acetate, with
scratching of the flask and gentle but contlinuocus warming
over the steam-bath; white, microscoplc needles of the
triacetamido glucoside XVIII were formed (114 mg, 50%).

The compound had no defined melting point; 1t
slowly darkened above 310° and decomposed between 350 =~
3650, Tt exhibited B{]D + 135.2° (¢ 0.65, water).

Anal. Calcd for 013H23N306 (317.34): C, 49.20;
H, 7.31; N, 13.24. Found: C, 49.08; H, 7.17; N, 13.13.

Typical infrared absorptions occurred at
3470 cm~} (w) and 3225 cm™! (w), OH; 3330 cm™! (ms) and

1

3300 cm™! (s), NH; 1643 (s) and 1620 cm - (msg), amide I;

1568 (ms) and 1550 cm™! (s), amide II.

Methyl 2,3,Q—Triaoetamido-é—g-acetyl-z,3,4~trideoxy-

o-D-glucopyranoside (XIX)

The hydrocchloride (XVII (300mg) was suspended 1in
pyridine (10 ml) and acetic gnhydride (5 ml), whereupon
the mlixture spontaneously turned into a thin gel. The

reaction flask was covered with aluminum foil and the gel

Y



- 159 -

was magnetically stirred at room temperature for thirteen
hours. The mixture was then co-evaporated twice with
‘methanol and five times with toluene. The resulting,
yellowish-white solid residue was dissolved in methanol
and treated with Dowex 1 X 2(C03=) at 0°, whereupon a
strong smell of pyridine could be discerned. Evaporation
of the methanol and four subsequent co-evaporatlons with
toluene removed all traces of pyridine and left behind the
fully acetylated glucoside (208 ng, 60%) as a yellowish
residue. The latter melted with decomposition at 335 =~
3400, partially subliming above 275°. ’
Recrystallizatlon was very difficult, as the

product easily formed gels. It was almost insoluble in

ethyl acetate and chloroform, soluble 1in hot ethanol, and

it formed gels with ethanol—-ethyl acetate or ethanol—
petroleum ether mixtures. The crude material was best
purified by a charcoal treatment in boliling absolute
ethanol followed by very slow, draft-free cooling to room
temperature and, after nine hours, storage at 59 overnight.
The fully acetylated triacetamido glucoside thus crystal-
lized as glittering, white needles (136 mg) melting at
339 - 340° (dec, with partial sublimation above 290°), and
displaying [?JD + 109.2° (¢ 0.64, methanol).

Anal. Caled for C, H, N0 (359.37): C, 50.13:

15725 3-7

H; 7.01; N, 11.69. Found: C, 49.90; H, 6.87; N, 11.68.
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Characteristic infrared bands occﬁrred at
3340 (ms), 3300 (ms) and 3230 cm™l (shoulder), NH;
1735 em~! (ms), ester carbonyl; 1640 cm™! (s), amide I;
1533 cm~!, amide II; 1248 cm™! (m), acetate C-0-C.
Absence of OH and NH3+ bands was noted.

The NMR spectrum of compound XIX 1s shown 1in

Figl.VII.
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Part II

A. SYNTHESIS OF CARBOHYDRATE DERIVATIVES OF ANTHRANILIC ACID

Methyl 4,6-Q-Benzy11dene—2-(2-carboxyphenyl)amino-2,3-d1deoxy-

3-nitro-d-D-glucopyranoside (1II)

1. Preliminary Experiments:
(a) Addition reaction in the presence of base and
a two-molar excess of anthranilic acld:

Methyl 4,6-g-benzylidene-2,3-d1deoxy-3—n1tro-er-erxthro-
hex-2-enopyranoside (147 mg, 0.5 mmole) and anthranilic
acid (138 mg, 1lmmole) were refluxed in dry benzene (15 ml)
with a chip (ca. 100 mg) of potassium hydroxide. The
reactlion was monitored by thin layer chromatography using
chloroform—-ethyl acetate (1 : 1) as irrigating system.
As anthranilic acld gave considerable "tailing" on the
plate, the progress of the rTeaction was assessed by the
gradual disappearance of the fast-moving spot (Bf 0.85)
corresponding to nitroolefin, and the concomitant ap-
pearance of a non-migrating spote. The reactlion was
complete within two to three hours. The reaction mixture
was then evaporated after removal of the potasslum
hydroxide chip, and the product was recrystallized from
absolute ethanol to glve needles that melted at 258 =
259o (dec) and showed a single spot (Rf 0.7) on thin layer

plates irrigated with chloroform-methanol (1 : 1).
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(b) Addition reaction in the presence of base and
one molar equivalent anthranillic acild:

Experiment (a) was repeated except that only 69 mg
(0.5 mmole) of anthranilic acid was used. The reaction
was complete in three hours. Recrystallization of the
jelly-l;ke, crudebproduct from methsnol—water gave,
with much difficulty and in much smaller yields (ca. 10 -
15%), needles that melted at 256 = 257° and had the same

chromatographlic mobllity as the product obtained in (a).

(c) Addition reaction with one molar equivalent of
anthranilic acid in the absence of base:

Experiment (b) was repeated, except that no potassium
hydroxide was added. The reactlion was followed chroma- -‘.II
tographically as before: the intensity of the faste-
moving spot corresponding to the nitroolefin appeared
to remain constant even after six days of refluxing.
Thus, probably no additlon occurred under those condi-
tions. The solvent used in this experiment was "Reagent
Grade" benzene, dried over sodium wire. However, in
another experiment, when ordinary benzene (dried simi-
larly, but presumably of lesser purity). was used,
addition occurred withing twenty-four to thirty hours
of refluxing. The resulting product melted at 259 -
260° and had an infrared spectrum identlcal with that

obtained in (a) and (b).
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2. Synthesis:
(a) Catalysis by potassium hydroxide (Yield: 65%):
Methyl llf,6_-_0_-‘benzylidene-2,‘3-dideoxy-3-nitro-
«~D-erythro-hex-2-enopyranoside (733 mg, 2.5 mmole)
and anthranilic acid (685 mg, 5 mmole) were refluxed
in dry benzene (125 ml) together with a chip (ca.
100 mg) of potassium hydroxide. The reaction was
complete within two to three hours as indicated by
thin layer chrohatography {cfe 1)
The potassium hydroxide chip was removed and the
yellow reaction solution was treated with decolorizing
carbon. Removal of the'solvent by evaporation ylelded

a yellowish-white residue which was recrystallized from

ethanol to give very pale yellow (almost white) needles
of methyl U4,6-0-benzylidene-2-(2~carboxyphenyl)amino=-
2, 3-dideoxy~-3-nitro-cd~D-glucopyranoside (706 mg, 65%).
This product melted at 254 - 2550 (dec). Recrystal~-
lization from ethyl acetate—petroleum ether gave a
colorless product and raised the melting point to

260 - 261° (dec, with slight darkening above 2550},

[oL]D + 56.9° (c 0.9, dimethylformamide).

(b) Catalysis by triethylamine (Yield: "75%):
The nitroolefin I (733 mg, 2.5 mmole) and
anthranilic acid (685 mg, 5 mmole) were refluxed in dry

benzene (125 ml) together with triethylamine (2 ml).
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The reactlon was complete after three and a half hours.

The reaction mixture was co=-evaporated twlce with
toluene (to remove triethylamine), then twice with
petroleum ether (b.p. 80 - 100°) and, finally, twice
with ethanol. The ensuing, yellowish-white resldue was
recrystallized from ethanol to give pale yellow needles
(715 mg). Concentration of the filtrate and recrystal-
lization from ethanol yielded another batch of needles
80 mg), bringing the total yield to 795 mg (75%). The
compound darkened slightly above 230° and melted with
decomposition at 252 - 254°.

A recrystallization from boiling ethyl acetate—
petroleum ether, which included a treatment with decolo-~-
rizing carbon, yielded a crop (603 mg) of faintly
yellowlsh (almost white) needles that melted at 261 -
262° with slight darkening above 260°., The recrystal-
lized product exnibited [&] ) + 57.1° (g 0.75, dimethyl~
formamide) .

Anal. Calcd for 021H22N208 (830.4): C, 58.60;
H, 5.15; N, 6.51. Found: C, 58.74; H, 5.16; N, 6.43.

The infrared spectrum of the present product was
identical wlith that of the product obtained by potassium
hydroxide catalysis. Characteristic bands occurred at
3360 em™} (mw), NH; 3240 cm™! (w, broad), bonded OH;
2700 - 2500 em™! (w), carboxyl; 1668 cm-l.(s), carbonyl

of aromatic acid; 1578 cm™1 (m), aromatic; 1550 cm™~1 (s8),
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1 (m), aromatic; 773 cm-l (m),

nitroalkane; 1520 cm
1,2-disubstituted aromatic ring of anthranilic acid residue:
755 (m) and 704 cm-1 (m), monosubstituted phenyl of benzylidene

group.

Methyl 2-(2-carboxyphenyl)am1no-2,3-d1deoxy—3—n1tro-d~D-

glucopyranoside (IV)

Compound II (386 mg) was suspended in 70% acetic
acid (40 ml) and heated on a steam~bath. The progress of
the debenzylidenation was followed thus: a few drops of the
reaction mixture were co-evaporated twice with water, then
three times with ethanol, and the resulting syrup was eXa-=
mined by thin layer chromatography using chloroform-methanol
(1 : 1). The reaction was characterized by a gradual disap-
pearance of the fast-moving spot (Bf 0.7) corresponding to
starting material and a concomitant appearance of a slow
(almost non-moving) spot correspondlng to the debenzylidenated
product. The reaction was complete in forty minutes.

The yellowish reactlion mixture was co-evaporated
three times with water (to remove benzaldehyde), then four
times with ethanol (to remove acetlc acid). There was pro-~
duced a yellowish-white solid (273 mg, 89%). This batch
of crude, debenzylidenated product melted at 189 = 1909,
with prior darkenlng above 170°. Charcoal treatment, fol-

lowed by recrystallization from ethyl acetate—petroleun



- 166 -

ether furnished a crop (203 mg, 67%) of pure IV as small,
stout prisms that melted at 204 - 205°, with slight
darkening above 200°, and that displayed |[#]  + 80.8°
(c 1, methanol).

Anal. Calcd for C14H18N208 (342.3): C, 49.12;
H, 5.30; N, 8.18. Found: C, 49.21; H, 5.46; N, 8.06.

The debenzylidenated préduct absorbed characte=~
ristically in the infrared at 3450 - 3150 cm™! (ms, broad,
with maxima at 3350 and 3270 cm™ '), NH, bonded OH; 2700 =
2500 cm™! (broad, weak, COZH); 1655 en™! (s), carbonyl of
aromatic acid; 1580 and 1500 cm-1 (m), aromatic; 1555 cm-1
(s), nitroalkane; 770 cm ™t (m), 1,2-disubstituted phenyl
ring of anthranilic acid residue. Bands at 755 and 704 en™!
corresponding to the benzylldene group in the starting

material were absent.

Methyl 4,6-D1~g-acetyl-2—[E—(Z-carboxyphenyl{]acetamido-

2,B-dideoxy-3-nitro-d—D~glucopyranos1de (v)

Compound IV (108 mg) was suspended in acetic
anhydride (3 ml). Boron trifluoride etherate (3 drops) was
added, whereupon the compound dissolved and heat was evolved,
The mixture was kept at room temperature for one hour and
then poured over ice-water. Magnetic stirring for fifteen
minutes failed to produce any precipitate, even after the

addition of a few milliliters of methanol to proumote the
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decomposition of excess acetic anhydride.

The reaction mixture was therefore extracted with
chloroform. The chloroform extract was dried over anhydrous
sodium sulfate, filtered, and evaporated. Three co-evapora-
tiong of the residue with ethanol finally afforded a white,
crystalline product which on recrystallization from ethyl
acetate—petroleum ether gave platelets (91 mg, 62%) melting
at 199 - 200° (dec) and exhiblting &i]D + 188.9° (c 0.9,
chloroform) .

Anal. Calcd for CZOH24N2011 (468.4): C, 51.29;
H, 5.16; N, 5.98. Found: C, 51.51; H, 5.31; N, 5.82.

Typical infrared bands occurred at 2600 ~ 2500 cm™t

H; 1766 (s), 1743 cm~! (s), ester carbonyl; 1700 em™1
1

(w), CO,
(s), acid carbonyl of anthranilic acld residue; 1625 cm
(s), amide I; 1595 cm™t (m), aromatic; 1562 cn~1 (s),

nitroalkane; 1245 em™1 (s), acetate C-0-C; 755 em™1 (m),
1,2-disubstituted phenyl ring of anthranilic acid molety;

1 region.

ahsence of strong absorptions in the 3700 - 3200 cm~
For NMR data, see the Discussion (page 88) and

Fig.VIII.




~ 168 -

Methyl 4,6-Q-Benzylidene—2,3—dideoxy-2—[2-(methoxycarbonyl)

phenyl]amino—3—nitro—d~D-glucopyranos1de (II1)

To a cooled (0°) solution of II (523 mg) in tetra-
hydrofuran (20 ml) was added, dropwise and with stirring, a
cold solution of diazomethane in ether until a slight yellow
tinge persisted. The reaction solution was then slowly
brought to room temperature and evaporated (bath temperature
not exceeding 40°), whereby a white residue was obtalned.
Recrystallization from ethyl acetate—petroleum ether gave
white, microscopic needles (466 mg). Concentration of the
mother liquor and subsequent cooling (at 59) deposited a
further crop of white needles (60 mg), bringing the total
yield of III to 526 mg (98%).

The ester had no definite melting point but sublimed
gradually between 215° and 223° without decomposition. It
displayed [?JD + 19.3° (c 1, chlorcform).

Anal. Calcd for 022H24N208 (bhh . b4): C, 59.45;
H, 5.44; N, 6.30. Found: C, 59.66; H, 5.48; N, 6.26.

The infrared spectrum showed typlical bands at
3330 cm"1 (mw), NH; 1690 cm"1 (s), carbonyl of COOCHB;
1607 em™ ! (m), aromatic; 1585 en~! (m) and 1525 cm™t (m),
aromatic band, reinforced by NH "bend" absorption; 1553 em™ !
(s), nitroalkene; 1270 (ms) and 1253 cm™1 (s), acetate
C-0=C; 756 em™t and 704 cm-l (m), monosubstituted phenyl

of benzylidene group; 766 cm™1 (m), 1,2-dilsubstituted
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phenyl of anthranilic acld ester residue. There was no

hydroxyl absorptlon.

Methyl 2,3-Dideoxy-2-[?-(methoxycarbonyl)phenyl]amino-

3-nitro-d-D-glucopyranoside (V1)

The ester III (137 mg) was suspended in 70% acetlic
acid (20 ml) and heated on a steam-bath. The progress:of
the reaction, monitored by thin layer chromatography
(chloroform—methanol, 3 : 1), was assessed by a gradual
conversion of the fast-moving spot corresponding to the
starting material to a slow~-migrating spot corresponding
to the product. The debenzylidenation was complete in
forty minutes.

The reaction mixture was co-evaporated twice with
water, then twlce with ethanol. This treatment resulted in
a white residue virtually free from bvenzaldehyde and acetilc
acid. Recrystallized from ethyl acetate—petroleum ether,
the fine white needles (90 mg, 82%) showed EL]D + 68.3°
(c 0.8, methanol).

The debenzylidenated ester had no definite melting
point, but decomposed slowly between 165 and 200°.

Anal. Calcd for 015H20N208 (356.33): C, 50.563
H, 5.66; N, 7.86. Found: C, 50.t5; H, 5.79; N, 7.86,

The product absorbed characteristically in the
infrared at 3425 (m) and 3200 cm™1 {(nw), OH; 3345 cn~! (ms),
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NH; 1680 em”1 (s), carbonyl of COOCH3; 1600 en™l (mw),
aromatic; 1590 cm™l (s), aromatic band reinforced by NH
"pend": 1528 (m), aromatic; 1554 em~! (s), nitroalkane;
1255 (s) and 1243 cm~! (s), acetate C-0-C; 760 em™ 1 (ms),

1,2-disubst1tuted phenyl of the anthranilic ester molety.

Methyl b,é-Di—g-acetyl-z,3-d1deoxy-2-[§-(2-methoxycarbonyl)

phenyi]acetamido-3-nitro-er—glucopyranoside (VII)

The debenzylidenated ester VI (80 mg) was sus-
pended in acetic anhydride (2 ml). Boron trifluoride
etherate (3 drops) was added, whereupon the nitro sugar
dissolved with evolution of heat. After being kept at
room temperature for one hour, the reaction mlxture was
poured over crushed 1ce and water. Magnetic stirring for
fifteen minutes falled to produce any precipitate.

The mixture was therefore extracted with chloro-
form. The chloroform extract was dried over anhydrous
sodium sulfate and evaporated to a turbid syrup. Two co-
evaporations with ethanol failed to produce any solid
residue. The syrup was therefore dissolved in chloroform,
treated with charcoal, and recovered by evaporatlion. The
colorless product (VI) then crystallized from a sméil amount
of ethyl acetate, Dby careful addition of petroleum ether
(to incipient, but not permanent, turbldity) and overnight

storage of the solution at 2 - 50, The beautiful, white
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platelets (67 mg) melted at 71 - 24° and exhibited
[?J b * 167.5° (¢ 0.2, chloroform). |

Anal. Calcd for 021H26N2011 (482.43): C, 52.28;
H, 5.43; N, 5.81. Calcd for 021H26N2011.3/1+CH013 (572.1):
Cc, 45.67; H, 4.71; N, 4.90, Found: C, 45.67; H, 4.81;

N, 4.71.- The analytical data are satisfactory if the pre-
sence of 3/4 mole of chloroform of crystallization 1is
assumed. The presence of chloroform was demonstrated by

the occurrence, in the mass spectrum (70 eV and 15 eV), of
cHC1," fragments at m/e 83, 85 and 87 in the intenslty ratio
9 : 6 : 1.

The infrared spectrum of the compound indicated
not only that QO-acetylation had taken place as expected,
but also that acetylation of the secondary amino group at
C~2 had occurred. Typlcal infrared bands were at 1750 c:m"1
(s) and 1722 em~l (s), ester carbonyl; 1668 em™ ! (s),
amide I; 1600 cm~! (mw), aromatic band; 1562 en”! (ms),
nitroalkane; ca. 1250 em™! (s), broad,acetate C-0-C;

262 om~! (ms), 1,2-disubstituted phenyl of enthranilic acld
residue; no absorptions in the 3700 - 3200 cm™! region.

NMR data (CDClB): 1.9 - 2.87 (complex multl-
plets, 4 aromatic H); 3.98%7 (quartet, H-2, J2,1 = 3.3 Hz and
Jp,3 = 11.5 Hz); 4.447F (triplet, H-b, J) 5 =J) o = 10 Hz);
5,127 (doublet, H-1, J1’2 = 3.3 Hz); 5.177 (quartet, H-3,
= 11.5 and J%u - 10 Hz); 5.887T (multiplet, 2H, C-6

J
3,2
methylene); 6.14 7T (singlet, 3H, COZCHB); 6.25%7T (multiplet,
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H~5); 7.06 T (singlet, 3H, OCHB); 7.93 and 8.007T (singlets,
6H, two O-acetyl): 8.31C (singlet, 3H, N-acetyl) .

The above acetylation was repeated using a modi-
fied work-up procedure. Instead of being poured over lice-
water, the reaction mixture co~evaporated with ethanol
four times to destroy excess acetlc anhydride. The resulting
syrup, however, falled to crystallize from ethyl acetate—
petroleum ether or from ethanol—water, even after charcoal
treatment. It would thus appear that the presence of

chloroform is essential for the product to crystallize.

Catalytic Hydrogenation of IV

1. Reduction:

A suspension of Pd/BaSOu.xHZO catalyst (800 ng)
in water (10 m%) was pre-hydrogenated. The nitro sugar v
(838 mg), dissolved in a mixture of ethanol (25 ml) and
water (10 ml), was then added together with 1 N hydrochloric
acid (6 ml). Hydrogenation was then allowed to proceed at
roon temperaturc an atmospheric pressure. The uptake of
the first 3 mole-equivalents of hydrogen was very rapid;
the next 2 moles was taken up very slowly: uptake ceased
after three days.

The reactlion mixture was filtered through Cellte
and evaporated to glve a jelly=-1like residue which falled

to crystallize from common solvents, even after charcoal
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treatment . Paper chromatography of the reaction mixture
indicated two ninhydrin-positive spots, RGN 1.13 and 1.99,

the faster one being very weak.

2., Separation over anion-exchange resin:

A solution in water (30 ml) of the jelly-like
residue obtained in 1, above, Wwas allowed to flow slowly
through a column containing 30 ml of Dowex 1 X 2 (OH ).

The column was eluted with water (250 ml), and the eluate
was co-evaporated, first with 1 N hydrochloric acid and
then several times with water, to yield a foam which falled
to crystallize. On paper chromatography, however, 1t
showed only a single ninhydrin-positive spot, RGN 1.13,

corresponding to the major hydrogenation product.

-y

3. N-Acetylation. Me thyl 2,3-d1acetamido-2,3-d1deoxy-

ol-D=zlucopyranoside (X):

The foam obtained in 1, above, WwWas N-acetylated
at 0°, with magnetic stirring, in a mixture of water (20 ml)
and methanol (3 ml) and in the presence of Dowex 1 x 2 (003=)
(7 ml) and acetlic anhydride (2 ml). After two hours the
resin was filtered off, and the flltrate was brlefly treated
with Rexyn 101 (#t), and then evaporated to a syrupy foam.
This was dissolved in the minimum amount of 95% ethanol
(added dropwise), then a relatively large volume of ethyl
acetate was added cautiously, with continual scratchling of

the flask. Methyl 2,3»d1acetamido-2,3=dideoxy—d-D—
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glucopyranoside (X) crystallized as white, microscopic
needles (125 mg). The yield was 20% (based on IV).

The 2,3-diacetamido derivative melted at 2Ls -
2146° with decomposition and showed Eﬂ b * 60.4° (c 1,
methanol). It was identical with the 2,3-dliacetamildo
glucoside described earlier (page 146), which had the same
melting point and exhibited EX]D + 60.0° (¢ 0.8, methanol).
The compounds had also identical infrared spectra. Further-
more, a mixed melting of the two samples (hoth crystallized

from 95% ethanol-ethyl acetate) was undepressed.

4, Methyl 2,3=-diamino-2,3-dldeoxy=c~D-glucopyranoside (IX):

Compound IV (900 mg) was hydrogenated over
Pd/BaSOA.xHZO catalyst (1 g) which had been prehydrogenated
in the presence of 1 N hydrochloric acld (7 ml), as des~-
eribed in 1. The reaction required five days for comple~
tion. The reaction mixture was worked up and separated over
Dowex 1 ¥ 2 (OH ) (40 ml) as described in 1 and 2, above,
respectively. However, this time the column eluate was not
co-evaporated with hydrochlorlc acid but evaporated alone.
The resulting, syrupy residue was co~evaporated with ethanol
twice, which gave a white solid. Crystallization from
ethanol—ethyl acetate produced colorless hexagonal piatelets
(227 mg, 45%).

The compound, which gave one ninhydrin-positive

spot on a paper chromatogranm (BGN 1.15) and a negative
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halogen test with acidified silver nitrate, was methyl
2,3-diamino-2, 3=-dideoxy~-d-D-glucopyranoside (IX). It
melted at 170 - 171° with prior darkening above 1600,
and displayed E&]D + 147.2° (c 0.7, water).
Anal. Calcd for C7H16N204 (192.21): C, L43.74;
H, 8.39: N, 14.58. Found: C, 43.82; H, 8.59; N, 14.46.
Infrared bands were at 3375 (ms) ahd 3305 em~1

(ms), NHZ; 3340 - 3060 cm™! (broad), OH; 1590 cm™ ! (ms), NH.
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B. BISGLYCOSIDYLAMINES

Bis(methyl h,é-grbenzylidene-z,3-dideoxy-3-n1troqirD-

glucopyranosid-2-yl)amine (XIII)

Methyl 2-amino-4,6-0-benzylidene-2,3-dideoxy-
3-nitro~d-D-glucopyranoside (155 mg) and methyl .
4,6-0~benzylidene=-2,3-dideoxy~3-nitro-d~D-grythro-hex-
2-enopyranoside (147 mg) were refluxed together in
anhydrous benzene (40 ml) with a chip (ca. 100 mg) of
potassium hydroxide and a few pleces of Drierite. Thin
layer chromatography with chloroform—ethyl acetate (1 : 1)

indicated the formation, after about two hours, of a new

spot corresponding to the adduct; which migrated faster
than either reactant. The reaction was complete in three
to three and a half days.

The yellow reaction solution was then treated
with decolorizing carbon, filtered, and evaporated. The
ensuing white residue was recrystallized from ethyl
acetate—petroleum ether to give shiny white needles of
XIII in yields of 204 to 228 mg (67 to 75%).

The recrystallized product melted at 284 - 2859
(dec) and exhibited []  + 78.5° (¢ 0.79, dimethylformamide).

Anal. Calcd for CZ8H33N3012 (603.57):

C, 55.72; H, 5.51; N, 6.96. Found: C, 55.61; H, 5.38;
Ny, 6.95.
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Typical bands in the infrared spectrum occurred
at 3360 em™! (w), NH; 1555 cm™1 (s), nitroalkane, with
shoulder at 1565 (NH bending); 765 (ms) and 705 om t (ms),
monosubstituted benzene.

NMR data (CDC13): 2.657 (narrow multiplet,

CGHS); 4.50¢ (singlet, PhCHO, proton); 5.30 T (triplet, H-3,

2
J3’2 = J3’4 = 10 Hz); 5.56 T (doublet, H-1, J1,2 = 3.5 Hz);
5.67 -~ 6.45 v (overlapping signals ascribable to H~4, H=-5,
H=6 and H-6"'); 6.61T (singlet, OCHB); 6.74T (multiplet,
H-2, width ca. 18 Hz); 8.2 (broad signal, NH). See also
Fig.IX.
The reaction time and yield of adduct in this
reaction seem to be greatly influenced by the quality of
the solvent, benzene. Thus, in the flrst run, the addition
was complete in twenty-five hours and gave a yield of
235 mg (78%) of recrystallized product. However, this “IIII
could not be repeated in subsequent runs, as a different
supply of "Reagent Grede" benzene (dried by refluxing over
sodium wire overnight and redistilling, as in the first run)
was used. The reaction was very slow when performed in the
absence of solid potassium hydroxide. Beginning addition
could be detected on thin layer chromatography after at
least twenty-four hours; but it remained incomplete after

thirteen days of refluxing.
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Bis(methyl 2,3-d1deoxy~3-n1tro—dPD-glucopyranosid-z-yl)

amine (XIV)

1. By debenzylidenation of 90% trifluoroacetic acid:

The benzylidene derivative XIII (517 mg) was
taken up in 90% trifluoroacetic acid (6 ml), in which it
dissolved 1in a slightly'exothermic reaction. The mixture
was allowed to stand at room temperature for ten minutes,
and was then evaporated to a yellow syrup that smelled
strongly of benzaldehyde and trifluoroacetic acid. Removal

of these compounds was achleved by co-evaporation with

-

water (twice), then ethanol (twice). The resulting yellow
syrup was then triturated with ether, which caused the
debenzylidenated amine (XIV) to crystallize as small, white
prisms. This first crop weighed 262 mg after washlng with
ether.

The mother llquor, which according to thin layer
chromatography contalned additional XIV but also some
starting material, was evaporated to dryness and again
treated with 90% trifluoroacetic acid (6 ml), this time
for six hours. Work-up as before provided an additional
crop (20 mg) of debenzylidenated product, thus bringing
the total yield to 282 mg.

The combined crops were recrystallized from
ethyl acetate—petroleum ecther to glve colorless needles.

However, the infrared spectrunm of these exhibited a band
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of medium-strong intensity at 1740 om™1

, Which was absent
in the spectrum of the crude product. This band, which
was probably due to ethyl acetate retained from the re-
crystallization, was removed by drying the crystals in
vacuo (1 mm) at 100° for fifty hours. The yleld of ethyl
acetate~free, recrystallized XIV was 218 mg (60%) .

The product darkened gradually above 205° and
melted at 212 - 213° (dec), with considerable foaming.
It exhibited [#] o+ 161.2° (g 0.68, water).

Anal. Caled for Cp)H, N0, (427.36): C, 39.34;
H, 5.89; N, 9.83. Found: C, 39.37; H, 5.75; Ny, 9.95.

The infrared spectrum displayed characteristic
absorption bands at 3500 - 3100 em~1 (ms), OH and NH;
1557 em™1 (s), nitroalkane, Bands near 750 and 690 cm-1

characteristic of the benzylidene grouping were absent.

2. By debenzylidenation 1n 70% acetic acid:

Bis(methyl 4,6-g-benzy11dene—2,3—dideoxy~3-nitro-
oA=D-glucopyranosid~2-yl)amine (XIII) (90 mg) was suspended
in 70% acetic acid (10 ml). The mixture was heated in a
steam-bath, and the amine slowly dissolved in the course of
one hour, with gradual, brown discoloration of the solutlon.
After sixty-five minutes the mixtﬁre was evaporated to a
brown syrup which was co-evaporated twilce with water and
then twice with ethanol. Following decolorization with

activated charcoal, the product crystallized from ethyl
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acetate-petroleum ether as white needles that were identical
(infrared spectrum, thin layer chromatography) with those
obtained in 1, above. On drying in vacuoc at 100° for fifty
hours, the 1740 em™l peak was similarly removed and the
resulting, ethyl acetate-=free debenzylidenated compound

(23 mg, 37%) melted at 212 - 213° (dec) and exhibited

Ex]D + 160.8° (c 1, water).

Bis(methyl 4,6-di-0-acetyl=-2,3-dideoxy-3-nitro-o-D-

glucopyranosid-2-yl)amine (XV)

Compound XIV (100 mg) was suspended in acetlc
anhydride (3 ml). Upon addition of boron trifluoride
etherate (3 drops), the amlne dissolved after gentle
warming on a steam-bath. The reactlon mixture was left
standing at room temperature for forty minutes, then co=
evaporated with ethanol (5 times) to‘yield a white residue,
This was recrystallized from ethyl acetate—petroleum ether
to give elongated, hexagonal platelets (85 mg, 61%4) of the
tetraacetate. The product melted at 208 - 209° and exhibited
Ei]D + 118.5° (¢ 1.05, chloroform).

Anal. Caled for 022H33N3016 (595.51): C, L44.36;
H, 5.58; N, 7.05. Found: C, 4k.35; H, 5.56; N, 7.15.

Typical infrared bands occurred at 3440 cm™ 1 (mw),
NH; 1740 and 1755 em™! (s), ester carbonyl; 1565 om™1 (w), NH
bending; 1552 en™l (s), nitroalkane; 1258 cm~! (s), acetate

C"’O"C °
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For NMR data, see Discussion (page 97) and
Fig.Xo

Bis(methyl 3-am1no-2,3-dideoxy-er—glucopyranosid-2-yl)

amine Trihydrochloride (XVI)

In some experiments the benzylldene compound XIIT
was debenzylidenated as described above and the crude, chro-
matographically 1inhomcgenedsus sSyrup containing XIV was
hydrogenated directly. In a typical run the syrup obtalned
from S5k2 mg of XIII was dissolved in water (40 m1), 1 N
hydrochloric acid (2.5 ml) and platinum catalyst (200 mg

PtO prehydrogenated) were added, and the mixture was

2’
hydrogenated for twenty~-four hours at ordlnary temperature
and pressure. The filtered solution was evaporated to give
a syrup which was twice co~-evaporated with water. The
product XVI then crystallized from absolute ethanol as
white prisms in a yield of 190 mg (444 based on XIII).
It gave a ninhydrin-positive spot on paper chromatography,
Rgy 1-11, showed &Q]D + 144.7° (¢ 0.9, water), and decom-
posed at 245 - 250° with gradual darkening from 200°.
Anal. Calcd for 014H32N308013 (476.8):
cl, 22.31; N, 8.81. Found: Cl, 22.5; N, 8.90.
. The infrared spectrum exhibited a sharp band at
3450 em™ ! (m) and broad absorption in the 3300 emn™L region

with maxima at 3340, 3300 and 3250 cm™! (OH, NH), a band
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at 3060 and a broad absorption in the 2700 ~ 2400 c:m-1

region, as well as bands at 1640 (mw), 1612 (m), 1598 (ms)

and 1520 cm“1 (ms) (due to NH *y.

3
A similarly performed hydrogenation of crystalline
XIV (300 mg) gave XVI in higher yield (230 mg, 69%). The

product had RG 1.11 and exhibited E*]D + 142.9° (¢ 0.7,

N
water); it decomposed slowly above 2059 and extensively at
240 ~ 250°, and its infrared spectrum was identical with

that from the preceding preparation.

Bis(methyl 3-acetamido-li,6-di-0-acetyl-2,3-dideoxy-d-D-

glucopyranosid-2-yl)amine (XVII)

Compound XVI (121 mg) was suspended in acetle
anhydride (3.5 ml) and pyridine (7 ml). The reaction
mixture was stirred magnetically for sixteen hours at room
temperature in the dark. A homogeneous solution was ob-
tained which was co-evaporated once with excess methanol
and several times with toluene until the smell of acetic
annydride and pyridine was no longer discernible. Finally,
two additional evaporations with methanol were performed.

Th

(4]

resulting brownish syrup was dissolved in chloroforn,
and the solution was washed several times with water (to
remove pyridinium chloride). The chloroform layer was
dried over anhydrous sodlum sulfate and evaporated to a

syrup. Co=~evaporatlon of the latter with absolute ethanol
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produced a semi-solid residue which was insoluble in ethyl
acetate but soluble in hot absolute ethanol. It was re-
crystallized from absolute ethanol—petroleum ether to
furnish white platelets of the fully acetylated compound
(68 mg, 43%). The compound melted at 3289 (dec) and
exhibited [d]D + 123.5° (¢ 0.82, chloroform).

Anal. Caled for c26H41N3014 (619.61): C, 50.40;
H, 6.67; N, 6.78. Found: C, 50.26; H, 6.48; N, 6.79.

Infrared data: 3310 cm~! (ms), NH; 1740 —
(s), ester carbonyl; 1658 em™t (s), amide I; 1560 cm™! (ms),
amide IT; 1244 and 1220 cm™' (ms), acetate C-0-C. |

NMR data (CDClB): 3.27 @ (broadened doublet,
amide NH); 5.157 (triplet, H-l, J“’;3 = JLP,S = 9.5 Hz);
5.4l T (doublet, H-1, J1,2 = 3 Hz); 5.6 = 6.37T (over-
lapping signals ascribable to H-3, H-5, H-6 and H-6");
6.64 U (singlet, OCHB); 7.007T (multiplet, width ca. 18 Hz,
H=2): 7.92, 7.95 U (singlets, equatorial O-acetyl);
8.057 (singlet, equatorial N-acetyl); 8.27T (broadened

signal of secondary amine NH). See also Fig.XI.
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Part III

A. SYNTHESIS OF INOSATRIAMINES

1,3-D1acetamido-1,2,3-tr1deoxy-z-nltro-scxllo-inositol (IV)

and its muco Isomer (II)

1. From deoxynitro-scxllo-inositol pentaacetate:
Deoxynitro-scyllo-inositol pentaacetate (1) (75,
164) (2 g) was dissolved in dioxane (30 ml) and tetrahydro-
furan (100 ml). The mixture was cooled in an ice~-water bath
for five minutes. Agqueous 15 N ammonia (40 ml) was added
and the resulting, lightly yellow mixture was stirred at
room temperature for one hour. Thin layer chromatography
using chloroform—ethyl acetate (2 : 3) thereafter indicated
absence of the fast-moving spot that corresponded to starting
materisl and the formation of a non-migrating spot that
corresponded to the products. When the irrigating system
was changed to chloroform—umethanol (1 : 1), the reaction
products gave two spots of Rf 0.6 and 0.4, respectively.
Cold ethanol was then added and the solution was evaporated
to yleld a partly crystalline residue. The latter was
jmmediately taken up in methanol (100 ml) and to the cooled
(0°) solution, acetic anhydride (6 ml) was added. The mixture
was allowed to attain room temperature and wés, after one
hour, co-evaporated several times with ethanol and then once

with benzene. Thin layer chromatography of the crude pro-

.
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duct showed the same two spots that had been seen before
the acetylation. The semi-crystalline residue was dried
in a high vacuum for two hours at room temperature, and was
then recrystallized from ethanol-water. A crop of fine,
white needles (261 mg) was deposited after eighteen hours
at 5°. This crop melted at 294 - 295° (dec) with prior
darkening above 288°. It was 1,3~dlacetamido=1,2, 3~trideoxy=~
2-nitro-scyllo-inositol (IV) as described by M. Wang (163)
and was the component which had Rf 0.4, Evaporaticn of the
mother liquor and recrystallization of the residue from
ethanol-water furnished, first, an additional crop of pure
IV, then mixtures of the components with Rf 0.4 and 0.6.
These mixtures were agaln subjected to fractional crystalli-
zation. Eventually, a total of u48 mg (32%) of the pure
scyllo isomer IV (Rf 0.4) and a total of 304 mg (21.8%) of
the pure muco isomer II (Rf 0.6) could be separated.
1,3-Diacetamido-1,2,3-trideoxy-2—nitro~gggg-
inositol (II) formed.large, stout crystals melting at 268 -
269° (dec). It was optically inactive.
Anal. Caled for C,gH,,N30, (291.3) (II): C, 41.2h;

H, 5.88; N, 1h.41. Found: C, 41.35; H, 5.85; N, 14.57.
Compound II showed characteristic infrared bands
(Fig.XTI) at 3370 cu™ (ms), NH; 3300 - 3100 em™l (broad),
OH: 1660 cm™1 (s), amide I; 1565 = 1520 cm"1 (s to ms),
nltroalkane.and amide IT. The spectrum was regdily dis-

tinguished from that of IV (Fig.XIII) by the absence of
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the following bands which were present in the latter:
3426 ocm~t (ms); 3308 and 3280 om™t (s); 3120 em™t (w);
1098 om™t (m); 1073 em™ ! (mw) and 1022 em™! (m). Further-
more, II gave a consplcuous band at 1060 em™! (mns) with a
shoulder at 1050 em~l (m), and this band was not given
by IV.

In one experiment, the N-acetylation was omitted.
The muco isomer II (mp 268 = 269°) could nevertheless be
jsolated from the reaction mixture by crystallization from
ethanol—water. The yleld was 15%. The scyllo isomer could
not be isolated in this jnstance, although chromatography

jndicated its presence 1in the reaction mixture.

2. From deoxynitro-gxg~1nositol pentaacetate:
Deoxynitro~myo-inositol pentaacetate X (164)
(300 mg) was dissolved in tetrahydrofuran (20 ml) and
treated with aqueous, 15 N ammonia. Thin layer chromato-
graphy (see under 1) revealed that the reaction was com=
plete after thirty minutes. Work-up as before, afforded a
crystalline solid (137 mg, 66%) which gave two chromato-
graphic spots having Rf 0.4 and 0.6 (1.e., the séme two
spots given by the crude product in 1). In the present case,
the crude product was not N-acetylated, but recrystallized
immediately from ethanol—water to furnish crystals of the
muco isomer II (80 mg, 38%) melting at 267 - 268° (dec)

poiRA Sty

and having an infrared spectrun identical with that of II
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obtained in 1. The component having Rf 0.4 (presumably IV)
did not crystallize.

When the reaction time was prolonged to one hour,
the pentaacetate X (500 mg) afforded the same mixture
(257 mg, ?73%), with the muco isomer I1I again being the
predominant product, as judged from the intensity of the

thin layer spots.

1,3—D1acetamido-4,5,6-tri-g-acetyl-1,2,3-trideoxy~2—n1tro-

muco-inositol (III)

Compound IIX (140 mg) was suspended in acetic
anhydride (1.5 ml). Boron trifluoride etherate (6 drops)
was added and the mixture warmed gently on a steam-bath for
two to three minutes. The starting material dissolved and
the acetate IIIT crystallized out immediately. The mixture
was cooled at 5° for twenty-minutes, and the crystals were
then isolated and washed with ether. The crude product was
recrystallized from tetrahydrofuran to furnish white needles
(190 nmg, 95%) of III, melting at 325° (dec) with prior
darkening above 320°.

;A_r_l_a_._]__ Calcd for c16}1231\13010 (417.37): C, 46.0k4;
H, 5.55; N, 10.07. Pound: O, 46.08; H, 5.38: N, 10.27.

Infrared data: 3316 em™ L (ms), NH; 1766 em™L (s)
with shoulder at 1753 cm~ Y (ms), ester carbonyl; 1667 om™ L

(s), amide I; 1555 om~! (s) with shoulder at 1542 c:m-1 (ms),
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nitroalkane and amlde II; 1245 cm"1 (s}, acetate C-0-C.

1,3-D1acetamido-2-am1no-1,2,3-trideoxy-muco-1nos1tol

Hydrochloride (V)

The diacetamidinitro compound II (291 mg) was
dissolved in water (30 ml), acidified with 1 N hydrochloric
acid (1.5 ml), and hydrogenated over platinum (120’mg of
Ptoz, prehydrogenated) at normal temperature and pressure
for twenty~four hours. Filtratién of the catalyst and
evaporation of the solu?ion yielded a colorless glass which
was repeatedly co-evaporated wlth water to remove residual
acid. Crystallizatlion was then achieved from absolute
ethanol, with moderate warming, to furnish the amnine
nydrochloride V (242 ng, 82%4). It melted at 258 - 259°
(dec), with prior darkening above 253°.

Anal. Calcd for CiOHZONBOSCl (297.74): C, b0.333
H, 6.77; Cl, 11.91. Found: c, b0o.48; H, 6.74; Cl, 11.86.
, Infrared data: 3480 - 3100 cm™ Y (broad) with
peaks at 3405 and 3300 cm™}, NH, OH; 2800 - 2300 cm™l (w),

NH3+; 1670 em~ Y (s), amide I; 1535 em~ ! (ms), omide IT.

1,2,3-Triacetamido-1,2,3-trideoxy—ggggrinositol (Vi)

The hydrochloride V (180 mg), dissolved in water

(10 ml) and méthanol (2 ml), was N-scetylated at 0° by
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magrztic stirring with acetic anhydride (0.5 ml) and
Dowex 1 X 2 (003=)' for two hours. Filtration, followed
by a brief treatment with a small amount of Rexyn 101(H+)
afforded a colorless liquid which was repeatedly evaporated
with methanol. The resulting solld residue falled to
crystallize properly. A slightly turbid ethanolic solution
of it was clarified with activated charcoal, and a white,
solid product (110 mg, 57%) was recovered by evaporation of
the solvent. The product decomposed at 300 -~ 3059, with
very slow darkening above 2559, It appeared to retain
ethanol which was not removed by drying in wacuo: The NMR
spectrum in DMSO—d6 exhibited a methyl proton triplet

(J = 7.3 Hz) at 8.791 and a corresponding methylene proton
quartet in the 6.5 7 region.

The infrared spectrum of VI showed typlical bands
at 3500 - 3100 cm™! (broad) with pesks at 3365 en~l (m),
3382 cm~! (ms), 3100 em™l (w), NH, OH; 1663 (s) and 1632 cm
(s)m amide I; 1545 em™t (s), amide II.

No satisfactory mlcroanalytical data could be
obtained, evidently because of the presence of ethanol in
the sample, but possibly also because of other impurlties
that were not revealed Spectroscopioélly. However, when the
presence of 0.5 mole/mole of ethanol was assumed, at least
the hydrogen and nitrogen values were correct.

pnal. Caled for C, H, N30g (303.31): C, 47.52;
H, 6.98; N, 13.36. Calcd for 012H21N306.%02H50H (326.39):

1
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c, 47.82; H, 7.45; N, 12.87. Found: G, 46.51; Hy, 7573
N, 12.84,

1,2,3-Triaoetamido-4,5,6-tr1-g-acetyl—1,2,3-tr1deoxy-muco-

jnositol (VII)

A suspension of the hydrochloride V (54 mg) in
pyridine (2.4 ml) and acetilc anhydride (1.2 ml) was stirred
for eighteen hours in the absence of light. The resulting
pink solution was then repeatedly evaporated with ethanol
and then with toluene, to yleld a yellow residue. The
1atter was extracted with chlioroform. Evaporation of the
extract (which had been dried over sodiunm sulfate) afforded

a white resldue which was crystallized from absolute

ethanol—petroleum ether to give the hexaacetyl derivatlve VII

(50 mg, 64%). It melted at 320° (dec), with gradual darke-
ning above 3100.
Anal . Calcd for C18H27N309 (429.42): C, 50.34;
H, 6.34; N, 9.79. Found: G, 50.14; H, 6.26; N, 9.60.
Infrared data: 3420 (w), 3250 (m), 3200 -
3180 cm"1 (m), NH; 1750 em™1 (s), ester carbonyl; 1680 (ms)
and 1635 cm"1 (s), amide I; 1578 (w) and 1540 cmn~! (m),

smide II; 1230 (ms) and 1210 em~! (s), C=0-C.
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1,3-Diacetamido—2—amino-1,2,3-tr1deoxy-scxllo-inositol

Hydrochloride (VIII)

A solution of the diacetamidonitro compoﬁnd IV
(253 mg) in water (30 ml) was hydrogenated for twenty-four
hours in the presence of 1 N hydrochloric acid (1.2 ml)
and platinum (200 mg of Pt02, prehydrogenated) as described
for the muco lsomer If. After identical processing of the
reaction mixture, VIII was crystallized (with great diffl-
culty) from ethanol. The hydrochloride (175 mg) melted at i'
230° with partial sublimatlon above 210°. The analytical
data for carbon and hydrogen are satisfactory if the presence
of ca. 2.5 moles/mole of water in the crystals 1s assumed.

Anal. Calcd for C,aH,oN50Cl (297.74): C, 40.33;
H, 6.77; Cl, 11.91. Calcd for ClOHZONBGSCl.Z%HZO (342.78):
C, 35.00; H, 7.31; cl, 10.35. Found: C, 35.15; H, 6.92;
Cl, 11.46.

Infrared bands occurred at 3600 - 3100 cm~1

with peaks at 3506 (mw), 3420 (m), 3330 (m), 3230 en™l,

NH, OH; 2800 - 2300 em™ Y (w), NH,F; 1668 (s) and 164L cm™t

3
(ms), amide I; 1565 (ms), 1550 (s), 1522 cn™! (m),

omide II end NH .
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1,2,3-Triacetam1do-4,5,6-tri-g-acetyl~1,2,3-tr1deoxy-

scyllo-inositol (IX)

The hydrochloride VIII (125 ng) was acetylated
in pyridine (4 ml) and acetic anhydride (2 ml) as des-
cribed for the muco isomer V. After identical work=-up
of the reaction mixture, the product was recrystallized
from absolute ethanol—petroleum ether, to furnish IX
(126 mg), mp 314 - 315%

Anal. Calcd for 018H27N309 (429.42): C, 50 .34
H, 6.34; N, 9.79. Found: C, 50.12; H, 6.11; N, 9.93.

} Characteristic infrared bands were at 3408 (m),
3386 — (m), NH; 1738 en~! (s), ester carbonyl;
1682 (ms) and 1641 em™! (ms), amide I; 1540 cn~! (ms),

amide IT; 1270 (ms) and 1235 cm~! (ms), C=-0-C.
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B. REACTION OF DINITROINOSITOLS WITH AMMONIA

2, 5=-Dinitroaniline (XVII) from 2,3, 5,6~Tetra-0~acetyl=-

1,4-dideoxy-1,4-d1nitro-neo-inositol (XVI)

To a magnetically stirred solution of 2,3,5,0~
tetra-g~acetyl—1,b-dideoxy-l,M-dinitro-ggg-inositol (136)
(XvIi, 1 g) in tetrahydrofuran (180 ml) was added dilute
ammonium hydroxide (20 ml of 14.8 N NH,OH plus 160 ml of
water). The colorless mixture immediately turned
yellow. Stirring was maintained for one hour during which
time the mixture became darker in color. Removal of the
tetrahydrofuran by evaporation then caused precipltation
of an orange-yellow, fluffy solid. The latter was tritu-
rated with water, and evaporation was continued to remove
most of the tetrahydrofuran and residual ammonia. The
solid was then filtered, washed with water, and dried in
vacuo to yield 2, 5-dinitroaniline (340 mg, 76%) melting
at 134 - 135°. Recrystallization from ethanol (with in-
clusion of a treatment with activated qharcoal) raised
the melting point to 137 - 138° [reported (173), mp 137°].

Anal. Calcd for 06H5N30LP (183.12): C, 39.35;
Hy 2.75; N, 22.95. Found: C, 39.13; H, 3.01;5 N, 22.79.

Typical infrared bands occurred at 3510 (m) and
3396 (ms), 1634 cm-1 (ms), primary NH,; 1600 (m) and

1500 cm™t (m), aromatic; 873 (mw) and 813 em™! (mw),
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1,2, 5-substituted benzene; 1541 cm™1, aromatic NOZ'

The above aromatization of XVI to 2,5-dinitro-
aniline could also be carried out with minor varlatlons
in procedure, although ylelds were slightly lower. For
instance, the reaction also took place in chloroform or
acetone as solvents, at room temperature. The same pro-=
duct was also obtained when a stoichiometric proportion
of ammonium hydroxide was used, at room temperature or

at “80 °

2, 5-Dinitroacetanilide (XVIII)

2, 5-Dinitroaniline (100 mg) prepared from XVI
was taken up in acetic anhydride (1 ml). Concentrated
sulfuric acid (2 drops) was added, whereupon the solution
became hot and changed its color from orange-yellow to a
pale yellow. The solution was left standing at room
temperature for ten minutes, then poured 1lnto lce-water.
magnetic stirring caused the separation of a pale yellow
solid, which was filtered and washed several times with
water. Recrystallization fron ethanol—water gave 2,5-
dinitroacetanilide (86 mg, 70%) as very pale yellow, fine
needles melting at 120 - 121° [reported (174,175),
mp 121?].

| Infrarved data: 3280 cm™! (m), NH; 1670 cm'; (s),

amide I; 1598 cm™l (m), aromatic; 1545 cm™! (s8), aromatic
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NO 1515 cm™} (s), amide II; 890 (ms) and 840 em™t (ms),

o}
1,2, 5~-substituted benzene.

The NMR spectrum of the compound (in CDClB)
showed three aromatic protons in the 0.5 - 2.0 T reglon.

The signal for the N-acetyl protons occurred at 7.67%7 .

2, 5=Dinitrophenyl Acetate (XIX) from 2,3,5,6=-Tetra-

Q-acetyl-l,b-dideoxy-l,h-dinitro—neo-inositol (XVI)

The tetraacetate XVI (500 mg) was refluxed
in dry benzene (50 ml) together with dry, flnely-
powdered sodium bicarbonate (2.5 g). Small samples
of the solution were withdrawn periocdically, filtered,
evaporated, and examlned by infrared spectroscopy.
Progress of the reaction was indicated by the gradual
disappearance of the 1753 cm™l (ester carbonyl) and
1570 c:n'-1 (nitroalkane) peaks, with concomitant repla-

cement by peaks at 1775 and 1540 cm™!

, respectively,
typical of the aromatic product.

Completion of the reaction required ten
hours, after which the bicarbonate was flltered off
and the benzene evaporated. A pale yellow residue of
2, 5-dinitrophenyl acetate (270 mg, 98%) was obtained.

On recrystallization from methanol—-water, the fluffy,

pale yellow needles melted at ol = 95° [repor-



..196..

tea* (172), mp 101 - 102.5°].

The 1nfréred spectrum of the product was iden-
tical with that synthesized according to Lichtenthaler
and Fischer (172). It exhibited characteristic bands at
3122 cm'.1 (w), aromatic; 1775 em™! (s), ester carbonyl;
1550 om~l (s), aromatic NO,; 1175 om™l (s), acetate C-0-C;

840 (ms) and 900 en™! (m), 1,2, 5-substituted benzene.

2, 5-Dinitrophenol (XX)

2, 5~-Dinitrophenyl acetate (400 mg), obtained as
described in the preceding section, was suspended in 2 N
hydrochloric acld (20 m1l) and hydrolyzed by heating on a
steam-bath for thirty minutes. The reaction mixture was
then extracted with ether; the ether layer was washed with
water, dried over anhydrous sodium sulfate, and evaporated
to give a yellow residue. Recrystallizatlon from ethanol—

water furnished bright yellow needles of 2,5~-dinitrophenol

% A sample of 2,5-dinitrophenol (mp 107-108° was acetylated
with acetic anhydride — boron trifluoride and the product
was recrystallized from methanol = water. The 2,5-
dinitrophenyl acetate so obtalned melted at_94 - 950.

A sample synthesized according to Lichtenthaler and
Pischer (172), l.e., by treatment of XVI with pyridine,

1ikewise showed mp 9% - 95° in our hands.
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(300 mg, 93%), mp 107 = 108° E?eported (182), mp 108§].

Infrared data: 3280 cm™ )Y (broad, mw) bonded OH;

3130 (w) and 1633 cm”l (m), substituted phenyl; 1550 cm™!

1

(m), NO 1260 em~1 (ms), phenolic OH; 868 (m) and 832 cm”

i
(m), 1,2,5-substituted benzene. The spectrum was super-s
jmposable with that of a sample (mp 107 - 108°) prepared
in a differend manner (172), namely, by the action of
pyridine upon 2;3,5,6-tetra—g-acety1-1,b-dideoxy-l,b-

dinitro-neo-inositol, followed by acid hydrblysis.
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Addendum

SYNTHESIS OF GEMINAL DINITRO COMPOUNDS

2,2-D1nitrocyclohexane-cis-l,3-diol (I1)

An aqueous solution of trans,trans-2-nitro-

1, 3-cyclohexanediol (I) (180) (500 mg, 3.1 mmole),
1 N sodium hydroxide (3.1 ml, 3.1 mmole), and sodium
nitrite (650 mg, 9.3 mmole) was poured into a stirred
and chilled (0 - 59) mixture of agueous gsilver nitrate
(1070 mg, 6.2 mmole of AgNO3 in 15 ml of HZO), sodium
hydroxide (2 - 3 drops until Agzo appeared) and ether
(30 ml). The reaction mixture was protected from light.
After ten minutes, it was brought to room temperature,
and stirring was continued for several hours. Thin
layer chromatography (petroleun ether—ethyl acetate, 3 : 1)
indicated, after one hour, the appearance of a new spot
(Rf 0.7) that migrated faster than I (Rf 0.3). The
reaction did not go to completion even after five days.
Extraction'of the reactlon mixture with ether,
and evaporation of the ethereal layer (which was dried
over sodiun sulfate) afforded a yellowish syrup that
crystallized on repeated evaporatlion with chloroforme.
The crystalline, almost colorless, crude product (éOB ng)
was a mixture of I and IlI. Attempts at fractional

crystallizatlon were unsuccessful, but separation was
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Tinally achieved by column chromatography on silicic
acid. Elution with mixtures of petroleum ether and
ethyl acetate furnished the pure dinitrodiol II (104 mg,
16%), which crystallized from chloroform as shiny,
white platelets melting at 130 - 132°. Small samples
of the mixture of I and II were conveniently separated
by preparative thin layer chromatography on silica gel
plates (20 cm x 20 cm), using petroleum ether—ethyl
acetate (3 : 1) as irrigating system.
Anal. Calcd for 06H10N206 (206.16): C, 34.95;
'H, 4.89; N, 13.59. Found: C, 34.88; H, 4,88; N, 13.52.
The product Il was char;}erized in the infrared
by bands at 3558 (ms), 3500 - 3200 c:m-1 (broad, with
peak at 3400 cm™1), 0H; 1590 (m) and 1568 em™1 (s),
1343 (mw) and 1322 em™! (mw), geminal dinitro. Compound
II was readily distinguished from I which gave only a
broad hydroxyl peak in the 3500 - 3100 cm~l region, and
only one nitro absorption at 1555 (s) and 1338 cm~l (mw).
Unlike I, the dinitro compound II gave no peak
in the 250 mp ultraviolet region upon addition of aqueous

sodium hydroxide.
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2,2-Dinitrocyclohexane~cis-1,3-diol Diacetate (III)

A crude mixture (130 mg) of I and II (with the
latter preponderating) was suspended in acetic anhydride
(2 ml). Addition of boron trifluoride etherate (3 drops)
caused complete dissolution in a slightly exothermlc
reaction. After fifty minutes at room temperaﬁure the
mnixture was poured into lce-water. Magnetic stirring
and addition of few milliliters of methanol caused the
precipitation of a white solid which was filtered,
washed with ice-cold water, and recrystallized from
ethanol—-water. There was obtained 71 mg of III, mp 73 ~
714°. |

Compound III gave a single spot (Rf ca. 0.7) on q
thin layer chromatography (petroleum ether—ethyl acetate,
12 : 5). A sample of the mononitrodiol diacetate (IV)
was run for comparison and had Rd ca. 0.6 &

Anal. Calcd for C10H14N208 (290.23): C, 41.38;
H, 4.86; N, 9.65. Found: C, 41.58; H, 5.08; N, 9.81.

A pure sample of the dinitrodiol II (80 mg)
was scetylated similarly and afforded 81 mg (70%) of
recrystallized III, mp 73 = 740 (alone and admixed with
the previous sample).

Infrared data: 1755 emn~1 (8), ester carbonyl;
1590 (ms) and 1568 cm~! (s), 1332 (w) and 1320 en”™l (w),

geminal dinitro; 1215 em~! (s), acetate C-0-C.
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CLAIMS TO ORIGINAL RESEARCH

Part I

1.

The introduction of an amino function into the posl-
tion 2 of derivatives of 3-deoxy-3-nitro-D-glucose was
investigated for the first time 1in the o=-glycosidlc
series. A nitroamine having the A-D-gluco configura=
tion was obtained in high yield, and further chemical
transformations led to én economically attractlve syn-

thesis of 2,3=-diamino~2,3-dideoxy~D-glucose.

The synthesis of triamino sugars by a stepwise intro-
duction of two amino groups into the positions 2 and 4
of a 3-deoxy-B-nitro-hexopyranoside is descrlibed for
the first time. Thls approach led to the synthesis of
various, hitherto unknown d=-glycosidic derivatives of

2,3,4-triamino-2, 3, 4-trideoxy~D-glucose.

The following new compounds were synthesized:

Part I, Section A

(2) Methyl 2-amino-4,6~0-benzylldene-2,3-dldeoxy=
3-nitro-d~D-glucopyranoside (III)

(b) Methyl 2~acetanido=4,6~0~-benzylidene=-2, 3~dideoxy=-
3~nitro=--D-glucopyranoside (1IV)

(c) A stereoisomerv(VI) of IV, probably having the

ol=D-manno configuratlon




(a)
(e)
()
(g)
(h)

(1)
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Methyl 4,6-0-benzylidene~2-ethoxycarbonamido=~
2,3-dideoxy-3-nitro-d~D=-glucopyranoside (VII)
Methyl 2-acetamido-2,3-dlideoxy~-3-nitro=~ol=D=-
glucopyranoside (VIII)

Methyl 2-acetamido~4,6-4i-0~acetyl~2,3-dideoxy-
3=-nitro-¢-D-glucopyranoside (IX)

Methyl Z-acetamldo-3-amino=2,3-dideoxy-o-D=-
glucopyranoside hydrochloride (X)

Methyl 2,3-dlacetamido-2,3-dideoxy-d=-D-
glucopyranoside (XI)

Methyl 2,3-diacetamido-4,6-di-0-acetyl-2,3-~dideoxy~-

ol-D-glucopyranoside (XII)

Part I, Section B

(3)

(k)

(1)

()

(n)

Methyl 2,4-diacetamido=-2,3,4~trideoxy~-3-nitro-
d~D~glucopyranoside (XV)

Methyl 2,4~diacetamido-6-0-acetyl=-2,3,4-trideoxy-
3-nitro=-o~D-glucopyranoside (XVI)

Methyl 2,4-diacetamido-3-amino=-2,3,4-trideoxy=-
ol=D~-glucopyranoside hydrochloride (XVII)

Methyl 2,3,4-triacetamido=-2,3,4-trideoxy-ot~D=
glucopyrancside (XVIII)

Me thyl 2,3,M-triacetamido-6~g-acetyl«2,3,b~trideoxy-

d~D-glucopyranoside (XIX)
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Part II

4. The nucleophilic addition of anthranilic acid to methyl
4,6-grbenzylidene-2,3-dideoxy—3-nltr6-er- rythro-hex-
2-enopyranoside was studied under a varilety of condi-
tions. The reaction appears to give only one adduct,
namely that with the 2, 3-diequatorial substituent
orientation. In this regard, the addition differs from

the analogous reaction in the ﬁ-glycosidic serles.

5. The synthesils of bisglycosidylamines, 2 novel class of

amino sugars, was achleved.

6. The followling new compounds were synthesized:

Part II, Section A

(a) Methyl 4,6—g-benzylidene~2-(2-carboxyphenyl)amino- "QII.I
2,3-dideoxy-3-n1tro-a~D-glucopyranbs1de (I1)

(b) Methyl b,6-g-benzylidene—2,3-d1deoxy-2-
[(Z-methoxycarbonyl)phenyi]amino~3-nitro—
d-D=-glucopyranoside (I1I1)

(¢c) Methyl 2—(2-carboxyphenyl)amino-2,3-dideoxy—
3-nitro-er-glucopyranoside (1IV)

(d) Methyl 4,6-d1-g~acety1-2-[u~(2-carboxypheny1ﬂ
acetamido-z,3-dideoxy—3—n1tro-er-gluoopyrands1de (V)

(e) Methyl 2,3-dideoxy-2-[(2-methoxycarbonyl)phenyi]

amlno«B-nitro-er—glucopyranoside (VI)
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(f) Methyl 4,6-di-0~acetyl=-2, 3~dideoxy=~
2-[&-(2-methoxycarbonyl)phenyi]acetamido-3—nitro—
d~D=-glucopyranoside (VII)

(g) Methyl 2,3-diamino-2,3—dideoxy—er-

glucopyranoside (IX)

Part II, Section B

(h) Bis(methyl 4,6—Q-benzy11dene-2,3-d1deoxy-3-nitro-
d-D-glucopyranosid=-2-yl)amine (XIII)

(1) Bis(methyl 2,3-dideoxy-3-n1tro-d—D-g1ucopyranosid-
2-yl)amine (XIV)

(3) Bis(methyl U,6-di-geacety1-2,3—dideoxy—3-nitro-
ot-D-gluoopyranosid—z-yl)amine (XV) ‘

(x) Bis(methyl 3—amino-2,3-dideoxy-er-glucopyranos1d-
2~=yl)amine trihydrochloride (XVI)

(1) Bis(methyl B-acetamido-h,6~di-g-acety1-2,3-dideoxy-

d—D-glucopyranosid-z—yl)amine (XVII)

Part IIT

7+ The diamination of penta-g-acetyl~deoxynitro-scxllo-
jnositol, followed by N~-scetylation, as described by Baer

and Wang (149) was further investigated and was found to

yield, in addition to 1,3—diacetamido~1,2,3-tride6xy-

Z-nitro—scxllo—inositol, a stereoisomer to which was ten-
tatively assigned the muco configuration. Further chemical

transformations led to the first synthesis of 1,243~

inosatriamines.
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8. A novel and improved synthesis of 2, 5«dinitroaniline
was achieved by the aromatization, with ammonia, of
2,3,5,6-tetra-g-acety1-1,M-dideoxy-l,M-dinitro-ggg-
inositol.

9. The following new compounds# were synthesized:

Part III, Section A

(a) 1,3-Diacetamlido-1,2,3=trideoxy=-2-nitro-muico-
inositol (II)

(b) 1,3-D1acetamido-4,5,6~tri-g-acetyl-1,2,3-trideoxy-
2-nitro-muco-inositol (III)

(c) 1,3-Diacetamido—2-amino-1,2,3-trideoxy—gggg—
jnositol hydrochloride (V)

(a) 1,2,3—Tr1acetamido-1,2,3-trideoxy-gggg-inositol
(vI)

(e) 1,2,3-Triacetamido-h,5,6-tri-g-acetyl~1,2,3-
trideoxy=-muco~inositol (VII)

() 1,3—Diacetamido-2—amino-1,2,3-tr1deoxy-scxllo-
inositol hydrochloride (VIII)

() 1,2,3-Tr1acetamido~n,5,6-tr1-g-acetyl~1,2,3~
trideoxy-scyllo~inositol (IX)

(See also the footnote on page 116).

% The configuration of the muco compounds was deduced from
chenical shift data only. Verification by other means

may be required.
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Addendum

10.

The oxidative nitration of Kaplan and Shechter (179)
was applied to a cyclic nitrodiol.

The following new compounds were syntheslzed:

(a) 2,2-Dinitrocyclohexane-cis-1,3~diol (11)

(b) 2,2-Din1trocyclohexane-cis-1,3-diol diacetate (III).




1.

2.
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