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PREFACE

Introductory remarks in thic thesis give a brief
account of the general features of.fhe Henry addition. This
ncconntvis followed by a discussion of methods used in the
"sYnthcsisfof_J}nitroélkéneS} and morc specifically, carbo;
hydrate nitroolcfins; The introduction is concluded by a
discussion of nucleophilic addition reactions in.carbohydrate
nitroolefins, with emphasis on the formation of vicinal
nitroamines. '

The'thesis is divided into three parts. Parxrt I deals
with a reinvestigation of the synthesis of 3~-nitro sugars
by the Henry addition of nitromethane to sugar dialdehydes.
Part II describes a study concerning the nitromethylene
acidity and the mechanism of epimerization of partially blocked
nitro hexoses. The synthesis of d~halonitro sugars is also
discussed in this connection. Part III is concerned wifh'the
synthesis and some rcactions of nitroolefins. vépecial eﬁbhasis
is placed on a compafative study of four isomeric, 2,3-un-
saturated nitro hexopyranoéiaes in reductions, epoxidations,
and addition reactions with N-bromoacetamide.

- The results of Part II, Chapters A, B, C, and Part

*
ITI, Chapter C have been published.

* §.H. Baer and W. Rank, Can.J.Chem., 49, 3197 (1971);
49, 3236 (1971);

4
W. Rank and H.H. Baer, Can.J.Chem., 49,
H.H. Baer and W. Rank, Can.J.Chem., 9, 3192 (1971).
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ABSTRACT S,

Part I

Stereoisomefic methyl 4,6-0-benzylidene-3-deoxy-
3-nitro-hexopyranosides provedf*o be distinguishable by
" the chemical shlfts of Lhelr benzylldene methine proton
"31gnals;_and ratlos of such isomers in mixtures could be
estimated by s1gna1 1ntegratlon. The method was applied to
a reinvestigation of the epimerid distributions in which
methyl 3—deoxy~3-nitro—$rD—hegopyranosides arise, firstly,
in the nitromethane cyclization of‘D-hydroxyﬁethyl-D'—methoxy-
diglycolaldehyde and, secondly, in their base-catalyzed.
configurational_equilibration via nitronates. Previous results
were essentially confirmed as far as the preferred configur-
ations are concerned but required some revision as to the
relative abundance of less favored configurations. Preparative
chromatography of benzylidene acetals'affofded some isomers
which were not isolated before. Debenzylidenation of the
acetals furnished some nitrohexopyranbsides of.ﬁhe<i~Dmsé}ies
which were isolated-for»thebfirst time. Separaticn cf iscmers
in the -D-series was improved by use of chromatography and
.by a new method involving differ@ntial reactivities of compounds
toward alkali. The 01rcular dichroism of. benzy¢1aenaue 3-

deoxy- 3—n1tro sugars was studied in this. connectlon.

-* . For convenience, compounds in each Part are described using

a different set of numerals.
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"Part II

Chapter A.—— The exteht of nitronate formation in_methyl 4,6~
0-benzylidene-3-deoxy-3-nitrohexopyranosides, methyl 4,6—0—
benzylidene—Z,3-dideoxy—3—nitrohexopyranosides, and methyl 2-
acetémido—4,6—O—benzylidene—2,3—dide6x§43-ni£rohexopyranosides
in dilute,potassium.hydroxide solution wascompared by means of
'wﬁ:v; épécﬁréééébff' ébﬁéidéf&ble differences were found to exist
in the nitromethylene acidities, and these were correlated with
stereochemical features of the molecules.

Chapter B,—— A facile manno —> gluco epimerization in -~
benzylidenated 3-deoxy~3—ni£ro sugafs was investigated. It was
shown that, in alkaline alcoholic solution, the epimerization
proceeds by'an élimination—addition via an intermediate nitro-
alkene if the hydroxyl group at C-2 is acetylated. However,'if‘
the hydroxyl is free, thé hitroalkene'is ﬁot an intermediate

and, iﬂ accord with the low nitroﬁethylene acidity in this
particular case, the mechanism is suggested td involve a reverse
Henry reaction. '
' Chagter C,—Q— Acetylat;on of methyl 4,6-0-benzylidene-3-deoxy-
v3—nitro-@-D-galactopyranoside and its dJ- and @—D-ggggg isomers

with acetyl chloride and triethylamine in ether furnished the
expectéd 2-0—-acetylated nitro glycosiaes in good yields. How-

ever, the same method applied to the {-D-talo isomer afforded a
nitronic acid-acetic acid anhydride, namely, methyl 2—0—aéety1—3—
(O-acetyl—ggifnitro)-4,6—0—benzylidene—3—deoxquD—lzggfhexopyranoside.
'ChaEter D. —— Bromination and chlorination of methyl 4,6-0-

benzylidene-3—deoxy-34nitro—D—hexopyranosides and methyl 4,6-0~
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benzylidéhe-z,3—aideoxy-3—nitro—D—hexopyranosides furnished

in most cases the 3—halo-3—nitro'glycosides, a new class of

GOET RIS TR ot %, At T e A ne S

carbohydrates. In some instances, the halogenation was
, COmplicated by the fact that twd 3-epimeric products were formed,

in other instances halogenation was accompanied by epimerization

for which a:retrograde Hen;yftypé mechanism is postulated. .Upon
treatment with base, some of the halonitro sugars ‘afforded ‘epoxy~"
‘nitro sugars, another new class of carbohydrates. The nuclear

magnetic resonance and circular dichroism of halonitro sugars

was studied also. K | : ' ¢
Part IIT
Chagter'A.——; The préparation.@—nitrostyrene, 3-0-acetyl-

A MRS IR N ATy f1 D10 w0 el S T L L T an a A mienae

'5,6*dideoky-l,2—O-isopropylidene—G-nitro-irD—gzlg-hex-5-eno—
furanose,'and sferéoisomefic methyl 4,6-0-benzylidene-2,3-
dideoxy;B—nitro-héx—Z—enopyranosides is described briefly. The
bfoéeduré for the preparation of the latter nitroolefins with
D-threo configuratioh was imﬁfoved in this connection, while .
the isomer with B-L?égggg'configﬁratioﬁ was sYnthesized for
’the_first timé.-. | |

Chégter Bf—— Reduction of the four sterebisomeric methyl 4,6~
04benzylidene—2;3-dideoxy—3-nitro-hex-2-enopyraﬁosides with
éodium borohydfide gave in excellent yields the corresponding
saturaféd nitro'glycosides tha£ possess an equatorial nitro group.
Réductioﬁ with zinc and acetic acid gave in similar yields the
corresponding 2,3~dideoxy-3-oximino glycosides. Two of the

latter were deoximated to 2,3-dideoxy-3-oxo sugar .derivatives.
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Chaéfer Cﬁ——;.Action of hydfbged.ﬁerexide iﬁ a ﬁeeﬁiy eikélihe~
medium upon stereoisomeric methyl 4,6-0-benzylidene- 2 3 -dideoxy-
3—n1tro-hex-2-enopyran051des led to d-nitroepoxides 1n excellent
yields. This reaction proceeded with a marked stereospec1fﬁ
icity, which seemed to be mainly dependent on the anomeric con-
flguratlon of the startlng nltrooleflns. The conflguratlonal

assignments were based on n.m.r. and c. d. data.'.""

Chapter D — A new reaction, namely, the sodium acetate
catalyzed eddition of N-~bromoacetamide acrossléhe carbon-carbon
double bond of nitroolefins was discovered. ,Application of this
reaction to f3-nitrostyrene resulted in the formation of 1,1-
dibromo—l-nitro—2—acetamido—2-pheny1ethane. Addition'of NBA

to 3-0-acetyl—5,6-dideoxy~l,ZfQ-isopropyiidene—6—nitro—ArD-
Ezig-hex-S-enofuranose led to the formation of 5-acetamido-3-0-
acetyl=-6,6-dibromo-5,6-dideoxy-1,2-0-isopropylidene~6~nitro-f~
D-glucofuranose and the corresponding'@—L—idofurenose. The

same compounds were synthesized also by an iﬁdependent route

starting with the addition of ammonia’ to the above»mehtiqped

- 5,6-unsaturated nitro sugar. The circular dichroismsof various

6-nitro hexofuranoses were recorded and}from their dichroic
behavior two rules were deducedlallowing the distinction of C-5
epimers. Addition of NBA to methyl 4,6-0-benzylidene-2,3-
dideoxy-3-nitfo*b-hex—z-enopyranosides led in a highly stereo-
sﬁecific reaction to the fdrmation of methyl 2~acetamido-4,6~-
0—benzyiidene-3-bromo-2,3-dideoxy—3—nitro-D—hexopyranosides.
The stereospecificity of .the reactinn was found to be governed

by the anomeric configuration of the starting nitroolefins.
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DeriVatives of 2,3~diaminomannose, 2,3-diaminotalose, 2,3~
diaminoglucose, and 2,3~diaminogalactose were synthesized in
this way and their n.m.r. spectroscopic and dichroic behavior

was studied.



I‘N"TRODUCTION

The amino sugars most comﬁonly found as constituents
of polysaccharldes and glycoprotelns in the animal klngdom
are 2-amino-2-deoxy-D-glucose, 2—am1no 2- deoxy—D-galactose,
.~€nd'$iali°-?¢;d (a.nine;csrbon amino sugar acid) (1). It
is_sﬁfp#ising that;in"spite of the great structural and function-
al variety of chemicalwsubstances produced by animals, only
. these three aminp’sugafssseem to play a role./ In contrast,
microorganisms hsve been found to produce a multitude of
'diffe;snt,amino sugars,,with.grest variations in constitution
and configuration (2). The structural elucidation and the
synthesis of amino sugars ffom microorganisms, and especially
the chemist;y of antibiotics, has béen»élcoﬁtinual chailenge
to carbohydrate chemists during the past two decades. The
developmentsqf the chemistry of nitro sugars has sonEributed
‘a grest deal to:that of the amino sugaxrs, for the obvious
reason of their close relatiqnship. - However, the study pf
ﬁitro sugars is an ihteresting,subjecﬁ.in itself since the
presence of’é nitro grdup in a carbohydrate molecule gives rise
to mechanistic, stereoc hemlcal and preparative problems and
possibilities not encountered'in ordinary sugars. Furthermore,
the recent disdsvsry of evernitrose, the first nitfd sugar
found in nature (3), added to the interest which this class

of carbohydrate derivatives deserves.




A;-iThe HenréfAddition

Qne of the moxre convepient'methods for the syﬂthesis
of nitrd sugars employs the Henry addition. Therefore,
some of the general féatures of this reaction shall be briefly
discussed. :

o : In 18°5 L ‘Henry .discovered the aldol- -type, base-'
'catalyzed addltlon of nltromethane (4) and homologous
primary n;troalkanes (5) to aliphatic aldehydes. 1In subsequent
work the reaction was extended to include secondary nitro-
alkanes and many substituted nitroalkane derivatives on the
-one hand, and ketones as well as aromatic aldehydes on the
other. 1In this manner a large number of nitro alcohols includ~
1ng polyhydroxy nitro compounds- were obtalned whlch, 1n turn,
have served as intermediates for the synthesis of nitroolefins,
amino alcohols, oximes and many other prddudts. Review
articles by Hass aﬁd.Riley (6),‘Levy and Rose (7), Sowden (9},
and a monograph by Perekalin (8) cover most of the early work,
while more recent applications, paiticularly in the field
of sugars and syclitdls have been reviéwed by Lichtenthaler
(10) and Baer (ll).

The primary products in the Henry addition are alkali
nltronates from which upon acidification with dJlute, weak
acidsone obtains . mixtures of two epimeric nitro alcohols.
Acidification with strcng acids may entail dehydration of
the nitro alcohols leading to the formation of nitroalkenes,

and this secondary process is especially facile in the case
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of aromatic nitro alcohols (12). If the acidification of the
salts is performed with an excess of strong mineral acid the
Nef reaction (13, 14) frequently occurs, yielding a mixture

of epimeric hydroxy aldehydes.

>

R-CHO + CHzNO, A R-CHOH-CH=NOS s_’c;%\_g_, R-CH =CHNO,

DN

€

%, R-CHOM - CHO

Sowden and Fischer (15) introduced both the Henry
addition and the Néf reaction into carbohydraﬁe chemistry
where theée reactions have found wide use as convedient means
of lengthening Ehe carbon chain.  Thus, aldopentoses can be

converted into aldohexoses via deoxynitro alditols:

(CHOH)3 \.CH3N07_)0H6% (CHOH)y, Nef weactiom . (CHOH),_}

2. ol lute ociol 1. NaOM 2607 4,50,
CH,0H CH,0H CH,0H
oldopemtose - deoxy -1-mitro alditel aldohexose

(2 epimers)
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In 1958, Baer and Fischer (16) extended the Henry
addition to sugar dialdehydes, which are.readily available
from methyl glycosides by periodate or lead tétraacetate
fission (17). Cyclization of such dialdehydes with nitro-

méthane provides a general and fadile method of introducing

a nltrogen functlon 1nto pos1tlon 3 of aldoses. By numerous

appllcatlons of the method a large body of nltrogenous carbo-
hydrate derivatives has been synthesized (10,.11). A re-~
investigation of some stereochemical and prepafative aspects
of thisﬁcyclization,_leading to the isolation of hitherto
unknown 3-deoxy-3-nitro sugars, is reported in Part I of this

thesis.

CH,0H _ CHIOH _ cu,pu ' cHon

N0, OH

B. §Xnthesié and Reactions of Carbohydrate Nitroolefins ,

Carbohydrate nitroolefins are versatile intermediates
in the synthesis of a number of nitrogen-containing carbo-
hydrate derivatives. Inigenera%&rnitroalkenes are convenient-
ly produced from (3-nitroalkyl acetates by refluxing in a dry.,

inert 'solvent in the preéence of sodium hydrogen carbonate.

Now QA u® b|mz Qhe —oa® %
—CH=C(H— ————> == —A L=



Known as the Schmidt-Rutz reaction (18, 9), this
dehydroacetylation has been widély employed for synthesis
of carbbhydrate nitroolefins. A sugar derivative contain-
ing a nitroolefin grouping és.pért of the glycoside ring

was first synthesized in this manner by Baer and Neilson (19)

;'who;qbtained.from:mgthYL_ZrO-acetyl;4,6-O—benzylidene-3—'

deoxy;3;nitro—@;D-g1u66PYranoside (1) the nitroolefin 2, methyl
“4,6-0-benzy1idene-2,3-dideoxy—3—nitro—@-D—erzthfo-hex—z—
enopYranoéide. The correspondihg;{—anomer waé synthesized

in the same way (20). Isomers having the D-threo configuration
are formed even more readily. Thus; heating of methyl 4,6-0-
benzylidene-3-deoxy~3-nitio-6-DanIactopyranoside (3) in

acetic anhydride in the presence of sodiuﬁ'acetate produced
methyl 4,6-0-benzylidene-2,3-dideoxy-3-ni tro-(s-n-i_:gﬁgé-hex-'
2-enopyranoside (i)in a one-step procedure, i.e.,.it was not
necessary to first prepare the 2-acetate'o£ 3 (21).‘

The Schmidt-Rutz reaction was also applied success-
fully to 6-nitro sugars (22, 23). For examplé, the 5,6-un-
saturated nitro_sugér derivative 6 was obtained by refluxing
- of 3,5—di~0~acetyl—6-deoxy;l, 2-0~isopropylidene-6~nitro-J-D-

giucofuranose (5) in the presence of sodium bicarbonate (22).
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foltroalkenes undergo a number of synthetlcally
useful reactions such as catalytic reductlon to saturated
nitro compounds and oximes. Probablylmost important, however,
' is the versatility they display as acceptors of nucleophiles.
Fo£ nucleophilic addition reactions it is often unnecessary
to employ the n:r_troolefln as such frequently, lt may be
generated in situ from an acetylated nltro alcohol or oeher..
suitable precursor in an elimination process_brought about
by the nucleophile. ’ |

The reactivity of the 2,3-unsaturated 3-nitro sugars
has been exemplified by the facile addition of alcohols to
form 2-0-alkyl derivatives (21). Thio ethers and amino deriv-
atives were also prepared by refluxing partially blocked
glycosides containing a vicinal nitro alcohol grouping; in
toluene in the presence of basic aluminum oxide and such
nucleophiles as-thiobenzyl alcohol and diethylamine (24).
Stereochemically, these and many similar nucleophilic addition
reactions exhibited great specificity, in that,singie'products
were obtained in most cases, and these possessed the 2,3-
diequatorial arrangement of substituents. Some exkceptions to
this stereoselectivity were encountered in the preparation
of vicinal nitroamines. The action of concentrated, agqueous
ammonia on both the nitroolefin 2 and the 2-0-acetyl compound
1 predominantly gave the 2,3-die§uatorie1 product, methyl '
2—amino—4,6-0-benzylidene—2,3—dideoxy~3—nitro—@—D—glucopyranoside

(7} (@25), but the latter was accompanied by the corresponding



@-b;nannopyranoeide (8)which has an axial amino group (26).
The most remarkable exception to the rule of 2,3-diequatorial
addition occurred when anthraniiic acid was added to the nitro-
olefin 2 (26) Under certaln reactlon condltlons the preponderant
adduct formed was that Wthh has the C-2 substltuent attached
3ax1ally (10) Under dlffelent condltlons, only the 2, 3—
dlequator1a1~product‘(ll) was formed. No such difference wae
observed in analogous reectione with the L~-anomer of 2 or in
additionSof the isomeric m- and p—aminobenzoic;acids, 2,3~
diequatorial adducts being formed excluéivel& in all cases (28).
In the reactiens mentioned above, good yields of
products Were ebteined.' However, complicatinns have been en-
countered on occasion in this line of work. For example,
in‘first attempts to add aﬁmonia to the nitroolefin 4,'6f @-
D-Egrgg conflguratlon, the desired 2~ -amino derlvatlve could
not be isolated since ellmlnatlon of benzaldehyde and concomitant
decomp051tlon occurred. Under modified conditions it was
p0551ble to isolate part of the amlne, asﬂgchlff base 9 which
was formed with benzaldehyde that zrose from degradation of
part of the product (27).
The synthesis of nitroolefinic sugar derivatives
and their conversion into various types of products by re-
ductions and by eddition reactions, with particular emphasis
on stereochemical aspects will be elaborated further in Part

III of this thesis.



C. Specification of the Aims of the pfesent Thesis

It appeared desirable to extend our knowledge in
the chemietry of nitro sugars”in the following directions.
| 1. Although the main route‘to 3~deexy—3-nitro
gly0051des, namely the nltromethane cyclization of sugar
dlaldehydes,‘nas al eady been studled exten51vely,'some EERE
nitro sugars whxch should be aVallable by this me'thod have never
been isolated, and the 1solau30n procedunes employved for others
‘could bear improvement. Fulthermore,‘the distribution of
stere01somers formed in the methyl &wD hexopyran051de serles,
“and. the dlstxlbutlon of stereomoomers in the'base-catalyzed
‘Aeplmerlzatlon in that series, was not known accurately. A
reinvestigation seemed to be warranted.

2. ;When a nitfonate anion is formed from a nitro
‘compound, the hybridizatien of the carbon atom to which the
nitro greup is attached changes from sp3 to sp2. It was of
interest to,stﬁdy the stereochemical consequences of such a
change in 3-deoxy-3-nitro sugar derlvatlves, w1th regard to
reactlons that involve nitronate formation.

3. It was de51rable_to extend the scope of the
synthetic bosSibilities to which nitroolefinic sugars lend
themselves. Special attention was to be paid to the develop-

ment of stereoselective reactions.
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PART . 'I . -

PREPARATION OF 3-NITRO SUGARS AND

DERIVATIVES THEREOF
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DISCUSSION.

Aé was remarked in the Introduction, cyclization of
sugar dialdehydes with nifromethane provides an easy access
to nitro sugars. The first product fqrmed in the cyclization:
of a given dialdehyde is'a'nitrbnafe“wnich pOQSeSSés-ﬁﬁd'“'"n
newly-generated asymmetrié centers. When the ﬁitro éuéar is
liberated from its salt by acidification, a third asymmetric
carbon is formed (see-page‘%). 'HenceAtheré exists the possibility
for formatioﬁ of four stereoisomeric glycosiae nitronates and
of eight free nitro glycosides. However, the number of stereo-
isomers actually found is reduced by virtue of a marked stéreof
'.selectivity which prevails. EXperience has shown that one or
two of four péssible nitronates preponderate strongly in the
cyclization reactién\whicﬁ is kinetically controlled; the
nitronaﬁes may subsequently epimerize by ways which will be the
suﬁject of further discussion later on in thié thesis,_and a
thermodynamic équilibrium is established ih whidh a different
configuration may predominate (11). As far as the number of
free nitro glycoside stereoisomeré is concerned it has trans-
pired that, as a rule, only one of the two 3-epimers derivable
from a given nitronate is formed upon acidification. The
nitro group has been observed. to show a .strong preference for
being placed in an equatorial orientation (11l). Recent invest-
igations in this laboratory dealt with the sterebchemistry

of nitronates, their epimerization and acidification, in the
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: methfl<34de6xj;3—nitropentopyranoside series, and resulted
in a detailed diséussion of steric factors governing these
reactions (29). The conclusions arrived at would no doubt.
receiVevétrongvsupport if they proved to be applicable in
other families of nitro glyc051des as. well.

It was known that nltromethane cyclization of D-hyro&y~
Vnethyl—D'~methoxydlglyﬁo1aldnhjdm.(2) leads to the methyl

3-0eoxy~3~n1tro~&rD~h xopyranoeldea having the gluco, manno,

galacto, and talo conflguvaflons (30, '31). However, the nitro
glycosides of this seri h“c not been obtained in crystalline
condition but only as amorphoqs mixtures, and only approximate
estimates of thgf%gqmet,raﬁios.qould be gleaned from the
amoun;siof_varioué‘amino sugars that were isolategupon catalytic
hydrogenation. Configurational preferences in the.cyc;ization
of 2 and in‘thé subsequent thermodynamic nitronate equilibration
'haﬂ thus been,established in a.qualitative»way, but gquantitative
accuracy could not be claimed. It therefdre appeared desir-
able to undertéke a reinvestigation, with the aim of ascertain-
- ing isomer distributions and also for the purpose of character-
izing the nitro hex 051dea in isolated and, if possible, crystal~
line form.
A few results that had been obtained subsequent to the

‘original (30,. 31) studies on the nitromethane éyclization of

2 must be mentioned. At least one of the products, namely methyl
3-deoxy-3-nitro-d~-D-glucopyranoside, was isoléted in low yield
in crystalline form after chromatography cf a mixture on a
cellulose column. However, the amount isoiated bore no relation

to the proportion of the compound in the reaction mixture (21).



Furthermbre, it had been shown that mixtures of isomers may
be benzylidenated with benzaldehyde and zinc chloride, and
small amounts of the crystalline 4,6~0-benzylidene acetals
of the nitro glucoside just mentioned and of its talo epimer
had been isolated (20, ‘215.

At the outset of the present investigation it was
"found that ‘the" benzylldene de:ivatives can be distinguished by
n.m.r.‘spectroscopy due to variations in the chemical shift of
the~shérp singlet given by the benzylidene methiﬁe proton.
Wéll separated signals were sean in bénzylidenated mixtures of
nitrohexosides. It proved possible to gnalee such mixtures
qualitativelyaby:thecuse of these sigrals, and moreover, it
éroved possible to determine iscmer ratios quantitatively by‘
signal integration. Later,an improved chromatographic method
of separation using silica gel columns waq developed, and the
hitherto unknown benzylidene derivatives with &rD-@ggEg and
&7D~§alac§9 configurationswere isolated in crystalline form
in addition to the previously known ep;mers with the £-D-gluco
‘and &~D-~talo configurations. |

The chemical shifts of the methine proton signals
0f the four A-D-isowers and some @-Dnancmers are given in
Table I, p. 15.They proved indicative of sets of isomers, as
follows. Although in chlorcform-d solution the shifts differed
little in compounds having the glucc and galactu configurations,
ﬁhey permitted differentiation between these and manno and talo
isomers; In dimethylsulfoxide—dG, on the cther hand, the gluco
and talo derivatives had similar shifts but cculd be dis-

tinguished from the manno and galacto derivatives. The chemical
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- shift ot'the ﬁethine proton was'scarcely influenced by the
anomeric configuration; anomers, however, may be distinguished
by their methoxyl proton resonances (Table I) which tend to
occur at higher field for axial groups than for equatorial
ones (32). Examples for the quettitative determination of

the isomer ratlo in three-component test mixtures are given
.ntogether Wlth the determlnatlon of the isomer ratio in unknown

component mixtures (mlxture A and B) in the experimental section

(Table XIII, p. 158).
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Since the variations.in ‘the chémicé;.shifts.of the
methine protons in different isomers were distinctly larger
than those recorded (33) for a number of non-nitro analogs,

a possible explanation for these differences should perhaps
take into consideration the anisotropic character of the

nitro group. The hitro group causes shielding in a conical

zone normal to the‘plane férmed by the nitrogen and oxygen

atoms and deéhielding in the plane‘f34), as depictéd in Figure 1II,
page 29. Thus the long range effects will depend on the torsional
conférmétiontof the}nitro group. Inspection of molecular |
models suggests(that certain torsional angles (35) of the '
nitro group may be favored-ovér others due to non—bqnded inter-
acﬁions of the ﬁitro group with neighboring substitueﬁts. Thus
'the most favored conformation of the nitro group in the manno
isomers is in all likelihood about 45°. Such an arrangement
would place the methine proton in the deshielding plane and
hence cause it to resonate at lower‘field, as was observed.

| Similariy one may assume that the nitro group in the talo

isomer has a preferred conformatiom corresponding to a>torsional
ahgle'éf 0°, and the methiné proton shduld therefore be located
-in.a néutral region. On the other hand, the most favored con-
férmétions for the gluco and the galacto isomers presumably have
a torsion anglé of about 90°Aand -45°, respecti%ely. Such con-
formations would direct the éhielding cone of the nitro group
towards the methine proton in these isomers and hence give rise
to upfield shifts, Which were in fact observed. Projections of

molecular models along the carbon-nitrogen bond depicting the



LT -

nitre group in thé_mbét faﬁbréd'édnfbrmatioh.éfé bféséﬁied
in Pigure II, page 29;

— Prompted by the feasability of spectral identification
and-quantitative assay of certain benzylidene acetals, the
nitromethane cyclization ofldialdehyde 2 was reinvestigated.

The configurational distribution in which the stereoisomeric -
methyl 3-deoxy—3-nitro-&~D4héxbpyrapbsidéé éfé'fqrmed"(30€'§l)““
in the cyclizatidn and also thoSe in'which they.exist éfter
thermodynamically controlled epimerization (31) were determined
after benzYliaenation of the nitro glycoside mixtures;

A mixture of nitro glycosides was pfepared, essentially
as described (31), by the reaction of dialdehyde 2 with nitro-
methaﬁe followed by.deionizationl. Exhaustive bénzylidenation
with benzaldehyde and zinc chloride (Reaction Scheme A) gave
a mixture of 4,6-acetals (Mixture A) that showed methine proton
signals assignable to the manno (3), talo (4), gluco (5), and
galacto (6) isomérs. In CDC13,there odcurred three signals
having an intensity ratio of 37 : 12 : 51, corresponding to 3,
4, and 5+6 (Figure I-B, p. él ). In pMSO-dG,'ﬁhere'Qccurred
three signals with an ihtensity ratio of 42 : 49 : 9, correspond-
ing to 3, 4+5 and § (Figure I-A). From these data one can conclude
that the manno and gluco compounds, 3 and 5, were present as
main products in similar amounts (about 40% each), whereas the
talo and galacto compounds, 4 and 6, were minor products present

to the extent of about 10% each.

The reaction time allowed for the cyclization was 45 minutes

whereas in the previous work (31) it was 25 minutes.
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Reaction Scheme A
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The acetal mlxture was then chromatographed on s1llca gel

and substantlal amounts of each isomer could be isolated

in crystalllne form Complete separatlon was not achleved

but the proportlons of isomers contalned in mlxed fractlons

were estlmated spectroscoplcally, and summatlon of the ylelds

1nd1cated a ratlo of 42 $ 8 : 41 : 9 for 3, 4, 3, and 6, in
bp&ef*OSopreq”y ‘

good agreement w1th the ratlo found in .the. mlxture prlor to’

chromatography. |

| These results estab1lshed in a more rellable, quantrtatlve

way What had been deduced from preparatlve separatrons of

products on the amine stage (31), namely, that the QEEEQ and

gluco conflguratlons are favored in the nltromethahe cycl:vatlon

of 2 when klnetlc control prevalls. The results revea]ed " more-

over, that the talo and galacto conflguratlons are formed to a

31gn1f1cant extent. The former had prev1ously been observed
to arise in an unspecified, small proportion and the latter had
not been deétected at all under similar reaction conditions.
Since initially-formed nitro glycosides may epimerizehwhile
being in an alkaline reaction medium, minor changes ‘in.such
conditions as reaction time, temperature or aikalinity of the
medium could produce measurable variations in product ratiocs.
For example, in the nitromethane cyclization leading tc the
analogous 6~deoxy glycosides the gluco to manno}ratio was
'about 1:1 after a reaction time of 25 mlnuteu, but about
2 : 1 after 40 mlnutes; talo and galacto derivatives were
minor products in either event (36).

.It was also of:interest to examine in the same way
the isomer ratio that exists after the aforemzntioned nitro

glycosides have been allowed to epimerize in agueous, alkaline
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solution to the thermodyﬁamic edﬁiliﬁrium of.théifnﬁitféndteé.~
Equilibration and subséquent deionization of the nitronate
mixture was performed as previoﬁsly‘described (31), and the
product was then benzylidenated. The syrupy product (mixture
B) 'so obtained was investigated by n.m.r. spectroscopy in |

CDCl, solution. The spectrum showed three peaks in the methine

proton region (74.34, 4:42,'éhd-4;495,.énd their in£énsi£y ratio.

was 15.5 : 52.5 : 32 in a 3-day epimerization experiment2
(Figure I-C). The first two signals corresponded to the manno
and talo iéomers, 3 and 4 respectively, and the £hird signal
was due to the giggg and gélaéto isomers (5+6). - Column chro-
matography confirmed this pattern, indicating the presence of

3, 4, 5, and 6 in the ratio 15.5 : 51.5 : 20 : 13.

2. In an independent experiment, almost no difference was
found in spectra from benzylidenations performed after nitronate
epimerizations running for 3 and 5 days. This indicated that

epimerization was essentially complete within 3 days.
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»,The direct evidence'so'ebteined confirﬁs'the principai
statemeht’(B;)vwhich was based on conversion into amine deriv-
atives, namely, that the nitro glycosides produced in the
nitro_methane cyclization of 2 epimerize, as nitronates, so as
to-generate chiefly the talo configuration at the expense of
the_ggggg,anq_glggg:configurations. Clearly, the nitronate
of the talo compound is the thermodynamically most stable one.
The experiment showed,furthermore, that the amount of galacto
isomer increases, if only slightly, during the epimerization.'How—
ever, the relative‘stabiiities.qf'the nitronates of the gluco
angd galacto.isemers have now been revealed to be in fact rather
similarfwherees.in'the»earlier work (31), the former had been

underrated and the latter, overestimated. The present resulis

- are for the most part in good agreement with those from a

recent study (37)‘on ahalogous 6¥deoxy glycosides in which,

after nitronate equilibration, the ratio of manno : talo :

gluco : galacto was approximately 28 : 59 : 7 : 6.

The predominance, in thermodynamic equilibrium, of
the nltronate of the &—D talo glyc051de 1s not surprlslng if

one con51ders a conformatlonal factor whlch has recently been

iishown to 1nfluence ‘strongly the stablllty of glyc051de nitronates

(29, 37) ' Thls is the A(l 3) effect (38), the non-bonded inter-
ectioh between the nitronate grouping and an adjacent hydroxyl
group} When the latter is axial, the dihedral angle between

the C=N bond and the C-O bond is about 120° and interaction

can be assumed to be negligible. But when the hydroxyl group

is equatorial, that angle is about 0° and considerable strain
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arises from intenaction.between the hydroxyl group and an
oxygen atom of the nitro group. The interaction energy has
been estimated to be about 2 kcal/mole, thus exceeding in
magnitude thé,gigfdiaxial hydroxyl interaction. It has been
defionstrated (29) that methyl 3-déoxy~3—aci-nitro—@—D-erythr_f
pentopyran031de sodlum%éx1sts in the conformatlon deplcted
"and’ is more stable than any of its stere01somers in spite of
the unfavorable cis-diaxial hydroxyl interaction. The
nitronate of the {-D-talo héxopyranoside, which can be assumed
to prefer the conformation shownftnd may therefore be regarded

as the analog of the pentoside mentioned, owes its stability

to the same condition, namely, freedom from A(l 3) straln.
OMe HO

OH .
40 ' OMe

In the conrse of the chromatographic separations just
mentioned, methyl 4,6-0-benzylidene-3-deoxy-3-nitro-£~D-
mannopyranoside (3) and its J-D-galacto isomer (6) were
isolated for the first time. These acetals as well as the
prev1ously described (19) &-D—Ealg isomer (4) were debenzyl-
idenated to furnish methyl 3fdeoxy-3*n1tro—&rD—mannopyranoside
(7), -A-D-talopyranoside (8), and -{-D-galactopyranoside (9)
as new, crystalline compounds. The structures of 7 and 9 were
ascertained by catalytic hydrogenation giving the known (31),

crystalline amino glycoside hydrochlorides 10 and 12, respectively.
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Similé;ly/ giafforded the.coffesponding aﬁiné hydrochloride
1l in crysfaliine form. 1In thié case, however, further
structural proof was needed since the amine had been obtaihed |
earlier (31) as a syrﬁp of questionable purity only, énd data
of“comparison were lacking. The {-D-galacto configuration was
established by‘dehydratién of'tﬁé acetal 6 with hot acetic
anhydride and sodium acetate, which produced the known methyl
4,6-0—benzy1idene-2,3-didéoxy-3-nitro-&rD-Eg£ggfhex42-eno-
pyranoside (13), i.e. the same nifroolefin that was formed
(20) by such dehydration from the L -D-talo isomer 4. The
procedure for preparing lgbwas improved in this cqhnection,
but the formation ¢f nitroolefinic carbohydrates is discussed
in more detail in Part III, Chapter A.

Further preparative improvements to be recorded concern
the sepatation of the three @-glycosides which are available
(39, 40) by the nitromethéne cyclization of D-hydroxymethyl-
L'~-methoxydiglycolaldehyde (15), namely, methyl 3-deoxy-3-
nifro-@-nglucopyréhoside (16) , -@~D—galactopyranoside (ll),
and "-(-D-mannopyranoside (l§)° Aithough preparation of 16
énd”lz;by direct crystallization from isomer mixtures is
| éasy enough (41), it was desirable fo aughent the yields by
| working ué mother liquors thaf retain considerable quantities
of material. Benzylidenation of such isoner mixtures from
mother liquors had previously served (19) to separate components
- as their crystalline acetals (19 - 21). The separation methods
were substantially improved in the course of the present work.

They invoived, depending on whidh isomer was desired, fractional
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.crySEalliZatibn,-sepéraﬁioﬁ'bf éaiuﬁn chroméfogfaﬁﬁ&, Of
extractive s§paration via nitronate formation. The first
method is.favored_fdr isolation of the galaéto isomer 20 only,
since this isomer is less soluble than the others. Column
chromatographic separation allows a complete separation of
the galacto and.ggggg isomers and is the method of choice if
the manno isomer Kgi[{ié'éééiréd.' Ihé £Hira:ﬁéthod‘iﬁvéivéé"
treatment with alkali to form nitronétes. The égggg isomer
is thereby converted into the gluco isomer (lg) which does
not form a water-so1ub1e nitfonate whereas the galacto isomer
readily does, andithevtwo isomers can be separated on this
basis. The facts underlying ﬁhis procedure ére discussed in

more detail in Part II, Chapters A and B.
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Circular Dichroism of 4,6-0-Benzylidene Acetals of 3~Nitrd Suaars

The occurrence of a Cotton effect requires aichromophore in
:gsymmetric molecule (no symmetry element) or a dissymmetric
molecule (no alternating axis of symmetry). The nitre group
is such a chromophore which exhibits a Cotton effect if the
rest of the molecule is optlcally actlve by. 1tself or when :
it is attached asymmetrlcally to the chromophove. In both
cases, however, the free rotation around the C-N bond'must pe
more or less restricted. Snatzke undertook a detailed study
of‘the‘dichroic behavior of nitro steroids (43) and the
conformational symbols defined therein are also adopted in -,
the'diecussions of circular dichroism in this thesis, He
found that the Cotton effect of asymmetric axial nitrocyclo-
hexanes is governed by the torsion angle (35) of the nitro
group abdut the C-N bond, -a éoeitive angle leading to a positive
Cotton effect, and a negative angle leading to a negative effect.
For equatorial nitrocyclohexanes with a favored torsion angle
of zero or 90° the sign of the Cotton effect is .the opposite
of that given by the octant rule for the corresponding ketones,
whereby in the analysis the whole molecule is divided into
'feur‘spheres beginning with the chromophore and then progress-
ing to the more remote atoms. It may be postulated that in
such an analy51s the sphere with pronounced d;ssymmetry which
.~ is nearest to the chromophore mainly determlnes the Cetton
effect according to the octant rule. These generalizations

hold well for-the interpretation of the dichroic behavior of

a number of nitro steroids.
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“In contrast to the'Sitnetion'in nitro etercids} in
the nitro sugars studied in this present work the energetically
mcst‘favored~conforﬁations of the equatorial nitro group may
not necessarily be thcse with a torsion angle of zero or 9%0°.
The problem is further complicated by the uncertainty of thev
location: in space of the nodal planes and hence the sectors
making elther p031t1ve or negatlve contrlbutlons to the Cotton “
- effect. This problem is less pronounced in nitro steroids
where usually fewer substitnents than in nitro sugars are
present. - Therefore, a mcre empirical analysis of the dichroic
results was attempted for the nitro Sugars discussed in this
thesie, using the absolute configurations of neighboring
asymmetric centers as criterium. A similar approach was success-
fully applied to acyclic nitro polyols by Satoh et al. (44).

Ae mentioned before, the sphere with pronounced
dissymmetry located nearest to the chromophore should make the
main contribution to the Cotton effect, i.e., in our 3-nitro
sugars the asymmetry at C-2 and C-4 is more impcrtant'with
respect to the Cotton effect than the asymmetry at C-1 and
C-5. Since almost all nitro sugars discussed in this thesis
belonged to the D-series (absolute configuration at C-5: R),
the ccntributinns originating froﬁ C-5 were neglected.

The c.d. curves of the nitro sugars discussed in this
part are depicted in Figure I, p. 29. The ellipticity values
are coméiled in Table XIII in the experimental part. |

For the gluco isomers 5 and 19 the effect of the

absolute configurations at C-2 (R) and at C-4 (S) might' be
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expécted-to cancel each other, hence the Cotton effect should
be determined by the configuration at C-l1. Indeed, the £-anomer
lg‘with S configuration at C-1 shows a small positive Cotton
effect, while the (-anomer 19 with the R configuration at

C-1 shows a small negative Cotton effect. The absolute con-
figurations at C—2 and C-4 in the £-D-talo isomer 4 compensate
.each other also.- The conflguration at C-1 of this compound

is S§,and again a smaTl positive Cotton effect is observed.

For the &_ and @-D-ggggg isomers 3 and 21 the absolute con-
figuration of both C-2 and C-4 is S and a strong positive
Cotton effect is observed. For this pair of anomers there

was no difference in the Cotton effect, although the configuration
at C-1 infone anomer is‘S and in the other, R. The contribution
from the assumed torsional angle of the nitro group canhot be
estimated in this case. However, for the anomeric pair with

the D-galacto configuration 6 and 20 a strong‘contribution
_caﬁsed by the torsional dissymmetry of the nitro grOUp has to
be assumed since both anomers give rise to a positive Cotton
effect, while a consideration of the absolute configuration

at C-2 and C-4 (both R) would demand a negative Cotton effect.
This anomaly is not well understood as yet. The occurrence

of ah additional band around 320 nm, which in nitro steroids

appeared around 350 nm, is also not well understood.




29 -

Figure II. - C.D. Curves of Benzylidene Acetals of 3-Nitro Sugars
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'PART II

INVESTIGATIONS CONCERNING THE NITRONATE FORMATION IN

PARTIALLY BLOCKED 3-NITROHEXOSES
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DISCUSSION

Pfimary and secondary nitroalkanes are weak acids
which form water-soluble, stable salts (nitronates) with
alkalis. This is due to the electron—w1thdraw1ng effect of
the nitro group which- renders theci—hydrogen reactlve and
ea511y abstracted by base. The anion is con51dered to be a

resonance hybrid, as shown:

. o | | . |
R—CH—R ® R——C—R  R—C—R ,,® R—C—R
: tl\l o ! > I = |
o”. 0 "o 000 0¢" "~ om
Mmitro compound - mitromate - mitvomic acid

When the nitronate is acidified, protonation at oxygen
isAmore rapid than at carbon and a tautomer of the original
nitro compound is formed (nitronic acid). The nitronic acid
is thermodynamically less stable, and unless it is stabilized
by some structural feature (e.g., by phenyl subetitufion)
it cannot normally be isolated but reverts to the original
nitro compound very quickly.

Nitronate formation is.centrally involved in many
reactions of nitro carbohydrates (11). Synthesis of nitro
sugars by nitroalkane addition to aldoses or sugar dialdehydes
is one example; the alkanenitronate ion attacks the carbonyl
group, and the salt of a nitro alcohol is formed (see Introduction

and Part I). Another instance is the alkaline cleavage of
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nitro-substituted acetal linkages by @-elimination as in the
following reaction sequence which, incidentally, also

exemplifies the nitroalkane-aldehyde addition (22):

Nitronate intermediates are also believéd to play
a role in nitro sugar epimerizations as well as in syntheses
and certain transformations of nitroolefinic sugar derivatives.
Thérefbre, studies were devoted to the interrelétion of
nitronate formation and stereochemical features in carbohydrate

molecules, and these will be the subject of the following

chapters.
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A. ' Ultraviolet Spectra of Anions of 3-Nitrohexoses

Nitroalkanes and nitrocycloalkanes exhibit weak
u.v. abs&rption bands at 270-28C¢ nm and more intense bands
- near 200 nm. By contrast, the@gésalfs show intense absorption
bands in the region 226-244 nm (45). 1In carbohydrate nitro-
nates, the maximum tends to pccur.at_siightlyvlarger wave- -
lengths, around 250 nm (46). "This high inténsity agéorption
was utilized for an examination of the extent §f>hitronate
formation in éorrelation with configufations4iﬁ‘various methyl
‘4,6-0-benzYlideﬁef3—deoxy—3-nitro—‘and -2,3~dideoxy-3-nitro-
D—hexopyranoéides (see formulaé p-34 ). The compounds were
exaﬁined in 0.0140.001'§ ethanolic potassium hydroxide
solutions. It is known that establishment of the‘nitro—
nitronate equilibrium, though rapid, is not instantaneous,
- and in systems developing-a reasonably strong absorption the
growﬁh of the nitronate peak can be readily monitored in an
éutomatic spectrometer. This is illustrated in Figure III,
p.35 . For examplé,'the hexépyrandside with &:D-Egiglconfigur—
ation l%ghowed absorbances of 13600, 15400,-20400 and 21700
after 0.6, 1.5, 4, and 8 minutes (in 0.001 N KOH in ethanol).
Then the peak decreased again (absorbance: 21000 and 19300
' affer 16 and 64 minutes), with concomitant appearance of a
new peak near 306_nm. The latter phenomenon is believed to

be due to a slow elimination reaction leading to aA4,5-

unsaturated nitronate (46).

N

See-p. 34.
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Formulae

OMe
Ry =NHAc :12 Rz =NHAC: 13 R,=0Me

'RyZ0H 't 4,R)=Ole / 5,R,=ONe Ry=OH : §,R =ONe / T,R,=Ole
Ry=NHAc:14,R =OMe /L5,R,=OMe  Ry=NHAC:16,R,=OMe /17,R,=ONe
Ph

LQ;?‘O - -
. Ph /\o
o o _ 0
0,0 y //kﬁk& ;. O,N /kv/!%z

R, | Ry

| 8,Ry=OMe / 9,R,=0He 10.R,~Gke  / 11,R,-ONe
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Ail the compounds thus examined showed maximum ab-

- sorbance during a time 1nterval of 6-10 mlnutes after addition

~of the base. It was noted that changes within that interval were
insignificant, and therefore,-the maximum absorbahce values
recorded in Table II,VP.44 , are thoee:which were measured after
{8 minutes in all cases. The absorbance, A, refers to 10 4M
Jsolutlons and may be taken as a measure for the amount of
»nltronate present under the given conditions of alkalinity.

- Comparative absorption curves are plotted‘in Figure IV, p.36.

- It is seen: that methyl 4,6-0-benzylidene-3-deoxy~
3—nitro-i—D—talopy£anoside (1) 'shows the highest absorption
maximum  (A:21700), followed by the {-D-and - D-galacto isomers
.2 and 3 (A 10900 and'A 12100, respectively). The d~D- and
@-D~gluco 1somers, 4 and 5, produce hardly any nitronate
absorptlon and the amount of salt formed must be very small, 3
) The &~D- and B-D-manno isomers 6 and 7 give rise to the same
insignificant absorptions and thus appear to behave like
the gluco isomers. This seemed surprising at first eight
" but became understandable when their chemical fate was examined
as will be disclosed in a subsequent paragraph The methyl
4 6- O—benzylldene -2,3~ dldeoxy—3 nitro-« and 6 -D-lyxo~hexopy-
ranosides (§_and 9) appear_to form nitronate somewhat more

readily than the D-galacto derivatives, and their £~ and (-arabino

3. At higher concentration of alkali (0.1 N aqueous NaOH),

" 5 does produce a peak at 253 nm (46).
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isbmere (;g and 1l1) behave similar to the D-gluco derivatives,
but give rise to slightly greater absorptions (see also Fig.IV).
In summary, high-inteneity absorptioﬁ is observed when the
oxygen atom O0-4 is linked axially, and low absofption, when
it is linked equatoriellyu In both eeses, replecement of an
equatorlal hydroxyl group at C-2 by hydrogen moderately en-
:hances the absorptlon.. An ax1al hydroxyl at C-2 causes a
‘strong increase when 0-4 is axial also, but is without visible
effect,when'0+4;is-equatorial.. The following explanation is:
offered for-these‘observations. "

~In-the nltronates expected to arise from the compuunds
_that bear a Eggggrfused acetal ring (4- 7,10, and 11), one of
the n;tronate oxygens;facesvnonbonded interaction from tke

(1, 3)effect (38)] whlch

equatorial O-4. - This condition [A
iseassociated with an interaction energy of at least 2 kcal/
"moler(29):andehich5cannot,,in these rigid bicyclie systems,
be:relievedvbyaa’COnformationalzchange,vconstitutes a severe
impediment to niﬁronate formation. Iﬁ the compounds having a
cis-fused acetal ring (1-3, 8, and 9), the (axial) 0-4 does not
so'interfere.’ Anvequatorialihydroxyl group at C-2 could likewise
be expected to hinder nitronate foimation, and the lower ex-
tincfions giveh by the D—galécto and D-gluco compounds in
comparison with their respective 2-deoxy analogs might be

taken to bear this out. However the differences are small,

and they may in fact be due entirely to a change in ihe in-

ductive effect of C-2. At any rate it is clear that an equator-

ial hydroxyl at this position does not seriously interfere with




nithnate‘formation, and one may therefore assume that its
A(l'3)interaction is diminished substantially by a distortion

of the pyranoside chair. A molecular model’ shows that flatten~-
ing which the chair tends to incur by sp2 hybridization of

c-3 will mainly affect the position oF C-2 (in the more

flex1ble part of the rlng), allow1ng an equatorially attach—
”ed hydroxyl to move downward and thus to recede from the nitron-
ate oxygen atom. This movement should be opposed by an axial
anomeric methoxyl group and 1ndeed the L~D~galactoside 2 seems
to produce sllghtly less nltronate than its @—anomer 3 while

the corresponding anomers 8 and 9 of the 2-deoxy series expectéd-
ly exhibit no significant difference. The ring distortion just
mentioned.also implies a lessening of steric interaction between
an axially attached oxygen_at:C-4 and an opposing axial atom or
group at C-2. Undoubtedly this!is conducive. to nitronate form-
ation in the galacto and lyxo compounds, and it provides an es-

pecially pronounced driving force in the talo isomer 1.
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Wé have'élso estimated the PK, values of some of the
compounds by hqlfftitration_with1sodium hydroxide in aqueous
-dioxane :(Table iII),Thevnitromethylene acidities so found.
qualitatively parallél_the‘spectroscopically determined
tendencies of salt formatidn,.beafiné]out the influence of
configuration.. | |

“Table III

" ‘Nitromethylene acidities:

Compound ""” ‘.06nfig#:éti§n' o pR*
1 '&:—D;E—i]-‘—qii SR 8.1
2 - &-D-galacto 96

4 ' &-D;M o A ~10.8
s, SR *@FD;glEég | - 10.8
6 | © d-D-manno ~a1.0
8 "oQ-D—Ly_gp_' : ' 8.8
9 @ -D-1yxo . . .8.3
10 d -D-arabino 10.7
ll @ -D-arabino 10.5-

* The pH-values observed potentiometrically in approximately
0.01 M solutions in dioxane upon halftitration with 0.002 N
sodium hydroxide in water. The candidate thanks Dr. Jan Kov&Y

for kindly performing these measurements.
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Although'an equatorlal diSpoSition of 0-4 obviously
is the chief obstacle to fa01le nltronate formatlon in these
benzylldenated glycosrdes, it nevertheless seemed remarkable
thatthe mann051des 6 and 7 w1th thelr ax1al 2-hydroxyl, did
not perceptlbly dlffer spectroscoplcally from the glucosrdes.
However, it is recalled that the mann031de 7 was eplmerlzed
to 5 by reflux1ng in toluene or benzene 1n.the presence of
ba51c alumlna or Solld potass1um hydrox1de catalyst (47, 48).
Compound 7 has now been found to eplmerlze more rapldly yet
in: alcohollc, alkallne solutlon at room Lemperature, and the
‘observed u.v. spectrum therefore may well represent largely 5
rather than 7 The fa01le occurrence of thls eplmerlzatlon
'was ascertalned by 1solatlon of 5 1n preparatlve experlments
usrng ethanollc potas51um hydrox1de or methanollc sodlum
methox1de solutlnns (ana which was also performed with the
&ranomer 6) A mechanlsm for the eplmerlzatlon reactlon is
presented in the next chapter (Reactlon Scheme B, p. 49).

' To summarlze the above observatlons, one can state
that the dlfferent U V. absorbances of the configurationally
1some11c nltronates of 3-n1trohexoses allow a dlstlnctlon
between the isomers and prov1de a convenlent means for
conflguratlonal assmgnments.

| In a study of the synthesis of vicinal aminonitro
sugars (Part’IiI; Chapter D), various stereoisomeric methyl
2facetamido—4,6-0—benzylidene—2,3-dideoxy-3-nitro-D-hexo~
bvranosides were obtained. It was therefore of interest to

investigateIWhether the differential characteristics in nitronate
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.formatioﬁfdeSCribed éboee arelpafalleled in’ the ‘2<dcetamido
‘derivatives, which would allow the uy, absorption fo be used
ﬁor eonfigurational~assignments in this series also.

| i;me dependent measurements of the absorbances of
1074 M solutions of the 2-acetamido derivatives in 0.01 N

ethanolic potassium hydroxide solution showed agaih that the

establishment of the ni;roénitronate=equilibrium-isunét*insfanti S

aneous (Figure V). Thus,fhe 2—acetamiao deriQaﬁive’&ifh &~-D~
talo (12) configuration exhibited maximum absorbances of 16 000,
18 600, 21 200 and 22 400 after 1.5, 3, 5, and 10 minutes.

The intensity of the nitronate peak then deereased slowly
(absorbance: 21000 after 60 minutes) and the appearance of

an abéorption band around 300 nm was noticed. ,The.absorptionl
~at this wavelength wes subetantial already after 10-20 minﬁtes
for the isomers with @ -D-galacto (13) and @—D;gl._gg_q (15)
eqnfiguretion (Figﬁre V).' Therefore, in the comparative study
of absorbances of the various acetamido isomers a time interval
of 5 minutes only was allowed before the measurements were taken.
The results obtained in this way are listed in'TaBle IT and
»comparatiQe absorption curves are depieted in Figure VI. Again
it is seen that the isomer with axial substituents at C-2 and
C-4, methyl 2-~acetamido-4,6-0-benzylidene-2,3-dideoxy-3-nitro-
A-D-talopyranoside (;gL shows the highest absorbance (A 21200).
The maximum absorbance for the B—Degalacto isomer (13) assumes
.about half the value of that of the D-talo isomer (A 10100)
while the isomers with the {- and @-D-gluco (14 and 15), and

{~- and @-D-manno (16 and 17) configuration show low absorbances
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(A 900—2750).' Thus the differences in absorbance of the
nitronates having an acetamido substituent at C-2 qualitatively
parallel those of the 2-hydroxy analogs and hence can be used

for configurational assignments.
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TABLE IT

U.V. absorptions produced by nitro glycosides in ethanolic

potassium hydroxide solution

i : - . Normaliﬁy A (nm) *
Compound Configuration of KOH max A
1 &-D-talo  0.001 251 21700
2 ;K—D-galacto 0.01 ' - 254 10906
3 @ -D-galacto = 0.001 258 12100
| 0.01 258 13500 °
4 &-D-gluco 0.001  ° 250-260 500
5 @-D-gluco .  0.001  250-260 500
6 d-D-manno 0,001 250-260 500
7 @-D-manno - 0.001 250-260 500
8 d.~D-1lyxo’ 0.01 251 14100
9 @ -D-lyxo 0.001 253 13800
| 0.00 253 14500
10 ~ d -Dp-arabino 0.001 252 1050
11 @—D*arabino_ 0.001 252 . 1050
12 & -D-talo 0.01 250 21200
13 ° p-D-galacto = 0.0l 256 10100
14 . . &-D-gluco 0.01 , 250-260 900
15 @-D?.E.%LI_C_Q 0.01 250-260 2750
16 4. ~p-manno 0.01 | 250-260 950
17 @—D-m_irgxg_ 0.01  250-260 1600

A*'— Molar absorbance. The value would represent the molar
extinction coefficient of the nitronate anion only in case

of complete ionization.
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- Figure V. - U.V. Spectra of nitro glycosides.in alkaline solution
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Figure VI - U.V. Spectra of nitro glycosides in alkaline solution
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B. Mechanism of the Epimerization Reaction- converting the

D-Manno into the D-Gluco Isomer

.Deoxynitroinositols (49) and deoxynitro glycosides
(30, 31) have long been known to epimerize in alkaline solution
aﬁ'asymmetric centers adjgcent to the carbon bearing the nitro
' group. bThese épimerizations are of preparative utility, and
some aspects'of‘thém have been dealt with in PartI of this
thesis. Grosheintz and Fischer (49) have explained the epimer-
ization in terms of a retrograde Henry-type reaétion, but
ekperiﬁehtéi éroof waS'nbt given. It appeared also possible,
however;>that'epimerization in these nitro alcohols takes.place
.Vig a féversibie'déhydfation and readdition of water, that is,
via nitroolefin intermediates. Since much evidence accumulated
forvﬁhévpért‘of such nitroolefins in various base-catalyzed
transformations of nitro sugar derivatives (11), the latter
mechanism was favored in later discussions. As will now be
shown, the facile epimeriZatidn of methyl 4,6-0-benzylidene~
3—deoxy—3-nitro-D-mannopyranosides 6 and 7 to the correspond-
ing b—glggg isdﬁers‘g and 5 fepresents’the first example for
which the olefin mechanism must definitely be ruled out, leaving
tHe fetrogﬁade Henry mechanism as the only plausible alternative.

It had béeh shown (47, 48) that the glucoside 5 is
dehydrated by heating in toluene (or benzeﬁe)'in the presence
of a solid base to give the nitroolefin iﬁ, and that 18 in
turn can be easily hydrated back to 5. Under the same, an-

hydrous conditions at high temperature the mannoside 7 had been
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found (47) to gpimerize to tﬁe'giggg epiméf 5, and it was
therefore reasonable to assume that the reaction proceeded by
way of the olefin 18. There is still no evidence to discoﬁnt
that pathway for the reaction under the conditions then
emﬁloyed; However, é mechanism that does not involve 18 has

now been established to éperaﬁe ﬁnder the conditions of the u.v.
spectroscoplc assay described in Chapter A. (Reaction Scheme B,
p. 49). If 18 were produced from 7, then, in a methanolic medium
containing sodium methoxide, 18 should add methanol to produce
the 2-0-methyl ether (19) of 5, rather than 5 itself. It had
been shoWh,pfeviously.(24) that 18 does indeed give 19 with
great ease.‘ This‘finding was now supported by thé same result
which was obtained in a control experiment in which 1 mole of
water was provided pér‘mole of 18 in excess methanol so as to
simulate the conditions'that‘wOuld obtain upon dehydration of
7. Furthermore, when 7 wasbtreated with the strong nucleophile,:
sodium benzylmercaptide in methanol, the product was 5 and not
the known benzylthio derivative (24). An intermediacy of 18
can‘therefore be.ruled out for these reactions. On the other
hand, the 2-0-acetyl derivative (21) of 7 furnished the methyl
‘ether 19 1n 88% yield upon reactlon w1th methanolic potassium
hydrox1de, the reaction being complete within a few minutes at
room temperature;_ This can only be explaihed by @—elimination
of the acetoxy group to give intermediate 18 followed by sub-
sequent nucleophilic addition of methanol. For if the 0O-acetyl
derivative 21 had suffered methanolysis rather than @—elimination

of its acetoxy group, then 7 and hence 5 would have resulted.
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| Numerous elimination-addition reactions of this
kind had previouély been performed with the 2-0-acetyl
derivatives of 4 and 5. The conclusion can be drawn that ab-
stractlon of H-3 by base, howcver small 1ts extent, is sufficient
in the 2-0-acetyl derivatives to permlt elimination of the good
:leav1ng group, aceLate 1on, whereas in 7 it is not effective
enough” to 1nduce departurp of the poor leaving group, hydroxyl
ion. Because of its difficulty im formmg nitronate, 7 is con-
sidered to incur competitive deprotonation of the 2-hydroxyl
group, and.this leads to ring opening by reversal of a nitro-
alkane cyclization. Subsequent recyclization produces the
thermodynamically more stable(%-D—glEgg isomer 5. When the
nitfomethylene acidity is strongly reduced for steric reasons,
as seems to hold in the present case, the secondary nitro group
might be termed "pseudo-tertiary", and it is suggested that a
retro_grade Henry reaction, known to be facile only in B-hydroxy-
tert—nitro.compounds, must then account for epimerization.

The findings reported in this and the previous chapter
were exploited preparatively in connection with the synthesis
and separation of methyl 4,6-0-benzylidene-3-deoxy~3-nitro-
.B—D—hexopyranosides. ‘As discussed in Part I of this thesis,
nitromethane cyclization of D-hydroxymethyl-L'-methoxy-
diglycolaldehyde'followed by benzylidenation furnished a
mixture of acetals consisting of the @—b—glggg (5) , B-D-manno
(7), and @-D-galacto (3) isomers. When a solution of such a

mixture in chloroform was treated with alcoholic potassium
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hydroxide the manno iéomer wés.readily converted into the
gluco isomer while the galac£o isomer remained configurationally
unaltered. The galacto isomer easily forms a water-soluble
nitronate salt and because of this, it could be separated from
the gluco isomer which does not give a nitronate under the
conditions employed but femaihs.éoluble in chloroform.
Liberation of the nitro sugar from the nitronate solution by
deionization with ion exchange resin afforded methyl 4,6-0-
benzylidene-3-deoxy-3-nitro-(3-D-galactopyranoside (3), and
evaporation of the chloroform solution furnisﬁed methyl 4.,6-0-
benzylidene—3-deoxy—3—nitro—@—D—glucopyranoside (é)in an

improved yield.
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C. Acetylation with Acetyl Chloride and Triethylamine

Preparation of nitro sugar acetates by standard
acetylatién techniéues is sometimes attended with difficulties
due to occurrence of dehydration or dehydroacetylation and
other complications that may ensue (11). Some of the
difficqlties had been ciermVeﬁtedkwhEn*adétYlatiQns‘Wére~” "
catalyzed with boron trifluoridé (45, 50), buﬁ in oné fecént
instance this has caused acetolysis of a tfityl ether function
- (51). This was overcome by using an acylation mixture consist-
'ing of equivalent amounts of acetyl chloridé,and triethylamine
in ether solution at 0°. The method, which involves an in
situ generation of ketene, has now been applied to methyl
4,6—0-benzylidene-3-aeoxy-3-nitro-ArD—mannopyfanoside (6},
-@-D-nannopyranoside (7), -f-D-galactopyranoside (3), and

-irD—talopyranosidé (1) (Reaction Scheme C).
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Cqmpouhds 3, 6 and 7 gave'high yieldsQOf the
expected and known 2-0-acetyl derivatives 22, 23 and 21.
Since there‘was avdiscxepancy between the melting innt of
21 (162-163°) and the reported melting point (136-137°) (21),
,prépa:ation_of the compound waé répééted by the previously
reported method which now gave a material melting at.159-16qo.
JA;miX£ﬁ£é.méi£ing.péint'sfrthe two acetates prepared by
different methpds proved their identity, as did comparison
of infrared spectra.
; , Ih.contrast to the normal behavior of compounds 3,
6 and 7, the taloside iﬁfurnished upon. acetylation an abnormal
peruct in a yield of 92%. Elemental analysis of the crystalline
'material éorresponded tq the composition_C18H21N09, and the n.m.r.
spectrum revealed that two a¢etyl groups had entered althoﬁgh’
the benzylidene acetal as well as the anomeric methoxyl group
were retained.: The i,f. spectrum was.free from hydroxyl ab-
sorption and lacked the band expected for the nitro group in
the 1550 cm ™t region."Instead, there was a sharp peak at
1800 cm—l attributable to an acid anhydride structure, and
an intensive band occurred at 1620 cm-l, in the region where
nitronic acias and their esters show strong C=N absorption (52).
Anoﬁher stréng band was located at 1750 cm-1 and is attributed
to an ester carbonyl. The product exhibited high-intensity ab-
sorption in the ultraviolet region (Ama2242 nm, € 8000, in
methanol), in the range in which nitronic acids and their
salts are known to absorb strongly (52) in contrast to nitro-

alkanes that have very low absorption in this range. Although
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the compound was remarkably s£éble in the.cfyétalliné state .
and could be recrystallized from ethyl acetate, it suffered
loss 'of both acetyl groups when chromatographed on'silica éel,
yielding.(BS%) the known methyl 4,6—0—benzylidene-2,3-dideoxy-
3—ﬂitro—&rD-Eggggfhex-z—enopyranoside 24. This fact demonstrated
that the acetylation of‘l:had'ﬁasked.but not irreversibly
altered or removed the nitro group at C-3.0n the basis of all
the,spectroscopié and chemical evidence the structure 25, a
mixed nitronic acid-acetic acid anhydride was aésigned to the-
new compouﬁd. Since only a few'niéfonic carboxylic anhydrides
have been described in the iitérature and since spéctral dafa
do not seem to be available (52, 53);no comparison.of'the find-
inés presented here with reported ones was possible. The
structural formula depicted for 25 is arbitrary with respect.
to the C=N bond geometry; geometrical iéomerism, as observed
in nitronic esters, may be predicted to be possible in anhydrides
of this type.

The divergént behavior of 1 in acetylatioh is.prébably
a result of its relatively high nitromethylene acidity which
was already illustrated in Chapter A; Apparently the unusual
‘écetylation at the nitro oxygen is anothef manifestation of
the speciai ease with which this isomer is converted into the

aci-nitro form.
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~

- D..Synthesis and Reactions of {-Halonitro Sugars

- Halogenation of nitro paraffins in -position is
achieved by addition of halogen to the aci-nitro form or the
nitronate ‘salt (7 ). The reaction is so rapid that it can
sefve as a method to determine the" amount of aci-nitro form
present in a tautomeric mixture (54).

i ‘7f;iI£ waél§onsiaéréé £hat halogenation of nitro sugars,

which had never been attempted, would be an interesting subject

of study. Several partially blocked 3-nitrohexose derivatives

were therefore chlorinated and brominated by methods now to

be describéa, to give products having geminal halonitro substitution

at C-3. Usuaily halogenation led to single products in high

yields andwfhese, which are be;ieved to bear the nitro group in

equatoriél and thehalogen in axial orientation are referred-td

as "normal" products. Occasionally, formation of two isomers

was observed in which caée the minor component was believed to

have the reverse configuration at C-3 ("abnormal product").

These configurational assumptions suggested themselves by

analogy with the nitronate protonation in'3-nitro pyranosides

which invariably results in an equatorial nitro group (29),

and they were consistent with circular dichroism and nuclear

magnetic resonance data as oqtlined in separate chapters later

on. However, it must be aémitted that definite proof for the

assignment ofﬂabsolute configurations at C-3 was not obtained.
The terminology of the halonitro sugar configurations

presented another problem as there does not yet exist a generally

adopted rule of nomenclature. Following a provosal by Horton (55),
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a combination of generic carbohydrate naméS'and'thé sequence
rules of Cahn, Ingoldvand Prelog (56) was eﬁployed. For example,
the configuration of a 3-halonitro derivative is‘described'v

as D-gluco if the C-3 sﬁbstituent of highest priority taccord—
ih§ to the sequence rules).takes the place of 3—OH.in D-

glucose. Assuming that the cbnfiguration at all carbon atoms
other than'Cf3 remains unaltered, brﬁhination of the 3-nitro
suéar with D-gluco configuration would give as normal product
with axial bromine, the 3-bromo-3-nitro derivative with the

D=-allo configuration;

D-qluco _ ' O-allo

For bfomination, fwo differenﬁ methods were applied,
usﬁally with equal success. The method referred to as direct
: b;omination method consisted of prior formation.of the nitronate
By‘treatment of the nitro sugar with base in alcoholic solution
';pd-at low temperatures. Dropwise addition of bromine then
afféfded.éhe bromonitro derivative, mostly in good yield. The
second method consisted of bromination of the nitro compound
with N-bromoacetamide (NBA) in the presence of sodium acetate,
the acetate ion apparently being basic enough to ionize the
nitro form. This method proved advantageous for nitro compounds
containing O-acetyl groups, as it avoided hydrolysis of the.

latter.
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‘The chlorination reactions were performed by treatmenu
of ethanolic solutions & the nitro sugar with 5% aqueous
hypochlorite soluﬁiOns'(reagent grade), and the chloronituo
sugars were usually Obﬁuined smoothly and in good yields.
Conimercial Javex solution could be substituted for the reagent

with equal success.

i)' Halonitro Giyoosidés having a ois-fuséd Behzzlidene Acetal Group

in,acqordeith‘the observed ease of nitronate formation,
the nitrowsugq;s,witb,apgigffused benzylidene oroup, namely
the L-D-talo (1), £-D-galacto (2), B-D-galacte (3), &-D-1lyxo (8)
and(3-D _x__ (9) compounds readlly furnlshed halonltro derivatives
: 1n good ylelds (Reactlon Scheme D, p. 60).

B;om;uatlou_ofbthe nltro taloslde‘l‘by’the direct‘
method or witthBA led toiméthyl 4,6-0—bsnz§lidene—3—bromo-3—
deoxy-3—nitrof£eb-idopyranosids (26) in yields of 75-90%.
Reductivs_removal of the bromine with sodium borohgdride by
the Iffland method (57) regeneﬁated l. .On the other hand, treat-
ment of 26 wiuh aqueous N sodium hydroxide at room temperature
for 15 ‘minutes furnlshed methyl 2,3-anhydro-4,6-0-benzylidene~3-
_nltro-d}D—talopyranOSLde (28) in a yield of 920% The facile
formatlon of 28 supports the conf;guratlonal assignment of 26,
since it is a well-established fact that Eggggfdiaxial halohydrins
form epoxides rather feadily (58) . The same epoxynitro sugar
28 was formed directly in an attempt to chlorinate 1. When a
methanolic solution of 1 was stirred at room temperature for
35 minutes with Javex, 28 was isolated in a yield of over 80%.

Inspection by t.l.c. after a reaction time of 15 minutes showed

Q!!.i
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the presence of an 1ntermed1ate.wh1ch later dlsappeared. When
the chlorination was carried out at 0° and monitored by t.l.c.,
the reaction could be quenched before epoxide formation became
evident, and methyl 4,6-0;henzylidene-3—chloro—3—deoxy-3—nitro-£—
D-idopyranoside (27) was isolated in 85% yield. Compound 27
proved to have the same t.l.c. mobility as the previously ob-
served‘intermediate7 hehce'thetfacile;formation of'gg"in~the.4
room temperature chlorination.of.l is assumed to.orooeéd via

the chloronitro sugar.gl.

Bromination of the f-anomeric nitro galactoside 3,
effected either by the dlrect method or by NBA, led to a uniform
" 3-bromo-3-deoxy-

product, methyl 4,6-0- benzylldenejg-nltro-ﬁ D-gulopyranoside (29),
© in good yields.
Debrominatioh of 29 with sodium borohydride regenetated
the nitro sﬁgar 3 in a yieid of‘90%. ‘Treatment of 29 with
aqueous N pota531um hydroxxde also gave 3, Whlch was in contrast
to ‘epoxide formatlon as observed w1th 26. A p051t1ve starch /
iodide test of the reaction mlxture indicated that the bromine
was abstfactea as bromonium ion. When the-bromonitfo‘29 was
refluxed ‘in methanollc, 0. l N sodium methox1de for 20 minutes,
mainly an unidentified product w1th very low mobility was seen
on t.l.c, It is assumed that debenzylldenatlon had occurred,
which was also indicated hy the smell of benzaldehyde that

was noticed. The only product isolated.in this experiment was
some unreacted starting material (20%). The fact that no

epoxynitro sugar was formed in any of the base treatments suggests

a cis halohydrin configuration for 29.
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Reaction Scheme D
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bebenzyliaenation of 29 with trifluoroacetic acid
led to'the formation of a syrupy product which failed to crystal-
iize.' After acetylation} however, crystalline methyl 2,4,6-
tri—O—acetyl-3—bromo—3-deoxy-3-nitro—@—D—gulopyranoside (31)
was isolated in a yield of 72%:

Bromlnatlon of 22 the 2~ O-acetyl derivative of 3,
'"w1th NBA furnlshed in’ excellent yield methyl 2- O—acetyl -4, 6 0-
ben2y11dene-3—bromo-3 deoxy-3-n1tro-@-D-gulopyranosmde (32).
Evidently an acetyl substituent in 2-position does not cause
any impediment to bromination“. |

- Chlorination of the nitro galactoside 3, either with
a reagent grade'hypochiorite solution or with Javex, readily
afforded methyl 4,6-0-benzylidene-3-chloro-3-deoxy-3-nitro-@-
D-gulopyranoside (33). The structure of 33 was confirmed by
chemical means when debenzylidenation with trifluoroacetic
acid, followed by acetylation, led to the formation of methyl
2,4,6-tri-0-acetyl~-3-chloro-3-deoxy~3-nitro-@-D-gulopyranoside
(35). -

In contrast to the uniform products obteined in halo-
genations of the [3-anomeric nitro galactoside 3, bromination .
of its &K-anomer 2 furnished a solid material (91%) which accord-
ing to t.l.c. consisted of two products in an estimated ratio
of 1 : 1. An n.m.r. spectrum of this mixture exhibited two
methine proton signals at 4.487 and at 4.307 with an intensity
ratio of 55 : 45. Column chromatography allowed the separation
of the two isomers and afforded the slow-moving product in pure
form in a yield of 49%. It proved to be the normal product,

| methyl 4,6-0-benzylidene—3—bromo—3—deoxy—3—nitro—J}D-gulopyranoside

Q!l.-
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(36).. The fast-moving material isolated in 33% yield proved
to be the 3-epimer, methyl 4,6-0-benzylidene-3~bromo-3-deoxy-
3—nitro—{}D—galactopyranéside (37). A smilar mixture of 36

~

and 37, but in a ratio of 85 : 15, was obtained when 2 was
brominated with NBA. The epimerism of 36 and 37 was confirmed,
by chemical means, when rgductivé removal of the bromine with
sodium borohydride led to the same_nitro galactoside 2 from
both isomers 36 and 37. However the two bromonitro sugars
behaved differently when treated with N sodium hydroxide at
room temperature. Isomer 37 gave slowly (10 hours) but in
high yield'(78%) the epoxide 28 that had been encountered pre-
viously. Isomer 36 remained unaffected under thesé conditions.
even for a prolonged period of time (20 hours). However, it
reacted when refluxed for 20 minutes in 0.1 N sodium methdxide
solution to give, chiefly, an unidentified material of very
low t.l.c. mobility (whiéh may have been due to degradation)
and, as minor product, the same epoxide 28 (isolated in 28%
yield). (Reaction Scheme .E, p. 61).

The formation of 28 from 37 and 36 appééred puzzling
at fifst glance, for it implied epimerization at C-2. It is
'récalled from Chapter B that epimerization, although observed
iﬁ démpoﬁnds having a trans-fused 4,6-benzylidene acetal ring,

had not occurred  in analogous, cis~fused acetals: the manno,

but not the talo and galacto derivatives, underwent epimerization

and this was explained by inVoking a retro Henry reaction to
which the former appear. prone owing to a relatively low nitro-
methylene acidity. However, the present observations on 3-

bromo~3-nitro derivatives are not in contradiction with the

A RLN B 4 PUt 2 £ rarr w e mmar v m
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concept derived in Cheptér B. In fact, they’éfé ékplieéble

by it. The halonitro compouﬁds; being tertiary nitro compounds,
should .be capable of undergoing retro Henry reaction (and
thereby,”epimerization)-éﬁite easily regardless of the con-
figurations at C-2 and C-4. Since the'abnormal epimer 37,

with an axial nltro group, is expected to be the less stable |
one of the pair, 1t appears reasonable that. 1t should suffer
bond cleavage between C-2 and C-3 more readily than 36, thus
being epimerized more easily and subsequently, producing epoxide
in- higher Yield and'under miider conditions, than 36. 1In the
case of the $-glycoside 29 (the anomer of §§) no epoxide form-
ation was observed, as mentioned earlier, and one might conclude
that it did not incur C-2 epimerization. Presumably, because .
of the eguatorial anomeric methoxyl group (implying absence of
strain due to 1,3-diaxial interaction), there was no strong
driving'force for retro Henry—type ring cleavage. In the case
of the glycoside'QQ; even though 1,3-diaxial interaction strain
must exist, there was no incentive for ring cleavage and C-2
epimerization .since the molecule is ideally set.up for epoxide
formation. -

'In contrast to the ebserved epimer formation in the
bromination of 2, chlorination led to a single product, namely,
methyl 4,6-0-benzylidene-3-chloro-3-deoxy-3-nitro-d-D-gulo-
pyranoside (38), in a yield of ovet 90%..

'Similar'halogenation studies were undertaken with the
2,3-dideoxy-3-nitro sugar 8. Bromination by the direct method

or with NBA led again to the formation of isomeric mixtures in
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fatios'df'approximately 25 : 75 in either case.‘Thus, the
direct bromination method afforded a crude mixture (98%) which
showed two spots on t.l.c. An n.m.r. spectrum of the mixture
exhibited two methine proton signals at 4.417and at 4.287
in.-an intensity ratio of 75 : 25. . Separation by column
chromatography afforded'é pure compound in 69% yield which
“pxévad.fp/bé'thehﬁormal:proauct, métﬁyl 4,6-0-benzylidene¥3;
bromo—é,3-dideoky-3—nifro;JED-EXlé-hexopyranoside (39). The
minor, abnormal product, methyl 4,6—Oébenzylidené—B—bromo—Z,3—
dideoxy-3—nitro—JrD—Ezggjhexopyranoside (40) , was obtained in
a yield of 21%. (Reaction Scheme E).

, Chlorination of the 2,3-dideoxy-3-nitro sugar 8 also
led to formatién_bf an isomeric mixture in a yield of 86%. The.
n.m.r. spectrum of the mixture showed two methine proton signals-
at 4.427 and 4.287 in an intensity ratio of 86:: 14, Column
chromatographic separation of the mixture led to the isolation
of the normal methyl 4,6-0-benzylidene-3-chloro-2,3-dideoxy-
3—nitro-{rthzlg-hexopyranoSide (ﬁl) in a yield of 67%. The
abnormal methyl 4,6-O-benzylidene-B—chloro—Z,3?dideoxy-3—nitro—

L-D-lyxo-hexopyranoside (42) was isolated in a yield of 13%.

The abnormal products 40 and 42, which were isoléted in small.
amounts.only, were characterized by spectral and other physical
data but not by elemental analysis. However, they were compared
with the normal epimers by mass spectrometry (see special

section on page 82), and the results thereof supported the

assumed structures.
Next, it was also of interest to study if the halo-
genations of the(%—anomeric 2,3-dideoxy-3-nitro glycoside 9

again furnished single products rather than epimeric mixtures.
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Bromination of 9 with NBA led to the formation of methyl

4,6—0-benzylidene-3-bromof2,3-dideoxy—3—nitro-@-D-xylo-

hexopyranoside (43)in a yield of 96%. Similarly, chlorination
of 3 with Javex exclusively gave methyl 4,6-0-benzylidene-3-~
chloro—z,3—dideoxy—3-nitro—B—ﬁ-gzlg-hexopyranoside (44) , in
a yield of 92%. Support for the structural assignment was

“ also provided by the conversion of gﬁ,into methyl 4,6-di-0-
acetyl-3—chloro-27,3—dideoxy—3—nitroFB-D-§X£9-hexopyranoside
(46) via debehzylidenation followed by a subsequent acetylation.

| In summary, the following comments can be made. It

was found that 3-nitro sugars with a gigffuséd,4,6—0—benzylidene

group afford readily and in good yields 3-halo-3-nitro deriv- 4
. A

atives. For‘@—anomeric compounds, halogenation led to the

i exclusive formation of single products, referred to as normal
products'éince they are believed to carry their nitro group in

an equatorial position. The preferred formation of normal
products can be explained by the lack of hindrance to the approach
of halogen from below the plane of the ring. c{—Andmeric nitro
sugars, by contrast, often gave rise to a pair‘df epimers, the
iSémerism residing at C-3. The epimer ratio depended on the
'Sferic situation in the nitro sugar molecule, but also on the

steric réqhirements of the entering halogen.
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In the &-D-Eéig élyéosidé.l,'brominéfiéﬁ aéHWeii as
chlorination produced single products only, which appears
understandable since approach of the halogen from above the
plane of the ring should be strongly hindered by the two axial
substituents at C-2 and C-4. If‘the axial substituent at C-2
is replacgd by the smaller hydrogen atom as is the case in §,A
steric hindrance to an éppfoéqh'ﬁrom”ébdvé‘is'dimiﬁisﬁedjfaha‘“"
both normal and abrormal produdts were formed. .Differént
product ratios were found for bromination and chlorination; in
each case,'however, the normél product was isolated as the
main product. With the 1arger bromine atom,.the abqormal product
was - formed to about 25%, while with the smaller chlorine atom,
the aﬁnormal product was formed té the extent of 14% only.
Although the two results are not truly comparable since different
reaction conditions prevailed, they suggest that the smaller
chlorine atom experienceslless hinarance'from the axial anomeric
methoxyl group. That the reaction conditions have an influence
on thé'product ratio was clearly shown by the bromination of the
nitro galactoside 2. The direct bromipation-méfhod ied to the
formation of the abnormal product to the extent of 45%, while
in the NBA bromination this was reduced to 15%. In brominations
of 2,3-dideoxy-3-nitro sugar 8 no such difference was observed.

ii) Halonitro Glycosides having a trans-fused Benzylidene Acetal

Groug

As discussed previously, the nitro glycosides having a

trans-fused benzylidene group (gluco and manno configurations)

form nitronate much less readily. Moreover, in manno compounds
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the action of alkali led to C-2 epimerization. These complic-
ations were also reflected in the halogenation of this type of
compounds (Reaction Scheme G, p. 70).

When the @-D-mannosrde 7 was brominated with NBA in
reflux1ng methanol in the presence of sodium acetate, a new
product was formed after 1 hour. It appeared unlform according
“to t. l c..but was revealed to be a mlxture by n.m.r. spectroscopy
In CDC13 solutlon thls mlxture A.(EQ}D-35 50) exhibited two
-methine proton signals at 4.237 and 4.427 in an intensity ratio
of 20 :'80, indicative of the presence of two benzylidene
acetals.‘ A,closer inspection of the spectrum shoned, besides .
a 5-proton multiplet at 2.64?’for the aromatic protons and a N
3-proton'Signal at 6.447 for the anomeric methoxyl group, the 'y
presence of a total of 6 other protons. Even though these |
couid not be assigned individually;‘one'can assume that bromination
had occurred, since the nonbrominated glycoside would possess
one additional proton. The introdnction of the bromine atom at ;
C-3 was also suggested by the observation that the i.r. band
for the nitro group was shifted from 1550 to 1565 cmrl; which
is a fact generally observed for -halo substitution in nitro
compounds (59). When the bromination of 7 with NBA was carried
out at room temperature, completion of the reaction required a
prolonged reaction time of 5 hours. The solid material so
obtained gave an n.m.r. spectrum which was superimposable on
that of mixture A; t.l.c. mobility of the material was the
A similar mixture with superimposable n.m.r. spectrum

same also.

was obtained whenlthe brominating reagent NBA was replaced by

N-bromosuccinimide. Cleavage of the benzylidene ring by this reagent

(Hanessian reaction) was not observed. . R
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AS-discuésed in Chapter B, the R-D-mannoside 7

epimerized to the:@-D-glucoside 5 when nitronate formation
was attempted. It was therefore of intereet to compare the
NBA bromination with the direct bromination, since the latter
is-performed under conditions of prior formation of the nitronate
so that eplmerlzatlon at C-2 can be expected

' When the gggng nltro sugar 7 was brominated Wlth
bromlne at 0 a whlte solld was isolated after work—up. Inspect-
ion of the material by t.l.c. showed one major spot with the same
mobility as that of nitro sugar 5, one slightly faster moving |
spot, and traces. of a slow-moving compound; The n.m.r. spectrum
of the reaction product in CDCl3 e#hibited a complex pattern,
but four distinct methine proton signals at 4.23%7, 4.32%, 4.427
and at 4.487 were recognizable, indicating the presence of four
products .in an.intensity ratio of 5 : 10 : 35 : 50. Column
chromatography of the mixture gave, after appropriate,pooiing ‘
of fractions, a fast-moving product with a rotation of [£36-39.8°,'
which appeared homogeneous on t. l c. An n.m.r. spectrum of
this material in CDCl3 still exhlblted two methine proton s1gnalsf
at 4.237 and 4.427 , with an intensity ratio of 15 : 85.
Furthermore the spectrum was superimposable on that of mixture
A obtained in the previous brominations. The pxoduct of inter-
mediate mobility which according to t.l.c. was formed in a
major proportion, was isolated in pure form and indeed proved
" to be nitro glucoside 5. It was responsible for the methine
proton signal at 4.48?’. The slow-moving product, present in

traces only, proved to be unreacted starting material 7, with
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a methine'proton”signal at'4.327'. Thus for the direct bromin-
ation. experiment it has to.be-concluded that bromination had
occurred only to the extent of,eBOut 40%. 'Moreover,"the manno-
side 7 was largely epimerized to the glucoside 5, even under
such extremely mild.conditions;--Therefore it was suspected
that the mixture A encountered in all the bromlnatlon attempts
of 7, cons1sted malnly of methyl 4,6- O-benzylldene—B bromo—
3—deoxy—3—n1tro—@-D—allopyranos1de (51) to which-the stronger
methine proton signal at 4.427 was attributed, an& of methyl
4,6~0-benzylidene-3-bromo=3-deoxy-3-nitro--D-altropyranoside
(52) to which the weaker signal at 4;23Q¥Was.attributed. Al-
though the two isomeric bromonitro sugars were never obtained.:
in a pure ‘state, but always in‘a 4:: 1 mixture, these>assign—
mentswwete supported by the result of an acetylation experiment.
'When'mixture A was ‘acetylated by the acetylchloride/
triethylamine method, a solid material was obtained which showed
a major, fast-moving spot and a minor, slow-moving spot on
t.l.c. An n.m;r..spectrum of the solid in CDC13‘revealed'the
presence of two acetylated compounds in a tatie*ef 80 : 20.
Separation of the mixture by column chromatography furnished
aApure;vfast—moving material (70%) which proved to be methyl
2-0-acetyl-4,6-0-benzylidene-3-bromo-3-deoxy-3-nitro-(3-D-
allopyranoside (48), also obtained and identified in connection
with the action of NBA nn methyl 4,6-0-benzylidene-2,3-dideoxy-3-
nitro—@—D-erzthro-hex—2—enopyranoside as shown in Part III,
Chapter D. The slow-moving material (15%) proved to be methyl
2-0-acetyl-4,6-0-benzylidene-3~bromo-3-deoxy-3-nitro-§-D-

altropyranoside (49), which was also obtained by an independent

route and identified there. Since it can be assumed that no
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epimeriéation.had occurred during the aéetylation with
acetylchloride/triethylamine (see also Chapter C), one can
conclude that mixture A consisted of about 80% of bromonitro
‘sugar §l’and about 20% of bromonitro sugar 52. Thus tbe"
methine proton ‘signal of miXture A. appearing at 4.237 can be
gttribﬁtéd to §3, and thét at 4.427 to 51, which is in good
"agréemgﬁtfwith‘thé*méthine'proton signals found for the
correspchding'z;aCétates 48 and 49 at 4.397 and 4,217, res-
pectively. From these observations one éan furtﬁermore édnclude
fhat_thé baSiéity‘of acetate ion suffices to cauée'epimerization
at°C—2 leading to the formation of the glggé isomer from the
: EEEEQ isomér;”’However,‘complete.epimerization as observed in
the base treatment of 7 and discussed in Chapter B was not
detected in any of the halogenation experiments. Instead,
equilibrium mixtures were formed in.which the epimerized bromo-
nitro sugar 51 preponderated. It is believed that. these mixtures
were thé result of a thermodynamic equilibrium established
betWeen the bfomonitro sugars 51 and 52 via a retrograde Henry
reaCtion;' This'beliefjis supported by resultsidbtained in
the bromination starting from the pure nitro sugar isomer 5,
as welifzy results obtained upon base treatment of mixture A.
Bromination of the nitro sugar 5 with NBA in the
presence of sodium‘acetate gaQe a crude solid material (mixture
B,E&JD -41;20) which on t.l.c. exhibited a major spot together
with a trace spot, the latter corresponding to starting material
5. The n.m.r. spectrum of mixture B in CDCl3 was, except for
some minor signals, identical with that of mixture A and showed

methine proton signals at 4.227, 4.417, and 4.487 in an intensity
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raﬁiq of'154:'75~: 10, attributable to 52, 51, and 5 respect-
ively. The i.r. spectrum of mixtures B and A were also almost
identical. The close relationship between mixture A and mixture
B was further exemplified by the formation of the same epoxynitro
sugar 50 upon base treatment. iWheﬁ mixture A was treated with
a boiling, 0.1 N solutioh‘of.sodium methoxide in methanol for
30 mlnutes, this epox1de, methyl 2,3-anhydro-4,6-0-benzylidene-
3—n1tro-B-D-mannopyranos1de (50) , was isolated in a yield of
84%. Mixture B, subjected to the same reaction conditions,,
furnished the epoxynitro sugar 50 in a yield of 78%. The
structﬁre of 50 was ascertgined by comparing its physical and

spectral properties with those of an authentic sample (see

Lo rs e 4 &

compound 27, Part III, Chapter C). The epoxynitro sugar 50

can,only'be formed from the trans-diaxial halohydrin 52, which

is the minor component in mixtures A and B. Therefore one has

— et W it 8T

to postulate that an equilibrium between 51 and 52 in mixtures
A and B is shifted towards 52 as the concentration of 52 is
depleted by formation of 50. This represents therefore another
example of an epimerization reaction proceeding via a retrograde
Henry reaction. The experimehts thus have demonstrated the
amazing fact that, when the nitro mannoside 7 is brominated and
then treated with base to produce the expected epoxide 50,
the latter is formed for the most part not directly but by a
detour involving two successive epimerizations at C-2.

The bromonitro acetates 48 and 49 were also synthesized
from the acetylated nitro sugars 47 and 21,respectively. 1In
this case C-2 is no longer available for epimerizations in-

volving a retrograde Henry mechanism, and, provided that the




- 75 -

2-0-acetyl group reméine'intaot;'uniforﬁ proaﬁetS'ehoﬁid be
obtained,'which is exactly what was observed. Thus, bromination
of the 2-acetate 47 with NBA in the presence of sodium acetate
gave in-high yield the bromonitro sugar acetate 48 as the only
product. Comparison of its physical and spectral properties
With those of a sample obtained previously ascertained.. the
identity of 48. As expected, no eplmerlzatlon ‘had occurred
during the bromlnatlon. However, when 48 was treated for 30
minutes with a boiling 0.1 N solution of sodium methoxide in
methanol, it afforded the epoxynitro sugar 50 in a yield of
41%. The formation of 50 from 48 is explained by deacetylation
leading to the hydroxyl derivative 51, which in turn is convert-
ible into, and in equilibrium with, its 2-epimer 52. The bromo-
nitro sugar 52, beiné a trans-diaxial halohydrin, is then |
perfectiy set up for the formation of the epoxynitro sugar 50.

Bromination of the -D-manno 2-acetate 21 with NBA in
the presence of sodium acetate afforded, after a reaction time
of 1 hour at room temperature, the bromonitro sugar:acetate 49
in a yield of 95%. The structure of 49 was asoerrained in this
connectionfby elemental analysis and séectroscopy.

Treatment of the bromonitro acetate 49 with refluxing
0.1 N sodium methoxide for 30 minutes furnished the epoxynitro

sugar 50 in a yield of 37%. A reaction sequence similar to

that proposed for the conversion of 48 into 50 is also postulated -

here. This postulate was supported by the result obtained when
49 was treated with sodium methoxide as above, but at room
temperature. The crystalline prodﬁct isolated in 82% yield

d}J°-38.2°) appeared uniform on t.l.c. but the n.m.r. spectrum

xe rnes
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revggled it to be a mixture, the épectium,béing'supérimposébie
on that of mixture A and exhibitiné again thé two methine
proton signals at 4.223?and 4.417 in an intensity ratio of 20 : 80.
Acetylation of the mixture gave a solid material, from which
after recrystallization the previously obtained bromonitro
acetate 48 was isolated in pqxé.form in a yield of 65%. .This
represents further evidence supporting the idea that an eéui—
librium betwéen the bromonitro sugars 51 and 52 is rapidly
established, with 51 being the main product. Even at 0°, treat-
ment of;ég_with sodium methoxide led to the formation of a
mixture of~§3fand 51 in a ratio of 15 : 85." |

,FQ;vcomparative spectroscopic and dichroic studies it
was ‘also of interest to prepare-methyl,4,6-0—benzylidéne—3—
bfomo-z,3-dideoxy—B—hitro-@—D-Eigg-hexopyranoside (53). This
compound was readily obtained in excellent yield when the 2,3-
dideoxy-3-nitro sugar 1l was brominatedxwiﬁh NBA. The structure
of 53 was ascertained by elemental analysis and its spectroscopié
properties. |

When the bromination of £-anomeric nitro glycosides
haviﬁg'a trans-fused benzylidene group was investigated it was
foﬁgd ﬁhat in addition to the complications encountered in the
B;séries;:the reactions were more sluggish. An attempt to
brominate the nitro glucoside 4 with NBA in the‘presence of
sodium acetate failed and, on work-up after a reaction time of
10 hours at 64°, starting material 4 was recovered to 78%.
According to t.l.c., 4 was the only material present in the
A similar inertness towards bromination

reaction mixture.

was observed for 54, the 2-0-acetyl derivative of 4. Therefore

iragarrarare anas s
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it seems_thatuthe aﬁial,iﬁ—aﬁoméricimefhaxyiigrouéiekérts a
strong hindrance_to”the introduction of bromine at C—3, which
is probably.dueito.atcombination of steric and polar effects.
When the substituent at C-2 is in an axial position, as for
derivatives with the‘L—D-mgggg configuration, hindrance seemed

to be diminished somewhat and bromination was observed to

occur, although not as readily-as,Witﬁ the{gfanomerignéompoundstf_,a?

Bromination. of the nifrofmaﬂnoside §_with‘NBA led
to the formation of a partially brominated product mixture.
On the basis of the chemical shifts oflmethinelprotons in

- the analogous @-series, it was speculated that signals occurring

at 4.247 and 4.427 can be attributed to methyl 4,6-0-benzylidene-

‘3-bromo-3-deoxy-3-nitro-{-D-altropyranoside (57) and the isomeric
irD-allopyranoside (gg), respectively. The leastlintense éignal
of the product mixture appeared.ét 4.34Q'and was attributed}to
unreacted starting:material, while a signal at.4.487'was as~
soéiated with nitro glucoside 4, i.é., epimetized starting
material. From the intensity of the methine proton signals it
was -estimated thét_bromination had occurred to'at'least 60% and
that the‘isémeric_bromOnitro sugars were formed in a ratio of
approximately 1 : 1. The presence of bromination products was
further confirmed when base treatment of the mixture afforded
methyl 2,3—anhydro—4,6-0-benzylidene—3-nitro—&rb—mannopyranoside
(55) in a yield of 51%. Since the brominated mixture contained
only about 30% of the trans-diaxial halohydrin 57 from which

the nitro epoxide 55 is thought to arise, one has to assume

that the isomeric bromonitro sugar 58 contributes to epoxide

formation by being epimerized at C-2, as had been found for
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@-anOmerié analogs. Furthermoré oﬁe has to cohciﬁdé,that the
bromonitro sugar 58 arose by such epimerization and not by
bromination of 4 since the latter had been shown to resist
bromination under similar conditions. (Reaction Scheme H, p. 81).

Epimerization during'bromination was prevented when
23, the 2-0-acetyl derivative of 6, was brominated with NBA
to afford methyl 2-0-acetyl-4,6-0-benzylidene-3~bromo-3-
deoxy-3—nitro-&fD-a1tropyranoside (56) . The structure of
56 was ascertained in this connection by elemental analysis
and its spéctral properties. The structure of 56 was also
supported by cﬁemical means when its treatmént with a boiling
solution of sodium methoxide led to formation of tﬁe previously
obtained nitro epoxide 55 in a yield of over 80%. Deacetylation
of 56 obviously was the first step in this reaction.

On the other hand, treatment of 56 with sodium methoxide

e e re

at room temperature gave a different material (mixture C).
According to its i.r. spectrum it did not contain an acetyl
group but possessed a hydroxyl group instead. The n.m.r.
spectrum of mixture C exhibited two methine prbﬁon signals at
4;24?"énd 4.437 in an intensity ratio of 40 : 60, the signals
being assigned to 57 and 58, respectively: All attempts to
sépéfaté'the two isomers as such or after acetylation were
unsuccessful. However, the experiment did. show that base
treatment of a pure compound (56) led to a mixture of isomers.
A retrograde Henry reaction is again postulated to be involved.
Treatment of mixture C with methanolic sodium methoxide [ -
at reflux temperature affordéd the nitro epoxide 55 in a yield

of 76% and hence presented chemical proof that mixture C consisted
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of byoﬁonitro sugars.

In summary, it has been found that the bromination
of the e—anomeric nitro sugars having a trans-fused benzylidehé
group proceeds well but ié complicated by accompanying
epimerization reactions at C-2, for which a retrograde Henry
mechanism is postulated.. In the bromination of {~anomeric
nitro sugars having a trans-fused benzylidene group the same
complicationé were encountered, but in addition it was found
that the ease of bromination is strongly dimished due to the
axial anomeric methoxyl group. Thus, the d~D-glucoside could
not be brominated under the usual conditions, while bromination
of the corresponding &-D-mannoside was more sluggish than Ehat
ofﬂthe(Z-anomer. Steric and polar effects are most likely_
the cause of this diminuﬁion of reactivity. Such effects were
also reflected in the composition of the mixtures of bromo-

nitro sugars obtained. In the Q-series, the isomer with an

equatorial hydroxyl group at C-2 arose to an approximate extent

of 80%, while the epimer with the axial hydroxyl group was
encouﬁtered only to about 20%. In the &~series, the isomer with
the.éqﬁatorial hydroxyl groﬁp at C-2 outweighed the epimer

,Qifﬁ ah_axial hydroxyl group only slightly, the former occurring
to épproximately 60% and the latter, to about 40%. Presumably
the polar interaction of an axial hydroxy{ group in a.@anomeric
system (a2-effect) is responsible for this difference. Both
equilibria seem to be quite mobile under conditions leading

to the formation of epoxy_nitro sugars since these are formed
smoothly and in good yields and invariably have the configur-
ation expected to arise from trans-diaxial halohydrins although

the latter are minor components in the mixtures. Both in the
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e and.(g-series epimerization is prevented as_léng as the

hydroxyl group at C-2 is blocked by an acetylation.
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Reaction Scheme H
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Mass Spectrometric Data of Halonitro Sugaré

The mass spectrum of the abnormal bromonitro deriv-
ative 40 showed.an intense peak for the mélecular ion at m/e=
373, with an isotopic distribution pattern typical for a
monobromo derivative. A’ less . intense peak was observed at
m/e=342, whigh is probably the result of a loss of OCH3
from the molecular ion. Another, but single, peak of medium
intensity was observed at m/e=262 which could have arisen by
a loss of HBr from the m/e=342 fragment. For comparison, the
mass spectrum 6f the analyzed, normal produét gg_was recorded

also. The molecular ion peak at 373 was again relatively

intense and showed the presence of one bromine by its isotopic

distribution pattern. The fragmentation pattern was similar
to that of the abnormal isomer with fragment ions at 342 and
262. However, the normal isomer with the equatorial nitro
~group showed an intense peak at m/e=221, which was lacking
in the spectrum of the abnormal isomer. This fragment could
have arisen by a loss of C6H5CHO (106)vand Noz‘(46) from the
mdlecuiar ion. Thus it seems that the two isomers can be
‘ distinéuished by their mass spectrum. This finding was also
sﬁppbrtea’when the corresponding chloro derivatives were
analyzed similarly.

The mass spectrum of the abnormal product 42 showed
an intense molecular ion peak at m/e=329, the isotopic
distribution pattern being typical of a monochlorinated

product. The prominent peak at m/e=298 is likely a result of

a loss of OCHg from the molecular ion. Another prominent peak

- e
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was found at m/e=180. Less intense peaks were observed at

223 (loss of C.H,CHO) and at 193 (loss of C.H.CHO and OCHj).

For comparison, the mass spectrum of the analyzed, normal
product 41 was taken also. Again an intense molecular idn
péék was observed at m/ef329. ?he fragmentation pattern was
quite similar to that of‘the'ébnormal product except for the
medium intense peak at m/e=177, which was practically absent
in the abnormal isomer. 4A sihilar difference between normal
and abnormal isomers was observed for the bromo derivatives
discussed above. A detailed analysis of the mass spectra

would probably show more differences still, however no such

attempt was made.
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Discussion of N.m.r. Data of Halonitro Sugere

In Table IV the nitro glycosides having a cis-fused

4,6-0-benzylidene group are listed together with their correspond-

ing halogenated derivatives. It can be seen that the chemical
shifts of the“methine proton signals in the region of 47 and

of the methoxyl signals in the region of 6.57 are not significant-
ly different.in.the nonhalogenated ahd halogenated compounds

in all those cases where single halo derivatives were formed.

The observation holds for the compounds with.@—ahomertc con-‘
figuration and in theqﬁ—seiies for 1 and its halo derivatives
26‘and 27. Insignificant differences are still observed in the
normal halo derivatives in those cases where two epimers were
formed (compare 2 with' 36 or 38, and 8 with 39 or 41). In the
abnormal products, however, the methine proton signal experiences
in all cases a small but distinct downfield shift, while the
31gnal for the methoxyl group experlences an upfield shift. The
consmstency that is evident herein appears to permlt the use of
these chemlcal shifts for a531gnment of the C -3 conflguratlon.
Slmllarly, in the cases where an a551gnment of the H-1 signal

- was p0351ble a comparlson between nonhalogenated compounds and
‘halogenated products revealed that thlS signal occurs slightly
vdownfleld in the normal products, while 1t is clearly upfield

in the abnormal products. The H-4 signal of normal products

isbfouhd upfield of that of abnormal products, but the latter

differences are relatively small.

In Tabie”V are compiled the n.m.r. data for the nitro




glycosides having a Eggggffuéea 4,6-0-benéy1idene group,
together with those of their corresponding brominated deriv-
atives. It can be seen that there is no significant diffei—
ence between the brominated products and the corresponding
nonbrominated precursors as far as the chemical shift of

the anomeric methoxyl gréup is céncerned. The chemical shift
of the equatorial acetoxyl group is also the same in compounds
47 and 48. However, if the acetoxyl group is attached axially,
its.signal is shifted upfield in the brominated derivatives. .

Since the methine proton signals were to be used as an analytical

indicator it is more important to notice the generél downfield {ﬂ
shift (8-12 Hz) for these signals in all the brominated products. éf
Al%hough this trend can only be stated in a definite manner for b
the 0-acetyl derivatives that were isolated and identified, it
is perhapé allowed to assume that the same trend pertains in i
the nonacetylated products present in the mixtures A and C..
The correctness of this assumption is supported by another ob- ﬁ
sefvation. It can be seen from Taple V that there is no signific-
ant difference in the chemical shift of the methine protons

between acetylated and nonacetylated nitro sugars of the same

'éqnfiguration. Thus it seems justified to assume a similar relation-
vshiétfortfhe acetylated and nonacetylated bromonitro .derivatives.
This would then allow to attribute, in mixture A, the methine

proton signal at 4.237"to compound 52 and that at 4.427 to com- éé
pound 51. By a similar argument one can attribute, in mixture g
C, the signal at 4.247T'to 57 and that at 4.427C to 58. The

latter assignment finds further support from the chemical shift
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of the methoxyl group which is different fdr'§1 and 58, the
signalé being qualitatively in the same ratio as the methine
proton signals in mixture C. TableV further shows a strohg
downfield shift of the H-1 signal occurring on bromination
of"'the@—glycosides 47 and 22. No such effect on the H-1
signal was found in the Jranoﬁeric series (compare 23 and 56).
The signals for H-2 are also shifted downfield in the bromo-
nitro compounds 48 and 56 whereas in 49 this'effect is negligible.
Comparison of the methine proton shifts of halogenated
compounds with cis-fused and trans-fused benzylidene groups
reveals yet another regularity. It was seen in Table IV that
the methine proton signal experienced a downfield shift only
in“the abnormal halogénated products, while all compounds in
Table V showed this effect. Inspection of molecular models
showed that‘this effect was only operating in compounds where
the halogen substituent at C-3 and one of the nonbonding electron
orbitals of the oxygeh attached to C-4 are parallel. A consider-
tion of covalent and van der Waals radii suggests an interaction
when" the relationship between the halogen substltuent and one
of the electron orbitals of the oxygen is 1,3-diaxial or 1,3-
‘dlequatorlal As a hypothesis one can perhaps assume that this
1nteractlon causes some change in the trans-diaxial geometry
between the methine proton and one of the electron orbitals of
the nearby oxygen, and thus influences the shielding of the
methine proton. An analogous observation was made in connection

with brominated 2-acetamido sugars as discussed in Part III,

Chapter D.

e e e e
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TABLE IV

N.m.r. data of halonitro sugars with cis-fused benzylidene group

Compound . PhCHO2 OCH3 H-1 : H-2  H-3
1 4.41%* 6.59 - 5.02(0) 5.02(0)%**x*
27 4.39 6.57 4.95(0) 5.21(0)
26 4.39 " 6.57 4.95(0)  5.12(0)
3 4,48 "6.40 o |
33 4.50 6.43 5.48(8) 5.26(8).  5.45(0)
29 4.51 6.44 - ; 5.50(0)
32 4.51 6.51 5.42(8)  4.20(8) 5.32(0)
2 4.51 6.56 5.03(2) | 5.27(0) .
38 4.48 6.56 5.01(0) 5.38(0)
36 . 4.48. 6.55 4.99(4) 5.22(0)
37* 4.30 6.64 5.08(4) 5.16(0)
8 4.43 6.66 4.99(1) 5.27(0)
41 4.42 6.64 4.92(4) 5.47(0)
42% 4.28 6.76 5.14(3) © 5.32(0)
39 4.41 6.63 4.89(4) 5.33(0)
40% 4.28 6.78 5.21(3) 5.30(0)
9 4.46 6.51 |
43 4.44 6.48 5.52(2,8) 5.56(0)
44 4.45  6.49 5.28(3,8) © 5.43(0)

* Abnormal products.
*%* The chemical shifts are expressed in T-values.
*%% The numbers in brackets refer to coupling constants expressed
in Hz.
x%*%% Protons not accounted for in the table were present in the
spectrum as could be seen from the integration, however, no

definite chemical shifts could be assigned in these cases

due to the complexity of the spectrum.
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TABLE V
N.m.r. data of halonitro sugars with trans-fused benzylidene group* :
Compound PhCHO,, OCH, 0OCCH, H-1 H-2
47 4.47 6.52  17.95 5.52(8) 4.61(8,10) r
48 4.39 6.51  7.93 5.37(8) 4.47(8)
22 © 4,33 6.50 7.89 5.48(0) 4.13(0,3.5)
49 4.21 6.49 7.95 4.96(0) 4.12(0)
23 4.33 6.61 7.94 5.26 (1) 4.47(1,4)
56 4.21 6.61  8.00 5.28(0) 4.35(0)
11 4.43 6.53 N
53 4.33 6.50 | 5.21(3,8) il
5 4.50 6.46
7 4.32 6.44
mixture A 4.23 6.44 ' ﬁ
4,42 6.44 | |
4 4.50 6.55
6 4.35 6.61
mixture C 4.24 6.61 i
0 4.43 6.65 . | H

* TLegend as for Table IV, see previous page.




= 89 -
- Figure VII. - C.D. Curves .of halonitro sugars with cis-fused
—benzylidene group 0 ~
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Figure VIII. - C.D. Curves of halonitro sugars with trahs-fused
' benzylidene group
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Circular Dichroism of Halonifro Sugars

As discussed in Part I, the interpretation of
the dithbic behavior of nitro sugars is compliéated by the
rotameric mobility of the nitro group and furthermore, in
some cases by possible confbrmational changes in the whole
molecule. Becaﬁse of all~these-vériables-nppgeneral_rﬁle.mf..
has been derived as yet aithoﬁgﬁ céitain trends'ﬁéve'béen.
noticed. Such trends were also observed in the dichroic
behavior of halonitro sﬁgars; In genéral;introduction of an
#=halogen into the nonhalogenated precursors caused a drastic
change in the dichroic behévior. To supplement these comparative
studies it became necessary to include methyl 4,6-0-benzylidene-

2,3—dideoxy—3-nitro-D—hexopyranosides into the dichroic invest-
\ .

igations.

It was found that the 2,3-dideoxy-3-nitro sugars with
D;arabiﬁo configuration exhibit similar Cotton effects as the
3-deoxy-3-nitro-D-mannosides (see Part I), i.e. the_diéhroism
is determined by the S configuration at C-4, giVihg'rise to a
positive Cotton effect. On the other hand, the isomers with
D-lyxo configurétion exhibited similar Cotton effects as 3-
deoxy-3-nitro-D-galactosides (see Part I). In this latter case
the dichroic behavior was not explicable by thelabsqlute con-
figurations of neighboring asymmetric centers.

. According to the priority rules,introduction of an
atom with higher atomic number than oxygen at C-3 causes a change

in the absolute configurations of adjacent asynmetric centers.
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In accord with this fact the Coﬁion effect;of nitio'sugers

was reversed upon halogenation in all those cases where it

‘was explicable by the absolute configurations at C-2 and

C-4. However, the halogen substituent must have a more

direct influence on the Cotton effect, since in general the
magnitude of the maximal ellipticities were much 1arger for

the halogenated compounds. Furthermore, as a general rule,-'.
the bromonitro derivatives showed more intense Cotton effects
than the chloronitro derivatives, the sign being the same

. for the same configurations of either type of compound. Similar
observations were made for &rhalogenated ketones and resulted
in ‘the formulation of the axial haloketone rule (85). In

this connection it was noted by Djerassi et al. (86) that

the rotativity contribution of various atoms parallels their
atomic refractivities. Thus it is believed that the halogen
.atoms in the examples investigated in this work have a direct
influence on the Cotton effect rather than an indirect influence
by altering the torsional angle of the nitro group;.as suggested.
by Snatzke (43).

The c.d. curves of halonitro sugars with a cis-fused
4,646—benzilideneigroup are depicted in Figure VII, the
elliéuicities are compiled in Table X V, p.211. |

In the halonitro derivatives with 3 -D-gulo configur-
ation 29 and 33, and’in the normal products with the {-D-gulo
configufation 36 and 38 the absolute configuration at C-2 and
C-4 is S and a positive Cotton effect is expected, which indeed
The abnormai product with &’D'SQEEEEQ configuration

was observed.

37 has the same absolute configurations at C-2 and C-4 as 36
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and“§§'5u£ exhibited (abnormally) a negative Cotton effect.

In contrast, the abnormal products with &—D—;zgg configuration
40 and 42 showed positive Cotton effects like their normal
gpimerf 39 and 41. This difference in the dichroism of the
abriormal products cannot_be.explainéd readily as yet. The
halonitro sugars with @fD'EXlg configuration 43 and 44 possess
:the'S ¢§nfi§ﬁféti6n’ét_ciguand'qave,.as expected, poéitivé |
Cotton effects. The halonitro D-idosides 26 and 27 exhibited

a negative Cotton effect, which does not follow from a consider-
ation of the absolute configurations at C-1, C-2 and C-4.

The c.d. curves of halonitro*sugaré with a trans-fused
4,6-0-benzylidene group are depicted in Figure VIII, and the
ellipticities are compiled in Table X V.

The anomeric pair with D-altro configuration 49 and
56 possesseé the R configuration at C-2 and C-4 and as expected,
a negative Cotton effect was observed. The bromonitro sugar
53 showéd also a negative Cotton effect as demanded by its R
In compound 48 the contributions from

configuration at C-4.

the asymmetric centers at C-2 (s) and at C-4 (R) cancel each

other and the C-1 configuration (R) should determine the Cotton
effect. As expected, a small negative Cotton effect was ob-
served.

Although no definite rule governing the Cotton effect

of halonitro sugars could be deduced, similarities of c.d.

curves for similar compounds were noticed.

!
d




*..PART III

SYNTHESIS AND REACTIONS OF

NITROOLEFINS
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DISCUSSION [

A. Synthesis of Nitroolefins

Nitroolefins are versatile intermediates in synthetic
organic chemistry. Some of che more 1nterest1ng aspects of
*their utility are due to the activating effect which the nitro
group exerts on the carbon-carbon double bond. Many reactions
which they undergo, such as'aminations, alkoxylations, and
additions of sulfur-containing nucleophiles, dienes, and 1,3-
dipolar addends (12) afe based on this effect. Part of the
synthetic importance of a class of compounds rests, of course,
on convenient availability. As already outlined in the Introduct-

ion, nitroolefinic sugars can be prepafed conveniently by de-~

hydroacetylation (Schmidt-Rutz reaction (18)) or, in certain : ;

cases, dehydration, of partially blocked precursors (12). A

Methyl'4,6—0—benzy1idene-2,3-dideoxy—3-nit;o—<k-D-

erxthro-hex-z—en0pyranoside (1) and its @ -anomer 2, which
were required as starting materials for the present investigations, f

were prepared in excellent yields by the Schmidt-Rutz reaction

i
I
B
"
i
BH
Tt
&
}
o

.as described in the literature (20, 19). Occasional difficulties

were encountered in the preparation of the corresponding - and

@ -D-threo isomers 3 and 4. When the published procedure for de- Eﬁ

hydration (19, 21) of the hydroxy precursor was applied, fail-

ure due to decomposition was sometimes experienced especially

in larger-scale runs. This was remedled by a minor change in

the procedure. which consisted of lowering the reaction temper- -

ature from_l40° to steam bath temperature and in extending the




-7 96.—‘“

reaction time to 30 minutes; .In this waf the nitroolefins
3 and 4 were obtained in reproducible yields of over 80%.
In the course of these investigations itvwas found, not
unexpectedly, that the nitroolefin 3 which had previously been
pfépared by dehydration of methyl 4,6-0—beﬁzylidene—3—deoxy—3
nitfo-AfD—talopy:anosidé, can bé made by the improved procedure
from the {~D-galacto isomer also. The enantiomer of 4, name-
ly, the (3 -L-threo nitroolefin §, was synthesized for the first
time.

3—0—Acetyl—5,6—§ideoxy—l,2—isopropylidene—G—nitro—

L~D-xylo~hex-5-enofuranose §~(22) and @—nitrostyréne 7 (60)

were required for the study of certain reactions,'and they

were prepared as directed in the literature.

0
' 0, OMe
L o 2
0 [—
NOZ
0
Ph<o —0 OMe

NO,

CHNO2

-\0OAc¢

>

1o~

B4

i
|
W
1
i

{
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B..ﬁéducﬁioﬁ“of Nitroolefiﬁ;

Catalytic reduction of the 2,3-unsaturated nitro
sugars 1 - 4 with palladium on charcoal has led (19, 20) to ,
two types of products, depending on the anomeric configuration.
Tﬁﬁs, the(}-glycosidic nitroolefins 2 and 4 gave smoothly and

in yields of 60-90% the expected saturated nitro sﬁgars 9 and

11. By contrast, the {~glycosidic.nitrooléfins 1 and 3 gave
saturated derivatives (8 and 10) in lesser yields, with simul-
taneous formation of the oximino derivatives 12 and 14, respect-

ively (20). Formation of the oximes was explained as a result

of a retardation of the hydrogenation of the carbon-carbon
double bond due to the steric requirement of the nearby axial
methoxyl group. When such steric hindrance is operative, hydro-

genation of the nitro group to the hydrbxylamino stage becomes

competitive. The hydroxylamino compound, being an enamine-type ;ﬁ
molecule, tautomerizes to the oxime before further reduction ;
i

can occur. Because of these complications encountered in the

conversion of 2,3-unsaturated £-glycosides into satufated nitro

compounds, it was desirable to find more general, yet selective, N

réduction methods.

Reducfion of nitroalkenes to nitroalkanes with sodium
boréﬁydride in ethanol is a well known method (61). When it
was applied to ﬁhe’2,3-dideoxy—3-nitro—hex~2—epopyranosides
1 - 4, the known saturaﬁed nitro sugars 8 - 1l were formed

smoothly in excellent yields, quite independent of their anomeric

configuration.
On the other hand, it was known that reduction of nitro-~ 5

alkenes with zinc and acetic acid gives rise to oximes (62).
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When this method was applieé to the 2,3-unsaturated nitro sugars
1 - 4, oximes were obtained in all cases in yields of 80-90%.

(Reaction ‘Scheme J).




o .89~
o Reaction Scheme J . L

Zm [ AcOH
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| Two of the oximes, namely methyl 4,6-0-benzylidene-
2,3-dideoxy—3—okimino~@—DJerythro—hexopyranoside (13) and
methyl 4,6f0-benzylidene—2,3—dideoxy-3—oximino-@—D—Egregf
~ hexopyranoside (15) were hitherto unknown. They were character-
ized by elemental analysie and'their'spectral properties..
The i.r. spectrum of 13 showed broad absorption at

-1 (c—N)

"’360 cm (hydroxyl) and a very weak band at 1660 cm
Oxime 15 showed broad absorption at 3370 (hydroxyl) and a very
weak band at 1650 (C=N). Neither spectrum showed peaks attribut-
able to aliphatic nitro or amino groups.

The n.m.r. spectrum of oxime 13 in deuterochloroform
(one drop of DMSO-d6 was added because of poor solubility)
showed a one-proton singlet for the oximino hydrogen at -0.497,
which disappeared upon exchange with DZO' Similarly, the dxime.'
15 showed a one~-proton singlet at -0.707 which was assigned to
the oximino hydrogen and which dlsappeared upon exchange with
DZO' More detailed n.m.r. spectral data are recorded in Table
VI. To further characterize the oximes 13 and 15, they were
acetylated with acetic anhydride in pyrldlne. The corresponding
acetoxiﬁino compounds 16 and 17 were obtained readily and in
excellent yields. Both monoacetates gave correct elemental analyses
and showed caroonyl abso*ptlons at 1770 cm -1 but ao hydroxyl ab-
sorption. The n.m.r. data are listed in Table VI.

It was considered to utilize the facile synthesis of
oximino sugars from nitro sugars for the synthesis of oxo
derivatives, as an alternative to oxo sugar synthesis by oxidative

procedures (63). Oximino compounds have been deoximated with
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léleinic_acid'in aqueous hydrochloric acid (64), and when

this method was now applied to 12, the known (1i) OXO sugar

18 was obtained in a yield of 77%. In a similar transoximation,
the oxime 13 was converted quantitatively into the hitherto

" unknown methyl 4,6—0—benzy1idéne—é—aéoxy—Q—D-erzthro—
fhexbpyfanosid—B-u;ose lg,- The compound exhibited i.r. ab-
éofﬁéién:aflifés—l.Eéfféébending to a keto carbonyl function,
and the n.m.r. data (Table.VI) were in accord with structure

-l_g—ﬂ

Ph
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C. Alkaline Epoxidation of Nitroolefinic Sugar Derivatives

Recently Newman and Angier (66) reported the preparation

of n1troepox1des by the action of alkaline hydrogen perox1de
upon phenyl and cyclohexyl derlvatlves of nltroethylene. It
was the first time that compounds contalnlng this structural
.morety were descrlbed In our studles of the chemlstry of ‘
‘ carbohydrate nltrooleflns we were prompted to synthe51ze L~
nltroepoxy derlvatlves whlch, 1t was thought, hold much promise
for a considerable range of synthetic purposes.

bThe-methjl 4 6-0-benzy1idene-2 3-didexy—3—nitro—
hex-2- ehopyranos1des l-4 all reacted smoothly, in ethanolic
solutlon at room temperature,’wrth aqueous, 303 hydrogen per-
oxide at pHA8-9.~ Crystalllne methyl 2,3-anhydro-3-c-n1tro-
hexopyranosides were produced innyields at 75-90%. prxidation.
of the L~ and (-D-erythro glycosides(l and 2) and of the d-D-
threo isomer (3) furnished single epoxides having the £-D-
manno (20),( -D-allo (21) and £-D-talo (22) configurations,
respectively. Ae no evidence for formation of the alternative
diastereoisomers was uncovered, these reactions appeared to be
highly stereoselective. A lesser degree of stereoselectivity
v'was observed with the (3 -D-threo isomer (4) which gave a mixture

from which the 3-D-gulo (23) and the @-D-talo (24) products

were isolated in a ratio of 5:1. 1In order to verify the differentialf?

behavior of 4, the same reaction was performed with its enatiomer

(5), and the(B-L—gulo(gé)and.@-L—talo(gé)glycosides were obtained
in a similar ratio of 6:1. Hence in all cases epoxidation

occurred preferentially from the side of the ring opposite to
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the glycosidic methoxyl group (Reaction Scheme K).

The medhanism of the eéoxidation is bélieved to
proceed.by nucleophilic addition of the hydroperoxide anion
at,the.@-carbon of the nitroolefiq fqllowed by intramolecular
displacement of the hydréﬁide ion. A similar mechanism has
‘fbéénZsuégestéd~fdf.the epoxidation of @—unsaturated kefonés'

6.
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Reaction Scheme X
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Figure IX. - Conformations of epoxynitro sugars
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The structﬁre of thé.stereoispmefic'epoxides 20 - gg‘
?waé.confirmed by elemental analysis and spectroscopy. Strong
infrared bands at about 1560 cm_1 indicated the presence of
the nitro group. N.m.r. spectra were obtained from ail nitro-
epéxides except'gg and 26, which were insufficiently soluble.
Thg chemical shifts of tﬁe vafiﬁﬁs protons are given in Table
VII. All spectra showed the presence of the benzylidene acetal
_ group (arqmatic S5-proton multiblet near 2.67and methine singlet
near 4.3 -~4.4T) and of the glycosidic methoxyl group (3-
proton singlet at 6.42 - 6.467 in G—anomers and at 6.55 -
6.56 in d~anomers). Integration of the remaining‘signals re-
vealed the presence of six skeletal protons in each case, as
rééuired'by‘the structure.

?he configurations were assigned by means of n.m.r.
data and circular dichroism curves (Figure IX). Since the
configurations at C~1, C-4 and C-5 of each compound were defined
by the configurations of the starting materials, it was necessary
oniy tovdetermine the steric dispositions of the epoxide oxygen
atoms.. Included iﬁ the following discussion is also the (3-D-
égggg.epoxide '(27) which was mentioned in Part II, Chapter D
| ksee cbmpound 50, p. 74). It is recalled that bromonitro gly-
cosiaes §£ the type from which 27 was formed are liable to incur
epimerization at C-2. Consequently, the configuration of the
epoxide could not be deduced with certainty from that of its
bromonifro precursor; it was given as (3-D-manno on the basis

df thé discussions that follow.

The nitroepoxideS'gl_and 27 which have identical
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stereochemistiy'withirespecf-fo c-1, c=4 ana'CQS,'éViaehtly
dlffer only: 1n that . they carry thelr epoxide ‘rings on oppos1te ¢

sides. The stereochemlcal environment of the nitro chromophore

is thereby.made different, and as a result the compounds exhibit

Cottonfeffects with opposite'signs, even though they have the

vy e S

same anomeric conflguratlon. Compound 20 (which on the basis

of its orlgln could be the &7anomer of either’ 21 01 27)shows
the same Cotton effect as 27 and consequently is aSSlgned the

same epox1de conflguxatlnn. Further ev1dence was prov1ded by

the n. m.r. qrectra.e It has been pointed out. (68, 69) that in

2 :-anhydro hexopy:an051des (1nclud1ng 4,6- O—benzylldene : :
der;vatlves)_the’anomerlc protonrquws no coupling with H-2

when,fhesebprotonsgare‘trans—related,vand that a small coupling

P DR

is observed when they are cis-related. In 20 and 21 the H-1 -

at 250 Hz sweep

signals were ~sharp singlets (100 MHz spectra

CITIIU LieRaritld s

w1dth),,whereas 27 gave an anomeric doublet w1th a splitting

of 0.8 Hz. This is in agreement w1th the &rD-manno and (-D-

allo conflguratlons for 20 and. 21, respoctlvely, and with the i

@-D-manno configuration for 27. The reported coupllng constants

=0 Hz Y@ethyl 2 ,3-anhydro-4,6-

for trans relationships are J;

benZylidene-{;Démannopyranoeide (68) and methyl 4,6-di-0-

a its @-p-allo isomer

. Cmaa o

acetyl-2, 3-anhydro—JrD—mannopyran051&e an

(69)] while for cis walatlonshlps the value° are J1 = =2.,5 Hz

[@ethyl 2, 3—anhjdro—4 6~ 0~benzylldene érD—allopyran051de (68& gi

and Jy ,=1. 5 Hz {methyl 4,6-di-0-acetyl- -2 ,3-anhydro-4{-D-

allopyranoside (69) ] The value foundEZ7 is somewhat smaller

een anticipated from these references, but it is

than had b
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to bé noted fhat,‘in the haif—cﬁeirs (Figure IX’ Qorch'rhese'
compounds are assumed to occupy, the dihedral angle between
1l,2-cis protons varies siightly, depending on whether the
protons are situated on the upper side of the ring (as in
the<LrD-allo case) or on the lower side (as in the (3 -D-manno
case) . Moreover, the nitro group may.well exert some in-
fluence on the magnltude of thlS coupllng. = o
Amoﬁg the,epoxidesfwifh cis-fused benzylidene rings(

22 and 24 ine‘virtually ideptical c.d.curves. For this reason
24, rather than 23, is thought‘to be the anomer of 22. The
sign of the Cotton effect of gz and 24 is the same as that of
the'anOmeric pair 20 and 27 ana the two pairs are therefore
allocated identical configuration witﬁ respect to the epoxide
ring.. From the assignment of‘tﬁe £~ and @-D-Eglg configurations
to 22 and gg;reSpectively, follows that 23 must possess the
(-D-gulo configuration. Although 23 shows an abnormal c.d. curve
which is as yet unexplained, both 23 and 22 exhibit zero coupling
of H-1 and H-2, conforming with trans arrangements of’these protons.
’ The enantlomerlsm of 23 and 25, and of 24 and 26, was borne out
by physical constants (Table XVIII), 1dent1ca1 i.r. spectra, mirror
image c.d. curves, and (for 23 and 25) identical n.m.r. spectra.

- Examination of the dichroic'behavior of these nitro-~
epoxides suggests the general rule that the Cotton effect of
the absorption band sround 280 nm is positive when the oxirane
ring is‘below, and negative when it is above; the plane of the ,k

molecule if the latter is depicted in the standard Haworth

projection as shown in the Reactiocn Scheme K.

Lo d e el et ST

BN AU
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Figure X. - C.D. Curves of epoxynitro sugars
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Inspection of TableVII reveals a'number'of note-
worthy regularities in chemical shifts. Thus, in the compounds
having a trans-fused benzylidene ring, the methine proton
resonates at higher field when the epoxide ring is cis to it
than when it is trans (4.447 and 4.407 vs. 4.287), and the
same holds to a much stronger“deéree for H-4 (6.07 and 5.887
vs. 4.957). In the compouhdsvhaving'a cis-fused benzylidene
ring the chemical shifts of the H-4 protons (5.107 vs. 4.377)
and of the methlne protons (4.377Tvs. 4.337) follow‘the sameh
.trend, Ferrler and Prassad (69) have observed dependenc1es
of H-4 shifts on the,orlentatlon of the 2,3—ox1rane ring, but
the effects they noted were much smaller thah those in the
niﬁroepoxides 20 - 27, and one has therefore to conclude that i
here the nitro group makes an important contribution. On the
other hand the chemical shlfts of the H-2 protons differ
little and'phe same applies to the H-5 protons. An exception
is provideéxé§_whioh gives.an H-2 signar eppreciably downfield,
"and an‘ﬁ-s signal noticeably upfield, from the corresponding
signels.of the‘isomers. It is tempting to speeﬁlate that this
vishcedsed by the same stereochemical feature that gives rise

"to the anomalous c.d. curve. No doubt the preferred torsional

angle Of'the nitro group, which presumably is governed by
sterlc and/or dipolar effects originating chlefly from 0-4 and

0-2,3, 1s a-determinant factor in both c1rcular dichroism

and proton magnetic resonance.

e A
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D. Reaction of N-Bromoacetamide with Nitroolefins

N?Bromoacetamide (NBA) is well-known as a brominating
agent and was- applied as such for syntheses of &rbrdmonitfo
sugars as discussed in Part II of this thesis.

'Generaily iess'féhiiiér is the reaction of N-bromoamides
.,&ith:unsé;urafed hyd;ocafbons. According to a review by R.S.
Neale (76), N-brémoamiaés'fail to add to unsaturated bonds.

An excéption is the addition of NBA to cyclohexene or styrene

on phétolysis in éarbon tetrachloride (71). Apparently dis-
proportionation occurs to give N,N-dibromoacetamide which under-
goes'rapid'addition to cyclohexene to produce compounds of
_structure gg;and 29. The E£§E§f2~acetamido—cyclohexyl bromide

30 was isolated only as a by-product in a yield of 1%.

0~%’(R3 /N\ 20 .H/N\Cgo
N8 By Cocuy S N
28 | o2 -' 30

In the course of the present research it was observed
that NBA reacts smoothly with nitroolefins in the presence of

sodium acetate. Light is not required. All the nitroolefins

so far investigated added NBA:readily across the double bond

to form {rbromoﬁitro-ﬁ-acetamido products in high yields. If

the reaction is performed on nitroolefins that possess an

&-hydrogen atom, the latter is replaced by bromine during the

reaction, and <£Mrdibromo—@-acetamido products are formed.

A B s Bk TR A M i 4 e e e
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The reaction can be presented schematically as follows:

R NO; R @
>'—-=‘< | Q ———+t-n0, A
R’ H SN J//}WN“AC B
| : NBA /NaOAc =~
‘. _NQi/ ; ~NR R
R e ., B

R . Mac R

As will be discussed later on, the presence of sodium
acetate seems to be essential, but catalytic amounts only.are
| needed.  In the absence of sodium acetate no addition products
of Struéthe A or B have been observed. Depending upon the
amount of sodium ac%éte used, various proportions of &-bromo—_
nitfo—@—acetoxy compounds were isolated as by-products.
Apparently they arise from competitive attack of acetate ion
at the electrophilié @-carbon of the polarized carbon;carbon

double bond.
| The preparative importance of the NBA. addition lies
mainly in a high stereoéelectivity. As will be outlined in
subsequent sections, this feature has permitted the synthesis

of various nitrogenous carbohydrates not readily accessible

otherwise.

i) Reaction of NBA with 3-nitrostyrene

When @-nitrostyrene (7} which was chosen as a model
compound, was allowed to react with NBA in the presence of
a cataiytic amount of sodium acetate, crystalline 1,1-dibromo-

1-nitro-2-acetamido-2-phenylethane (31) was obtained in a
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yield of 88%. Unreacted stafting material was recovered

in a yield of 8%. The structure of 31 was supported by

elemental ana;ysis_aﬁd spectral data. The i.r. spectrum of .

31 showed bands (cm T)at 3310 (m, NH), at 1660 (s, amide I,

at 1570 (s, NOZ)' and at 1520‘(5, amide II). The n.m.r.

spectrum exhibited a 5—pfoton"na£row multiplet at 2.647 for

the aromatic. protons, a 1-proton doublet at 3.707 with a splitting
of 10 Hz for the beuzyhn proton Pnd a 3-proton singlet at 7. 977

for the acetamido group. The doublet character of the 51gnal.

at 3.707 resulted from vicinal coupling with the amido proton,

and when this proton was exchanged with T, 0 the doublet collapsed

to a singlet.

¢—-(H .CHNO, ”SOAA 55 H —-ceq 0, NaB¥y glen—ci N0,
f\NF\c , HAc

T n

The dibromonitro compound 31 was further character-
lzed Ly its conversion into the known (72) l-nitro-2-acetamido-
5 —phenyletnane (32) by reductive removal of the bromine with

sodlum borohydride (Iffland method) .

ii) Reaction of NBA with‘3—0—acetyl-5,6-dideoxy—l,2-0-isopropylidene~

6~nitro-d-D-xylo-hex-5-enofuranose (6)

When nitroolefin 6 was allowed to react with NBA, a

solid material consisting of three products was obtained

(Reaction Scheme L, Route A). Column chromatography of the
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crude mgterial4éfforded pure 3,5-di-0-acetyl-6,6-dibromo-
5,6—dideoky~l,ZFO—isopropylidene-G-nitro- &rD-glucofuranose
(33) as a byjproduct in a yield of 5%. The main fraction
consisted'of a mixture of 5-acetamido-3-0-acetyl-6,6-dibromo-
5 é—didéoky—l 2#0—isopropylidehe—64ni£ro—&;D—glucofuranoée (34)
.and the correspondlng @-L—ldofuranose isomer (35). From this
.mlxture, pure 34 was crystalllzed in-77% yield, and repeated
recrystallizatiqns of the mother liquor material .gave 35 in

9% yield. Based on optical rotation measurements the composition
of the mixture was 81.5% of 34 and 15.5% of 35, and a similar
ratio (80?855 of 34 and 15-20% of 35) Was deduced by n.m.r.

spectroscopy.‘ The latter'estimation was made possible by

st ot e s v e L

1ntegrat10n (at 250 Hz sweep width) of the H-5 51gnals——— a
triplet at 4.457 for’gé and a doublet at 4.527 for 35.

| ThevconS£itu£ions.of the three reaction products were
ascertalned by spectroscoplc data and, for 34 and 35 only,
by elemental analy51s. The i.r. spectrum of the 4-D-gluco . I
acetamldo derlvatlve 34 showed absorption bands'(cm_l) at
3370 (NH), at 1720 (s, O-acetyl), at 1685 (s, amide I), at
1580 (s, NOZ)' and at 1520 (s, amide II). . The B-L-ido isomer B
35 exhibited absorption bands at 3275 (m, NH) at 1750 (s, 0- I
acetyl), at 1670 (5, amide I), at 1580 (s, NO,), and at 1525
(s, amide II). The di-0-acetyl compound 33 showed absorption
bands at 1760 and 1740 (s, two 0-acetyls) and at 1590 (s, N02).
The n.m.r. spectra of all three products showed two 3-proton
singlets‘betweeh 8.54 and 8.757 corresponding to the methyl

groups of the isopropylidene function, and two 3-proton singlets
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between 7.87 and 8.03 T caused by N-and/or 0-acetyl groups.
Mere detailed n.m.r. data are given in Table VIII, p.123.
Since no elementai analysis was obtained for the
di-0-acetyl compound 33 a mass spectrun was recorded. The
highest reliable peak appeared at m/e;~396 most likely re-
sulting from a loss of one bromlne atom, a hydrogen atom and
a methyl group from the molecular ion (m/e 491) A very
strong peak w1th an isotopic pattern typlcal of a compound
contalnlng two bromine atoms was observed around m/e 475,
correspondlng to a loss of a methyl from the molecular ion.
For.comparlson, a mass spectrum~of the acetamldo compound 34
was recorded.‘ Agaln there was a strong peak around m/e = 475
with an isotopic pattern of a dibromo compound. The hlghest
rellable peak appeared at m/e = 395 corresponding to a loss
of one bromine atom, a hvdrogen atom and a methyl group from
the molecular ion (m/e = 490). The fragmentation pattern was

quite similar for the two analogs 33 and 34.
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Reaction Scheme L.

NaBHy| fNBPJ\NuOAci
= HaCNO,
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_3Thefacetamido compoundsﬁéiband §§Lmere~fnrther:
characterized byfanﬁindependent synthesis (Reaction Scheme L,
Route B). o | | |

| When the nitroolefin_é was allowed to react mith,
ammmonia 1n tetrahydrofuran, the addition led to the formation
of a mixture of 5- acetamido 5 6~ dideoxy-l 2= O—isopropylidene—
' G—nitro-&rD—glucofuranose (38) and ltS‘Q—L-ldO isomer (39)
in a ratio of 2 3 ‘_Ammonia addition eVidently was followed
by acetyl migrationlfrom 0%3_to‘thebnewly formed‘amino group

at C—5. Paulsen'(23) made similar observations ‘when he treated

the 1,2- 0—cyclohexylidene analog of 6 w1th ammonia and obtained

the'corresponding 5-acetam1do derivatives in a D-gluco to L—
idg_ratio of 3 : l._h; | )

" The two. products 38 and 39 were obtained in pure form
by awcolumn chromatographic separation of the mixture. The
@—Leido isomer 39 was isolated in crystalline form and‘was
characterized by elemental analYSis and spectral data. The
i.r. spectrum showed absorption bands (cm ) at 3380 gnd 3340.
(m, OH NH), at 1665 (s, amide I, at 1545 (s, N02), and at
1510 (s, amide II) The n.m.xr. spectrum showed the presence
| of the acetamido group (3—proton singlet at 8.067) and the iso-
propylidene ring (two 3—proton 51nglets at 8. 57.7 and 8.737).
More detailed n. m.r. data are tabulated in Table VIII. The
&rD-g_ggg isomer 38 failed to crystallize and no elemental
analy81s was obtained. However, comparison of the spectral
data with those of the 3-L-ido isomer allowed a definite

structural assignment. The i.r. spectrum (neat f£ilm) showed
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absorption bands (cmfl) at 3300 (m, NH, OH), at 1655 (s,

amide I),.at 1550 (s, Noz), and at 1530 (s, amide II). The
n.m.r. spéctrum'exhibited'signals for the acetamido ‘group
(3:p;otoﬁ singlet at 7.997) and the isopropylidene function
(two 3?prdton singlets at 8,5871and 8.7217). .More detailed
n.m.r. data are shown‘in>Tabié VIIILI The assignment of the
&rD—g;ggg and @—L—iég'configuratidn, respectively, rests mainly
on a comparison of their optidai rotations ( E{]D+-5m4° and
,EK]D-BZ;BO) with the rotations measured by paulsen (23) ' i
for the cYclohexylidené'ahalogs ({gj +23,8° . and L{]D—29.39», i

respectlvely) A more positive rotatlon of the &rD-gluco isomers

§

N

appears to be a general rule for thls class of compounds (73), g
by

which was obeyed by all the derivatives encountered in this ?
I

byl

"investigation. The COnfigurational‘assignmeht was also support-

ed from dichroic studies which will be revealed in a special

LTI e s R A

section.

The two nitro sugars 38 and 39 were acetylated with i

acetic anhydride in ether and pyridine to afford in good yields
qryéfalline 5-acetamido-3-0-acetyl-5,6-dideoxy-1,2-0-isopropylidene

‘f64hitro%&D—glucofuranOSe 36 and crystalline 5-acetamido-3-0-

em s

aceEyl-S,q-dideoxy-l,2—O—isopropylidene—6—nitro—G-L—idofuranose

(37). The i.r. spectra oflbdth isomers showed absorption bands
(cm-l)‘in the region of 3250-3300 (m, NH)Iét 1750 (s, O-acetyl}, 3
at 1660 (s, amide I), at 1555 (s, NOZ),’and at 1545 (s, amide II). ;
The n.m.r. spectra showed in addition to the signals for the
acetamido group and the iéopropylidene group a hew 3-proton

singlet for the 0-acetyl group at 7.937 in the gluco isomer
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.

and at 7. 94‘11n the ido isomer. More n.m.r. data-are compiled: -

in Table VIII.

- Treatment of the acetylated compounds 36 and 37
with .NBA in the presence of sodium acetate furnished the same
diﬁromonitrq sugars that were obtained by the addition of NBA
to the nitroolefin 6 (Route A)’ Thus the g_ggg acetate gave
5-acetamido-3- O-acetyl 6 6-d1bromo—5 6—d1deoxy l 2= 0—1so—'“
propylldene-6-nltro-érD—glucofuranose 34 in a yield of 85%.

In a smllar fashlon the ido acetate gave the corresponding
bromlnated ido isomer 35 in a yield of 91%. The physical and
sPectral data of the two products agreed with those observed
for'the same productS“obtained via Route A. The structure of
the @ ~-L-ido isomer was further supported by elemental analysis.

When compound 34 was treated with sodium borohydrlde
accordlng to Iffland reductlve debromlnatlon led to the
formatlon of compound 36 another proof of their interrelation-
ship.

’ Inspection'of the n.m.r. data compiled in Table VIII
reveals a aumber of noteworthy facts. In all isopropylidene
furanosides encountered 33 - 39), the methyl protons of the
isopropylidene group have similar chemical sﬁifts, namely one
3—preton.sing1et resonates at 8.71-8.757, while the other 3-
proton singlet resonates at 8.54-8.587. The coupling constant
between H—lland H-2 on the one hand, and between H-2 and H=-3
on the ether hand appears to assume also a -constant value.
Since in all derivatives H-1 and H-2 apfeared as doublets

| with the same splitting of 3.5-4.0 Hz,the splitting between

e
B,
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© H-2 and H-3 mist be zero. Thus one has to assume a dihedral
angle of 90° for H-2 and H-3. The regularity of the Jl,2—

and J2’3hsplitting demands a great conformational rigidity

of the fufénoside ring. This rlgldlty is also revealed by
the coupllng constants between H—3 and H-4, which could be
measured and Were found to be constant for compounds 33-37.
.A total spectral ana1y51s was p0551ble for the bromlnated com-
pounds 33-35, since in these cases the H-6 protons are
replaced by~broﬁine and hence cannot interfere with the other
protons. In addition to thevether assignments, values for

the J, -coupling constant were deduced which in the ido isomer

4,5
are equal to zero and amount to 10 Hz in the gluco isomer.
Thus the ido isomer can be distinguished from the gluco isomer

by the value of the J, 5-coupling constant.
¥ ’ :
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circular Dichroism of GhDeoxy-G—nitro—hexofuranosgg

In connectlon w1th the studies involving the addition

of NBA and of ‘ammonia to the 5, 6-nitroolefin (6),.C -5
epimeric pairs were isolated and the conflguratlonal assign-

ment was based on comparlng the optlcal rotation of the. pair -
of epimers, the compounds w1th the D—glugg_conﬁiguration" o
(absolute configuration at c-5: R) hav1ng in each‘eeee~the
Higherdextrorotation. As a551gnment of conflguratlon at
C-5 required the auailablllty of both’ eplmers,.lt was thought
desmrable to have a method at. hand which would allow the
dlrect conflguratlonal assmgnment of 51ngle eplmers:

As mentloned before, ‘gatoh and coworkefs (44)
studied the optical rotatory dispersion (0.x.d.) and the
'dichr01c behav1or of some eplmerlc pairs of acycllc c-nitro
polyols. They found that the Cotton effect in these types
of compounds depended solely on the absolute configura£ion
of uhe.carbon adjacent to the nitromethyl group. As a fuie,
l—nitro—l—deoxy'polyols having the R configuration at C—2
showed a negative Cotton offect, while those having the S
configuration showed a positive Cotton effect. Similar
observations were made with g-nitro—-6-deoxy hexofuranoses as
discussed pelow: The c.d. curves areé depicted in Figure XI

on the next page. "while the elllpt1Clty values are compiled

in Table XIX, P- 223.

ey e T IO

e ————RT TN
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Figure XI. - C.D. Curves of 6-nitro sugars
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| When ‘the dichroic behavior of the epimeric pair of i
5-deoxy-S-ecetamido-é—deoxy—6—nitro hexofuranoses 36 and 37 . :ﬁé
was studied it was found that the isomer with the D-gluco 1.
'configuration 36 (R configuration»at C-5) showed a negative R
CoEton effect, while-thenisomer withathe L-ido configuration i
37 (s conflguratlon at C-5) showed a positive Cotton effect.
'Substltutlon of the hydrogen atoms at C-6 by bromine reverses é
the absolute configuration at.C-5 (because the "weights" of %
C-4 and ¢f6,acCording=to the,priority_rules'are interchanged)

. and'theusign of the Cotton effect was revereed accordingly.
Thus-the:epimer,with,Deglgggﬂconfiguration 34 (S,configuration

at C—5)tnOW‘showedda.poeitive Cotten»effect, while the epimer with
L-ldo conflguratlon 35 (R conflguratlon at C-5) showed a

negatlve Cotton effect. Encouraged by these observations,. the

T I FaFER TR E i e o s e

follow1ng known palrs of epimers were synthesized according

-

to. procedures glven in the llterature (73 74)

6- deoxy—l 2:3, 5—d1-0—1sopropy11dene-6-nltro-&,D-glucofuranose (40),
6-deoxyel,2:3,5-d1-0-;sopropy11denee6—n1tro—@—L;1dofuranose | (41),
6—deexy—i,2—O-isopropylidene—6—nitro—A:D—glucofuranose (42),
6—deoxy—l,2+0-isepropylidene-6-nitro-@—L—idofuranose, (33)4,

G—deoxy—l,2—O-isoproleidene-S—O—methyl—G—nitro—de—glucofuranose (44)

6—deoxy-1,2-Owisopropylidene—s—O—methyl—G—nitro-B—L—idofuranose (45)fﬂ

4. This known (74) compound was prepared by a selective

cleavage of the 3,5—0—isopropylidene group of compound 41

with 80% acetic acid. )




- 127 -

The dichroic behavior of these additional pairs
of epimers was as expected in all cases, so that it appears
that the following rules hold generally:
1. 6-Nitro-hexofuranoses which have_at C-5 the R configuf-
‘ation show a negative'Cottbn éfféct, while those having
| theiS cgnﬁigu#ation.show a:positive Cotton effect.
.2;.,Thé-sigﬁ‘of.thé:cﬁtﬁgﬁheffect is not éffected by
~ the natﬁre of the:C-S substituent; replacement of
the hydfoxyl group byAa methoxyl group, an acetamido
group; orleven involvement of the C-5 oxygen in a
'ketal ring dbes‘not change £he dichroic behavior of
a given'epimer Qualitatively, although quantitative
changés are noticeabie. | |
Since only.bne epimeric pair of 6,6 -dibromo-6-deoxy#
G?nitro hexofuranoses was examined the rules .cannot be applied
with‘certainty in these cases, however they still seem to
hold since the isomer having the absolute configuration R
at C-5 showed a negative Cotton effect while the isomer with

the S configuration showed a positive Cotton effect.
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iii) Reaction of NBA with Methyl 4,G—O-Benéylidene—Z,3-dideoxy-.

3-nitro-D-hex-2-enopyranosides

As was seen in the preceding section, the addition
reactlon of NBA to carbohydrate nitroolefins may proceed
w1th a certaln degree of stereoselect1v1ty. An even greater
degree of selectivity than w1th compound 6 was found to
exist when the nitroalkene moiety is incorporated in, rather
than attached to, the glycoside ring. When 2,3—unsaturated
nltro glycosrdes were allowed to react with NBA the stereo-
chemlstry was governed by thelr anomerlc conflguratlon. Slngle
acetamldo adducts were obtalned (w1th onie exceptlon), and
1n each adduct the 2—acetam1do group assumed an orlentatlon
Eragg to the glycosidic methoxyl group, i.e., in -glycosides
it was placed equatorially, and in &:gly0051des, axially.

; The configuration of the bromonltro function at C-3
could not be determined rigorously; however, it is tentatively
assumedfthat the nitro group, in general, resides in the
equatorlal posrtlon. ThlS assumptlon is supported by n.m.r.
and c. d. data whlch are discussed in spec1al sections on
“p.148 and 152. | |

The nomenclature of the 3—bromo—3 deoxy—3—n1tro
derlvatlves follows the pr1nc1ple employed in Part II of this

thesis, i.e., the bromine atom is regarded as the equivalent

of the hydroxyl group on C-3 of the parent sugar.
The i.r. spectral data of all new compounds diseussed

in this chapter are compiled in Table IX. The n.m.r. spectral

data are listed in Tables X-XII.

.
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TABLE IX

Infrared frequenéies (cm—l) in Nujol

Compound OH/NH Ester-C=0 Amide I Amide II NO,
46 13260m,b . 1660s,b 1530m,b  1560s
47 7608 T LT 15708 e
48 3300m,6 16655 ,p  1540s,b  1550s
50  3520,3470,3300 1640s,b 1540s,b
51 3300s 1745s  1640s,b 1545s,b
52" 3300m,b 17455 1665s  1535s 1560s

54 3460m 1705s 1500s 1570s
55 | 1760s | 1565s
56 3450m 1695s  1510s 1560s
57 3400,3200s,b 1655s 1540s,b  1560s
58 3400,3300s,b 1640s,b 1550,1510s,b
61 ~ 3300w,b 1645s 1545m,b  1560s
62 ' 1755s 1570s
63 3280s 1650s 1545 1545
64 3320w,b .1670s  1525s,b  1565s
65 3320w,b 1670s  1540m,b  1570s
66 3300s 1655s 1545 1545

Designations: b=broad; m=medium; s=strong; w=weak.



Derivatiﬁessof 2;3-Diamino-2,3-dideogy—mannose

- When methyl 4,6~0~ benzylldene-z 3-dideoxy-3-nitro-
&ED-erzthro ~hex-2~ enopyranos1de (1) was treated with NBA in
the presence of excess sodium acetate, a mixture of two
products wes obtained. 'Separation by column chromatography
afforded methyl 2-acetam1do—4 6- O-benzylldene 3-bromo—2 3— N
dldeoxy~3-n1tro-&rD-altropyran051de (46) and its "2~ 0 acetyl t : ’ N

analog (31) in a ratio of 2:1. The i.r. spectrum of the fast-

e TWNELL LSS T
NSRRI

moving material, obtained from the chromatographic separation,

was superimposable on that of a sample isolated previously in

a brominatioﬁereaction (Part II, Chapter D, compound 56) and

S R TS

thus proved'the formation of 47. However, in an attempt to
recrystalllze some of the crude 47 from hot ethyl acetate’
it was reconverted into the starting nltroolefln 1. The ease

of nitroolefin formation was also indicated by the ready form- i

ation of the 2,3-dideoxy-3-nitro glycoside 8 upon treatment
of crude 47'with sodium borohydride. Compound 46 was character-

ized by elemental analysis and its spectral properties. A

When the addition of NBA to nitroolefin 1 was catalyzed

by a small amount of sodium acetate only, the amount of the

2-0-acetyl derivative 47 formed was diminished and the 2-acetamido

compound 46 was obtained in a yield of 75%. The addition reaction

gave the same result when it was performed in the dark, which

proved that it is not a photochemical reactlon. A radical

mechanism therefore is unlikely. In the absence of sodium

acetate compound 46 was not formed, and this fact clearly

demonstrated the catalytic efﬁect of the salt.
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For a rigorous assignment of its configuration at

C-2 compound 46 was converted into a compound of known configur-

ation by a series of stereochemically unambiguous reactions

(Reaction Scheme M).

IO
e Rl




Reaction Scheme M

QAc
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Ac Ac
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“Fifst, reductive fémovai.of the bfominé aénm'b§ the
Iffland method furnished methyl 2-acetamido-4,6-0-benzylidene-
2,3—dideo;y—3—nitro%&rD-mannopyranoside (48) . Compound 48 was
obtainad in a yield of 91% and by its physical and spectral
pfbperties;proved to be identical with a product referred to
as'by-product VIi" by Baer and Rajabalee (28) These workers'

had obtalned that compound in an amlnatlon of 1 and tentatlvely o

: assumed the manno conflguratlon without providing rigorous

. proof. To provide such proof, compound 48 48 was " debenzylidenated

with trlfluoroacetlc ac1d to yield methyl 2~ acetamldo -2,3-

dideoxyj3—nitro-ArD-mannopyran031de (49) . Althqugh t.l.c.

indicated the formation of a uniform product, it did not

:
4
1
i
o

crystallize and was therefore characterized as its crystalline

St S G F B X3 5 17 S s

4, 6- dlacetate (52) whlch was obtalned by boron trifluoride-

catalyzed acetylation. ' a

Catalyticvhydrqgenation of compound 49 in 0.1 N
hydrochloric acid followed by an Nfacetylation furnished ;?
crystalline methyl 2,3-diacetamido—2,3—dideoxy-eramannopyranoside ;
(50) . Peracetylation of 50 with acetic anhydride in pyridine
gave known (75). methyl 2,3-dia¢etamido-4,6—di—0—acetyl-2,3—

dldeoxy—xr p-mannopyranoside (51).

Since the reactions leading from 46 via 48 49,

and 50 to 51 did not involve C- -2, the identification of 51

afforded proof for the C- -2 configuration of the compounds in

this segies. Furthermore, C-3 was not involved in the conversions 0

starting with 48, and consequently 48 and the products derived

from it must possess the «~D-manno configuration. The chemical
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proof was corfoborated by n.m.r. data (Table X). Thus, in
compounds 46, 48 and 52 the coupling constant Ji,2 was

zero, affirming diequatorial arrangement of Hel and H-2.

The coupling constant J2 3 was small also (zero in 52,

and 4 Hz in 48), in accord with the a551gned dlSpOSltlone of
JHfzxeanHrs,..Eurthe:mope(”large coupling constants J3'4.
and J4;S'(10-Hzf.were‘found in compounds 51 and 52, as is
expected'for Eggggfdiaxia1‘a;rangements Qf'the protons at
c-3, C-4 and C-5. f

In summary, it may be stated that the NBA reaction
has prov1ded an easy and extremely stereoselectlve access to
derivatives of methyl 2, 3 diamino-2,3-dideoxy-d{~D-mannopyranoside.
In the addltlon of ammonia to 1, which was prev1ously 1nvest1gated
. (28), analogous products were obtained but a strong preference
for the D-gluco configuration was observed. The two methods
therefore complement each other very well.

Another benefit accrued from these studies. When
compound 52 was refluxed in chloroform in the presence of silica:
gel it underwent dehydroacetylation to afford methyl 2-

, acetamido-G-O—acetyl-Z,3,4—trideoxy~3—nitro-&rD-Egzggfhex-
3-enopyranoside (53), the first A; —unsaturated derivative
prepared in this series. Compound 53 was also obtained from
methyl 2~ acetamldo—z 3-dideoxy- 3—n1Lr0w&rD ~talopyranoside (57)
and was characterlzed in that connection. As will be discussed
later (p.l140 ), the 1nterxelatlon thereby established between

two series of diamino sugars played a key role in the
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configurational proof for {-D-talo derivatives. Moreover,
it may be anticipated that 53 can serve as an intermediate

for the synthesis of 2,3,4~triamino hexoses.

N . . . ' e
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Derivatiﬁes‘of 2;3-Diamino—2,3—dideoxy-taloee

| Addition of NBA to methyl 4 ,6—-0-benzylidene-2,3-
dldeoxy—3-n1tro-£_D threo—hex—2—enopyran051de (3) gave a
mlxture of methyl 2-acetamido-4, 6 O-benzylldene -3-bromo-2, 3-.

dldeoxy-3—n1tro—&rD—ldopyran051de (54) and methyl 2-0-acetyl-

4,6- O-benzylldene-3-bromo =2,3- dldeoxy—B-nltro—&r —ldopyran031dej

(55) _ By chromatographlc separatlon compound 54 ‘was isolated
in a yleld of 830, while compound 55 was obtalned in a yleld
of 15% (Reactlon Scheme N) The structures of both compounds
were" ascertalned by elemental analys1s and thelr spectral
propertles. The n m.x. data of 55 and 54 and its derlvatlves
are. llsted 1n Table XI.

Reductlon of the 0- acetyl derlvatlve 55 with sodium
borohydrlde (Iffland method) led to formation of the known

methyl 4,6- O-benzylldene—z 3~ dldeoxy -3-nitro- &_D-lyxo—hexo-

pyran051de (10) Slnce the same. product was obtained (p. 97)
in the reductlon of the nltroolefln 3 with sodium borohydrlde,
it may well be that 55, in reversal of its formatlon, reacts
‘to give ;aniéﬁ is.then reduced to 10.

'Reductive“removal of the bromine from compound 54
produced methyl 2-acetam1do—4 6- O-benzylldene-Z 3-dideoxy

-3-nitro-d-D- talopyran051de (56) in a yield of 84%. An ultra-

Vloletespectrum of a 10 -4 molar solution of 56 in 0.01 N
alcohoiic potassium hydroxide showed high-intensity absorption
(€, 21 200) at a wavelength of 250nm, indicating the D-talo

conflguratlon for compound . 56 (see Part II, Chapter A).

!
i
!
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' ‘Reaction Scheme N° - ST
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"Debenzylidenation'of 56 with trifluoroacetic acid
afforded crystalllne methyl 2-acetamido-2,3- dldeoxy—3-n1tro-
&rD—talopyran051de 57.

| Catalytlc hydrogenatlon with platinum in the presence
of acetlc anhydrlde (36) converted 37 into methyl 2,3~
d1acetam1do—2 3 ~dideoxy:- &_D talopyran051de (58) in .a yield
of 6938, |

The dlacetamldo glycosmde 58 was hydrolyzed with
reflux1ng half—concentrated hydrochlorlc acid. Work-up and
decolorlzatlon w1th charcoal gave a colorless, hygroscoplc
syrup Wthh re51sted all attempts at’ crystalllzatlon. The
syrup strongly reduced Fehllng solutlon and its n.m. r. spectrum

in- D20 showed nelther methoxyl nor acetamido signals. There-

fore the syrup presumably con51sted of the expected 2,3-diamino-

2, 3 dldeoxy-D-talose dlhydrochlorlde (59)

-Acetylatlon of the presumed dlamlno talose dihydro-

!

chlorlde also falled to. glve a crystalllne derivative. The

hygroscoplc powder obtalned gave a positive Fehling test,

and. 1tS'n m.r. spectrum ln D20 showed no signals in the region

Of the glycosmdlc methoxyl resonance but strong 51gnals in

the reglon where acetamldo groups are expected to resonate

(76). An i.r. spectrum (neat £ilm) showed strong absorption

bands (cn~ L) at 3300 (OH,NH), 1650 (amide I) and at 1530
(amide II). The data agree with structure 60 of a diacetamido

sugar. However, 59 and 60 were not characterized further.

Borontrifluoride-catalyzed acetylation of the nitro

glycoside 57 with acetic anhydride gave, instead of the expected

T

T F A iRt e
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4,6-diaceate; an unsaturated compound, namely, methyl 2-

acetamido-G—O4acetyl-2,3,4-trideoxy—3—nitro-&7D-Eh£gg—hex—
v3—enopyranoside”(§§);\bThecnitroolefinic structure of §§v

was ascertained.byfitszspectroscopic properties. Thus,

53 showed a. strong i, r. absorptlon band at 1530 cm -1 which

is typlcal of a nltro group attached to a carbon-carbon double
bond. The n. m. r..spectrum exhlblted signals at 2.647 (l-

proton doublet H—4 with J, .=2Hz), at 4.837 (l-proton doublet,

4,5
H-2, with- a coupllng constant of 10 Hz~ upon Dzo exchange
this s1gnal collapsed Lo give a 51nglet), at 5.12 % (1-proton
51nglet,'H l), at (3—proton 31nglet OCH ), and at

7. 92 and 8 037 U (two- 3—proton s1nglets, 2-acetamido and 6-0- E;
acetyl).' The;nltroolefin-structure,was also indicated by ‘its
u. v.‘absorptlonFlil- '247 nm, € 5000, in chloroform) . it
Addltlon of excess methanollc sodium methox1de to'a 10 -4 molar
solutlon of 53 caused an 1nstantaneous bathochromlc shift to
257 nm w1th 1ncreased 1nten51ty. A srmllar bathochromic A i

shift 1nvolv1ng.alcarbohydrate nitroolefin has- been observed

before'(27):andiwas_found to be the result of nucleophilic

methoxy1ation'at the olefinic bond. - H
A H
&

As descrlbed earlier (p.134 ), the same 3,4-unsaturated

nitroolefin was also formed from compound 52 by dehydro-
acetylation. Slnce theci—D—ggggg conflguratlon of compound
52 Was established, the formation of the same 3,4-unsaturated
nitroolefin from 57 proved the configuration at C-2 in the

latter, and compounds 56 - 60 can therefore be assigned the

«L-D-talo conflguration. Further support for this assignment
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was derived from n.m.r. data of compound §§; A spectrnm of
56 in DMSO-d. showed a l-proton triplet at 4.477 with a
_splitting-of'3 Hz,’a narrow l-proton doﬁblet at 4.967, a
2-proton. 51ng1et at 5. ZST a 2-proton singlet at 5.807 and
a l—proton 31nglet at 6. 267. Although none of the signals
could be deflnltely attrlbuted to any SpelelC proton, the :
) total number of rlng protons was accounted for, and since nol'
51gnal showed a spllttlng larger than 3 Hz it follows that no
v101na1 traggfdlaXLal protons were present in the molecule.
Thls is in agreement w1th the &rD talo conflguratlon, although
it does not rule out the &rD—ldo configuration, with an axial
nltro group, whlch 1s, however, hlghly unlikely.

In summary, the NBA reaction with nltroolefln 3 has
opened an” avenue to derlvatlves of 2,3~ dlamlno -2 ,3-dideoxy-
D- talose. "No - derlvatlves of this sugar have hitherto been
descrlbed in the llterature. Addition of ammonia to 3 has never
beenllnvestlgated. but such addition to the (3-anomer of 3 has

led'exolusively'into the D-galacto series (27) - .

R L RN AT T NG
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Synthesis of Methyl 2-Acetamido-4,6~0~benzylidene~2,3-dideoxy-

3-nitro~ 3 ~D-glucopyranoside (63)

‘Addition of NBA to methyl 4,6-0-benzylidene-2,3-

dideoxy—34nitro-G—D-erxthro-hexézjenqpyranoside (2) in the
preéence‘of éxcess sodiuﬁ aéetate led to the formafion of a
smlxture of methyl 2-acetam1do-4 6- O-ben2y11dene-3-bromo—2 3-
dldeoxy—3-n1tro—@—D—allopyran051de (61) and methyl 2-0-acetyl-
4,6—0~benzy11dene—3—bromo—2,3—d1deoxy—3-n1tro-@—D—allopyran051de
(§§) in a ratio of 2:1 (Reaction Scheme O). The two products

werevdbtained in an analytically pure state by column chromatography

Of,thé‘mixture.v Inspection of the n.m.r. spectra of both bromo-

nitro cOmpounds 61 and 62 clearly proved the substituents at

C-2 to be equatorlally orlented, since a large coupling constant.

of 8 Hz requlred a trans—d1ax1al arrangement for H-1 and

1,2
H=2. Other n.Mm.r. data are listed in Table XII.

TNV o2 Fom doem S T R ISR
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Treatment of the 2-0-acetyl derivative 62 with

. sOdium'borOhYdride furnished the known methyl 4,6-0-benzylidene-
2,3~ dldeoxy—B-nltro—@—D arablno—hexopyranOSLde (9). An inter- |
medlacy of nltroolefln 2 1s assumed in the formatlon of thlS
2 deoxy sugar. . ' |
N | Reductlve removal of the bromlne (Iffland method)
from the 2 acetamldo compound 61 gave ‘in high yield the known
(25) methyl 2- acetamldo 4 6 O‘Denzylldene -2,3~ dldeoxy-3-n1tro—

6-D—glucopyranos1de (63)

Synthe51s of Methyl ?—Acetamldo- 6 0 benzylldene—z 3- dldeoxy—

. 3= nltro B D-galactopyran031de (66)

The addltlon reactlon of NBA w1th methyl 4,6-0-

4({?“'__’._._,3:“?7‘ LTI T T T L

ad v Ta

behzylidene42 3—d1deoxy—3—nltro-@—D—threo-hex-Z—enopyranoside

P

(4)in“the presence of a catalytlc amount of sodium acetate

B
I
.
i
it
5

14
He
B

.y

gave a 1: 1 mixture of methyl 2-acetamido-4,6-0- benzylldene-

.»3-bromo—2,3—dldeoxy-3—n;tro—ﬁ—D—galactopyran031de (65) and

itsl@~D—gulg isomer (64) (Reaction Scheme O0). The two isomers
were separated by column chromatography and obtained in yields
of 459 each. In its n.m.r. spectrum, either product exhibited
an anomeric proton doublet with Jl =9 Hz, indicating that H-1
and H-2 must:he E;gggfdlax1al and therefore proving that the
2-acetamido group is equatorially oriented.. Consequently,

the sterecisomerism of 64 and 65 must be due to the c-3 ?
configuration. A definite decisioﬁé;hich product had the

be

galacto and which the gulo configuration could not,made, but

a speculative assignment will be offered in connection with a
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more'oetailed'discussion of n.m.r. data £§,148) and dichfoic
data (p.152).

L Reductlve removal of the bromine with sodium boro-
‘hydrlde from both 64 and 65 afforded the same, known (27)
methyl- 2-acetam1do 4, 6 O—benzylldene =2 ,3~-dideoxy-3-nitro-f3~
D-galactopyranos1de (66) |
) When compound 66 wae treated with NBA in the presence
of sodium acetate, it underwent bromination at C-3 and the
bromonltro compound 64 was obtained in a yleld of 80% There
was chromatographlc ev1dence (t.l.c.) for the formation of only
minute traces‘of isomer 65 in this reaction. This result tends
to indicatekthat the configurational assignment made for C-3
in 64 and:gg_was the correot one, since it appears reaeonable

to expect a cOmpound with axial bromine (i.e. gi) to ariee |

from this bromination.
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N;ﬁ;r.'beta'of.Aoetamidonitro Sugars

It has been demonstrated by.Lemleux et al. (77)
and further elaborated by others (78) that the chemical shifts
of“tpe methyl proton signals of acetoxy or acetamldo groups
_on’sixfmemberedrringsﬁdepend'on the axial or eQuetorial orient-
ation of these‘substituentsfg The'shifts-are~often,.but~notf.
always, 1ndependent of the plesence of other groups in the
molecule.” The table below summarizes the results (T-values) i

| recorded in the llteratgre (77,‘78).

_ Substituent 'Configuration CDCl, DMSO-d, %
""-o4c—c'H73  axial = 7.75-7.80-7.90
_equatorial 7.88-8.03 ;

. &

-NH-C-CH, axial 7.92-8.04 8.07-8.14 g;
‘equatorial 8.03-8.12° 8.20-8.30

Wheo the spectra of the O-acetyl and N-acetyl deriv-
atives described in this chapter were examined, deviations o
from the tabulated ranges were observed ip certain cases.
Although the signals for compounds 47 ~.51 and 62 - 63, as
well as for compounds 64 - 66 appear within the expected ranges,
Thus

a large deviation was observed for compounds 54 - 57.

the methyl proton signals of the axial acetamido group in
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compounds 54 and 56 bccurred.ubfield even of ‘the range normaliy'
characteristic for equatorial acetamido groups. ‘In the de- |
benzylidenated compound 57 the deviation was not so iarge;
however, the signal for the axial acetamido group still

appeared in the region normally associated with equatorial

acetamido groups. Since:it is Béiieved that the configuration
of compounds. 54 - 57 was well established in this wérk, these
compounds present exceptions to the rules which ih most cases
gffer a surprisingly accurate means for configurational and . } i
conformationalAaséignments. . _fg

The n.m.r. data allow also comparisons between

—

brominated and nonbrominated acetamidonitro sugars. It is

seen that thereaferm>significant differences in chemical :%
shifts of the énomeric methoxyl group between brominated and ;@
’ndnbrominated derivatives. The same holds for the chemical E%
Shift of the benzylidene methine proton signals when compound ?g

54 is compared with compound 56, while in all other cases the
methine proton signal of the brominated products appears down- T%
field. The downfield shift is significant in compound 46 , it

(compared with 48). It is also significant for one, but not

| éhe~other, of the two C-3 epimeric broducfs obtained from
4 wﬁén céﬁparison is made with the nonbrominated compound 66. L
The limited data available suggest that, in the bromo deriv-
atives, a downfield shift of the benzylidene methine signal

occurs when the bromine atom at C-3 and the oxygen, ‘at C-4

are in a cis arrangement. On this basis, provisional configur-

ations have been allocated to 64 and 65, with due reservations.
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Inspection of molecular models indicates that in‘such cis
structuresﬁthétefis;é-parallel3arrangement of the C-Br
bond_and bne'offthe unshared electron orbitals of the oxygen

at C-4, aﬁd’thisfmight be reébqnsible forvthe observed shifts.

A similar observation was discussed for the halonitro sugars:

in Part II, Chapter b;.v‘.ﬁ,-'
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Circular chhroism of Acetamidobromonitro Sugars

Inspection of the c.d. curves in Figure XII shows
some Similarities to the curves measured for the bromonitro,
sugars (Flgures VII and VIII) as discussed in Part II,
Chapter D. Thus, compound 46 w1th the D-altro conflguratlon
showed a strong negatlve Cotton effect qulte similar to that
of the bromonltro sugars w1th D—altrg conflguratlon (part II,
compounds 49 and 56) A strong negatlve Cotton effect was
also shown by the acetamldo derlvatlve with D—ldo conflguratlon
54 whlch agaln 1s paralleled by the dlchr01c behavior of the
bromonltro sugar of the same conflguratlon (Part II, compound

26) A correlatlon can also be seen for the bromonitro sugars

w1th D- g and D-galacto conflguratlons. Thus, the c.d. of

64 showed a strong p051tlve Cotton effect parallellng that
of the D—g bromonltro sugars obtained as normal products

in Part II. Compound 65 whlch is assumed to carry its nitro
group: in the ax1al p051tlon, gave rlse to a c.d. curve guite

similar to that of the abnormal product in Part II to which

the D—galacto conflguratlon was a551gned The c.d. curve for

compound 61 showed max1ma of much smaller magnitude and was

dlfferent from the curve of the bromonltro sugar with D-allo

conflguratlon encountered in Part II.

- In summary, one can conclude that the conflguratlonal

assignments.of the acetamidobr

by chemical means'and n.m.r. spectroscopic data, are consistent

with the dichroic behavior of these compounds.

omonitro sugars, which were derived
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EXPERIMENTAL o »

General. Remarks

- Melting points were determined in capillaries with
an“eleetrically heated aiﬁmihum block apparatus and are un-—
_corrected_;__} sy ot .
k Optlcal rotatlons were measured with a Perkln-Elmer 1

S
l4l*automatic‘polarimeter,at,room temperature, and circular

N e e e -

dichroism"(c;d.) curves were recorded with a Jasco ORD/UV-5

instrument for solutions in dioxane.

'fUnless otherwise stated, infrared (1.T.) spectra :

P

were. obtalned from Nujol mulls by use of a Beckman-IR 20

WA

~
w% 2 7 i

.spectrophotometer. The absomptlon 1ntens1t1es are recorded

&

as strong (s), medlum (m),‘weak (w), and broad (b), and

T“_‘&' X3 l.ul.,-i.ﬂtl "l‘
AL

-1
frequency maxima. are expressed in wavenumbers‘(cm.:).

The nuclear magnetic resonance (n.m.r.) spectra
were obtained on a Varian HA-100 spectrometer from chloroform-

d.solutions containing_tetramethylsilane as internal standard,

unless stated otherw1se.

Ultravlolet (u.v.) spectra were measured with a

'Perkln—Elmer spectxophotometer, model 202.

Mass spectra were determlned with a Hltachl-Perkln-

Elmer R.M.U. 6D spectrometer at an 1onlsatlon potential of ot

70 e.V.
Thin layer ehromatography (t.1l.c.) was performed on i

Silical GelG (E. Merck AG, Darmstadt, Germany). The spots
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were detected by spraying with d 1% ceric sulfate solution ‘
in 10% suifurrc acid. The solvent systems used for the F
%{ i

irrigation of the t.l.c. plates were as follows:

Solvent A: 6arbon tetrachloride:ethyl acetate 7:3 ﬁ

Solvent B: €arbon tetrachloride:ethyl acetate 4:3

Solvent C: - petroleum ether:ethyl acetate . .- 2:3 . :
Solvent-D:-:petroleum’ether:ethyl acetate © 352 %
. Solvent E: - benzene:ethyl acetate . 1:10 é
Solvent F:. benzene:methanol | _l 9:1 : éé
Solvent‘G?nxchloroform:acetone ' 7:3 I
Solvent H: :chioroform:methanol - L 4:1 ﬁ
‘ _'E Column chromatography was carrled out with Silica ‘;é
Gel 0.05- 0 20 om (E Merck AG, Darmstadt, Germany) as adsorbent ?g
» | Paper chromatography was performed by the descendlng 5:;
technlque u51ng Whatman No. 1 paper w1th the system, ethyl %

acetate - pyrldlne - water - acetic acdid (5:5:3:1) according
to Fischer and porfel (79). The spots were made visible by i
spraying with nlnhydrln and RGN-Values refer to the mobility

relatlve to D—glucosamlne hydrochlorlde.

All evaporatlons were carried out in vacuo at a bath ' it

temperature of 35 -40° All solid materlals were dried in it

a desrccator in vacuo over phosphorus pentox1de.

Petroleum ether refers to the fraction of boiling

range 30- 60

Cation exchange resin refers to Rexyn 101 (ﬂg) (Fisher

Scientific Comp., Fair Lawn, New Jersey, Usa), and anion ex-

(J.T. Baker, Chem. Comp.,

1
I
i
4
N

H
?
4
1
i

change resin refers to Dowex 1-x8 (OH®)

Phillipsburg, New Jersey, Usa) -
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Several reactlon procedures are recurrlng throaghout

thls the51s and they are therefore described here in a general

way.

‘ i.ﬁ Debenzylldenatlon w1th Trlfluorocetlc‘ACLd (86)

. The benzylldene nltro sugar (l mmole) was stlrred
w1th 90% trlfluoroacetlc ac1d (6 ml) at _room. temperature.,.j‘.
The reactlon was readlly monltored by t l c. and usually was
completed after 30 mlnutes. The reactlon mlxture was then
dlluted w1th water (10 ml) and evaporated. Succe531ve
evaporatlons w1th water and ethanol usually furnlshed a

colorless, syrupy, debenzylldenated product of hlgh purity.

iy Acetylatlon W1th Ace_yl ‘chloride and Triethylamine (51)

Trlethylamlne (1.93 ml,/ 13 8 mmole) in anhydrous
ether (30 ml) was chllled in an ice water bath, and acetyl
chlorlde (1. 04 ml, 14.7 mmole) was added with magnetic
'stlrring. A voluminous white precipitate of triethyl- ’
ammonium chloride occurred. After 5 minutes a.solution of
the nitro eugar (0.5?1.0 mmole) in dry methylene chloride
(5 ml) was added and the reaction mixture was stirred for 30
minutes at‘OO;V The mixture,Was then agitated with cold water,
and after phaeebseparation, the aqueous layer was extracted
twice with‘ether.’:The combined ether solution and extract
was washed three times with water, dried over sodium sulfate

and evaporated giying,usually pure, acetylated products in

yields over 80%.

e Ban. e g s st eerneni 4 1
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iii. Reductive Removal of Bromine from £-Bromonitro Sugars }

The reductive removal of bromine in d~bromonitro
compounds.with sodium borohydride was pioneered by Iffland
et " al. (57) and below is referred to as Iffland method.
Sodium borohydridé was added to a solution of the bromonitro |
compound in ethanol. The“aﬁéqﬁtg'of"réagéhfé“ﬁsed é;é specified
in the descriptions of individual experiments. fhe reaction
nmixture was stirred for about 30 minﬁtes at foom temperature é

and then siightly acidified with 10% aqueous acetic acid and

S R et e e

diluted with water. The solution was concentrated by partial

evaporation in order to remove most of the ethanol. Usually,

a white precipitate separated. This precipitate was filtered

SEE A LS

off, washed with cold water and dried. The debrominated

S R

product so obtained normally was analytically pure after one

3

recrystallization.
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PART I
PREPARATION OF 3-NITRO SUGARS AND DERIVATIVES THEREOF

N.m.r.-Spectroscopic Analysis of 4,6-0-Benzylidene Nitro Sugars

Crystalline,4,6—O—bénzyliéeﬁé-3-deoxy-3-nitro—héxo-
:PYraﬁQSides.éfg and 19-21 were prepared as described-in sub-
sequent sections. fo test the quantitative n.m.xr.-spectro-
scopic_assay,xﬁixtures containing three components in varying
proportions:were made by accurate weighing of éure crystalline
samples. The n.m.r. spéctra (100 MHz) were taken from approximate-
lyviO%vsolutions at .a swéep width of 100 Hz and a sweep offset
éf 50°:HZ{ The methine proton peaks were identified by com-

_ parisoh of their A-values with those in the spectra of individual
iSomets (compare Table I, p.l5 ). The compohent ratios“were de-
termiﬁed by averaging three ihtegrations.for eaéh methine signal
and expressing each intensity in terms of percent 6f the sum of

intensities. The results for four such mixtures, I-IV, are re- .

corded in Table XIIL.As can be seen, single integrations of a

given signal deviated 1-2% from the average value, and the latter

deviated 1-4% from the expected value.
In the same way were determined the unknown component

ratios of mixtures A (from nitromethane cyclization of 2 followed

by benzylidenation) and B (from nitromethane cyclization of 2

with subsequent epimeric equilibration followed by benzylidenation).

The results are shown in Table XIIlalso.
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Separation of d-Glycoside Acetals

(a) Preparation of nitro glycoside and acetal mixtures

fl?reperation of the dialdehyde 2, its cyclization with
nitromethane'in methanol solution containing sodium methoxide,
andhdeionization of the product to,give a mixture (A) of .nitro
gly0051des was performed as prev1ously described (31), with
“the’ mlnor modlflcatlon of allowing a reaction time of 45 rather
thanvzs mlnutes. The same applies to the preparation of the
1mixture (B) of epimerized glycosides (31). Benzilidenation of
mixturest~and B with benzaldehyde and zinc chloride hed pre-~
viously.given small yields of the crystalline ArD—glugg_acetal
5 (21) end.gfp—tglg acetal 4 (20), respectively. For the present
studies,‘benzylrdenated mixtures were prepared as previously
described,_but‘the syrups obtained were used for n.m.r. spectro~--
scopy and coluﬁn chromatography Without‘prior removal of
crystalllzable components.

T 1 ¢. was employed throughout the subsequent separation
procedures to examane fractlons and check the purlty of products.
Using solvent A as 1rrlgat1ng solvent, compounc 3 moved fastest,
.closely followed by 5 and 4; cc;;npowl'q 6 moved rather more slowly.

(b) Chromatocraphy of benzylldenated mixture A

‘ Crude, benzylldenateo.mlxture ., obtained as a syrup
(21.5 g) froﬁ 2 (0.068 mole, from 13.2 g of methyl d~D~gluco-
pyranoside) nas placed on a column (6.5.x 60 cm) containing 800 g
of silica gel. Elution was performed with carbon tetrachloride/
ethyl acetate mixtures of compositions (v/v) 7:3 (fractions 1 -

30), 1:1 (fractions 31 - 39), and 2:3 (fractions 40 - 80), the
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fractions_being'75 ml in. volume. All fractions were inspected
by t.l.c., and the residues obtained after appropriate pooling
and ev&pOration'were'examined by n.m.r. spectroscopy. Fractions
1 - 15 Were‘free'from'carbohydrates but contained benzaldehyde
(6:76'9)- FraCtlons 16 - 21 ylelded pure 3 (2.22 g). Fractions
.22 - 30 31 --36 37 - 39 40 - 50, and 51 contained 4.49, 1.46,
'0 43 l 29 and 0 68 g of mlxtures of 3, 4, and 5. Fractions
52 - 63 and 75 ~ 80 were blank, and fractions 64 - 74 gave pure
6 (l,OOlg), Thus the total, overail yield of nitro glycoside
‘acetals was '11.57 g (54.7% of the theoretical based on starting
methyl &—D-glucopyranos1de) Individual yields, calculated
by summatlon of ‘pure fractlons and spectroscopically-determined
proportlons of components in mlxed fractlons, were the follow1ng.
3, 4.86 g (22.98); 4, 0.94 g (4.4%); 5, 4.77 g (22.5%), and |
6, 1.00 g (4.7%). |

When'the column chromatography-was performed with half
the above glyc031de 1oad and with a carbon tetrachloride/ethyl
acetate mixture of constant comp051t10n(7 :3), a somewhat better
separation of the.more mobile compounds, 55 5, and 4 took place
and parts of'each‘were eluted as pure fractions, in that order,
Wlth mlxed fractlons occurring. in between. However, the solvent
was unsatlsfactory for elution of slow—mov1ng 6.

(c) Chromatography of benzylidenated mixture B

A crude syrup (21.8'g) resulting from benzylidenation

of a mixture (B) of epimerized.nitro glycosides obtained from

2 was chromatographed. The technique detailed in (b) was used

except that the eluant'composition was carbon tetrachloride/
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ethyl acetate‘ih.the ratios 4:3, 1:1, and 2:3 for fractions 1 -

24;~25'-ﬂ30, and 31 —d50; respectively.('Fractions 1 - 10 contained
benZaldehydeT(S.G g). " Fractions 11 - 15 and 17 - 18 censisted

of mixtures of 3 (1.20 g) and 5 (0.80 g), and of 5 (0.30 gj and

4 (0 55 g),'respeCtively,fthe ﬁredﬁcﬁvratios being determined

.from ‘n.m. r..spectra. Fractions 16 19 - 30, and 31 - 50 yielded
d‘v1rtually pure 5 (0. 47 g), 4 (3.48 g), and 6 (1.03 g}, respectively. ﬂ};
Hencevthe total yield of nltro:gly0051de acetals was 7.83 g. g;‘
Siﬂceqthe:ratios'of«individual-acetals were very similar before e

and after chromatography.it appears'that recovery was essentially

complete. The weight deficit is. attributed to benzaldehyde 5&
(5.6 g) and re51dual solvent in the starting syrup. . V{f

Methyl 4, 6 0- Benzylldene—B deoxy—3—n1tro-£,D—mannopyran051de (?‘ ﬁ“i

Compound 3 as obtained from a chromatographic column . m&@
was recryStalllzed‘for analysis from chloroform/petroleum- ether;
:m.p. 138—139°,a[&3D +27.7° (¢, 0.8:in chloroform).' The compound

showed~eharacteristicfi.r. bands at 3400 (m,b, OH) and at 1560

(s/ qu)

Analysie for C14H17NO (311 3)-
caled: C, 54.01; H, 5.51; N, 4.50.
‘Pound: C, 53.96, H, 5.56; N, 4.59.

Methyl -Deoxy-3 nltro—arD—mannopyran051de (7)

The" acetal 3. (300 mg) was debenzylidenated by treatment

with trifluoroacetic acid at room temperature for 15 minutes.

Completion of the reaction was ascertained by t.l.c. (solvent

A). Work-up afforded a syrupy material (206 mg, 96.0%) which

could be crystallized from tetrahydrofuran/ether (184 mg) to




- 162 - - -

have a melting-point of 113-115o and Ké] +44.5° (é}'o;g
in water). The 1 r. spectrum exhlblted bands at 3540 (s) and
3340 (s, b OH) and at 1545 (s, N02)

13
sCalgd' C, 37.67; H, 5.87; N, 6.28.

'Analy51s for C7H NO7 (223.2)

Found. C,_37 79 H, 5.93; N, 6 35,

SA sample of 7 (100 mg) was.. dlssolved 1n water (8 “mi)
and 0 1 N hydrochlorlc ac1d (5, ml) Platlnum catalyst (pre-
hydrogenated from 50 mg of PtOz) was added to thlS solution and
the mlxture was hydrogenated overnlght. Flltratlon and evaporatxon
of the solutlon followed by. recrystalllzatlon of the residue from
95% ethanol at’ iurnlshed methyl 3-am1no-3-deoxy {~D-manno-
pylan051de hydtochlorlde (10) (84 mg, 81 5%) in two batches,
WLth;meltlngtpolnts of 234~ -236° (dec.) and 232- 235° (dec.),
Eﬁltﬁ¥57‘5° (e 0'3 in water). Reported: &L]D-+60 in water
(30, 42) and decomp051tlon at about 205° (30), 221-223° (31),
210f240° (42), Ev1dently the meltlng behavior is not very

characteriétic, it being probably influenced by‘traces of im-

purities and the mode of heat ng. A sample at hand from previous

work in this laboratory melted w1th decomposition at 230- 231°

and causea no dep1e551on when admixed to new 10. The i.r.

spertra were 1dent1ca] also.

MEtnLl l 6=-0- Benzvlldenc 3-deoxy~3-nitro-«-D D-talo pyranoside (4)

. Compound 4 collected from the column melted at 177-

178° and showed [i}D+66.80 (e, 1.1 in chloroform); reported (20):

z.p. 1757, EJJD'%68° (in chloroform). The i.r. spectrum was

jdentical with that of an authentic sample.

i
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Methyl 3—Deoxy—34nitroi£}D—télopyranoside (8)

| The acetal 4 (200 mg) was debenzylidenatedbwith tri-

fluoroacetic"acid dufing 20 minutes at room temperature. The
syrupy product (117 mg, 82.0%) was crystallized from chloroform
to give 8 (93 mg) melting at 86-87°; (Ll  +87.5° (¢, 0.9 in
water). The i.r.’sPéctrum sbowed bands at 3240 (s,br OH)and
at 1580 G5, w0, LT T T S
Analysis for C,H,,NO, {223.2)

Calcd: C, 37.67; H, 5.87; N, 6.28.

Found: C, 37.46; H, 6.087 N, 6.12.

A‘sample offg (40‘mg)fwas catalytically hydrogenated
for 3 hours ‘in water (3 ml) and 0.1 N hydrochloric acid (2 ml),
bin'the’presencevof platinum cataljst (from 70 mg Pt02). Upon
redeétallization>of the product from 99% ethanol by slow addition
of ethyl acetate, methyl 3-amino-3-deoxy-d-D-talopyranoside
hydrochloride -(11) was obtained in a yield of 99%, m.p. 187-
188° (dec.),‘}lD-+88.3° (c, 0.3 in water). Identity with an

authentic sample was established by a mixture melting point

(186—1880,‘dec.),,comparison of i.r. spectra, and paper chro-

matography (31).

Methylf4)6-O-Benzylidene—3—deoxy—3—nitro—&rD—glucopyranoside'(5)

Compound 5 collected from a column showed a melting point

of 166-167° and () +86.5° (g, 0.7 in ethanol). Reported (21):
m;p. 1670,1E£]D.+87.2° (in ethanol). The i.r. spectrum was also
identicél'with,that of an authentic sample.

Metﬁyl 4,G—O—Benzylidene-3—deoxy-3-nitro—&rD—galactopyranoside {(6) ?‘fJ

ollected by column chromatography was

Compound 6 C
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redrfstallizea for analysisufrom.etﬁyl acetete/éerreleum '
ether to give,avmeterial melting at 166—167O;YJJD £205°
(¢, 0.5 iu ch}broform). The i.r. spectrum exhibited bands
at 3460 (m,b, ;OH)and’at 1550 (s , N02).

Analysis for C,,H,.NO. (311.3)

14 177
Found:: C, 53. 83 H, 5 51 N, 4 41.

Methyl 3- Deoxy—3 -nitro-d~D- galactopyranos1de (9)

| The aeetal 6 (94 ng) wasvdebenzylldenated with
trifluoroéeetic'acid during 30 minutes at room temperature.
Crystalllzatlon of the syrupy product (67 mg) from chloroform
afforded 9 (32 ng) w1th a melting p01nt of 145~ 146O EKJ
+209' (¢, 0.4 in water). The remainder of 9 (35 mg) was
reeovered_as a‘eyrup. The material showed i.r. bands at 3400 (m)
and 3200 (m, io, OH), and at 1550 (s, NO,)-
Ana;ygis for C7H13NO7}(223.2) B |
Calqd. C, 37.67; H, 5.87; N, 6.28.
| Found: C, 37.92; H, 6.02; N, 6. 16.

Methyl 3~ Am1no-3 ~-deoxy~4~D~ galactopyranoside hydrochlorlde (12)

_‘Syrupy 9 (35 mg) was dissolved in water (5 ml) and
0.1 W hydrﬂchlorlc acid (2 ml), and was hydrogenated for 3

hours in the presence of platinum catalyst (from 50 mg Ptoz)

Evaporation of the filtrate followed by two co-evaporations
with ethanol gave crystalline 12 (34 mg) which upon re-

crystaliization £yom ethanol melted with decomposition at 219~

221° and had [i]D +146.5° (g, 0.2 in water). The i.r. spectrum

of 12 showed bands at 3350 (m) with 2 shoulders at 3400 and 3420

:
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(OH and NH, ),
Analysis . for C7 16C1N05 (229. 7)

Calcd: C, 36.61; H, 7.02; Cl, 15.44,

Found: C, 36.76; H, 6.79; C1, 15.71.
In agreement w1th the earlier observatlon on amorphous 12,

the moblllty of the compound 1n paper chromatography (31) was

lower than that of 1ts»;somersv;g'and 1l.

' Methyl 4,6—0—Benzylidene—2,3¥dideoxz~3-nitro—&rD-threo-hex—‘

2-enopyranoside (13) -
A'mixture.Of the acetal 6 (100 mg), anhydrous sodium
acetate'(ZOO'mg);?and acetie anhydride (2 ml) was heated on

a steam~bathffer 30*minutesuwith:continuousvswirling. - The

mlxture was then poured into ice water (50 ml) which caused a
whlte crysta;];ne matellal to prec1p1taee. The product, which
was: colleﬁtcd by f*ltla+1on, washed . well with cold water and
drledy*WcighedySO mg (91.0%) and melted at 175- 177°. Re-

crysta;llzﬂtlon from ethyl acetate/petroleum ether raised the

melting,pointf@o¢¥82—184-- Reported (20): m.p. 185 186°
An~i;r: speeﬁrumiwes3identiealgwith~that of 13 from the earlier

work (20).

.In like manner but with a reaction time of 15 minutes,

13 was obtalned in 83% yield.starting from the isomeric acetal

4. The formahuon cf nitro olefins is dlscussed in more detail

_in Part III, Chapter A.
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Sepafatiou of @-Glycoside Aeetaie

The preparation of dialdehyde 15 and its cyclization
with nitromethane to give the nitro P—glycosides 16, 17 and
18 has been'described‘(39 - 413) as'has'the benzylidenation of
these glycosides, individually as pure compounds and in mixtures -

recovered from mother liquors (41b ; 21). .

(a) Fractlonal crystalllzatlon

“Mother llquors that remalned when upon nitromethane

.
gl
3

A
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cyéliéation'of_léithe bulk of crystalllzables@-D—gluc051de 16
had béen“ddlledﬂed”(lS):were evaporated, and the residue was

benzylldenated From the miXture'ef acetals so produced, ‘the

G D—galacto ‘isomer 20 can’ be obtalned by fractional crystalllz— ﬁ
W

atlon from ethanol in whlch it is the 1east soluble component. i
8

However, 6 8 recrystalllzatlons are needed to achieve high ﬁ
purity.’ A more cOnvenient prdcedure is to dissolve the mixture ﬁ

in a small amount of acetonevand then to add chloroform, which

causes pre01p1tatlon of a materlal highly enriched in 20.

One subsequent recrystalllzatlon of the prec1p1tate from ethanol
usually is sufficient to give reasonably pure 20,m.p. 229-231°
(decomp;);' keported (21): m.p. 230—ZBio (decomp.) . This pro-
cedure is'pfobably the most convenient one for the preparation
of71arger guantities of 20, as it renders unnecessary the use
of iSolated; cryetalline 17 for benzylidenation.

The aceﬁone/chloroform mother iiquor from the above
Separation procedure is strongly enriched in the @—D-ggggg compound
21, but purification of the latter by continued fractional crys-

tallization could not be achieved. If pure 21 is desired without f
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having to start with pure 18 and without resorting to chro-
matography, one may benzylidenate nitromethane cyclization mix-
tures from which the bulk of both 16 and 17 have been re-
moved @1, 40). eHowever, column chromatography,proved ad-
vahtageous,fOr:isolatingggig |

(b) Column chromatography

The follow1ng example describes the separation of an
acetal mixture containing mainly 20 and 21 (the latter pre-
ponderating) as well as a small proportion”of 19. The mixture
(10 g) and a few grams of silica gel were intimately mixed by
two co-evaporations with acetone in a rotary evaporator, and

the dry mass was ‘then placed on a column (4.5 x 65 cm) contain-

ing 500 g'of.siliCa gel. Elution was performed with chloroform/

aoetOne (7:3, v/v) at a rate of about 17 ml per 10 min. The
eluate was inspected at,intervals by t.l.c., and the fractions:
were suitably combined. The first 800 ml (approximately) of
effluent was blank (it may be recyled). The—following 300 ml

contained (3 -D-manno derivative 21 which wa

ation and was recrystallized from ethanol to give a very pure

product (5.23 g), m.p. 202°,[qu-112° (¢, 1.2 in ethanol).

Reported (21)- m.p. 196° E&J -107°. The next 60 ml of effluent

yielded impure 21 (L.05 g, m.p. 189° ) that contained some 19.

Continued elution with‘about 500 ml of solvent furnished the

@-D— alacto derivative 20 (3.23 g) which emerged after a few

ga_act>
blank fractions (or, in similar rums, with slight overlapping).

. o
Upon recrystallization from ethanol it showed m.p. 232 ,UUD

+25° (c, 1 in dimethylformamide) .

s obtained by evapor-—

i
Lo
NE

e

[E0]
i
[
[T
b
§|
3

i
i
2

e e . o

ke

PP -V r vy

ot

Rt




~ 168 -.

" (c) Nitronate formation
A mixture (1 g) containing mainly 20 and 21 along with

a small proportion of 19 was dissolved in chloroform (40 ml),
and an ethanolic, N potassium hydroxide solution (3.5 ml) was
added. A volumineﬁs precipitate'OCCurred within 5 mih. and

t.1. c..of the reactlon mlxture, performed after 10 min. with

a neutralized sample, 1ndlcated absence of 21 and presence of
both 19 and gg. The reaction mixture was then shaken with 40

ml of water iﬁ-which the precipitate dissolved. After phase.
separation the aqueous layer was extracted twice with chloroform
whieh was combined with the organic phase. Excess acetone was
then added to’the aqﬁeous phase and the solution was at once
deionized With.an acidie cation exchange resin. The filtrate
Was ¢oncentrated to rém6Ve‘moét of the acetone, whereby the g -D-
galacto isomer ggbcrystallized in chroﬁatographically pure form
(131 mg). The aforementioned chloroform phase was Washed twice .
with water, dried over sodium sulfate, and evaporated to give
.chromatographlcal]y pure@-D gluco isomer 19 (710 mg). The

products were ldentlfled by their i.r. spectra and physical

conetants.
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TABLE XIV

Circular dichroism of 4,6-0-benzylidene acetals of 3-nitro sugars

. Extrema [0l at a given A (in nm)

Compound  A(in nm) (8] 270 290 - 310 - 330 360

284 - 3280 - 2570 3100v-'2020 1180 . 170

21 282 3217 2502 3016 1586 827 0

o>

293 830 474 810 = 691 395 59

5. 213 915 435 470 -893 -840  -184
315 -1000 |

=S pytey i T i s i il

19. 281  -1085 -940 = -960 =310 . -146 0

.

6 274 150

YN VW

© 105 -170 =927 -800 -127

5
¢
¥
%
&
y
iq
3
5
%
&
-
E

316 =970

20 276 347 ‘
T : 301 0 -761 -670 -139

311 -763
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PART IT

INVESTIGATIONS CONCERNING THE NITRONATE FORMATION IN
PARTIALLY BLOCKED 3-NITROHEXOSES

A.... Ultraviolet Spectra of Glycdside Nitronates

The nitro glycosides .used inAthe U.V. studies were
prepared as deScribed in Part'I and Part III, Chapters B and D.
Compounds 14 and 17 were pfeviously synthesized according to
references (28) and (26), respectively. For the measurement
of U.V. absorptlons accurately Welghed samples (about 3.6 mg)
of the nltro glyc051des were dlssolved in 10 ml of 99%
ethanol. Allquots were w1thdrawn and their volumes were made
up-to 10 ml with 0. 01 or 0.001 N ethanollc potassium hydroxide
solutlon as spe01f1ed (Table II p. 44), to give solutions w1th
a concentratlon of 10 -4 M in nitro ‘compound. The spectra were
measured using l-cm cells, with the reference céll containing
ethanolic potassium»ﬁydroxide of the same normality. The

results are compiled in Table II and absorption curves are

depicted in Figures III - VI.

B. ~ Mechanism of the manno —> gluco Epimerization

Treatment of (B-D-mannoside 7 with potassium hydroxide

The nitro sugar 7 (62 mg) was dissolved in 0.1 N

ethanolic potassium hydroxide (20 ml). After standing for

10 minutes at 25° the solution was deionized by cation exchange,

filtered, and evaporated to give a solid that was recrystallized

from methanol/water. The product (55 mg, 89%) melted at 180~
181°. The i.r. spectrum of the product was identical with that
of an authentic sample of the B—D-glucoside 5. Reported (19):

m.p. 181-182°
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Treatment of £-D-mannoside 6 with potassium hydroxide

The nitroYSugar 6 was treated with base as described
above for 7 and furnished theck D-glucos1de 4 (81 09) with
a meltlng po:Lnt of 165 166 [J\} +82.1° (c, 0.6 in methanol).
Reported (21) "melting p01nt 167° EK} +82,0°. fThe i.r.

spectrum of the product was also 1dentical to that of authentic

4 (21).

Treatment.ofA@vD—mannoside.with»sodium methokide

The nltro sugar 7 (62 mg) was dissolved 1n 0.1 N

methanolic sodium methoxide (20 ml). After standlng at

25° for 2.5 hours the solution was delonized"and'evaporated

to give 57 mg (923) of crystals which on recrystallization

-8 -8R SAVIrIT FR

SRS AR NI 350 X O1 25 2 73
e e S AL SAS L M A LR SR B EPTERCAC R XA .

from methanol/water furnished @-D-glucoside 5 (53 mg, 85.3%).

The melting point of 180-181° ‘and the i.r. spectrum proved

PRSP

the identity of the product with an authentic sample of 5.

Treatment of B-D-erythro olefin 18 w1th sodium methox1de

The nitro olefin 18 (58.6 mg) ‘was dlssolved in 0.1 N
nethaaniC'SOdium'meth0x1de (20 ml) to which one equivalent .ﬁj
'ef water was added so as to simulate the eonditions that would
ohtein unen dehydration of ‘7. ' After a reaction. time of 2.5
hours at room temperature the reaction mixture was deionized

by cation exchange and evaporated to give a crystalline residue.
Recrystallization from ethanol afforded methyl 4,6-0-benzylidene-
3_deoxy_2_o;methyl—3—nitro—@—D—glucopyranoside (19) (58 mg,

; o
96.7%) with a melting point of 185°; reported (24), 186
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The i.r. spectrum as well as the n.m.r. specErum were identical.

to»these of an authentic sample (24).

Treatment“ofVQ—D-mannoside 7 with sodium methoxide in the

presence of thlobenzyl alcohol

: Thlobenzyl alcohol (0. 2 ml) was .mixed with 0.1 N
methepql;q eog;um methox1de.(333ml). After_lS minutes the
nitrgﬂsugariz,(l03 mg) was addedrand the,reaction mixture was
_stir;edﬁe£ ;oom_temperature, :According_tovt.l;c, (solvent A)
Z_wesﬁepmp;etely,qonverted into,gtafter_30 minutes,‘and worké
up. after 60 minutes yielded recrystallized -D-glucoside 5

(89 mg, 86 4%), Wlth a melting p01nt of 179~ 181 . The i.r.

i
spectrum of the product proved 1ts 1dent1ty with an authentic. §
B
i
sample of 5. There was no evidence for formation of the known §

(24) benzylthio derivative 20.

Treatment of 2-0-acetyl-@~D-mannoside 21 with potassium

hzdrox1de
-To-an ice cold solution of the nltro sugar acetate

2i (70 5 mg) in methanol (5 ml) was added a 0.2 E.methanollc ﬁ

' pota551um hydrox1de solution (20 ml). T.l.c. (solvent B)

|
i
:
|
i

revealed that the reactlon was complete after 2 mlnutes.

Work-up by deionization and evaporation after 25 minutes furnish-

ed the crystalline 2-0-methyl ether 19 (57 mg, 88.1%) with

a melting point of 184-185°. An undepressed mixture melting

point and the i.r. spectrum proved the identity of the product

with an authentic samp;e.
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C. Bcetylations with Acetyl Chloride and Triethylamine

Methyl,2-0—Ac¢tyl—4,6—0-benzylidene-3-deoxy—3—nitro-B—

D-galactopyranoside .(22)

‘The nitro galactoside 3 (206 mg) was dissolved in
methylene chloride (lo'mi) aﬁd aCetylated“with acetyl chloride
(1.04 ml) ‘in’ the presence of triethylamine (1.93 ml). After
completidn'oflﬁhe’réactidn,’the~mixture was agitated with
water, whereupon the main part of the product (160 mg)
separatéd és crystals which were. collected, washed with cold
water and dried. They melted at 149-151°.  ‘An additional crop
of“crystalé'(43“mg; m.p.'l46—148°)‘ﬁas obtained by extractive
workéup’aé'déscfibed in the general'acétylation procedure.
Thus the total yield of 22 amounted to 87%. The i.r. spectrum

of the product was identical with that of an authentic sample

(50) .

Methyl 2—0—Acety1—4,s—o—benzylidene—3-deoxy—3—nitro-6—n-

mannopyranoside (21)

The nitro mannoside 7 (206 mg) was dissolved in

methylene chloride (4 ml) and acetylated as described above

for 3. Extractive>work-up'afforded crystalline 21 (223 mg,

95%). Upon recrystallization from chloroform/petroleum ether

. . o
the material (194 mg) showed a melting point of 162-1637,

[i]D—88.7° (¢, 0.5 in chloroform). The melting point of 21
recrystallized from ethanol/water had been reported as

136-137° (21), and no optical rotation had been recoxded.
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Because of the melting point discrepancy the earlier acetylation

method (21) was repeated but the product was recrystallized
from chloroform/petroleum ether. The product (yield 79%,
m.p.‘159—160 ) was identical with 21 prepared by the new
method,according'tO‘au undepressedlm{xture melting point,
fthe i. r. spectrum, and the n.m.r. spectrum. The n.m.r. data
(in 7 —values) 2. 60 (5-proton multiplet, phenyl), 4.13
(l—pfotonrdoublet, H-2, with J2 3==3.5 Hz, J1 2:;0 Hz),

4 33 (l-proton 51nglet, methlne proton» 5.20 (l-proton quartet,

H—3, w1th J -3 5 and J3 4..10 5), 5.48 (sharp singlet, H-l,

2,3
overlapped by H—6 6- multlplet), 6.05 (symmetrlcal 1-proton
trlplet, H—4 J = 10.5 Hz), 6.50 (3—proton singlet, OCH3,
voverlapplng'wrth H~5 multlplet), 7 89 (3—proton 51nglet 0—
acetyl) af S ' )

Methyl 2 O—Acetyl -4, 6 0- benzylldene -3~ deoxy~3-n1tro ArD—

mannopyran051de (23)

The nitro mannoside 6 (206 mg) was dissolved in

methylene,chlorlde (6 .ml) and acetylated as descrlbed above

for T. Extractive ‘work-up afforded a syrupy material which

was dissolved in ethanol .and pre01p1tated with water as an

amorphous-powder (201 mg, 86%) with a rotation of (33 +4,5°

(c, 0.6 in chloroform). The i.r. spectrum showed character-

istic bands at 1745 (s, O-acetyl) and at 1560 (s, NO,). The

n.m.r. spectrum showed signals (T- values) centered at 2.66

(5-proton multiplet, phenyl), at 4.33 (L-proton singlet,

methine proton), at 4.47 (1-proton quartet, H-2, with Jl,2=2 Hz
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and 3213=4 Hé), at 5.03 (l-orotoh'quartet, h-3,.with Jé:3£4 Hz - . %
and J3'4=10 Hz)hatv5.26 (1-proton doublet, H-1, with J1 'l =2 Hz), :
at 6.62 (3-proton singlet, OCH3)rand at 7.94 (3-proton singlet,
O-acetyl)ﬁA The;sighe1skfor‘the remaining protons were not
aseignable.w - o A
Analysrs for C16H19N08 (353 30). S 4

Ca;od. Cr 54 40 H, 5 42 N 3 97.

Found: C, 54.56; H, 5.29; N, 3.97, ;

Methyl 2~ O—Acetyl -3=- (0 acetyl—a01-n1tro)—4 6~0-benzylidene-

3- deoxy—&ED 1yx0ﬂhexopyran051de (25) -

L The nltro ta1051de 1 (103 mg) in methylene chloride
(3 ml) was acetylated with trlethylamlne (0.97 ml) and acetyl
chloride (0. 52»ml) -Extractlve work- up gave a crystalline
materlal (120 mg,‘ 29) whlch was homogeneous on t. l.c. (solvent ¥
B). Recrystalllzatlon from ethyl acetate gave a first crop :
of 25 (29 mg) meltlng at 136- 137 and upon addition of petroleum
ether to the mother ligquor, a second crop (83.5 mg) meltlng
at 132—135 .. The i.r. and u.v. data are reported in the discussion.

The n.m.x. spectrum exhibited 51gnalsl(1-values) at 2.5-2.7

(5—proton multlplet, phenyl}, 4.35 (overlapping signals with

2eproton intensity assigned to H-2 and the_methine proton) ,

4.9-6.2 (a complex pattern of signals corresponding to 5 ring

protons), 6.62 (3-proton singlet, OCH3), and 7.83 and 7.96

(3-proton singlets, 0-acetyl) .

Analysis for C18H21N09 (395.4)
calcd: C, 54.65; "H, 5. 35 N, 3.54.

Found: C, 54.61; H, 5.18; N, 3.64 .
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When a sample of 25 (100 mg) was éhfométographed
over-é silica gel column with solvent B as eluent, only
a single coﬁpound was recovered (63 mg, 85.2%) which proved
to be methyl 4,6-0-benzylidene-2,3-dideoxy-3-nitro-£-D-
Egggg-hex-2—enbpyranoside (24) , with a melting point of
187-4189o (reported‘(29),'18541860).'.The i.r. spectrum was

superimposable on that of an authentic‘sample_(ZQ).

v
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D. ‘Synthesis.and Reactions of:LrHalonitro'Sugars : - é ﬁ

| In all synthetlc work in this connection essentlally

two bromlnatlon methods were employed. In one method, termed
dlrect bromlnatlon, bromlne was added to an alkaline solution
of the nltro glycos1de, 1 e., to.a solution containing pre- : ﬁ;ﬁ
formed nltronate,J;In,the otherrmethod, N-bromoacetamide (NBA) B

was used as bromine source in the presence of sodium acetate.

In both methods the reactlon mlxtures were worked up elther

by prec1p1tatlon or by extractlon, dependlng on the solublllty
of the products.‘ The two procedures referred to as'bre01p1tat1ve

work up"or "extractlve work—up" in the descrlptlon of 1nd1v1dual

2
t
'
-
i
"
h
i
]

experlments are therefore glven 1n general terms below.

S o gt of e )

PrecigitétiveﬂWOrkﬁgE‘

The*alcoholicrreaction mixtures were diluted with

N P35 R B 2 5 £ B

water. ‘Partial‘evaporatioﬁ of the alcohol by concentration
of the mixtures ﬁnder reduced pressure usually afforded a
highly pure and crystalline precipitate, which was filtered il

off, washed with cold water, and dried.

.Ektractive work-up

- The alcoholic reaction mixtures were diluted with

water and most of the alcohol was evaporated under reduced

pressure. The halonitro sugars were extracted from the remain-

ing aqueous solution with three portlons of chloroform. The

chloroform extract'was washed twice with water and thendried

over anhydrous sodlum sulfate. Evaporation of the chloroform

usually afforded highly pure reaction products.
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Specfralfdata

| The n.m.r. data of compounds synthesized in this Part
II, Chapter D are llsted in Tables IV and V. The c.d. data
are complled in Table XIV, and the c.d. curves are. deplcted

;n,F;gure VII and VIII.

Methyl 4 6-0- Benzylldene 3 bromo—3 deoxy-3—n1tro-ArD-f

1dopyran051de (26)

Direct bromination,— To an ice cold solution of the &-D-

talosidel(lOB mg) .in methanol (15 mi)‘was“aned 0.1 N
aqueous*sodium hYdroiide (3;7 ml). After:stirringvthe solution
for 5 -minutes, bromine Was'added‘aropwiSe-until*the reaction
mixture‘remained9slightlyfyellow.» Extractive work-up after
another 5. mlnutes of stirring gave a white solid (104 mg)
which: upon recrystalllzatlon from: chloroform/n-pentane afforded
the bromonitro sugar 26 - (96 mg,.73.9%)<w1th a melting point

of '126-128°. Another recrystallization from the same solvents

raised the melting point to 123- 130°, L] -+45.5°,(g;‘0.6

in chloroform). 'The i.r. spectrum showed characteristic bands

at 3550 and 3490 (W, OHJ and at 1565 (s, NO,).
Analyeis for C;,H,¢Br N O (390.20)
calcd: C, 43.14; H, 4.13; Br, 20.46.
Found: C, 43.26; H, 4.17; Br, 20.83,

Bromination with NBA.—— A solution of 1 (200 mg) in methanol

(20 ml)'was stirred with a saturated, agqueous solution of

sodium acetate (2 ml) and NBA (lOO'mg) for 30 minutes at room

temperature. Extractive work-up afforded the bromonitro

e o e S -
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sugaf 26 (235 mg, 93.6%) meleihg at 127-129°. A mixture
meltlng 901nt with the material obtained by the direct
bromlnatlon method remalned undepressed A comparlson of the
i.r. spectra of the two products confirmed their identity

also.

Methylv4,6-O—Benzylideneﬁ3+chloro-34deoxy—3—nitro-£rD—

idopyranoside (27)

' To an ice cold solution of {-D-taloside 1 (124
mg) in methéhol-(301ml) was .added a 5% aqueousesolution of
sodium hypochlorite (reagentgrade; Matheson;’Colemah and-
Bell). Inspection by t.l.c. (solvent B) after‘S ehd 15
minutes showed the presence of only- one faster mov1ng materlal
‘ The reaction- mlxture was therefore neutrallzed with 10% aqueous
acet1C'ac;d and worked up by prec;pltatlon. The -solid so
obtained was recfystallized from ethenol/water to furnish 27
(117 ‘mg, 84.8%) with a melting point of 104-105°‘and 1y
+48. 3 (e, 0.7 in chloroform). The i.r. spectrum indicated
the presence of the nitro group and the hydroxyl group by
bands at 1570 (s) and 3480 (m).
Analysis for Cp,H, CINO, (345.74)
” 'éalcd: c, 48.70; H, 4.65; cl, 10.27.

Found: C, 48.80; H, 4.86; Cl, 10.40.
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Methyl 2r3-Aghydro-4,6-O-benzylidene-3-nitro—&rD—talopyranosidé (28)

By alkallne chlorlnatlon of 1.—— A solution of nitro sugar 1

(62 mg) in methanol (15 ml) was stirred at room temperature
»w1th commer01al Javex household bleach (0.6 ml) After 15
minutes t. 1. c. w1th solvent B showed a s1ngle, faster mov1ng
spot (presumably 27), which was rep1aced by'a leSS'fast-"
moving spoﬁ after a reaction time of 35 minutes; Precipitative
workfupkand recrystallization from ethanol/watef gave the nitro
epoxide 28 (50 mg, 81.28) with a melting point of 214-216°.
‘The same nitro epoxide wés obtained by alkaiine peroxidation
of a nitrpolefinic sugar as described in Part III of this thesis
(seeféompound 22, m.p. 215-216°) . Cdmparison of the i.r. and

n.m.r. spectra of the two products confirmed also their identity.

From the bromonitro sugar 26.,—— The bromonitro sugar 26

(35 mg) was dissolved in methanol (10 ml) and stirred with
agqueous N sodium hydroxide for 15 minutes at room temperature,
whereby a white solid separated. Dilution with_watér'and partial
evaporation of the methanol afforded the nitro epoxide 28 (24.8

| mg, 89.8%) melting at 214-215°. An i.r. spectrum proved its

identity with the product obtained by the chlorination method.

Regeneration of methyl 4,6-0-benzylidene-3-deoxy-3-nitro-dJ-D-

talopyranoside (1)

'4Reduction of the bromonitro sugar 26 (200 mg) in
an ice cold solution of ethanol (40 ml) with sodium boro-

hydride (80 mg) according to the Iffland method gave, after
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5 minutes, the_nitro sugar 1 (128 mg, 80.0%) melting at
174-175°. The‘i.r.,spectrum proved the identity of the
product with knéwn 1. T.l.c. inspection (solvent B) of
the reaction miiﬁure revealed that besides the major spot
correspondlng to l there were traces of a spot having the

same Rf—value as the nltro epox1de 28
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Methyl 4, 6-0- Benzylldene -3-bromo-3- deoxy;B—nltro -3-D-

gulopyran051de (29)

Direct bromination.é—— To an ice cold suspension of the(B—D—

galactoside 3 (311 mg) in ethanblq(40 ml) was added an aqueous
Elso;ution of sodium hydfoxide-(llﬂml). After stirring for
"4iﬁinutesfa"diéar'soiutibn”was obtaiﬁed to which bromine was
added'dropwieeeuntil a slight yellow color persisted. Stirring
in the ice bath was continued for. another 15 minates and was
then followed by precipitative work-up. The solid material
o obtained (28img, 72.2%) had a melting point of 75-78° and
{43-5F31.6° {c, 0.6 -in chloroform). The i.r. spectrum indicated
the presence of anOH group (3450 m,b) and anNO, gtoup (1565 s). i
Analysis for Cl4H16BrNO (390.20) . L ;
' calcd: C, 43.14; H, 4.13; Bry.20.46; N, 3.59.
Found: C, 43.03; H, 4.24; Br, 20.38; N, 3.80. %

Breminatioh with NBA.—A solution of nitro sugar 3 (186 mg)

1n methanol (20 ml) and a saturated, .agqueous solution of sodium .
acetate (2 ml) and NBA (100 mg) were mixed, and the mixture

was refluxed for 1 hour and then worked up using the precipitative )
method. The bromonitro sugar 29 (161 mg, 69.0%) so obtained
melted at 77-79°. A comparlson of the i.r. spectrum with that
ofvehe material isolated in the dlrect bromination proved the

identity of the two products.
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Methyl 2,4,6-Tri—0—acetyl—34bromo-3-deoxy—3-nitro-B-D-

gulopyranoside (31)

" The brbmonitro sugar 29 (140 mg) was debenzylidenated
by~treatmént with trifluoroacetic .acid (4.5 ml) and water
.(OLS.mi) for 15 minutes.A Thé syrupy product (100 mg) so
"obtaip§d fai1édnt6‘cfysfallize and wés therefore acefylatéd'
with acetic'énﬁydride (3 ml) in the presence of a few drops
of boron triflubride etherate. The acetylation ﬁixture was
stirréd at room temperatu:e for 20 minutes and then poured
into ice water (30 ml). A white crystalliné material was obtain-
ed after trituration for 20 minutes. The solid was filtered
dff, Washéd with cold water, and dried to give 31 (103 mg,
72.3%) melting at 107-108°. Recrystallization from ethyl
acetate/?étrbléum ether raised the melting point to 112-113°;
[dlﬁ+25.0°'(g, 0.5 in chloroform). The i.r. spectrum showed

characteristic bands at 1740 and 1765 (s, O-acetyl and at 1570 é

(s, NO,).
Analysis for C13H18BrNOlO (428.21) '
Calcd: C, 36.48; H, 4.24; Br, 18.67; N, 3.27,

Found: C, 36.60; H, 4.31; Br, 18.69; N, 3.32, i

Reactions of methyl 4,6-0-benzylidene-3-bromo-3-deoxy-3-nitro-

B-D-gulopyranoside (29)

Debromination of 29 with sodium borohydride,—— The bromonitro

sugar 29 (100 mg) was treated with sodium borohydride (50 mg)
in ethanolic solution according to Iffland. Work-up afforded

3 (71 mg, 89%) which after recrystallization from ethanol/water
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melted at 2327:. A mixture melting point with authentic

3 and - comparlson of i.r. spectra confirmed the identity of

the product,

Debromination of 29 with potassium hydroxide,—— The bromonitro

sugar 29 (50 mg)'was,d;seelved in ethanol (2 ml), an aqueeﬁs
:ﬁ.eoiutionwof;poteseihmfhydroxide was added, and the'mixture
‘was stifted_foriéo minhtee at room temperature. Inspection ﬁ
by t.l.c. (sblvent;D) revealed that no 29 was left and that |
a produet with the same mobility as 3 was formed. The reaction

mikture was therefore diluted with ethanol (10 ml) and rapidly

deionized with cation exchange resin. The solution so obtained §§

I
i
i
i
i
i

gave a pos1t1ve test for bromlne with potass1um iodide/starch,
'1ndlcat;ng that hypob:omous,ac;d was orlglnally pxesent{and
hence that_bromine.muet,have been removed from the sugar as
positive bromonium.ioh., Evaporation of the solution and .
recrystallizatien of the residue from ethanol/water afforded
3 (24 mg, 61.8%) melting at 230-232° and giving an undepressed

mixture melting point with authentic 3.

Debromination'of 29 with sodium methoxide,— A methanolic

| solution (5 ml) of bromonitro sugar 29 (80 mg) was refluxed
in the‘presence of a methanolic 0.1 N solution of sodium
methoxide (2 ml) for 20 minutes. T.l.c. inspection (solvent
D) of the reaction mixture revealed that a major product
with very low mobility was formed and that some starting

material was left. When the reaction mixture was diluted

with water a solid material (16 mg) separated which was
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idéntified as' unreacted 29 by t.l.c. and its i.r. spectrum.
The major;'sloWJmovihg prOdUct'wésahét identified. A
smell of benzaldehyde in the reactlon mixture 1nd1cated

debenzylldenatlon.

Methyl 2~0—Acetyl—4 6—behzylidene—3~bromo—3—deoxyf3-nitro-

.-@ D-guloEyran051de (32)

A solutlon of the @ D-galactos1de acetate 22 (115 mg)

in methanol (1Qfml) was stirred for 1 hour at room temperature -

with a satﬁfatéd ‘aqueous solution of sodium acetate (1 ml)
and NBA (50 mg) Précipitative work?up gave a solid (128 mg)

which was . recrystallized from ethanol/water to furnish 32

(116 mg, 87 5%). with a melting point of. 178- 180° and (A} +4.7°

(c,.0.4‘1n>¢hlprofoym). Characterlstlc-l.r. bands were ob-
served at 1765'(5( 0-acetyl) and 1570 (s, NO,). Mass spectral
and n:m;r;-aatafwére‘also in‘agreement.with the assigned-
éﬁruétutééffTﬁe:ﬁass spectrum exhibited peaks around m/e= 430
with an isotopic distribution pattern typical of a monobromo
deriVative;-LPeaks with weak intensities were observed at m/e=
352 (corresponding to a loss of Br froﬁ the molecular ion)

* and at m/e 325 (corresponding to a loss of benzaldehyde from
the molecular:ion).

Methyl 4,640-Benzylidene-3-chloro—3—deoxy—3—nitro—6-D—

gulopyranoside (33)

To a solution of nitro sugar 3 (62 mg) in ethanol

(15 ml) was added a 5% agueous solution of sodium hypochlorite

(0.6 ml) and the mixture was stirred at room temperature.

T.1.c. inspection (solvent C) after 10 minutes revealed that
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no 3.was left and an uniform, faster mov1ng product was

formed. The reactlon mlxture was stlrred for another 15

minutes and then worked up by a combination of the precmpltatlve
method (12 mg) and the extractlve method (60 mg). Re- '> ﬁ
qrystalllzatlen of theveomblned eollds from ethyl acetate/ :?
petfdiéﬁm ether‘afforaedicrySteIline 33 (58 mg, 76%) with a i

melting point of 166-167° and [4] +35.1° (¢, 0.7 in chloroform).

Characterietic i.r. bands were ohserved at 3480 (m, oﬁ) and .
at 1570 (s, NO ).

14 1601N97
Caled: C, 48.70; H, 4.65; Cl, 1027,

Analy51s for C. (345.74) : _ '. A
 Found: C, 48.62, H, 4.78; Cl, 10.26.
An:identical material was obtained in a similar yield

when the reaction was performed with a Javex solution.

Methyl 2,4,6-Tri —0-acetyl-3-chloro-3-deoxy-3-nitro-{-D-

gulopyranoside (35) . ’ ' ig

The chloronitro sugar 33 (200 mg) was debenzylidenated:with

trifluoroacetic acid (5.0 ml) during 20 minutes at room

teméereture. The syrupy residue (145 ﬁg) failed to crystallize

: end wae therefore acetylated with acetic anhydride (5 ml) a%
cetelyzedfby boron trifluoride etherate during 20 minutes. i
The acetylation mixture was poured into iqe water which caused
separation of an oil. The oil was.extracted into chloroform

(3x10 ml). The chloroform extract was washed twice with a

cold, saturated sodium bicarbonate solution (5 ml) and twice

with water (5 ml). It was then dried over anhydrous sodium

sulfate and evaporated to give the acetate 35 as a syrup.
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Crystalline 35 was obtained from 'chlor'oform./n—pentane.
It meltedLat 91—92°‘and showed Ec]D—6.3o (c, 0.6 in chloroform)
Characteristic i.r. bands were observed at 1765 and 1745 (s,
0-§cet§rl)' and at 15;75‘ (s, NO,),
Ana‘lysvis‘- for _Cl_3H18C1NOlO (383.75)

" Caled: C, 40.72; H, 4.73; Cl, 9.25.

Found: C, 40.77; H, 4.7l CL, 9.48 .
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Methyl 4,6-0-Benzylidene~-3-bromo-3-deoxy-3-nitro~-&-D-

gulopyranoside (36) and -{-D-galactopyranoside (37)

Direct bromination. — A solution of the &~D-galactoside

2 (311 mg) in ethanol (40 ml) was stirred in an ice bath
for 5 minutes with aqueoﬁs d-lN sodium hydroxide (11 ml).
sThen bromlne was added dropw1se until the reactlon mixture
remalned sllghtly yellow. After_stlrrlng the reaction mixture
for another 15 minutes it was worked up precipitatively to
afford e white solid material (355 mg, 91%). According to
t.l.c. (solvent B) there was no starting material left but
two new, faster moving products were formed in an estimated
ratio‘of 1}1. A 60 MHz n.m.r"spectrum of the mixtpre in
CDClj exhibited two sharp methine proton singlets at'4130T
and 4. 481W1th an 1ntegratlon ratio of 45.55. The solid
material was chromatographed on a column (absorbent: 20 g
of silica.gel, eluent: solvent C). A clean separation was
achieved and afforded a fast fractien of 37 (130 mg, 33.4%)
which melted at 66°,[K] +160.3° (g, 0.5 in chloroform).
Analysis for Cl4H16Br N 07, (390.20)

calcd: C, 43.14; H, 4.13; Br, 20.46.

Found: C, 43.27; H, 4.15; Br, 20.72.
The slow fraction furnished upon evaporation crystalline 36
(190 mg, 48.7%), which melted at 118-120° and had a rotation
of 41, + 108.0° (g, 0.8 in chloroform).
Analysis for Cl4H16Br N 07, (390.20)

Calcd: C, 43.14; H, 4.13; Br, 20.46,

Found: C, 42.85; H, 4.22; Br, 20.45.
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The 'spectral properties of the two isomers were in accord
with the structural assignments (i.r. for 37: 3540 (m, OH)
and 1560 (s, NO,); for 36: 3510. (m, b, OH) 1560 (s, NO,).

Bromination with NBA. — A solution of nitro sugar 2 (93 mg)

in methanol (10 ml) was stirred at room temperature with a
saturated, aqueous solution of sédium acetate (1 ml) and

NBA (50 mg).. There was no starting material left after 30
minutes and the reaction mixture was worked up by the precipit-
ative method. The solid material so obtained showed two

spots on t.l.c. (solvent C) and exhibited two methine proton

signals at 4.307 and 4.487 with an intensity ratio of 15:85.

The two products were separated by column chfomatdgréphy as
described in the preceding paragraph. The pure isomeric products
obtained (37: 12.5 mg, 10.8%; 36: 82 mg, 70.8%) were identical
with the respective products obtained by the direct bromination
as indicated by‘their melting points (37, 65-67°; 36, 119-

120°), t.l.c. mobilities and i.r. spectra.

Reactions of methyl 4,6-0-benzylidene—3—bromo—3-deoxy~3—nitro—

&—DQQulogyranoside (36) and -d-D-galactopyranoside (37)

.Debromination‘with sodium borohydride. — Bromonitro compound

36 (170 mg) was dissolved in ethanol (35 ml) and reduced at

room temperature with sodium borohydride (?0 mg) according

to Iffland. Work-up after a reaction time of 10 minutes and
recrystallization froﬁ-ethylacetate/ petroleum ether afforded
(131 mg, 96.8%) of methyl 4,6—O—benzylidene—3—deoxy—3—nitro—

. . o
d-D-galactopyranoside (2) with a melting point of 165-167".
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The i.r. and n.m.r. spectra were identical.with those of an
authentic sample. 1In an analogous manner the bromine was
reductively removed from the isomeric bromonitro compound
EZL(ZO mg). Again 2 (12 mg, 75%) was obtained and character-
ized by its melting point (165-1660) and its i.r. spectrum.

Debromination with sodium hydfoXide. — Bromonitro compound

37 (95 mg) was dissplved in methanol (30 ml) and stirred with

an alcoholic N solution of sodium hydroxide (1 ml). T.l.c.
inspection (solvent D) after 5 hours showed thé slowigeneration
of a new‘product having the same mobility as a reference sample
of.methyl 2;3-;nhydro¥4,6—0—bénzylidene-3—nitro—&:D—talopyranoside
(28). After 10 hours, t.l.c. indicated near compietibn of the
reaction. The reaction mixture was therefore diluted with

water and.the methanol was evaporated to givé crystalline 28

(54.1 mg, 79.5%) with a melting point of 208-210° and {{)

+89.0° (c, 0.5 in chloroform).. Reported values for 28 (compoundgg)
Part III, Chapter C)} m.p; 215-216° and K%JD £+91.8° (in
chlqroform). The identity of the product with 28 was further
pénﬁifméd by its i.r. spectrum; Treatﬁent of the isomeric
~ bromcnitto sugar 36 with base under. comparable conditions gave
nb‘gg aﬁdfonly starting material gg was recovered even after
a prolonged reaction time of 20 houfs. |

However, after treatment of isomer 36 (30 mg) with
a methanolic solution (5 ml) of 0.1 N sodium methoxide (1 ml)
at reflux temperature for 20 minutes, t.l.c. (solvent C)
indicated the formation of a major product with very low

mobility, and a minor product with the same mobility as 28.
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The"reéction mixﬁure was diluted with water, and upon evapor-
atiqn a precipitate separated. This precipitate was filtered
off, Wa?hed with cold water and dried to give 28 (6 mg, 28%)
with a m.p. of 213-215°.. The i.r. spectrum of the material
proved its identity'with'the.pfeviduély obtained epoxynitro

sugar 28.

Methyl“4,6-0éBenzylideﬁe—3—chloro-3—deoxy;3-nitroh&rD~

gulopyranoside "(38)

'A methaho1ic solution (15 ml) of nitrb sugar 2

(120 mg) was stirred'at room temperature with Javex (1 ml).
T.i.c. inspécﬁion (soivent D) after 1 hour indicated that

a new, uniform product of higher mobility than 2 was formed.
Extractivevwork-up furnished the crystalline éhloronitro
compound 38 (123 mg, 92.4%), which after recfystallization
from ethanol/waterbmelted at 121-122°%; [%JD-+143.9? (c, 0.4
in chléroforﬁ). The compound showed characteristic i.r.
Bifias at 3540 (m, OH) and 1570 (s, NO).

Analysis for Cl4H1601NO7, (345.74)
Calcd: C, 48.70; H, 4.65;{Cl, 10.27.

Found: C, 48.53; H, 4.77; Cl, 10.13.
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Methy; 4,G—O-Ben;ylidene-3-bromo-2,3-dideoxy—3-nitro—£r.

D-xylo-hexopyranoside (39) and -&rD—1y30—hexopyranoside (40)

A solution of the 2;3-dideoxy—3-nitro glycosi&e 8
(200‘mg) in ethanol (30 ml) was stirred for 5 minutes with
agueous 0.1 N .. sodium hydroxide (6 8 ml). Then bromineA
was added dropwise until .a sllghtly yellow1sh color was " ‘
maintained in the reactlon mixture. Stlrrlng was contlnued
for another 10 minutes and was followed by precipitative
work-up. The‘crude material so.obtaihed (220 mg, 97.8%)
showed two spots on t.l.c. (solvent A), both with a higher
mobility than the starting material. A 60 MHz n.m.r. spectrum
in CDC13 exhibited two methine proton signals at 4.287 and
.4.417'with an intensity ratio of 25:75.  The. two products Qere
eeparated by column chromatography (adsorbent: 20 g silica
~gel, eluent: solveht A). 'The'fastet moving product 40 (47 mg,
20.9%) melted at 105-106° and had a rotation of L] +140.5°
(c, 6.3 in chloroform). A characteristic i.r. bandeas ob~-
served at 1565 (s, NOZ) The product was further character-
ized by mass spectrometrlc analySLS as descrlbed in the Dis-
cussion, Part II. -The more slowly moving product 39 (156 mg,
69.3%) was recrystallized from chloroform/n-pentane and melted
at 103-104°; (}JD +112.5° (c, 0.4 in chlofoform). A character-
istic i.r. band was observed at 1565 (s, NOZ)' The product
was further characterized by mass spectrometry.
Analysis for Cl4H16BrNO6 (374.20)
caled: C, 45.05; H, 4.31; Br, 21.35.

Found: C, 45.02, H,. 4.14; Br, 21.63.
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Bromination with NBA. — A solution of nifro'sugar'8

(60 mg) in methanol (5 ml) was allowed to react: at room
temperature, for 30 minutes, with NBA (30 mg) in the presence
of a saturated, aqueous solution of sodium acetate (0.5 ml).
Precipitative work-up afforded a crude material whose 60 MHz
n.m.r.'spectrum in CDC13:exhiBi£ed nwo methine proton signals %
at 4.277 and. 4.417 with an intensity ratio of 22:78. The
spectra of the crude materials obtained by the direct bromin-

ation method and the NBA method were superimposable. Since

t.l.c. (soiventﬂA) also suggested identity of the two materials,
the mixture obtained by the NBA method was characfefized no i

further.

Methyl 4,6-0-Benzylidene-3-chloro-2,3~dideoxy~-3-nitro- &-D-

xylo-hexopyranoside (41) and -d-D~-lyxo-hexopyranoside (42)

A solution of nitro sugar 8 (250 mg) in methanol
(30 ml) was stirred at room temperature for 2 hours with Javex
(2 ml). Inspection by t.l.c. (solvent D) indicated the form-

atlon of a major product and a faster mov1ng, minor product.

Work—up by extraction furnished a syrupy materlal (240 mg,

. 85.5%) whose n.m.r. spectrum in CDCl3 exhibited two methine

pfonon signals at 4.287 i and 4. 427 W1th an 1nten51ty ratio

of 14:86. The two products were separated by column chromato-

graphy (adsorbent.' 20 g silica gel, eluent: Solvent D). é
The fast-moving product 42 (35 mg, 12. 5%) was crystallized -

from ethanol/water and melted at 122—123 H EAJD +126° (c, 0.6 |

in chlofoform). A characteristic i.r. band was located at
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1570“(s,’NO }' The product.Was.fﬁrther characterised b§

mass spectrometric analysis, which is described in the
Dlscuss1on, Part II. The slow-mov1ng product 41 (188 mg,
'66.9%)'was‘crystallizedlfrom ethanol/water and melted at
101—1020' Ekl +128o (¢, 0.5 in chloroform). A characteristic
i.r. band at 1565 (s) 1nd1cated the presence of a nltro group.
The product was further characterlzed by mass spectrometry. '
- Analysis for Cl4H16ClNO6 (329.74)

Calcd: C, 51.10; H, 4.89; €1, 10.77.

Found: C, 51.04; H, 4.83; C1, 10.79.
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Methyl 4,6—O—Benzylidene-3-bfdmo—2,3—didebxy~3—nitro—

B-D-xylo~hexopyranoside (43) ' oy

A methanolic solution (5 ml) of nitro sugar 9
‘(69 mg? was brominated at room temperature with NBA (30 mg) 0
in the presence of a satqratgd,.aqﬁeous solution of sodium
acetate (0.5 ml). The reaction was-compleﬁe after 15 minutes i
(t.1.c.), and precipitative work-up gave an amorphous powder i
of 43 (65 mg, 96.2%) with ‘HJD + 22;O°v(g,'0.5_in chloroform) .
The i.r. spectrum.sﬁowed a characteristic band at 1565 (s, Noé).
Analysis for C;,H, (BrNO, (374.20)

Calcd: C, 45.05; H, 4.31; Br, 21.35. | |

Found: C, 45.03; H, 4.12; Br, 21.35.

Methyl 4,6~0-Benzylidene-3~chloro-2,3-dideoxy-3-nitro-

BQD-xy;o-hexopyranosider(44)

Nitro sugar 9 (177 mg) was dissolved in methanol

(45 ml) and the solution was stirred at room tempefature
with Javex (1.8 ml). The reaction was monitored by t.l.c.
(sol%eht D) which indicated éomﬁletion.of the reaction after
_iolﬁindtes. Stirring was continued for another 10 minutes
and %he reaction was worked up by the extractive method. The
syrupy material so obtained was dissolved in ethanol, and
addition of water precipitated a solid (182 mg, 91;8%)Which

melted at 48-49°, [£]_ +18.2° (c, 0.7 in chloroform). 2 7

characteristic i.r. band was observed at 1565 (s, N02).

Analysis for C 4H; CLNOg (329.74) v;
Calcd: C, 51.10; H, 4.89; Cl, 10.77. i

Found: C, 51.06; H, 4.8 ; Cl, 10.82.
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' Methyl'4,6-Dif0—acetyl—3-chloro—2,3—dideoxy—3—nitro-@—

D-xylo-hexopyranoside (46)

' The chloronitro sugar 44 (330 mg) wae debenzylidenated

w1th trlfluoroacetlc acid (6.0 ml) durlng 1 hour at room
temperature. The reaction mlxture was then worked up and
“furnlshed a, colorless syrupy material (220 mg) which-failed . i
to crystalllze.~ The syrup was therefore acetylated with
acetic anhydride (5 ml) in the presence of a catalytic amount
of boron trifluoride etherate. After standing for 20 minutes
at room temperature the acetylatlon mixture was poured onto
ice water, whereby oily droplets separated. The oily materlal 5{
was extracted with chloroform (3x10 ml) and the chloroform :

extract was washed twice with a saturated, agueous solutlon

of sodium hydrogen carbonate (5 ml) and twice with water

(5 ml). After drying over sodium sulfate the chloroform solution }f

was evaporated and afforded avsyrup>which gave the acetate 46 §
by'crystallization from cyclohexane. Compound 46 (192 mg, 64.7%) |
melted at 90—910; [*Jb'-¥27.5°‘(gj 0.5 in chloroform). The

i.r. spectrum showed characteristic bands at 1745 with a shoulder

~at 1760 (s, 0-acetyl), and at 1570 (s, N02).

Analysis.for CllHl'GCINO8 (325.71
Calecd: C, 40.60; H, 4.95; Cl1, 10.86.

. Found: C, 40.76; H, 5.05; Cl, 10.81.
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Methyl'2—0-Ade£yl—4,6—O—benzylidene-3—bromo—3-deoxy-3—nitro-

@:D—allopyrandside (48)

The nitro glucoside acetate 47 (200 mg) was dissolved
in methanol (20 ml) and brominated at room temperature with
NBA (100 mg) in the presence of a saturated, aqueous solution

of sodlum‘acetate-(z ml) . Pre01p1tat1ve work-up after a

nreactlon tlme of 3 hours gave a solid material (234 mg,

95.5%) . Recrystalllzatlon from ethyl acetate/petroleum

ether afforded pure 48 (197 mg) with a melting point of 223~

-225 . A mlxture meltlng point with a sample obtalned in an

independent synthesis (Part III, Chapter D), (compound 62)
remained undepressed. The i.r. and n.m.r. spectra were

also'identiCal.

Epox1de formatlon from 48

; To a solutlon of compound 48 (52 mg) in methanol
(5 ml)'Was added a O.l,g_methanollc solution of sodium
methox1de (2.4 ml) Tﬁe reaction mixture was heated to reflux
for 30 minutes and then cooled and deionized with cation ex-
change resin. The solutlon, smelllng slightly of benzaldehyde,
was dilufed withvwater, and most of the methanol was removed
by evaporation. A white, solid precipitate of methyl 2,3~
anhydro-4, 6-benzy11dene—3-nitro—B—D-mannopyranosidef50 (15 mg,
'40.5%) was obtained with a melting point of 178- -180°. A sample
pre?ared from the altro isomer '(49), (pf198 ), had a melting
point of 182-1830. ?.1.c., i.r., and n.m.xr. further proved

the identity of 50 with the epoxide described later.
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MethYll2—0-Acety1-4,6-0—benzylidene-3—bromo—3—deoxy—3—nitro—

R-D-altropyranoside (49)

| ‘ The nitro mannoside acetate 21 (150 ng) was dissolved
41n methanol (15 ml) and bromlnated w1th NBA (75 mg) in the A
presence of a saturated,'aqueous solutlon of sodium acetate
(0. 5 ml) Stlrrlng for l hour at room temperature was
followed by ple01p1tat1ve work-up, which afforded crude 49
(174 mg, 95%) with a melting point of 140-142° and EAJD
-76.2° (c, 0.5 in chloroform). Recrystallization from ethanol/
~water raiséd the-melting point to 152-153° and the rotation
to Eﬁ} D—80.8O (¢, 1.3 in chloroform). The i.r. spectrum of
49 showed;oharacteristic‘bands at.1775 (s, O-acetyl) and at
1565 (s,,No ).
Analys1s for chHlsBrNOB (432.25)

calod: C, 44.50; H, 4.20; Br, 18.45.

Found: c, 44.43; H, 4.30; Br, 18.64.

Treatment of compound 49 with base at elevated temperature:

'Epox1de formation.— To a solution of compound 49 (64. 8 mg)

in methanol (5 ml) was added a methanolic 0.1 N solution of
sodium methoxide (3 ml). The reaction mixture was heated
Ato reflux'for 30 minutes, then cooled and deionized with ion
eXchange'resin. The neutral solution, in which a smell of
benzaldehyde was'noticeable, was diluted with water and the
methanol was largely evaporated. A whife, solid material
separated and was filtered off, washed with cold water and

dried (17 mg, 36.7%). The melting point (179-180°), t.l.c.,
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and the i.r. spectrum proved that the product was identical
‘with the epoxide 50 previously obtained from 48. Recrystalliz-
ation of the product from ethyl acetéte/petroleum ether gave
analytically pure 50, with a melting point of 182-183° and
Eﬁj —68.4o (c, 0.6 in chloroform).  The characterization of

.epox1de 50 by ltS spectral and dichroic properties is discussed
lln connectlon w1th the alkallne epoxmdatlon of carbohydrate
nitroolefins (Part III, Chapter C, compound 27) .
Analysis for Cl4H15NO7 (309.3)

Caled: C, 54.45; H, 4.89; N, 4.53.

Found: C, 54.63; H, 5.08; N, 4.32,

Treatment of compound 49 with base at room temperature:

Formation of "mixture A" —— A solution of 49 (64.8 mg) in

methanol (5 ml) was stirred with 0.1 N methanolic sodium
methoxide (3 ml). After 30 minutes, inspection by t.l.c.
(solvent C) revealed the formation of a seemingly uniform
product with sloﬁer mobility than the starting material. The
reaction mixture was therefore deionized With ion exchange
resin and diluted with water. Evaporation of the methanol
furnished a white solid (48 mg, 82.3%) with a rotation of

| ‘ELJD-38.2°(90.5'in chloroform). The n.m.f. spectrum (60 MHz)
of this material in CDCl3 exhibited two methine proton signals
at 4.227Tand 4.417 in an intensity ratio of 20:80, indicating
the presence of two compounds. Furthermore, the n.m.r.
spectrum was superimposable on that of "mixture A" encounter-
ed in the bromination of 7 and described later on. Since
neither of the two products could be isolated in a pure

state, the mixture was acetylated using the acetyl chloride
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triethylamine method. The solid acetate mixtute ebtained
was reerystallized twice from ethyl acetate/petroleum ether
to give a single product that proved to be methyl 2-0-acetyl-
4,6-0—benzylidene-3—bromo—3—deoxy—3-nitro—G—D—allopyranoside
(48) (34.5 nmg, 65%), melting at 223-225°. The identity of
the product with 48 described earlier was confirmed by comparison

of i.r. and n.m.r. spectra and by t.l.c. (solvent A).

Treatment of compound 49 with base at 0°

A solution of 49 (64.8 mg) in methanol (5 ml) was
stirred in an ice bath with an 0.1 N methanolic solution of
sodium methoxide (1.5 ml, 1 eguivalent). T.l.c. inspection
(selvent C) after 1 hour revealed that some starting material
was left, but the major spot had the same moblllty as the.
mixture obtained in the base treatment at room temperature.
Delonlzatlon with ion exchange resin and prec1pltat1ve work-
up led to the isolation of a solid material (52 mg) which was
passed through a chromatographic column (adsorbent: 10 g
siiica gel, eluent: solvent C). A small amount (5 mg) of
fast—moving producthluted first and proved to be unreacted
startvng materlal 49 as shown by its melting point (149-

151_) and its i.r. spectrum. The more slowly meving product
(37 mg) wes uniform on t.l;c., however a 60 MHz n.m.r. spectrum
in CDCl, exhibited two methine proton signals at 4.227 and
4.427 in an intensity ratio of 15:85. The n.m.r. spectrum was

identical with that of the mixture obtained above in the base

treatment at room temperature.
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Methyl 4,6-0-Benzylidene-3-bromo-3-deoxy-3-nitro-3-D-

allopyranoside 51 and -}-D-altropyranoside 52 (mixture A)

Bromination of nitro mannoside 7 with NBA.—— The nitro sugar

7 (415 mg) was ‘brominated in methanollc solution (40 ml)
with NBA (200 mg) in the presence of a saturated, aqueous
:solutlon of sodlum acetate (4 ml). Refluxing for 1 hour
followed by prec1p1tat1ve work-up gave a white solid material
(507 mg, 97.5%), "mixture A" with \&\ -35.5° (g, 0.6 in
chlo;oform), which on t.l.c.‘inspeétion with vérious develop-
ing systems showed a single spot only. However, a 60 MHz
n.m.r. spectrum in CDCl3 exhibited two methine proton signals
at 4.427'and 4.237 in an intensity ratio of 80:20, indicative
of the presence of 51 and 52.. The i.r. spectrum showed
characteristic bands at 3440 (m,b, OH), and at 1565 (s, NO,).
All attempts to separate the two products failed and there-
fore they could not be characterized in a pure stafe. A
similar mixture (superimposable n.m.r. spectrum) was obtained
when the bromination was carried out at room temperature for

5 hours.

Bromination of nitro mannoside 7 with NBS.— To a solution

of nitro sugar 7 (103 mg) in methanol (10 ml) was added N-
bromosuccinimide (71 mg) and a saturated, aqueous solution

of sodium acetaté (1 ml). The reaction mixture was refluxed
for 1 hour and worked up precipitativelf to afford a white
_-solid material (106 mg). The n.m.r. spectrum of this material

in CDCl3 was superimposable on that of "mixture A".
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Direct bromination of nitro mannoside 7.—— A solution of

nitro sugar 7 (311 mg) in methanol (25 ml) was stirred in an
ice bath for 10 minutes with. aqueous, 0.1 N sodium hydroxide

(12.5 ml). Then bromine was added dropwise until the reaction

mixture remained slightly yellbw.;'cdntinued stirring for another

10, mlnutes 1n the 1ce bath was followed by precipitative work-
up to glve a whlte solld materlal (319 mg). A 60 MHz n.m.r.

spectrum of this material in CDCl, exhibited four signals in

3
the region where methine protons resonate (4.237, 4.327}

4 42 . and 4. 491), indicating the presence of four products
in an 1nten51ty ratio of 5:10:35:50. T.l.c.¢u51ng solvent
Afshgwed ohg major spot_w1th the same mobility as that of the
nittqﬂgluéoside 5, one slightly faster moving spot, and a
weak, slow—moving spot having the same mobility as the'statt-'
ihg;material 7. The mixture was placed on a column (adsorbent:
20 g silica gel, eluent: solvent A) and eluted. All fractions

were examined by t.l.c,’and pooled accordingly. A fast-moving

material (120 mg) was isolated first. It appeared uniform

on t.l.c. and had a rotation of [%]D-39.8° (c, 0.9 in chloroform).

Its n.m.r. spectrum éhowed only two methine proton signals,

at 4.237 and 4.42?’(intensity ratio, 15:85). The spectrum
waS'éupe;imposable with that of "mixture A". After discarding
some intermediate mixed fractions?homogeneous product (93 mg)
was isolated which had the same t.l.c. mobility as 5. Its
identity as pure 5 was established by an undepressed mixture
melting point (180-181°) and by comparison of the n.m.r.

spectrum with that of an authentic sample. A subsequent,
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chromatographically uniform fraction furniShed upon evapor-
ation 19 mg of starting material 7 uhose identity was establish-~
ed by an‘undepressed mixture melting point (194-196°) and | |
its i.r. spectrum. As‘a result of this separation the
methine'protonvsignals of the original mixture were assigned

in the followingway: 4.237 to 52, 4.32Tto 7, 4.427 to 51,

and 4.497T to 5 (see also Part I for chemlcal shifts of methlne

protons). Mixed fractions eluted.between the fractions yield-

ing "mixture A", 5, and 7 were discarded.

Bromination of’ nitro gluc051de 5 with NBA.— Nltro sugar 5

(415 mg) ‘was brominated in methanolic solution (40 ml) with j
’NBA(620 mg) in the presence of a saturated, aqueous solution

of sodium acetate (4 ml) After 1 hour, only traces of start-
1ng material were left and mainly a faster mOVing product was
formed according to t.l.c. (solvent A). The picture did not
change during another 5 hours of reflux1ng. Precipitative

work up furnished a crude material ("mixture B", 457.mg) which
Stlll contalned traces of starting material. A .60 MHz n.m.r.
spectrumvin CDCl3 exhibited three signals in the methine proton
, region‘(4.22’f, é.4l and 4.487T) in an 1ntens1ty ratio of
le?S:lO,, Except for some minor signals the n.m.r. spectrum
was almost identical with that obtained from “"mixture A".
Similarly the i.r. spectrum proved to be almost identical with
that of "mixture A" and showed characteristic bands at 3440
(m,b, OH), and 1565 (s, N02). The rotation of the material

was [&J D-41.2° (c, 0.4 in chloroform). In accord with previous

assignments the methine proton signals were attributed to 52
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(4.227 ), to 51 (4. 417), and to unreacted: 5 (4 487).

Methyl 2%0—Acetyl-4,6—benzylidene-3—bromo—3-deoxy—3-nitro;

B—D4allopyranoside (48)vand"-$4D—alttopYranoside (49)

| A solutlon of “mlxture A" (150 mg) in methylene
chlorlde (6 ml) was acetylated w1th acetyl chloride (1.04 ml)
and trlethylamlne (l 93 ml) Work up gave a SOlld re51due
whlch showed two 5pots on t.l.c. (solvent A), the major Spot
belng the faster mov1ng one. The n.m.r. spectrum exhibited
s1gnals 1n the reglon of 4. lO 4 20 (correspondlng to the
methlne proton and H—2 of 49) and 1n the reglon of 4. 30—
4, 50 (correspondlng to the methlne proton and H-2 of 48)
in an 1nten51ty ratio of 120: 80.- The mixture was placed on a
column for chromatographlc separatlon (adsorbent: 20 g
3111ca gel;‘eluent: solvent A). Evaporation of the fractions
containing the fast-moving product'furnished 48 (117 mg,
70.5%), with a melting point of 222-224°, The i.r. spectrum
ptoVedvto’be identical with that of compound 48 obtained previous-
ly. . The slow—mov1ng material (24.5 mg, 14. 8%) melted at 149~
151; and was identified w1th prev1ously prepared 49 by compar-

~ison of i.r. spectra.

Methyl 2,3;AnhYdro-4,6—benéylidene-3-nitro-G—D-mannopyranoside (50)

Treatment of "mixture A" with base: Epoxlde formation.——

A solution of"mixture A" (60 mg) in methanol (5 ml) and 0.1 N
methanolic sodium methoxide (1.5 ml) was heated to reflux.
The reaction mixture was cooled after 30 minutes and diluted

with water. Evaporation of the methanol afforded a precipitate
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of 50 (40 mg, 84.2%) melting at 181-183°. 'The i.r. spectrum
confirmed the identity of this material with the epox1de 50
obtained previously upon base treatment of the bromonitro

 sugar acetates 48 and 49.

Treatment of "mixture B" with base: Epoxide formation,—

A solution of "mixture B" (117 mg) in methanol (10 ml)

and 0.1 N methanolic sodium methoxide (3 ml) was heated to
reflux. Work-up as above afte? a reactien‘time of 30 minutes
afforded crystalline 50 (65 mg, 77.8%) melting at 181-182°.
The,;dentity of the material with compound 50 obtained previously

was established by its i.r. spectrum.

Methyl 4,6- 0 Benzylldene—3 -bromo-2, 3~ dldeoxy—B—nltro 6—

D—rlbo—hexopyran051de (53)

A methanollc solution (20 ml) of the 2,3-dideoxy-
3-nitro glycoside 11 (200 mg) was refluxed in the presence of
NBA (150 mg) and a satﬁrated aqueous solution of sodium acetate
(2'm1). Pfecipitative work-up after 1 hour afforded the bremo-
nitro sugar 53 (222 mg, 87.3%) as an,amorphous'powder with a
xdtetien of Eﬁ]D—ZG.ZO (é, 0.6 in chloroform). The i.r. spectrum
: ehowedicharacteristic band baé 1560 (s, Noz).
AhalySis'for Cy 4H; 6BENOg (274.20)

Calcd: C, 45.05; H, 4,31; Br, 21.35.

Found: C, 45.19; H, 4.23; Br, 21.31.
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Attempted Bromination of the Nitro Glucoside 4 with NBA

To a solution of 4 (311 mg) in methanol (30 ml) was
added NBA (150 mg) and a satufated, aqueous solution of N
se?ium acetate (3 ml). The reaction mixture was heated to
reflux, but even after a'reactien time of 10 hours there B
was no t.l.c. evidence fer pfeduct formation. Pfecipitative '
. work-up afforded a white solid material (242 mg, 77.8%)
. melting at 166-167°. The n.m.r,'Speetrum was ideﬁtical_to :
that of the starting.matefial 4. | :

Attempted Bromination of the Nitro Glucoside Acetate 54 with NBA

A solution of Ei](loq‘mg) in methanol (10 ml) was fi
Seirred with NBA (50 mg) and a saturated aqueous solution of :
sodium acetate (1 ml) for 3.5 hours at room temperature. There jj

was no evidence of product formation, and upen work-up the

Starting'mete:ial 54, melting point (196-197°) was recovered S
to 96%. - ' : ‘ ’ ' i

Bromination of the Nitro Mannoside 6 with NBA

To a solution of 6 (200 mg) in methanol (20 ml) was
addedjNBAb(400 mg) and a saturated aqueous solution of sodium
_ eceéate (2 ml). The mixture was heetea to reflux and the i
reaetion,was monitored by t.l.c. (solvent C). The pattern 4
observed after 3 hours remeined essentially unchanged after b
4 hours. The reection mixture was then werked up precipitatively.

A white solid material (213 mg) was obteined which showed
two spots, the slower one having a similar mobility as the B
starting material 6. In the i.r. spectrum, the absorption .

band corresponding to the asymmetric stretching vibration of
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the ‘nitro group was split, one peak being at ‘1565 and the

othér at 1555 cm +

. Thefhigher absorption band being most
likely cauSedvby a (£-bromo-sub$tituted nitro group, this
suggeStad thatvbrémination had OCcurred at_least partially.

A 60 MHz n.m.r. spectrum in CDCl, exhibited four signals in
the methine,protonvregioﬁ étf4fé4, 4.34 and 4.43, and 4.487
in.anvintensity:fatio:bf 33 ;'42 : 25 (The signals at 4.34

and 4.43?’integratéd'tpgéther to;give a value of 42%, how-
evef the signal at 4,4377made by far the greater contribution).
No attempt to separate tht.a products was u‘nde‘rtaken, but the
presence of brominated;producﬁszwaéVconfirmed when;treatment
of the mixture (80 mg)rwith_ajbqiling solution ofAsodium
mefhoxide (2 ml) for,Zobminutes‘afforded~pure methyl 2,3f
anhydro?4,6-Ofbenzylidenerg—nitro-&rD-mannopyranoside (55) .
The,yield.waSISL% afte;Jtwo_récrystallizations from ethanol.
The same epoxynitro sugar was obtained and identified in
another connection (compound 20, Part III, Chapter C), and

the two products Qere proved to be identicalvby.their undepressed
miXture melting point of 171—173°.and by identical i.r. spectra.
' '. - In accord;withvprevious assignments one can tentative-
iy attribute,thé_mefhine_proton sigﬁal,atﬁ4.243'to methyl 4,6-
O—béﬁzyliéene—3—bromo—3—dedxy-3—nitro—&rD—altropyranoside

(57) that at 4.347 to starting material 6, that at 4.437T to
methyl 4,6—O-benzylidene-3—bromo-3—deoxy-3-nitro-£rD—allo—
pyranoside (58), and that at 4.487 to 4 (epimerized starting

material).
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Methyl 2-0-Acetyl-4,6-0-benzylidene-3-bromo-3-deoxy—3~

‘nitro—ArD-altropyranoside(56)'

| The {-D-mannoside acétate'gg (100 mg) was brominated
in.methénolid solution (10 ml) with NBA (50 mg) in the presence
of a saturated aqueous solution of sodium acetate (1 ml).
Preéipitative‘work-up afteﬁ a r¢a¢tipn”;ime.of.2 hburs'at_;-
room temperature affordéa‘a:Wﬁite.sblid matéfial‘(lbé mé,
84.5%)with a melting point of 152-153° and a rotation of (&) .
12.30‘(2, 1.2 in chlorbfofm); 'The'i.r.:speétrﬁﬁ showed character-
iStic bénds at 1760 (s; O-aCQtyl); aﬁd étilS?O*(s, N02).-N.m.r.
specffal data were in aCCOrdVWithyﬁhe structural assignment.
Thé-micfoaﬁalytical data obtained were not'thlly satisfactory
aiﬁhbugh'they'did indiéate the presénée of 93% of the expected
amount of bromine in the sémplel’ inStabilitf'bf the compound
resulting in loss of bromine during storage and purification
for analysis might be an explanation;
Analej.s for C, H,gBrNOg (432.25)

Calcd: C, 44.50; H, 4.20;-Br, 18.45. .

Found: 'C, 45.97; H, 4.57; Br, 17.12.

Treatment of 56 with base ét elevated temperature: Epoxide
formation,—— To a solution of 56 (64.8'mg) in methanol (5 ml)

was added a 0.1 N-methanolic solution of sodium methoxide

(3 ml). The mixﬁure was kept under reflux for 30 minutes and

then cooled to room temperature. On dilﬁtion with water a
voluminous precipitate separated which was filtered off, washed
with cold water andé dried to furnish the epoxynitro sugar 55

(38 mg, 82%), with é melting point of l73-l74°. The i.r. spectrum

was identical with that of 55 previously obtained.
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Treatment of 56 with base at room temperature: DeacetYlaﬁioh"

accompanied by epimerization,—— A solution of 56 (86.4 mg)

in méthan¢l (10 ml) and 0.1 N methanolic sodium methoxide

(4 ml) was kept at room‘temperééure. Inspeétion by t.l.c.
(sélvent A) after 1 hour revééled the formation of a seemingly
unlform, more slowly mov1ng product Precmpltatlve work—up
after a reaction time of 3 hours afforded a whlte solid AR
("mixture C", 71 mg, 91%). The i.r. spectrum showed bands
at'3380 (m, OH) and at lSGQ'(s, NOZ); there was no absorption
in the region characteristic for an O-acetyl group. The

60 MHz n.m.r. spectrum exhibited two methine proton signals

at 4.247 and at 4.437 in anmintensity‘ratio of 40 : 60. They
were tentatively assigned to 57 and 58, respectively. The.
spéctrum showed also two signals for glycosidic methoxyl groups
at 6.55 and 6.617T , the lower-field signal being more intense.

All éttempts to separate the two products failed.

Acetylation of "mixture C".— A solution of"mixture C" (150 mg)

in methylene chloride (10 ml) was acetylated with acetyl
chloride (1.04 ml) and triethylamine (1.93 ml). Work-up afford-
ed a solid material (153 mg) which seemed homogeneous on t.l.c.
with various developing systems and had the same mobility as

the acetate 56. The n.m.r. spectrum showed a complex pattern
in the methine proton region which was due to overlap of the
methine proton signals and the signals for H-2. . The spectrum
showed however two distinct acetyl signals at 7.8870 and 7.9717
with an intensity ratio of 65 : 35 and a total integration

_value corresponding to three protons. All attempts to separate
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the two products failed. The signals at 7.887 and 7.977T
were tentatively assigned to the O-acetyl group of methyl
2—0-acetyl—4,6—0—benzylidene-3-deoxy-3—nitro—&rD—allopyranoside

and to the &rD—altfo isomer 56, respectively.

' Treatment of "mlxture C" w1th base at elevated temperature.—

A solutlon of - “mlxture C" (60 mg) in methanol (5 ml) and 0.1 N
methanol%C»sodium methoxide (1.5 ml) was heated. to reflux.
Thevreaetion_mixture was. cooled after 30 minutes and diluted
with water, whereby a voluminous precipitate separated.
Filtratibn and washing with coid water afforded the epoxynitro
sugar 55 (36 mg, 75.8%), w1th a melting point of 172- -173°

An undepressed mixture melting p01nt and i.r. spectra proved

the identity of the product with previously-obtained 55.
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TABLE XV

Circular dichroism of A -halonitro sugars and some precursors

 Extrema (] - at a given A (in nm)
Compound A (in nm) (@] 270 290 310 330 360
26 292 ~4220 ~4130  -2430 -590  -90
27 290 -3233  -1850  -3230 ~1400 =240 0
29 288 6438 3980 6330 3640 2040 620
33 279 3667 3110 3130 1070 690 200
36 287 2800 1850 2770 2020 1490 390
37 200  -1810 -1810 550 2635 1120
o 329 2640 .
‘gg' '278 1658 1550 1130, 410 380 80
.8 ‘ 281 . 496 325 305 -370 =325 =100
- 317 -427 - ‘
39 285 1892 1670 1830 1410 1120 310
20 293 4600 1000 4520 3440 1880 510
41 275 1328 1220 960 . 520 480 175
42 288 2903 1600 2855 1600 800 170
9 280 851 710 620 -270 -280 =50
e 319 -354 '
43" 287 1920 - 3140 4690 2750 1740 555
44 282 - 2916 2590 2570 . - 1150 780 220
47 287 740 400 710 150 0 0
Z; 270 -795 =795  -630 -610 -540  -160
T 320 -631
22 280 2638 2240 2370 1150 690 115
| Z; 291 -4830 -2300 -4785  -2990 -1470  -370
;— 292 -4935 -1930 -4870  -3360 -1660 -450
11 293 721 370 690 585 370 70
_53

A I——
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PART IIX

. SYNTHESIS AND REACTIONS OF NITROOLEFINS

A.“ Synthesis of Nitroolefins

Methyl'4;6—0-Benzylidene;2)3-didéoxy¥3—nitro—hex—2—énopyranosides

i) 4ﬁD—threo Isomer 3,— A ﬁixture of methyl 4,6-0-benzylidene-
3-d¢oxy-3—nitro—ArD—galactopyfénoside (180 mg), anhydrous

sodigm acetateHKBGO mg) and acetic»anhydride (5vml) was heated
on a st _eam bath for 30 ﬁinutéé with frequent.swirling. The
reaction miitﬁre“wés.then cooled to room temperature and poured
into 30 ml of ice Watér. The white precipitate was filtered
Off,'waSHed_with”COId water, and dried. RecrYstallization
from‘efhy1 acetate/petroieum ether affordéd the nitroolefin 3
A(l48-mg; 87.2%) with a melting poinf of 183-184°. Reported

(20): m.p. 185—1860. The i.r. spectrum of 3 was identical
with_that‘df an authentic sample prepared (20) from methyl 4,
6—6—bénzyiiaene-3—deoxy—3—nit£o—&:D-taiopyfanqside. When the
impfb#ed ﬁethod of olefin preparation was applied to.the taloside

just mentioned, 3 was obtained in a yield of 83%.

ii) "B -D-threo Isomer 4.—— Compound 4 was obtained in 95%

yield from methyl 4,6-0-benzylidene~3-deoxy-3-nitro-@-D-
galactopyranoside by the method used above. It had a melting
point of 154-155°, [&] ,-47.5° (¢, 0.7 in DMF), and its i.r.
spectrum was identical with that of an authentic sample for

which [4] j-47.8° had peen recorded (21)e
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iii) '@ -L-threo Isomer 5n—;{Thié'cdmpound was 6b£éinea:iﬁ an -
anélogous fashion from methyl 4,6-0-benzylidene-3-deoxy~3- ~
nitro-@—Lfgal;ctopyranoside in a yield of 93.5%, m.p; 159~
161°, (& ;+47.1 (g, 1.1. in DMF). |

iv) d=D-erythro Isomer 1.-— This compound was prepared by

dehydroacetylation of methyl.2-0-acetyl-4,6~0-benzylidene-3=.
deoxy=-3-nitro-{-D-glucopyranoside as reported'in'the‘literaturé
(20). |

(o]

Found: m.p. 182-183°, [} ,-92.5° (g, 0.7 in ethyl acetate).

Reported: m.p. 183°%, [&] -93° .

) § -D-erythro Isomer 2.-— This compound was prepared by dehydro-
acetyiation of methyl 2—0—acety1—4,6—0-beﬁzylidene~3—deoxyf
3-nitro-@-D~glucopyranoside according to the literature (19).
Found: m.p. 143-1440, Ké;D-187° (c, 0.6 in chloroform).

Reported: m.p. 144-145°, [&]-192.5°.

3-O~Acetyl—5,6—dideoxy-l,2—O-isgpropylidene—G—nitro—&rD—xylo-

hexofuraros-5-ene (6)

This nitroolefin was prepared.from a mixture of 6-
deoxy-l,2—0—isoéfopylidene;s—nitro-£rD-glucofuranose and its
R-L-ido isomer (74) by consecutive acetylation and Schmidt-

Rutz reaction as reported in the literaturé (22). The nitroolefin
was obtained in a yield of 63% and.the physical data (m.p. 108~

1100, Eﬁ]D+6.8o (c, 0.8 in chloroform) were in agreement with

reported values.

B—Nitrostyrene‘(7)

@—Nitrostyrene (m.p. 57°) was prepared from benzéidehyde and

nitromethane according to the literature (60).
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B. -Reduétion of Methyl 4,6-0-Benzylidene-2,3-dideoxy-

3-nitro-D-hex-2-enopyranosides

General Procedure for Reduction with Sodium Borohydride-

To a solutiOn of a giVen nitroolefinic sugar (100 mg)
'ih“ethanol (10 ml) was added a solutfon of sodium borohydride
(50 mg) in ethanol (5 ml}. The reaotion mixture was stirred
at room temperature for ajspecified time (Table XV). To
remove the sodium ions the reaction mixture was then stirred
with cation exchange resin.for ten minutes, after which the
resin was flltered off and washed several times with ethanol.
The combined filtrate and washings were evaporated to dryness.
Repeated evaporatlons with methanol afforded in all cases a
crystalllne re51due which upon recrystalllzatlon from ethyl
acetate/petroleum ether gave pure products. ' Yields and
phy51cal constants found and reported for the four stereo-

isomeric methyl 4,6- 0 benzylidene-2,3- ~3ideoxy-3-nitrohexopyranosides

are summarized in Table XVI.
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General Procedure for Reduction with Zinc and Acetic Acid

To a solution of a given nitroolefinic sugar (293kmg)
in ether k30 ml) were added zinc dust (600 mg) and 25% aqueous
acetic acid, (1.5 ml). The reaction mixture was refluxed for
1-2 hours and the insolubie ﬁaterial was then removed by
sfiit?ationﬂ'.fhe filtraﬁe was evaporéted several times with
added ﬁéthandl t§ yiela‘a’crystalline residue. Recrystallization
from ethyl acetate/?etroleum ether afforded the desired oximino
products'in a pure state. Yields, physical and microanalytical

data are recorded in Table XVITI,
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'Methyl*3?Acetoximino-4,6—0-béﬁzylidene—2[3—dideoxy-B—D—

erythro-hékopyranoside‘a6)

o‘To a solution of oxime 13 (100 mg) in pyridine (2 ml)
was addédcaootio anhydride (1 ml). After standing overnight
at::oom femperaturevthe reacfion;mixture'Was poured into 30
ml-icéowéﬁér, whereby a white, solid material separated.
Thé'éolid waé'filfered3off, washed with cold water, and dried.
-ﬁecrYStéllization‘from ethanol.gave thé‘acetoximino compound
16 (107 mg, 93.1%) with a meltlng point of 216° and [&3 -15.6°
( “1.2 in chloroform) ?

a1YSlS ‘for C16H19N06 (32;,3)'

. Caled: C, 59.80; H, 5.92; N, 4.36.
" Found: C, 59.72; H, 5.99; N, 4.21.

Methyl 3—Acetox1m1no—4 6- O benzylldene-2 3 -dideoxy~(3-D

threo—hexopyran051de (17)

= The:procedure described for the preparation of the
acétoximino-coﬁpound 16 was followed exactly. . In this manner
the ox1me 15 afforded the acetox1m1no derlvatlve 17 in a
’yleld of 78. l% w1th a melting p01nt of 163 164 and an
| optlcal rotatlon of {4]D+83.8 (¢, 0.4 in chloroform).
Ana1y51s for C16H19N06 (32i;3) ‘
calcd: C, 59.80; H, 5.92; N, 4.36.

Found: C, 59.78; H, 6.08; N, 4.37,
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' Methyl'4,6-0—Benéy1idene~2—deoxy—ArD—erythro-hexopyranosid»-

3-ulose (18)

' A solution of oxime 12 (200 mg) in ethanol (10 ml)
was stirred at room ﬁemperatﬁre with a mixture of levulinic
acid (4 ml) and 0.1 % hydrochloric acid (1 ml) for four |
:hours. The reactlon mlxture was then diluted w1th water :

(25 ml) and the: ethanol was distilled off in vacuo. The
remaining aqueous solution was then extracted three times

with chloroform (20 ml). The combined chloroform extracts

were washed twice with saturated sodium bicarbonate solution
(iO!ml)'and twice with water (10 ml). The washed chloroform
,sblutionqwas”dfied with anhydrous sodium sulfate and evaporated
tngivé»a*crystalline residue. The fesidue was recrystallized
ffomJZ-propéﬁoiito'Yield'the known oxo sugarvig (142 mg,

77.6%) with a'melting point of 176~177° and [43[;1550 (c,

0.7 in ethyl acetate).

Flaherty et al. (65) reported m.p. 177-178°,14] +159° (ethyl acetate).

RdSenthal et al. (65) reported m.p. 174-176°.

Methyl 4 6~ 0 Benzylldene—Z deoxy- 3—D erythro—hexogyran031d-~

'3—ulose (19)

Oxime 13 was subjected to the deoximation method
described above for oxime 12. The oxo sugar 19 was obtained
in a yield of 98.8% with a melting point of 193-195° and
[&JD-SI 5° (¢, 1.0 in chloroform). After recrystallization

from.2~propanol the melting pOLnt was 194- 195°
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Analysis for cl4H1605 (264.3)

Calecd: C, . 63.62; H, 6.10,

Found: C, 63.46; H, 6.30.

C. Alkaline Epoxidation of Methyl 4,6-0—Benzylidehe-2,3-didéoxy- 

3~nitro—D-hex—2—enopyranosidés‘With‘Hydrogén”Peroxide'

General Procedure .

TQ a solution of a given nit;oolefinié sugar (200 mg)
iﬁ'ethanoli(ZO ml)fwaS-addéd 1 ml of aqueous, 30% hydrogen
‘peroxide (féagentfg;ade),’éndvthean of the mixture was dadjusted
£053;9»by adding a féw.droés'of N sodium hydroxide solution.
Thé rééctiQn‘mixtufe~waé stirrediaf foom temperature for a
spécified*time (Table;XVin) during which theAepoxide began to
crYétallize, usually at an early stage. 'Completion of the
feaétioﬁ was cﬁeckéd by t.l.c. using solvent C as develéping
system. ‘The white, crystalline precipitate was removed by
‘filtration,vwaShed with a small amount of cold watér (for 20
and 21) or cold ethanbl (for 22, 24 and 26), and dried in a
.desiccator. éy:adding some water to the mother liquor and
concentrating the solution under diminished pressure, second
'créps weré-obtained of 20 and 22, whereas the mother liquors
of sparingly.solﬁblé_gé and 26 furnished the more soluble 23
and 25, respéctively, which constituted the major reaction
producté.‘ The products so obtained gave single spots on t.l.c.

and had reasonably sharp melting points which were raised a

L ENMG RS SN e LTt e
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few-dégreés only, by recrystallization from 95% ethanol.

Yields, physical constants, and microanalytical data for the

epoxides are given in Table XVIII,.
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TABLE XIX

Circular dichroism of epoxynitro sugars

‘Extrema - [6) at a given A (in nm)
Compound  A(in nm) (6] -~ 270 290 310 330 360
200 7 276  ~-1444 1295 - -600 2365 1820 270
» 313 2465
21 279 6335 5350 5110 -353 -1160 =317
| 323 ~1214 | S
; 22 279 -4641 -4010 =-3210 . 2070 2240 460
i ' 319 2503
1 23 284 1146 930 1130 1610 1720 550
i R C 321 1844 o
; 24 281 ~4381  -3580 -3390 1460 1810 400
: - 320 2025 ‘ L
1 25 283 ~1757 -1480 -1690  -1640 -1810 ~-690
‘ , 321 -1886 ‘
26 280 5560 - 4480 4080  ~1660 ~-2090 -534
T 320 -2334 o
27 275 ~1125 -1040 375 1920 1310 150

312 1937
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D.” Reaction of N-Bromoacetamide with Nitroolefins

i) Reaction of N—Bromoacetamide'withB-Nitrostyrene (7)

1,1-Dibromo-l-nitro-2-acetamido-2-phenylethane (31)

To a solution of’ﬁénitroefyéene 7 (149 mg) in aeetone'
3(10 ml) ‘were added N-bromoacetamlde (NBA) (207 mg) and sodium
acetate (10 mg)-. The teaction mixture was stirred at room
temperature for 5 hours, after which t.l;c..(solvent A)

showed a major, more slowly moving spot and onlf traces of the
starting compound 7 The reactlon mixture was diluted with
water (20 ml), and most of the acetone was dlstllled off
under reduced pressure. The wh;te sol;d material which
precipitated was filtered eff,'weshed With'coid weter, and
dried. The contamination in'the_solid,»which aceqrdiné.to
t.i.c,_consisted of traces offstarting material, was removed
by passage through a short celumn (adsorbent: 20 g'silica gel,
(eiuent: solvent A). A fast—movmng, mlnor fraction contalned
'un¥eacted @—nltrostyrene (12 mg, 89) with a meltlng point of
57;580. The slow-moving major fractlon consisted of 31
(324Vmg, 88.5%) with a melting point of 129- 130° (dec.). Re-
.cryetellization frem_ethanol/weter did not alter the melting
point..

Analy51s for ClOHlONZOBBrZ (366.0)

calcd: C, 32.80; H, 2.73; N, 7.68; Br, 43.70.

Found: C, 32.85; H, 2.89; N, 7.64; Br, 43.55.
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l-Nitrb—2;aeetemrdo—z—phenylethahe (32)

| A selﬁtion eflgl (200 mg) in ethanol (20 ml) was
stirred in an ice bath with sodium borohydride. (100 mg) .
According to‘t;l.e. (selvent B) no etarting material was left
aféer'ls.minutes. The reectioh'miktdre was slightly acidified
.w1th aqueous 106 acetlc a01d and dlluted with water (20 ml)
Evaporatlon of the ethanol gave a Whltlsh solid prec1p1tate.
Recrystalllzatlon from ethyl acetate/petroleum ether gave
pure 32 (102 mg, 89 5%) meltlng at 137 -138° tefanov1c et

ai. (72) reported a meltlng p01nt of 138°

ii) Reaction of Nébromoacetamide with 3-0-Acetyl-5,6-dideoxy-

1,2-0-isopropylidene-6-nitro-4-D-xylo-hex-5-enofuranose (6)

5-Acetamido-3-0- acetyl 6 6-dibromo-5,6- dldeoéy-l 2-0- 1sopropy11dene—

6—nltro—&rD-glucofuranose (34) and the correspondlng e

idofuranose isomer (35)

Route A.—— A solution of nitroolefin 6 (273 mg) in acetone
(20.ml)»containing NBA (300 mg) and sodium acetate (10 mg)
was stirred fer 90 minutes after which time t.l.c. (solvent
: E)_showed.that,the reactien was almost complete. However,
stirring was continued overnight. The reaction mixture was
then diluted with water (20 ml), and the acetone was largely
' evaporated.‘ A white solid precipitated and was filtered off,
washed with cold water and dried to give 466 mg of a crude

material. This crude solid showed three spots on t.l.c.

(solvent E), namely, one minor fast-moving spot, one minor

slow-moving spot and one major spot with medium mobility.
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Column.chromatography-(adsorbenti'zo g eiliea Qel;”eiueht:
solvent E)'of the crude material gave two fractions. A
small, fast—mov1ng fractlon gave 24 mg (5.4%) of 3,5-di-0-
acetyl 6 6 dlbromo 5 6-d1deoxy l 2-0-isopropylidene-6-nitro-
&rD-glucofuranose (33), whlch‘after recrystallization from

ethanol/water had a meltlng point of 136 138° and an optical

rotatlon of E£1 +15 4° (c, 0. 3 in methanol) : The major7fraotion o

(419 mg, 94 6 ) con51sted of a mlxture of 34 and 35 and showed
an optlcal rotatlon of [§3 +32 1° (c, 0 7 in methanol). Re-
crystalllzatlon from ethyl acetate/petroleum ether afforded
pure 34 (323 mg, 77%) with a meltlng point of 193-194° and
v[iJ-+51.3° (c, 0.6 in methanol). |
Analy51s for C13H18N2083r2 (4J0 l)
Calod: C 31.85; H, 3.70; Br, 32.60.

| Found: ;C, 32.04; H, 3;86;_Br, 32.33.
The residue obtained by euaporation of the mother liquor was
‘repeatedly recrystalllzed from ethyl acetate/petroleum ether
to, glve pure 35 (29 mg) meltlng at 158- 160°.
Route B. ———-To a 'solution of 5-acetamido- 3 0- acetyl -5,6-
dldeoxy—l 2-0- 1sopropy11dene-é—nltro-G-L-ldofuranose (37)
(llO mg) in methanol (10 ml) were added NBA (100 mg) and a
shturated aqueous solution of sodium acetate (1 ml). The
reaction mlxture was stirred for 1 hour at room temperature
and then diluted with water (10 m1). A.white precipitate,
separated when the solution was partially evaporated. The

precipitate_was collected, washed with cold water, and dried.

Recrystallization from ethyl acetate/petroleum ether furnished
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35 (148 mg, 91%) melting at 160-161° with () -53.6° (c,
0.6 in methanol).
Analysi ,
alysis for_C13H18N208Br2 (490.1)
Calcd: C, 31.85; H, 3.70; Br, 32.60.
Found: ' C, 32. 09; H, 3.87; Br, 32.37.
Bromlnatlon of 5—acetam1do -3~0~acetyl-5,6- dldeoxy-l
2—O-isopropylidene-6—nitro—&rD4glucofuranose (36) in an
analogous fashlon afforded the corresponding 4~D-gluco isomer

34 (138 mg, 85%) with a melting point of 191- 192° and 4,

+52,0 (¢, 0.4 in methanol).

S—Acetamldo 5 6 dldeoxy-l 2 0—1soprogylldene 6—n1tro—irD—

glucofuranose (38) and —GwL-ldofuranose (39)

‘A solution of nit;oolefin g (273 mg) in tetrahydrofuran

(20 ml)_was,sﬁirfeqawith‘aQueous,‘concentrated ammonia solution
(5 ml). After:isominutes‘t,l.c.'(solvent,F) showed that no
starting material was left and that two. new, more slowly moving
products Werenformed, Dilution,of the reactiop.mixture with
water (20 ml) ‘and evaporation, followed by several coevapor-
atlons w1th ethanol, gave a crystalline residue. Column chrom—

‘ atography (adsorbent: 20 g sll;cal gel, eluent. solvent F)
gave.two fractions. The fast,fraction gave 34 (115 mg, 39.7%)
which failed to crystallize and was obtained on drying as a
brittle glass showing LK]D+5.4° (c, 0.7 in methanol). The
slower fraction furnished 39 (163 mg, 56.2%) as crystals which
upon recrystallization from ethyl acetate/petroleum ether

melted at 179-180° and showed [4] -32.8° (c, 0.3 in methanol).
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alysis for C11H18N2o7 (290.3)
. Caled: C, 45.51; H, 6.25; N, 9.65.

S—Acetamldo-B O-acetyl 5 6—d1deoxy -1, 2 0- Jsopropylldene-

6-n1tro-LrD~glucofuranose (36)

Method a —_— To a suspension of ‘38 - (490 mg) in ether (15 ml)
Were‘added acgtlc anhydrlde (6 ml) and pyridine (12 ml).
The reactipn mixture'wés'evapﬁrated after stanaing overnight
»in a refrigerator. Séveral coeﬁéporations with ethanol gave
a syrupy re51due that crystalllzed from ethyl acetate/n-
pentane. Recrystalllzatlon from the same solvents furnlshed
analytlcally pure 36 with a melting point of 86- 88° and
[A] +12. 6 (c, 0.7 in methanol).

Analysls for C13H20N208 (332.3)

Calcd: C, 46.98; H, 6.07; N, 8.43.

Found: C, 46.86; H, 6.19; N, 8.25.
Method b, — Toia solution of éi (lOOlmg) in ethanoi (10 ml)
was added sodium borohydride (50 mg). - The reaction mixture

was stirred for 15 minutes,bafter which time t.l.c. (solvent

E) indicated that no starting material was left. The reaction

mixture was slightly acidified with aqueous 10% acetic acid
and then diluted with water (15 ml). Evaporation of most of
the ethanol gave a white precipitate wﬁich was filtered off,
washed with cold water, and dried. Recrystallization from
ethyl acetate/n-pentane gave pure 36 (61 mg, 90%) melting at

g7-88°

TN A PR R e T E S S AN TN i r e i TR
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54Aéétamido—340;acetyl—5,6-dideoxy—l,2—0—isopropylidene—

6-nitro—G—L—idofuranose (37)

Compound 39 (160 mg) was acetylated as described
above for 38. Analytically pure 37 (183 mg, 91.8%) was
obtained from ethyl acetéﬁe/n—pentane. It melted at 119~
' 12691ana had'an optical rotation of [£)-33.4° (¢, 0.7
in meﬁhénol); ' o
Analysis for q13H26N208 (332.3)

Caled: C, 46.98; H, 6.07; N, 8.43.

Found: C, 46.85; H, 6.17; N, 8.55.

{
b
1
b1
1
b
§
»
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TABLE XX

Circular dichroism of 6-nitro sugars

| Extrema B} at a givenA (in nm)

Compound A (in nm) [B] 270 290 310 330 360
34 332 682 3710 250  -630  -330
35 290 -2060 -2060  ~-890  -330  -140
36 283  -1182 990 -1080 =320 -40 0
31 282 1352 1130 1220 365 40 0
40 277 -2289 -2160 ~-1910  -830  -445 -80
41 307 647 270 510 630 440 85
42 283  -1888 -1640 -1785 -1280  -835  -150
43 284 1326 1125 1290 1190 840 150
44 283  -1024 -870 =970  -730  -490  -100
45 280 1150 1015 660 430 75

1045

SN T
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~iii) " Reaction of N-Bromoacetamlde w1th Methyl 4 6~ Benzylldene—

2,3~ dldeoxy—B—nltro-&rD erythro—hex- ~enopyranoside (1)

Methyl 2—Acetam1do—4 6- O—benzylldene— -bromo-2,3-dideoxy-

a) Wlth excess sodlum acetate, — A solution of nitroolefin

1 (293 mg) in acetone (QO'mly'mas'viéoronelfjetirredtmithia"
solution of NBA (200 mg) in aqueous, saturated eodium acetate
(15 ml). After 7 hours, water (30 ml) was added to the reaction
mixture and the acetone was evanorated. A whlte precipitate
separated and was flltered off and washed with cold water.
' Drylng afforded 425 mg of a whlte solid, whlch showed two spots 3
on t.l.c. (solvent G) . The two products were separated by
column chromatography (adsorbent: 20 g Slllca gel, eluent:
solvent G) - |
The.fast~moving compound 47 (145 mg, 33.5%) had

a melting point of 152-153° and [AJD+10.5° (c, 6.6 in chloroform).
An i.r. spectrum showed strong absorptions at ;760 (s, 0-
acetyl) and at>1570 (s, NO,, ). Recrystallization from hot
ethyl acetate converted 47 into a different product melting
at 181-182° and showing- E{J -97.5° (c, 0.8 in chloroform).
Its flr. spectrum lacked carbonyl absorption, and the band for
the nitro group nom appeared at 1525, in the region typical
for nitroalkenes. The product was identified as 1.

' The slow-moving compound eluted from the column was
46 (2?0 mg, 62.5%). Upon recrystallization-from ethanol/water

r e} .
it had a melting point of 127-129° and uﬁ]D+46.1 (c. 1.3

in chloroform).
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167197277

‘Analysis for C, H, N.,O.Br (431.3)
~ Calecd: C, 44.60; H, 4.44; N, 6.51; Br, 18.50.

Found: C, 44.32; H, 4.59; N, 6.63; Br, 18.68.

b)nwith a catalytic amount of sodium acetate.—— To a solution

of nitrooiefih 1l (50 mg) in acetone (4 ml)‘were added NBA
(35 mg) and sodium acetate (2 mg) . -After stirring for 2
hours and work-up as performed above a white solid was obtain-
| éd. Inspection by t.l.c. (solvent G) revealed that only
traces of the 2-0-acetyl compound 47 were forméd. Twofold
reérystallization of'tﬁe crude product from -ethyl acetate/
petroleum ether furnished pure 46 (56.5 mg, 76%) with a melting
point of 125-126°. - |

' An identical run was pérformed under exclusion of
light;Lthe same‘result was obtained. Howevef, in an experiment

omitting sodium acetate no 46 was formed.

Methyl 4,6-0-Benzylidéne-2,3-dideoxy-3-nitro-4~D-arabino-

hexopyranoside. (8)

Sodium borohydride'(30 mg) was added to a solution

_ bf‘él (100 mg) in ethanol (20 ml). The reaction mixture was
-étifred.in an ice bath for.l hour and then acidified with 10%
agqueous acetic acid. Watef (20 ml) was added, and upon partial
evaporation of the ethanol a white precipitate was obtained.
Recrystallization from ethanol/water afforded 8 (59.5 mg,
87.3%) meltiﬁg at 109-110°. A mixture melting peint with an
authentic sample of 8 remained undepressed. An i.r. spectrum

ascertained the identity of this product with 8 obtained

previously.
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Methyl 2—Ace£amido-4,e-o-benzyliaéné-z,3—diaéoxy=3:hitib-ﬂ

d-D-mannopyranoside (48)

A sqlution'of 46 (150 mg) in ethanol (10 ml) was
stirréd at with sodium borohydride (150 mg) at room temperature
for 1 hour. 'Acidification with 10% aqueous acetic acid,
dilution with water (20 ml), and partial evgporation of the
mixture produced a whité'éfééiﬁitétenﬁﬁiéﬁ wgé.qbliéééeé;?' '
washed with cold water; and dried. Recrystalliiation from
chlorofofm/n-pentane gave 48 (112 mg, 91.2%) with a melting
point of 121-123° and [4]+14.8° (c, 1.1 in chloroform).

An i.r. spectrum proved its identity with the product referred
to és."bj#pdeuCt VI" by Baer and Rajabalee (28) who recorded
micgoanalytical and physical data (mp 123-125°, L{]D+16.09

@,MShCMMﬁMm.

Methyl 2-Acetamido-2,3-dideoxy-3-nitro-d-D-mannopyranoside (49)

Debenzylidenation of 48 (600 mg) with trifluoroacetic
acid at room temperature for 30 minutes géve a_syrupy product.
It_géve a single,slow-moving spot on t.l.c. (solvent G). All
atfemﬁts at‘crystallization failed, and the product was not
analyzed buﬁ used in éyrupy form for the preparation of

derivatives.

Methyl 2,3—Diacetamido—2,3-dideoxy~ArD—mannopzranoside (50)

" A hydrogenation of syrupy gg at normal pressure with
platinum oxide as catalyst failed and therefore the material

was subjected to é hydrogenation under moderately increased

pressure.
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To a‘sdiution of 49 (300 mg) in water (50 ml)
and 0.1 N hydrochloric acid (11.6 ml) was added platinum
oxide (200 mg). The hydrogenation mixture was shaken for
2.5 days at 25° undér a hydrogen pressure of 4 atm. The
catalyst was‘femoved,‘thg,filtrate-ﬁaé.evaporated, and several
_pqrtions of addedlethanql were"evaporated from the residue.
3FbriN%aéefyiéfion.ﬁhélsyfﬁﬁy‘residue'was~dissolved iﬁ watér'
(10 ml) and methanol (1 ml), acetic anhydride (0.5 ml) and
Dowex 1-X8 - (carbonate form) were added, and the reaction
mixture was stirred for 90 mihutes at room temperature.
Filtration and evaporation afforded a coloriess syrup which
was crystallized from ethanol/water. Analytically pure 50
(243 mg, 77.3%) was obtained with a melting point of 248-
250° and [&JD+4;8° (c, 0.4 invwater).
Ana}ysis for ClleoN_OG (276.3)

Calcd: C, 47.82; H, 7.30; N, 10.14.

. Found: C, 47.55; H, 7.43; N, 9.97.

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

mannopyranoside {5%)

The diacetamido compound 50 (100 mg) was acetylated
in pyridine (4 ml) with acetic anhydride (1 ml). After
standing overnight at room temperaﬁure the reaction mixture
was evaporated with several additions of toluene and ethanol.
Cryétallization of the residue from benzene/petroleum ether
furnished the fully acetylated compound 51 (109 mg, 83.4%)
with a melting point of 199-201° and [d],+84.0° (¢, 0.5 in

chloroform) .
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‘Guthrie andeurphy (75) ' reported a melting point of
o. .
200-202° and {4] +89.2° (¢, 0.9 in chloroform).

T

Methyl 2—Acetam1do 4 6~ dl 0~ acetyl -2 3—d1deoxy-3—n1tro—

=D ~mannopyran051de (52)

t The Ssyrupy compound 49 (100 mg) was acetylated w1th
"acetlc anhydrlde (3 ml) by use of several drops of boron
trifluoride etherate as a catalyst. After a reaction time
of SQ.minutes the reaction mixture was poured inoo ice water
to give an omorphous preciﬁitate which waé filtered off, washed
with cold Water, and dried. The product’waé purified by E
precipitation with petroleum étherofrom'ethyl acetate solution.
The product .so obtainéd was analytically pure and had [}JD+38.2°
'(g; 0.5 in chloroform). | |
Analysis for Cy3Hy N0y (348.3)

Caled: C, 44.83; H, 5.79; N, 8.05.

Found: C, 44.75; H, 5.89; N, 8.19.

Methyl 2-Acetamido-6-0-acetyl-2,3,4-trideoxy-3-nitro-4-. - ﬁ

D-threo—hex-3-enopyranoside (53)

A solution of fully acetylated 52 (30 ﬁg) in
chloroform (10 ml)‘was refluxed in the presence of silica
gel (30 mg for column chromatography) for 1 hoﬁr. The
silica gel was filtered off after cooling of the reaction
mixture, and the filtrate was evaporated leaving a syrupy
residue. Crystallization from ethyl acetate/petroleum ether

afforded 53 (15 mg) melting at 162-163°. The spectral
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properties (i.r. and n.m.r.) were identical to those of
ég isolaﬁed in the talo series, for which an elemental

analysis was obtained.




lf
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iv) 'Reaction of N-Bromoacetamide with Methyl 4,6-0-Benzylidene-

2,3—dideoxy~3—nitro-IrD—threo~hex—2—engpzranoside (3)

Methyl*2-Acetamido-4,6—0~bengy1idene-3—bromo-2,3-dideoxy—3-

nitroA&:DeidobfranOSide'(54)'and itsr2-0-acetyl analog (55)
. Nltroolefln 3 (200 mg) was dissolved in acetone
(16 ml) and added to a solutlon of NBA (200 mg) and sodium
acetate (lO mg) in water (10 ml) The reactlon mixture was
stlrred at room temperature for 2.5 hours. A whitish precipitate
began to separate durlng the flrst hour. The mlxture was then
dlluted with water (25 ml) and the acetone was evaporated
Addltlonal amounts of the whlte pre01p1tate séparated. The
product was flltered 0rf washed w1th cold water, and drled
(295 mg) | T l c. (solvent G) revealed that the - prec1p1tate
con51sted of at least two, ea51ly separable compounds.. Column
chromatography (adsorbent 20 g 3111cal gel eluent: solvent
G) gave two fractlons, both of whlch afforded crystalline
products upon evaporation.
| ”‘_ The fast-mov1ng product proved to be 55 (46 mg, 15. 6%)
with a. meltlng p01nt of 225-226° and [JJ +31. 5° (c, 0.5 in
chloroform)
Ana1y51s for clSHlSNO Br (432.3)
" Caled: C, 44.50; H, 4.20; Br, 18.45.
Found: C, 44.63; H, 4.01; Br, 18.74.
The slow-moving product proved to be 54 (245 mg, 83.1%)
melting at}l75-ll6° and having an optical.rotation of {&J]j+l9.l°

‘(c, 0.6 in chloroform).
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Analysis f 131,
alysis for C16H19N207Br (431.3)
Caled: C, 44.60; H, 4.44; Br, 18.50.

Found: C, 44.74; H, 4.56; Br, 18.37.

Methyl 4,6-0-Benzylidene-2,3-dideoxy-3-nitro-d-D-lyxo-

_hexopyranoside (10)

To a cold solution of the Z—O—acetyl derivative

35 (165 mg) in ethanol. (30 ml) was added sodium borohydride
(40 mg). According to t.l.c. (solvent A), no starting
material was left after a reaction time of 20 minutes. There-
fore the mixture was acidified with lO%'aqueous acetic acid
and then diluted with water (SO ml). Evaporation-ef the
-ethanol gave a white solid.which was filtered off, washed
with water, and dried to give 10 (95 mg, 84.0%) melting aﬁ
103-104°. a ﬁixture melting point with an authentic sample
(20) remained undepressed. An i.r. sPecfrum of the material

proved its identity with previously-obtained 10.

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

déD-taiopyranoside (56)

| The bromonitro sugar 54 f80 mg) was dlssolved in
ethanol (10 ml) and the solutlon was stirred in an ice bath
with sodium borohydride (20 mg) for 10 mlnutes. Inspection
by t.l.c. (solvent G) revealed that the reaction was completed
after 5 minutes. The reaction mixture was acidified with
10% aqueous acetic aeid and diluted with water (20 ml). Upon
evaporatlon of the ethanol a white precipitate separated

which was filtered off, washed with cold water and dried.
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Recrystallization from ohloroforﬁ/petroleuﬁ'etherréave.
analytically pure 56 (55 mg, 84.3%) with a melting point
of.2'0V5o and’ (] b+55.3° (¢, 0.8 in chloroform).
Analysis for C16H20N207 (352.3)

| Calcd: ¢, 54.54; H, 5.72; N, 7.95.

Found: C, 54.39%; H, 5.74; N, 7.80.

Methyl 2-Acetamido-2,3—dideoxy—3—nitro—&—D—taiopyranoside (57)

Debenzylldenatlon of 56 (220 mg) was effected by
”Lreatlng 1t wrth trlfluoroacetlc acid at room temperature.
After 30 mlnutes some water was added and the reaction mixture
was evaporated and several portlons of added ethanol were
evaporated from the re51due. The syrupy residue §6 obtalned
crystalllzed upon trlturatlon w1th ether to give 57 (153
mg, 92 79) w1th a meltlng point of 119~ 120° Recrystallization
from chloroform/ether furnlshed a material with-a melting point
of 120- 121° and [&J +52.5° (c, 0.6 in water).

Analy51s for 09H16N207 (264.2)
Calcd: C, 40.90; H, 6.10; N, 10.60 .

Found: C, 40.95; H, 5.94; N, 10.77.

le 2,3~Diacetamido-2,3-dideoxy- -d-D-talopyranoside (58)

A solutlon of the nitro compound 57 (400 mg) in methanol
(40 ml) was hydrogenated in the presence of acetic anhydride

(2.4 ml), with prereduced platinum oxide (400 mg) as catalyst

at normal pressure. and room temperature. Uptake of hydrogen

ceased after 5 hours. The catalyst was filtered off and the

filtrate evaporated to give a Syrupy residue which crystallized
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from ethanol/ether. Purification over a small silica gel
column (eluent: solvent H) and recrystallization from ether
gave the diacetamido compound 58 (289 mg, 69.1%) with a
melting point of 218-219° and EiJD+11.8° (c, 0.8 in water).
Analysis for C11H20N206 (276.3)

- cCaled: C, 47.82; H, 7.30; N, 10.14.
Found: C, 47.68; H, 7.29; N, 9.98.

2, 3-Diamino-2,3-dideoxy-D-talose dihydrochloride (59)

| The -diacetamido compound 58 (150 mg) was hydrolyzéé
by refluxing with half-concentrated hydrochloric acid (15
-ml) ‘during a period of 16 hours. The resulting, dark brown
solution was evaporated, and thié was followed by several
coéevaporations with water (ﬁntil the smell of hydrochloric
aCid.was no longer noticeable). The remaining, dark syrup
was taken up in water and decolorized with acid-washed
" activated charcoal. Evaporation of the colorless solution
géve a.étrongly hygroscopic syrup which could not be crystal-
- 1ized. The syrup strongly reduced Fehling solution and an
‘n.m.r. spectrum (60 MHz) in deuterium oxide showed neither
a methoxy signal nor acetamido signals. In paper chromatography
using the Fischer-Dorfel system a ninhydrine-positive spot
with R GN'= 0.86 was detected. No further characterization of
the pfoduct'was attempted, but in view of the disappearance
‘of thée n.m.r. signals mentioned above, and of the positive
ninhydrin reaction one can assume that hydrolysis of 58 was

successful and that the product was 59.
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‘2,3-Diacetamido-2,3rdideoxy-D-talose (60)

The syrﬁpy, hygroscopic material,gg (50 mg) was

‘ N—acetylated,by the usual method (83). Work-up gave a syrupy
material, which was purified by column chromaﬁography (ad-
sorbent 20 g 5111ca1 gel, eluent',chloroform- methanol/ 1:1).
A hygroscoplc product (35 mg) was obtalned which gave a
51ngle spot on t.l.c. but was not crystalllzable. This
materlal reduced Fehllng solution and an n.m.r. spectrum

(60 MHz) in Dzo'showed strong signals in the region for
ééétamido groups. An i.r. spectrum (film) showed also strong
signals'at 1650 and‘1530 cm-l charactérisfic for acetamido
groups. The product, therefore,"p¥esumed to be the diacetamido

sugar:” 60.

Methyl 2-Acetamido-6-0-acetyl-2,3,4-trideoxy-3-nitro-

£-D-threo-hex-3-enopyranoside (53)

The nitro sugar 57 (100 mg) was. acetylated with
acetic anhydride (3 ml) and boron trifluoride etherate (3 drops)
during 25 minutes at room temperature. The reaction mixture
was. then poured into ice water whereby a solid product separated,
the solid was filtered off, washed with water and dried to
give 53 (93 mg, 85.3%) with a melting point of 159-161°. Aafter
recrystallization from ethyl acetate/petroleum ether the

. o o
product had a melting point of 162-163" and [Aad+82.5 (c,

0.5 in chloroform).
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" Analysis for Cy1H, N0, (288.3)
~ Calcd: C, 45.85; H, 5.59; N, 9.71.
Found: C, 45.72; H, 5.64; N, 9.91.

The compdund absorbed ultraviolet 1ight:7lmax 247 nm
(€5 000) in chloroform. Upon addition of 0.1 N methanolic
sodium methoxide solution (0.1 ml) to 3 ml of both the
sampie (10_4-molar) and the reference cell the signal
shifted toiﬁmax 257 nm and the absorbance increased to a

value of 10 100.
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v) Reaction of N-Bromoacetamide with Methyl 4,6-0-Benzylidene-

2,3-dideoxy-3-nitro—B-D—hex-2—engpyranosides.

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

-D-allopyranoside (61) and its 2-0-acetyl analog (62)

The ﬂ-D—erythro nitroolefin 2 (293 mg) was.di5561ved
in acetone f20 ml) and added to a solution of NBA (200 mg)
in saturated, aqueous sodium acetate (15 ml). After being
_stirred-for 5 hours at room temperature the reaction mixture
was diluted with water (20 ml). Evaporation of the acetone
gave a white precipitate which was filtered off, washed with
cold water, and dried. The crude material (393 mg) showed
on t.l.c. (solvent G) the presence of two easily separable
' cbmpounds. Column chromatography (adsorbent: 20 g silical
gel, eluent: solvent G) resulted in the isolation of the two
compounds, 61 and 62. |

The fast-moving product proved to be 62 which after
recrystallization from ethanol/water had a melting point of
224-225° and [£]-69.3° (¢, 0.9 in chloroform).
Analysis for c16H18N08Br (432.3)

Calcd: C, 44.50; H, 4.20; N, 3.24; Br, 18.45.

Found: C, 44.58; H, 4.28; N, 3.09; Br, 18.70.

The slow-moving product proved to be 61 (237 mg,
54.9%) which after recrystallizatidn from ethyl acetate/petroleum

cther had a melting point of 205-206° and [K] D-7o.o° in

(c, 0.4 in chloroform).

- ' \
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| Analysis for C16H19N,0,Br (431.3)
Calcd: C, 44.60; H, 4.44; N, 6.51; Br, 18550,

Found: C, 44.67; H, 4.56; N, 6.32; Br, 18.78.

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

B-D-glucopyranoside (63)

The bromonitro sugar 61 (50 mg) was reductively
debfcminated with sodium borohydride (56 mg) in ethanol
(10 ml) by the Iffland method. Work-up after 30 minutes
at room temperature furnished compound 63 (36 mg, 88.2%)
melting a£‘309—311°. Baer and Neilson (25) reported a
melting-poiht of 310-311°. The i.r. and ﬁ.m.r. spectra were

identical:with‘those of an authentic sample (25).

Methyl 4,6-6-Benzylidene-2,3-dideoxy-3-nitro-f-D-arabino-

hexopyranoside (9)

The bromonitro compound 62 (100 mg)'was debrominated
with sodium borohydride (50 mg) in ethanol (20 ml) by the
Ifflandvmethod. Work-up after 1 hour at room temperature
afforded 9 (65 mg, 95.6%) with a melting point of 144-146°.

A mixture melting point with an authentic sample (19) remained

undepressed. The i.r. spectrum of the material ascertained

its identity with previously-obtained. 9 .

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

3-nitro-R-D-qgulopyranoside (64) and its f-D-galacto isomer (65)

To a solution of the (3-D-threo nitroolefin 4
(293 mg) in acetone (20 ml) was added NBA (300 mg) and sodium

acetate (10 mg). The reaction mixture was stirred overnight

A
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at room temperature. T.l.c. inspection (solvent G)
indicated that two new, more slowly moving products were
formed in about equal proportions. The reaction mixture
was therefore diluted with water (30 ml). Evaporation of
the acetone gave a white precipitate which was filtered éff,.
washed with cold water, and dried. The two products in the
crudg material (411 mg) were separated by column chromatography
fadsorbent: 20 g silica gel, eluent: solvent G).
The fast-moviﬁg product proved to be 65 (196 mg,
45.5%), which after recrystallization from ethyl acetate/
petroleum ether had a melting point of 188-189° (dec.) and
[£] ;+86.6° (c, 0.9 in chloroform).
Analysis for C,6H19N904Br  (431.1)
Calcd: C, 44.60; H, 4.44; N, 6.51; Br, 18.50.
Found: C, 44.90; H, 4.62; N, 6.38; Br, 18.33.
The slow-moving product proved to be 64 (187 mg, Z
43.4%), which after recrystallization from ethanol had a ;
melting point of 190-191° and [4] -20.5° (g, 0.4 in dimethyl- '
~formamide) .

Analysis for C16H19N207Br (431.3) |
Calcd: C, 44.60; H, 4.44; N, 6.51; Br, 18.50.

Found: C, 44.43; H, 4.59; N, 6.36; Br, 18.38,
The slow-moving isomer 64 was also obtained by

bromination of 66 with NBA. A solution of 66 (40 mg) in

acetone (15 ml) was stirred at room temperature with NBA (40 mg)
and a saturated, aqueous solution of sodium acetate (1 ml).

Inséection by t.l.c. (solvent G) after 10 minutes revealed that

~
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no more starting material was left and that only a single,
faster moving product, with the same Re-value as 64, was |
formed, 'Dilution with water (20 ml) and evaporation‘of the
acetone gave a white precipitate that was filtéred off,
washed with cold water, and dried. Recrystallization from
ethanol gave 64 (39.5 mg, 80.5%) melting at 188-191°. |

A mixture melting point with E& obtained previously remained
undepressed. The i.r. spectrum of the product éstablished

its identity with compound 64 isolated previously.

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

B—D-galactopyranoside (66)

“

a) From bromonitro compound 64.—— The bromine in 64 (64

mg) was reductively removed by the Iffland method in ethanolic
sblution (10 ml) with sodium borohydride (15 mg). The known
compound Qg.(5l mg, 97.2%) was obtained, wﬁiqh after re-
crystallization from nitromethane melted at 288-289°‘(dec.),
{43ﬁ+34.5° (c, 0.5 in diamethylformamide).

| Baer and Ong (27) reported a melting point of 285°
and L£3D+26.9° (dimethylformamide) . The i.r. spectra proved
the identity of 66 with an authentic sample.(27).

b) From bromonitro compound 65.—— Bromonitro compound 65 was

treated exactly as described above for compound 64. The
product so obtained (50 mg, 95.3%) was recrystallized from
nitromethane and then melted at 289° (dec.), L&]D+36.7°

(c, 0.4 in dimethylformamide). The identity of the product

with 66 was established by its i.r. spectrum.
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TABLE XXI

Circular dichroism of acetamidobromonitro sugars

Extrema 8) at a given A (in nm)
Compound A(in nm)  [8] 270 290 310 330 360
46 291 -6370 -6300  -3660 -1420 -410
54 292  -6517 -6510  -3660 -1000 ~230
61 291 645 640 - 700 =-1290  -430
325 -1330
64 7770 5920 3540 2650 885
65 ‘310 . 915 -2950 ° 915 = 510 =560

344 - 887
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CLAIMS TO ORIGINAL RESEARCH

The following results in this thesis are claimed

to be original.

Part I

l.

The distinction of stereoisomeric methyl 4,6-0-
benzylidene-3-deoxy-3-nitro-D-hexopyranosides by the
chemical shifts of their benzylidene methine protons.
The applicatibn of the method in claim 1 in the re-
investigation of the epimeric distribution in which
methyl-3-deoxy-3—nitro-&rD—hexopyranosides arise, first-
iy¢ in the nitromethane cyclization, and secondly, in

their base-catalyzed configurational equilibration via

. nitronates.

The separation of stereoisomeric methyl 4,6-0-benzylidene-
3-deoxy-3-nitro-D-hexopyranosides by column chromatography

and by the method involving their differential reactivities

towards alkali.

Six new compounds were isolated and characterized in

this connection.

Part II

1.

The distinction of stereoisomeric methyl 4,6-0-benzylidene-

3—deoxy—3-nitro-D-hexopyranosides, methyl 4,6-0-benzylidene-

2,3-dideoxy-3-nitro-D-hexopyranosides, and methyl 2-acetamido-
4,6—0-benzy1idene-2,3-dideoxy—3—nitro-D-hexopyranosides

by their differential ultraviolet absorptions in dilute

N
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alkaline solution, and éorrelation_of this differential
behavior with stereochemical featﬁres of‘the molecules.

2. The detection of a facile manno —» gluco epimerization
in the methyl 4,6-0-benzylidene-3-deoxy-3-nitro-D-
hexopyranoside series and postul#tion of a retrograde
ﬁenry mechanism'for this epimerization.

3. The acetylation of methyl 4,6-0-benzylidene-3-deoxy-3-

: nitro—D-hexopyranosides with acetyl chloride and
triethlamine, leading'in one case to the formation of
the first stable, crystalline nitronic acid-acetic acid
mixed anhydride.

4. The dhloriﬁétion,and bromination of nitro glycosides
leading to the formation of’anéw class of carbohydrate
‘aerivatives; hamely,‘&-halonitro glycosides.

5. The study of reactions of £-halonitro giycosides, with
‘séecial atfention‘paid to the formation of epoxynitro
glycosides, another new class of carbohydrate derivatives.

6. The study of circular dichroism and magnetic resonance in
L-halonitro glycosides.

7. Twenty-six new compounds were synthesized in this

connection.

Part III

1. A procedural improvement for the preparation of methyl

4,6-0-benzy1idene—2,3-dideoxy—3—nitro—D—threo-hex-2-

enopyranosides.




6.

7.

8.

9.
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The selective reduction of methyl 4,6-0-benzylidene-2,3-
dideoxy-3-nitro-D-hex-2-enopyranosides with sodium boro-
hydride, affording saturated 3-nitro glycosides.

The selective reduction of methyl 4,6—0?benzylidene-2;3-

dideoxy-3-nitro-D-hex-2-enopyranosides with zinc and

“acetic'acid, affording 2-deoxy-3-oximino glycosides.

The formation of epoxynitro glycosides by epoxidation

of methyl 4,6-0-benzylidene-2,3-dideoxy-3-nitro-D-hex-2-
enopYranosideé with alkaline hydrogen peroxide.

The study of the differential dichroic and n.m.r. spectro-
scopic beh;vior of epoxynitrb glycosides.

The addition reaction §f Nfbrdmoacetamide to nitroolefins.
Application of the NBA feaction to 2,3-unsaturated 3-nitro
lecosides, providing a stereoselective route to various
2,3-diamino-2,3-dideoxy sugars.

The study of circular dichroism in 6-deoxy-6-nitro-hexofuranoses.

Thirty-five new compounds were synthesized in this connection.
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