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PREFACE

The goal of the feséarch undertaken for this
thesis was to make some contributions to the preparative
chemistry of organic nitro compounds. Various independent
projects in that area were ﬁursued. Accordingly, the
discussions and descriptions of results that follow a
general introduction are divided into three parts,

Part I deals with the synthesis of nitroalkyl glucosides
which are analogs of the natural product, miserotoxin,
and with a bioassay of their toxicity. Part II is con-
cerned with the oxidation of amino sugars as a new
approach to the synthesis of nitro sugars., Part III
describes efforts to synthesize a heterocyclic.systenm

by a Dieckmann-type cyclization of nitro esters.
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ABSTRACTS *

PART I

The synthesis of five nitroalkyl B-D-gluco-
pyranosides is described. These compounds are analogs
of the poisonous plant product miserotoxin ( 3-nitro-
propyl B-D-gluéopyranoside ). Koenigs-Knofr condensation
between_acetobromoglucose ( VI ) and 2-nitropropanol (1),
l-nitro;2~propanol ( 11 ), 2-nitrobuténol ( IIT ), 2-nitro-
3-pentanol ( IV ), and 2-methy1-2-nitro-l—propanol (v),
respectively, afforded the tetra0-acetyl-g-D-glucopy-
ranosides ( VII-XI ) of these nitro alcohols. Mixtures
.of silver carbonate and silver perchlorate were found to

be the most sdtisfactory condensing agent. Evidence was

obtained in some cases for the formation of distinguish-
- able stereoisomers due to asymmetry in the aglycon. The
gluéoside tetraacetates were deacetylated to the free
glucosides XIIIQXVII. Except for XI, which contains a
tertiary nitro group‘énd could be deacetylated under
alkéline conditibns, the nitroélkyl glucosides proved to
be sensifive towards alkali and their tetraacetates had
therefore to be deacetylated by carefully controiled

acid catalysis. This was achieved by the use of methyl

* An independent set of Roman numerals is used in each

Part to deéignate compounds.




- Xiv -

p-toluenesulfonate in methanolic solution,

The toxicity of the new glycosides was compared
with that of miserotoxin in a chicken bioassay and was
found to be similar in XIV and XVI, higher in XIII and
XV, and lower in XVII.

PART II

The oxidation of the secondary carbinamine
function with m-chloroperbenzoic acid was first studied
on trans-2-aminocyclohexanol ( I), a model compound for
-amino.sugars. The reaction led to Ezggg-z-nitrocyclo-
hexanol‘( IT ) and Ezggg-Z-nitrosoévclohexanol trans
dimer ( IIIV) in yields of 16 and 28%, respectively, The
oxidation was then extended to various amino glycosides.
These{included methyl,34amino—3,6-dideoxy-2,4-di-g-methy1-
a-L-glucopyranoside hydrochloride ( IV ), methyl 3-amino-
3;6-dideoxy%»b-glucopyrandside ( VITI ), methyl 3-amino-
3—deoxy-B-D-galactopyranoside ( XV ), methyl 3-amino-3-

deoxy-o-D-mannopyranoside ( XIX ), methyl 3-amino-3-deoxy-

B-D-xylopyranoside ( XXII ), and, in a preliminary way,
methyl 2-amino¥2,6—dideoxy—a-D-a1tropyranoside ( IX ).

Compounds VIII, XV, and XIX upon peracid oxidation gave




mixtures of the correspondlng nitro glycosides ( XII, XVI,
and XX ) and nitroso glyc051de dlmers ( XIII, XVII, and
XXI ). Compound IV afforded only the nitro derivative
( V) while compound XXII furnlshed only the nitroso
derivative ( XXIIT ). In general good. y1e1ds were obtained.
In some of the examples, varlatlons in the product comp -
osition depending on reaction condltlons were observed.
The amino sugars VIII and IX.were'synthesizéd
by action of ammonia upon'methyl 2,3-anhydro¥4-g-benzoy1—
6-deoxy-o-D-allopyranoside ( VII ) and charocterized as
N-ocetyl derivatives ( X and XI, respectively ). The
mannoside XIX was characterized in crystalline form for

the first time.

PART III

2—(Z-QEi-Nitroethylideneamino)-benzoic acid
(IV ) and its methyl ester I were synthesized by
condensation of methazonic acid with anthranilic acid and
methyl'anthranilaté, rospectively; The p-nitrophenyl
ester ( VI ) of IV was obtained by esterification of the
components in the presence of dicyclohexylcarbodiimide.

The methyl ester I was reduced with sodium borohydride
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to give methyl 2- (2- -nitroethylamino)- benzoate (Vi1 ).
V'Cyciﬂ.xn~ Intramolecular ester condensation of I and
VI, which was expected to lead to 4-hydroxy-3-nitro- .
quinoline ('III ), did not succeed. Cyclization of the
saturated ester VI, on the other hand, was sucéessful.
However, the.product was not the dihydroquinolin¢~deri-
vative which was expected in that case but proved to be
ITI. Evidently an oxidative step was involved in the

reaction.




IN'TRODUCTION

An Outline of Research'Projects in the Context of the

Present State of Development of the Chemlstry of Nitro

ComEounds

Until 1949, no products containing a nitro
group had been known to exist in Nature, In that year,
'howevef, the plant glycoside hiptagin was revealed to
contain B-nitropropionic acid, which is released upon
hydrolysis (1), and at about the same time the import-
>ant antibiotic, chloramphenlcol was shown to possess
an aromatic nitro group (2). Althqugh the number of
nitro compounds discovered in Nature has grown in sub-
sequent years (3), they may still be regarded as rare,
and each new discovery is therefore received with great
interest, Recently it has been reported (4) that the
poisonous principle present in certain spec1es of tlmber

milkvetch (Astragalus miser), a plant native to the

western parts of Canada and the United States, is 3-nitro-
propyl B-D-glucopyranoside. The compound, which has been

named miserotoxin, was presumed to be responsible for

livestock losses that have occurred in areas infested

with milkvetch (5,6).




Baer and Shields (7) synthesized 3-nitropro-
pyl B-D—glucopyranoside, and the properties of the
synthetic product tended to coﬁfirm the structural -
assignment for miserotoxin which had been based large-
ly on spectréscopic data. In continuation of those
studies it was deemed interesting to syﬁthesize various
structural analogs of miserotoxin, i.e.,'glucosides
having different nitroalkyl groups'as aglycons, and to
compare them with respect to toxicity in a bioassay.

Research undertaken in this direction forms Part I of
this thesis, |

For the syﬁthesis of miserotoxin the Koenigs-
Knorr glycoside synthesis had been applied sucessfully.
It was decided to make use of the same method, if possi-
ble, for. the preparation of the desired analogs, but it
was realized that certain complications might be encoun-
tered. The general feafures of the method and potential
sources of difficulties will therefore be outlined later
in this Introduction.

Unlike miserotoxin and previously discovered
hiptagin, in which the nitro group is not attached

directly to the sugar molecule, recently discovered

evernitrose is a real nitro sugar, namely, 4-0-methyl-

3-g4methy1—3-nitro-2,3,6—trideoxy—L-ribo-hexose (8).




It-is a-component of an-antibiotic, everninomycin, and-

represents the'first nitro sugar to be found in Nature.
Undoubtedly this discovery will provide an additional
stimulus for research in nitro carbohydrate synthesis,
an area which has‘received much attention during the
past decade (9) mainly because of its interconnection
with the chemisilty of amino sugars, the latter being
of paramount biblogical significance. There are several
methods for introducing a nitro group into a sugar mole-
cule, and these will k- enumerated later on. Reduction
of nitré sugars readily affords amino sugars. However,
- the reverse approach, namely, synthesis of nitro sugars
by oxidation of amino sugars, has never been attempted.
- Since it was considered that such a process could be
a valuable complement to existing methods, an investig-
ation into this possibility was undertaken, and the
reéults are to be presented in Part II of this thesis.
The most widely employed method for the synthesis
of nitro alcohols is the Henry reaction, the bése-cata-

lyzed, aldol-type addition reaction between a nitro-

alkane and an aldehyde or ketone (10, 11). The various

nitroalkanols required for_the'glycoside'syntheses of

Part—I-were—obtzined—im this way. However, the reaction

- has also served for the synthesis of polyhydroxy nitro
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compounds, by use of sugars as carbonyl conponents,
and it was in fact the first, and for a long time the
only, avenue to nitro carbohydrates (12, 13). Besides
open-chain nitro alcohols one can easily synthesize,
by the same principle, cyclic structures such as nitro
inositols (14) and nitro pyranosides (15). In that
case, cyclization is brought about by intramolecular
addition in a nitro carbonyl compound:

,CHO - HOH
base

CH,NO, CHNO,

Some years ago, when -this cyclization based
on a Henry-type.addition.had already found many useful
applications, Baer and Naik (16, 17) inveétigated a
similar proposition; namely, a Dieckmann-type cyclizing
condensation involviﬁg a reactive nitromethylene and
an ester function, which should lead to cyclic nitro-
‘ketones: :

0

R

] '
C-0R base C=0
<:;CH,NO, ~ éHNOZ

At the outset of their work, Baer and Naik




were surprised that this seemingly simple approach to-
nitroketones had apparently not been described in the
literature before, They were able to synthesize 2-nitro-

indanones by cyclization of 2-(2-nitroethyl)benzoates

(16, 17).
R

|
H-CHZNO2
NO
—_— 2
“OR" base f
I 0
0
R= H,-OCH3, or CH NO2

2
R'= CHg, or Ph-

In the meantime, two articles describing similar cycliz-

ations were published. The first one dealt with the

synthesis of an aromatic product according to the follow-

ing sequence (18):

CO,Et CO,Et Co,Et
Q§C//’C§§EH . Ose” e HO
Hzé. c':HzNoz . Hye_ c!‘HNo2
-0kt ” NO




The second instance involved the synthesis

of a pyrrollnone (19):

o
Ox NO :
cu, G-OBt 2 0 0,N OH
lH _— po—
PRy~ base  pr Ny PR NN
H H H

| In View of the limited amount of research that
seems to have been devoted to this potentially useful
variation of the Dieckmann ester condensation, it was
decided to attempt a further synthesis along these lines.
The work.performed in this connection is described in

Part III of this thesis.

Some Aspects of Chemical Synthesis Pertinent to the Pro-

jecte of this Thesis

I. The Koenigs-Knorr glycoside synthesis.

The Koenigs-Knorr reaction is the most widely
used method for the synthesis‘of giycosides'and oligo-
saccharides (20,21,22 23). In it, a glycosyl halide is
condensed, generally in the presence of an acid acceptor

with an alcohol ( for alkyl glycosides ) or with a

— :




hydroxyl group of a second sugar molecule ( for oligo-

saccharides ),

CHZOR : ' CH OR

+ HOR'  —<HBr

" R= acetyl, benzoyl or other blocking groups
R'=alkyl, aryl or glycosyl u

In order to prevent condensation at unwanted sites, reactive
groups in both components must be suitably protected. The
glycosyl halide is therefore usually employed as a fully
acylated derivative. Chlorides and bromides have been
used most often. The latter are preferred by many workers
because they are more reactive than the former, which
is an advantage that outweighs the dlsadvautage of insta-

bility on storage. Protection of the hydroxyl functions

is most frequently provided by acetyl or benzoyl groups,
although other means of blocking, e.g;,.by trichloroacetyl
or nitrate ester groups, have been used (24, 25) for special
purposes. Perhaps the best-known glycosylating agent is
2,3;4,6-tetra-9;acety1—a-D-glucopyranosyl bromide ("aceto-
bromoglucose"), and it will be'shown in Part I that this

reagent has served satisfactorily for the present task,




As for the alcoholic component in the conden-
sation, simple alcohols offer few problems. However,
bulky molecules may give rise to steric hindrance, in
which case yields in the Koenigs-Knorr reaction can be
quite loﬁ. Possible difficulties in this respect would
have come as no surprise with the secondary alcohols
to be glycosylated in the present work. Another question
which might be askéd is whether the presence of a nitro
group in fhe alcoholic component would be compatible
with the desired condensation reaction., In view of the
successful uses of 3-nitro-1-propanol in the synthesis
of miserotoxin (7), and of a parfially blocked nitro
4sugar in a recent disaccharide synfhesis t26), no com-
plications.were anticipatedvin that regard.

The classical condensing agents in the Keenigs-

Knorr reaction are silver oxide and carbonate (20). Since
the reaction system is heterogeneous, the surface condition
of these‘agents influences the yield, and the use of re-
active preparations,freshly made by precipitation, is
recommended (27). One unavoidable drawback is the form-
ation of water reSulting from the neutralizing action

of the silver compounds, and this leads to varying amounts
of hydrolysis of glycosyl halide céﬁéurrent with the

glycoside synthesis. Hence 2,3,4,6-tetra-9;acety1g1ucose




is invariably a by-product in syntheses with acetobrémo;
glucose; moreover, unreacted bromo compound may combine
with the hydrolysis product to give é disaccharide. These
side reactions may be minimized though not wholly sup-
pressed by adding an internal desiccaﬁt to thenmedium,
€.g. anhydrous calcium sulfate (28). Other condensing
agents such as mercuric cyanide, mercuric acetate, luti-
dine or quinoline have been favored more recently, bﬁt
various side reactions have also been observed in these
céses (29,30,31). One promising procedure appeared to
be the use of a combination of silver perchlorate and
silver carbonate (25,32). Aécelerated rates and doubled
‘yields have been observed. It has been suggested that
the soluble silver perchlorate reécts with the glycosyl
halide, causing its dissociation, and the perchloric acid
produced in the condensation step then is neutralized
by~thé silver carbonate; whereby silvérlperchlorate is
regenerated, .

The stereochemistry of the Koenigs-Knorr

reaction also requires comment. A -tetra-0-acyl-o-D-glu-

copyranos?l halide ( which has the C-1 and C-2 substi-
tuents in cis relétion ) generally reacts in a straight-
"~ ""forward manner with inversion at C-1 to give a B-D-

glucoside, especially when silver catalysts are used.
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Only very small amounts of the anomeric o-D-glucoside
arise, but these may increase when some of the other
catalysts are employed (29). The situation in poly-0-
acy14g1ycopyranosy1 halides with a 1,2-trans substi-
tuent relatiénship ( e.g., with the B-D-glucopyranosyl
or the a-D-mannopyranosyl configu;ation j is more
“involved; both glycoside anomers may be obtained and,

in addition, 1,2-orthoester structures may result.
Néighboringvgroup participatioh comes into play in these
 cases (33). Fortunately, the present project required
the synthesis of B-D-glucosi&es, and these could be
anticipated to be obtainable by use of o-acetobromo-
glucose without serious complications regarding stereo-
selectivity. The stereochemically more comple# aspects
of the reaction, pertaining to the syntheSis of a-D-glu-
cosides and to the'behaviour of 1,2-trans halides, were

therefore of no special relevance in this context.

Certain difficulties, however, had to be
'expeéted»in another connection, namely, in the deblocking
of ‘the sugar moiety after the condensation. With ordinary

glycosides this is no problem, as de-0-acetylation can

bé routinely performed by methoxide-catalyzed alcoholysis

("Zemplén method )(34) or by ammonolysis (35,36,37),

which are procedures that do not affect the alkali-stable
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glycosidic bond. However, most of the nitroalkyl glyco-
sides to be synthesized would belong to a category of
alkali-sensitive glycosidés (38). If the structure of
the aglycon is such that a hydrogen in B-position to the
glycosidic oxygen link is activated by an adJacent car-
bonyl, sulfonyl, or other electron- w1thdraw1ng group,
the glycosidic bond is’ prone to alkaline cleavage by

B-elimination (39,40,41):

R R
. | _ _ l
- -C- N
0, 0-CH, C Z. it 0, O-CH,-C-
| H Q
( base )
Z= -C-R
0 .
-SOZ-R
+ CHxC~
-NO2 z Ny

Only one example is described in the literatune
for Z'='NO;. Helferich and Hase (42) observed complete

glycoside cleavage when they attempted to deacetylate

by base catalysis the tetraacetate of 2-nitroethyl B8-D-
glucopyranoside. Miserotoxin, which is the only other
nitroalkyl glycoside known, does not belong :.:to this

group since its nitro substituent is in position 3, not
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2, of the aglycon, and alkaline deaéylation of its tetra-
acetate met with no difficulties (7), However there is
much evidence for alkali lability of B-nitro substituted
acetal linkages in structurally similar circumstances.
For example,‘1,2:3,5-di-g-isopropylidene-6-deoxy-6-nitro-
a-D-glucofuranose readily loses its 3,5-isopropylidene
group by the action of base under very mild conditions
(43): |
] ] ]
"HC-0; HC-0 ' HC-0
I > I X I X
: HC-07 HC-0

Hf—O | | .
0—CH NaOCH3 HO-?H +NaOCH3 HO-CH
l — 3 —3
C-0——- HC-O-———J HC-0———
-(CHg) 00 ) \ I
HC- ' CH - CHOCH
I |3
HZCNQZ ‘HC-NOZ CHzNO2

More recently it was found that methyl 6-deoxy-6-nitro-

a-D-glucopyranoside is also cleaved by alkali (44):
. ¥H®
) 0
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For this reason, a different way of deacylation had to
be developed when the glucoside just mentioned was to
be prepared from its triacetate. Removal of the acetyl
groups by straight acid hydrolysis was not practicable
because the élycosidic bond, too, would suffer hydrolysis
even though it has been reported (45,46) to be more
stable in nitro.sugars than in ordinary sugars. Baer
and Furié (47) solved the problem by employing methan-
olysis in the presence of methyl p-toluenesulfonate,
which produced the aforementioned 6-nitro glucoside
from its triaéetate in over 80% yield. The process

| presumably amounts to a controlled'acid catalysis due

to. a gradual generation of p-toluenesulfonic acid:
P—TsOCH3 + HOCH3-——-—>p-TsOH + CHSOCH3

As will be shown in Part I, the method also

proved useful in the present work.

Although the Koenigs-Knorr reaction has served
well in the present work, it may be mentioned that,
shouidzit have failed, alternative methods of glycoside
sjﬁthééis“might“havé“been‘tried. One of the most common,

and probably the best-investigated, method was originally

devised.by Emil Fischer and consists—of-direct interac—

tion . between free sugar and alcohol in the presence of

acid (48) or a cation exchange resin (49). However, it
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is usually applied only to simple aliphatic alcohols,
and it invariably gives mixtures of - and f-anomers
of both the pyranoside and the furanoside type, with
product ratios strongly depending on sugar configur-
ation and reaction conditions. Detailed mechanistic
studies héve been carried out by Bishop and Cooper
(50). Another method of considerable potential has
been developed more recently. It involves reaction

of alcohols'with acetylated sugar orthoesters. Since
itespecially leads to 1;2432325 g1yco$ides it may rival
the Koenigs-Knorr reaction for syntheses of B-D-gluco-

sides (51,52,53,54):

h 4

OAc

Rl = ethyl

~ isopropyl
t-butyl
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IT. Methods for tlhie Synthesis.of Nitro Sugars

A. Nitroalkane addition

The base-cataiyzed addition of nitroalkanes
to carbonyl compounds ( Henry reaction ) has been
employed extensively in carbohydrate chemistry,’as has
been mentioned previously in this Introduction. It is
- in fact the avenue by which the largest number of nitro
sugar derivatives have been obtained. Manifold possibi-
lities of variation exist. Addition of nitromethane to
aldoses leads to 1-dépxy-1-nitroa1ditols'héving one
more carbon, and these can be converted into aldoses so
that, over-all, extension of the'éugar.chain is accom-
plished. Similarly, addition of nitroethane leads to
extension by two carbons and allows the synth651s of

hlgher ketoses from lower aldoses (9, 13)

| | | ?HZNOZ | ?HO

CHO ?HOH . CHOH

| S

‘(?HOH)n + CH3N02 —_ .(?HOH)n — (CHOH)_
CH,OH S CH,OH CH,,OH
+

CH.,0H CH.,0H ?HOH

I RNV —_—

CH,NO, cl:HNo2 ?=o
(?HOH)n+1 (?HOH)n+1
CH, OH | CH,OH




- 16 -

Extensionsof the sugar chain at the other end

have also been achieved by using suitably blocked terminal

aldo derivatives (14,55):

CH,NO,
CHLNO,
e —
GHy
CHNO
2
CHO CHOH
CH4CH,NO,

Cyclization_of periodate-oxidized glycosides
("Sugar dialdehydes") with nitromethane affords 3- -deoxy-
3-nitro-pyranosides (9,15), and use of n1troethane gives

_________analogous—branehed«charn—der1vat1ves (56, 5/)
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CHZOH CH,OH ‘CH,OH

2 | 2
0 0\ OCH '
CH 3
3 CH,NO,, CH,
_—

HO \OH NaIo cHo NO,
4 HO \
CHO
OH OH

CH3CH2NO2

CH, OH
OCHs

HO NO2

.CH3 OH

Branched-chain sugars are also obtained by reac-

tion of nitrométhane with oxo glycosides as follows(58;59):~:

!
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Branched-chain dinitro sugars can be made- by

Michael addition of nitroalkanes to nitroolefinic sugars

(60):

0——CH

OCH

3 RCHZNO2

NO

Ph ph Y0

RCHNO

In all the addition reactions mentioned above
-are -.generated one, two, or three asymmetfic centers, and
Vacqordingly the formation of stereoisomers is expected.
A large part of the research performed on these reattions
‘revolves around the separation and characterization of
stereoisomers and is concerned with the factors which

influence isomer ratios (9,61,62,63).

B. Nitrosyl chloride and dinitrogen tetroxide additions
Addition of nitrosyl chloride to triacetyl
glucal "affords (64,65) a 2-nitroso giuéééylAchloride

which is isolated as a dimer. The compound readily -
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undérgoes dehYdrothlbrihatiOn, and"thé'resulting nitroso
glucal is oxidized to the cdrresponding nitro compound,
or it can be trapped by addition reaction of alcohol

which gives an oximino glucoside.

: CHZOAC CHZOAC CHZOAC
0 0
NOC1
_ P—
aco \JA°  /c1 aco \PAc /1
triacetyl- N
glucal -HC1 C1 AcO \QAc

0
CHZOAc
CHZOAc
N= o)
( not isolated )
: Aco \PAc OR
N-OH

~Addition ‘of dinitrogen tetroxide to the glucal

gives in similar fashion the corresponding 2-nitroso

-glucosyl nitrate which can also be isolated as a dimer or

converted into 2-nitro glucal or oximino glucosides (66,

67).
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C. Addition of nitryl iodide

Nitryl iodide, NO,I, has been found to add
across the double bond of an unsaturated sugar. The adduct
readily underwent dehydr01od1nat10n to give a nltroolefln
which was subsequently reduced with sodium borohydride to

give a saturated nitro sugar (68):

NO,I

OCH,Ph ' : OCH..Ph

OCH,Ph | 4 OCH,Ph

OCHzPh

D. Nucleophilic displacement by sodium nitrite

Displacement by sodium nitrite of the iodine in

methyl 3,4,6-tri-0- acetyl 6 deoxy 6 1odo-a D-glucopyrano-

51de afforded the correspondlng 6-nitro glycoside (45 47,

69).
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CH,NO

2

CH,I 2

NaNO

A4

AcO OCH
OAc

In‘similarﬂmanner was synthesized 1,6-dinitro-
2,3:4,5-di-0- benzylldene mannitol from the corresponding
diiodo derlvatlve (69).

' These syntheses were app11cat10ns of the well-
known Victor Meyer reaction (70) Wthh for a long period
of time had been the only ava11ab1e’access to aliphatic
"nitro"compoundsv(71) ‘The original procedure using ‘sil-
ver nitrite in ether suspension was later improved by
Kornblum (72) who recommended sodium n1tr1te in dimethyl
sulfox1de or dimethylformamide. With the improved proce-
dure, secondary iodides are said to react more readily,
and the amount of isomefic nitrite ester accompanying
‘the nitro product is d1m1n15hed Moreover tosyl groups
can be dlsplaced instead of halogen Nevertheless, the

method has been used little in sugar chemistry.

E. Oxidation of oximino and amino derivatives

At the outset of these studies, no nitro sugars
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‘had been prepared from sugar derivatives containing
nitrogen in a lower state of oxidation although, in
" other areas of chemistry, oximes and amines had been
successfully oxidized to nitro compounds. The use of
potassium pefmanganate is limited to oxidation of amino
groups situated on tertiary carbon étoms (73), which
"prevents it from becoming a generally applicable method
in carbohydrate chemistry, Mbre promising appears to be
the use of peroxy acids -as oxidants. Emmons and ngano
(74)found that triflﬁoroperacetic acid‘furnished good
yields of nitro compounds from aldoximes and also from‘

ketoximes which are not sterically hindered.

R R 0 R
\ CF,CO,H \, .7 é

= a =N —— 5 H-C-NO
] C=N-OH 373 ﬁp NSH ﬁ 5

A recent application was the oxidation of in-
danedione monoxime to Z-nitroindanone (17), and the first
and only'example in carbohydrate chemistry was reported

in 1971 (75) :

F H
NOH CF5C04 NO

- W
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BzOCH2 0 BgOCH

Disadvantaggs of the trifluoroperacetic acid
method are the side reactions that may occur when unsat-
urated groups or ester functions are present, and also
certain hazards in the preparation of the reagent (76,77,
78).

Tﬁo indirect ways of converting oximes into
nitro compounds are worth men;ioning. According to .Iffland
and Yen (79), nitroalkanes are obtainable by bromination
of oximes with N-bromosuccinimide followed by oxidation
of the resulting bfomohitroso compound with hydrogen per-
. oxide and nitric acid, and subsequent reductive removal

of the'bromine:

S TV TR
_ NBS - HNO; o nog NaBH, _ |
R-C=NOH 52 R-f—NO ____5_,11f No, D257 o R f NO,
R NaHCO,  p H)0, R

The method is compatible with the presence of
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both olefinic and ester functions as has been demonstrated
in steroid chemistry (80). The other indirect method
involves nitration of the oxime to give a nitroso -nitro
derivative which is then ox1dlzed to a gem-dinitro product.
The latter can be converted into the mononitro compound

by selective reduction (81):

. HNOg - - R HNO, R Pt/H, R
R-C=NOH —3—; p. -C-No —3 g -NO;———R-C-No,
R o No2 H,0, No,, H

Neither one of the in&irect'methods has been tried in
| carbohydrate chemistry, | |

' Amines have also'been:successfully oxidized to
nitro compounds by trifluofoperacetic acid (82); More
‘recently, perbenzoic acid (83)-and_m-chloroperbenzoic
acid (84) have found use for the same purpose. Especially
the last-mentioned oxidant seems attraétive as its action
Is relatively mild and it is a stable, commercially

. avallable reagent.

It has been suggested that the course of amine
oxidation by peracids proceeds via hydroxylamino and

nitroso intermediates. The isolation of nitroso dimers

ool
USTU

't!

-In such oxidations was considered to support the pr

mechanism (84,85), It will be shown in Part II of this
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‘thesis that such dimers also arise, in' varying propoértions,

in oxidations of amino sugars with m-chloroperbenzoic
acid.

}ll H
l
R-C-NH, — R-'C—NHOH —> R-
| o
R R
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PART I

THE SYNTHESIS OF MISEROTOXIN ANALOGS




RESULTS AND DISCUSSION*

This Part of the thesis is divided into three
sections. In_Seétion A is described the synthesis of five
nitroalkyl B-D-glucopyranoside tetraacetates by the
Koenlgs Knorr reaction. Section B deals w1th the prepar-
ation of the free glucosides from their tetraacetates,

and Section.C reports on a bioassay of the toxicity of

-these glucosides in comparison with miserotoxin.

A. Nitroalkyl B-D-Glucopyranoside Tetraacetates

It was con51dered desirable to synthesize

analogs of miserotoxin ( 3- -nitropropyl B-D- glucopyran051de)

that would differ from the natural product in their agly-

cons in various ways while retaining a general similarity,
It was decided to use.nitro alcohols having three, four,
or five carbon atoms. The alcoholic functions wére to be
primary or Secondary; and primary, secondary, and tertlary
.nitro groups were to be represented. The fOllOWlng nitro
alcohols were prepared by Henry add1t10n according to the
equations given : |

* For convenience, compounds in this Part are numbered

with a new set of Roman numerals,
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a. 2-nitro-l-propanol (1)

CHZO + CHSCH2N02-——————9 HO-CHZ-C‘ZH-CH3
' NO2

(1)
b. 1-nitro-2-propanol (I1)
CHCHO + CH3N02-——————9 OZN-CHZ('ZH-CH3

OH
(I1)
C. Z-nitro—S-pentanoi ()
o8
CHSCHZCHO + CH3CH2NOZ————+ CHs(;JH-CH-CHZ-CH3
NO2
(Iv)

d. -methyl 2-nitro- 1 -propanol (V)

2z

0
72
CHp0 + CH3CH-CHy ————— Ho- -CH,~C-CH

No2 Hy
V)

An add1t10na1 compound, 2-nitro-1- butanol (I1D),

3

O—O—

was obtained commerc1a11y It may be made in analogous

fashion:
CHZO + CH3CH2CH2N02————f——9 HO-CHZ—C'IH-CHZ-CH3
NO
2

(III)

Compounds I-V had been prev1ously synthe51zed

by Astle and Abbott (86), and essentially the procedure
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of these authors was followed. The reactions were carried
out at room temperature with a basic ion exchange resin
( Amberlite IRA-401, hydroxyl form ) as catalyst, and the
yields ohtained ( 61, 46, 60 and 25% for I, II, IV and V,
respectively') generally exceeded those reported. Only
compound V is a crystailine solid,:the other nitro alco-
hols are high-boiling liquids. It is difficult to ascer-
tain identity of products by comparing boiling temperatures,
in vacuum distillation, with literature values since it
is usually not practicahle to conduct the distillation -at
“precisely the pressure stated. However, the products
hprepared showed reasonable agreement with the literature
in the1r refractive indices, and they exhibited the expec-
rted infrared bands. The hydroxyl groups gave absorptlons
in the 3400 cm”! region, and the primary and secondary
nitro groups in I, II and IV produced sharp peaks at 1550
cm-l, whereas the tertiary n1tro group in V absorbed at
1535 cm~ (87) Moreover, NMR data were in accord with
expectations. The physical and spectral data are given
in the Experimental Section. | |

Glycosylation of the nitro alcohols was per-
formed with 2,3,4,6-tetra-9;acety1-a-D-glucopyranosyl
bromide ( VI, "acetobromoglucose" ) which was orepared

according to directions given by Lemieux (88). For
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reasons\stated“in'the'Ihtroduction it was expected that
the glycosides to be synthesized would be sensitive

toward base ( with the exception of that .of the tertiary
nitro compound.V ), and it was therefore deemed inadvisable
to use the good, but strongly basic,'condensing agent
silver oxide. Silver carbonate would appear to be less
damaging, but due to its lower reactivity the condensation
would require mere time and the advantage of a lower basi-
city might thus be offset, the product being exposed to

it for a prolonged period. In fact, exploratory experiments
with both 6£ these agents were unsatisfactory. However it
was found that Wolfrom's procedure (25), ‘in which silver
carbonate is used together with 51lver percﬁlorate gives
.good results when an excess rather than a catalytic amount
of perchlorate is employed. The solvent used in most exper-
iments was dry, ethanol-free chloroforn, and anhydrous
calcium sulfate ( Drierite ) was added as an internal
desiccant. Different condensation conditions were tried
where se'indicated. All reactions were carried out in the
dark in order to prevent photedecomposition of silver .
salts, and the'reactionvmixtures were inspected from time
‘to time by thin layerlchromatography (t.l.c. ). Invariably,
2,3,4,6-tetra-g-acety1-B-D;glucopyranose (XIT), the hydro-
lysis product of acetobromoglucose, was found emong the

products. It owed its formation to the generation of water
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in the condensation, and evidently the bromo sugar can
successfully compete for water even with'an éffective
desiccant such as Drierite. In order to make up for the
hydrolytic loss of bromo sugar and to assure glycosylation
of the nitro“alcohol as far as possible, an excess of

the former was employed.

CHZOAc
0
OAc
AcO Br
OAc | OAc
Vs . XII

2-Nitfopr0py1 2,3,4,6—tetra-O-acetXJ-B-D=g1ucopyrano-

side ( VII )

2-Nitro-l-propanol ( I ) and acetobromoglucose ( VI )
in a molar ratio of 1:1.6 were allowed to react for two

hours in the presence of silver carbonate and silver

perchiorate—im = chtoroform medium—Thintayer chromato=

graphy indicated formation of two products in about equal

proportions. These could be separated satisfactorily on



CH,0Ac CH,0
| "b A Hy c Oc
' B OR OH
ROH + > +
AcO Br AcO AcO
OAc - OAc OAc
-V Vi Vil-XI X1
FOR VII-X
* CHy0)SOCH,
CH_OH
3
cnao
OR
HO
OH
XVII XI—= XVI
COMPOUND R GROUP
VI, XU CH,CH-CH
. l'vo?_ 3
I, VHT, X1V ,CHNO,
SR HC<ch
- 3
i, 1%, XV CH,CHCH,CH,
N02 -
IV, X, XVi HC:CHZCHs
CH{NOZCH3
"V, X| CH5C(CHJ),
NOo
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a’silica“gel Column, and the dcsiréd nitro glucoside VII
was isolated in Crystalline form in a yield of 43%. The
second product was the glucose tetraacetate XII.

Elemental analysis of the nitro glucoside agreed
with the expected composition C17H25N012, and its levo-
rotation ( [a]D -18.4° ) was in accord with a B-D-gluco-
sidic linkage, The crystals melted at 126-127°, but the
melt was not transparent; if became clear.only upon
raising the temperature by another 10°, Possibly this
behaviour was due to the présence of‘diasfereoisomers.
The alcohol I has ah asymmetric center and was employed
in its racemlc form. Consequently its comblnatlon with
an optlcally active sugar should give two d1astereomer1c
B-glucosides which are epimers with respect to the
asymmetric nitroﬁethylene carbon atom ( Theoretically,
two epimeric o-glycosides could arise for the same
reasoﬁ ).

The NMR spectrum of VII showed that the product
indeed éontained two epimers. Thus, thé signal assignablé
to*the methyl group of the aglycon consisted of two
doublets,'at 1.46 and 1.608, each having a spacing of

7 Hz., They were approximately equal in intensity. The

1ow—£ie1d—signa%—a%tributabie—to—the anomeric proton

also was. a pair of doublets which were centered at
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4.48 and 4.53§ . Each had a‘epacing of 7.5 Hz, indicating
1,2jdiaxial proton arrangements (89) .and thereby revealing
the B-configuration for both components. The nitromethylene
protons ( H-2') gave a complicated multiplet around 4,76;
it consisted of 12 lines, in three groups of four lines.

Further details of the spectrum are given in the Experi-

mental Section.

1-Methy1 2 n1troethy1 2,3 4 6-tetra-0- acetyl B-D-gluco-

pyranoside (VIII)

Condensation between acetobromoglucose and 1-nitro-
Z—propanol (TI) in the presence of silver carbonate and
511ver perchlorate in chloroform furnlshed the desired
nitro glucoside in a yield of 35% after column chromato-
graphy. Again, a substantial amouﬁt of the hydrolysis

‘product XIT arose. The nitro glucoside which was obtained
in this reaction was, like VII, a miXture of epimers in
approximafely equal proportions. This mixture (m.p. 128-
129°, Ia]D -14,6° ) is referred to as VIII A.

When the condensation was performed in a medium of
nitromethane and in the presence of silver perchlorate

— ———but without—s

epimers ( m.p. 139-143°, [

B al od - P
Iver o Ttferent-mixture—of

Hoe
)

axlh o
“YGiuv 4

alp -17.2° ) was produced,
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in a lower yield of 26%. In this mixture ( VIII B) omne
of the epimérs preponderated,‘their ratio being about
5:1. A large amount of unreacted nitro alcohol ( 54% )
was recovered in this experiment.

The two products VIIT A and‘VIII B gave analytical
and speétral data that agreed with the structure. In the
NMR spectrum of VIII B ('Fig.z ) a high;field doublet
( 1.338 ) with a spacing of 6 Hz was seén, which was
assigned‘to the aglycon methyl group of the preponderant
epimer, The-doublet‘pértially overlapped that of the
minor epimer which was centered at 1.26¢6. Iﬁtegration in
an expandéd spectrum allowed the estimate (5:1) of the
epimer ratio. In VIII A theAcorrespOnding signals appeared
~as.a nearly symmetrical tfiplet ( Fig, 1), from which it
was concluded that the epimers are present in the ratio
1:1, The signals attributable to the anomeric protons in
VIII A were a pair of overlapplng doublets near 4. 66 ,
each showing about the same intensity and a splitting of
7.5 Hz, The product VIII B exhibited only one doublet
in that region, albeit with broadgned peaks. The remain-
ders of the spectra of VIII A and VIII B were very similar

in character as can be seen from the Figures. The magnitude

of ng—observed Im the anomeric proton signals

P, I N ]
JFIJ.LL-L

confirmed that both compounds of the products are B-gluco-
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sides. It follows that they must be epimeric in their
aglycons. It appeared reasonable that this epimerism

is reflected in small chemical shift dlfferences for the
nearby’ anomerlc proton and the methyl group but is of
no not1ceab1e influence on the other sugar rlng protons

and ‘the acetyl substituents,

(2= N1trobuty1 2,3,4,6-tetra-0- acetyl g -D-glucopyrano-

' 51de (IX)

Prior to the successful synthe51s of the 2-nitro-

1- butyl gluc051de IX by the silver carbonate -silver
,perchlorate method, a number of other methods were tried
but proved unsatlsfactory Thus, attempted condensatlon

of acetobromoglucose and 2-nitro-1- butanol in the presence
of silver oxide led to a reaction mixture that contained
at least five products according to t.l.c., and tedious
column chromatography afforded IX in a yield of 1less

than 5% besides starting alcohol and unidentified products.
Silver oxide had been effective in thefKoenigsﬁKnorr
reaction of 3-nitro-1-propano1.( synthesis of miserotoxin )
(7), but in the present case it seems that the strong
'basicity“of“tﬁe"reagentwas'dettimentai_because of the

base-sensitive structure of the glycoside to be formed
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¢ See'the'discussion on this subject on p.11 ),

Another attempt to synthesize IX was made by allowing
to react the nitro alcohol III with B-D-glucopyranose
pentaacetate in the presence ef stannic chloride at 40°
(90). The experiments were hampered by the practical
dlfflculty that no suitable t. 1 c. solvent system could
be found which permitted differentiation between the
stafting sugar and the glucoside IX. Work-up after a
Areaction time of five hours.gave only a small amount
( 4% ) of IX besides a large amount of unreacted starting
material’ together with some tetraacetate XII. This avenue
was therefore abandoned also.

A third'trial that failed was reactioh'oﬁ IIT with
a-D-gluc0pyranoee pentaacetate in refluxing benzene in
the presence'of a catalytic amount of p—tolﬁenesulfonic
acid. This is Helferich's method for the synthesis of
phenolic glycosides (91), and it was reasoned that it
might work with nitro alcohols as they are somewhat more
acidic than ordinary alcohols. However, unchanged reac-
tants and tetraacetate XII were all that could be isolated

after a reaction time of six hours.

Bventually the. silver salt catalyzed condensatlon,

performed as for the previously described nitro glucosides,

was adopted and furnished the 2-nitro-1-butyl derivative
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IX in a yield of 42%. The analyticél sample, which melted
at 86-88° and‘had [&]D -18.8°, showed no NMR spectroscopic
evidence for being a mixture of epimerg, although epimerism
due to asymmetry‘of the nitromethylene carbon should'be
possible., The terminal methyl group of the aglycon gave

"~ one stmétrical triplet at 0.968, with a spacing of 7 Hz,
and the anomeric proton gave a doublet at 4,538 having a
spacing of 7.5 Hz, in line with the B-glucosidic linkage.
Howevef, samples varying somewhat in melting point were
obtained in different runs, and in one instance ( which
could not be reproduced ), a crop melting at 99-103°
was isolated. This might be an indicafion that IX, too,
may.arise in epimers. Perhaps in the analytical sample i
referred to above a single epimer had crystallized
fortuitouély, or else the saﬁple contained epimers which

were not differentiated'spectroscopically.

"I-Ethyl42-nifropT0py1'2,3,4;6-tetra-0~acety1—B-D-gluco-

For the synthesis of the glucoside X of 2-nitro-

——3-pentanol—(~IV—), several methods of condensation were

examined. Silver oxide was first tried as an acid acceptor

but, 1like in the synthesis of IX, it proved to be inappro-
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priate. In addition to the hydrolysis product XII, the
reaction mixture contained several produets according

to t.1.c. it appeared that the desired glucoside X was
formed in smell yield. However, it could not be isolated
but was present as a minor component ( about 105 ) in a
fraction of recovered 2-nitro- 3-pentan01, as judged from
the NMR spectrum‘of that fraction,

In another experiment, acetobromoglucoseAand
the alcohol IV ‘were allowed to react for 25'hours in
n1tromethane solution in the presence of mercuric cyanide
as acid acceptor Condensation did occur and some B-glu-
coside'X could be isolated by chromatography in crystalline
form, but a substantial proportion ( estimated at 35% by |
”NMR~spectroscopy ) of the o-anomeric glucoside was also
produced. The latter was contained in mixed fractions
that failed to crystailize, and its preeence was revealed
by a- low-field - ( 5.876 ) anomer1c proton doublet with a
coupllng constant of 4 Hz, More successful was the
" condensation with mercuric cyanide when 1,2 dichloroethane
was used as a solvent, In that case, pure B-glucoside
was obtained in a yield ef 46% although the reaction .

mixture did contain another ( unidentified ) product in

addition to the apparently inevitable tetraacetate XTI,

The glucoside isolated in this experiment melted at 136-
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139° and showed [a]D -21, 7 It is subsequently referred

to as X A, | | |
Condensation performed with silver carbonate-

silver perchlorate resulted in isolation of crystalline

3 gluc051de in a yield of 52%. However, the product melted

at 124-125° and exhibited [a]D -19.6°. It is referred to

‘as X B and it differed spectroscopically from X A.

The stereochemlstry of structure X is more
‘compllcated than that of the preceding glucosides. 1nas-‘
much as the aglycon contains two -asymmetric centers.

Four stere01somers dlffering in aglycon conflguratlon

4are therefore possible, The NMR spectra of the two
products X A and X B ( Fig. 3,4 ) were dlfflcult to
analyze, especially because tﬁe -O-CH.and.-CHCNOZ)
moieties of the aglycon were expected to give one-proton
multiplets in the region of 4-56 where the anomeric .
proton as well as the C-6 and C-5 protons of the sugar
moieties resonate also. However, the general appearance -
of the SpeCtre, and particularly the'fact'that the signals
assignable to the hethyl protons of the aglycon ethyl
m01ety ( 0.96 region ) had the character of double triplets,

tended to indicate ep1mer1c mixtures. Slmllarly, the

anomeric proton signal in X A ( 4.476 , J1.2 = 7.5 Hz in

?
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accord with g-glucosidic linkage ) actually seemed to’
consist of two ﬁearly coinciding doublets. The number
of lines present in the corresponding region of X B

also suggested a mixture of closély related diastereo-

_isomers.

Z-Methyi-z-nitropfopyl 2,3,4,6-tetra-0-acetyl-g-D-

" glucopyranoside ( XI ) f

Condensation between acetobfomoglucose and the
nitro al;ohol A dffered.the leést complications. Per-
formed with excess silﬁer carbonate and only a catalytic
amount of silver perchlorate it afforded the B-glucoside
XI in crystalline form in a yield of 42%. As usual, the
tetraacetate XII was a by-product. In the case of XI, no
complications due to aglycon epimerism were to be expected,
and the product gave a.readily interprefable NMR spectrum
( Fig. 5 ). The two aglycon'methyl groups ( which are
magnetically nonequivalent ) gave7sing1ets with slightly
differing chemical shifts ( 1.50 and 1.565 ). Inter-

estingly, the two methyiene protons of the aglycqh had

o - ‘ red

as a sharp, two-proton singlet without exhibiting geminal
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~coupling. The anomeric proton produced a clear doublet

( 4.485 ) with a coupling constant of 7.5 Hz indicative
of a B-glucosidic bond. The optical rotation of XI,

[a]D -20.1°, also agreed with this type of bond.
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B. Deacetylation of the Glucoside Tetraacetates

2-Nitropropyl B-D-glucopyranoside (XIII)

| Deaéetylation ofwthe glucoside tetraaépate VII
was first attempted by sodium methoxide-catalyzed methan-
olysis ( Zemplén method ). It was observed by t.l.c. that
within five minutes of the start of the reaction a number
of prédUCts travelling more slowly than VII were formed.
Uhdoubtedly they'were products of partial deacetylation.
However, after an additional five minutes the only
producf present gave an immobilent.l.c, spot resembling
that of free D-glucose, and no glycoside was found.-
Apparently, completé cleavage of the gl&cqsidic bond had
occurred, and this reaffirﬁed the- 1ability of that kind
of activated linkage ( see the earlier discussion on p.11 ).

Deacetylation catalyzed by methyl p-toluene-
sulfonate proved successful. The amount of catalyst
usually employed carrespénded to 1/13-1/15 ( mole per
moles ) of the sugar acetate to be treated, and the

concentration ( in anhydrous methanolic solution ) was
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proceeded at a slow rate at reflux temperature and was
monitored by t.l.c. Generally, 22-29 hours were required,
and the most suitable moment for stopping the reaction
waé ascertained by t.l.c. which was done at hourly
intervals during the last several hours. Besides the
desired deacetylation there occurred slbwly an undesir-
able bﬁt readiiy understandable side reaction, namely,
transglycosylation to give methyl a-D-glucopyranoside.
The methanolysis was queﬁched when it was judged by t.1.
c. that only small amounts of incompletely deaéetylated
materials were remaining and the amount of methyl gluco-
side ‘was not too large yet. The same procedure was used
for deacetylation of the other nitroalkyl glucosides

( see the subsequent sections ), with minor variations
in the amounts of catalyst and in reaction time as indi-

cated where relevant.

From the glucoside tetraacetate VII was obtained
in this way 2-nitropropyl B-D-glucopyranoside (XIII) in
yields of 65-75% after chromatography of the reaction
mixture on silica gel. An infrared spectrum of the crys-

" talline compound showed strong hydroxyl absorption in the

s e
SET A

28

R T T
RIS SR

e

3500-3300 cm°1 region but 1o ester carbonyl absorptiom

in the 1750 cm'1 region, thus confirming total deacety-
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lation.

Levorotation of the product ( [a]y -12.3° )
indicated that the glucosidic B-configuration had been
retained during the deacetylation. The NMR spectrum was
in accord with the structure‘to the extent that individ-
‘ual signal assignments could be made ( see Fig. 6 and
Experimental ). In particular, a doublet assignable to
, the'anomefic protoh showed a splitting.of 7.5 Hz indicat-
ive of Ezggg;diaxiai coupling with H-2 and hence, of the
B-glucosidic configuratioﬁ. The methyl protons of the
aglycon gave a clear doublet at highest field ( splitting,
7 Hz ). The spectrum was free from'signals attributable
to acetyi groups. _

The minor side product, methyl a-D-giucopyran-
oside, was also isolated by chromatograph& and identified
bf comparison of its NMR spectral and optical rotation

data with those of a commercial sample.

No evidence, spectral or otherwise, was obtained
 for XIII to contain aglycon epimers although the precurso;
VII had been shown to be an gpimeric mixture. One may

_assume-either that the spectrum of the deacetylated mat-

erial did not reveal epimers although they were present,
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or that in fact a single epimer had crystallized. The
latter explanation is perhaps the more valid one since
spectroscopic evidence for epimerism was obtained for
the isomeric glucoside XIV ( see the following section )

~which was not crystaliine but syrupy.

1-Methyl-2-nitroethyl B-D-glucopyranoside (X1V)

Pilot experiments indicated'that somewhat less
time was.apbropriate for deacetylétion of the glucoside
VIII. After a reaction time of.18 hours and following |
column separatlon, the 1-methy1 -2 nltroethyl g-D-gluco-
pyran051de(XIV) was obtained as a syrup in 56° yield.
Two other products detected in the reactlon mixture were
methyl a-D-glucopyranoside ( more slowly mov1ng ) and a
substance ( faster moving ) that showed ester carbonyl
absorptlon in the 1nfrared and was therefore presumed
‘to be 1ncomp1ete1y deacetylated gluc051de. An attempt

,was~made to improve the yield of XIV by repeating the
methanolysis on the partlally deacetylated material, but

thls was to no avail, Presumably any gain in product by

L4

occirringe

the second methanolysis was—offset—bylosse

due to transglycdsylatioh and/or in repeated column
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chromatography.

Chromatographically pure but syrupy XIV had
a specific . rotation of [cx]D ;18.3°, an& its infrared
spectfum indicated absence of acetyl groups, The NMR
spectfum in acetone—d6 ( Fig. 7 ) showed a group of
high-field peaks'tentereﬁ at 1.306, which were due to
the aglycon methyl protons ( intenéity, 3H ). If the
substance were a single diastereoisomer, one would -
expect.this signal to be a doublet, split by the adja-
cent proton at C-1'. However, the signal consisted of
‘two overlapping doublets, each with a spacing of 6.5 Hi,
and this ié regarded as evidénce‘for the presence of two
diastereoisomers. Similarly, the éignal of one-proton
intensity attributable to the anomeric proton was a pair

of overlapping doublets at 4.41 and 4.446, each having

a splitting of 7.6 Hz.

Z-Nitrobutyl g-D-glucopyranoside ( XV )

Deacetylationsof the glucoside tetraacetate

IX were carried out using catalyst to sugar ratios

‘ranging from 1/10 to 1/19, and reaction times of 23-26

hours ue;e_em?.}eyed——qﬂ-e—the—en&, ,—the—rea'ctromtﬁr'é" i S

 usually exhibited one major t.l.c. spot for the desired




55

< awep e

( oba T 00 +) “p-ouojoou ut AX FOo ( ZHW 00T ) wnaadseds yWN

8 81

. 9
01 0°2 0°¢ 0t 9f"¢ 08°v 0°S

| _ [ | ! v

.NI=
4o ,
€ nls _

.ﬁ Ho%HD-

1 1 HO
| — . .

. OH 1-H
A= € 2 ‘oaN
| HO°HD-HIHDO i Ll .
U

HO%HD




- 56 - .

glucoside XV and a faint spot for methyl o-D-glucopy-
ranoside. Pure XV was obtained in yields of'60-80% upon
column chromatography, and the compound crystallized
quite readily ( m.p. 130-132°, [a]; -22.1° ). Complete-
ness of deacetylation was shown by the absence of acetyl
peaks in infrared and NMR spectra. The NMR spectrum is
depicted in Fig. 8. Again, the B-configuration of the
glucosidic bond wes jndicated, in agreement with the
levorotatien, by the coupling constant of 7.5 Ht found
in the anomeric proton signal at 4.368 . The ethyl moiety
of the aglycon prodﬁced a triplet at 0.918 and a quintet
at 1.866 for CHy-CH,- and CHy-CHy-CH(NO,) , Tespectively,
and the nitromethylene proton gave a multiplet at 4.806.
No signal'multiplicities that could be ascribed to diff-

~erent ep1mers ‘were detected and it 1is therefore concluded

that crystalllne XV was a unlform compound

~~1;Bthyluz;ﬁitroprbpy1 g-D-glucopyranoside ( XVI )

Pilot experiments indicated that p-toluenesulfonate-

.catalyzed methanelysis of the glucoside tetraacetate X

required a longer reaction period. With a catalyst to

sugar ratio of 1/19, 60 hours of refluxing was required,
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while with a ratio of 1/13, this period could be reduced
to 45 hours. As in previous deacetylations the production
of by-products was noticed. However, they appeared to be
present only in minor amounts in the final reaction mix-
ture és judged from their faint t.l.c. spots. Repeated
column chromatography furnished XVI as a chromatographi -
cally homogeneous syrup that failed to crystallize. It
had [al; -28.6° and lacked carbonyl absorption in the
infrared while shoﬁihg Strong hydroxyl absorption.
'Although the NMR spectrum t Fig. 9 ) was too
complicated for a detailed analysis, it showed a three-
proton signal at highest field which was attributaBle to
the methyl portion of the aglycon ethyl moiety and which
consisted of two overlapping. triplets, suggesting‘a non-
uniform product ( i.e., the presencelbf diastereoisomers ).
‘A complex multiplet of fivefproton intensity adjoining
downfield was attributed to the methyléne portion of the
ethyl group and to the methyl group of the nitropropyl
moiety. The one;protbn muitiplet at lowest field ( 4.60-

5.025 ) preSﬁmably represented the nitromethylene proton.

The glﬁéoside tetraacetate XI was the only
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compound having an aglycon with a tertiary nitro group.
It could be anticipated that, because of the lack of a
hydrogen atém in o-position to the nitro group, the
compound would be stable under the basic conditions of
Zemplén‘deacetylation. This proved to be true, and
methoxide-cataiyzed deacetylation cleanly gave chroma-
tographically pure glucoside XVII in 95% yield. The
compound melted sharply at 140;5f141.5° and showed

[a]b -23.3°, The infrared spectrum lacked carbonyl
1

absorption and gave a nitro band at 1535 cm ~, in accofd
with the tertiary attaéhment of the nitro group. The NMR
spectrum showed a six-proton singlet at high field for

- the two aglycoﬁ methyl groups. It is recalled that these
groups had slightlf differing shifts due to magnetic
.nonequivalencé in the fully acetylated compound, but the
same waé not observed in the.free'glucoside. The anomeric
proton signal was located at low field as a doublet with
a 7.5 Hz splitting in conformity with the B-glucoside

configuration. The Temainder of the spectrum was not

amenable to analysis.
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3-Nitropropyl B-D-glucopyranoside ( XVIIT, miserotoxin )

This compound was prepéred for purposes‘of
comparison'iﬁ the bioassay of the new glucosides. The
proﬁedure of Shields ( 7 ) was followed ( see also p.8
and-11 ). The compound was obtained as a syrup showing
[a]D -24° and giving infrared and NMR spectra identical

‘with those recorded by the author just mentioned.
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C. Toxicity of the Nitroalkyl B-D-Glucopyrahosides

X111-XVIII

A test was designed for a compariécn of the toxicity
of miserotoxin (XVIII) and the synthetic miserotoxin analogs
XIII-XVIIi._ The tests were carried out on one-week old
chickens. vThe method was similar to that employed by Williams
and Binns (5) except -that all chemicals vere fed as solids or
syrup in gelatin capsules whereas the authors (5) used aqueous
solutions which they introduced orally by syringe. The nitro-
a]kyl glucosides vere weighed into gelatin capsules on the
day prior to the-test. Each capsule contained 250 umole of
the test chemical. A set of capsules containing equivalent
amounts of - pure ‘glucose vere also prepared.

The chickens vere weighed* and coded by mark1ng
head, wing and back prior to administerina the ge]at1n capsule.
The capsule was dipped fn water and placed on the back of the
chicken s tongue from where it vas sviallowed. This procedure'

was carried out on seven birds, capsules being adm1n1stered in

* Avgrage body weight was 62.7 g.




- 62 -

the order of glucose, YIIT, XITI, XIV, XV, XVI and XVII in
one-minute intervals. The operafion was'repeated three
timgs on another twenty-one chickens, in three groups in
the same order, and the time of administration recorded. The
ch1ckens were kept in palrs in separate cages. Four chickens
vuuekept as controls without treatment. Close observation
was exercised during the first twelve hours and at the end
of thé twenty~-four hour tesf period.

The eight groups of chickens shovied different
symptoms during the first twelve hours. The results were
recorded in}the'following Table. The letter N signifies
normal behavior-as observed in tihe controls and in those
hav1ng received glucose. The Tetter D indicates that the
birds, according to visual judgment, were in a state of
depression. They were slov in motion, had their heads lovered,
eyes closed, and wings drooped. These symptoms occurred to
varying degrees in all the ch1ck°ns of groups 3- 8 during
the first 12-hour period. At the end of the twenty-four
hour period, death had occurred only in groups 4 and 6, although

effects of heavy poisoning persisted

—

SRR Y e e~

Py o S




- 63 -

- Toxicity of Nitroalkyl B-D-Glucopyranosides *

Group

Test Chemical

Aglycon of
Test Chemical

Symptoms'

in 12 h, in 24 h.

N. all alive

( Control ) -
N.
2 glucose - N. all alive
N.
3 XVIII -{CH2)3N02 D. all alive
(niserotoxin) D
4 .| XIII “CHZ?HzCHS 3/4 dead
' N0, 1/4
S XIV -?H-CHZNOZ D. all alive
CH3 D.
6 XV -CHZ—('H-I-CHZCH3 2/4 dead
' NO, 2/48
7 | XvI ~CH-CH,CHy D.  all alive
D.
CH(NO,)CHy
8 XVII |-cH,-¢ (CHZ) all alive
2 N.

*+ N, Normal; D, depressed,.
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also in groups 3, 5 and 7. The chickens of group 8 had returned

to almost normal behavior.

" The results may be classified in three groups as far as
toxicity is concerned. Compounds XIII and XV killed 50% or more
of the chickens and were clearly more toxic than miserotoxin (XVIII).
Compound XVII caused slight poisoning in the first twelve hours,
but the symptoms faded after twenty-four hours, suggesting that the
compound Qas less toxic than miserotoxin. Compounds XIV and XVI
showed a toxicity roughly similar to that of miserotoxin. It
must be realized that these results have certain limitations; They
were obtained from édalitative observation of toxic symptons on a
relatively small number of animals; exact measurements of physio-

’ logical parameter§ such as heart beat and body temperature on
larger groups of animals would have been more informative.
Furthermore, it must be pointed out that the results refer to
products as obtained in the syntheses and not necessarily to
stereochemically uniform compounds. At least XIV and XVl are
known to be mixtures of diastereoisomers. Diastereoisomers
frequently differ greatiy in biological activities, and fortuitous

isomer ratios in individual preparations may lessen the‘reliability
of the test results.

Miserotoxin (XVIII) had been tested previously as described

B

by Shields ( 7 ). The symptoms reported were similar to those

observed in the present test. In the former test, an aqueous
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solution of XVIII with a concentration of 5 mg per gram of body
weight (18.7 ymole per gram body weight) was used and the chickens
‘were all killed within ten hours. The present test employed a

much lover dose (3.99 umole per gram of body weight), which made
possible a better'comparison of the effects of the various gluocosides
with reference to miserotoxin. In terms of toiico]ogy, the toxicity

of miserotoxin as revealed by the present results must be des-

cribed as moderate.
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PART 1II

" OXIDATION OF AMINO SUGARS

TO NITRO SUGARS

BTEE R e RTILa  wh Y
- aew

[
R Y

AIDLCY

.rr

PO A




- 66 -

-RESULTS AND DISCUSSION *

The methods available for introducing a
nitro group into éarbohydrate ﬁolecules have been
outlihed in the Introduction. It is fecalled that so
far there has been reported in the literature only one
example which involved oxidation of a nitrogenous sugar
. derivative, namely an oxime ( 75 ). Prior to the publica-
tion of that repoft; the present project of oxidizing
amino sugars was initiated. 2-Amino-2-deoxy aldoses are
easily synthesizéd by the cyanohydrin method ( 92 ), and

it would be interesting to explore whether they may be

LTI ETTAUNST

oxidized to 2-nitro aldoses, the synthesis of which has

Teceived very little attention to date. For practical

LT o e E I
<> A A

reasons, however, it was decided to begin a study of

‘ amine oxidation first with a non-carbohydrate model

)
w
N
l“l

)

compound and then with 3-amino-3-deoxy sugars. One of
the reasons for commencing studies in the 3-amino series
was the expectation that nitro products, if obtained,

could more readily be identified, by comparison with

* For convenience, compounds in this Part are numbered

with a new set of Roman numerals.
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known compounds,fand that fewer compiications would
likely be encountered than with 2-nitro glycosides, the
latter expectedly being base-labile ( comparé the dis-
cussion on p; 11 ).

m-Chloroberbenzoic acid was chosen as an
oxidizing agent. It was considered that the relatively
mild action and ease of handling of this stable, commer-
cialiy’available redgent would be advantageous. The
reagent has been widely used to synthesize epoxides from
olefins ( 93 ') and sulfones or sulfoxide§ from sulfides.
Only one example could be found for its use in an oxida-
tion of an amino gfoup to a nitro group. Robinson and
coworkers ( 84 ) were able to oxidize an aminosteroid in
58% yield and established that.the'reaction proceeded
. with retention of configuration at the asymmetric carbon
atom bearing the nitrogen. . |

| As will be outlined in the subsequent paragraphs,

oxidation of 2322572-aminocyclohexanol ( resemﬁling amino-
pyranosides in its structure ) and of 3-amino-3-deoxy
glyéosides'proved feasible.vHowever, the reaction proved )
to be complicated by the fact that nitroso derivatives

arose in varying proportions along with nitro derivatives,
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known compounds, and that fewer complications'would
likely be encountered than with 2-nitro glycosides, the
latter expectedly being base-labile ( comparé the dis-
cussion on p. 11 ).

. m-Chloroberbenzoic acid was chosen as an
oxidizing agent. It was considered that the relatively
mild action and ease of handling of this stable, commer-
cially available reégent would be advantageous. The
reagent has been widely used to synthesize epoxides from
olefins ( 93 ) and sulfones or sulfoxidesifrom Sulfides.

Only one example coﬁld'be found for its use in an oxida-
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tion of an amino group to a nitro group. Robinson and

coworkers ( 84 ) were able to oxidize an aminosteroid in

LKA T —

58% yield and established that the reaction proceeded
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- with retention of configuration at the asymmetric carbon
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atom bearing the nitrogen.
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As will be outlined in the subsequent paragraphs,
oxidation of.IIEEE;Z-aminocyclohexanol ( resembling amino-
pyranosides in its structure ) and of S—amino-S—deoxy
glycosides proved feasible. However, the reaction proved :
to be complicated by the fact that nitroso derivatives

arose in varying proportions along with nitro derivatives.
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‘They are evidently produced as intermediates in the
oxidation ( 85, 94 ) and, depending on conditions,

tend to form stable dimers which are oxidized no further.
The dimerizafion must be véry rapid since.the blue-green
color commonly associated with monomeric nitroso compounds
( 95, 96 ) was never observed. It Was.found-that the ratiq
" of nitro to nitroso products'was influenced by the magni-
tude of the excess of peracid that was employed. With a
relatively low molar ratio of peracid to amine ( e.g. 3:1 )
the nitroso product always preponderated. With an increased
ratio ( e.g. 6:1 ), a more even distribufion of produéts

could be achieved. Apart from this, the reaction appeared

CErERATIALINICY

" to.be rapid and clean, and other substituents such as i
hydroxyl and methoxyl groups remained intact. One major ki
" practical difficulty relating to the work-up procedures , N
had to be overcome. This was the removal of m-chloroben-
zoic acid which,»of course, was present in large amounts
in the crude reaction mixtures. The usual practice of
removing it by»extréctioﬁ with aqueous bicarbonate from
an'organic'medium was not applicable in most cases for
fear of causing configurational changes in the nitro

sugars and also because the nitro sugars are soluble in
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water, However, chromatographic and extractive procedures
were worked out which furnished pure products in satis-

factory manner.

A. Oxidation of trans-2-aminocyclohexanol ( I )

Trans-2-aminocyclohexanol ( I ) was prepared
by reaction of cyclohexene oxide with liquid ammonia at
| elevated temperature ( 97 ). Trans-diaxial opening of
the epoxide ring leads to the formation of I as the
exclusive product. Its spectral data and melting point
agreed with expectations. For-further.characterization
ah&~as an_altefnative stafting material for the oxidation,
the amine hydrochloride I A was prepared also.
" Oxidation of the amino alcohol I with a three-

' fold molar excess of m-chloroperbenzoic acid in chloroform
| solution at réflux temperature appeared to be complete
-after one hour. Thin layer chromatography revealed the
formation of two products. Removal of the acid by extrac-
tion and separation of the products by column chromato-
Agfaphy was attended b& lbsses; hoﬁever, both products
"could be isolated in pure form in moderate yields. One

product, which was obtained in a yield of 16%, proved to

erTaaTIALNIEY
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be the desired trans-2-nitrocyclohexanol ( II ). It
was 2dentified by its spectral properties and by its
- melting point ( 46-47° ) which agreed with the literature
value ( 98 ).
The éecond product ( m.p. 130-132° ) was
isolated in 28% yield. Elemental analysis indicated the
empirical formula C6H11N02. The compound showed strong

ultraviolet absorption with Anax 296 nm ( €, 7500 )

resembling that feported ( 85 ) for dimeric nitroso-

cyclohexane'( A 290 nm ). The infrared spectrum

1

max
-e#&bited broad absorption in the 3400 cm”

region.
attributable to hydrogen-bonded hydroxyl, and a strong

Band at 1195 cm'1 which was chéractefistic for a trans-
nitroso dimer structure ( 95; 96 ). There was no absorption
in the region 2800-1500 cm'l, indicating absence of such
functional groups as NOZ’ C=0, NH, and C=C. On the basis

of these facts the compound was assigned structure III
C,Izgggjnitrosocyclohexano1’Izggg-dimer ). Similar

products weré obtained when the amine hydrochloride IA

was used as starting material in the oxidatiﬁn.

Performance of the oxidation with a five-fold

excess of oxidant led to similar results. It is noteworthy

:r:)l"!/{t’:‘\f.’?

- &
LI

A <> Lacw

NS wCsntn Y

N AANT




- 72 -

that oxidation of cyclohexylamine with peracetic acid
hgs been reportéd ( 85 ) to give, in 44% yield, the dimer
of nitrosocyclohexane but no nitro;yclohexane. The
production of a nitro compound in the'present case gave
‘encouragement for trying the reaction with carbohydrates,
even though the yield of IT in this model reaction was
not high.

| It was interesting to compare the NMR spectra
of'II and ITI. In the nitro alcohol II, the two protons in
“#he g-position to the functional groups had similar
éhemical.shift, giving overlapping broad multiplets near
4,16 . In the spectrum of III there’waé a multiplet
Corre5ponding to only one proton ( the carbinol proton )
in the same region whereas a second‘oneéproton multiplet
was centered about 5.18 . The latter was assigned to H-2
( the proton o -to nitrogen ). A strong deshielding effect

by the nitroso group has been noted previously ( 96, 99 ).
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B. Oxidation of 3-Amino-3-deoxy-glycosides

The m-chloroperbenzoic acid oxidation was
first applied to an amino pyranoside with protected
hydroxyl groups and then to three amino hexopyranosides
and one amiﬁo pentppyranoside with unprotecféd hydroxyl

groups.

1. Oxidation of methyl 3-amino-3,6-dideoxy-2,4-di- -

O-methyl-a-L-glucopyranoside hydrochloride ( IV )

- The known ( 100 ) amino glucoside dimethyl

ether IV was oxidized with m-chloroperbenzoic acid in

Y
N
y
I
y
!
A

chloroform éohtaining a small proportion of methanol.
Oxidation was rapid, being nearly complete after about
half an hour. Thin layer chromatography indicated
fdrmation of one main product along with only traces of
'by—products; The main product was.isolated.in a yield
of 53% and was idéntified as methyl 3,6-dideoxy-2,4;di-
g—methyl-3-nitro-a;L-gluCOpyranoside~( Vv j by comparison
with a saﬁple obtéihed ( 100 ) in an independent synthesisﬂ
| The'oxidafion of IV was the only case in which

no nitroso compound was isolated. It is of course possible
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that a small proportion of nitroéo compound had arisen
but escaped detectifon. At any rate, the nitro compound
V was the preponderént product, Failure of the nitroso
'intermediate'to survive may be explained by assumihg
that Its dimerization is not favored in the present
case, At fifst glance, one might think that dimerization
could be Hindered sterically by the two methyl ether
.groups - yiacinal to the nitroso group. However,a model
can be‘conﬁtructei of the dimer in a conformation that
appeafs free from steric strain ( A ). Perhaps a better
explanation is lack of stabilization by hydrogen bonding

such as is possible in hydroxy analogs ( compare formula

111 ).

20\‘ g

CH3

A ( substituents on front side

of molecule shown only )

¢

1
I<;
)
g




- 75 -

2, Oxidation of methyl 3-amino-3,6-dideoxy-o-D-

( a ) Preparat1on of methyl 3-amino-3,6- d1deogy-

a-D- glucopyran051de ( VIII ) and methyl 2-

A amino-Z,6-dideoxy-a-D—altropyranoside ( IX )

It was decided to try the peracid oxidation

on a glycoside containing unprotected hydroxyl groups.

In ordér to minimize difficulties that would probably be
encountered because of the poor solubility of polyhydroxy
cbmpounds in the chloroform re;étion medium, a sugar
derivative possessing only two hydroxyl groups seemed
‘attractive for the initial'studies, and therefore methyl
‘S-Qmino-S,6-dideoxy-a-D-glucopyranoside ( VIII ) was
chosen. This glycoside had been prepared previously ( 101 )
jn a multi-step synthesis jinvolving the nitromethane |
cyelization method. For the present work another approach
to.VIIT was elaborated. This route involved opening of

the epoxide'ring in known ( 102 ) methyl 2,3-anhydro-4-0-benzoyl-
'6-deoxyfa-D-allopyranoside ( VII ), a method which is
frequently.used for the synthesis of amino sugars ( 92 ).

 Such epoxide ring opening in sugar epoxides generally
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obeys the Flrst-Plattner rule, leading to trans diaxial
amino and hydroxyl group arrangement. It was therefore
possible that two products, namely VIII and the 2-amino-
deoxy-a-D-altro isomer IX, could arise from VII, providing

the epoxide can react in both of its half-chair
- conformations,

‘3262225///>\\y// BCHS ‘ ,-‘ o
o | NHy | flf | l ‘1’NH3'

_NH

CH

2

HO

OH OCH, HO Jr OH
IX S CH

HO
VIII 3

When the epoxy glycoside VII was treated with
1iquid ammonia under pressure at 130° following‘the
procedure given by Jar? et al. ( 103 ) for the reaction

with an analogous o-D-manno epoxide, two products were

S AT TAIRGT

bt
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formed in addition to benzamide which originated from
the ester groﬁp at position 4, The preponderant product,
which was_isqlated in crystalline form in a yield of 56%,
proved to be the 3-amino giucoside VIII. It exhibited
physical constants agreeing with literatﬁre values and
was‘fufther characterized by preparation of its N-acetyl

derivative X and by NMR spectroscopy. The second producf

was obtained as a syrup in a yield of 27%. It was identified

as methyl 2-amino-2,6-dideoxy-a-D-altropyranoside by its
optical rotation, NMR spectroscoby and p;eparation of the
crystailihe ( and known ) NQacetyl derivative XI ( 104 ).
The NMR spectrum of the amino gluc051de VIII
in deuterium oxide showed as expected a three-proton
doublet for the C-methyl group at hlghest field ( 1.2568 ).
Its spacing of 6.5 Hz was repeated in the splitting pattern
of a one-proton octet centered at 3.718 which also
révealed.a 9 Hz coupling. The octet was gssigned to H-5,
the Idfgerfcoﬁpling being due to interaction with H-4.
In the region 2.75-3.556 wére two partially overlapping,
symmetrical triﬁlets,.each having 9 Hz spacings. Neither

of these triplets could beiong to H-2 which regardless

of configuratidon s required to produce at least omne
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small splitting due to vicinal coupling with the
equatorial, o-anomeric proton. Consequently the two

triplets must be attributed to H-3 and H-4, and the

large spacing of the H-3 triplet indicated axial arrange-

ment of H-2, H-3, and H-4 , thus confirming the gluco
configuration. The glycosidic 0-CH; group gave a singlet
at 3.425 . Just downfield from it appeared two lines
separated by 3.7 Hz which probably represented one half
of a quartet produced by H-2, the other half being
obscured by the base of the methoxyl peak. The spectrum
of the N-acetyl derivative X showed the expected substi-
fﬁenfvfesonances for 97CH3’ N-COCHy and C-CH; at 3.436,
1,93 § and 1.28 & , respectively. Upfield from the O0-CHq
signal was one symmetrical tripiet ( 3.168, i.e., in the
region where.the.free amine VIII gave two triplets );

it was assigned to H-4 ( J3’4 = J4,5 = 9,5-10 Hz ). The

H-3 signal, previously'in the same region, was shifted

downfield by the N-acetyl group to below the H-5 multiplet

and was seen as a symmetr1ca1 trlplet with 10 Hz spac1ng
at 4.018 . The H-2 signal also incurred a (smaller . )
downfield shift which separated it completely from the

- O-CHS peak under which it had been partially hidden in
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the free amine. It was now seen as a quartet at 3.626,
with spacings of 4 and 10 Hz. Thus the spectrum corroborated
the a- D -gluco configuration of X.

The _spectrum of the 2-amino altroside IX was
more difficult to interpret. However, the constitution
of the compound received support by the presence of signals
attributable to the _Q_-CH3 and Q_-CH3 groups and by the
requisite number of signals corresponding to ring protons.
The spectrum differed clearly from that of the isomer VIII
by the absence of tripiets with large spacings, which
are caused by axial protons coupled with two axial neigh-
_'bors, and this accorded with the requirements of the

a-D-altro configuration.

(b ). Oxidation of the amino glucoside VIII

Oxidation of the amino glucoside VIII led to
methyl 3,6-didebxy-3—nitro-a—D-glucopyranoside ( XII )
and to dimeric mefhyl 3,6»dideoxy-34nitroéo-a-D-g1uCo—
pyféﬁOSide-( XIII ) in'prbpbrtibﬁs’varying in depeﬁdénce
of the reaction conditions..The total yields of the two
products were excellent.

When ©n a first tr1a1 VIII was refluxed for
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one hour in chloroform containiné 3 molar equivalents
of oxidant, only the nitroso compound was isolated, in
a yieid of 7?%, although some of the nitro compound was
probably-formed also. Increase of the amount of oxidant
to 4.25 molar equivalents operated in faﬁor of nitro
product formation, énd although the products were not
isolated in that experiment, it could be estimated from
the NMR spectrum that the ratio XII to XIII was about
4 : 6.

| The best results in ferms of pfeparation of
XII were achieved when the amine was not added at once
to the oxidation medium but was added gradually, as
solution.in chloroform-methanol mixtures, ‘to refluxing
chloroform containing 6-6.8 molar equivalents of oxidant.
Whereas the nitroso product still predominated when

addition was carried out over a period of 7 minutes

( yields of XII and XIII: 26 and 69%, réspectively ), the . .

'product ratio changed in favor of XII when an addition
time. of 30 minutes was allowed. Thus, the yields/were 44
and 43%, respectiﬁely, in oné eiperiment;and 50.5'and.
33.5% in another;'the two experiments differed insofar

as a larger amount of methanol was present in the final
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. reaction medium of the second one ( 32 vs. 22% ).

These results might be explained by assuming
that the first reaction step, namely oxidation of the
amine to the"monomeric nitroso compound, is faster than
the oxidation of the latter to the nitro ¢ompound. If
the nitroso compound accumulates in appreciable concen-
tration it will tend to dimerize and thereby be prevented
from further oxidation. Hence, slow introduction of the
amlne favors nitro product formatlon The influence of
methanol is probably due to 1ts}opp051ng dimer formation
by interfering with hydrogen bond stabilization in the Sy
latter. _ | A ‘
| Methyl‘3,6-dideoXy-3-nitrd-a-D-glucopyranoside
( XII ) was identified by comparison of its melting point,
optical rotation, andlspectral data with the data of its
known L-enantiomer ( 105 ). The optical rotation was of %
similar value but oppos1te in sign. The 1nfrared spectrum |
of the product showed bands -jdentical w1th those of the

enantiomer. A'strong3band-at 1550 cm -1 indicated the

presence of a nitro function. The NMR spectrum(Fig. 10) had a

high-field doublet centered at 1.206 with a spacing of

6 Hz. This was assigned to the C-CH; protons. A two-proton
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- multiplet in the region 3.6-3.88 was assigned to H-5
and H-4. A quartet centered at 4.13§ with a large

(11 Hz ) and a small ( 4 Hz ) coupling was assigned to
H-2 ﬁhich was split with the equatorially oriented H-1
by 4 Hz and with the axially oriented H-S by 11 Hz. The
anomeric proton was located on the slope of the HDO
peak as a doublet cenﬁered at 4.776 with a spacing of
4 Hz. The coupling constant agreed with a gauche ;
reiationship between H-1 and H-Z. The remaining proton:
H-3 was masked by the br&ad.HDO band.

A.diacetate of XII, methyl 3,6-dideoxy-3vﬁitro¢
2,4-di-9facety1-a-D-glucopyranoside ( XIV ), was
prepared by acetylation with acetic anhydride and boron
trifluoride. Its physical constants and infrared spectrum
agreed with the values reported ( 106 ) for the L-enan-

- tiomer.

The nitroso compound - XIII exhibited anlxltrav
violet absorption similar to compound III,'with Amax at‘
298 nm’ (€ = 7400 ), as is characteristic for trans-
nitroso dimers. Its infrared spectrum showed strong
hydroxyl absorption at 3400 cm'l. One strong band ﬁas

present at 1190 cm'1 as the only absorption band in the
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region 1160-1290 cm™l. This agreed with the characteristic

infrared absorption of Ezgggf—nitroso dimers. The NMR
spectrum of XIII resembled fhat.of XII in the region
upfield from'HDO'peak. A threg-proton doublet centered
at 1.236 was due to the Q-CH3 protons ( coupliﬁg

| constant, 6 Hz ). The three-proton Q}methyl singlet was
~at 3.46, shifted slightly to lower field compared'to
'_thét in the spectruh'of X. A two-proton multiplet in. the
region‘3.47-3.876 was assigned to H-4 and H-S,llike in
XII. A quartet centered at 4.078 was attributed to Hf2§'
it was slightly shifted tb'higher field coﬁpared to the
H-2 signal in XII. This quartet resulted from splitting
with H-3 (J = 10 Hz )-and H-1 ( J = 4 Hz ). The anomeric
" proton ( H-1 ) showed a narrow doublet centered at 4.776
with a spacing of 4 Hz as a result of coupling with H-2.
The low field signal, a one-proton friplet centered at
6.08 , was assigned to H-3. Equal coupling of H-3 with
H-2 and H-4 resulted in a tfiplet with spacings of 10 Hz.
.The chemical shift of H;ﬁ, the proton in a-position to
the.nitroso group, was close to values reported by
Lemieux and coworkers ( 66 ) for l-chloro-2-nitroso sugar

the .
dimers *. Appaxentledimeric nitroso function has a

* Reported values were 5.46, 5.53 and 5.386.
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greater deshielding effect than the nitro group.

. Elemental analysis of XIII was attempted
twice on recrystallized samples. In each time, a grey
residue wasifound ( 3.0 and 6.5% ). Thiﬁ non-combustible
material was suspected to be an inorganic contaminant
stemming from the repeated column chromaﬁography. When
calculations were adjusted for the residue the analytical

values agreed with the structure of compound XIII.

. 3, Oxidation of methyl 3-amino-3-deoxy-g-D-galacto-

vpyfanosidé (XvV)-

"Next, the amine oxidation was to be tested on
_glyCosides pqsseséing three unprotected hydroxyl groups.
Methyl 3-amino-3-deoxy-B-D-galactopyranoside ( XV ) was
selected as a first example. This amino sugar is readily
available ( 107 ) by catalytic hydrogenation of methyl
3-deoXy-3—nifro-B-D-galactopyranoside ( XVI ) which, in
turn, can be made ( 107 ) by nitromefhane cyclization of

a sugar dialdehyde as shown:

,CHZOH : : CHZOH : CHZOH
, u
3 HO C:CH3 HO OCH
CH4NO, H, / Pt
CHO (+base) .
OH OH
XVI XV

(+stereoisomers)
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Oxidation of XV with 6.3 molar equivalents of
m-chloroperbenzoic acid in chloroform-methanol ( 1:1.)
: proceedgd rapidly and furnished both the known nitro
glycoside XVI and the hitherto unknown methyl 3-deoxy-
3-nitroso-B-D—galactOpyranoside dimer’( XVII )'in a com-
. bined yieldvof 75%. However, the nitroso compound ( yield,
47% ) was obtained as the major produet, and th§ nitro
compound ( yield, 28% ) arose as the minor‘prodﬁct.
Several attempts to shift the prgduct.ratfo in favor of
the 1after, by modifying reaction conditions,“were ﬁo no
avail, compound XVII always beiqg produced predominantly.
One experiment was made ﬁsing pﬁre methanol as the solvent,
with the result that an additional, upidentified product
arose besides XVI and XVII; thé expeﬁ}ment was gbandoned.

The nitro galactoside XVI was identified by
comparison of its melting point, optical rotation, and
infrared spéctrum with the data of an authentic sample.
The NMR spectrum, which had not previously been recorded,
clearly showed signals attributablé to H-3 ( quartet,
= 3.5 and J2,3 = 10 Hz ), H-2 ( quartet, J2’3 = 10

J
3,4
8 Hz ), H-1 ( doublet, Jy .2 8 Hz ) and to
’

the methoxyl group ( 3-proton singlet ), while the remain-

- ing signals were not :.°%

et AT A

well resolved ( see Experimental ).
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The assignable signals were in agreement with the
structure.

The nitroso dimer XVII gave microanalytical
values corresponding to the assumed structure, and a
molecular weight determination by osmometry revealed
_the dimeric nature of the compound. Like the nitroso
dimers mentioned earlier, XVII exhibited ultfaviolet

absorption with A n 295 nm (€ , 7500 ) and broad

ax

infrared absorption at 3400-3200 cm'1 ( hydrogen-bonded
hydfoxyl ) as well as a sharp, strong band at 1190 em™1
characteristic of the trans azodioxy moiety ( 95, 96 ).
1

v
¢

There was no nitro group absorptioﬁ in the 1550 cm~
region. An NMR spectrum obtained from XVII in DZO was
of poor quality but it did show the signal at lowest
field to be a quartet with splittings of 3 and 10 Hz.
This‘signal, which was attributable to H-3, was shifted
downfield by 0.45 ppm in comparison to the corresponding
. signal in the nitro compound XVI, due to the stronger

deshielding effect of the C-3 substituent group ( 96, 99 ).
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4, Oxidation of methyl 3-amino-3-deoxy-o-D-manno-

pyranoside ( XIX )

Methyl 3-amino-3-deoxy-oa-D-mannopyranoside
( XIX ) has been synthesized, but isolated only in the
form of its hydrochloride XVIII, by nitromethane
cyclization of a sugar dialdehyde followed by catalytic
hydrogenation in the presence of hydrochloric acid (108).
For the requirements of the present thesis the free
amino glycbside XIX was prepared for the first time by

anion exchange treatment of its hydrochloride XVIII.

CH,OH, CH,,OH
//)—_——0
| CHgNO, _ B /R
CHO
o CHs(lrbase) #oN{°2 H9/ocu, 5 HO OCH,

XX XVIII
CH,,OH c1 CHO
0 0
NO HO ¢
HO OCH, no \Hz HO OCH,
' 2
XIX

XXI
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It should be mentioned that in the synthesis
of XVIII the nitro mannoside XX shown as an intermediate
had originally ( 108 ) not been isolated. Without
separation from accompanying stereoisomers it had been
reduced, and isomer separation had been éccomplished
on the amine stage. However,most recently the nitro
mannoside XX has been isolated in crystalline form by
W. Rank ( 109‘)4in work conpurreﬁtly pursued in this
laboratory. |

After trying a few oxidations of the amine
XIX under conditions which included fhe uée of pure
chloroform and pure methanol as solvents, avsuccessful
experiment employing a mixture of these solvents gave
oxidation products in a combined yield of 72%. Crystalline
methyl 3-deoxy-3-nitro-o-D-mannopyranoside ( XX ) was
isolated in 38% yield and identified by comparison with
an authentic sample. -Dimeric methyl 3-deoxy-3-nitroso-
a-D-mannopyranoside ( XXI ) was obtained in 32% yield
. as a hygroscopic solid which could not be induced. to
crystallize despite many attempts. Although it was not

submitted to elemental analysis, spectral data and

analogy to previous results leave little doubt as to its
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structure. The product showed ultraviolet absorption

at A 293 nm (e , 5000 ). The infrared spectrum

max

exhibited broad hydroxyl absorption around 3300 cm'1
and a medium strong band at 1190 cm-1 but lacked
nitro group absorption. The NMR spectrum in DZO again
displayed at lowest field ( 5.458 ) a quartet which

was assignable to H-3atthe carbon bearing the nitroso
bridge. The signal revealed couplings of 3 Hz ( with

the equatorial H-2 ) and of 10.5 Hz ( with the axial H-4 )
as required for the manno configuration. The anomeric
proton H-1 ‘gave a doublet at 4.706 with a spacing of

2 Hz, in accord with equatorial-equatorial coupling.

The glycosidic methoxyl group produced a three-proton
singlet at 3.466 .

An attempt was also made to use the amine

hydrochloride XVIII in the oxidation reaction. However,

thin layer chromatography revealed the product compo-
sition to be more complex than in the case of the free

~ base, and the mixture was investigated no further.
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5. Oxidation of methyl 3-amino-3-deoxy-8-D-xylo-

pyranoside ( XXII )

Methyl 3-amino-3-deoxy-g-D-xylopyranoside
( XXII ) haé been synthesized by Schaub et al. ( 110 )
and Baer and Fischer ( 111 ). Oxidation of this amino
pyranoside ( XXII ) in a chloroform-methanol mixture
occurred rapidly and gave largely one product, according
to t.l.c.. The reaction differed from the previous ones
insofar as the product crystallized directly from the
medium during the reflux period. The product, which was

thus isolated in 40% yield was sparingly soluble in all

P
[
~
t

-
{

solvents that were tried, including water and dimethyl
sulfoxide. For this reason, no NMR spectrum could be
obtained, and no elemental analysis was performed owing
to iack of material. However, ultraviolet and infrared
spectra indicated that the Eompound was a dimeric nitroso
derivative. It showed A . 300 nm (e, 7000 )'and broad
‘IR absorption around 3400 cm'1 as well as a sharp band
. at- 1195 cm'l. Theré was ho nitro band present, nor any

1

other band between 1500 and 2800 cm ~. It appears

reasonable to assume that the compound was dimeric

methyl 3-deoxy-3-nitroso-B-D-xylopyranoside ( XXIII ).
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Evidently the high degree of insolubility of the dimer
causes the monomer to be removed from solution so

rapidly that it fails to be oxidized to the nitro stage.

9 | H N
OCH, OCHg
—_—
" \HO
HO . . 2
OH OH

XXII XXIII
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C. Oxidation of Methyl Z-Amiho-zj6-dideoxy-a-D-a1tro-

pyranoside ( IX ) - An Exploratory Experiment.

No detailed oxidation studies were performed
with glycosides carrying an amino group in position 2.
'ﬁowever, oxidation of methyl 2-amino-2,6-dideoxy-a-D-
altropyranosidé ( IX ) was examined in a preliminary
way. Thin layer chromatography revealed that at least
two major and two'minor-products were formed. One of the
major produCts“was isolated in crystalline form ( m.p. 120-
122° ), though in undetermined yield, by laborious chroﬁato-
graphy. it was optically acfive ( [a]D +48.5° ) and

1, and

displayed a strong infrared band at 1570 cm”
therefore was in all likelihood a nitro sugar. Although
the structure of the product remains to be elucidated:

in a defin{tive manner it is quite clear that the 2-amino
sugar IX has reaéted.with m-chloroperbenzoic acid under
cénditions similar to those applied to the 3-amino sugars,

‘and it appears worthwhile to follow up this reaction at

a later date.
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PART III

SYNTHESIS OF 4-HYDROXY-3-NITROQUINOLINE
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RESULTS AND DISCUSSION #

It was mentioned in the Introduction that only
a few examples of Dieckmann-typevéstef condensations
leading to cyclic a-nitro ketones have been reported in
the literature. In continuation of work performed in
this laboratory, which had provided a route to 2-nitro-
indanones by such cyclization ( 16, 17 ), it was planned

to attempt the following synthesis starting with I :

9 8 o
C-OR
NO2 ‘\\\ No2
___-) __)
) ///CH ///’
N=C-CH,NO, N,/’ q
H
I, R = CHg I1 111
IV, R=H

Methyl 2-( 2-nitroethylideneamino ) benzoate
( I ) should cyclize to give the nitro ketone II which
was expected'to téutomerize‘to 4-hydrdxy;3-nitroquinoline

( III ). In analogy to the nitroindanone synthesis the

%# For convenience, compounds in this Part are numbered

with a new set of Roman numerals.
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- 102 -

cyclization might have been expected to be promoted
by sodium methoxide, although in 1937 Colonna (112 )
has reported that he was unable to bring about that
same cyclization by use of acetic anhydride and potassium
acetate. Colonna's observation was later confirmed by
Bachman et al. ( 113 ) who were, however, able to
produce III by cyclizing the free acid IV in the presence
of acetic anhydride and potassium acetate.

| The ester I can be prepared in 60% yield by
condensation of methyl anthranilate with methazonic acid

( nitroacetaldoxime ) in strongly acidic medium ( 113,

114 ).
0
I
C-OCH,
# HON=CH-CH,NO, —> I + NHy(0H)C1
NH..C1 '

3

The ester I, a bright yellow, crystalline
compound, was readily obtained when the directions given
in the literature were followed. However, spectral

evidence indicated that the product does not in fact
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possess the structure depicted above* The IR spectrum
did not show any band in the region of 1500-1580 em™1
where the nitro group is normally found to absorb. High-
intensitf ultraviolet absorption occurred at:wavelength
that was considered to be too long for structure I,
namely, at A 385 nm ( €, 24800 in methanol ). The
absorption was very similar to that of o-( B-aci-nitro-
ethylideneamino )-acetophenone ( V ) which was reported

(115 ) to show A 388 mm (e , 23700 in methanol ).

One must therefore assume that I exists predominantly in ;
its tautomeric form, i.é., as the nitronic acid. Conjug- N
ation with the N=CH bond and the aromatic ring evidently
stabilizes the nitronic acid structure in compounds of X

this type very strongly. This was borne out by the NMR

0 0 0
L . 3 OCH
-CH3 -OCH.3 - 3
=
0 a B 0
0 o B 2 x
N=C-C=N" =C-CH,-N§ N=C-C=N
g g “OH g ¢ 0 Ny OH

-V ' 1

spectrum of I ( Fig. 14 ). At very low field ( 12.98 )

* see p. 101.
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there occurred a one-proton signal that disappeared
upon deuterium exchange. It was assigned to the hydrogen
of the nitronic acid group. There were no signais in

the region of 5-66 where the two a-protons of the nitro
tautomer would be expected to resonate. At lower field,
three groups of signals were found, namely, a one-proton
doublet at 6.666 , a complex multiplet corresponding in
intensity to four protons in the region of 7.0-7.66 ,
and a one-proton quartét at 8.108 . Presumably the doublet
belonged to the a-hydrogen of the side chain and the
quartet to rne of the orfho—hydrogens in the aromatic
‘ring, whereas the multiplet comprised the signals of the
remaining aromatic hydrogens and the g-hydrogen of the
side chain. Double irradiation at 8.108 left the 6.66S
signal unchanged, and vice versa, which means that these
two signals were not due to vicinal protons. Howevér,
spin decoupling resulted in simplification of the pattern
of the complex multiplet. When double irradiation was
performed at 6.66 &, the multiplet was simplified speci-
fically in its central region about 7.346 , sugges;ing
that this was the resonance position of the B-proton

vicinal to the proton resonating at 6.665 .
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For purposes of comparison, the free carboxylic
acid IV ( 113 ) was also prepared. Like its methyi ester,
the carboxylic acid did not show the infrared band in
the 1550 cm"1 region normally associated with an aliphatic
nitro group. The ultraviolet spectrum in methanol exhibited
A nax 390 nm (‘€ , 20000 ), thus resembling that of the
ester. In the NMR spectrum which was taken in dimethyl
éulfoxide-d6, signals assignabie to the two protons of a
nitromethyl group as required if IV existed in the pitro
form could not be found. The signal appearing at lowest
field was a one-pfoton doublet { 7.06 , J = 6.3 Hz )
attributable to the a-proton of the side chain. Adjoining
downfield in the region of 7.10-8.156 were three multi-
plets corresponding in intensity to five protons. Obviously
four'of these protons were the aromatic ones. The fifth
proton resonating in that region must be situated in the
‘side chain, and its chemical shift seemed reasonable for
the methine proton of a nitronic acid moiety. The combined
evidence from the IR, UV and NMR spectra thus indicated
that IV, too, eiists in the tautomeric, nitronic acid
form rather than in the nitro form. The fact that the

ester I preferred the nitronic acid structure was not in

AN S P SO R SIS _2sra0w0 2




- 108 -

itself considered to render cyclization impossible.
Base-catalyzed cyclization would proceed via the carban-

ion which arises from both tautomers

0
C-OR C-OR
' 0o———
N=C-C 7 /8
=C-CH.-N _ )
27N, N=CH-CH=N,_

0

i 9
C;Sf; C-OR
<> ©
o ,° 0
=CH-CH-N N=CH-CH=N_,
0 o

The cyclization was therefore attempted, at
first in methanolic solution in the presence of sodium
methoxide according to the procedure gmployed by Baer
and Naik for the synthesis of nitroindanones ( 17 ).
However, all attempts were unsuccessful. Colored products
were formed, and the reaction mixtures seemed to contain
methyl anthranilate which resulted from cleavage of the

side chain, The desired 4-hydroxy-3-nitroquinoline ( II1 )

-
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cbuld not be detected among the products even though

a sampie of III had been prepared, in order to facilitate
.identification, by the acetic anhydride-potassium acetate
procedure starting from the carboxylic écid IV ( 113 ).
Various modifications of the reaction were tried and
proved equally unsuccessful. These attempts included
" the use of sodium hydroxide and potassium t-butoxide
as base catalysts; the starting compound suffered hydro-
lysis of its methyl carboxylate group. and did not undergo

cyclization. Use of triethylamine led to recovery of

~starting material.

Two reasons might be held responsible for the
failure of the reaction. Firstly, one may assume that
the alkylideneamino double bond in I possesses trans

geometry ( a ), the cis bond ( b ) being disfavored

i‘.
1
3
<4
Jr
13
3
q?
N

3

because of steric hindrance. Yet the cis arrangement is
necessary for ring closure to occur. Failure of the

molecule to undergo trans + cis jsomerization under the

reaction conditions would prevent its cyclization.

OR
y .
0 0. H\
H C=NO,H
N=CXcono,H Nec”  °
g H
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However, compound I should be qﬁite,capable

of isomerization by way of resonance in its anion ( c ).

Ar H 4 H

Ny’ o~
N=Cch=no,,° (c) ar"NCch=no,°
© H . H
Ar<,,_~” - N-” A~
‘-N“C\CH-NOZ"_’ Ar-N-Cicp-no, < arN"Cich-no,

o 2 o

Indeed the carboxylic acid IV, to which similar
stereochemical considerations should apply, has been
cyclized as mentioned above. Furthermore, the acetophenone
derivative V, which presumably has also the trans config-
uratibn in its alkylideneamino group, has been cyclized
in the presence of basic aluminum oxide ( 116 ). Hence
jt is difficult to see that the geometry of I should be

the chief obstacle to its cyclization.

cH,q o\ /CH:,,_ | cH,

<':—o c__NO,

= CH “XNo,
H e +

_ / base EH ) CH +H -

N=C NZ  -H,0 N
\C=NOZH 2™
H
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The other reason that might be invoked for
the failure of the reaction could be a poor nucleo-
philicity of the carbanion of I, which.results from
resonance of the negative charge with the aromatic
system. Such resonance was not present in the methyl
2- (2-nitroalkyl)~benzoates which cyclized to give nitro-
indanones ( see p. 4 ). In the cases of IV and V,
resonance-diminishéd nucleophilicity evidently did not
prevent cyclization. However, the cyclization of V
represents a different-reactioh type, namely an aldol-
type nitroalkane addition ( Henfy reaétion ), which
generally is more facile than an ester condensation.
Cyclization of IV in the presencevof acetic anhydride
presumably proceeds via a mixed carboxylic-acetic acid
anhydride, and one may assume that even a weakly nucleo-
| philic carbanion can successfully attack the anhydride
moiety because.of the superior leaving group character

of acetate ion.

It was therefore decided to try the ester
cyclization with an ester containing a group that was
expected to be a better leaving group than methoxyl. The

p-nitrophenyl ester ( VI ) of IV was chosen.

i'\
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In.ordef to.prepare this ester, condensation
of p-nitrophenyl anthranilate with methazonic acid was
tried first, in analogy to tﬁe preparation of the methyl
ester I. It did not not succeed. However, esterification
of the acid IV with p-nitrophenol by the action of dicy-

clohexylcarbodiimide furnished VI in a yield of 66%.

| 0
1
CO,H C’°*<i::>*N°z
4 p-NO,CcH,OH

NCNC6H11

C.H
N=C-C=NOH “611
oy 2

T
Q -0
]
@ 1]
=
o
~N
=

IV VI

Like I and IV, the ester VI was suggested by

i
b
g
3
N
3
]

spectral evidence to exist in the nitronic acid form as
depicted. The infrared spectrum exhibited a band at 1510
cm-1 attributable to the aromatic nitro group, but there
.was no band in the 1550- 1580 cm -1 region which would
jndicate a nitroalkane moiety. The NMR spectrum in DMSO-d6
gave no indication of a nitroethylidene group but, like

those of I ahd 1V, showed a one-proton doublet ( 6.86 ,

ASVELLIE T B IIRIwA T




- 113 -

J = 6.5 Hz ) assignable to the a-proton of the side chain.
The g-proton signal was shifted downfield and was grouped
together with the aromatic resonances ( which in this
case corresponded in intensity to eight protons ).

Unfortunately, attempted cyclization of the
p-nitrophenyl ester VI did.not meet with success either.
The reaction, which was carried out at room temperature
in methanolic solution containing sodium methoxide,
resulted in ester exchange giving I and p-nitrophenol,
and no cyclization product was detected.

However, the goal of synthesizing a quinoline
derivative by Dieckmann cyclization was eventually reached
in the following way. The methyl ester I was treated
with sodium borohydride at room temperature according to
the procedure given by Walker ( 117 ) for the reduction
of imines. Reduction occurred rapidly and afforded crys-
talline methyl 2- (2-nitroethylamino)-benzoate ( VII ) in
yields of 80-90%. As will be shown in a subsequent para-
graph, this compound proved amenable to cyclization.

The structure of VII wés confirmed by spectral
data. The infrared spectrum displayed a strong nitro band

at 1550 cm.1 as expected for a primary aliphatic nitro
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group, and it showed a stretching frequency of 3340 cm-1

for the secondary amine function. The NMR spectrum was

in accord with structure VII. The presence of a methyl
ester function was revealed by a three-proton singlet at
3.816, Partially overlapping this signal was a triplet

of two-proton intensity, which was centered at 3.926 ,

and a second triplet of two-protomn intensity occurred at
4,588 . The triplets_represeﬁted an AZX2 gpectrum and

were assigned to the o-protons and B-protons, respectively,
of the nitroethylamino group. The splitting observed was

6 Hz. The four aromatic protons gave three multiplets at

low field, and in the same region occurred also the N-H
signal which disappeared upon deuterium exchange. For

details of the aromatic signals see the Experimental

VIV L LS A AL

section.
- Compound VII was readily recognizable in thin
layer chromatography as it produced a characteristic

green spot with a brown fringe when the plate was first

exposed'to jodine vaper and then sprayed with ceric sulfate-

_ sulfuric acid. The color faded on heating.
When methyl 2- (2-nitroethylamino)-benzoate (VII)

was allowed to react with sodium methoxide in methanolic
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solution at room temperature, two products were observed
by t.1l.c., one of them moving faster than VII and the
other remaining near the baseline. The reaction was slow,
however, and a large amount of starting material persisted
even after 40 hours. When, after that period, the reacfion
mixture was heated to reflux for an additional six hours,
the amount of surviving starting material was substantially
reduced. Work-up then gave the slow-moving product ( which
was identified as a cyclization product, as will be
described in the next paragraph ), but it also gave
residual VII and a by-product which proved to be methyl

anthranilate. The latter evidently arose from VII by

B-elimination:

CO,,CH | CO,CH;
| base . )
N-CH,-CH,-NO, _y+ N"CHZCH-NO,
H
VII 1. elimination
2. + H
C0,CHy

CH2=CH-N02 +

P T . e LA L) -
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The slow-moving, main product of the reaction
could be obtained best when the reaction was performed
at reflux temperature ( 65° ) for 25 hours. Work-up of
the orange colored solution by chromatography on aluminum
oxide led to recovery of only a small amount of starting
material ( whigh appeared to be contaminated by methyl
anthranilate ), and furnished a cream-colored,_chromato-
graphically homogeneous .material in good yield. The
product decomposed at 340-345° and was sparingly soluble
or insoluble in most of the cOmmon'organié solvents. ’
Solubility was only moderate even in dimethyl sulfoxide
and N,N-dimethylformamide. However, the compound readily
-dissolvéd in polar solvents upon addition of alkali,
forming a yellow salt. Elemental analysis indicated the
composition C9H6N203 which corresponded to the constit-
ution of 4-hydroxy-3-nitroquinoline ( 111 ), and on this
basis the yield of product was calculated to be 45.5%.
Thaf the product was indeed 3-nitro-4-hydroxyquinoline
was established by spectral aﬁd chromatographic comparison
with a sample of III that was prepared from IV as pre-
viously mentioned ( p.109 ). Strong absorption bands in

the u1traviolet.and extending into the visible region were

found in dimethylformamide solution ( lmax 269, 318, and
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380 nm ) and in aqueous N sodium hydroxide solution
( Amax 273 and 369 nm ). The well-resolved infrared
spectra of the two samples were superimpssable. They
exhibited hydroxyl absorption in the 3100 cm'1 region,

the low frequency indicating strong hydrogen bonding
between the neighboring hydrox&l and nitro groups. This
observation agfeed with data reported by Baitinger ( 118 ),
according to which the hydroxyl group frequency is

1 in such cases.

lowered by 300-500 cm_
_The NMR spectrum of III in dihethyl sulfoxide-dg
in the presence of 1 equivalent of NaOD is shown in |
Fig. 15. No signais occurred upfield from 7.86 . A one-
vproton singlet observed at lowest field ( 9.678 ) was
assigned to H-2 ( in the heterocyclic ring ), a one-proton
doublet at 8.938 was allocated to H-8 ( in the benzene
ring ortho to the nitrogen atom ), and a group of unres-
olved signals corresponding to three protons w#s observed
in the 7.85-8.556 region and attributed to the benzene
ring protons H-5, H-6 and H-7. These assignments were in
concordance with those made by Black ( 119 ) for 3-nitro-
quinoline. The splitting of the H-8 doublet was 8 Hz and
was due to ortho coupling; mggg‘and_ggig couplings were

not revealed. A spectrum taken in trifluoroacetic acid
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OH.

Fig. 15

967

[ 1
8-93 S 8-55 7-85

-NMR Spectrum ( 100 MHz ) of III in DMSO-d6

( with equimolar NaOD solution )
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solution showed a similar pattern.

’ The formation of the quinoline derivative III
in the cyclization of VII was surprising insofar as a
dihydroquinoline derivative ( VIIIB) should have been

expected. Clearly an oxidative step must have been

0 OH
C0,CH,
. CHNOZ / \C-NOZ
| — | | — 1
NCH.,CH.,NO O PR _fLH, -2
§ 27272 R N ‘
H H
VII VILIA VIIIB

jnvolved which converted VIIIB (undoubtedly the primary
reaction product ) into the quinoline III which was
jsolated. The reaction is reminiscent of the Skraup
quinoline synthesis in which a dihydrqquinoline inter-
mediate is dehydrogenated to the final product by such
oxidizing agents as ferric sulfate, nitrébenzene, stannic

chloride, or oxygen ( 120 ):

R
0 R C
S¢” 0” cu,
+ CH ——— é“z ——"52504
. I /
NH, CH, g
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In the present synthesis no external oxidant
was added. That oxidation took place by atmospheric
oxygen is a possibility which cannot be ruled out.
Another possibility mlght be an intermolecular oxldatlon-
" reduction of 1ntermed1ate VIII or its tautomeric nitro
ketone form. The fact that the yield of III was 1ess
than 50% would allow for the stoichiometry of such a.
-process. One half 6f VIII would be reduced to the corres-
ponding 4-hydroxy436nitrp-1;2,3,4-tetrahydroquinoline.
Isolation or identification of the latter was not attempted
and it might well prove difficult to do so. If indeed it
is formed it could be prone to ring opening by g-elimin-
ation under the alkaline reaction conditions, and further

complicated transformations might follow.
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EXPERIMENTAL

General Reﬁarks

All reactions were monitored by thin layer
chromatography ( T.L.C. ) on silica gel G *, using
7.5-cm plates ( Microscopic slides ). Unless otherwise
stated;'the spots were made visible by spraying the
plates with a solution of 1% céric sulfate in 10%
sulfuric acid and heating them on a hot plate.

Unless specified otherwise, column chromato-
graphy was performed with silica gel 7734 ( 0.05-

0.20 mm, 70-325 mesh ASTM ) *.

All evaporations were carried out with a
flash evaporator under diminished pressure with a bath
-temperature at or below 35°. _

Melting points of compounds were determined
in capillaries in a Gallenkamp melting point apparatus

equipped with a calibrated thermometer. They are uncor-

rected.

% A product of E. Merck AG, Darmstadt, Germany.
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Infrared spectra were generally taken from
Nujol mulls on a Beckman IR-20 spectrophotometer.
Relative absorption intensities were estimated visually
and were abbreviated as s ( strong ), m ( medium ), W
( weak ) and b ( broad ). When spectra were obtained
- from solutions or neat samples, this is explicitly
mentioned. |

Nuclear magnetic resonance ( NMR ) spectra
were recorded either on a Varian HAQIOO or T-60 instru-
ment as specified.'UnleSs a different solvent is stated,
deuterated chloroform was used and tetramethylsilane

served as internal standard.

, Ultraviolet spectra were recorded on a

Perkin Elmer spectrophotometer, model 202.

Optical rotations were measured with Perkin
Elmer automatic polarimeter, model 141, at room tempera-

ture.

Refractive indices were determined with a
Carl Zeiss refractomeﬁer at room temperature. The
instrument was calibrated with monobromonaphthaline
( np =1.6551 ). |

Microanalyses and moleculér weight determin-

ations by the osmometfic method were performed by Alfred

Bernhardt, Mikroanalytisches Laboratorium, Elbach, Germany.

re
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PART I THE SYNTHESISHOF.MISEROTOXIN ANALOGS

A. Synthesis of g-Nitro Alcohols

Prepération bf'anion'exthange'resiﬁ'IRA:401 ('OH’ )

Anion exchange resin Amberlite IRA-401 ( C1™ )*
fresh from a bottle was soaked in 10% NaOH solution for
4 hours, then washed with 5% NaOH solution in a Buchner
funnel, This was followed by repeated washings with dis-
tilled water until the filtrate was neutral to pH indi-
cator paper, three washings with 95% ethanol, and finally
one washing with 99% ethanol. The resin was left to dry
at room temperature for half an hour and was immidiately

used in the following reactions.

- -2-Nitro-1-propanol (1)

Formaldehyde solufion.( 37% aqueous solution,
60 ml, 0.74 mole ) aﬁd nitromethane( 98.5 g, 1.31 mole )
were mixed with 99% ethanol ( 140 ml ) in a 500-ml round
botton flask. The mix£ure waé'cooled externally with
water during the addition of anion exchange resin (12 g ).

The flask was allowed to assume TOOM temperature, sealed,

# Obtained from Fisher Chemical Co.
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and shaken on an automatic shaker for 16 hours.

The reaction mixture was filtered and the
filtrate evaporated to give a yellow liquid which was
fractionally distilled under diminished pressure. The
main fraction with boiling range 60- 62° ( 0.8 mm ) was
collected. Y1e1d 47.5 g ( 61% ); np= 1.4338. Reported
(86): D= 1. 4379 b.p. 97-99°/ 10 mm.

Characterlstlc IR absorption ( liquid film, cm” ) 3400
s, b ( OH ); 2980 m; 2940 m; 2880 m; 1550 s ( NOz).
Other bands occurred at 1460 m; 1366 s; 1320 m; 1070 s;
1040s: ; 990 s; 960 w; 920 w; 860 s.

NMR data (‘60 MHz ): '

.1.376.( 3H, doublet, Jé’s =.7 Hz, C-3 methyl protons ).
3.076 ( 1H, singlet, exchangeable with D2 , hydroxyl

ALIWr eI T WFTINIWA T

proton ).

'!
).
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:

3,956 ( 2H, doublet, Jq , = 6 Hz, C-1 methylene protons ).

4.696 ( 1H, center of six peaks, C-2 methine proton ).

1-Nitro-2-propanol ( II ) -

Acetaldehyde ( 31.34 g, 40.0 ml, 0.71 mole )
was precooled to -5° and added to nitromethane ( 48.9 g,

0.8 mole ) which was contained in a 500 ml round bottcm
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flask in an ice-salt bath. Ethanol ( 99%, 50 m1 ) and

anion exchange resin ( 8.0 g ) were added to the mixture.

The flask was swirled gently for some time with occasio-
nal cooling, then bfought to room temperature, sealed,
and shaken mechanically for 12 hours.

The reaction mixture was filtered to remove
the resin, the filtrate was evaporated to a thick liquid
and subjected to fractional distillation. Fractions
boiling between 60-62°/ 0.4 mm were collected. Yield:

" 34.g ( 45.6% ). ny = 1.4330. Reported (121): b.p. 112°
( 13 mm ), np = 1.4242,
Characteristic IR absorption ( liquid film, en”l ): 3400

s, 3200 s ( OH ); 1550 s ( NOZ). Other bands occurred at:

1380 s; 1260 m; 1130 m; 940 m; 860 m.

NMR data ( 60 MHz ):

1.356 ( 3H, doublet, J, 1 = 6 Hz, C-3 methyl protons ).

H

3.206 ( 1H, doublet, J, ,0p = 4 Hz, exchangeable with

&
Dzo,vhydroxyl proton ).
4.,30-4.808 ( 3H, overlapped multiplets of C-1 methylene

protons and C-2 methine proton ).

. 92-Nitro-1-butanol ( III )

A commercial product was obtained from T. J.

)
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3
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Baker Chemical Co. It was redistilled to yield a colorless
l1iquid, b.p. 83-85°/ 1.8 mm, n, = 1.4340. Reported (122);
b.p. 127-130° / 25 mm.

2-Nitro-3-pentanol ( IV )

Freshly distilled propionaldehyde (b.p. 49-
50°, 47.8 g, 0.824 mole ) and nitroethane ( 69.7 g, 0.93
mole ) were mixed with 99% ethanol ( 75 ml ) in a S00-ml
‘flask. The contents were cooled in a cold water bath and
anion exchange resin ( 16 g ) was added. An exothermic
reaction was observed. When the reaction mixture had come
to Toom temperature, it was sealed and placed on a shaker
for 17 hours.

The reaction mixture was then filtered, evap-
orated , and distilled under‘reduced pressure. A crude
fraction ( 72.0 g ) boiling between 105-120°/ 18 mm was
collected. This was fractionally redistilled, and the
bulk of the produét was collected at 109-113°/ 20 mm.
Yield: 67.0 g ( 59.2% ); n, = 1.4415. Reported (86):

b.p. 107-109°/ 10 mm; np = 1.4467.
Characteristic IR absorption ( 1iquid film, en™l ): 3400-
3500 s C OH ); 1550 s ( NO, ). Other bands occurred at:

EER W RV OF Uy VIR S
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2080 s; 2960 s; 2900 s; 1390 s; 1450 s; 1100 m; 980 s;

935 w; 880 m.

NMR data ( 60 MHz ):

1.006 ( 3H, triplet, J4,S = 7 Hz, C-5 methyl protons ).

1.50-1.705 ( SH, overlapped multiplets, C-1 and c-4

protons ).

2.906 ( 1H, broad doublet, exchangeable with D,0, hydr-
oxyl proton ).

3.905 (1H, center of a broad multiplet, C-3 proton ).

4.66 ( 1H, center of multiplet, C-2 proton ).

"Z-Methyl-2-nitro>1-p10panol V)

A cooled fo:maldehyde solution ( 37% aqueous
solution, 100 ml, 1.23 mole ) was added to Z-nitropro-
pane ( 139.41 g, 1.56 mole ), and the mixture was cooled
in an ice-bath. The mixture was diluted with ethanol
( 99%, 120 ml1 ) and anion exchange resin (’12 g ) was
added. The f£lask was swirled gently for some time while
cooled, allowed to assume room temperature, and placed
on the'automafi; shaker for 50 hours.

At the end of the shaking period, the reaction

nixture was filtered, the filtrate was evaporated to a

.
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2980 s; 2960 s; 2900 s; 1390 s; 1450 s; 1100 m; 980 s;

935 w; 880 m,

NMR data ( 60 MHz ):

1.0086 ( 3H, triplet, J4,5 = 7 Hz, C-5 methyl protons ).

1.50-1.708 ( 5H, overlapped multiplets, C-1 and C-4

protons ). '

2.906 ( 1H, broad doublet, exchangeable with D,0, hydr-
oxyl proton ). |

3,906 (1H, center of a broﬁd multiplet, C-3 proton ).

4.66 ( 1H, center of multiplet, C-2 proton ).

"Z-Methy142-nitroFI-prbpanol W)

A cooled formaldehyde solution ( 37% aqueous
solution, 100 ml, 1.23 mole ) was added to 2-nitropro-
pane ( 139.41 g, 1.56 mole ), and the mixture was cooled
in an ice-bath. The mixture was diluted with ethanol
¢ 99%, 120 ml ) and anion exchange resin ( 12 g.) was
added. The flaék was swirled gently for some time while

cooled, allowed to assume room temperature, and placed

on the automatlc shaker for 50 hours.

At the end of the shaking period, the reaction

mixture was filtered, the filtrate was evaporated to a

;
1.
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thick liquid which crystallized on drying ig_ﬁgggg .

_ Recrystallization from benzene gave colorless needles,
m.p. 87-83.5°. Reported (86): m.p. 93-96°. Yield: 35 g,
( 24%). "

Characteristic IR absorption ( in CH4CI, en~l ): 3600 w,
3400 b ( OH ); }535 s ( NO2 ). Other bands occurred at:
3000 w;2940 w; 2880 w; 1470 w; 1410 w; 1380 w; 1350 w;
1070 s; 860 w.

NMR data ( 60 MHz ):

1.585 ( 6H, singlet, methyl protons ).

2.476 ( 1H, ¢center of triplet, exchangeable with DZO’

A hydroxyl proton ). |

3.905 ( 2H, doublet, J1 10H ~ = 6 Hz, changed to singlet

after addition of D 0 C-1 methylene protons ).

B. Synthesis of Nitroalkyl B-D-Glucopyranbside Tetra-

acetates

Tetra;o-acetyl-a-D-glucopyranosyl bromide ( VI )

This compound was.prepared according to the

procedure described by Lemieux (88). Colorless needles

were obtained in 80% yield. ' The product was recrystal=’

1ized from anhydrous ether and showed m.p. 88-89°, [aly

'
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+198° (¢, 2, in chloroform ).

ranoside ( VII )

2-Nitro-1-propanol ( I ) (1.491 g, 14.20
mmole ), reactive silver carbonate'* ( 3.260g, 11.83
mmole ), anhydrous silver perchlorate ( 2. 459 g, 11.83
mmole ) and powdered Drierite ** ( 8.0 g ) were mixed
with chloroform *#** (ethanol-free, 50 ml ) in a foil-
wrapped, 250-ml round bottom flask‘and stirred in the
dark for half an hour. To this mixture, tetra-O-acetyl-
a-D-glucopyranosyl bromide ( VI ) ( 8.705 g, 21.2 mmole )
was added in three portions in ten-minute intervals.
T.L.C. ( acetone-benzene, 2:8, v/v ) performed 20 minutes
after the addition showed that two new spots ( Rf = 0.70
and 0.48 ) and residual VI were present. Additional
silver carbonate ( 0.400 g, 1.445 mmole ) and silver

perchiorafe (0.100 g, 0.484 mmole ) were jntroduced

# prepared according to Methods in Cérbohydrate Chemistry,

Vol. II, p. 342, Ed. M. L. Wolfrom and R.LWhistler, A.P.1963.

a% pried in oven at 240° for 2 hours.
sxx A I. Vogel, Practical Organic Chemistry, P. 176 3rd.

Edition, Longmans, London, 1962.
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with vigorous stirring. After 30 minutes, t.1l.c. showed

a decrease of VI in the reaction mixture. An extra amount

of VI ( 0.80 g, 1.945 mmole ) was added to ensure complete

reaction of I. The reaction was stopped after a total
reactlon time of two hours.

The reaction mixture was filtered through
a sintered glass funnel and the residue was washed with
chloroform. The combined filtrate and washings were
. evaporated to give a pale yellow liquid ( 9.85 g ). This
liquid was placed on a 500-g silica gel column pre-
washed with benzene, and eluted w1th benzene ( 100 ml1 ),
10% acetone in benzene ( 200 m1 ), and 20% acetone in
benzene ( 1500 ml ). The effluent was collected in 10-ml
fractions. The fractions exhibiting one product spot
( Rf = 0,70, 20% acetone in benzene ) were combined to
give a slightly yellow syrup ( 2.650 g, 42.80% ) which
crystallized on trituration with 99% ethanol, m.p. 124-
127°. One portion of the crystals was rectystallized
from ethanol ( 99% ) and petroleunm ether ( b.p. 60-80° )
to give colorless prisms which melted at 126-127° and
exhibited [a] -18.4° ( ¢, 1.01, in chloroform ).
“Anal. Cj,H,cNOj,(435.38 )
Calcd.: C, 46.89; H, 5.79; N, 3.22.
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Found: C, 47.03; H, 5.97; N, 3.03.

Characteristic IR absorption of VII ( cm'l): 1750 s

( C=Q ); 1550 m ( NO2 ). Other bands occurred at: 1370 m;

1200-1240 b,m; 1040 s. Hydroxyl absorption was absent.

NMR data ( 60 MHz ): |

1.466 , 1.608 ( 3H, centers of two superimposed doublets,

’ | 6-3' methyl protons, JZ',S' = 7 Hz ).

1.976 , 1.996 , 2.06 § ( 12H, three singlets, equatorial

: | O-acetyl gfoups ).
3.59 § ( 1H, multiplet, H-S ).
4.02-4.29 6 ( 4H, overlapping multiplets, protons of C-6
| and C-1' ). ' |
4,48 , 4.53 8§ ( 1H, centers of two overlapping doublets,
H-1, J) , = 7.5 Hz ). |

4.63-4.82 § ( 1H, multiplet, H-2' ).

4,84-5.34 & ( SH; overlapping multiplets, H-2, H-3 and
H-4 ). | '

Effluent fractions containing the less mobile
by-product ( Re = 0.4, 20% acetone in benzene ) were
combined. The compound was isolated in crystalline form
and identified as 2,3,4,6;tetra-g-acetyl-B-D-glucopy-

ranose ( XII ) by its melting point ( 129-132° ) and

!
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NMR spectrum ( 27 ).

1-Methyl-2-nitroethyl 2,3,4,6-tetra-0-acetyl-g-D-

g}pCOpyrénoside'( VIII )

‘LoweTAmelting'sample ( VIIT A )

1-Nitro-2-propanol ( IT ) ( 1.013 g, 9.64
mmole ), reactive silver carbonate ( 1.508 g, 5.47
mmole ), anhydrous silver perchlorate ( 9.031 g, 1.495
mmole ) and powdered'Drierite ( 14.0 g ) in chloroform
( 50 ml, ethanol-free ) were stirred for half an hour
in the dark. Acétobrdmoglucose (vI) ( 3.762 g, 9.64
mmole ) dissolved in chloroform ( 40 ml ) was then
added to the mixture through a dropping funnel over a
period of 15 minutes, with vigorous stirring. An excess
of VI ( 0.500 g, 1.215 mmole ) in 5§ ml of chloroform
was added after a stirring period of 45 minutes. The
reaction mixture was then stirred for another 30 minutes
before if was filtered. The filtrate and washings were
evaporated to give a yellow syrup ( 4.8 g ).

The syrup was placed on a 150-g silica gel
column ( prepared by suspension in benzene ) and eluted

with 20% acetone in benzene. Rapid removal of most of

T . .
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the by-product XII was achieved by collecting fractions
containing either VIII alone-oT mixtures of VIII and XII.
These were combined and evaporated to give a syrup

( 3.932 g ) conta1n1ng mainly the desired product and
small amounts of XII. This syrup was then rechromato-
graphed on a 225-g silica gel column which was eluted
with benzene ( 100 ml ), 10% acetone in benzene ( 200 ml )
and 20% acetone in benzene ( 300.ml ). Chrom%?graphically
uniform fractlons were combined ( Rf = 0.67, solvent
system: 20% acetone in benzene ). After removal of
Jsolvent,'a yellow syrup was obtained which crysta111zed '
on drying in vacuo. Yield: 1.464 g, ( 35% ); m.p. 126-129°.
An analytical sémple was recrystallized from 99% ethanol
‘ and showed m.p. 128-129° ( turbid melt, clearing at 134° )3
[alp -14.6° (¢, 1.1, in chloroform ).
Anal. C17H25N012 ( 435.38)

Ccalcd., C, 46.89; H, 5.79; N, 3.22.

Found : C, 46.84; H, 5.73; N, 3.40.

Characteristic IR absorption ( cm"1 ): 1750 s ( C=0 );
1565 m ( NO, ). Other.bands-occurred at: 1230 s, b; 1040
s; 1160 w3 1070 w» Hydroxyl absorption was absent.

NMR data ( 100 MHz, Fig. 1 )¢
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1.265, 1.336 ( 3H, centers of two overlapping doublets,

J = 6 Hz, methyl protons ).

1.965, 1.985, 2.068 ( 12H, three singlets, equatorial
| 0-acetyl protons ).

3.51-4.516 ( 6H, overlapping multiplets, H-1', H-2',
H-5 and H-6 ).

4,575, 4.596 ( 13, overlapping doublets, J1,2 = 7.5 Hz,

H-1 ).

4,78-5.308 ( SH; overlapping multiplets, H-2, H-3 and

H-4 ).

'Higherimeltigg;§amp1e'( VIII B )

1-Nitro-2propanol ( IT ) ( 0.416 g, 3.95 mmole),
anhydrous silver perchlorate ( 0.810 g, 3.91 mmole ) and
‘Drierite ( 5.0 g ) in dry nitromethane ( 35 m1 ) were
stirred in the dark for half an hour. Acetobromoglucose
(VI ) ('1.626 g, 3.95 mmole ) wés added to the mixture
. with vigorous stirring. T. 1. c. showed, after two hours,
the persistence of a trace of VI. An excess of silver
;'pérchlorate (0.30 g, 1.44 mmole ) was added and the
reaction was stopped after another 90 minutes.

The reaction mixture was filtered and Fhe
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filtrate was evaporated to give a brown liquid ( 2.211 g5)
The liquid was chromatographed on a 115-g silica gelh
column by elution with 20% acetone in benzene ( 600 ml1 ).
The eafly effluent fractions ( 35 ml ) were evaporated

to afford a yellow liquid ( 0.25 g ) which was identified
to be unreacted alcohol II. Later ffactions showing a
single product spot ( Rf = 0.67 ) were combined and
gvaporated to a syrup which crystallized on cooling and
scratching to yield 0.45 g ( 26.2% ) of solid VIII B.
Recrystallization from ethanol ( 99%. ) gave colorless
crystals, m.p. 139-143°, [a]D -17.2° (¢, 0.68, in
chloroform ).

Anal. C17H25N012 ( 435.38 )

Cacld., C, 46.89; H, 5.79; N, 3.22.

Found : C, 46.78; H, 5.78; N, 3.29,

NMR data ( 100 MHz, Fig. 2 ):

1.336, 1.266 ( SH,.centers of two overlapping doublets,
J = 6 Hz, methyl protons ). |

1.966, 1.9958, 2.066 ( 12H, three singlets, equatorial
0-acetyl protons ).
3.53-4.566 ( 6H, overlapping multiplets, H-1', H-2', H-5
and H-6 ).
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4.57 § ( 1H, doublet, H-1, J; 5 = 7.5 Hz ).
»
4.77-5.376 ( 3H, overlapping multiplets, H-2, H-3 and
H-4 ).

- -2-Nitrobutyl 2,3,4,6-tetra-0-acetyl-8-D-glucopyrano-
side ( IX )

2-Nitro-1-butanol ( IIT ) ( 1.151 g, 9.66 mmole ),

reactive silver carbonate ( 3.684 g, 13.400 mmole ),
anhydrous silver perchlorate ( 2.815 g, 13.55 mmole ), and
Drierite ( 8.0 g)) were stirred in chloroform ( 50 ml )
for half an hour in the dark Acetobromoglucose ( VI )

¢ 5.753 g, 14.00 mmole ) was added to the mixture in three
portions over a period of 20 minutes, and stirring was
continued for 90 minutes. The reaction mixture was then
f£iltered and evaporated to give a colorless liquid ( 6.20
g ). This liquid was placed on a 250-g silica gel column
which was eluted with benzene ( 100 ml ), 8% acetone in
benzene ( 100 ml ), io% acetone in benzene ( 100 ml ),

15% acetohe in benzene ( 100 ml ) and 20% acetone in
benzene ( 500 ml ). Effluent was collected in 7-ml
fractions.

Fractions containing the fastest moving
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product were combined to give a colorless syrup which
solidified on trituration with scratching in ethanol

( 99% ) to a colorless powder ( 1.852 g, 42.6% ). An
analytical sémple was recrystallized from ethanol under -
slow cooling,'m.p. 55-88°, [a]D -18.8° (¢, 1.06, in
chloroform ).

Anal. C18H27N012 ( 449.41 )

Caled., C, 48.13; H, 6,06; N, 3.12.

Found : C, 48.05; H, 5.90; N, 3.04.

Characteristic IR absorption ( cm'l): 1750 s ( C=0 );
1550 m (.NO2 ). Other bands occufred at: 1220 s, b;
1150 m; 1040 b; 960 w; 900 w . No hydroxyl absorption

PR

was present.

NMR data ( 100 MHz ):

0.965 ( 3H, triplet, Jzy 41 = 7 Hz, C-4'methyl protons ).
? .

\
{

1.49-1.906 ( 2H, multiplet, C-3' protons ).
10978, 1.985, 2.028, 2.076 (12 H singlets, equatorial
| ‘ _ | O-acetyl protons ).
| 3.54-3.816 ( 1H, multiplet, H-5 ).
3.81-4.298 ( 4H, overlapping multiplets, H-1' and H-6 ).
4.29-4.5086 ( 1H, multiplet, H-2" ).
4.536 ( 1H, center of doublet, J1,2 = 7.5 Hz, H-1).
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4,79-5,346 ( 3H, overlapping multiplets, H-2, H-3 and
| H-4 ).
In one case a crop of m.p. 99-103° was obtained
and the mother liquor upon repeated chromatography gave
a crop of m.p. 88-90°. These melting points could not be

reproduced, however.

1-Ethyl-2-nitropropyl 2,3,4,6-tetra-0O-acetyl-g-D-

- glucopyranoside ( X )

"~ Higher-melting sample (XA)

Z-Nitro-S-pentandl (1Iv) (0.546 g, 4.10
mmole ), powdered mercuric cyanide ( 2.069 g, 8.20 mmole)
and Drierite ( 3.0 g ) were stirred in a 100-ml round
bottom flask containing 40 ml of dry dichloroethane *.

To this mixture, acetobromoglucose ( VI ) ( 3.376 g,

8.23 mmole ) was added and the reaction mixture was

'stirred vigorously for 30 hours % T.l.c. ( ethyl acetate:

ethanol: benzene = 20: 5: 75, v/v ) showed the presence
of three spots. The fastest moving spot ( Rf = 0,82 )

corresponded to compound X, the slowest moving spot was

% Dried with PZOS and distilled at 81-82°,

** The flask was flushed with nitrogen gas occasionally

to remove accumulated hydrogen cyanide.

{
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identical with XII, and the middle spot was not iden-

tified. The reaction mixture was diluted with chloroform

and washed three times with water. The chloroform layer
was dried with anhydrous sodium sulfate and evaporated
to furnisﬂ:&ellow liquid ( 3.422 g ). The liquid was
brought onto a 130-g silica gel column which was eluted
with 20% ethyl acetate in benzene. Fractions showing a
single product spot were combined to give a syrup

( 0.30 g ). Fractions containing mixed spots were
rechromatogréphed on a'SO-g silica gel column eluted
with ‘the same solvent system, to give a pure syrup

( 0.58 g ). The total yield was 0.88 g ( 46.4% ).

Crystaliization from 99% ethanol gave X A as a white

powder ( 0.56 g ); m.p. 133-139°. An analytical sample

was recrystallized from the same solvent and showed m.p.

136-139° ( melt turbid, completely clear at 142° ),
[a]D -21.6° ('g, 1.20, in chloroform ).
Anal. C17H29N012 ( 463.43 )

Calcd.: C, 49.24; H, 6.31; N, 3.02.

Found : C, 49.08; H, 6.14; N, 3.28.

Characteristic IR absorption ( em™1 )y: 1750 s ( C=0 ),
1550 m ( NO, ). Other bands occurred at: 1230-1200 s, b;
1040 m; 1090 w; 910 w; 1170 w. Hydroxyl absorption was

<
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absent.

NMR data ( 100 MHz, Fig. 3 ):

0.936 ( 3H, center of a triplet, J= 7.0 Hz,

methyl protons on the ethyl noiety ).

1.44-1.958 ( 5H, oferlapping multiplets, methylene group
of the ethyl moiety and methyl protons on C-3').

1.956, 1.985, 2.038 ( 12H, three singlets, equatorial

acetyl protons ).

3.54-4.335 ( 4H, overlapping multiplets, H-5, H-6 and
H-1' ). J

4,476 ( 1H, center of doublet, J1,2 =.7.5 Hz, H-1 ).

4.50-4.72 § ( 1H, multiplet, partially superimposed with
the prominent doublet of H-1 ).

4.78-5.385 ( 3H, overlapping multiplets, H-2, H-3 and
H-4 ).

AL WCIZII T BITIERIwA T

Lower-melting sample ( X B ) | ]

z-Nitro-s-pentanoi (Iv) (2,033 g, 15.35
mmole ), reactive silver carbonate ( 3.037 g, 17.00
mmole'), anhydrous silver perchlorate ( 4.55 g, 22.00
mmole ) and Drierite ( 12.0 g ) were stirred in ethanol-
free chloroform ( 150 ml1 ) for 30 minutes in the dark.

Acetobromoglucose ( VI ) ( 9.757 g, 23.75 mmole ) was §§
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added to the mixture in three portions in 15-minute
intervals. The reaction mixture was stirred vigorously.
for one hour, then filtered through a Sintered glass
funnel. The filtrate was evaporated to give a pale
yellow liquid ( 11.0 g ). The liquid was dissolved in
15 m1 of benzene and placed on a 500-g silica gel column
packed in benzene. The column was eluted with benzene

( 100 ml1 ), 20% acetone in berzene ( 1600 m1 ) and 10 ml
fractions were collected. Fractions showing a single
t.l.c. spot of X B ( Rf=0.72 ) were combined ( 250 ml )
to give upon evaporation a pure syrup ( 3.564 g ) which
crystallized on drying. Fractions containing mixtures

of product X B and by-product XII ( 140 ml ) were combined

ceama asmEeNwW A T

and evaporated to a syrup which crystallized to give
0.11 g of X B as colorless powder. Total yield of the‘ | ‘
glucoside was 3.674 g ( 51.7% ). An analytical sample

was recrystallized from ethanol; m.p. 124-125°, [a]D

-19.6° Cc, 1.03, in chloroform )

Anal, 019H29N012 ( 463.43 )

Calcd.: C, 49.24; H, 6.31; N, 3.02.
Found : C, 49.02; H, 6.20; N, 3.10. _
Characteristic IR absorptions were identical with those

of the higher-melting sample, X A,
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MMR data ( 100 MHz, Fig. 4 ):
0.928, 0.966 ( 3H, centers of two overlapping triplets,
methyl protons on the ethyl moiety ).

1.44-1,958 ( SH, overlapping multiplets, methylene
group on the efhyl moiety and methyl protons
on C-3' ).

1.976, 1.996, 2.1586 ( 12H, three singlets, equatorial

~ acetyl protons ).

3.54-4.336 ( 4H, overlapping multiplets, H-5, H-6 and
H-1' ).

4.38-4,726 ( 2H, overlapping multiplets, H-1 and H-2',
a prominent doublet due to H-1 was at 4.47§,
Jy.g = 7.5Hz ).

4.77-5.338 ( 3H, overlapping multiplets, H-2, H-3 and
H-4 ).

2-Methyl-2-nitropropyl 2;3,4,6-tétra-0Aécety1-B-D-

g}pCOpyranoside'( XI )

2-Methyl-2-nitro-1-propanol (V ) ( 2.382 g,
20.00 mmole ), reactive silver carbonate ( 10.00 g, 36.30
mmole ), silver. perchlorate ( 1.00 g, 4,84 mmole ) and

powdered Drierite ( 20.0 g ) were stirred for half an hour
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. in chloroform ( 100 ml ). Td this mixture was added
acetobromoglucose ( VI ) ( 8.226 g, 20.00 mmole ), with
vigorous stirring. Thirty minutes after the addition,
another portion of VI ( 7.18 g,17.48 mmole ) was added
together with silver carbonate ( 3.65 g, 13.25 mmole ).
The reactioﬁ mixture was stirred for 15 hours before

it was filtered through a sintered glass funnel. The
residue was washed with chloroform, the filtrate and

' washings were combined and evaporated to give a yellow
liquid ( 14.60 g ).vThe liquid mixture was difided into
two portions and both were subjected to column chromato-
graphy. One portion ( 8.14 g ) was placed on a column
containing 500 g silica gel, prepared in 15% acetone in
benzéne and eluted with the same solvent system. The
other portion ( 6.46 g ) was separated on a 400-g silica
gel column prepared and eluted wjth the solvent system
just mentioned. Fractions of 10 ml wefe collected from
both colﬁmns. Fractions exhibiting single product spot

C R; = 0.56, 15% acetone in benzene ) or one major spot
with a trace of impurity ( XII, Rf = 0.34 ) were combined
and evaporated to give 4.85 g of a syrup. Crystallization

from ethanol ( 99% ) gave colorless prisms. The yield was

)
¢
]
H
!
!
|




- 144 -

3.759 g ( 41.8% ); m.p. 157-159°; [a]y -20.1° ( ¢, 1.0,
in chloroform ). . |

Anal. C18H27NO12 ( 449.41 )

Calcd.: C, 48.10; H, 6.06; N, 3.12.
Found : C, 48.03; H, 5.98; N, 3.30.
Characterfstic IR absorption ( in chloroform, cm'l): 1750
s, b (C=0); 1535 m ( tertiary NO2 ). Other bands occurred
at: 2950 w; 1370 m; 1230 s,b; 1030 s,b; 900w.Hydroxyl
absorption was absent.
NMR daté ( 100 MHz, Fig. 5 ):
1,508, 1.566 ( 6H, two singlets, methyl protons ).
1.965, 1.988, 2.068 ( 12H, three singlets,.equatorial
acetyl protons ).

3.986 ( 2H, singlet, H-1* ).
4.208 ( 2H, center of multiplet, H-6 ).
4.498 ( 1H, center of doublet, J1,2 = 7.5 Hz, H-1 ).
4.84-5.308 ( 3H, overlapping multiplets, H-2, H-3 and

. H-4). ' |
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C. Deacetylation of Glucoside Tetraacetates

2-Nitropropyl B-D-glucopyranoside ( XIII )

2-Nitropropyl 2,3,4,6-tetra-g;acety1—B-D—gluco;
pyranoside (_VII ) (1.672 g, 3.84 mmole ) was suspended
in anhydrous methénol ( 30 m1 ) in a flask equipped
witﬁ reflux condenser, drying tube and magnetic stirrer.
A methanolic solution of methyl p-toluenesulfonate was
préparedAby dissolving 0.936 g of freshly distilled
methfl p-tolueneéulfonate in 10 ml anhydrous methanol
(c=0.503M), aﬂd 6.585 ml of this solufion, corresponding
to 0.295 mmole of the catalyst,was added to the reaction
mixture which was heated to reflux for 29 hours. After
that time t.l.c. ( 30% ethanol in benzene ) showed the
presence of one major product ( Re = 0.35 ) and traces
of impurities below and above it. The reaction was
stopped by cooling the solution and evaporating it to
give a light jellow syrup ( 1.15 g ). The syrup was
placed on a 60-g silica gel column which was eluted with
20% ethanol in benzene. Good separation was achieved.
Fractions containing the major product were combined

and evaporated to give a syrup ( 0.668 g, 65% ) which
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was chromatographically pure. The syrup was dissolved

in a minimum volume of anhydrous methanol, then anhydrous
diethyl ether was added drobwise until a slight turbidity
appeared. After prolonged cooling, rosette-type crystals
of XIII were obtained..It showed m.p. 115-117°, [a]D -12,3°
(¢, 1.02, in methanol ).

Anal. CgH;,NOg  ( 267.23 )

Calcd.: C, 40.45; H, 6.41; N, 5.24.

Found : C, 40.26; H, 6.58; N, 5.09. .

Characteristic IR absorption ( cm'l): 3540, 3300 s,b

( OH ); 1550 s ('NO2 ) .Other bands occurred at: 1200 w;

1160 s; 1070 s; 1030 s; 900 m; 860 m, Ester carbonyl

absorption was absent. | |

NMR data ( 100 MHz, in acetone- d6 + 0.05 m1 DZO Fig. 6 ):

1.495 ( 3H, center of doublet, c-3! methyl protons,

JZ',S' = 7 Hz ).

3,366 ( 3H, center of multiplet, H-5 and H-6 ).

3.48-4.1856 ( 9H, overlappiﬁg signals ascribed to H-2,
H-3, H-4, H-1' and the hydroxyl protons ).

4.365§ ( 1H, center of doublet, H-1, J1,2 = 7.5 Hz ).

4.945 ( 1H, center of miltiplet, H-2' ).

A minor product of the reaction was obtained
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when 1later fractions from the column, showing a spot
of Rf,= 0.25, were combined and gave upon evaporation
. a syrup which crystallizedreadily on drying. This
product was jdentified as methyl a-D-glucopyranoside
by its melting point ( 163-165° ), optical rotation,
and by comparing its IR spectrum with that of an

authentic sample.

ho |
1- ggyl-z-nitroethyl B-D-glucdpyranoside ( XIV )

1-Methyl-2-nitroethyl 2,3,4,6-tetra-0-
acetyl-g-D-glucopyranoside (VIIT) (0.874 g, 2.00
mmole ) in anhydrous methanol ( 20 m1 ) was methanolyzed
in the presence of 0.25 ml ( 0;169 mmole ) of the
catalyst solution as described for XIII above. Refluxing
was stopped after 18 hours at a stage when the reaction
was nearly complete as jndicated by t.l.c. ( 20% ethanol
in benzene }. The solution was cooled and evaporated
and the syrup obtained was chromatographed on a 30-g
silica gel column which was eluted with 20% ethanol in
benzene ( 300 ml ). Effluent fractions containing the
major product were combined and evaporated to afford a

colorless syrup ( 0.30 g, 56% ) that was chromatographi-
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cally pure glucoside XIV. Many attempts to crystallize
this syrup did not succeed. It showed [a], -18.3°
( ¢, 1.07, in methanol ). '

Anal. CQH17N03 ( 267.23 )

Calcd.: C, 40.45; H, 6.41.

Found : C, 40.84; H, 6.39.
Characteristic IR absorption ( 1liquid film, cm'1 ): 3400-
3200 s,b ( OH ); 1550 s ( NO2 ). Other bands occurred at:
2950 w; 1420 w; 1380 m; 1230_w; 1160 w; 1080 s; 1040 s;
890 w; 860 w. Ester absorption was absent.
NMR data'( 100 MHz, in acetone-d6, TMS as lock signal ):
1.296, 1.325 ( 3H, centers of two doqblets, methyl
protons on C-1' ). '
4.415, 4.445 ( 1H, centers of two'overlapping doublets,
H-1, J1,2 = 7.5 Hz ,.
4.605 ( 2H, center of triplet, H-2' ).
2.88-4.005§ ( 11H, multiplets ascribed to ring protons
H-2, H-3, H-4, H-5, H-6, hydroxyl protons
and H-1' ).

'2ANTthBUtY1‘Bthglucopyranoslde ( XV )

2-Nitrobutyl 2,3,4,6-tetra-g-acety1-B-D-

anrvsm riv A
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glucopyranoside ( IX ) (1.016 g, 2.26 mmole ) in
'anhydrous methanol ( 20 m1 ) was methanolyzed in the
presence of 0:44 ml ( 0.22 mmole ) of catalyst solution
as previously described for XIII. After a refluxing
period of 23 hours, it was shown by t.l.é. that one
major product ( Rf = 0.35, 30% ethanol in benzene ) was
present. A faint spot (Re = 0.28 ) corresponded to |
methyl a-D-glucopyranoside. The reaction mixture was
 cooled and evaporated to give a colorless syrup (0.592 g j.
This syrup was d1ssolved in 5 ml of a solvent mixture

( ethanol:benzene, 3.7, v/v ) and placed on a column
containing 50 g of silica gel. Sequential elutionvwith

pure benzene ( 50 m1 ), 15% ethanol in benzene ( 50 ml ),
and 20% ethanol in benzene ( 250 ml ) resulted in good
separatioh. Effluent fractions containing the major

product furnished a colorless syrup ( 0.537 g ). The

syrup was dissoived in a minimum volume of anhydrous
methanol to which was then added a few drops of ethyl
acetate and anhydrous diethyl ether until a slight
turbidity appeared. By cooling the mixture overnight

in the refrigerator, colorless crystals were obtained

( 0.253 g ); m.p. 130-132°; [a]D -22.1° (¢, 0.33, in

e i m#TTIAIECS



- 150 -

water ). The mother liquor afforded an additional crop
¢ 0.202 g ) upon concentration and seeding; m.p. 129-
132°. The total yield of XV was 0.455 g ( 71.7% ). The
mother liqudf from tﬁe second crop cqntained mostly
compound XV and traces of side products, according to
t.l.c.

10H19N08 ( 281.26 )

Calcd.: C, 42.70; H, 6.81; N, 4.98..

Anal, C

Found : C, 42.81; H, 6.63; N, 4,94,

Characteristic IR absorption ( cn”l }: 3560, 3400-3200 |

s ( OH ){ 1556 s ( NOZ j. Other béndé occurfed at: 1200

.w} 1165 m; 1030 s; 900 w; 860 w; 800vw. Ester absorption

was absent.

NMR data ( 100 MHz, in acetone-dg with addition of 0.05 ml
of DZO’ TMS as internal standard, Fig. 8 ).

0.915 ( 3H, center of triplet, methyl protons on C-4' ).

1.865 ( 2H, quintet, methylene protons on c-3').

4.363 ( 1H, center of doublet, H-1, J1l2 = 7.5 Hz ).

4.805 ( 1H, center of multiplet, H-2' ).

3.00-4.195 ( 12H, overlapping multiplets, ascribed to
ring protons H-2, H-3, H-4, H-5 and H-6;

hydroxyl protons and H-1' ).

. \
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1-Ethyl-2-nitropropyl 8-D-glucopyranoside ( XVI )

1-Ethyl-2-nitropropyl 2,3,4,6-tetra-0-acetyl-
BfD-glucopyranoside (X) (1.463 g, 3.16 mmole ) in
anhydrous methanol ( 20 ml ) was refluxgd for 20 hours
in the presence ofvcatalyst solution ( 0.48 ml, 0.244
mmole ) as described above for XIII. T.l.c. ( 20% ethanol
in benzene ) at this stage showed four spots in addition
to a spot of the starting compound. Heating was continﬁed
for another 25 hours at which time t.l.c. indicated the
presence of one major product ( Rf = 0.38 ). There were
two faint shadows above ( Rf = 0,5 and 6.7 ) and one
below ( Rf = 0.15 ) the major spot. The solution was
cooled and evaporated to a colorless syrup ( 0.920 g )
which was chromatographed on a 60-g silica gel column
by elution with 20% ethanol in benzene. Effluent
fractions containing the pure major product or mixtures
of major product and traces of the less mobile side
product ( methyl a-D-glucopyranoside ) were combined to
give a syrup ( 0.711 g ) which was rechromatographed
in the same way. Clean separatibn resulted giving the
major product XVI as a chromaographically pure, colorless

syrup. Attempts to crystallize this syrup did not prove

AL GTET STIAIY
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successful. Yield: 0.565 g ( 60.5% ), [a]D -28.6°
( c, 1.85, in methanol ). |
Anal. C11H21N08 ( 295.29 ) '

Calcd.: C, 44.74; H, 7.17.

Found : C, 44.51, H, 7.39.

Characteristic IR absorption ( liquid film, cm'l ): 3500

s (OH ); 1550 s ( NO2 ). Other bands occurred at : 1450
- m; 1380 m; 1350 w; 1150 m; 1060 b, s; 1030 b. Ester

absorption was absent.

NMR data ( 100 MHz, in acetone-d6, ™S as.internal

stah&ard j: | 7

‘1.006, 1.0286 ( 3H, centers of overlapping triplets,

methyl protons of the ethyl moiety ).
1.42-1.7186 ( SH, multiplets, C-3' methyl protons and
| methylene protons of the ethyl moiety ).
3.02-4.468 ( 14H, complicated overlapping multiplets,
ascribed to a11'ring protons, hydroxyl
protons and H-1' ).
4,58-5.026 ( 1H, multiplet, H-2' ).

"Z-Methyl-z-nitropTOpyl‘B-D—glucopyranoside'C XVIT )

2-Methyl-2-nitropropyl 2,3,4,6-tetra-g;acety1-

.
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g-D-glucopyranoside ( XI ) ( 1.01 g, 2.23 mmole) was
suspended in anhydrdus methanol ( 12 m1 ) in a 25-ml
round bottom flask with vigorous stirring. A solution
of sodium nethoxide ( 3.5 ml, 0.76 mmole, prepared by
dissolving.O.ISS g of sodium in 30.5 ml of anhydrous
methanol ) was added'to the suspension. The turbid
mixture became clear within 5 minutes. The pH of the
solution at this stage was 8.5 and t.l.c. ( 20% ethanol
in benzene ) after 15 minutes showed_# single product
spot ( Rf = 0.25 ). The reaction was stopped after
another 10 minutes by neutralizing the solution with

- cation exchange resin Amberite IR-iZO ( " ). The resin
was removed by filtration and repeatedly washed with
ethanol. Filtrate and washings were combined and
 evaporated to give a white solid ( 0.610 g, 95% ) which
was chromatographically pure glucoside XVII. On recrystal-
lization from methanol and diethyl ether, large colorless
prisms were obtained ( 0.428'g ); m.p. 140.5-141.5°.
Another cropAof cr&stals was obtained by working up the
mother liquor. The total yield was 0.549 g ( 87.5% );
[a]D -23.3° ( c, 1.08, in methanol ).

Anal. C10H19N08 ( 281.26 )

P
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Calcd.: C, 42.70; H, 6.81; N, 4.98.

Found : C, 42.89; H, 6.80; N, 5.10.

Characteristic IR absorption ( KBr pellét, en”l ): 3500-

3200 s, b ( OH ); 1535 s ( tertiary NO2 ). Other bands

occurred at : 2946 w; 2920 w; 2880 w; 1290 m; 1210 m;

1160 s{ 1050-1010 b; 890 m; 860 m; 830 m; 620 m; 550 m.

Ester absorption was absent.

NMR data ( 100 MHz, in DZO’ 0.05 ml of acetone added as
internal reference ):

0.60 ppm upfield from acetone ( 6H, singlet, methyl protons ).

0.86-1.46 ppn downfield ffom‘acetone'( S5H, overlapping
multiplets ascribed to H-5, H-6 and H-1' ).

2,21 ppm downfield from acetone ( 1H, doublet, J1,2 = 7.5
Hz, H-1 ).

1.46-2.17 ppm downfield from acetone ( 3H, complicated
overlapping multiplets, H-Z, H-3 and H-4 ).

=TV, 2]
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PART II  OXIDATION OF AMINO SUGARS TO NITRO

SUGARS

A. Oxidation of trans-2-Aminocyclohexanol( I )

1. Preparation of trans-2-aminocyclohexanol (I )

Cyclohexene oxide ( 5.3 ml ) was'dissolved
in anhydrous methanol ( 50 ml ) and placed in a stain-
less steel bomb ( 52;SX4.8lcm ) that was cooléd in a
dry-ice/acetone bath. Liqpid ammonia ( 40 m1 ) was
added, and the bomb was séaled, allowed to attain room
temperature, and heated in an oven at 80° for two hours.
it was then allowed to stand at room temperature for
twelve hours, cooled with dry-ice/acetone, and'opened.
Evaporation of the reaction mixture furnished a yellowish-
white solid residue. Sublimation of the residue at 45°
and 2 Torr gave I as colorless needles, m.p. 67-69°, in
a yield of 3.5 g ( 63% ). Recorded ( 97 ): m.p. 67-68°.
Characteristic IR absorption ( liquid £film, cm'1 ):
3360 s ( hydrogen-bonded OH ); 2940 s, 2860 s ( C-H );
1590 m ( N-H ). Other bands occurred at: 1450 s; 1350-
1380 b, w; 1070 s; 970 m; 920 w; 870 w; 840 m.

(SR P
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NMR data ( 60 MHz ):
0.9-1.95 ( 8H, broad signal, ring protons on c-3, -4,
" -5and -6 ). |
2.308 ( 1H, singlet, exchangeable with DZO’ superimposed
with H-l, hydroxyl pfoton ).
2.20-2.708 ( 1H, broad singlet, H-1 ).
2.87-3.408 ( 1H, broad signal, H-2Z ).

2. Preparation of trans-2-aminocyclohexanol hydro-

chloride (I A)

Compound I ( 1.146 g, 9.95 mmole ) was
dissolved in 15 ml of ethanol ( 99% ). To this solution,
2N hydrochloric acid was added dropwise until it was
slightly acidic ( = 10 ml ). The slightly yellow solution
was evaporated to give 2 powder which on recrystallization
from 95% ethanol afforded colorless hydrochloride I A,
m.p. 178.5-180°. Lit. ( 97 ): m.p. 175°.
Characteristic IR absorption ( cm'l):
1600 m, 1570 m ( NH3+ ), 1500 s; 1300 m; 1250 w; 1220 w; .
1160 w; 1100 w; 1080 s; 1040 s;_1015 s ( shoulder ); 930 w;

840 m.
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3. Synthesis of trans-2-nitrocyclohexanol ( IT ) and

trans-2-nitrosocyclohexanol dimer ( III )

m-Chloroperbenzoic acid*( 0.448 g, 2.61 mmole)
was dissolved in chloroform ( 5 ml1 ) which was heated
to reflux in a two-necked flask. A partial suspension
of trans-2-aminocyclohexanol (I) (0.100 g, 0.865 mmole)
in chloroform (-8 ml ) was added‘to the boiling solution
through a dropping funnel over a period of five minutes,
with vigorous magnetic stirring. The reaction was stopped
after one hour. Thin layer .chromatography ( 10% ethyl
acetate in benzene, v/v ) at this point showed two
reaction products ( Re, 0.62 and 0.28 ). The reaction
mixture was cooled in a refrigerator, and m-chlorobenzoic
acid which deposited was removed by filtration. The
filtréte was washed with ice-cooled sodium bicarbonate
solution ( 5% ) and water, dried with anhydrous sodium

sulfate, and evaporated to a semi-solid.

* m-Chloroperbenzoic acid was purchased from Aldrich
Chemical Co. The reagent is specified to be of 85%
purity, and this was taken into account throughout

‘the thesis whenever quantities were expressed in molar

. terms.
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The semi-solid was dissolved in a small
volume of benzene and brought onto a 5.0-g silica gel
column. The column was eluted with 5% ethyl acetate in
benzene ( 26 ml ), 10% ethyl acetate in benzene ( 20 ml),
25% ethyl acetate plus 5% ethanol in benzene ( 20 ml1 ),
and 20% ethyl acetate plus 10% ethanol in benzene ( 40 ml ).
The faster moving product obtained after evaporating
the early effluent fraétions showing a single t.l.c.
spot was a yellow o0il which crystallized as needles upon
"trituration with benzene and petroleum ether ( 30-60° )
followed by cooling. Thé brodu;t ( éo mg, 16% ) was the
-desired 31325-Z-nitrocyclohexanol ( II ), m.p. 46-47°.
Lit. ( 98 ): m.p. 47-48°.
Characteristic IR absorption ( liquid film, cm'1 ):
3370-3300 s ( OH ); 2930 s;'2860 s ( C-H); 1550 s ( NO,).
Other bands occurred at: 1450 m; 1370 m; 1240 m; 1190 w;
1120 B, w; 1065 s; 970 m; 900 m; 860 m; 730 w.
NMR data ( 100 MHz ):
0.99-2.45§ ( 8H, unresolved multiplet, ring protons. on
c-3, -4, -5 and -6 ).
2.746 ( 1H, singlet, exchangeable with DZO’ hydroxyl

proton on C-1 ).
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3.85-4.49 § ( 2H, broad multiplet, overlapping signals
of H-1 and H-2 ).

The effluent fractions from the column
containing the second product were evaporated to give
a white solid which was chromatographically pure; m.p.
118-122°. Recrystallization from ethyl acetate and
.petroleum ether ( 60-80° ) gave the nitroso dimer III
as fine needles melting at 130-132°. The yield was 31 mg
( 28% ).
Anal. Ci2H22N204 ( 258.31 )

Calcd.: C, 55.79; H, 8.59; 0, 24.78.

Found : C, 55.54; H, 8.38; 0, 24.95.

Characteristic ‘IR absorption ( em™l ): 3400-3200 s

¢ hydrogen-bonded OH J; 1195 s ( trans nitroso dimer );
Other bands occurred at: 1300 w; 1270 w§ 1240 w; 1070 s;
980 w; 950 w; 910 w; 870 w; 860 w; 840 w; 690 m.
Ultra-violet absorption ( in methanol ): Ap .. 296 nm
(e, 7500 ). |

NMR data ( 60 MHz ):

1.0-2.508 ( 8H, broad multiplet, ring protons on c-3,

-4, -5 and -6 ).
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3.435 ( 1H, broad signal, exchangeable with DZO’
hydroxyl proton on C-1 ).
4.108 ( 1H, center of a broad multiplet, proton on C-1 ).

4.73-5.536 ( 1H, multiplet, proton on C-Z ).

B.. Oxidation of 3-Amino3-deoxy-glycosides

1. Oxidation of methyl 3-amino-3,6-dideoxy-2,4-di-

O-methyl-a-L:g}uCOpyranoside hydrochloride ( IV ).

Synthesis of methYl 3,6-dideoxy-3-nitro-2,4-di-
O-methyl-a—nglpcqpyranoside (V)

m-Chloroperbenzoic acid ( 312 mg, 1.81 mmole )
was dissolved in chééroform ( 10 ml ) and the solution
was heate¢ to reflux. A solution of methyl 3-amino-3,6-
dideoxy-z,4-di-Qfmethyl-a-L-glucopyranoside hydrochloride
(Iv) ( 50 mg, 0.207 mmole ) in methanol ( 3 ml ) and
chloroform ( 8 ml ) was added over aperiod of 20 minutes..
The reaction was shown by t.l.c. to be nearly complete
( 15% ethyl acetate in benzene ) five minutes after the

end of addition, with only a trace of IV left at the
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baseline. The reaction was stopped after another 20
minutes, and t.l.c. at this stage showed one major spot
(Rf 0.70). A very faint shadow was alsovvisible just
above the baseline.

The reaction mixture was cooied, then
evaporated to dryness. Chloroform ( 10 m1 ) was added
to the dry solid, and the mixture was cooled to -19°
for some time. Filtration of the resulting suspension
removed some of the m-chlorobenzoic ac1d The filtrate
was evaporated to dryness, dlssolved in a small volume
of 10% ethyl acetate in benzene and placed on a column
of silica gel ( 17 g ). The column was eluted with 15%
ethyl acetate in benzene ( 150 ml ). Effluent fractions
containing the major product were combined and evaporated
to a semi-solid which was a mixture of the product V and
some residual m-chlorobenzoic acid. This semi-solid was
dissolved in benzene ( 20 ml ) and passed through a small
| aluminum oxide column ( 1.5%2.0 cm ) which was eluted
with benzene. The first two fractions gave upon evapora-
tion the pfoduct V as a yellow syrup ( 26 mg, 53% ).
showed [a]D -144.3° ( ¢,0.55, in chloroform ) and spectral

data identical with those of an independently prepared

\
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sample for which [a]D -141.3° (¢, 1.60, in chloroform )

has been recorded ( 100 ).

Characteristic IR absorption ( liquid film, en 1l y:

2920 m, b; 2840 w ( C-H ); 1555 s ( NO, ). Other bands

occurred at : 1450 m; 1370 m, b; 1260 wj 1200 m; 1150 m;

1100 s; 1050 s; 990 m; 790 w. |

NMR data ( 60 MHz ):

1.316§ ( 3H, doubiet, C-methyl protons ).

3.438 ; 3.476 ( 9H, two singlets, O-methyl groups on C-1,
C-2 and C-4 ).

3.818 ( 1H, center of quartet, H-2, J; , = 3.5 Hz,

' ?

J2,3 = 10.5 Hz ). ) é

4.836 ( 1H, center of triplet, H-3, J, 5 = 10.5 Hz, ' i
’

N

J3’4 = 10.5 Hz ). %

2

4.908 ( 1H, center of doublet, H-1, J1,2 3.5 Hz ).

2. Oxidation of methyl 3-amino-3,6-dideoxy-a-D-

g}pcopyranoside ( VIII )

a. Preparation of methyl 2,3-anhydro-4-0-benzoyl-

6-bromo-6-deoxy-a-D-allopyranoside ( VI )

A benzene solution ( 30 ml ) containing
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methyl 2,3-anhydro-4,6-benzylidene-c¢-D-allopyranoside*
(1.32 g, 5.0 mmole ), N-bromosuccinimide ( 1.00 g,
5.62 mmole ) and benzoyl peroxide ( 40 mg, 0.165 mmole)
was refluxe& ﬁith stirring for two hours. A transient
red color was observed which faded after ten minutes.
The solution was evaporated gifing a mixture of a
solid and a syrup. Ether was added and the resulting
solution was filtered. The clear yellow filtrate was
washed three t1mes with small ‘amounts of water dried
with anhydrous magnesium sulfate, and evaporated to
give a syrup ( 1.4 g ). ‘Thin layer chromatography of

the syrup showed one major spot and traces of less

mobile iﬁpurities ( 15% ethyl acetate in benzene, v/v ).

The syrup was dissolved in benzene, the solution
treated with activated charcoal and further purified
by passing through a siiica gel column ( 70 g ). The
column was eluted with 20% ethyl acetate in benzene.
The product obtained was a syrup which crystallized
upon scratching in ether and pentane. Yield: 1.235 g

( 72% ). The crystals shoﬁed a melting point of 59.5-

* Methods Carbohyd. Chem., Vol.II, p. 189, Ed. M. L.
Wolfrom and R.LWhistler, Academic Press, N. Y.,1963.

degpee
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. 60° and [a]y +175° ( ¢, 1.10, in chloroform ), which
confirmed the produét to be methyl 2,3-anhydro-4-0-
benzoyl-6-b:pmo-6-deoxy-a-D- allopyranéside (vl ).
Lit. ( 102 ): m.p. 60-61°, [a]D +177° (¢, 1.03, in
¢hloroform ).

Characteristic.IR absorption ( liquid film, em™1 ):
3080 w; 2900-3000 b; 2840 m; 1720 b, s ( C=0 );

1600 m; 1580 m ( aromatic CfH ); 1450 s; 1420 m; 1380 m;
1320 m; 1100-1000 b; 950 s; 980 m; 830 m; 780 w; 760 s;
700 s; 680 m. |

NMR data ( 100 MHz );

.3.526 ( 3H, singlet, O-methyl protons ).
3.42-3.685 ( 2H, overlapping multiplets, H-2 and H-3 ).
4.285 ( 1H, center of seven peaks, H-5, J5,6 = 3,0 Hz,

ACVEEYT et

4,986 ( 1H, center of doublet, J1 2 = 3.0 Hz )
H]
5.286 ( 1H, center of quartet, H-4, J4’5 = 9,5 Hz,
J3’4 = 1.5 Hz ).
7.485 ( 3H, center of multiplet, aromatic protons on
c-3', C-4' and C-5' ).

8.066 ( 2H, quartet, aromatic protons on C-2' and C-6' ).
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b. Preparation of methyl 2,3-anhydro-4-0-benzoyl-

6-deoxy-a;D-allopyranoside ( VII )

éalladium on charcoal ( 4.0 g, 10% ) was
carefully introduced into a 500-ml hydrogenation flask
containing metﬁanol ( 150 m1 ), barium carbonate (18 g ),
and methyl 2,3-anhydro-4-0-benzoyl-6-bromo-6-deoxy-a-D-
allopyranoside ( VI ) ( 4.436 g, 12.95 mmole ). Hydro-
genation was allowed to proceed at ordinary temperature
and pressure for 19 hours. The reaction mixture was
shown by t.l.c. to contain a major product ‘( which gave
~a greenish spot ) and two minor, less mobile products.
Inorganic material was filtered off, the filtrate was
evaporated, and the residue of evaporation was extracted
with chloroform. The chloroform solution was dried with
anhydrous sodium sulfate and e&aporated to a syrup
( 2.942 g ). Purificatidn of the syrﬁp was effected by
using a 150-g silica gel column that was eluted with
15% ethyl acetate in benzene. Effluent fractions contai-
nihg the major product were combined to give a pale
yellow syrup ( 2.414 g, 71.5% ) which was chromatographic-

ally pure. Attempts to crystallize this syrup did not
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succeed. The product was confirmed to be methyl 2,3-

anhydro-4-0-benzoyl-6-deoxy-a-D-allopyranoside ( VII )

by comparisoh of its spectra with reported data ( 102 ).

NMR data ( ioo MHz ):

1.206 ( 3H, center of doublet, C-6 methyl protons, J5,6
= 6.5 Hz ). '

3.476 ( 3H, singlet, O-methyl protons ).

3.576 ( 2H, overlapping multiplet, H-2'and H-3 ).

4.148 ( 1H, center of multiplet, H-5, J4’5 = 9,5 Hz,

J = 6.5 Hz ).

5,6
4.895 ( 1H, center of doublet, H-1, Ji .o = 3 Hz ).

: 4

5.056 ( 1H, center of quartet, H-4, J, = 9.5 Hz,
: . ’ . .
J:,,’4 = 1,5 Hz ).

7.37-7.676 ( 3H, center of multiplet, aromatic protons

on C-3', -4' and -5'.). |

'8.076 '( 3H, center of-multiplet,‘arométic protons on

C-2' and -6' ).

c. Synthesis of methyl 3-amino-3,6rdideogz;a-D-

'g}ucopyranOside ( VIII ) and methyl 2-amino-

‘2;6?dideoxy-a-D-altropyranoside ( IX )

Methyl 2,3-anhydro-4-0-benzoyl-6-deoxy-a-D-
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allopyranoside ( VII ) ( 2.414 g, 9.17 mmole ) was
dissolved in methanol ( 35 ml ) in a stainless steel

bomb ( 32.5x4.8 cm ) cooled in:Hry-ice/acetone bath,

and liquid ammonia ( 60 ml1 ) was added. After the sealed

" bomb had attained room temperature it was placed in an
oven at 130° for thirty-six hours. At the erd of this
heating period, the bomb was cooled again in dry-ice/acetone
before opening, and Tesidual ammonia was then allowed to
escape freely at room tempefature. The remaining solution
was evaporated to give a brown syrup. Addition of water

( 20 m1 ) to the syrup resulted in a brown solution
containing some undissdlved crystalline material. The
crystals were filtered off ( 320 mg ) and identified to

be benzamide. The remaining aqueous solution was
extracted repeatedly with ether. The colorless ethereal
solution was dried and thereafter deposited an additional
amount ( 290 mg ) of crystalline benzamide. Evaporation

of the‘aqueous Jayer resulted in a syrup which on addition
of ethanol, ethyl acetate and petroleum ether ( 60-80° )
crystallized in colorless prisms, m.p. 174-176° ( 430 mg ).
This product was identified as compound VIII by comparison

of its melting point and optical rotation, [a]D +144.4°
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(c, 0.34, in water ), with the literatufe values.
Lit. ( 101 ):m.p. 175-177°, [a]D +148° (¢, 0.57, in
water ). ) |

The mother liquor from VIII was combined with
the previous filtrate of the ether extract and evaporated
to a syrup ( 1.587 g ) which was subjected to further
separation. The syrup was placed onto a column prepared
from a suspension of silica gel ( 80 g ) in methanol- '
chloroform ( 3:7, v/v ), and elution was performed with
the sﬁme solvent system. Benzamide ( 480 mg ) was obtained
froﬁ early effluent fractions. A product ( 340 mg ) which
charred to greenish color on t.l.c. appeared after several
blank fractions. It appeared homogeneous on t.l.c.;
crystallization of the product was difficult and succeeded
only once, from a mixture of ethanol, ethyl acetate, and
petroleum ether { 60-30° ), when a small part of it was
obtained as a microcrystalliné powder melting at 44-46°
and showing [a] +54° ( ¢, 0.43, in water ). This product
was identified as methyl 2-amino-2,6-dideoxy-a-D-altro-
pyranoside ( IX ) by its spectral data and by preparation

of its N-acetyl derivative ( XI ).

Further elution of the column gave fractions
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containing both VIII and IX, and these wefe followed

by fractions that afforded, upon evaporation and
crystallization, pure VIII ( 273 mg ) which was identical
with the first crop according to melting point and
infrared spectrum. The mother liquor thereof was combined
with the chromatographic fractions containing mixtures

of VIII and IX, and the syrup ( 390 mg ) obtained upon
evaporation was chromatographed again on a 30-g silica
gel column., Elution of the column with 30% mefhanol in
chloroform resulted in separation of the two major
products, 170 mg of VIII and 85 mg of IX being obtained.
‘Thus the total yield of VIII was 910 mg'( 56.2% ) and
that of IX was 430 mg ( 26.6% ). A total of 1.009 g( 91% )
of benzamide was recovered.

Spectral data of VIII:

Chacacteristic IR absorption ( em™l): 3426 s ( N-H);

3340 s, 3300 s ( hydrogen-bonded hydroxyl ); 1590 m

( N-H ). Other bands occurred at : 1510 w; 1330 w;

1260 w; 1240 w; 1180’m; 1150 w; 1115 s; 1090 m; 1040 s;
1000 m; 890 w; 840 w; 735 m.

NMR data [ 100 MHz, in D20,~chemical shifts were calculated

by taking lock signal HDO at 4,7568( 124 ) ]:
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1.256§ ( 3H, center of doublet, C-5 methyl protons,

J5,6 = 6.5 Hz ). |
2.906 ( 1H, center of triplet, H-4, J3 4= 9.5 Hz,
] ,
3.056 ( 1H, center of triplet, H-3, J, 7 = 9.5 Hz,
?
J3’4 = 9,5 Hz ).

3.426 ( 3H, singlet, 0-methyl protons ).
3.486 ( 1H, center of quartet, H-2, partially overlépped
by HDO, J1,2 = 4.0 Hz, J2,3 = 9,5 Hz ).
3.718 ( 1H, center of octet, H-5, J4 g = 9.5 Hz,
9

J = 6.5 Hz ).

5,6
Spectral data of IX :

Characteristic IR absorption ( eml):
3500-3100 m, b; 1600 w; 1540 m; 1050 m, b; 1100 w; 950 w;
850 w; 720 m.
NMR data ( 100 MHz, in DZO’ lock signal as in VIII ):
1.286 ( 3H, center of doublet, C-methyl protons, Js 6
»
= 7 Hz ).
3.106 ( 1H, quartet, H-2, Jq , = 4.Hz, Jy 3 = 3.5 Hz ).
4 »
3.438 ( 3H, singlet, O-methyl protons ).
3.665 ( 1H, center of quartet, H-3, J, 5 = 3.5 Hz,
t4
J:,,’4 = 7 Hz ).
3.8956 ( 1H, center of quartet, H-5, J, ¢ = 7 Hz ).
b4
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4.056 ( 1H, center of quartet, H-4, J; , = 7 Hz,
. 2%

J4’S = 7 HZ )o

N-Acetyl derivative ( X ) of VIII :

A sample of VIII ( 32 mg ) in acetic anhydride
( 2 m1 ) was warmed nn a steam bath for 3 minutes. The
ekcess anhydr?ﬁg was removed by repeated coevaporations
with toluene under reduced pressure. The brown syrup
obfainedAwas triturated with ethyl acetate and petroleum
ether, with addition of a drop of ethanoi, whereby it
solidified. The yellowish solid was recrystallized from
a similar solvent combination, giving 31 mg ( 78.5% )
" of colorless needles of methyl 3-acetamido-3,6-dideoxy-
a-D-glucopyranoside ( X ), m.p. 227-228°, [a]D +146°
(c, 0.79, in water ). Reported ( 101 ) : m.p. 224°,
elp +145°, ’

N-Acetyl derivative ( XI ) of IX :

The N?acetyl derivative was prepared by
dissolving IX ( syrup, 40 mg ) in 99% ethanol (4ml),
ta which acetic anhydride ( 10 ml ) was theﬁ added.

The mixture was stirred for two minutes at room temperature,
After coevaporation with toluene to remove acetic

anhydride, a crystalline solid melting at 121-125° was
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obtained. Recrystallization raised the meltihg point
to 135-137°, and the product showed [a]D +51° (¢, 0.3,
in water ). The product was methyl 2-a¢etamido-2,6-
dideoxy-a-Dééltropyranoside ( XI ). Reported ( 104 )
m.p. 138-139°, [a]D +60.4° (c, 0.3, in water ).

d. Oxidation of methyl 3-amino-3,6-dideoxy-a-D-

glucopyranoside ( VIII ). Synthesis of methyl
3,6-dideoxy-3-nitro-a—D-glucopyranoside ( XII )

and methyl 3,6-dideoxy-3-nitroso-a-D-gluco-

pyranosiﬂe dimer ( XIII )

A soiution~of m-chloroperbenzoic acid ( 1. 352 g,
( 6.67 mmole ) in chloroform ( 12 ml ) was heated to .
reflux in a 50-ml two-necked flask equlpped with dropping
funnel, reflux condenser and magnetic stirrer. A solution
of methyl 3-amino-3,6-dideoxy-a-D-glucopyranoside ( VIII )
( 169 mg, 0.955 mmole ) in a mixture of methanol ( 7 ml )
and chloroform ( 10 ml1 ) was added over a period of 30
minutes. Ten minutes after the end'of the addition it
was found.by t.1.c. ( 5% ethanol in benzene ) that all

the starting glycoside had disappeared and that two new
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products ( Rf = 0.23 and 0.11 ) had been formed.
Another 45 minutes of refluxing was allowed before the
reaction was stopped and the solution was cooled and
evaporated to dryness. The residue was extracted with
four portions ( 5 ml each ) of water, tﬁe clear aqueous
extract being removed each time with the aid of a
pipette. The combined aqueous solutions were evaporated
to give a solid material ( 212 mg ). The solid residue
left in the reaction flask after water extraction was
mainly m-chlorobenzoic acid and was discarded.

The solid material obtained by extraction was
dissolved in a small volume of 5% methanol in chloroform
and passed thropgh an aluminum oxide column ( 5 g neutral
A1203 , deactivéted to grade III ) which was eluted with
the same solvent system. The‘effluent was evaporated to
a white solid ( 160lmg ) which contained the two oxidation
products and a trace of.m-chlorobenzoic acid. This
mixture was chromatographed on a 9.0-g silica gel column
eluted with 8% ethanol in benzene ( 120 ml ) and 16%
ethanol in benzene ( 50 ml ). Good separation of the two

products was achieved. Effluent containing the faster

moving product was evaporated to furnish syrupy nitro

oy
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compound ( XII ) which crystallized in needle form
on drying in vacuo ( 87 mg, 44% ). Recrystallization
from warm chloroform and petroleum ethér ( 60-80° )
readily gave long needles of m.p. 140-141° and [a]D
+159.7f‘( c, 1.05, in water ). Reported ( 105 )
for the enantiomer of XII : m.p. 142-145°, [a] -162°
(¢, 1, in ﬁater ). The infrared spectrum was identical
- with that of a sample of the enantiomer.
Cha}acteristic_absorption ( em”1 ): 3520, 3400 s, b ( OH );
1550 s ( NO2 ). Other bands occurred at : 1330 w; 1270 w;
1180 w; 1130 m; i100 m; 1050 s; 1020 m; 950 w; 930 w;
. 890 m; 840 w; 790 m. '
NMR data'( 60 MH%, in DZO’ chemical shifts were calculated
by taking the HDO lock signal at 4.756 ):
1.208 ( 3H, center of dbublet, methyl protons, J5,6 = 6 Hz).
3.356 ( 3H, singlet, O-methyl protons ).
| 3.60-3.808 ( 2H, overlapping multiplets, ﬁ-4 and H-5 ).
4,138 ( 1H, center of:quartet, H-2, J1,2 = 4 Hz, J2,3
= 11 Hz ).

4.776 ( 1H, center of doublet, H-1, J1,2 = 4 Hz ).

( The NMR spectrum was identical with that of

methyl 3,6-dideoxy-3-nitro-a-L-glucopyranoside.)
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Fractions containing the more slowly moving
product from the column were evaporated to give colorless
crystals ( 78 mg, 43% ) that were chromatographically
pure and melted at 148-152°. Recrystallization from a
small volume of ethyi acetate containing a few drops of
absolute ethanol was achieved by adding a few drops of
petroleum ether ( 60-80° ) and cooling overnight. The
fine prisms of the nitroso dimer ( XIII') showed a
melting point 6f 154-156° ( The liquid turned dark red
and decomposed with foaming on raising the temperature
to 165° ). The optical rotation of the product was
‘[a]D +151.9° ( c, 0.4, in water ).
Characteristic IR absorption ( cm'1 )

3360-3440 s ( hydrogen-bonded OH }); 1190 s ( trans nitroso
dimer ). Other bands occurred at : 1300 s; 1140 m;

1100 m; 1040 s; 1060 s; 970 m; 880 w; 850 w; 780 w; 730 w;
630 w.

The NMR spectrum is shown in Fig. 13.

Anal. C14H26N2010 ( 382.4 )

Calcd.: C, 43.97; H, 6.85; 0, 41.85.
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Found : C, 43.85 *; H, 6.70 *; 0, 41.87**,

e.‘Methyl 2,4-di-0-acetyl-3,6-dideoxy-3-nitro-

a-D-glucopyranoside ( XIV ) by acetylation of

XII.

Compound XII ( 35 mg ) and acetic anhydride
(1.0 m1 ) were stirred at 0°, and two small drops of

ethereal boron trifluoride were added. Thin layer

chromatography after 30 minutes showed that a fast moving
spot was present and the starting materiai was absent.

The reaction mixture was poured into ice water ( 30 ml )
and stirred until all thg ice had melted. The aqueodus
solution was then extracted repeatedly with chloroform.
The combined chloroform extracts were dried with anhydrous
sodium sulfate and evaporated with added toluene. A
yellow syrup was obtained which exhibited on t.l.c. one

: a
major spot ( Rf 0.8 ) and traces ofhless mobile impurity

* These values were recalculated by taking into account 3%
of incombustible inorganic residue found in the analyti-
cal sample. The values actually were C, 42.53 and H, 6.50.

% This value was obtained from a separate sample.
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( 15% ethyl acetate in benzene ). Crystallization was
achieved by trituration of the dry syrup with petroleum
ether. Recrystallization from ethyl acetate-petroleum
ether gave colorless needles of the diacetate X1V

( 40 mg, 81.5% ) showing a melting point of 108-111°
and [ﬁ]D +154.1° (¢, 0.3, in chloroform ). The known
enantiomer of.XIV showed ( 106 ) m.p. 109-110° and

1y -154° ( ¢, 1.0, in chloroform ). The infrared

spectrum of XIV was identical in every respect with that

of a sample of its enantiomer.

2. Oxidation of Methyl 3-Amino-3-deoxy-B -D-galacto-

pyranoside ( XV ). Synthesis of Methyl 3-Deoxy-

3;nitro-S-Q;gglactopyranoside ( XVI ) and Methyl

3-Deoxy-3-nitroso-B-ngflactOpyranoside Dimer

( XVII ).

m4Ch10roperbeﬁzoic aéid (1.284 g, 6.32 mmole )
was dissdlved in a mixture of methanol ( 9.5 ml ) and
chloroform ( 9.5 ml ). A solution of méthyl 3-amino-3-
deoxy-B—D-galactopyranqside (xv) (195 mg, 1.01 mmole )

sn methanol ( 4 m1 ) and chloroform ( 4 ml ) was added
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to the refluxing peracid solution over a period of
twenty-two minutes. Ten minutes after the end of the
addition, thin layer chromatography ( 20% methanol in
chloroform ) showed the éomplete absence of XV and the
pfesehce_pf two faster moving.spots ( Re, 0.5 and 0.25 )
of similar intensity. Heating was stopped after another
five minutes. The reaction mixture was éooled and
evaporated to give a‘white solid which was extracted
twice with 10 ml of ether. The remaining solid was dealt
with as described further below. The ether extract was
washed three times with 5 ml of.wafef and was thereafter
"shown by t.l.c. to contain only m-chlorobenzoic acid;
it.was discarded. The combined aqueous solution was
evaporated to a semi-solid material ( 89 mg ) which was
passed through a small ( 2x2 cm ) column by rapid elution
with 5% methanol in chloroform. Evaporation of the
effluent yielded a colorless syrup ( 36 mg ). This syrup
crystallized from a mixture of ethanol ( 99% ) and
chloroform; The white powder melted at 80-82° when air-
dried, but at 125;128° when dried inggggg at 56° for
twelve hours. It had a rotation of [a]D +32.6° ( ¢, 0.5,

in water ). For methyl S-deoxy-3-nitro¥B-D-galactopyran-
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oside ( XVI ) has been reported ( 107 ) : m.p. 87-89°

before, and 131-132° after drying in vacuo; [al, +32.6°

( in water ). Infrared spectra of the ﬁresent.product

and previously_obtained XVI were identical. The data

were as follows ( cm'1 ) : 3610 w ( free OH ); 3460 m

( hydrogen-bonded OH ); 1550 s ( NO2 ). Other bands

occurred at : 1290 w; 1240 w; 1200 w; 1130 m; 1080 s;

. 1050 m; 1030 m; 980 w; 770 w.

NMR data ( 60 MHz, in D 0 ): _

1.07 ppm upf;eld from HDO ( 3H, singlet, Q-methyl protons ).

0.87 ppm ﬁpfield from HDO ( 3H, overlapping signals of
H-6 and H-5 ).

0.55 ppm upfield from HDO ( 1H, center of quartet, H-2,
J1,2 = 8 Hz, J2,3 = 10 Hz ).

0.21 ppm upfield from HDO ( 1H, center of doublet, H-1,
J = 8 Hz ).

1,2

0.22 ppm downfield from HDO ( 1H, center of quartet; H-3,
| J2,3 = 10 Hz, J3,4 = 3,5 Hz ).
The solid residue left after ether extraction

was suspended in methanol ( 5§ ml ). The undissolved part
( 80 mg ) proved to be pure by t.l.c. It was recrystalllzed

.frog‘methanol-water to give colorless needles ( 55 mg ) of
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the nitroso dimer XVII, m.p. 141-143°; [a]; +164.7°

(¢, 0.57, in water ). The methanolic solution from
which XVII had been filtered off showed the same two
spots as the crude, original reaction mixture before
work-up. It was evaporated to dryness and the residue

( 84 mg ) was placed on”a 8.0-g silica gel column and
eluted with 5% methanol in chloroform ( 20 ml ), 10%
methanol in chloroform ( 20 ml ), 25% methanol in
chloroform (20 ml ) and 30% methanol in chloroform ( 40 ml1 ),
There was obtained 26.mg‘of the faster moving component
( XVI ) and 17 mg of the more slowly moving XVII. Thus
the total yield of XVI was 62 mg ( 28% ) and that of

XVII was 97 mg ( 47% ).
Compound XVII showed the following spectral

data :
Characteristic IR absorption ((cm'1 ): 3400-3200 s, b

( hydrogen-bonded OH ); 1190 s ( trans nitroso dimer ).

Other bands occurred at : 1620 w; 1310 m; 1270 m; 1240 m;

1160 m; 1130 m; 1050 s; 1020 s; 980 s; 890 b; 760 w; 720 w.

Ultra-violet absorption in water : A, . 295 ng (e , 7500).

NMR data ( 60 MHz, in DZO )

1.08 ppm upfield from HDO ( 3H, singlet, O-methyl protons)}
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0.89 ppm'upfield from HDO ( 3H, overlapping singlet
of H-6 and multiplet of H-5 ).
0.69 ppm downfield from HDO ( 1H, center of quartet, H-3,
JZ,S = 10 Hz, J:,,’4 = 3 Hz ).
0.58 ppm upfield from and under HDO signal ( unresolved

signals ascribed to the rest

of the ring protons ).

Calcd.: C, 40.58; H, 6.42; O, 46.34.
Found : C, 40.64; H, 6.42; O, 46.26.

Molecular weight ( osmometric method in HZO ): 423.

3. Oxidation of Methyl 3-Amino-3-deoxy-a-D-manno-

pyranoside ( XIX )

a. Preparation of methyl 3-amino-3-deoxy-a-D-

mannopyranoside ( XIX )

Methyl 3-amino-3-deoxy-a-D-mannopyranoside
hydrochloride ( XVIII ) ( 0.33 g, 14.3 hmole ) was
dissolved in 95% ethanol ( 25 ml ) and passed through a
column containing 10 g of dry Dowex 1x2 ( OH ) anion

exchange resin. The column was eluted with the same
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solvent. The effluent was evaporated, and the remainiﬂg
material was purified by recrystallization from 95%
ethanol to give colorless needles of the'free amino
glycoside XIX ( 0.24 g, 86% ) which showed a melting
point of 160-162°. and rotations of [a]D +69.9° ( ¢, 1.16,
in water ) and [a]D +91.1° ( ¢, 1.0, in methanol ).

Anal. C7H15NQ5 ( 193.20 )

Calcd.: C, 43.51; H, 7.83; N, 7.25.
Found : C, 43.48; H, 7.80; N, 7.21.
- Characteristic IR absorption ( cm'.1 ) : 3400 m, 3380 m
( primary N-H ); 3360 m ( hydrogén-bonded OH ); 1570 w
( N-H bending ). Other bands occurred at : 1170 w; 1140 m;
.1065 s; 1025 m; 990 m; 970 m; 940 m; 850 w; 800 w§ 720 m.

b. Synthesis of methyl 3-deoxy-3-nitro-a-D-manno-

pyranoside ( XX ) and methyl 3-deoxy-3-nitroso-

a-D-mannopyranoside dimer ( XXI )

'A solution 6f m-éhloroperbenzoic acid ( 0.802 g,
3.95 mmole ) in chioroform ( 8 ml ) was heated to reflux
and a solution of methyl 3-amino-3-deoxy-c-D-mannopyrano-

side ( XIX ) ( 0.11 g, '0.57 mmole ) in methanol ( 9 ml )
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and'chloroform ( 4 m1 ) was added overziperiod.of 20
minutes. The reaction was shown by thin layer chromato-
graphy ( 25% ethanol in benzene ) to be complete ten
minutes after the addition period. Two spots ( Re, 0.6
and 0.23 ) of similar intensities were seen. Heating
was continued for another ten minutes before the reaction
mixture was worked up by evaporation.

The crude mixture of reaction products (0.905 g )
was extracted four times with 10 ml portions of ether.
The combined ether extract was shaken four times with
5 ml of a 1:1 mixture of water and tetrahydrofuran. The
-aqueous phase which separate& showed a single product spot
on t.1.c., but m-chlorobenzoic acid was also present.
fhe water was evaporated and solute was passed through
a 5.0-g silica gel column by elution with chloroform,
5%, 10% and 15% methanol in chloroform. m-Chlorobenzoic
acid was thereby seﬁarated from the product which was
obtained as a colorless syrup ( 23 mg ). Crystallization
from ethyl acetate and petroleum ether ( 60-80° ) afforded
large crystals in rosette form after prolonged cooling.
This product was jdentified as methyl 3-deoxy-3-nitro-

a-D-mannopyranoside ( XX ) by comparison with an
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independently prepared sample of proven structure

( 109 ). It showed a melting point of 120-120.5° and
[a.]D +37.2° (¢, 0.58, in water ). Reported ( 109 )

m.p. 113-115°, [a]p +44.5°.

Characteristic IR absorption ( em”! ) : 3460 s, 3340 s

( OH ); 1550 s ( NO2 ). Other absorption occurred at :
1290 w; 1270 w; 1250 w; 1230 m ( with shoulder ); 1100 m;
1050 m, b; 975 s; 900 m ( with shoulder ); 830 w; 770 w.

The solid residue left in the ether éxtraction
of the crude reaction product was fractionated on a 8.0-g
silica gel column which was eluted with chloroform ( 20 ml ),
5% methanol in chloroform ( 20 ml ), 10% methanol in
chloroform ( 20 m1 ), 15% methanol in chloroform ( 60 ml ),
and 20% methanol in chloroform ( 40 ml ). Clean separation
was aéhieved giving two products. The faster moving
product was obtained as a crystalline solid ( 26 mg )
and was identical with the previously obtained compound
XX. It was combined with the mother liquor from the first
crop of XX and recrystallized from a mixture of ethyl
acetate and petroleum ether. The total yield of XX was
49 mg ( 38% ). Effluent fractions containing the more

a
slowly moving product were evaporated to,foam which upon
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drying and scratching gave a colorless powder. Attempts

to recrystallize this material did not succeed although
many solveng systems were tried. The hygrosc0pic powder
melted at 93-96° and showed [a]D -14° ( c, 0.2, in water ).
This product was judged to be methyl 3-deoxy-3-nitroso-
a-D-mannopyranoside dimer XXI by spectroscopic evidence.
Characteristic IR avsorption ( cm'1 ) : 3500-3200 s, b

( hydrogen-bonded OH ); 1195 m ( trans nitroso dimer ).
Other bands occurred at : 1140 m; 1060 s, b ( with
shoulder ); 970 m. |

Ultraviolet‘absorption in water : A max'293 nm (e, 5000 ).
‘NMR data ( 100 MHz, in DZO’ chemical shifts calculated

by taking the HDO lock signal at 4.756 ):
3.466 ( 3H, singlet, O-methyl protons ).
3.30-3.506 ( 1H, multiplet beneath O-methyl signal ).
3.58-3.976 ( 4H, multiplets, ascribed to H-2, H-4 and

H-6 ).

4.858 ( 1H,‘doub1et, H-1, J1,2 = 2 Hz ).
5.455 ( 2H, center of quartet, H-3, J:,,’4 = 10.5 Hz,

J2,3 = 3.0 Hz ).
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. 4, Oxidation of Methyl 3-Amino-3-deoxy-8-D-xylo-

pyranoside ( XXII )

m-Chloroperbenzoic acid ( 200 mg, 1.16 mmole )
was refluxed in chloroform ( 6 ml ), and a solution of
methyl 3-amino-3-deoxy-B-D-xylopyranoside ( XXII )
( 26.5 mg, 0.159 mmole ) in methanol ( 2 ml ) and
chloroform ( 4 ml ) was added over a period of 10 minutes.
The clear solution became turbid by separation of crystals
during the addition period; the turbidity persisted even
when more methanol was added to the reaction mixture.
Thin layer chromatography showed that all the starting
material hﬁd reacted after 10 minutes. Only one product
spot ( Rf 0.27 ) was seen ( 10% methanol in chloroform ).
The dried product weighed 11 mg ( 40% ). It was
recrystallized from hot methanol-water to give fine
colorless needles which melted at 168-170°, turning
dark red in the process. The product was assumed to be
'the nitroso compound, methyl 3-deoxy-3-nitroso-g-D-xylo-
pyranoside dimer ( XXIII ) by virtue of its infrared and
ultraviolet spectra.
' Characteristic IR absorption ( em” ! ) : 3400 s, b ( OH );

| 1i95 m ( trans nitroso dimer ). Other bands occurred at :
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1320 m; 1300 m; 1220 m; 1160 m; 1120 m; 1060 s ( with

shoulder ); 1020 s; 980 s ( with shoulder ); 880 w;

720 w; 660 w.

Ultraviolet absorption in water : A max 300 nm ( €, 7000 ).
Compound XXIII was hardly soluble in organic

solvents. Ifs low solubility in water and dimethyl

sulfoxide at ordinary temperature made it difficult

to record anNMR spectrum.

5. Attempted Oxidation of Methyl 2-Amino-2,6-dideoxy-

. “a-D-altropyranoside ( IX )

.m-Chloroperbenzoic acid ( 1.506 g, 7.42 mmole )
was dissolved in chloroform ( 12 ml ), and the solution
was héated to reflﬁx while methyl 2-amino-2,6-dideoxy-
a-D-altropyranos&ﬁe (IX) ( 197 mg, 1.11 mmole ) in
chloroform ( 15 ml ) and methanol ( 2 ml ) was édded
dropwise over a period of 22 minutes. Thin layer chroma-
tography showed that at the end of. the addition period
a'méjor spot ( Rf, 0.47; 5% methanol in benzene ) and
some faint spots of lower mobility were present. Ten
minutes later, two major spots ( Rf, 0.47 and 0.18 ) of

similar intensities and two faint spots of intermediate
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mobility were seen. The reaction was stopped after another
10 minutes and the mixture was evaporated to dryness.
Small volumes of water ( 3x5 ml ) were used to extract
the solid residue, and the clear aqueous extracts were
combined and evaporated to give a white solid material
( 200 ﬁg ). Thin layer chromatography showed that
mainly one carbohydrate product and m-chlorobenzoic acid
were bresent. The material was chromatographed on a
15-g silica gel column ( length 20 cm ) by elution with
8% ethanol in benzene. Fractions of 4 ml were collected.
Inspection of the effluent fractions by t.l.c. revealed
that chemical changes in the product must have occurred
_on the column because the number of spots found was
- greater than before chromatography. Thus, the first eight
fractions contained two products which weré obtained as
a semi-solid mixture ( 0.373 g ) upon evaporation;
later fractions eluted with 30% ethanol in chloroform
gave two slow-moving products which were not inveétigated
further.

The semi-solid mixture from the early effluent

contained a large amount of m-chlorobenzoic acid. It was




- 189 -~

rechromatographed twice on a silica gel and an aluminum
oxide column. The fastest moving product was finally

- obtained in crystalline form and free from chlorobenzoic
acid. It showed a melting point of 120-1225 and [a]D
+48.5° ( ¢, 0.165, in methanol ). Its characteristic
infrared absorptions were at 3430 s; 1570 s ( NO2 );
1210 w; 1100 m; 1050 s ( two bands ); 1000 w; 900 m.

( two bands ); 800 w. The ultraviolet absorption in

methanol occurred at A na 224 nm (¢ , 1000 ). From

X
the spectral data it appears that the compound was a

nitro glycoside.
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PART III SYNTHESIS OF 4-HYDROXY -3-NITRO-

QUINOLINE

~Methyl Anthranilate Hydrochloride

Anthranilic acid‘* ( 1.84 g ) was dissolved in
diethyl ether ( 20 ml ). An ice cooled ethereal solution
of diazomethane was added dropwise with continual stirring.
Addition was complete when a permanent pale yellow color
was observed. The solution was evaporated to a brown
liquid ( 2.3 m1 ) which was identified by spectral data
to be the methyl anthranilate. This liquid was dissolved
in 99% ethanol ( 10 ml ) to which 2N hydrochloric acid
was added dropwise until the solution was slightly acidic.
The solution was evaporated to dryness ( bath temperature,
40° ). Recrystallization of the solid residue from
ethanol-acetone give needles ( m.p. 180-181.5° ) of
methyl anthranilate hydrochloride. Reported (123)m.p.181°.
The yield obtained was 1.63 g ( 65% ).

Methazonic Acid

Methazonic acid was prepared as described by

Bachmann ( 113 ).

* Recrystallized from 99% ethanol-petroleum ether ( 30-

60°); m.p. 150-152°,
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S Sodium hydroxide pellets ( 20.0 g ) were
dissolved in water ( 40 ml ) in a 250 ml round bottom
flask equipped with dropping funnel, thermometer and
mechanical stirrer. The sodium hydrpxide solution was
warmed in a water bath to adjust its temperature to 45°,
Nitromethane ( 20.0 g ) was added through the dropping
funnel slowly while the temberature of the solution was
kept strictly between 47-50°. After the addition of all
the nitromethane the solution temperature was allowed to

) rise freely above 55°. When the temperature began to
drop again, the flask was cooled in ice-bath to 5°. The
cooled solution was neutralized by dropwise addition of
concentrate& hydrochloric acid, temperature being main-
tained below 10°, Thirty-five milliliters of acid was
consumed to bring the pH to 4-5. The resulting mixture
consisted of a cream-colored paste in a deep red super-
natant liquid. The paste was pressed dry on a Biichner
funnel as much as possible, then dried in the air for
30 minutes and afterwards in an evacuated desiccator
for two hours. At the end of the drying period, the
color of the solid had changed from a light cream to
orange. It decomposed with evolution of gas at 85°. The

yield was 11 g. Since methazonic acid is unstable in
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storage it was freshly prepared and used immediately

for reactions.

| 2-(2-aci-Nitroethylideneamino)-benzoate ( I )

Methyl anthranilate hydrochloride ( 2.626 g,
0.014 mmole ) was dissolved in water ( 50 ml ). Con-
centrated hydrochloric acid ( 5.5 ml1 ) was added, and
nethazonic acid ( 1.559 g, 0.015 mmole ) was then intro-
duced in small portionsbﬁith vigorous stirring. The
yellow, clear §olution turned orange and gradually became
turbid towards the end of addition. Concentrated hydfo-
chloriﬁ acid ( 6.0 m1 ) was added and the mixture was
stirred for another ten minutes. The suspensiqn was stored
in a refrigerator for ten hours, then filtered, and the
ﬁfecipitate was washed with water until the filtrate was
neutral. The yellow solid was dried at room temperature
to give silky yellow needles which melted at 153-155°.
A yield of 1.85 g ( 60% ) was obtained. Recrystallization

from warm methanol raised the melting point to 159-160°.

Lit. ( 112 ) : m.p. 153°

Characteristic infrared absorptions ( cmfl, in chloroform ):

1700 m ( aromatic ester C=0 ); 1640 s ( C=N ); 1600 m

( aroﬁatic C-E ). Oiher bands occurred at : 1470 s ;
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1435 m ; 1375 m ( with shoulder ); 1330 w ; 1300 m ;
1280 s ; 1250 s ( with shoulder ); 1165 w ; 1145 w ;
1080 m ; 960 m . No nitro groﬁp asymmetric strefching
band was observed. |

The NMR spectrum is shown in Fig. 14,

2-(Z-aci-Nitroethylideneahino)-benzoic Acid ( IV )

Anthranilic écid_( 1.072 g, 7.82 mmole ) was
dissolved in water ( 30 ml ),‘and concentrated hydrochloric
acid ( 9 ml ) was added with swirling. This was followed
by the addition of methazonic acid ( 1.30 g, 12.5 mmole )
with vigordus stirring. A precipitate occurred after
20 minutes. Stirring was continued for another 20 minutes
before the reaction mixturé:gzored in the refrigerator
for 12 hours. The precipitate was then filtered on:Bﬁchner
funnel, washed with a large volume of distilled water
until the filtrate was neutral, and then dried in a vacuum
to give a dull yellow solid. Recrystallization from ethanol
( 99%') gave IV as silky yellow crystals ( 1.21 g; 74% )
melting at 198-200°. Reported ( 113 ) : m.p. .196-197°.
Characteristic infrared absorptions ( cm'l; KBr pellet ):
3200 s, b ( carboxylic acid hydroxyl, hydrogen-bonded );

3090 s, b ( aromatic C-H ); 1680 s ( aromatic carboxylic
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acid C=0.); 1650 s ( C=N ); 1610 s ( aromatic C-H ).
Others : 1480 S ; 14300m ; 1410 m ; 1380 s ; 1350 m ;
1270 s, b ; 1210 s ; 1160 m ; 970 s ; 900 m ; 780 s ;
750 s ; 720 w 3 700w ; 670 m ; 650 w ; ( no NO2 group

asymmetric stretching absorption ).

p-Nitrophenyl 2-(2-aci-Nitroethylideneamino)-benzoate ( VI )

p-Nitropheﬁol (0.366 g, 2.63 mmoie ) and
dicyclohexylcarbodiimide ( 566 mg, 2.75 mmole ) were
dissolved by stirring in tetrahydrofuran ( 45 ml ). Methyl
2-(2?ggifnitroethy1ideneamino)benzoic acid ( IV ) ( 549 mg,
2.63 mmole ) was added to the solution at an initial bath
temperéture of 0°. The solution was then allowed to assume
room temperature and was stirred for 20 hours. Thin layer
chromatography ( 20% ethyl acetate in benzene ) showed
that a trace of starting compound IV and some unreacted
p-nitrophenol were present. The reaction mixture was
filtered to remove dicyclohexylurea ( m.p. 224-226° ),
the filtrate was evaporated to dryness, and further
dried under vacuum. The red material was washed byltri-
turation with 99%‘ethaﬁol whereby it became yellow in
color. The washed and dried product melted at 215-217°

and weighed 450 mg. The alcoholic washing liquid was
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allowed to evaporate partially at room temperature in
an open vessel. Cryétals deposited after one day. Thgy
vere filtered, washed with water, and dfied ( 126 mg;
m.p. 222-223° ). This crop and the previous one were
jointly recrystallized from acetone-ethyl acetate to
give VI as a bright yellow, crystalline powder; m,.p.
228°. A total yield of 66.5% was obtained.

Anal. C,.H,,N.0 ( 329.26 )

157117376 ,
Calcd. : C, 54.71; H, 3.37; N, 12.76.

Found : C, 54.62; H, 3.55; N, 12.59.

1, KBr pellet ):

Characteristic infrared absorptions ( cm”
3100 w - 2960 w ( aromatic and aliphatic C-H ); 1715 s ;

( aromatic ester C=0 ) ; 1630 s ( C=N ) ; 1600 s ( aromatic
C-H ); 1510 s ( a:omatic NOZ ); Otherg : 1465 s ;

1370 s ; 1340 s ; 1270 s ; 1210 s, b ; 1155 m ; 1100 m ;

1040 s

960 m ; 860 s ; 830 w ; 760 m ; 750 s ; 7}0 s ;
680 m. | |
NMR data ( in DMSOfd6, TMS as lock signal ) :
6.68 § ( 1H, centér of doublet, ascribed to H-a, J = 6.5 Hz ).
7.40 & ( 1H, multiplet ).
7.72 & ( 2H, center of multiplet, H-2' and H-6', JZ',S'
= JS',6' = 9.0 Hz ).
7.8-8.0 & ( 2H, overlapped signal, broad multiplet probably
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due to H-6 and g-H ).
8.1-8.4 & ( 2H, overlapping multiplets ).
8.44 § ( 2H, center of doublet, H-3' and H-5', Jar 31
b4
= JSﬁ; 6r = 9.0 Hz ).

Methyl 2-(Z-Nitroethilaming)-benzoateAijII )

Methyl 2-(2-aci-nitroethylideneamino)-benzoate
(I) (2.19 g, 9}87 mmole ) was suspended in anhydrous
methanol ( 50 m1 ). The suspension was warmed to 30-35°
in a water bath, which was followed by the addition of
sodium borohydride ( 891 mg, 23.5 mmole ) over a period
of five minutes, with vigorous stirring. The water bath
~was removed at the end of the addition period. Initial
liberation of heat was observed. Stirring was continued
for another five minutes, then water ( 40 m1 ) was added
to the reaction mixture, causing some solid material to
precipitate. The mixture was extracted three times with
.20 ml of diethyl ether. The combined ether layers were
dried with anhydrous magnesium sulfate and evaporated to
remove most of the mefhanol, then repeatedly extracted
with diethyl ether. The ether extract was processed as
before to give a second crop of the crystalline product

( 0.17 g ), the total yield of crystalline material thus
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being 1.911 g ( 86.4% ). Recrystallization from warm
benzene-petroleum ether ( 60-80° ) gave methyl 2-(2-
nitroethylamino)-benzoate ( VII ) as long needles which
showed a melting poiht of 84-85°,

Anal. C,.H,,N,0, ( 224.21)

Caled. : C, 53.57; H, 5.39; N, 12.50.

Found : C, 53.46; H, 5.47; N, 12.52.

1

Characteristic infrared absorptions ( cm ~, in chloroform ):

3340 m ( bonded secondary N-H ); 3040 w ( aromatic C-H );
2950 w ( aliphtic C-H ); 1680 s ( aromatic ester C=0 );
1570 s ( aromatic C-C ); 1550s ( NO2 ). Others : 1510 m ;

1430 m ; 1350 w ; 1315 s ; 1240 s, b ; 1160 m ; 1150 w ;

41110 s ; 1070 m .

NMR data ( 100 MHz ):

3.81 § ( 3H, singlet, O-methyl protons ).

3;92 8§ ( 2H, center of triplet partially overlapped by
\ O-methyl signal, a-methylene protons, Ja,B= 6.0Hz).
4,58 § ( 2H, center of triplet, B-methylene protons,

Ja,8= 6.0 Hz ).
6.54-7.26 & ( 3H, overlapping multiplets ascribed to H-4,
H-5 and H-6 ).
7.89 & ( 1H, center of quartet, H-3, J:,,’4 = 8.0 Hz,

J3,§ = 1.5 Hz ).
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7.78-8.18 § ( 1H, broad signal superimposed by H-6,

eichangeable with D,0, N-H proton ).

'4*Hydroiy;3-nitroquinoliné ( III )

A. By base-catalyzed cyclization of methyl 2-(2-nitroeth-

- *ylamino)-benzoate ( VII )

Methyl 2-(Z-nitroethylamino)-benzoate'('VII )

( 233 mg, 1.04 mmole ) was dissolved in anhydrous methanol
( 30 mli), and a sodium methoxide solution ( 2.62 mmole
of sodium metal in 5.0 ml of anhydrous methanol ) was
added. The mixture was heated to reflux. The yellow sol-
ution turned to orange after five hours. Starting material
'VII was shown to persist by thin layer chromatography

(- 20% ethyl acetate in benzene )* after 20 hours of
héating while a new spot at the baseline increased in
intensity gradually. The reaction was stopped after 25
‘hours. The orange brownish solution deposited a precipi-

tate upon cooling. Filtration gave a yellow solid ( 28 mg ).

* The t.l.c. spot was made.visible in an iodine chamber

and fhen sprayed with ceric sulfate / sulfuric acid to

show VII as a greenish spot.
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The filtrate was evaporated to a brownish solid (0.28 g)
which was dissolved in a small volume of methanol and
placed on an aluminum oxide column ( 30 g )*. On elution
with methanol, yellow bands were visible. The first,
'light yellow band elufed gave 27 mg of the fast moving
material, identified to be a mixture of starting compound
VII and a small amount of methyl anthranilate. The second
yellow band was collected in 150 ml of effluent which on
evaporation gave a yellow solid showing one spot on a
thin layer chromatogram. This material which showed alk-
aline reaction was stirred in methanol with an excess of
cation exchange resin Amberlite IR-120 ( H* ). The
neutralized methanol solution was turbid and faintly
yellowish. On evaporation it produced a cream-colored
solid which decomposed at 340-345°. A yiéld of 70 mg was
obtaiﬁed. The later effluent fractions from the 'second
yeliow zone were contaminated by some more slowly moving
‘material of red color. These fractions were combined with
the yéllow soiid obtained by filtration at the beginning
of the work-up, and evaporation gave a yeilowish orange
produ£¥'which was rechromatographed on a column contain-

ing 10 g of A1203. In this way another 20 mg of cream-

2 Aluminum oxide ( neutral ) was deactivated to grade III

by addition of 6% of water.
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colored substance was obtained, after neutralization

with cation exchange resin. Thus the total yield was

90 mg ( 45.5% ). The product was identified as 47@“"#7;

3-nitrosquinoline ( IIT ).

Anal. CgHcO,N, ( 190.15 )

Calcd. : C, 56.84; H, 3.18; N, 14.73.

Found : C, 56.99; H, 3.35; N, 14.49.

Characteristic infrared absorptions ( em”! ):

3200-3040 b ( stfongly hydrogen-bonded CH ); 1620 s

( C=N ); 1610 s ( aromatic C-H ); 1535 s ( aromatic NO2 ).

Others : 1555 s ; 1490 s ; 1450 s ; 1340 s ; 1280 m ;

1260 m ; 1200 m ; 1150 w ; 870 m ; 850 m ; 800 m ; 780 m ;

760 s ; 740 m ; 670 m ; ( ester carbonyl was absent ).

NMR data ( 100 MHz, in dimethyl sulfoxidé-d, with the
addition of an equimolar amount of NaOD ).

7.85-53556 ( 3H, multiplet, H-5, H-6 and H-7 ).

8.936 ( 1H,-cgnter of doublet, H-8, J7,8‘= 8.0 Hz ).

-9.676 ( 1H, singlet, H-2 ).

The sbectrum is shown in Fig. 15,

Ultraviolet absorption in N,N-dimethylformamide : A_

269 n;n, 318 nm ( €, 4100 ), 380 nm (5600 ) ; in

N NaOH solution : A . , 273 nm (£4000), 369 nm (€6000).
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B. By cyclization of IV with acetic anhydride and

potassium acetate -

A m1xture of 2-(2-aci- n1troethy11deneam1no)-
benzoic aC1d (IV) ( 502 mg, 2.4 mmole ) and acetic
anhydride ( 15 ml ) wate placed in a 25-ml three-necked
found boftom flask equipped with thermometer, reflux
condenser and magnetic stirrer. The mixture was st1rred
and heated to 100-105° until a clear solution was obtained,
Heating was then discontinued and powdered, dry potassium
acetate * ( 236 mg, 2.4 mmole ) was added with vigorous
stirring. The color of the solution changed spontaneously
to.red. The temperature began to drop after twoAminutes.
Heating was resumed to allow reflux ( 143° ) for an
additional 15 minutes. The color of the solution darkened
to a deep brown. At the end of the reflux period the
reaction mixture was cooled to room temperature and
filtered through a sintered glass funnel. The tan colored
'residue was washed with glacial acetic acid until the
filtrate was colorless. ( The initial filtrate was

reddish brown ). It was then ﬁashed with water by repeated

o Freshly fused and kept in oven at 110° before use.
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trituration until the water was neutral to pH paper.
The solid was dried in an oven at 105° for half an
‘hour and weighed 200 mg ( 43.8% ). It showed a decom-
position range of 340-345°,

Infrared and NMR spéctra were identical with

those of compound III obtained by method A.
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CLAIMS TO ORIGINAL RESEARCH

" PART I

1. The synthesis of 2-nitroalkyl B-D-glucopyranoside

tetraacetates by the Koenigs-Knorr reaction was

studied. Conditions suitable for the synthesis of

these base-sensitive glucosides were determined.

2, Deacetylation of the glucoside tetraacetates catalyzed

by methyl p—tolﬁénesulfonate in methanolic solution

gave the free 2-nitroa1ky1'B-D-glucopyranosides.

This was fhe first instance of the synthesis of

alkali-labile nitro glycosides.

3. The following new compounds were obtained:

b.

2-Nitropropyl 2,3,4,6-tetra-0-acetyl-g-D-gluco-

- pyranoside ( VII ).

1-Methyl-2-nitroethyl 2,3,4,6-tetra-O-acetyl-g-

D-glucopyranoside ( VIII ) ( two épimers ).

-2-Nitfobuty1 2,3,4,6-tetra-0-acetyl-g-D-gluco-

pyranoside ( IX ).
1-Ethyl-2-nitropropyl 2,3,4,6-tetra-O-acetyl-

g-D-glucopyranoside ( X ) ( two epimers )

'2-Methyl-2-nitropropyl 2,3,4,6-tetra-0-acetyl-

B-D-glucopyranoside ( XI )
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.f. 2-Nitropropyl B-D-glucopyranoside ( XIII ).
g. 1-Methyl-2-nitroethyl B-D-glucopyranoside ( XIV ).
h. 2-Nitrobutyl B-D-glucopyranoside ( XV ).

i. l-EthYI-g-nitropropyl B-D-glucopyranoside ( XVI ).
j. 2-Methyl-2-nitropropyl B-D-glucopyranoside ( XVII ).

PART IT

1. The reaction of ammonia with methyl 2,3-anhydro-4-0-
_benzbyl-G-deoxy-a-D-allopyranoside was studied for
the first time.

2. The oxidation of cyclic secondary carbinamines to
nitro compounds by m-chloroperbenzoic acid was
_invegtigated for the first time. Oxidation of a series
of 3-amino sugarspossessing either free or protected
hydroxyl groups proved to be a useful me;hod for the
synthesis of nitro sugars as well as nitroso sugars.

3. The oxidation was successfully carried out to give
the following known nitro compounds from the corresp-
onding amino precursors:

a. Izggg;Z-nitrocyclohexanél ( I1).

b. Methyl 3,6-dideoxy-3-nitro-2,4-di-O-methyl-a-L-
glucopyraﬁoside (v).

c. Methyl 3,6-dideoxy-3-nitro-a-D-glucopyranoside ( XII ).

N\
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d. Methyl 3-deoxy-3-nitro-g-D-galactopyranoside ( XVI ).
e. Methyl 3-deoxy-3-nitro-a-D-mannopyranoside ( XX ).
4, The'following new compounds were obtaihed:
a, Iggggfi-nitrosocyc;ohexanol dimer ( III ).
.b . Methyl 3,6-dideoxy-3-nitroso-a-D-glucopyranoside
dimer (XIII ).
c. Methyl 3-deoxy-3-nitroso-8-D-galactopyranoside
dimer ( XVII ). |
d. Methyl 3-déoxy-3-nitroso-d—D-mannopyranoside
dimer ( XXI ).
e. Methyl 3-deoxy-3-nitroso-8-D-xylopyranoside dimer

( XXIII ).

" PART III

The Dieckmann-type, cyclizing ester condensation
~of nitro esfers was applied to a compound possessing a
2-nitroethylamino group as the reactive methylene function.
The reaction represents a new synthesis of the quinoline
ring. Two new compounds were prepared in this connection:
a. Methyl 2-(2-nitroethylamino)-benzoate ( VII ).
b. p-Nitrophenyl 2-(2-ggifnitroethylideneamino)

benzoate ( VII ).
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