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PREFACE

In this thesis a brief account Ls given of the significance
of certain amine sugars as constituants of antibiotice, and the more
important methods that are available for the syanthesis of amine sugars
are reviewsd. Studies undertaken with the intent to contribute to the
chemietry of aitrogenous sugar synthesis are then descrided and their
results are discussed,

The candidate wiskes to express his heart-folt gratitude
to his research supervisor, Professor H, H, Baer, for his keon interost
in the problem, his stimulating guidance and valuable fnstructions and
his firm determination to develop in the candidate a true scientific
attitude for ressarch,

Finally, the candidate wishes to thank the Cansdian
Commonwealth Scholarship Committee for the award of & acholarship,
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ABSTRACT

The nitromethanc oyciization of L'-methony~diglycolic
aldshyde was shown to furnish methyl Jenitro-3-deoxy-a~L-srabino-
pyranoside and znethyl 3-nitro-3-deoxy-g-l -arabinopyrancaide as
coproducts of the previously obtained peDeribo isomer. The ensntiomekic
dialdehyde, D' -mothéxy-diglycouc aldehyde, afforded the corresponding
e-D+ and J-L-azabino derivativos in addition to the main feL-ribo iscmer,
Catalytic hydrogenation of the four new nitvoglycosides gave the
correspoading aminoglycoside hydrochlorides. Acid hydrolysis of methyl
J-amino-3-deoxy-p-D-arabinopyranoside hydrochloride and methyl
S-amino-sodaoxy-a-:L-anhmcpyrmslm hydrochloride yielded the
known 3-smino-3-deoxy~-D-arabinose hydrochioride and the hitherto
unknown l-aminc-3-deoxy-L-arabinose hydrochloride, respectively,
as mutarotating B-forms.

The spontaneocus epimerination, in aqueous solution, of
acl -nitropentoside scdivwn salts was investigated and shown to lead to
equilibria in which the erythro configuration prodominstes.

The resuits of this first part of the thesis have been published, *

The nitromasthane cyclisation was extendad to a dieaccharidic
dialdehyds leading to an aci -nitro condensation product {yield 58%),
Dsionizstion and catalytic hydrogenation of the Aci-nitro salt mixture
afforded & crystalline c-D-glucopyzanosyl 4-aminc-4-deoxy«8-D-heptulo-
pyranosids hydrochloride that was subsequently converted to its
crystalline N-acetatae,

* H.H. Baer asd A, Abammad, Can, J. Chem., 41, 2931 (1963).
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The configuration of the nitrogenous heptslose molety
of the above disaccharides was partially alucidated by degradative

studies, in the course of which a number of new aitrogencus hoptulose
derivatives was obtained,
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. INTRODUCTION

A. Amino Sugars as Constituents of Antibiotics

The development during the past two decades of the

antiblotic drugs has profoundly influenced the science and practice of
medicine, Waksman (1) has defined an antibiotic 28 a chemical substance
produced by microorganisms, which i{s capable of inhibiting the growth
and destroying bacterin and other microorganisms. The contributions

that can be mag~ by synthetic organic chemistry toward an advancement
of antibiotics ressarch are twofold. First, the elucidation of the structure
of & new antibletic ofteu requim s the nynthesia of certain compounds of
refersace for comparison with snd {dentification of fragmuents obtained in
degradation studies, Sscondly, the total chemical syathesis of an anti-
biotic may be attempted. Although such a syathesis will genscrally not be
able to compete commercially with microbiological processes, it can
nevertheless be a worthwhile project. Ciuite apart from the satisfaction
that the chemist derives {rom accomplishing the aynthesis of a natural
product, he may ia pursuit of such work succeed in syathesing substances
of antibiotic character not provided by nature. Struc turally modified,
synthetic aatibiotics tonld be of pharmacological value, for instance in
the combat of resistant strains of bacterta, Compounds which are closely
Felated to antibictice in their structures, but which lack antibacterial
activity, might prove valuable as comparative substrates in investigations
of the modes of drug sction,

Many antibistice bave beeo found to contain carbohydrate
moteties (2, 3), Of special importance among these carbohydrate moiecties
are certain amino sugars of unusual structures which have not been
encountered elsewhere in nature. In Table I are given these novel

amino sugars together with the antibiotics from which they are derived.



Tabls 1

Unusual Amivo Sugars Found in Antibiotic Substances

Amine Sugay Present Structure Antiblotic
2+Peoxy-2-methylamino- straptomycin; hydroxy-
" stroptomycin; dibhydroxy- |
L-glucose streptomycin
Streptamine "
neomycia A;
Neosamine C aeomycia C;

{Paromosae if) parcmomycin il

nsomycin B;
paromomycin I

Neosamine B
{Paromose 1)

paramomycin §;

2~-Amino-2-deoxy- paromaomyecin 1,
D-glucose , racemomycin O
_ NH,
i
6-Amino-6-deoxy-
D-glucose N HOM yein
™

OH




(Table ! « continned)

Amino Su‘u' Present

Kanosamine

2-Amino-2~deony~

- ulose

Desosamine

{Picrocin)

Mycaminose

Rbhodosamine

3-Amino-3-isoxy-
Deribose

Siructure
(HZOH
6,

HOH
HO NHz

OH
CHOH
%0

HO |
HOH

OH  NH
CH, 2

OOH

N(CH)

Antibiotic

kanamycin

streptothricin

erythromycin; picro-
mycin; methymycin;
aarbomycin;
oleandomycin

carbomycin (magna-~

mycin); leucomycins;
foremacidins {spira-
mycins)

rhodomycin;
pyrromycin

puromycin




{Tabls ! - continued)

Amino Sugar Preseat

Amosamine

Mycosamine

Antiblotle

am-<cetin

nystatin; ampho-
tevicin B; pimaricin;
candidin; rimocidin




Ia contrast to the rare amino ougiu of Table I, many of which carry

an amine function at C-3, the more famillar 2-amine sugars, D-glucos-
amine and D -galactosamine, occur widely in asture. They are distributed
aot oaly in microorganiems but form commen components of mucopoly-
saccharidos, glycoproteins, gaagliosides and other substances throughout
the gnimal kXingdom (4). A simple D~glucosamine disacchavide thas shows
antibiotic activity li wozth mentioniag here, It is g, m,\::ha!enmm
{a-D-glucopyranosyl 2~-amino-2-deoxy~a«Deglucopyranoside) aad has been
found in culture filtrates of a strain of streptomyces (5),

B, Mathods for the Syathesis of Amino Sugare
Gensiderables work hus basn done in vecent years toward

the ayathasis of amico sugars in general and the components of antibiotics
in particular. Several general methods bave besn developed which will

be briefly surveyed in this section. The literaturs quoted here is fntended
to illustrate more important examnples rather than to be exhaustive.

L. TBbe Cymachydrin Synthesis via Aldosylamines

Reaction of aldoses with ammonia or amines produces aldosyl~
amines io which hydrogon cyanide can be added #0 that a mixture of epimearic
e-amino nitriles is formed, Fischer and Louchs (6) who introduced this
method {or the first synthesis of an amine sugar, namely D~glucosamine
from D~arabinese, hydrolyacd the amino nitrils to the corregponding
s-aminoglyconic acid wkich was then convarted into its lactena, and the
lactone was reduced with sedium amalgam to give the Z-amias suger
containing one more cardon than the starting aldose, The original resction
sesquence, which is deplsted below, was

i



CN COOH
CoT — N HCN at |
Hcl, . oa-[ . H-CI‘; . mw.l Hew rl:xmm 3 c,:uuaa
aldose ¢ aldo‘yhmini a~amino- s ~amino-
aitriles acid
v T i 1
COOH ole] HC - OH
| Na/Hg /
CHNHR > CHNHR | = —— > c[:Hmm |
| !
V)

lactone Z-amino aldoses

cumbersaume and afforded poor yields &ad.tmpnu prodﬁctl, particularly
is tho last three steps. A grest improvement, howsver, was achieved
by Kuha and <irschenlohr (7, 8, 9} who iastroduced what was called
“catalytic hemihydrogenation of aminonitriles”. The amlincaitrile is
thereby directly converted under mild conditions into the amino sugar,

HC » NH H-C-OH
1

H,/Pd ‘ l
t ——— ————
CHNHR “H,0,HC1~  CHNH, ~ cuum, | * NS

G=N

!

I |
t

c

The Kuhn method advantageously allows ths use of benasylamine

{(R= C!Izc 6!-!5) or anilive (R = Caﬂsl. instead of the lese suitable
ammonis, in the generation of the aldosylamine when uasubstituted amino
sugars are desirsd, sincoe the residues R are removed in there cases

caacurrantly with the "hemihydrogenation” of the nitrile function. An

additional advantage is the requirement in the final step of only:'stoicmumotric
amount of acid, applied in dilute form at reom temperaturs, which contrasts

with a need for vigorous acid treatment in the older Fischer-Leuchs .
procedure, Hence, it has become possible now to utiline the method for
the synthesis not only of amino monosaccharides (7, 8, 9, 12, 13, 12) but also
of (acid-sensitive) amino d_iuccbartdu {13).

ey
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Z. Syntheses Involving Ring Opening in Sugar Epoxides by the
Action of Ammonia

Suger epoxides react with ammonia to give two epimeric

amino sugars according to the fellowing reaction segueace:

NH NH,
N/ =N/ =\ Y
CH o’

CH

The amino and the hydroxyl groups formed in these reactions are trans
telated and the proportion of sach tsomer formod dopnidl on the structure
and stereschemistry of the parent epoxids. The F‘v.'ztutw;Phttncr rule {14)
predicts tha configuration of the major product and is applicable to
rigid, siz-membered ring systems. It states that epoxides tand to open
with the new groups formed in axial dispositions, The mere rigid the
pyrasold ring s, the more effective iz this steric control in the opeaning
of the opoxide ring. Tha desired control may be achisved by limiting the
flexibility of the pyranoid ring. Thus, epoxy derivatives of bicyclic
systems such as bensylidene or 1, 6-anhydro sugars are espscially
suitable starting materials for these syntheses.

The method has been amployed ae carly as 25 ysars ago.
Thus, derivatives of 2~amino-2-deany-U-altross, I-amino«3-deoxy-D-
glucose, l-amino-3-deoxy-Dealtrose, 2-amino-2-dsony-D-glucase and
2-amino-2-deoxy-i, 6-anhydro-f-D~galactoss were obtained (15,15,17).
In this coanection it ia intereasting to note that in the course cf these
investigations the first rigorous proofe of configuration of the thea long-
kaowa De-glucosamine and Drgalactosamine were provided,

More recently, aad of particul ar Importance with view to
tha chemistry of eatidiotics, the ammeonia-epoxide method has been used

RRBIES = |
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by B. R. Baker and co-workers (18,19, 20) for the synthesis of 3-amino-3-
deoxy-pentoses, especially of 3-amino~3-deoxy-D~-ribose which is a
constituent: of puromycin. Similarly, Foster et al, (21) have synthesized
mycaminose, the carbohydrate component of magnamycin, irom methyl
2, 3-anhydro-a-D-allopyranoside and dimethylamine. Also, R.W. Jeanloz
and co-werkers (22, 23) have syathesized several amino sugar derivatives
in this fashion, and Overend and Vaughan (24) have summariszed other
examples of related reactions.

Sugar epoxide rings may also be opened by the action of
sodium azide, and reduction of the azido sugars so produced yields the '

corresponding amino sugar derivatives (25).

3. Syntheses Involving Intramolecular Rearrangements of Glycosylamines

A ketose in which the lactol hydroxyl is replaced by an amino j
group is known as 2 ketosylamine., The most common example is ;
D-fructosylamine. When a ketosylamine is treated with organic acids such
as benszoic, succinic or oxalic acids,it undergoes a rearrangement to give
an epimeric mixture of 2-amino-2-deoxy-aldoses. This reaction,

referred to as

CHCH CHCH
P b2
g { (4
| \ HH . \ /‘ \
£ Vi : NN
| B S e PR S S ]
H HooCo wy TN H '}”,
= " I
- Nt
< 2
D-fructosylamine epimeric amino aldoses

Heyns rearrangement (26, 27, 28, 29), is akin to the conversion of aldosyl-
amines into l-amino-l-~deoxy-ketoses known as Amadori rearrangement.
The ratio of the isomers obtained in the Heyns rearrangement is dependent
upon the configuration of the ketosylamine. Thus, D-M-hexulosyhmine
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(D-tagatosylamine) is rearranged o give mainly 2-amino~2~-deoxy-D«
galactose sad a little Z-amino-2-deoxy-D-talose, whereas L -xylo-hexulosyl-
amine {L-sorbosylamiae) is rearvanged (o give approximately squal amounts
of Z-amino-2+deony-l.-gulose and 2-amino-2-deoxy-L-idose. D-Arabino-
hexzulosylamine (D-fructosylamine) and Deribo-hexulosylamine (D-psicosyl-
amine) are also rearranged, the former giving mainly Z2-amino-g~deony-D-
glucose and a little 2~amino-Z-deoxy-D-mannose, the latter giving 2-amino-
2~deoxy+Dealloge and 2-amino-2-deaxy-D-altrose in the ratic of 2to 1. The
teadency to undargo rearrangement decreases as foilowst D<lyxo-hexulosyl-
amine 7 De-arabino-hexulosylamine and D-ribo-hexusylamine > L-xylo-
hexulosylamine,

Carson (30, 31, 32) has shown that N-alkyl substituted ketosyl-
amines can be sirhilarly rearranged to give N-alkylamine aldoses,

4. Displacemnent Reactiona
Direct displacement of a tosyloxy group {rom suitable sugar

dorivatives has occasisaslly baon used for the synthosis of amine sugars.
Thus, smemoenolysis of 1, 215, 6-dl-g-iacpropﬁidenc-z-g-tooyl-c-n-alnco-
furanose gives a product whick was originally belisved {33, 34) to be
1, 215, 6-di-O~isopropylidene~-3-amino-3~deony-s-D-glucofuranose, However,
it has been shown later on {35, 36) that the ammonolysis proceeds with
inversion at carbon atom 3 to form 1, 215, é~di-O«-isopropylidene-3-amino-
3~deoxy~a~D-allofurancse.

| Similarly, the displacement of tosyloxy groups by hydrazine
has been found to be ueelul 88 a synthstic route to new and rare amino sugars,
since the hydrasino derivatives are easily reduced to samino dsxivatives
{37, 39, 36, 38, 39,40, 4)). Displacement of toxyloxy groups has also been
accomplished by azide fon and the resulting axido sugar darivatives are
readily reduced to amino sugar derivatives (25,41). Like ammonolysis, the
displacements with hydranine and aside ion are attended with {aversion,




| stasabatupatats |

5, Miscellanacus Reactions .that have besn employed lass frequently

Qf othar special mothoﬁ. for the preparation of amino sugars
mention may be made of the reduction of the exime of methyl 3-oxo-pg-D-
glucopyranoside affording methyl 3-amino-3-deoxy-g-D-allo~ and
~glucopyranosides (42). Caulyuc reduction with Adam's catalyst gives
proforentially the allo derivaiive, while reduction with sadium amalgam
givas the gluco and allo derivatives in comparable amounts.

Reduction of phenylaso derivatives has served as a route
to amino sugara. Guthrie (43) has prepared methyl- 3-amino-4, 6-O-
bensylidene-3-deaxy-a~D-giucoside by reduction of the corresponding
3-phenylasc derivative, the latier having bsen prepared from the periodate-
oxidixed methyl 4, 6-O-benzylidene~a-D-glucoside and phenylhydraaine.

ol JH
Phl—!(<\ 41(}_,”0\ 7th< Zl—o PhH(< 7——0

L i\
O\‘ /’CCH O(H5 0 2 OC(H
(0 H \CH OH

c ¢ tH N=NPh
3-phenylazo-3-deoxy- methyl 3-amino-
D-glucose (or-D-allose)- 4, 6-O-benzylidene-

3-deoxy-a-D-glucose

,

derivative

The catalytic reduction of phenylosasones has occasionally
been utilized to produce amino sugars (44, 43}, but this method seems to

be of little preparative value. .
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H?-N-Nncéﬂs cl:Hl-NHa R THO
an-N-C6Hs —> G=0 wlc-miz
I
' 1-amine~l+doony- 2-amino-2-deaxy-
kstoce aldone
{major product) {miaor preduct)

6. The Nitromethane Cyclisation of Sugar Dialdehydes
In 1958, Baer and Fischer {44) introduced a novel method
for the syathesis of nitrogenous sugar dorivativas coasisting of the
cyclization of sugar dialdenydss with aitromethane in the presence of basic
catalysts., As it was the purpose of tho present thesis to alaborate this
mathod further, {t will be discussed in greater detail in thisg section:

{a} Censral aspects of the reactica of nitroalkanes with aldehydes

In 1895, L. Henry (47} found that aldehydes undergo
aldol-type addition reactions with primary or secondary aitroslkanes to
afford nitzoalcchols. ‘Ths reaction takes place in alkaline madium, and
in the cane of primary nitroslkanse leads first to hydroxynitronates, From
the hydroxyaitronata, the aitroalcohol can be lberated by careful
acidification, or alternatively a aitrodiol may arise by reaction with
encess aldehyds,

R
1 R
R-GH +CH,-R, o’ R-CH-C-R, ReCHO_ RCH-Cee =R
| Coon .
Q NOZ 9] 4 NOz oOH Noz o
hydroxynitronate .
%
+ g
v H "R
R-quCHﬂ-B -CH-C-—»CH»R
Ol'! NO OH VOZOH

aitroalsohol aitrodieol




The reaction has in subsequent y;emu found widespread applications in
aliphatic and umu!c. chemistry and has been reviewed in detall (48).

it was intreduced into carbohydraste chemistry by J, C, Sawden and H.O, L.
Flacher {49) in 1944. These authors prepared nitvodeoxy-aiditols from
aldoses aud nitromathane (or altrosthansl); they wore, howevaer, interested
aot 50 muchk in the obtalned nitrogenous sugar derivatives as such, but
subjected them te, Nef reactios, i.e., scidlc alimination of the altre group.
The Sowden-Fiacher procedure kas thus bagome ons of the forsmast methods
of lengthoning the carbon chain in carbokydrates (50).

(‘JHO ;"‘;HzNOz : CHQ
: |
CHOH Cl.‘-}!Oﬂ CHOH

}icl zeaction R

; 'R caznoi.ox‘ -
CHOH + N,©

CHOH 3™ ilute acta ~ ChoM 1. NaOH ; 2
CHOH CHOH 2. W% RS0,  GHOH
CH,0H CHOH CHOX
| I
CH,OH CH,OH
aldopentose A-deoxy<l-nitro- aldshexase
alditol

{two spimers)

In similaz fashion, Grosheinta and Flsther {51) condensed nitromethane

with 1, 2-isopropylidens-D-xylodialdose and obtalned, upos removal of

the isopropylidens blocking group, é-mitro-6-deoxy-L-glucoss and ~L-idooe.
They then obsarved that these 6-nitra aldoses under the influsnce of alkali
undergo internal Henry reaction, That is to say, carbocyclic riag
formmation takes placs and the preducts are sterevisomerie nitrodsoxy-
inositols. Only recently have configurations been assigaed to the varicus

* The aitroalcobols formed from aromatic aldehydes debydrate spentaneously

ta nitrostyrene darivatives,
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sterodisomers obtained (52).
*“5,"0);, CHO cHO H
| .
HG-O HC-OH HC-OH HO /S—C*'\'OH
A—— ! | [
HOCH R S SR SRt S 3 g,
[ .
HG-0—— HC-OH HE-OH H N o ;
! f
CHO  Hc0u HO-CH OH
i I |
CH,NO, CH,NO,
6-nitzo-bedaoxy~ siovecisomeric |
Deglucoss Leldose nitredesay- i
inoaitols

Adopting this principle of synthesis of the inasitel rhsg. Wolfrom and
co-workers {53) converted, through several steps, D~glucosamins into
the }, 3-diaminoe-l, $~dideony-inosital, straptamine, a compenent of
streptomycin. This work, which is dopicted hare sckematically,
veprosents the first utillsation of the altroslkane-sldehyde resction for
the synthesis of an aatibictic constituent,

CHO C:HO OH
HC::-Nﬁz H(:: -Nﬂz HO M
HO-CH Nltrmehaao; BO-CH Cyclisation , NH2
- Synthesis ME-01 Reaction HO NH,
H(II':-OH ao-c]f'.u OH
CRZOH GHzNOz

D«glucosamine Streptamine




in 1958 hogan. to investigate the porsibility of condensing "sugar dialdehydes"
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(o) Synthesis of 3-Nitro and 3-Amino Sugars
Beiag aware of the case of {formation of six-membered,

carbocyclic rings in the abova-desscribad cyclisations, Baer and Fischer {46)
presumaed that it might be possible to synthesine nitrogen-containing
pyranose sugars, too,

In visw of the successful cyclisations loading to six- ?
membezred, carbocyclic rings (inositel derivatives), Baer and Fischer

with nitromcthane, which should lead to nitzogenous. pyranose derivatives {46).

A "sugar dialdehyde” in this context, is the product of periodate or load
tetraacetate oxidation of & glycoside. These oxidations have been studied

thoroughly and
" R
(IZHOR CHOR
?MH N ul()‘ CHO
f.".}!OH or PH{OAc) P
CHOH GCHO
] |
CHO— CHO- —
| |
CHZOH Ci!zOH

bave beea reviewed in great dotail (54, 55, 36). They usually are straight-
forward and procesd in high, often quantitative yields, 30 that the preparation
of the starting materiale presents no difficulties. The oxidiaed glycosides 3
are rspresented in this discussion in their open-chain, true dialdehyde

forme, although it ie acknowledged that in aquecus and alcoholic solutions

there oxist oguilibria with hydrated forms, hemiacetals and hemialdals (37),
Under the alkaline conditions of the nitromethane reactions these equilibria

are rapidly shifted so that the compounds do in fact bohave like aldshydes.

Baer and Fischer found (46) that sugar dialdehydes easily react



with nitromethane by way of a twofold condensation, both aldshyde groups

15

condensing with the same nitromethans molecule,

occurs leading to pyranosides which carry nitrogen on the ring. 3-Nitro-3-

That is to say, cyclisation

deoxy~glycosides, N novel class of carbohydrate derivatives, bave thus

become available, and their reduction has opened a new route to 3-amino-3-

deoxy sugars.

'H

o2

#HDR | ?HOR GHOR |
i :
CHO | oo ?gog. at CHOH t
O ——— "5 CaNO, O — > CHNO, ©
OH | l
CHO GHOH GHOH
i | l
CH CH CH
. i |
R R R

—

G HOR

|

? HOH

‘CHOH ’
Qo
i

N
CHNH, O©

4

The method bas proved to be of general applicability, . Thus, nitro and

amino pentoses, hexoses, 6-decxyhexoses, 1, 6-anhydrohexoses, and

2, 7-anhydrohaptuloses have been synthesized,

periodate oxidation of aay methyl fi-D- or u~-L-pentopyranoside (A, B), was
cyclized to give in 43% yield a crystalline aci -nitro glycoside salt subsegquently

L'-Methoxy-diglycolic aldehyde (C), which arises from

shown to be methyl 3-aci-nitro~3-deoxy-f-D-erythro-pentopyrancside

sodium (D), Aecidification produced mainly methyl 3-nitro-3-deoxy~3-D-
ribopyranoside (E); 2 small amount of ita 3-gpimer, methyl 3 -pitro-3~deony-
f-D-xylopyranoside (F) was also produced although it could not be isolated

in pure form,

glycosides G and H, and hydrolysis, finally, of G led in good overall yield

A similar reaction sequence was carried

Hydrogenation of £ and F afforded the corresponding amino

to 3~-amino-3-deoxy-D-ribose (i),

out with D'~methoxy-diglycolic aldshyde (J}, the optical antipode of C arising
from methyl a-D- or f-L.-pentopyranosides and furnished the enantiomorphs
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of compeunds D-I (Chart 1} (46, 38),

im the u~hexoside series {Chart &), similar experiments
{$9, 63, 61) veing D' -mathexy~-D-hydroxymaethyldiglycolic sldshydo {B) obtained
from mothyl s-D<hexopyranosidss (A) 1ed to a non~crystalline minture of
methyl d-aci-nitro~3-deoxy-baxopyrasoside salts (C), Acidification and
hydrogenation of this mixture gave crystalline methyl J-amino-3+deoxy-a-De
manaopyranoside hydrochloride (D) (31-26%) and the corresponding glucoside
(ca 60%) (E, isolated as tetraacetate) as main products along with a small
amount of methyl 3-amino-3-duoxy-e-D-talopyranoside (F). it was noted
that, when prior to hydrogenation the nitronate mixture was allowed to stand
fn aqueocus solution in the preseace ot,\nl'totchlmctric amouat of alkali, &
marked change in sptical rotation took place. This mutarotation, which
was Quite unexpectad to occur with glycosides, was shown (61) to be due to
spoataneous epimerizations at the carbon atoms adjacest to the aitronate
grouping. As a result the amounts of mannoside I and glucoside E found upon
hydrogenation diminished sharply, taloside F decame the main product {40%),
and a new isomer, shown to have galacto configuration (G) was formed in
addition,

3e-Amino=-3-deoxy-D-mannose prepired in the sbove fashion
was converted by & standard procedure into its &-deoxy-derivative, which was
identical with mycosamine {62),

in the fi-hexoside series, the resulte of the aitromethane
cyclization were, in priaciple, similar to those of the c-sories, Howaver,
the ratic of staresisomers formed differsd, which showed that the anomeric
cardon atom exerts & directing influence on the steric course of the reacfion.
Thus, L'-methoxy-D-hydroxymethyldiglycolic aldehyde (A) gave rise to three
crystalline methyl d-nitro-3-deony-p-D-hexopyranosides (B) having gluco,
galacio and manno configuration, with the two former preponderating and the
latter being a minor product (Chart 3), No talo derivative was found (63, 64),
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Chart I
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Chart 3
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HO\NO, | HO\NH,
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HO N(CH3)2
|
OH
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Since the nitro glucoside and its reduction product crystallized well
in the fi-series, this ia the prefarred method for the ayatheeis (64) of
3-amino-3-dsoxy-D-glucose (C), a compaeneat of the antibiotic kanamyein,

The nitzro f-glycosides also undergoe mutual interceaversion
in aqueous, alkaline solutios, with the gluco derivative basing favored, but with
much of the galacio and very little of the manno isomer being present in
the equilibrium {65, &6},

Analogous experimments performed with the dialdehyde D
{from methyl c-L-rhamn opyranoside) and with its snaatiomerph (E)
afforded the i.- and D~forms of methyl 3-amino~3-, 6-dideoxy-glucopyranoaide
(F and G, respectively). N, N-Dimethylation and acid hydrolysis of G gave
mycamiacse (H), the amino sugar inolety from magnamycin (87, 68, 69, 70).

The dialdehyde (J) obtainable from levoglucosan (X) also
condensed readily with aitromethane and ylelded & mixture of 3-aitro-3-
deoxyhexoeans and on subsequent hydrogenation, 3-aminc-3-deony-
hexosans (L) (71, 72). The products were shown to possess gulo, ido,
and altro configuration. The homologous dialdehyde (M) derived from
soedoheptuiosan {N) affordsd thres crysialline 2, 7-anhydro-4-nitro-4-
deoxy-p-D-heptulopyranases and their corresponding amines (C) (73),
which proved o be o_tﬁ'uio. altro and allo configurations{74) (Chart 3).

One example has been reportad of the synthesis of an amino-
dooxy~aldohepicse {75). The product (B) of periodate oxidation of methyl
4, 6-athylidons ~<a-D-glucopyranoside (A) gave 2 methyl 5, 7-ethylidene-

3-pitro~I-deoxy-heptoseptancside {C) which upon hydrogenation, acid

hydrolysis and Neacetylation afforded 3-acetamido-3-deaxy-D-glycero -
D-maancheptose (D),
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C., Specification of the Goals of the Present Thesis
Ia the lMght of the knowlsdge available at the time of

undertaking this project about the nitromethane coudensation witk sugar
dialdehydes as przaented in the Introducition, it appeared to bs of intorest
to investigate ths following problems:

1. The nitromethane condensation with sugar dialdehydes does not
preceed in a stereospecific way, although a notable stereasclactivity is
always observed. in the cyclization of the disldehydes derived fsom the
pentosides osly the nitrogenous derivatives of ribose and xylose ars
described. All thesa arise oaly from the 3-aci-nitro-3-deoxy-erythso-
nitronatss. It was, therefore, desirable to investigaste this condensation
in more detail, espoclally with respect to whether aad to which extent,

stereoisomers of the erythronitronates ware formed,
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2. It is known that in the hexose series and alec in the
pantose series glycoside nitronates in agueous solution undergo spontaneous
epimerizaticas. It appeared interesting to study this aspimerization {n
the pentose series,

3. With a view of the growing importance of antibiotic s, it
seemed desirable to widen the 8cope of the nitromethans cyclisation, To
this end, it appeared Quite interenting to condense with sitromethane the
disaccharide digldehyde that is zeadily avallable from sucrose, in order
to prepare nitrogenous disaccharides and aitrogenous derivatives of
heptuloses,
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Il DISCUSSION

A, Cyclisation of L'-Methoxy- and Di«Methoxy-diglycolic Aldehydaa
in the cyclization (58), with nttremethane asnd sodium

methoxide, of L'~methosydiglycolic aldebyds {1} a methyl scienitrodecxy
peatoside sodium selt had been isolated in crystalline condition in a yield of
about 43%. This salt had been shown to possess foymula i and must
thersfove be denoted as methyl 3-aci-nitro-3-deoxy-p«D-czythro-peato-
pyranoside sodium, ® It ie sean that in the cyciisation of | laading to the

zitronate Ll there havcj;:;mund two asymmairic canters, at C+2 and
G4, Thersiore, it bad o be expected that stexrsoisomers of Il should
also be formed in this reaction., The three possible stersolsomers of il
which might ariee are the correspoading a-L-threo (ili), p-D-threo (1V),
and c-Leszythro (V) 3~deoxypentiose derivatives. A study was undertaken
in order to {ind out which of these tvomers, if any, are co-products in
this cyclization.

When dialdehyde 1 is cyclined with nitromethans, the
a-l~threo and p-D-threo forms of methyl 3-acl-niiro«3-dsoxypentopyrancside
sodiusn (I and IV, reapectively) indesd occur in the reaction mixture as
minor compeneiits beside the chisf preduct, p-D-exythro salt 1. Although
the salte 1l and IV could not be isclated as such, their precence was
indicated by the laolation of two new, free nitroglycosides that aross upon
dsicalsation of the aitronnte mixture, Thus, methyl J-pitro-3-deoxy~a«i.-
arabinopyranoside (Vi), originating from I aad methyl 3-aitro-3-deony~
f~D-arabinspyranoside {VIl), arising from IV, were obtalned by {ractionsl

'Y
This notetioa replaces the older nunoaclaturs, methyl 3-aci-nitro-3-
deoxy-j-D-ribopyranoside sodium, which was used in reference 58,



-34.

crystallization in yields of approximately 5% each,

The course of the cyclization with nitromaethane of | in
methanol was followed by paper chromatography. It was fouad that even
at 9° the dialdshyds disappeared within abeut 1) minates. Already,
after 3 minutes, thae three nitvonates I, {1, aad IV were present, as
was revesled by chroamatographbic detaction of the corresponding free
nitroglycosides following deionication. There appeared to b;preponduuca
of IV during tha first fow minutes of the reaction, but the final patiern,
with 11 as the cbief product, was largely established after 15 minutes;
and small changes, if arny, (n the propartions of &I, 1, and 1V in solution
occurred thercafier over a poriod of 48 houra, The salt li begen to
crystallize out after an induction period of 13 to 15 minutes, a clrcumstance
which avideatly furthered its formation.

The new crygtalline nitroglycosides Viaad Vil wers
hydrogenated to furnish the corresponding arninoglycosides, which
crystallized as hydrochlorides: mothyl 3-aminc~3-deoxy-c-L-arabino-
pyranoside hydrochloride (Vill} and methyl 3-amino-~2-deoxy-j-lr-arabiao-
Pyranoside hydrochloride {iX). Proof of the struciure asd configurations of
Vill and IX was afforded by acid hydrolysis yielding reducing amino sugars,
Glycoside IX gave J-amino-3-deoxy-D-arabinose hydrochloride {(Xl), which
crystalilzed as upward-mutarotating p-form ({ch - 167° > -113°%. This
sugar had been described by Baker, Schaub, and Willlams (20), although
these authors did not record a mutaratation. Glycoslde Vill sfforded the
hitherto unknown enantiomorph of Xi, namely J-aminao-3-deoxy~L- arabinose
hydrochlozide (X). DBelonging to the l.-series and exhibiting downward
mutarotation ({a}n + 145° -» + m"). the crystalline comipound has to

be designated as, fi-form,
e
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There had alaa baén described (38) a parailel nitromethane
condensation using D'~methoxy-diglycolic aldehyde {(X11; i.e,, the
eaantiomorph of I} and, accordingly, furaishing methyl 3-aci-nitro-3-deoxy-
BeL-~oxythro -pentopyranoside sodinm (Xiif; i.e. the enantiomorph of 1Y),
Obviously, thea, ihe a-D-threo sali X1V and the f-L-thres salt XV,
being enantiomorphs of 1l and IV, respectively, had to be expected 10
arise an co—produéu in this parallel case. This hase, in facy, proved
true since the correspondiag free nltroglycosides, msthyl 3-nitro-3-deoxy-
a-D-arabinopyranoside (¥ VI) and mothyl 3-aitro-3-deoxy -p-k-arabino-
pysanoside (X VILI) bave been isclated, Hydrogenation furnished methyl
3-amino-3-deoxy-ec-D-arabinopyravoside hydrochloride {XiX) ané methyl
J-amlno~3-ﬁcaxy—;bL«uabinopyrmostdn hydrochloride {XX), respectively,
The physical constanta of the new glycosides are shown in Table iI,

The compounds sbey Hudson's rule of isorotation, Thue,
the value of A for the molecular rotational coatribution of the glycosidic
carbon atom in & pair of nitro anomers, o.g. VI and XVIl, ie 18, 536;
the value i» 17, 633 {for the corresponding amino derivatives VIIi and XX,
and 18, 711 for the nitrogen-iree, parent methyl a- and p-L-aradbino-~
pyranosides (76). The values B for the cores of the moleculss are +35, li4
for the pair of nitroglycosides VI:XVIIL; +22, 625 for the pair of amines
Vill: XX; and +2], 59] for the anomeric methyl L.-arabinopyranosides
{Table 1iI). The latter set of figures exemplifies ancw that substitution
of an amino group for a hydroxyl group in glycosides has lttie influeace
upon the optical rotation (65, ?Z.. 73.‘). latroduction of a nitro group,

on the other band, can produce a considerable change in the molecular

Further ilterature in support of this rule is cited thare.
e

in reference 73, tentative configurational sssiguments {or two new
amino eugars were based on this rule., They bave now been confirmed

by auclear magnetic resonance atudies {74).
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Table i}

Phyaical dats of the now glycosides

Campound Configuration m. p. {u]D in water

Nitro:

Vi e-L~arabins 182.182° +85. 5%
XVil a-Dearabino 177-132° 86, 9°
XVIL g-L-arabino 172-180° +278°

Vi B-; -arabineo 178-185° -278°

Amino: m, p. {decomp}

V1l a=L-arabiao 164-165° +24.7°

.

XIX a-T-arabino 165° (~24. T)

XX p-Ll-arabiso 18)-183° +202°

1 g-D-arabino 181-183° -205°

&

By reversal of the aign of rotation of the enantiomorph (VIH), The

amount of subatance avatlable was insufficisnt for mesasurernent of the

rotation,



Table 1L

Values for the molecular rotaticaal contribution of the glycosidic carben
atomn (A) ané core of the molecule (B} of the new glycosides.

Compound [M}D A L1
~7~thyl 3-aitro-3-deoxy~
o-L-arabinosids {V]) +16, 518
18, 536 +35, 114
Methyl 3-nitro-3-dooxy-
f=L.~arabinoside { X VILI) +53, 797
Maethyl 3-amino«3-deoxy-
a-l-arabinoside hydro~
chloride (Vill) + 4,930
17, 695 +22,625
Methyl 3-amino~3-daoxy-~
p-L~-arabinvside hydro-
~tloride (XX) +40, 319
Methyl c-L.-arabinoside + 2,730
Methyl B-L-arabinoside +40, 212 18. 71 +21, 501

A = %{IM]D for a-anomer - [M]n for a-mcmet}

B s -;-{[M)D for c-anomer + [M]D for ﬁ-momcr}
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rotation, as is secen in the present case and in varioue eariier
sxamples {64, 73),

B, Partial Epimerization of Methyl 3-:ct~Nltro~3~dooxz-Pemo-

pyranoside Sodium Salts

The f-D-erythro nitronate I bad been found (58) to exhibit, in aqueous
solution, an unexpected and, at the same tirne, unexplained mutarotation
{Fig. 1). The new nitroarabinosides, methyl-3-nitro-3-deoxy-~u-l.»
arabinopyranaside { VI) and mothyl 3-::1::0-3-deoxy-ﬂ-D-orabinopyrmndc
{(Vll), bave been converted into thelr respeciive uodlu;n nitronates, III
and IV, by the addition of squivalent amounts of sodium hydroxide in
water, lmmoedlately thore commenced mutaretations leading to the same
final (a}D value, Delonization at this point and chromatographic iaspection
of the resulting solutions, direstly as well as following hydrogenation to
the amine stage, indicated that equilibrations had taken place; identical
chroamatographic patterns wore obtained regardless of which was the
starting compound. In the equilidrium the levorotatory p-D-erythro
salt Il greatly predominated. On account of the rotation value of the
aquilibrated solution the remainder was judged to consist largely of the
doxtrorotatory a-l.-three salt Iil. It was in fact poasible to isolate the
crystalline product of deloalzation of lil, methyl 3-nitro-3-deoxy~-c~L.~
arabinopyrancside (VI), in a yield of 6% from an equilibrated solution
of lI. An estimate based on the initial rotations of U and il and on the
final rotation would indicate a ratio of 85:15 of the two salts, which was
consisteat with the chromatogrephic picture. This calculation neglects
& possible participation in the equilidrium of the strongly levorotatory
ﬁ-D-g_h_g_cg salt 1V; however, since no evidence for its prasence was found,
it could have been present in aegligiblo amount obly. The apparent failure
of 1V to play a significant part ia the gomposition of the epimerization
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equilibrium in water ie not necessarily inconsistent with the fact that
in a kinetically coatrolled condensation reaction in methanolic medium
it does arise to an appreciable oxtent, The aspontansous epirmerization
may be represeated by the following scheme:

Methyl 3-nitro-3-deoxy-gentapyranosides

~

—Q '_ - -, -0
/ NASEE /*— \o< H, o HO OCH
o\ Or HO 7 | \NC,
_ CH

NO2 NO2 H
B-D-arabino (VII) 3-D-ribo a-L,-arabino (VI)
o [
l NaOH \L NaOH l NaOH
v
, OH
’ _ 0 ' .C
QuoH? N AN \ J\\ S
Y3 " /OH Oty ;/ oYYy
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2 2
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As for the fourth possible isomer, the a-L.-exythro
ealt V, no aign of its formation has thus far been observed cither in
cyclization or in epimerization experiments. The present results, then,
lead to the conclusion thyt the thermodynamic stabilities of the aci-
nitro salts decrease in the ordexr Il > Ui > 1V > V., In this connection
it is wozth mentioning that the same order of .thermodynamic stabilities
bas been eataklished for the aci -nitro-p-U-hexopyranoside sodium
salts (66). In that series, the }-D-erythro, a-l.ethrso, and p-D-threo
configurations of the pentoside nitronstes bave their counterparts in the
aitronates arising from the 3-nitro-3-deoxy-hexopyranosides with
p-D-gluco, p-D-galacto, and f-D-manno configurations, respectively.

The coaclusion drawn sbove about the atability of the aciz
nitro peatopyrancseide sodium salts is also consistent with conformational
considerations, The p-D-erythro isomer [l should be the most stable and
kence favored one, since it is unique in having all the three variable
substitueats in squatorial positions in the C-1 chair conformation,
Furthermore, it {s known from eimilar condensationsthat in the more favored
isomer the hydroxyl group of a newly formed asymmetric carbon atom
tonds to assume t(rans position to the substituent on the adjacent original
asymmetric center (77, 78). This line of thought gives some additional
support to favoring stabilization of g-D-erythro isomer Ii and suggests /-
s-l.-threc isomer ill as a second choice,

Two possible mechanisms may be discuased {or the
epimerization reaction, The first one, suggested without experimental
proof by Crosheints and Fischer (79) to explain the interconversion of
sterecisomeric nitrodeoxyinositols, involves a revereal of the Henry
condensstion:

I i . ‘
HC—CH (=0 HG —CH

I - — —_

. i /Q : . /,q
C=NZ H$:N\OJ (i;:N\Z
i i

@

\
J



Lichtonthaler (8U), in a detailed study leading to the
stereochemical elucidation of Grosheints and Fischer's aitrolnositols,
rejectad this mechaniom on the grounds of his failure to dotect by paper
chramatography any reaction intermodiates arising from the proposed
C~C cleavage, However, the apparent absence of such intercnediates
can hardly be considered as convincing evideace against the mechanism,
siace they nesd not and probably would not occur in amounts sufficient
for chromatographic detection,

A second mechanism calls for the intermediate {formation

of a aftroolelin:

| - -

HeC=OH _ <GH = HC #OH | HO-CH  _ _
| O] e i QT | C
Comti | +oH SN “OH CasN |
| Q| I Mo l o

Although 8o direct proof is available for this mechanism ecither, it is
supported by occurrence of epimerization in a case where reverse
Henry condensation is precluded. I, 2:3, 5-Dilsopropylidene-6-~nitxa-
b-deoxy-D-glucofuranose rapidly :1oses it 3, 5-acetone group through
the action of dilute, methanolic alkall at zoom temperature, and forms
a mixture of C-5 epimeric methyl ethors, L 2-imopropylidene~5-O-
methyl-6-nitro-6-deoxy-D-zlucofuranose and -L.-idofuranose (&), The
formation of a nitrooclefin intermeédisie has been demonsirated by

U. V. spectroscopy:
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C. Cyclization of a Dialdehyde Cbtained trom Sucrose by Partial Lead
Tetrascetate Oxidation

An extension of the nitromethane cyclisation to disaccharides
was undortaken in view of the fact that a simple nitrogencus disaccharide,
a;a~irehalosamine, had been found in nature and had been shown to possess
antibiotic properties (3). It was conteraplated that the dialdebyde XXI, which
according to Porlin and Mitra (82) is readily obtained {rom sucrose by
partial lead tetraacetate oxidation, should give rise to disaccharides of the
general stracture XXIIL, This structure is related to trehalosamine,
although the nitrogen function is in a difforeat position and the nitrogenous
moiety is a heptulase rather than a hexose., Apart from any potential
biological usefulneas, such structure would in itself be of interest since
it would represent the first oligosaccharide containing a nitrogenous
seven-carbon sugar, and it would coniribute to the knowledge of aitro-
and amino-keptuloses, a class of sugars of which some members have
only been synthesiced very recently (73), ’

Disldehyde XXI was cyclized with nitromethane in the

presence of sodium metboxide in metharol, and a mixture of aci-nitro
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disaccharide sodium salts (XXII) was obtained in & yield of 58%. As can
be seen by inspecting formulas XXi and XX1i the glucose ring of sucrose
is involved neithar in the production of XXI nor in the cyclization to XXII,
Also, the stereochemistry at carbons 2 and 5 of the ketose molety may be
presumed to remain unchanged in the sequence of reactions. * Therefore,
the sci-nitro disaccharide sodium salts XXl should be designaied an |
a-si-glucopyraaosyl 4-aci-nitro-4-deoxy-p-D-heptulopyrancside sodium
salts. Delonization of this salt mixture §ave an amorphous mixture of the
corresponding anitro disaccharides, a-De-glucopyranosyl 4-nitro-4-deoxy-
p-D-hesptulopyranosides (XXIII), Paper chromatography revealsd the
presence of two nitre compoaents in similar quantities,

Catalytic reduction of the altro disaccharide mixture
afforded a pure, crystalline amino disaccharide hydrochloride, a«~D«gluco-
pyranosyl 4-amino-4-deaxy-f-D-heptulopyranoside hydrachloride XXV,
o a yleld of 23% {based on starting sucrose). Neacstylation (83) of
XX1V yieldad the corresponding e~-De-glucapyranosyl $-acetamido-4-
deoxy-p-D-heptulopyranoside XXV in crystalline state.

Whereas the siructures of the new disaccharides followed
from the mode of synthesie, the coafigurations at C=-3, C~4 and C-5
remained to be eatablished, Attempts were, tharefore, made to
elucidate these configurations. In the pursuit of this end, several
nitrogenous heptuloge derivatives wers obtained following acid degradation
of the disaccharides, aud were used for furthor studies intended to
clarify the configurational guestions,

3
There has been no evidence for epimerization at the corresponding
carbon atoms in all the nitromethane cyclizations lovestigated

pPreviously,
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Amino disaccharide hydrochloride XXIV was hydrolysed
with ZM hydrochloric acid to give Deglucose and a reducing 4-amino-4-
deoxy-D-heptulose hydrockloride (XXV1), D-Glucose was dotected by
paper chromatography, and the nitrogenous fragment was isolated with
the help of a cation exchange resin. The 4-amino-4-deony-D-heptulose
was converted into its crystalline N-acetate, 4-acetamido-4-deoxy-D-
heptulose (XX VIH), The yleld of XX V1] based on XXIV was 45%, Since
XXVIL exhidited a dawnward mutarotation ([a], + 66°—> + $5°% and
belonged to the D-series, it was assigned an c-anomeric configuration,

Methanolysis of the mixture of nitro disaccharides {XXI11)
with 2% hydrogen chloride in methanol (w/v) yielded methyl a~D-gluco-
pyranoscide and methyl 4-nitro-4-deoxy~a-D-heptulopyranoside {XXIX).
The latter was obtained in crystalline condition through purification via
a dibenrylidene derivative, methyl 1, 3:3, 7-di-O-benzylidena -4 -nitro-4-
deaxy-s-D-heptulopyranoside (XX Vill), which was obtained in a yield of 16%
based on sucrose. Gentle hydrolytic removal (84) of the bonxylidene groups
from XXVII afforded XXIX in & yleld of 77%. Catalytic reduction of XXIX
gave chromatographically pure methyl 4-amino-4-deoxy-a-D-heptuloside
hydrochloride (XXX) in a yield of 61%.

The e-configuration at the anomeric conter of XXX (and
hence XXVIIl « XXIX and of all compounds derived from XXX) follows
from a comparison of the molecular rotation of XXX with that of the
disaccharide XXIV. The disaccharide XXIV ([{M }D + 42, 054} may be
regarded as an a~D-glucopyranoside whose "aglycon” is the S-heptulo~
Pyrancsyl residue. If the aglycon were optically inactive, the molecular
rotation of the disaccharide should be similar to that af methyl ¢-D-gluco-
pyranoside ([M]D + 33, 691). The difference betweon the latter value and
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the cbserved value is + 11, 363 and may serve as an spproximate
measure of the rotational contribution of the "aglycon”, i,e,, of the
g~heptulopyranosyl residue. Now, the metkyl heptuloside XXX han a
much highsr rmolscular dextrorotation M ]D 4 29, 613), and as the
cempound belongs to the D-series it is, therefore, judged to be the
sepnomer, The data are shown in Table IV,

Table IV
Compound [c}D Meol, wt, [M]D
Disaccharide XXIV +123. 2 407.58 +42, 054 {X)
Methyl a<Deglucopyrancside +138.2 194 +39, 631 {Y)
Methyl haptuloeide XXX + 98.7 259, 5 +25, 613

X « Y = coatribution of g-haptuloside residue.

Methanolysis of the amino disaccharide hydrochloride
XXIV with 5% hydrogen chloride in methanol (w/v} gave crystalline
methyl «-D-glucopyrancside and the same methyl 4-amino-4-deoxy-
a-D~heptulopyranoside hydrochloride (XXX) that had been previously
obtained by hydrogenation of the nitroheptuloside XXIX, The amino-
glycoside XXX was further charactorised as §ts 1, 3,4, 5, 7-pentaacetyl
derivative XXXI; and it was shown, moreover, that hydrolytic removal
of the glycosidic methyl group followed by N-acetylation led, in 68%
yleld, to the same 4-acetarnido-4¢~deaxy-D~-heptulose (XX V1) which had
been prepared before by direct hydrolyeia and Neacetylation from the
amino disaccharide hydrochloride XXIV.
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In order to eatablish the counfigurations at carbons 4 and 5
the reducing N-acetate, 4-acetamido~4-deoxy-D-héptulose XXV, was
purtially degraded with lead tetraacetate. The procedure used was that
developed by Perlin and Brice (85) who demoenstrated that ketoses are
cleaved by & limited amount of oxidant preferentially between the reducing
centor and the adjacent ring carboa {and not the adjacsnt hydroxymethyl
group). The Farlin degradation thus results in the removal of the two top
carbons of the ketose chain producing & lower aldose. [t ropresents one
of the fow ugeful methods of controlled ketose degradation. 1a enr case,
the acetamnido heoptulose XX VI gave rise to known Z-acetamido-Z-dsoxy-
D-arabinose (86) and, upon acid hydrolysis, 2-amino«2-deony-D-arabinose
hydrochlovide (86}, The degradatisn products were {dentified with
authentic samples by rotatios, infrared spectroscopy, melting point and
chromatography.

(H é,-H

/ ¢ (HoH
/ 2\,.‘—1

HO\NHAC \l/ OH

‘OH

XXVIL

R = NHAc( N-Acetyl-D-arabinasamine )
R = NH,Cl(D-Arabiaossmine hydrochloride)

Since C+~2, C-3 and C-4 of D-arabinosamine correspond to C»4, C<5% and
C~6 of the heptulose, the only configuration remainiag unkaown in the



latter was that at C-3, In order to sclve this last problem, it was
atternpted to maka use of the solvolysis of a mmethanesulfonyl derivative,

it is known that in cyclohexane and pyranosids ziage
sulfonyloxy groups sitvated txans to » vicinxl sccisxy or acylamido group
may uwndergo facile solvolysie invalving participation of the asighboring
group (87, 88). Undsr the same conditions, a cis sulfonyloxy group
uadsrgoos replacement at & much slowaer rate if at all {89). Baker and
co~workers (93,19) have introduced this reaction into carbohydrate
chomistry uslng sodium acetats in refluxing 55% aquesous 2-maethoxy-~
ethancl or ethanol as reagents, Siace under these conditions the solvolyais
of & trans sulionyloxy group is attended with inversion, this method has
fouad frequent applications for stereochemical transformaiiens in aminoe
sugars, for preparstive purposes (18, 20,91,.92,93, 23) 8% well as,
somatimes, for the determination of unknown configuratieus {72, 94;,

The aminoglycoside hydrochloride XXX was, therefore, converied
into crystalline methyl 4-acetamido-4-deoxy-), 3, 5, 7-tetra-C-mesyl-a~-D-
heptulopyranoside (XXXIUI) via the amorphous Ne-acetate XXX {overall
yvield, 61%}. Solvolysis of the tetramesyl derivative XX X1l with sodium
acolnte in refluxing Z-ethoxysthanol turing two daye, followed by acetylation
of the pmduct, gave a crystalilne derivative which was revealed by analysis
to have retaincd two measyl groups., Unfortunately, this vesult does not
aliow & definitive conclueion to be drawn regarding the configuration at
C+3, for it might bo explained in terms of sither configuration. According
to Oldhemn and Rutherford's rule (95), which has been appraised at length
by Tipson (96}, a primary sulfonyloxy adjacent to the glycosidic center
in keto sugara (i. 8., at C-lj is entremsly resistant to displacement, while
a primary sulfonyloxy at the ultimate carbon is relatively easily displaced,
Secondary sulfonyloxy groupe are stable ualesa their solvoiysis proceeds
through anchimerzic assistance. Applying the Oldham -Ruthe rford-Tipaon rule,
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and taking into consideration the established trans relationship between
C~4 and C«5% which should provids for anchimeric assistance, ons would
have to conclude that solvelysis has occurred at C-5 and C-7, The
acetylated product would then be a methyl 5, 7~di-O-acetyl-4-acotamido~
4-deoxy-}, 3-di-O-mesyl-a-D-heptulepyranceide (XAXIV), and the failure
of the C-3 mesyloxy group to solvolyze would tend to indicats a 3,4 cie
orientatica and bence D-manno configuration of the starting sugar, On
the other band, cases have been reported in which solvolysis in trans
sulfonyloxy-acylamido sugars proceed vury sluggishly {(72) or noi at all (97),
probably becarse of steric hindrance. The D-gluco configuratioa of
XXXIU cannot be ruled sut, therefore. Ia fact, the gluco configuration
would seémn more likely te be formeaed in the cyclization of disldebyde XXI,
for conformational reasons to be now discussed,

As was mentioned earlier, in the more favorable {scmers
arising {rom aitromethane condensations the hydroxyl greup at a aswly
created asymmetric carbon tende to be srfentad trans with respect to
the substitueat on the adjacoent, original esymmetric center, Hence, {t
is quliv justifiable to expect that the hydroxyl group at C-3 in the seven-
carbon sugar moiety of the disaccharide XXII ahould place itself in
equatorial position in order to have trans relationship to the p-glycosidic,
sguatoriala~Li-glucopyrancseyl group. An axial hydroxyl at C-3
would introduce considerable conformational insglability because of
Rowves " a2 eifect” (98), a condition present when a hydroxyl-to-carbon
bond bisects the O-C-O angle in & pyranose derivative, Moreover, the
aci -nitro substituent probably forces the molacule into 2 somewhat
distorted chair form in which an axial hydroxyi, at C~3, would be meved
toward some degree of eclipsing with the glycosidic oxnygen,
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. EXPERIMENTAL

The melting points were determined in an aluminjum
block appsratus. All evaporations were done in vacuo at 35-40° (bath
temperature) unless otherwise iadicated, Faper chromatogriphy was
parformed by the descending technique on Whatman No, 1 paper. The
nitro compounds were irrigatedwith 1-busancl-acetic acid-water (4:1:5, v/v,
upper layer) and mads visible by spraying with alkali {1 part N NaOH + ¢
parts methanol + 5 parts 1-butanol) and inepsction under ar ultraviolet
lamp. The amino compounds were irrigated with pyridine-ethyl acetate-
acetic acid-water (5:5:1:3, v/v , with pyridine-ethyl acela te-water,
11:40:6; v/v, fa the dottomn of the tank) and indicated with aninhydrin.
Rgm = spesd relative to glucosamine hydrachloride. The Ne-acetamido
compounds were irrigated with i-butsnol-pyridine~wates (60:42:30, v/v,
with the sams aolvent systsm in the bottom of the tank) and detected
according to Pans and Dutcher {199.;. Isfrared spectra were taken in
nujol mull ca Perkin-Elmes Iafracosd spactrophotometer Model 137,

Preparation of iL'-Methoxy-diglycslic Aldehyde (1)

Lt=Methoxy-diglycolic aldehyds {I) was made according
to Jackson anu Hudroam (100). Sodium metaperiodate (42. 8 g) was dissolved
with mild heating in 300 mi of water, After cooling to 50 there was added,
with swirling and irrespective of soms reappearing cryatals, 16.4 g of
solid methyl P-D-xylopyranoside (m.p, 154 - 1550. le ]D - 65, &o) ia
smmall portions in the course of about 10 mimutes. The reaction was then
allowed to proceed at room temperature whereby the periodate baving
separated initially redisscolved soon. Abosut 3) minutes after the
beginning of the oxidation, neutralization of the formic acid being formed

was started by cautious, portionwise addition of IM sodiurn bicarbonate



solution {99 ml). After <& hours the oxidation was complete as indicated
by a negative potassium iodide~starch test performed with a withdrawn
portion that had been mixed with excess bicarbonate.

A precipitate, consiating of sedium lodate that appeared
during the reaction, was filtered off, and the dialdehyds goluiion was then
concentrated, Ethanol (103 ml) was added, precipitated sodivum iodate
was {lltered off, and the solution was concentrated again, This proceas
was repeatod until no more alcohol-insoluble, inorgaaic material

ecparated,

Condensation of Dialdehyde i with Nitvromethane. Paper Chromatographic

Study of the Cyclization Reaction

(a) L'Methoxy-diglycolic aldehyde prapared from 1,64 g
of methyl p-Dexylopyrancside was dissolved in 10 ml of abaclute methanol
and chilled in ice~bath, Nitromethane (2. 56 ml) and precsoled sodium
methoxide solution (7. 6 mi; conceatration, 3 g of sodium per 130 ml) were
.added and the vaolume wus swiftly made up to 30 ml with ice~cold
methanol, Allquots {3 mil) of the reaction mixture were withdrawn after
3, 8, 15, 30 and 6) muinutes and after 3, ¥, 24 snd 48 hours. The aliguots
ware immediately deionized by awirling with excess Amberlite IR -120(3+)
asd by passags through s shert column of additional, freoh resin, The
reain used had been pre-washed witk methano! a2l was washed with several
amall portions of methanol afierwards. The delonised {fltrates were brought
te equal volumes of 25 ml and inepected by papor chromatography,

The resuits were as {ollows:
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Reaction time R, = values Reaction time R, - values

1 . f
3 min (0. 64)=0. 68,0, 81 3 brs 3, 64-9, 68, 3, 81
] D. 64 -3, 68,0, 81 7 0, 64-0, 68, 0, B0
15 2, 64 ~0,69,0.81 24 9. 64-0, 68, 9, 80
30 0. 64 -0, 69,2,80 48 0. 64-0, 68, 0, 83
40 064 -0.88,2,83

In the R‘ 3. 60, 7 region thore appoared poorly resclved double spots
corresponding to Vi and VII. The spots around R £ 3. 80 were consideorably
stronger; thoy appeared to have weak front haloes (R P 0. 83} and were
identical with those given by nitroriboside containing a little nitroxyloside
obtained by deionization of pure g-D-exrythro salt II {58).

{(b) L'-Methoxy-diglycolic aldshyde prepared from 3,82 g
of meathyl p-Dexylopyranoside was condeased as described under (2) with
9, 28 ml aitromethane in 8 ml methanol in the presence of 3, 8 ml of sodium
methozide solution. The reaction mixture (15 ml) was divided iato 3-ml
fractions after intervale of 5 min, 15 min, 1 hz, 4 hr, and 24 hz., Lach
fraction was deionized as described, evaporated and then hydrogenated
catalytically, The hydrogenations were done at ordinary temperature
and pressure in 19 mi of N/1) hydrochloric acid with 200 mg of platinum
oxide. The excess acid was removed with Ambaerlite IR-45{(OH ) and the
soltitions were evaporated. Paper chromatography of the residues of
evaporation revealed complex patterns. The Rgm - values of the main
components are given in the sccompanying table, Additienal, slow-
moving products (Rw i and below) were present in small amounts in

all the fractions,



Rexctios time | R;m - values
5 min 1. 73, 1.99 (gaiat), 2,16
15 1,73, .99 (faint), 2,16
60 L 73, L.99 (faint), 2.16
¢ hr 1. 79, 1. 9% (faint), E____ké
24 | 1. 79, 1. 99 {fatat), 2.16

|

The spot R‘m 2.16 was identified as methyl 3«umino-3-desxy-p-D-
ribopyrancside hydrockloride and the spot R'm 1. 92 ao methyl 3~amino-~
J.dooxy-p-D-xylopyranoside hydrachlozide by co~chromatography of
authentic samples (58).

Maethyl 3-Nitzo-3-deoxy-a-L-arabin anoside {VI) and Methyl 3-Nitro-
3-deoxy-f-D-srabinopyrancside { Vil)

L' ethoxy~diglycolic aldebyds: {I) wae prepared from
8.2 g (0. 05 mole) of methyl p-D-xylopyranoside, and was dissolved in
75 ml of methancl, Nitrornethane (2, 8 ml, 1 molar equivalent) was added
and the solution was chilled in an ice-bath, With swirling, 38.5mliof a
chilled, methanolic sodium rmethoxide sclution {ceantaining 3 g of sodium
psr 192 ml) was dropped in at a modsrately rapld rate. Aftez 1% minutes

the roaction mixture was delonised, with efficieat magnetic stirring at 0°.
by additica of 75 ml of Amberlite iR —120(1-!*). which had besn previcasly
washed with methanol, The eolution was decanted from the resin and, to
ensure complete deionization, slowly passed over a columa which contained
anotker 25 ml of {resh Amberlite, The {iret batch of resin wae washed
repeatedly with methanol and the washings were also passed through the
column, The colorless effluent was evaporated with two succeesive
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additions of ethanol, The resicue was then taken up in about 10 ml of
dichloromethans, Upon sseding with VI‘ and scratching with a glass rod,
crystallization sccurred and was allowed to procesd at room temperaturs
for 1 hour, The crystals were isclated and washed with ice-cold
dichloromnethane; yield, 3%l mg; {u}ése- 83,7% (¢, 1,05 in water), Recrystal-
Manuoxigrom ethyl acotate afforded ractangular platelsts of w, p. 180 -182°
and [c]D +85.5° {c, 1.1 in water). The product was chromatoegrapkically
uniform {R ¢ 3. 64) methyl 3-nitro-3-deogy-u-L-srabinopyrancside {V3I),
Anal, Calc, for C6H1106N (093.2): G, 37.34 H, 5.74; N, 7.25, Found:

C, 37.25 H, 5.63; N, 7.27.

From the above dickloromethans mother Uguor a second
crop of cryotals separated in the course of 24 hours at 0%, This material
(379 mg; c );3 - 147°) was revealed by papor chromatography to be a
mixture giving a double spot (R ¢ J. 64 - 9, 68) corresponding to ths two
nitroazabinosides Vi and VIl, and a weaker gspot {R { J. 89) correaponding
to mothyl 3-nitro-3-deoxy-pf-D-ribopyrancaids,

Now petroleum ether (b, p., 30-607) was added dropwise to
the mother liquor to incipient cloudiness. Upon standing overnight in a
refrigorator the solution deposited crystils, the amount of which could be
augmented by careful addition of carbon tetrachloride and by keeping the
flask [irst at room temperature, then at 4° for 24 hours, The crystals
were lsolated and washed with ice-cold dichloromethane; vield, 3245 mg,
m.p. 160-167°, [cn}i)3 - 218° (¢, 1.1 in water), After one recrystallization
from ethyl acetate the product was not yet chromatograpkically uniform
but showed two spots of R P 3.68 and R ¢ 2.89, A pure product, methyl
3-aitro-l-deoxy-f-D-arabinopyrancside { ViI}, was obtained aftex three
recrystallizations from l-propanol, It had m.p, l?ﬁ-l&)o. 23 f 0. 6%,
and [a];"' - 218°% (¢, 9.5 In water). Amal, Calc, for CGHHOGN (193, 23:

C, 37.31; H, 5.74; M, 7.25. Fouad: C, 37,58; H, 5.87; N, 7,16,

® The seed crystals were obtained in a preliminary experiment described
at the end of this Section (page 49 ).
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With o thearetical yield of 9.66 g, the combined
nitroglycosides isolated up to this stage amounted to 11, 3%, CTlearly,
tke bulk of reaction products was otill contained in the mother liguor.
Chromatography showed the presence of both methyl 3-aftro«3-deoxy-
e-L+arabinopyrancside { Vi) and meihyl d-nitro-3-deoxy-g-D-arabinopyrance
side (V11),with the latter being in preponderance. ‘fhc chief component,
however, was the f-De-ribo isomer (R, 0.80), An additional weak spot
(R ¢ 0.83) was judged on the basis of previcus esperience to be due to
the g-Dexylo isomer (58).

Preliminary Caperiments

Seed Crystals of Methyl 3-Nitro-3-deoxzy~u-Lezrablacopyrancside { VL

and Methyl 3-Nitro~3-deoxy~S8-D-arabinopyranoside { VIi)

An exporiment conducted in :he zame way as described
above, oxcept for a reaction time of 52 rather than 15 minutes, gave
essentially the same resuits. The dialdehyde 1 {from 16, 4 g of methyl
B~Lexyloside) in.a solution of 150 ml of abasolute methanol was condenssd
with 5, 6 m} of nitromsethane in the presence of 77 ml of sodivm methoxide
solution at ice-bath temperature., The reaction mixture was allowed to
stand at 0° for 50 minutes during which tirne it turned eslightly yellow and
began to deposit an aci -nitvo sodium ssit, The santire reaction mixture
was thon detonized with excesa Amberlite 1&-£20(!-'!+). Tha celarless,
doionised solution was concentrated ta & thick sirup that was evaporated
twice with ethanol and once with ether, The sirup, which retained eome
asoclvent, was left for geveral days ia an unevacuated desicuiior over
concentrated sulphuric acid, Crystallisation accurred during this period
but remained incomplete. The crystals were {selated by trituration of
the material with ethex in an ice-xall bath, washed with cold ether agd
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after drying weighed 800 myg, Thie product was impure methyl 3-aitro-
3-deoxy-a~L-arabinopyranoside { Vi) showing m. p. 169-167° and
[‘1;3 + 64,3° (c, 1 in water). Two recrystallisations from hot ethyl
acetate afforded rectangular platelets of pure VI having m. p. wo".
[c)? + 84.9° {c, 1 in water) and R! 9. 64,

The above ethereal mother liguor was evaporated torslrup
which was left for a few days in a desiccator contalning sulphuric acid. A
seccond crop of crystals was theroby deposited, Those crystals were
taken up in ice-cold ethyl acetate, isolated, and washed with an ice~cold
ethyl acetate-ethur mixturs {1:1), The dry material weighed 1 g and showed
m. p. 162-168° and («1;3 - 222.8% (¢, | in water). Papér chromatography
revealed this material to be a minture of methyl 3-nitro-3-deoxy-p-D-
arabinopyranoside { V1) and mathyl 3-nitro~3-deoxy~-p-D-ribopyrancelde
corresponding to B ¢ values of 0, 63 and 0, 83, respactively.

When in a8 further sxperiment the reaction was interrupted
by delonization after 3 minutes, o Vi could be isolated but only a
levozotatory mixture ([c]n - 222°% of VU and the fi-D-ribe isomer was
obtained,

Methyl 3-Nitro-3-Deoxy-e -D-arabinopyrancoside (X VII) and Maethyl 3-blitro

3.deaxy-S-i.~arabinopyranosids (X VI

DWiesthoxy~-diglycolic aldehyde (Xil) was prepared {rom
2.46 g of methyl a-D-xylopyranoside in exactly the same manner as
described for the enantiomorph I, It was cyclised with aitromethane
{0, 825 ml) at ice-bath tempserature in 23 ml methanol in the presence of
11. 5 ml sodium methoxide solution (3 g of sodium in 100 ml methanol),
After 15 minutes the reaction mixture wae deionized by adding 23 ml of
methanol-washed Amberlite IR -120(H'). The soluticn was decanted and
passed through a small column of Amberlite {20 ml). The resin used for
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deionisation was repeatedly washed with methanol and the washings
were also passed through the column, The deionized solution was
evaporated to a sirup which was further evaporated with two succossive
additions of ethancl and than taken up ia & amall amount of dichloro-
methane. Carbon tetrachlioride was added drop by drop to incipient
cloudiness. Upon cooling in an ica~bath and -cntehlng with 2 glaes rod
crystallisation occurred. The crystals were teclated and washed with
fce~cold dichloromethans. The ylold of crude X Vil was 140 mg. It
showed m. p. 178-179° and [a]}, - 76° (c, 1 In water) after cns, and

m. p. 179-180° . [1)13 86° {e, 1 in wator) and R 0. 64 after a second
recrystallization from ethyl acetate, Anal. Calc. for C . lu G 6” {193, 2):
C, 37.34 H, 5. 74 N, 7.25, Found: C, 37.1L; H, 5.64; N, 7,99,

The mother liquor furnished 268 mg of a crystalline
product ((«]é’ + 228, 5) on standing oversight in a refrigerator. It was
methyl 3<nitro-3~deoxy-p-L-arabinopyranoside (XVIil) accompanied by
pP-L~ribo isomer. Ssveral recrystallizations, first from ethyl acetate,
then from l-propancl, afforded pure X VIl with m. p. l19-l80°. Ri 2. 69
and [a]}” + 278° (¢, 0.5 in water), Anal. Gale. for G,H O N (193.2);
Co 3.3 K, S5.74; N, 7.25, Found: C, 37.07; H, 5,68; N, 7.17.

The infrared spectra of the two isomeric glycosidss XVII
and XVIIU showed marked differences in the 1220 - 739 ::nn’l region, but
they wers, as expactod, l}dcnucal with those of the two exmantiomozphs V1
and V1l zespectively.

Methyl 3-Amino«d-deoxy~-a-L.-arabinopyrancside Hydrochkloride ( VIL)
A eample of 200 mg of the nitroarabinoside VI ia 5 ml of

water was hydrogenatsd with a platinum catalyst (200 mg of Ftoz.
prehydrogenated) in the pressnce of 1l ml of N/10 hydrochloric acid. The
bydrogen wptake was 77 ml at 22° and 757 mm Hg. After filtration and
removal of excess acid with Amberlite IR+45(OH") to pH 6, the solution
was evaporated leaving a coloriess sivup which was crystaliized from
ethanol-ethyl acetate, The yleld of colerless needles of methyl 3-amino-
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3+deoxy-c~l.-arabinopyranoside hydrochioride { VIill) showing

{a)? 4+ 21,5 (e, 0.5 in water} and m. p. 157-169° (decomp) was 160 myg
(77.5%). For snalysis, the product was recrystallined from sthanol-~
ethyl acetate and then exhibited m. p. 164-165° {dscomp), [a];:’ +24.7°
{c, ] in water)and Rgm 1. 79, Anal, Calc. for C_H O _NGCI (199.6):

6 1474
Gy 36,99 X, T.07; N, 1.02., Fouad: C, 36,5} H, 7.2 N, 6.8.

Maethyl 3-Amho-S-dcm-g-Duubi_ggmrmﬂdo szrochlorldo {iX)

Platinum dioxide (300 mng) was prehydrogenated in
16. 5 ml of N/1) hydrochloric acid. A solution of 300 mg of the nitro-
arabinopyrancside (Vi) in 5 ml of water was then introduced. The hydrogen
uptake was 101 ml in about 70 minutes. The catalyst was filterad off and
the excess acid was ramoved by treatment with Ambaerlite IR <45%CiH ) to
a pH of about 6, The solution waas evaporated to a sirup that was further
evaporated witk two successive additions of ethanol, A cslorless sirup
was obtained that crystallized from ethanol containing a few drops of
ethyl acetate. The yield of IX was 150 mg and the product showed m, p.
177 ~ 178° {decomp). The product was recrystallised from othanol with
addition of a'little ethyl acetate giving colorless needles of m. p, 181 - 183°
tdocampl, [el} -£05° (<, 0.5 in water) and R 1.76. Amal Calc, for
Cbﬂuc NC14{199,.6)31 C, 36.09; ¥, 7,06; W, 7.92. Found: C, 35,65;

4
H, 1.29; N, 6,86,

Methyl 3-Amlno~3-deo_x_x-uev-oubiaognuosida Hydrochloride ( XI1X)

" Asaxaple of 14 mg of the nitroarabinoside XViL in 3 m)
of water was hydrogenated with the use of 20 myg of platinum dioxide in the
prosences of 0, 72 ml of N/10 hydrechloric acid. The hydrogonation product
was isolated analogously to methyl 3-amine-3-deony-c«l.-aradinopyranoside
hydrochloride (VIil}, The yield was T mg of colorless noedies of
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methyl }-amino-3-deoxy~-e-D-arabluopyrancside hydrochloride {X1x).
The product was confirmed, by ite meltiang poiat of 165° (decomp) and
by its inf{rared spectrum, to be the ensatiomorph of VIL,

Maothyl 3-Aminv-l-dem-é-h-uabhognm-idn Hydrochlozide (XX)

Nitroarabinoside X VI {75 mg) in vnior (3 ml) was
hydrogenated with 83 my of platinum diexide in the praseace of 3, 9 ml
N/10 hydrochloric acid. The hydrogen uptaks was 28 ml {23°, 763 mm Hg)
after } hour. The reaction mixture was worked up as described above for
maethyl 3-amino-3~deoxy-a-Le-arabinopyrancside hydrochloride { VILI)
and methyl 3-amine-3-deoxy-p-D-srabinopyranceide hydrochloride (IX).
The product was crystallizsed {rom sihanol and a liitle othyl acetate
affording 46 mg of crystals of methyl 3-amino-3-deoxy«p-L-arabino-
Fyraasside hydrochlorida (X)), which showed [o[5" + 202° {c, 0.5 in water),
Although this was in good agreement with the expected valus, the meltiag
point of 159 «151° did not match that of the enantiomorph IX and could not be
raised by simple recrystallization, There were noticeable, although slight,
differences in the infrared spacira in sujol mull of IX and XX, too,
These discrepancies were resolved, however, when XX was vecrystallized,
from ethanol - ethyl acetate, with insculation of the supersaturated solution
with a trace of the sntipode {IX). The crysials so obtained meltad at
180-133° (decomp) and gave an infrared spectrum identical with that of 1X.
It appears, therefore, that these aminoglycosides are capadble of existing
in differeat cryetal modificatioas,

3-Apnino-3-deoxy~f-L~arabinose Hydrochloride (X}

A sample of 104, 3 mg of methyl J.amino~3-deoxy~a-L~-
arabinopyranoside hydrochloride (Vi) in i3 ml of &N hydrochleric acid
was heated in a wealed contatner for 19 hours at 95-98°, After coaling,
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the absolute rotaticn of the yellowish solution, ep + 2.96% in & 2+dm

tobe, cerzesponded to a apecific rotation of + 106, s° for tho free sugar.
The solution was decolorized with activated carbon and svaporated
repeatedly with water te remove excess hydrochloric acid, and the
ransining sivep was crystallized by trituration with 1 mi of glacial

acetic acid, There could be isolated 83 mg (83%) of J-aminc-3-deoxy-p=l.-
arabinese hydrochloride (X) whose infrared spectrum was identical with
that of the known ensntiomorph (see next section), The product decomposed
an heating at 150%, It exhibited [a ] + W5° (2.5 minutes) — + 10°

{20 minuates, final; ¢, 0.5 in waterj. On the grounds of this dowaward
mutaretation, f-coafiguration was assigaed to the crystalline sugar.

3.Amino-3edsusy-f-D-arabinose Hydrochloride (X1)

A eample of 146 mg of methyl 3 -amino~3-deoxy-fi-D-
arabinoside hydrochloride (IX) was hydrolysed as described in the
preceding section, Ths hydrolysate showed ¢n «2.717%tna
2-4m tube, which corresponded to [uﬁ: - 101, 8° for the free sugar {XI).
Of the latter, an amount of 83 mg could de isclated as crystals showing
decomposition at about 155°, The upward mutarotation, [“)1233' 147, 4°
(2 minutes) —> - 13° (20 minutes; final; ¢, 9.5 in water) allowed the
assignment to XI of f-configuration, The cqnmbﬂum rotation value of
3-amino-3-deoxy-f-D-arabinose hydrochloride (X1) agreed well with
that gives in the literature ([aln - 112%, 1n water), slthough a mutarotation
had not bsen racorded previously (29).

The Partial Epimerisation of Methyl 3-act-Hitro-3 «deaxy-pontopyrancside

Sodium Balis

p-D-arythra Salt I
A sample of 1. 231 g of 1I {58) was disaolved in 100 ml of
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carbon diexide«free water at 22°. After 17 hours the mutarotation had
reached a final value of [ }D - 17, 9 (Fig. 8). The solution was thea
delonined with 25 ml of Ambarlite IR -lzum ) and evaporatod lesving ¢
colorleas, sirupy residue that was evaporsted twice with dichloromethane,
and finally taken up in a small amount of dichloromethane, Upon scratching
with & glass rad, crystallization of mathyl S-uuro-J‘-dwxy-a-Loanbina-
pyranosids { Vi) oceursed and was allowed to proceed in a refrigerator for
1hour. The isolated material was washed with ice~cold dichloromethane
and amounted to 59 mpg; [aI; + 79, 8°® {c, 0.9 tn water). in a parallel

}; +73.4°% Upcn uerysulxunien
from ethyl acatate the product showesd m, B, 180° . [a]D + 85, 3° (e, 0.5
in water) and R‘ J.64, ldentity with methyl 3-aitro~3-deoxy-a~L-
arabinopyranoaide { Vi) was confirmed by & comparison of ths infrarad

sxperiment the yleld was 66 myg; s

spectra as well as by a mixed melting point that was undepressed,
Paper chromatography of the mother liguor revealed the
pre sence 4f some residual aftroarabineside VI (R p 2. 64) besides a large
amount of methyl 3-nitro-3-deoxy~f-D-ribopyranoside (R P 3.80). There
was also a little of the slightly faster moviag xzylo isomer (R ¢ 3.83).
This patiern of composition was confirmed whoa the corresponding
amino glycosides obtained after hydrogeastion of the mother liquor were
chrematographed, Paper chramatography revealed the presence of
methyl J-aming«3-deony~a~L~nrabisopyranoside hydrochloride { ViN)
(Rsm 1. 70) and a small amount of methyl 3-amino-3-deoxy~f~D=xylo«
pyranosids hydrochleride mgm 1. 96) Desides a large amount of methyl
Jeamino-Sedoony-f-D~-ribopyranoside hydrochloride (R!m 2.16), Ia
addition to thess, traces of sevaral slowsmoviag as well as fast-moviag,
ainhydrin-positive by-products were dotectad. The chief component
of the bydrogenated mother liquoxr was isolated in cryetalline form and
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identified as methyl J-amino-3-deoxy-p~D-ribopyrancside hydrochloride
(58); it had m. p, 167 - 168° {(decomp) and {a]g,3 - 119° {c, in water) after
one recrystzllisation from 7% esthanol.

An sttempt to improve the yield of methyl 3-nitro-3-deoxy-
a-L-arabinopyranoside (V1) by refloxing the p-D-orythro salt II in 0%
aquecus tetrahydrofuran for 4 hours or 8 hours was ixot successful,

z-L~threo Salt I
To & sample of 38, 75 mg of methyl J-aitro-3udooxy-a-L-
arabinopyranosids (V1) there was added 2 ml of N/10 sodium hydroside
solution, and the volume of the solution was made up to 5 ml by the
addition of carbon dioxide-free water. Thus, 43.16 mg of the sodium
salt 1l was present. The mutarctation wus measured in a 2-dm tubs and

was found 0 be [¢f3+ 57, 9° {(3min.} — + 39.4° (S min.} — ¢ 0.58 {10 min. )
D
— «25.0° (15 min.) — -199,0° (60 min.) — - 116.4%( 5 houre, constaat)

(Fig. 1). After defonisation, the same chromatographic pattern of nitro
compounds, and after hydrogenation, the same pattern of amino compounds
were observed as in the partial epimeriaation of the p~D-ssythro salt 11,

p-D-threo Sals IV
To a sample of 14. 78 myg. of methyl 3-nftro-3-deoxy-S-D-

arabinopyranoside (Vil) there was added 0. 77 ml of N/19 sodium
hydroxide sclution and water to make up a velume of 3 ml, Thus,
16, 45 mg of the f-D-thseo salt IV vas preseat. Mutarctation readings
were taken with a Z2-dm tube and are represented in Flg, 1, {c]z - 239°
{3 min,) — - 2038° {3 min,) — - 181° (15 min.) —> ~ 136° {30 min.)
> = 16,67 (45 min,) — - 104.8° (60 min.) —> - 100. 3° (90 min. )
— - 104° (2 hours) -—> - 15,1° (18 hours, constant), The chromatograms
obtaintd after deionization as well as after hydrogenation of the equilibrated
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solution showsd the same patterns as those obtained from p-Deexythro
salt iI and a~l.-threo selt Ui,

Dartial Oxidation of Sucrose with Lead Tetraacetate to Dialdehyde (XX1)

isldehyde X%l was prepared (#2) by oxidation of sucrose
with one equivalent of lead tetraacetiats. Sucrose (15 g, 29.2 mmoles)
was dissolved in 500 ml of water and to the solution was added 503 ml of
glacial acetic acid. With vigorous -tinin;f,\aolution. 12.4 g of lead
tetraacetate (28, 0 mmoles) was sdded, and the oxidation was allowed to
proceed for half an hour at room temperature, Divalent lsad was removed
by adding excess of Rexyn RG 59 (') (about 130 ml). The filirate was
concentrated and most of the remaining acetic acid and water was removed
by several codistiliations with sthanol and toluene, The dlaldehyde was
obtained as a white solid.

a-I'=Glucopyranosyl 4-aci-Nitro-4-deoxy ~B-D-heptulopyranoside

Sodium Salts {XXL1I)

The above diaidehyde XXI was dlesolved in 85 ml of absolute
methanol and the solution wae chilled in an ice-bath, Under magnaetic
stirring there was added 1. 6 ml of nitromethane and 23 ml of methaaolic
sodium methoxide {3 g of sodium per 123 ml of methanol), The amounts
of reagents added corresponded to one equivalent éach, as calculated
for a quantitative production of dialdehyde from sucrose. Yeliowish-
white, powdery material bezan to geparats after about 15 minutes.
Stirring and ice cooling was coalinued for 45 minutes. Thereafter, the
flask waes trsnsferved into a relfrigerator and kept there for ¢ more hours.
The salt XX was collected on a Biichner funnel, washed quickly with
{ce-cold methanol and rumediately transferred to a desiccator, The



dried product weighed 7. 2 g and showed ["]D + 46.9° {c, 1 in water),
Unless proper care was taken in isolating the sodium salt XX, it
tended to absorb moisture and ultimately became sirupy. However,
once it was washed and dried, it was fairly stable and could be stored

in a destccator, On heting {t became brown around 199° and foamed

at 119-120°, Amal. Calc. for C Niia (423.3): N, 3,31 Na, 5.43,
Found: N, 3,26; nm, 5,37,

13H22%3

a+D-Glucopyranosyl 4 -Nitro-4d-deoxy-g-D-heptulopyranasides { XA X111)

Sodium ealt XXII (3 g) wae suspeaded in about 103 ml of
abasolute methanol] and the suspension wis treatad with axcess methanol-
washed Rexyn RG %0 (H"') {59 ml) at fce-bath temperature. The slightiy
yellow«colored filtrate was evaporated to & sirup that was further
cvaporated with two successive additions of ethanvl to give a colorless
hygroscopic product, {a}n + 73.4% {c, 1 in water). -The material sinterad
around 60° and foamed at 85°, Paper chromatography revealed the
presence of two componente (R‘ 3.2% and 2, 3J) presumed to be isomeric
nftrodisaccharides (XX},

a+D-Clucopyranosyl d4-Amino~4~dooxy«p-D-heptulopyranoside Hydro-
chloride (XX1V)

A sample of 1, 26 g of the aitrodisaccharide mixture XXHI
in 3 ml of water was hydrogenated with a platinum catalyst {1 g of platinum

dioxide, prehydrogenated) in the presence of 31 ml of N/12 hydrochloric
acid. The hydrogen uptake wag (80 ml at room temperature ia about

3.5 hours. The catalyst was fiitersd off and the solution was evaporated
to give a sirup., The exceas acid wae removed by evaporating several
times with water., Finally, the sirup was evaporated twice with ethanol

to give a white solid product which was crystallized {rom methanol-ethyl
acetate with addliion of a few drops of water, The yield was 300 mg. For
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recrystallisation the praduct (X X1V} wae dissolved in the minimum
amount of waster aad glacial acetic aclid was added dropwise until the
solution became turbid, Recryatallized XXIV had m, p. 197° {decomp),
[q}n +193.2° {c, 0.5 in watar) and Rgm 2,88, Anal, Cale, for

C,.H, O NCL(407, 5): C, 38.3); &, &,.45; N, 3.43; Cl, 8.7, Found:

1372618 |
C, 38.36; H, 6.58; N, 3,63; Cl, 8.62,

a-D=Glucopyzanosyl d-Acetamido~4-deoxy-p~D-heptulapyranaside {XXV)

Acetamido disaccharide XXV wae prepared from 314 mg of
the aminodisaccharide hydrochloride XXIV dissolved in 4, 5 ml of water
and . & ml of methanol. To the ice-cold, magnetically stizred solution
there was added 31l of Dowex«l cc;o;') and 0.1 ml of acetic anhydride.
After 30 minutes the resin was filtered off and washed well with water,
and the combined flltrate and washings were stirred briefly witk 2 mi of
Cowex 5)W-X8 (Hﬁ. The filtered, colorless sclution was evaporated
to a sirup which was evaporated again with ethanol to give an amorphous
solid. The product was crystallized fyom ethanol (2 ml) and a few drops
of athyl acetate; yield, 33 mg; m.p. 151-132°, [e], +83.8%(c, 0.51n
water}), The product was chromatograpbically uniform (R ¢ u,32)
a-D-glucopyranosyl 4-acetamido-4-deoxy-f-D-heptulopyranoside (XXV),
Anal. CGalc, for C15H27012N (413.4): C, 43.37; H, 6.58; N, 3,39,
Found: C, 43,52; H, 6,71; N, 3,83,

Hydrolysie of Amino Disaccharide Hydrochloride XXIV, 4-Acetamido-4-
deoxy-D-hoptulose (XX VII) and D-Glucoss

To determine optimal conditions for the hydrolysis of the
amino dissccharide hydrochloride XX1V, a 1% solution of the compound
in 2N hydrochloric acid was heated on a stsam-bath and samples for

chromatograpay were withdrawn from time to timme. Absence of XX1IV
on the chromatograms was noted after 2J minutes of hydrolysis,
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A sample of 535 mg of disaccharide XXIV was hydrolyzed
with 30 ml of 2N hydrochloric acid by heating on a steam-bath for 50
minutes, The slightly yellow hydrolysate (which reduced ¥ebling solution
strongly) was evaporated, the excess acid belng removed by evaparation
with several additions of water. The sirup obtained was taken up in 4 ml
of water and positd onto & narrow cation exchange column that contained
22 ml of Kenyn BG 50 (H+) aad thersfore would retain ths amino sugar
but would let neutral glucose pass through, The column was eluted
with 250 m) of water at u rate of 30 drops psr minute. Evaporatioa
of this eluate furnished a sivupy residue welghing 21¢ mg aftor dehydration
with absolute alcobol and drying in high vacuum, The material gave a
negative n!nhvd‘rtu, test and was indistinguishable {rom glucose en paper
chromatograms sprayed with aniline hydrogen phthalate,

Elution of the ion exchange column was then continued
using 250 ml of N hydrochloric acid. The colorless, ninhydrin-positive
eluate was brought to & sirup and residual acid was removed by several
evaporations with water. YFinally, the sirup was evaporated with ethaaol
to give an amorphous powder {310 mg) of ¢-amino~4-decxy-D-heptulose
bydrochloride (XX V1), Since attempts at crystallization wers unsuccessful,
the product was N-acetylated. This was done by stirring the solutioa of
the compound, in 8 ml of water and 1 ml of methanol at 9°. with 9 ml of
Dowex-1 (CC’;'k and 0.176 ml of acetic anhydride, After 30 miautes the
anion exchange resia was filtered off and the solution stirred briefly
with 3. 5 mi of Dowex<50W (H*). The filtrate was svaporated to 2 sirup
that was sevaporated twice with ethanol, There was obtained [rom
athanal (2 ml) and ethyl acetate { & {ew drops) 150 mg of crystalline
4-acetamido-d-deoxy-D-heptulose (XX VIl), It wae racrystallized {rom
ethanol; m. p, 1N-172° (decompl, [s],, + 66.0 (3 minutes) > + 55,0°
{4% minutes, final; ¢, 3.5 in water) and Rl 0,48, Anal. Cale. for



CanO.,N (253, 2): C, 43%,02; H, 6. 7% N, 5. 58, Found: C, 43.19;
H, 6,94 N, 5 70.

4-Acoetamido-d-dsoxy-D-heptulose (KX VII) reduced
Fehling and Benedict solutions, but did not respond to the a-naphtho-
resorcinol tost in which (aitrogen-{ree) ketoses usually produce a red

color,

Methanolysis of Nitre Disaccharide XXIII. Methyl 4-Nitzo-s-deoxy-D-
hcgmlognwoside gxxx}q and Methyl a-D-Glucogxrmo-mc

A sample of 4. 3 g of e-D-glucopyranosyl 4-nitro-4-deoxy-
g-D-heptulopyranosides {XXill) was refluxed for 3.5 bhours in 400 ml
of methanolic hydrogea chloride solution {2 g of hydrogen chloride in
100 ml of absoluts methanel). The dark brown solution was treated
with activated catbon whereby it hecame pale yellow; it was then
evaporated with additions of water in the ead. The brown sirup obtained
was discolved in 100 ml of water and treated with 40 ml of Amberlite
IR ~¢5 (OH") to adjust the pH to about 9, The resin was filtered off and
washed well with water. The acluiion was evaporated to a sizup which
was freed from water by two evaporations with sthanol and finally taken
up in a small amount of hot ethanol. Upon addition of a listie cthyl
acetate and cooling in a refrigerator there crystallized 0.9 g of methyl
a-D-glucopyranaside., After recrystallization from ethanmol it had
m, P, 166° and o ]I‘) + 158, §° {c, | in water), in very good agreement
with the litarature (101;,

Methyl 1, 315, 7-di-O-benaylidene -4-nitro-4-deoxy-D-heptulopyranoside

XAVIIY), -« The mother liquor from which the crude methyl ¢-D-gluco-
pyranoside had separated was evaporated to a sirup {3 g) which could
aot be crystallized, Zinc chloride (3. 6 g) and bensaldehyde (15 ml)
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were added and the mixture was stirred at room temperature for

24 hours. Thercafter, watsr (40 ml) and petroleum ether {20 ml,

b. p. 30~60°) were added and the heterogeneous mixturo was stirred
for 15 minutes, This treatment rasuitud ia the sepazation of 3 semi-
crystalline mass which wae collected and waehed twice with water and
twice with petroleum ather. The crude product was dried ia the alr
and thon recrystallized from chloroform giving the dibensylidene
derivative XX VIl as fine needles (1.0 g} of m.p. 285-286°, The
dibenzylidene derivative was soluble in hot chloroform, hot dimethyl
formarmide and hot dioxane but only sparingly soluble in hot ethanol.
Solubility in cold solvents was very olight. Anal, Calé. for

G, H, Ny {429.4): C, 6).53; M, 5,36 N, 3,26, Found: C, 6L 45;
H, 5.52; N, 3.18,

Methyl-4~Nitro-4~deoxy «D-heptulopyranoside (XXI1X), - Dibenzylidene
derivative XXVII (3.05 g} in 450 ml of methanol-water (411, V/V)

was refluxed and magonerically stirred with 18 g of Dowex 50W-X8 (H+)
for ¢4 hours. The resin was filtered off and the filtrate evaporated to

give a crystalline residue which was {reed fram the last traces of wat er
by two evaporations with ethanol, Recyrstallization from ethyl acatate
afforded 1. 39 g of the debensylidenated dorivative XXIX, m.,p. 157-158°,
[y, + 101.9% (c, 0.5 tn water). Amal. Cale. for CgH, 0N (253.2):

C, 37.95; H, 5,93; N, 5,53, Found: G, 38.1%; H, 6.20; N, 5.463,

Methyl 4~Amino-4-dooxz-D-hoggulozgmctde Hydrochloride { XA X)

A zample of 1. 127 g of the nitroglycoside XXIX is 5 ml
of water was hydrogenated with 2, 63 g of prehydrogenatsd platinum
oxtde in the presence of 45 ml of N/10 hydrochloric acid, The hydrogen
uptake Bt roomn tempem turs was 309 mnl, The catalyet was filtered off
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and the filtrate was treated with Amberlite IR «45 (OH") to adfunt the

PH to about 3. Evaporation of the filtrate yieldad a sirup that was

twice svaporated with ethanol to give a crystalline residue.
Resrystallizsation from ethanol-ethyl acetate, with a few drops of water
addad, afforded needles of XXX {700 mg) having m. p. 170-172° {decomp),
[e], + 98.7% (¢, 0.5 In water) and R le15. Anal, Cale. for

CgH, O NC (259, 8): C, 36.99; M, &,93; N, .3v. Founds C, 37.29;

81876
H, 6,93; N, 5,17,

Methanolysis of cwD-Glucommonzl 4~Amtno-4«deoxx-e~D~bomulo—
pyranoside Hydrochloride (XX1V), Methyl 4-Aminc-4 -doo__g!-b-hogtulo-
pYTanostds Hydrockloride {XXZX) and Mtthzl c-D-Glucogy_ranonldn

A sample of 240 mg of the amino disaccharide hydrochloride
XR1V was refluxed with 22 m} of methanolic hydrogea chloride {5 g hydrogen
chloride per 10U ml of methanol) for 7, 75 hours. The brown solution was
evaporated to a sirup that was evaporated several times with water., The
sirup was then dissolved in 25 m} of water, the solution decolorixed with
activatad sharcosal and brought to & sirup again, After dehydration with
absolute ethanol, addition of ethyl acetate to the ethanclic solution, and
seeding with XXX previously obtained, there crystallized 25 myg of
methyl 4-amino-4-deoxy-c-D-heptulopyranoside hydrochloride {XXX)
as needies of m, p, 173.174° {decomp), [u]D + 78, 2° {c, C.5 in water)
and Rm 1.15, The product was confirmed to be identival with XXX from
the previcus axperiment by an undepressed mixed melting point and by
infrared spactroscapy,

The mother liquor, on standing in a refrigerator,
deposited a second crop of cryetals {30 mg); m.p. 158-160° (decamp),
(= }D +126,.5% (¢, 0.5 in water). The product was chromatographically



uriform mgm 1.18), Its infrared spectrum was slightly different from
that of tha first crop. Possibly, it was XXX accompanied by methyl
a-D-glucopyranosids. However, It was not investigated further,

To the mother Mquor from the second crop a faw more
drops of ethyl acetate were added. On standing in 'a refrigerator,
crystals (29 mg) ﬁxumng at 161-162° were deposited, Recrystallization
{rom ethanol a{forded nesedles of pure methyl a-D-glucopyranoside of
m.p. 166° and [a J, +158.0° (e, 0.5 in warer),

Methyl 4~Acatamido-¢~deoxy-l, 3, 5, 7-totn-2-a¢otyl~D-hapMo~
pyranoside { XX X1} '

Aminoheptuloside hydrochloride XXX (250 mg) was
acetylated in 5 m) of pyridine with 2 ml of acetic anhydride by allowing
the reaction mimutre to stand for 24 hours at room temperature, After
decomposition of the excess acetic anhydride, by adding 40 g of crushed
ico, the reaction mixture was extracted four times with 15 ml of
chloreform. The cambined extracts after drying over anhydraus sodium
sulfate were evaporated, the last traces of pyridine being removed by
codistillation with toluene. The pantasacetate XXXI was cbtained 28 a
gol from: ethanol; drying in a high vacoum afforded 149 mg of a micro-
crystalline powder having m.p. 191-192%, R ¢ 986 and {a], + 75, 1°
{c. 0.5 in chloroform). Anal, Calec, for CmHuNou (433,4):

T, 49.88; H, 6.28; N, 3,24, Found: C, 47.85; H, 6.27; N, 3.19,

A-Acetamido-4-deony-D-heptulose (XX Vi) from Methyl 4-Amino-4-deoxy~
Deheptuloside Hydrochloride (XX X)

A preliminary hydrolysis of the aminohaptuloside hydro-
chloride XXX was done by heasing a 1% solution in 2 N hydrochlorie acid
on a steam-dath, Fractions were withdrawn after 15, 43, 69, 120 and
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210 mimates. {Some decomposition was soted after 180 minutes),
Paper chromatography of the various fractions revealed that the amino-
glycoside XXX (Rgm 1.15) was largely hydrolyzed alrsady after 15 minutes
since its spot on the chroumatograms was replaced by a.new spot of
Rgm 0.95 in all the fractions.

Methyl aminobepiuloside XXX (842 mg) was heated with
2 N hydrochloric acid (85 ml) on a steam<bath for cae hour. The
slightly yellow colored solution was svaporated, the acid betng removed
by several evaporations with watsr. . After evaporating two times
with ethanol, 4-amino-4-deoxy~D-heptuldss hydrochloride (XX V1) was
obtained ad an amorphous powder which was M-acetylst ed by stirring
at 92 in solution (19 ml of water and 2. 5 ml of methanol) in the presencs
of 21 ml of Dowex-l (co; ) and 0,42 ml of acetic anhydride. The rasin
wzs filtored off after 30 minutes and the (iltrate stirred for a short
while with 8 ml of Dowex-50% (H'), The clear solutfon was brought
to drynass, and the residue was crystallized from 5 ml of ethanol
with addition of a2 amall amount of sthyl acatate. The acetamide
sugar isolated (530 mg) melted at 173 -175° {dscomp) end exhibdited
[c]n + 66, 6° {3 minutes) — ¢ 53° (45 minutes, final} <, 3,35 in water)
and R( J.48. Ths product was coafirmed by mixed-melting point
deterrnination and by infrared spoctrascopy to be identical with
4-acetamido-4 -deoxy~D-heptulose XX VI obtained by hydrelysis
followed by N-acetylation of the aminodisaccharide {XXIV).

Degradation of é-Acetamido~-4-deoxy~D~haptulose (XX VI te D-Arvabino-

samine Hydrochloride
Acetamidoheptulose XX VII (249 mg) was dissclved in 2.1 ml

of water, aand 120 ml of glacial acetic acid was added. To the stirred




solution there wans added 444 mg {(one squivalent) of finely powdered

lead tetraacetate, After 15 minutes a 10% solution of axalic acid in
glacial acetic acid was addsd dropwise until no more lead oxalaie
precipitated, and the stirring was continued for another 30 minutes,

The procipitated lead oxalate was flitered off and wahhod with glacial
acotie acld, The filtrate was svaporated with several additions of

watar in order to remove most of the acetic acid, The residue was

then dissolved in about 27 mi of water and the solution stirved briefly
with 12 m) of Dowex-1(HCO,"), The resin was filtered off and washed,
and the colorless filtrate was brought tc § volume of 15 ml, The sclation
was treatad with 129 mg of sodium bicarbozate at 59° for 30 minutes and
then deionized with owex 3J)W X8 (H+). Evaporation furnisked a colorless
sirup that gave a pasitive Morgan~-ilson test for Z-acetamido sugars and
bad the same chromatographic speed 2s an authentic sample of
Z-acetamido-2~-deoxy-D-arabinose,

The above sirup was hydrolyzed with 2l mi of 3.3 N
hydrochloric acid by heating on a steam-bath for 2 haurs, The hydrolysate
was svaporated to dryness and the product taken up in a small amount of
methanol, A few drops of ethanol were added and the solution was allowed
to stand in the open air for slow cryatallization, Crystalline arabinosamine
hydrochloride {63 mg) was collected and washed with etharol, Melting
point, 195-156° (decomp) and rotation, [a}D «123.1% (¢, 9.5 in water) were
in agrvement with the literature values (m,p. 154 -157° {decomp),

{a ]D - 124%) (86). The identity with 2-amino-Z-deoxy-I-arabinsse hydro-
chloride was confirmed further by ita miued melting point of 155-156° {decomp)
with autheniic Z-amino-2-decxy-D-arabinose hydrochloride, Infrared
spectrum and chromatographic movement (Rsm 1. 38) were aloo identical

with those of an authentic specimen,




Methyl 4 -Acetamido-4d-deoxy~D-hepiulopyranoside (X XXII)

A sample of 495 mg of the aminoheptuloside hydrochlozride
XXX dissolved in ll. 2 ml of water and 1. 5 ml of methanol was N-acetylated
by stirriag with i2. 5 ml of Dowex-1 (c03°') and 9, 23 ml of acetic
anhydride at ice-bath teamperature. Aftor 7) minutes the aalon exchange
resin was fiitered off and the solution stirred briefly with 5 mil of
Dowax~50V (H*). The filtrate was ovaporated giving a sirup which on
evaporation twice with ethanol afforded an amorphous product, presumably
the N-acatyl glycoside XXXIl, It was used directly for the following
cxperimens since it could not be obtained in crystalline condition,

Meothyl 4-Acetamido-4-deoasy~l, 3, $, T-tetra-O-mesyl-D-heptulo-
pyzanoside (XXX1il)

The above amorphous acetamide XXXIl was dissclved in
6 ml of pysridine and chilled to 3°, Methanesulphonyl chloride (i, 25 ml)
was sdded slowly with stirring. The reaction mixture was stirred for

30 more minutes and then left overnight in a refrigerator. The excess
methaneasulphonyl chlortde was decomposed by adding 25 g of crushead
fce and the mixture was left at 9° for 3 hours, during which time the
tetramesylate XXXl separated in crystalline form. The product was
collected and washed with water; yleld, 667 mg, m. p. 185-186°,
Tetramosylate XXX was difficultly soluble in the common argaaic
sclvents but was fairly soluble in hot Z~-methoxyethanol and 2~ethoxy~
ethancl., Anal, Calc, foy C“H”NOMS 4 (877.6): C, 27.12; K, 4,68;
N, 2.43; S, 22.18. Fouad: C, 28.97; H, 4.84; N, 2.37; 5, 22,24,
Solvolysis of the Tetramesylata X X1l

Tetramesyl derivative XXXI1Il (616 rmng) was solvelyzed

for 45 bours in refluxing 955 2-ethoxysthanok {10 ml) in the presence of
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300 mg of anhydrous sodinm acetate, The dark brown solution deposited
on cooling sodium mesylate {370 mg) which was filtered off. The filtrate
was avaporated affording & coloved, semi-solid maes that was dried in_
vacuc and subscquently acetylated by heatlag for L hour on a steam-<bath
with 10 ml of pyridine and 2.5 mi of acetic anhydride. Aftar docomponition
of excess acetic ankydride with ice, the mixture was extracted four times
with 15 ml of chloroform. The combined extracts wore dried over
anhydrous sodiwm sulphate and thea treated with activated charcoal,

The solution was svaporated, residual pyridins being removed by
evaporating twice with toluene, Colorless roctangles crystallisged from
sthanol in a yield of 245 mg. Recyystallizatioa from éth&mol afforded
beautiful rectangles of m. p, 23?w&38°, {a]n + 68, 8° (c, 3.6 in chloroform),
and R ¢ 2. 84, which analysed correctly fa o dimaesyldiacetyl derivative

of XXXil., Anal., Calc. for Cxo"zv"ns“‘sz (509, M C, 38,02; H, 5,35;

S, 12. 68, ¥ound: C, 38.20; H, 5, 56; 5, 12, 6%,

From the considerations made ia the Discussion, the
product may tentatively be asolgned structure XXXIV, When it was
subjected to renewed solvolysie {4 days) foliowed by acetylation under
conditions similar to those described in the preceding paragraph, oaly
starting material was isalated,
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LLAIMS TO ORIGINAL RESEARCH

1. The alkali-catalyzed nitramethane cyclization of L'-methoxy~
diglycolic aldehyds was investigated with respect to by-producta that
may be formed {n additica to the known main product {(metky) 3-aci -
nitro~3-deoxy-f-D -erythro-pentopyrancside sodium). It was
eatablished that about 5% each of the correspunding «-~L-threo and

p~Dethreo salts are formed.

2. Anslogous experiments were carried cat with D'-methoxy~

diglycolic aldehyde giviag rise to the enantiomeric compaunds, aamely

the correspoading ¢-D-thres snd f-L.-threo salte.

3. if wao shown that aci -nitro peatceide salts in aquecus solution

undorgo spontancous epimerivations at carbous 2 and 4,

4. In the course of thess investigations the following new compounds

were isolated in crystalline condition:

(a}
()
(c}
(d)
{e)
84
(g)
Y
(1)

Mathyl 3-nltro-3-deoxy-a-L ~arabinopyranoside

Methyl 3-aitro~3-deaxy«D-arabinopyrancside

Methyl 3-nitro~ 3«deoxy-f@-D-azadbinopyranoside

Methyl d-nitro-3~daoxy-8-L =~azabinopyranoside

Metayl 3-amino-3-deoxy~a -l.-srabincpyrancside hydrochloride
Methyl 3-amino-3-deoxy-a-D -arabisopyraroside hydrochloride
Methyl X-amino-3-deony-p -D-arabinepyrancside hydrochloride
Methyl 3-amlino-3 ~deaxy~f-L-arabinopyranoside hydrochloride
3-Amino-3-deany~L-arabinose hydrochloride.

5. The nitromesthane cyclisation was extended for the first time to a
disaccharidic dieldehyde. This afforded a novel type of nlizogenous

- disaccharide, {.0,, trehalose - type disaccbarides consisting of glucose
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and eitrogencus heptulose., The following crystalline disaccharide
derivatives wurs prepared:

{8) ¢-D-Glucopyranosyl 4-aci -aitro-4-deoxy-p-D-heptulo~
pyranoside sodium salte

{b} e-D-Glucopyranosyl 4-amino-4 -dcozy-fi-D-haptnlopyrmonide
bydrochlorids

{c) a-D~Glucopyrancsyl 4-acetamido-4-deoxy-8-D~heptulopyranoside

6, Degradative studies were undertakea which resulted in a pardal
elucidation of tho configuration of the heptulose moiety in the above
disaccharides. The following crystalline, new compounds were there by
obtained:

{a) 1,3:5, 7-Di-0O«benzylidene -4 -nitro-4-deoxy-a-D-heptulo-
pyranoside

(b} Methyl 4-nitro~-4-deoxy-a-D-heptulopyranoside

{c) Methyl 4-amino~-4-deoxy-a-D-heptulopyranosids hydrochloride

{d) Methyl 4-acetamido-4-deoxy-l, 3, 4, T-tetra-C-acetyl-c-D-
heptulcpyranoside

(o) d~Acetamlido-4-dooxy~D-heptulose

{f) Methyl 4-acetamido-4-deoxy-l, 3, 5, 7T-tetra-O-mesyl-c-L-
heptulopyrancside

(g) A di-O-mesyl~di~Oracetyl derivative ., probably
methyl 3, 7-di-O-acetyl-4-acetamido-4-deoxy-l, 3-di-C-mosyl-a-D-
heptulopyranoside.
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