PREFACE

S ———————-

In this thesis é brief account is given of thg
methods available for the synthesis of nitro sugars, and
their reactions known so far are reviewed. Studies under—
taken with the intent to contribute to the chenistry of
nitrogeneous sugars are then described and their results
are discussed.

The thesis is divided into two parts, Part I
deals wit/i1 the dehydroacetylation of nitro sugar acetates.
Nucleophilic additions to nitro sugar olefins are dis-
cussed in Part II. In Part II.1, the addition of isopro-
pyl lactates is described which le#d to the synthesis of
positional isomers of muramic acidi In Part II.2, the
synthesis of 2,3-diamino-2,3-dideoxy-D-glucose and of its
D-manno isomer by addition of aminobenzoic acids is dis-
cussed.

‘“he results of Part I, and Part II.1, have been

published,?

a. H. H, Baer and F. Kienzle, J. Org. Chem., 33, 1823 (1968);
H. H, Baer and F. Kienzle, ibid., 32, 3169 (1967).
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ABSTRACT

Part I.

The dehydroacetylation of methyl 2,4 ,6=-tri-0-
acetyl;3-deoxy-3-nitro-B-D-glucopyranoside (I) and of i;a
D-manno (II) and D-galacto (III) isomers resulted in the
loss of two molecules of acetic acid and gave, as a reac-
tion intermediate, a derivative (VI) of 2H~pyran which di-
merized spontaneously in a Diels - Alder reaction to an
optically inactive, tricjclic product, 3,4,4a,8a-tetra-~
hydro-3,5-dimethoxy~8a,9-dinitro-1,4-ethenopyrano (4,3~c]-
pyran-1,7(5H)-dimethanol diacetate (VIII), At lower tem-
peratures an optically active diastereoisomer (XXX) of
VIII was isolated in addition. The %tereochemistry of the
products is discussed, and their sﬁructure follows from
spectroscopic data and from a faciie, thermal conversion
into an isochromene, 1-hydroxy-?-n;tro-1§~2ebenzopyran—
3,5-dimethanol 3,5-diacetate (X). Acid-catalyzed acetali-
zation of X furnished the corresponding 1-alkoxy derivati-
ves, XIII, XIV, and XV, whereas phenylhydrazine gave a
monophenylhydrazone (XVI) of the ring-open tautomer. Mild
oxidation of X led to the corresponding isocoumarin (XVII)
and more drastic oxidation, to nitrobenzene-3,4,5-tri-
carboxylic acid (XVIII) which was characterized also as
trimethyl ester (XIX); Sodium borohydride reduction of X
furnished a tetraol (XX) that was degraded by periodate to
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3,4-dihydro-3—hydroxy-7-nitro-1g—2-benzopyran-s-methanol
(XXI). With semicarbazide, XXI yielded 2,6~bis~hydroxy-
methyl-4-nitrophenylacetaldehyde semicarbazone (xx11),
and with sodium borohydride it was reduced to 4-(2—hydnpxy—
ethyl)-3,5-bis-hydroxymethyl-nitrobenzene (XX111),

Reaction of the triacetate I with liquid ammonia
resulted in the formation of a methyl 2,3,4-trideoxy~2,4- -
diacetamido-3-nitro-hexopyranoside (XXXIII) which was hy- h
drogenated and acetylated to give a methyl 2,3,4-triacet-~
amido-2,3,4-trideoxy-hexopyranoside (XXXIV)., |

Part IT.1.
Nucleophilic addition to methyl 4,6-O-benzyli-

dene-2,3—dideoxy-3—nitro—B-D—erxthro—hex-Z—enopyranoside
(I) of isopropyl L-lactate and isopropyl DQIactate, res-
pectively, gave methyl 4,6-0-benzylidene-3—deoxy;2-0-E&-
1—(isopropoxycarbony1)ethyl]—3—nitro-B-D—g1ucopyranoside
(II) and its D-1-(isopropoxycarbonyl)ethyl epimer (111)
in yields of over 80%. The use of isopropyl DI~lactate
afforded II and III in a ratio 10:1. By standard methods
of hydrolysis, catalytic hydrogenation, and acetylation,
II and III were converted into 3-amine-2-0-(IL-1-carboxy-
ethyl)-3-deoxy-D-glucose (XII) and its D-1-cérboxyethyl
epimer (XIX) and various derivatives thereof, including
the lactams VIII and XVII.

A second synthesis started from methyl 3-acet-
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amido-3-deoxy-B8-D-glucopyrancside (XX) whose 4,6~0-
benzylidene derivative (XXI) was condensed with DL-2-
chloropropionic acid and debenzylidenated to give methyl
3-acetamido—~2-0-(L~1~carboxyethyl )~3~deoxy-B~-D-gluco-
pyranoside (XXII).

Part II.2.
Nucleophilic addition to the nitro olefin I of

9-, m-, and p-aminobenzoic acids, respectively, resulted
in the formation of methyl 4,6-0-benzylidene-2-(2-carboxy-
phenyl )amino-2,3-dideoxy-3-nitro~B-D-glucopyranoside (vi),
its 2-(3-carboxyphenyl)amino (XXII), and its 2—(4-carbo§y-
phenyl)amino isomer (XXIII). Variaﬁion of the reaction
conditions gave in the case of graﬁinobenzoic acid a yel-
low~colored isomer of VI for which the manno configuration
(VIII) was established. Compounds VI and VIII were further
converted into the methyl esters VII and IX, respectively.
VII was directly obtained by addition of methyl o-amino-
benzoate to olefin I, Hydrolysis of VI, XXII, and XXIII
gave the benzylidene-free compounds X, XXIV, and XXV, re-
spectively, all of which furnished upon hydrogenation in
the presence of palladium oxyhydrate ~ barium sulfate ca-
talyst, crystalliné méthyl 2,3=-diamino~2,3-dideoxy-B8-D-
glucopyranoside dihydrochloride (XII). Known mgthyl 2,5-
diacetamido-2,3-dideoxy-B8-D-glucopyranoside was obtained
from XII by standard procedures;- Yellow VIII, which f



formed a colorless dihydrate (XV), yielded upon hydro-
lysis and catalytic hydrogenation, methyl'2,3-diaminoe
2,3=dideoxy-B-D-mannopyranoside dihydrochloride (XVII),
N-Acetylation of XVII gave the diacetamido compound XIX .
which was hydrolyzed to the free sugar, 2,3-diamino-2,3-
dideoxy-D-mannose, isdlated as dihydrochloride (XX). The
same diacetamido compound XIX was pbtained from methyl
2—acetamido-4,6-0-benzylidene-2,3-dideoxy-3-nitro—B—D—
mannopyranoside (XXI), a.by-product in the addition of
ammonia to olefin i, by hydrolysis, hydrogenation, and
acetylation,

Nucleophilic addition of o-aminobenzoic acid
to the threo isomer of the nitro ol%fin I furnished an
addition product (xxvii) whose conf&guration has not
been established. ,
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INTRODUCTION

Numerous nitrogen-containing derivatives of
carbohydrates hava been isolated from natural sources.s
They are either glycosylamine-type compounds or amino-
deoxy sugars (1), but nitro sugars have not been encoun-
tered in nature thus far, Nitro sugar derivatives can,
however, be synthesized and are rarticularly wvaluable
as Intermediates for the preparation of rare amino sugars,
They also show interesting chemical properties not found
in carbohydrates generally. For these reasons they are

attractive as subjects of further study.

A, Methods for the Synthesis of Nitro Sugars

1. Synthesis of 6-deoxy-6-nitro sugars

a, Nitromethaﬁe condensation

In 1895, L.Henry (2) discovered that aldehydes
undergo a base-catalysed condensation with nitromethane,
a reaction analogous to the aldol condensation., In sub-
sequent years this reaction has found widespread appli-
cations in aliphatic and aromatic chemistry and has been

reviewed in detail (3).

The reaction was introduced into carbohydrate
chemistry by Sowden and Fischer (4) in 1944, These
authors prepared deoxynitroalditols from aldosrr-
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nitromethane; and they showed that the nitro compounds

obtained may be subjected to Nef reaction, i.e., acidic

elimination of the nitro group.

?HO 1. CH;NO,, OH®
R 3>
2. weak acid

aldopentose

The Sowden-Fischer

one widely applied method of

: ?HOH

?HZNO2 1. NaOH

4
R

{-deoxy-1-nitro-
alditol

(two epimers)

chain in carbohydrates (5).

The first reducin

synthesized in a similar way

—
2. 60% H,50

aldohexose

procedure has thence become

lengthening the carbon

g 6-deoxy-6-nitro sugars were

by Grosheintz and Fischer (6).

They condensed nitromethane with 1 y 2-0O=isopropylidene~D~ -

xylodialdose and obtained, upon removal of the isopropyl-

idene blocking group, 6-deoxy-6-nitro-D-glucose and :

5s OH®

?HO
H?OH

~L-idose,
fr————me
HC—O><CH3
H?—o CH 1. CH3N0
HO?H (0] 2, H@
H? |
CHO

> HO('JH

HCOH
i

HCOH

l

CHO

|
HCOH

l
HO?H
HCOH
HOCH

l
CH,,NO,,

6-deoxy-6-nitro-

D-glucose

L-idose
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Using this principle, Wolfrom and coworkers (7)
synthesized ethylthio 2-acetamido-2,6~dideoxy~6-ni tro—ow-
D-gluco- (I) and L-idofuranoside (II) as intermediates
in‘the first synthesis of the antibiotics component,

streptamine, A
CH,NO,, | | CH,NO,
HO OH
0 -0
OH

Bt \PH Et
c c

I II

b. Nucleophilic substitution

Sugihara and coworkers (8) were the first who
tried to react suitable 6-substituted sugars with sodium
nitrite in order to synthesize 6-deoxy-6-nitro sugars,
They were able to obtain from 24354~tri=-O-acetyl-6-deoxy-
6-iodo-o-D-glucopyranoside and from 2,3,4,5-di-0O-benzyli-
dene-1,6-diiodo-mannitol the 6-nitro and the 1,6-dinitro
derivatives, respectively; |

, Lindberg and Svensson (9) synthesized in a
similar way methyl 6-deaxy-6-nitro-B—D—glucopyranoside
‘starting from either acetylated 6-iodo or 6-tosyl glucoside.
As expected, the yield from the tosylate as compared to
that from the iodide was less satisfactory, the tosyl

group being a poorer leaving group. These authors could

also obtain crystalline, deacetylated methyl 6-deoxy-
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6-nitro—B-D-glucopyranoside, but they were unable }o
crystallize the corresponding o-isomer. This has since
been achieved in our laboratory (10).

Similar reactions in the galactose series
have failed so far. The low reactivity of primary
tosylates and iodides in sugars with galactose confi-
guration might be caused by steric hindrance by the
2xial substituent at carbon 4 (8).

2. Synthesis of 3-deoxy-3-nitro sugars

In 1958, Baer and Fischer (11) introduced a
novel method of synthesizing nitrogeneous sugar deriva-
tives consisting of the cyclization of sugar dialdehydes
with nitromethane in the presence of a basic catalyst,
A 'sugar dialdehyde' in this context refers to the
product of periodate or lead tetraacetate oxidation
of a glycoside. These oxidations have been studied
thoroughly and have been reviewed in detail (12).

The cyclization reaction with nitromethane has also
been the suject of several publications (13). The
reaction can be represented by the following general

scheme:



CHOR* 'CHOR ! ?HOR ' (l}HOR '

|

?HOH NaIo, CHO CH N0, ?HOH 1O ?HOH

('JHOH 0 0 OH® ?=No§ 0 CHNO, O
—_— —_— —_—

(l)HOH (|JHO ?HOH ('JHOH

(|}H——- | ICH—— | ?H ' ?H

R R R R

?—
R _CH3

The first step in the cyclization of the
dialdehyde is the formation of a hitronate. Two asymmetric
centres are thereby generated; subsequent acidification
forms a third asymmetric carbon. Hence. one might expect
the formation of four stereoisomeric nitronates and
of eight nitro glycosides. However, a marked stereo-
selectivity which is due to conformationai preferences
in the arising products is always observed. For instance,
in the nitromethane condensation of L'-methoxy-D-
hydroxymethyldiglycolic aldehyde (III) only three
isomers were isolated (14). The main product was the
gluco isomer (IV) which was obtained in over 40% yield,
while the manno (V) and the galacto (VI) isomers were

formed in smaller amounts,



CH, on GH,OH
/l CH, CH N02 “ocH "
HO HO 3
/,
7@ NOS “oH
zon CH, OH

This result agrees with that predicted by Cram's
rule (15). Nitropentosides, hexosides, 6-deoxyhexosides,
1,6-anhydrohexoses, and 2,7-anhydroheptuloses have
been synthesized by the use of this cyclization reaction.
Branched-chain nitro sugars can be obtained when nitro-

ethane is substituted for nitromethane (16).
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3, Synthesis of nitro sugar olefins

It is known that B-acetoxynitroalkanes easily

undergo baseg-catalyzed elimination of acetic acid

(Schmidt-Rutz reaction) (17).
A : S

(=]

NO, ?Ac -H® , ﬁoz OAc - Ac0® NO,
—(&H—-CH- p— -C—CH- —m—mm— -é!=. CH-

bvwmm—
Applying this reaction to 3-nitro sugars, Baer

and Neilson (18) synthesized in 1964 the first sugar

der;vative possessing a nitro olefin grouping as part

of the glycoside ring. By refluxing methyl 2-0O-acetyl-

4 ,6-0-benzylidene-3-deoxy-3-nitro-8-D-glucopyranoside (VII)

together with solid sodium bicarbonate in benzene they
ocbtained in high yield crystalline methyl 4,6-0- |
benzylidene-2,3—dideoxy—B-nitro-B-D—erxthio~hex—2- m
enopyranoside (VIII).

0-CH O0—CH

2 » 2
0
/)<f OCH; NaHCO, /x<f 0CH.5
Ph NO,
OAe

Ph O\____
CeHg

NO,

VII VIII



The corresponding nitro olefin in the o~series was
synthesized in the same way (19). To prepare the B-anomer,
one to two days of refluxing is sufficient whereas it

may take up to nine days to complete the reaction with
the o~compound. It appears plausible that the axial
methoxy group in the acetate IX may interfere in the
approach of the bicarbonate crystal surface to the

lower side where the hydrogen at carbon 3 must be

abstracted.

IX ' q

Analogous experiments in the galacto series
revealed an interesting configurational effect. In the
first place, it was difficult to obtain the 2-0-acetate
that was thought to be required as a precursor for the
2,3-unsaturated glycoside. However, when methyl 4,6-0-
benzylidene—3—deoxy-3-nitro-B-D—gaiactopyranoside (x)
was heated for five minutes in acetic anhydride in the
presence of sodium acetate,. the nitro olefin XI was

produced directly and could be isolated in high yield (20).



/><:°‘°H2 0—CH,
P N0/ TO0CH; Ac 0  Pn” 040 . -
NO2 ———— 3 3
NaOAc
OH »
0,
X XI

. Methyl 4,6-0-benzylidene-3-deoxy-3-nitro-o~D-talo-
pyranoside (XII) behaved similarly (19).

><:O—CH2 ;K:O—CHQ
Ph” N0 f—0 re -0 Ph” 0 f—0
NO.,0 l .2
2 _ s
CH, NaOAc \— CH,
NO,

XI1I,

The Schmidt-Rutz reaction was also success-
fully applied to 6-nitro sugars. Baer and Rank (21)
isolated the expected nitro olefin XIV upon refluxing
of 3,5-di-0O-acetyl-6-deoxy-1,2-0-isopropylidene-6-
nitro-o-D-xylo-hexofuranose (XIII) with sodium bicarbonate
in benzene. The analogous 1,2-cyclohexylidene derivative

has been obtained in amorphous condition only (22).
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CH.,NO
29 HNO
Acot 2, (N0,
NaHC
OAc __:i__gé__; OAc
0 C.H
66
CH; , CH,
CH CH
XIII | XIV

B. Reacfions of 6-Deoxy-6-nitro Sugars

6-Deoxy~6-nitro-D-glucose (XV) and-L-idose (XVI)
possess a free aldehyde and a nitro group in the same
molecule and are therefore ideall& suited to uﬁdergq
an internal Henry addition. Grosheintz and Fischer (23)
demonstrated that these sugars yield, on treatment with.
barium hydroxide, three stgreoisomeric deoxynitrginositols
which were later shown (24) to have the scyllo (XVII),
D,L-myo~1 (XVIII), and muco-3 (XIX) configurations.

Tichtenthaler’s (25) detailed studies established that
the muco isomer arises by kine#ic,control; when allowed
to remain in an alkaline medium it epimerizes to a
thermodynamically more stable equilibrium mixture of
the scyllo and myo compounds.
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HO
CHO

o+
mb oy CHa¥02

XV XVI

XVII

XIX

Recently, Baer and Rank (21) observed that
the methyl 6-deoxy-6-nitro-D-gluco~ and -L-idopyrano-
sides, too, yield the same deoxynitroinositols on treat-
ment with base., The mechanism‘they propose involves, first,
fission of the pyranoside ring, followéd by loss of the

aglycon and cyclization of the resulting nitro sugars.
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{e
0 @, .
base 0 - 0 )(’
OH CH, W&o —
- 3 - H g OH CHy . OH OCH
OH . OH OH
)
HCNO2 HC= 02
L HOH . H
© =) . C]
-0CH +0H =NO
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The instability of these glycosides towards
alkali is remarkable, but a Similér lability has been
observed on several occasions in acetals or ketals
that bear a primary or secondary nitro group in the
B-position. Thus Fischer and Baer (26) observed a |
facile alkaline removal of the 3,5-isopropylidene
group in 6-deoxy-1,2;3,S—di—O—isopropylidene—G-nitromd—
D-glucofuranose (XX). Similarly, methyl 4,6-O-benzyl-
idene~-3-deoxy-3-nitro-B8-D-glucopyranoside (XXI) readily
loses benzaldehyde on treatment with alkali (27).
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C, Reactions of 3-Deoxy-3-nitro Sugars
1. Reactions in alkaline mediun

One characteristic property of 3-deoxy-3-
nitro glycosides is their sensitivity towards alkali
which is, however, of a type different from that mentioned
of the glycosides and acetals in the preceding paragraph.
In the compounds to be discussed now, the activating
nitro substituent is not located in B-position of an
acetal oxygen (more specifically, the ring oxygen), and
consequently the glycoside ring is not opened by alkali.
However, in basic solution these glycosides exhibit
spontaneous mutarotations which are due to epimerizations
occuring at carbon atoms adjacent to the aci-nitro
grouping.

Two sets of crystalline nitroglycosides, namely
B-D-hexosides and pentosides,have been studied in more
detail. It was found that in both sets a common value
of specific rotation is attained in basic solution
within a few hours. Deionization at this point and
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chromatographic inspection of the resulting solution,
directly as well as following hydrogenation to the
amine stage, indicated that an equilibration had taken
place and caused identical chromatographic patterns
regardless of the configuration of the starting compound.
This was also confirmed by isolation in crystalline
form of the nitro compounds derived from equilibrated
nitronates.,

In the B-D-hexoside series the equilibrium
can be represented by the following scheme (27).

B-=D-manno B-D—gludo B-D=-galacto
CH,OH - CH,0H CH,OH
0 0 ocH 0O
OCH 3 HO OCH,
HO\NO,HO HO\NO,
OH
NaOH ' NaOH NaOH
JI J’ ¥
CH OH CHZOH

0
HO CH3
L—-—.——
/Y
N02 No2 OH NO® OH

2
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In the pentoside series the epimerization

was found to proceed thus (28):

B8-D-arabino B-D-ridbo of~L-arabine
3
0 0
OCH
1o\, 1O HO 102
NO2 : OH
1 NaOH lNaOH

0 0

OCH, CH HO CH

HO —_—s 31_______ 3
HO S HO - |
N6 s /Y A

NO? OH NO? OH
Two possible pathways may be discussed for
the epimerization reaction (13). The first one wéuld
be a reversal of the Henry condensation; the second

mechanism calls for the intermediate formation'of a

nitro olefin.



- 16 -

At present there is no direct proof available
for either mechanism, but the second possibility has an
analogy in the related case of 1,2;3,5~di-0-igopropylidene~
6~deoxy-6-nitro~-o-D-glucofuranose (XX) which easily elimi-
nates in methanolic alkali the C~5 substituent and adds
methoxide ion to form two C-5 epimeric methyl ethers (26).

| _Ip ! " |
HC-0 ~0Ip HC + OCHS GHOOH

I o R I 3
HC=NZJ)] > HC-NZD N HC..N’g]

An intermediate nitro olefin would also help
to explain a further reéctioﬁ which the pentoside and
hexoside nitronates undergo. When;%hese compounds, which
show the characteristic nitronate absorption (29) in the
ultraviolet at 248-250 mAL are allowed to stand in
aqueous solution for several days:at room temperature
(or at 98° for 15 min.), a secondary réaction takes
Place which is characterized by the disappearance of
the nitronate peak with concurrent development of an
absorption peak_of similar strength at 296mm . Work-up
on completion of the spectral transformation gave in.
over T70% yield a solid sodium nitronate for which the
mesomericlstrucfure XXII was established by Baer and

Kienzle (27),
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R R R
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H «— H «— H
W \ /-
! e .
NOS HOH NO, HOH NO, HOH
R=H, CH,OH XXII

The formation of such an endocyclid allylic
system could easily be explained by assuming an inter-

mediate nitro olefin (13).

R R R
0 | 0
© OCH; -OH® OCH,  -H® CH,
2 2 L H
H \

/ o ©

NOS OH 0, OH sz OH
R=H, CH,OH

Solutions of the sodium salts of 2,7-anhydro-
4-deoxy—-4-nitro-B-D-heptulopyranoses (XXIII) do not
show any absorption in the ultraviolet at longer wave-

lengths, even on prolonged heating (27).

CHz—0 | CHy—0

H,OH '
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The non-occurrence of the reaction was expected
in this case since an allylic system would necessitate

the formation of a double bond at a bridgeheadscarbon.

2. Nucleophilic additions and elimination-additions
As is known from aliphatic nitro compounds, the
nitro group possesses an activating effect that peimits
the introduction or exchange of substituents in the
B-position. The key role in these reactions 1s_played-by gn
o~nitro olefin which may either be employed as such or

generated in situ from a suitable precursor.

S
qoz ?R -g® HOZQR ~RO® ?02 HY qoz ¥
-CH—~CH- —— -C-CH- —— -C=CH- —> -CH —CH~

R=COCH3, H; Y=nucleophile

There are many examples of these typesof
reactions in aliphatic chemistry (30), but so far they
have found only little application in carbohydrate
chemistry,

Paulsen (22) successfully added ammonia to
3-0-acetyl-1,2-0-cyclohexylidene-5,6~dideoxy=-6-nitro-
D-xylo-5-hexeno-furanose and obtained a mixture of
crystalline 5-amino-5,6-dideoxy-6-nitro~-D-gluco- and

—-L-ido derivatives which he was able to separate,
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Baer and coworkers (20) observed in 1965 that
the nitro olefin VIII easily added acetic acid when
refluxed for a few minutes in acetic anhydride containing
acetic acid, to yield exclusively the 2-O-acetate with
gluco configuration. They also found +that acetylation of
methyl 4,6=0-benzylidene-3-decxy-3-nitro-B-D-manno-
pyranoside (XXIV) in refluxing acetic anhydride in the
presence of sodium acetate yielded the same gluco
2-0O-acetate, a result that can only be explained by
assuming an intermediate olefin which instantaneously

adds acetic acid to form the observed product, -

0~CH, ~CH,,
T OCH; NaOhe, HOAc \QCH5
Ph NO, O ic .0 » PRN\K yo ViI
O\} "2 ¢ 2 o\; ~2
. ' OAc
XXIV A
Ac)20 NaHCO3 HOAc
pyT. | |
4 d
0-CH, 0—CH,
0 0]
| U5 wanco, OCHs
P \{ ¥O, 0 — P VIII




- 20 -

It is interesting that under the same con-
ditions the olefin with an axial subsfituent at ‘carbon 4
did not add acetic acid but was recovered unchaﬁged.

The reactivity of the benzylidene nitro olefin
(VIII) is further éxemplifiedaby,the ease of addition
of ethanolﬁ(éo), mefhénol and benzylalcohol (31); 2-0-
alkyl or aryl ethers are thereby obtained. ‘

It is not always necessary fo start with the
olefin in such syntheses, It was found (31) that the
2-0—a¢etyloglucoside (YII), when heated for one hour
with sodium acetate in alcohol, formed smoothly in
over 90% yield the same 2-0O-alkyl ethers, Refluxing
of the non-acetylated precursor of VII in toluene in
the presence of basic aluminum oxide and a nucleophile
will also give rise to a 2-substi£uted product. By
use of the latter technique 2-deoxy—2~benzy1thio-,
2-deoxy-2-diethylamino~, 2-deoxy-2-piperidino—~, and
2-deoxy-2~-carbethoxymethylamino derivatives were pre-
pared (31).

An interesting application of these reactions
is the recent synthesis of 2,3-diamino-2,3-dideoxy-D-
glucose (32) which was achieved by adding ammonia to
the benzylidene nitro olefin VIII, %to give the amino-
nitro and,upon hydrogenation and hydrolysis, the
diamino sugar. o

The steric course of these reactions nearly
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always leads to compounds with the all-equatorial
(i.e. gluco) configuration. Only in the case of the
ammonia addition a small quantity of a second isomer
has been found, but its configuration has remained .
unelucidated. Such a steric preference is to be ex~
pected since axial substitution would give rise to
stroné interactions which are greatly diminished in
the case of an equatorial arrangement of the substi-

tuents,
3. Nitro sugars as intermediates for amino sugars

Since reduction of a nitro group to an amino
group can be easily accomplished, most of the nitro
derivatives of carbohydrates have been synthesized
with the intention of preparing suitable intermediates
for amino sugars that are not readily accessible
otherwise, In many cases the isolation of fhe nitro
sugar is not necessary or not feasible. Nevertheless,
the reaction mixtures obtained by nitromethane cycli%
zation can be hydrogenated in the presence of platinum
catalyst to yield a mixture of stereoisomeric amino
sugars which may then be separated at that stage. A
great variety of rare amino sugars have been synthesized
using this method, for instance: D and L 3-amino-3-
deoxy-ribose (33), D and L 3~amino-3-deoxy—arabihoée

(28), 3-amino~3-deoxy-D-glucose, -mannose, -talose,
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and-galactose (34,35,36), 3-amino-2,3-dideoxy-D-
arabino-hexose (18), 3-amino-2,3-dideoxy-D-lyxo-

hexose (37), 3-amino-1,6-anhydro-3-deoxy-D-gulose,
—altrose, and -idose (38), 3-amino-3,6-dideoxy-IL- .
glucose and -talose (39), and 2,7-anhydro-4-amino-

4-deoxy-R-D-gulo-, -altro-, and -allo-heptulopyranose (40).

D. Muramic Acid

In 1954, muramic acid, a derivative of
2-amino--2-deoxy-D-glucose was detected in the'hydro—
lysate of spore peptides produced by Bacillus megaterium
(41). The same compound has since been found in cell
walls of numerous Gram-positive and Gram-negative
bacteria (42) and in an algé (43). Muramic acid was
first isolated by Strange and Dark (44) in 1956 and
subsequently shown by degradation (44) and synfhesis
(45) to be 2-amino-3-0-(D-1-carboxyethyl)-2-deoxy-
D-glucose (XXV).
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The structural sssignment was made on the
basis of molecular weight determination, periodate .
oxidation and acetylation studies, and the fact that
boiling with hydroiodic acid liberated propionic acid.e
A purple coler reaction with p-dimethylaminobenzaldehyde
(Morgan-Elson reaction) was taken as evidence that the
‘substituent was at carbon 3 rather than at carbon4,
since it is known (46) that 4~O-substituted derivatives
of N-acetylhexosamines do not respond to this color
test. The D-configuration for the lactic acid moiety
was assumed on biological grounds. The final synthgsis
confirmed the correctness of the proposed structuré.

The first synthesis (45) as well as latef
improvements (47,48,49) were base& on condensations
between derivatives of D-glucosamine and ano-halo-
propionic acid. Strange and Kent (45) started from
methyl 2-acetamido-4,6-0-benzylidene-2-deoxy—o-D-
gluzopyranoside (XXVI) which was condensed as a sodio
derivative (XXVII) with d-DL-iodopropionic acid
ethylester. This resulted in a mixture of D and L
ethers which, after hydrolysis, had to be separated
by column chromatography. The moré strongly dextro-
rotatory isomer was found to be identical with the
naturall& occuring muramic acid. The higher rotation
supported the asignment of D configuration to the

lactic acid moiety since, as infrared spectroscopy
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had shown, muramic acid exists as a 'zwitterion',
i.e. an internal salt, and since it is also known

that the salts of D(~)lactic acid are dextrorotatory.

O--CH2 O-CH2
PH NaH .
OH - THF ? Ph ONa iCH
0 3 . 0 3
NHAce = @ NHAc
XXVI XXVit

DL CHs—CHI-COzEt

Ph
s
R =D or L lactic acid residue, " CHO-
[}
COOH

The above condensation takes place with
inversion of.configuration (SN2 reaction);therefore
a final proof of the D configuration of the side chain
was given by the use of pure L-o-chloropropionic acid

which upon condensation yielded the natural product (48).
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E, Specification of the Goals of the Present Thesis

As shown in the_preceding paragraphs, the
presence of a nitro group in a sugar molecule induces
properties which open new ways for the synthesis of ’
carbohydrate derivatives hitherto inaccessible. The
scope of our knowledge of nitro sugars is narrow at
present, and it therefore appeared to be of interest
to broaden it by investigating the following probiems:
1. The synthesis of nitro sugar olefins is achieved
by dehydroacetylation of B-acetoxy nitro compounds.,

It seemed to be of interest to study that process,
known as the Schmidt-Rutz reaction& on sugars that
have not one but two neighboring écetyl groups,'to‘ 
see which of these would be more favored_in the
elimination.

2. In nucleophilic additions to 3-nitro olefins there
have been used, thus far, amines,‘alcohols, and
thioalcohols, It was desirable to study whether
other nucleophiles would add with the same ease;

and also, whether such addition reactions might
result in new ways for the synthesis of naturallj

- occuring products or analogs thereof,
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PART I

The Dehydroécetylation of

Methyl 2,4,6-tri-O-acetyl-3-~-deoxy-3-nitro-B8-D-glycosides:

A Novel Synthesis of the Isochromene System via

a Diels—-Alder Reaction
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DISCUSSION

Methyl 2,4,6-tri-O-acetyl-3~deoxy=-3-nitro-
B—D-gluco-»(l)a, manno~ (II), and galactopyranoside
(111) contain a nitro group flanked on both sides by
acetoxy functiohs. The base-éatalyzed dehydrdacety1§
ation (Schmidt~Rutz reactibn) of these sugax acetatés
may, therefore, be expected to lead to the formation
of either the 2,3~ or the 3,4-unsaturated derivatives
or to a mixture of both. In addition, the elimination
of two molecules of acetic acid, resulting in thé‘
formation of Qienes, had to be considered as a’possible
way of reaction, since it has beeﬁ reported (50) that- |
3-nitro-1,3-pentadiene arises upon heating of 2,4- |

diacetoxy-3~-nitropentane with sodium acetateb.

a; For ¢0nvenienée, compounds ih fhis‘chapter'are
numbered using a new set of Romanznumerals.

b. The possibility that a diene such as VI might be
engendered did not come to mind immediatly, however.
The formation of 3-nitropentadiene cited (50) appears
to be an isolated instance in the literature and does

not represent a widely known reaction.
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The following equation exemplifies for the
gluco isomer these expectations:

CHZOAC CHQOAc . CHZOAO A
| 0 OCH, © OCH and/ox . OCHy
Ac0ﬁggjgx AcO \——— \\
Ac NO2 N02 Ac
I ' v v
/ﬁgggAc
\\ // OCH3
0y
Vi VII

When methyl 2,4,6-tri-0—acetyl~BmdeOwaﬁm
nitro-B-D-glucopyranoside (I) was heated under reflux
in dry benzene in the presence of sodium hydrogen car-~
bonate, a colorless crystalline product of mp 1319 was
isolated in 43% yield. Elemental analysis and molecular

weight determination established the formula 018H22N2012

which does not correspond to any of the strudhres in the
above formula scheme. A dimer of the diene VI (or of VII,
or a combination of both) possesses, however, such a com-
position, and it was therefore considered that the de-
hydroacetylation of I had in fact led joTVI (and/or VII)

which then immediatly underwent an intermolecular Diels-
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Alder addition. If one would assume that all the double
bonds in the hypothetical intermediates VI and VII had
dienophilic character, one would arrive at sixteen struc-~
tural possibilities for such a dimer. In the following
equation, which exemplifies the formation of one of these,
one molecule of VI serves as the diene, and the 2,3~

double bond of a second molecule of VI serves as the

dienophile.
AcOCH?//, NGQ
+
0 Ogﬁ
OGH3
Vi VI VIiII

The reaction product of mp 1312 was shown to
possess indeed the structure VIII, It is to be desig-
nated as 3,4,4a,8a~tetrahydro~3,5-dimethoxy-8a,9-di~
nitro-1,4-ethenopyrano [4,3~¢] pyran~1,7(5H)-dimethanol

diacetate.



- 30 -

- Deduction of the Structure of'Compound VIII by Spectroscopy

The infrared spectrum (Pigure 1 and Table 1)
of compound VIII exhibited olefinic C~H and C=C stretgh—
ing vibrations as well as strong bands for ester carbonyl
and for an unconjugated and a conjugated nitro group.
There was no hydroxyl absorption.

The ultraviolet spectrum of an ethanclic solu-
tion of VIII revealed no high-intensity, long wave~length
absorption. Addition of alkali produced, however, a nitro-
nate chromophoreabsorbing strongly at.hmax 255HVM. This
behaviour conforms with the presence of an o-nitroalkene
structure that can readily add base to form a B-substitu-
'ted alkanenitronate. A secondary nitroalkane grouping in
VIII would likewise explain such a behaviour. However,
the triacetate I under the same conditions gave rise to

a strong absorption of Am - 302@/ﬂ(€, 19000) ascribed to

a
an unsaturated nitronate (IX)(51), and the failure of
VIII to produce that particular absorption can be taken
as evidence for the absence of the moieties
~0-CH(CH,0Ac )~CH(OAc)-CH(NO, )~
and

~0~CH(CH,04¢ ) ~CH=C(NO, )~
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CHZOAC CH20AC
—Q O
OCH3 “H$ OCH3
NOZ ; >
AcO\ AcC
OAc : ﬁég Ac
I
-Ac0O®
CHZOAC CHZDAO
0 0
OCH3 -g® // OCH3
e
N02 OAc Néz OAc
IX

The nmr spectrum of VIII is shown in Figure 2.
Sharp singlets, each of three proton intensity, are seen
for two acetoxy groups (T7.93, ©T7.87) and for two methoxy
groups (T6.70,T6.67). The signal centered at v5.59,
with an intensity of four protons, is ascribed fb the
methylene parts of the two acetoxymethyl groups. The
signal has the appearance of a triplet but, as will be
seen below, it really consists of two virtually coinci-
ding AB quartets with geminal coupling of 13 cps, a fea-

ture that rules out the presence of vicinal hydrogen.
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The remaining signals in the spectrum, all of one proton
intensity and well separated, are a narrow multiplet at
T6.40 (H-4a), a quartet at T5.97 (H-4), a doublet with
a splitting of 0.7‘cps at 74.92 (H-5), a doublet with_.a
splitting of 2.5 cps at T4.80 (H-3), a singlet at T4.18
(H-8), and a doublet with a splitting of 2.6 cps at ©2.81
(H-10). The assignments given in parentheses could be
made, in a tentative way, after chemical degradation had
pointed to formula VIII as the most probable structure.
One discrepancy, however, seemed to exist in the doublet
character of the signal at lowest field. This signal,
because of its chemical shift (T 2.81), doubtless was
due to a nitroolefinic proton (H-10), but formula VIII
contains no proton vicinal to H-10, and for allylic
coupling with H-4 the splitting of 2.6 cps appeared to
be rather too large considering the possible geometry

of the molecule. The H-4 bond must lie nearly in the
plane of the nitroolefinic double bond as can be seen
with the help of a molecular model. For such a case,
allylic coupling would be expected to be at a minimum.
No alternative formula could be written that would have
satisfied the apparent structural requirement)CH—CH:C(NOZ)*
without at the same time causing other serious incon-
sistencies, both spectroscopic and chemical. The problem
wag resolved by spin decoupling data obtained from a

100 Me spectrum (52), which verified the assignments
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made above and, in particular, proved that allyliec
coupling actually existed between H-10 and H-4.
Irradiation of H-4 caused the H-10 doublet
to collapse to a singlet; at the same time, the H-3
doublet became a singlet also, and the signal for
H-4a narrowed to a doublet with a splitting of 0.7 cps.
Irradiation of H-4a removed the splitting (0.7 cps) ”
of H-5 and changed the H-4 quértet into a triplet. .
The H—4 q&axtét wag likewise convertea into a triplet
by irradiation of either H~3 or H~10. In the 100 Mc
spectrum, the coinciding signals for the two acetoxy-
methylene groups (7T 5.59) appeared as an AB quartet
with eclearly separated center lines. Spin decoupling
showed that there was a weak allylic coupling between
the protons of the methylene group at C-7 and the ole-
finie proton H-8 whose signal, described above as a

singlet, did have fine structure. -
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Chemical Degradation of Compound VIII

It has been observed earlier (51) that in the
preparation of the triacetate I, by acetylating its
parent deoxynitro glyéosi%ghin the presence of pyridine
and recrystallizing the crude acetate from ethanol,
small amounts of three crystalline by-products were
formed., Two of them were yellow and will be shown to
be identical with transformation products of VIII which, §

in turn, was identical with the third (white) by-product.

When VIII was heated in the dry state above
its melting point, or when it was boiled in benzene or
dioxane in the presence of small amounts of pyridine, i
a yellow coloration developed. Lem=on yellow crystals
could be isblated in a low yield. The same substance
was obtained in a facile manner by fusion of VIII in
acetamide for three minutes on a steam bath. Elemental
analysis of the optically inactive product, of mp 151-
1520, indicated the composition 015H15N08. The structure
was firmly established by spectroscopical and chemical
evidence as that of an isochromene derivative, 1-hydroxy-
7-nitro~iH-2-benzopyran~3,5-~dimethanol 3,5~-diacetate (X).
This compound, so unexpectedly éngendered from a carbo-
hydrate under mild reaction conditions, furnished chemi-

cal proof for the structure of its precursor (VIII).
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CHQ OAc

It is seen that X can arise from VIII by a
fragmentation involving the loss of the -O—CH(OGH3)~
bridge, elimination of nitrous acid, and hydfolysis of
the remaining methyl acetal. The latter hydrolysis is
presumably linked with the production of nitrous acid
for which there was direct evidenée in an evolution
of oxides of nitrogen during the reaction,

The solid state infrared spectrum of compound
X (Table 1) exhibited a broad peak in the 3300 en~! re-
gion indicating hydrogen-~bonded hydroxyl. Bands attri-
butable to ester carbonyl and to an aromatic nitro group

1

were at 1735 and 1515 cm ', respectively, and 0=C vibra-

T, at 1710 cm"1 an

tions occured at 1658 and 1600 cm
additional carbonyl peak appeared, which was presumed
to be due to an aldehyde group stemming from a partial

tautomerization of X according to the following scheme:
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CHQOAC
AcOGCH AcOC
&= =
“~— ©OH
0
2 .
0
oH HO
X XI XII

In chloroform solution, the infrared spectrum

1

showed a sharp hydroxyl band at 3590 cm~ ' and the carbo-

L was absent, which suggested that

nyl peak at 1710 em™
in solution the enolic lactol"Xlifis the prevalent
tautomeric form. This view was‘supborted by the strong
ultraviolet absorption showing a maximum at 346 me(E,
11000) and extending into the visible region. Although

no spectral'data for comparably substituted isochromenes
.ould be found in the literature,kthis spectrum is be-
lieved toibe consistent with a substituted p-nitro-
styrene system such as X. E-Nitrostyrene itself shows
Aoy 303 mu (€, 14400 in methanol) (53). The substituents
present in X, especially the enolic ether bridge are
thought to cause the observed bathochromic shift. This
absorption at a long wave-length would not favour the‘
dicarbonyl tautomer that bears structural resemblance

to colorless m-nitrobenzaldehyde (7\,]m 262 mu, in

ax
methanol) and p-nitrophenylacetone which is described (54)
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as forming 'almost colorless crystals'.
The nmr spectrum of X (Figure 3, Table 2)
was in full agreement with the isochromene structure.
Both the cyclic hemiacetal and the potentials
carbonyl character of X were also revealed by chemical
reactions. Treatment of X with cold alcohols containing
hydrogen chloride resulted in facile acetalization giving
crystalline methyl (XIII), ethyl (XIV), and isopropyl (XV)

derivatives. Their nmr data (Table 2) could be inter-

preted readily on the basis of the assigned structures,
Shenylhydrazine gave a monophenylhydrazone (XVI) of the
dicarbonyl tautomer, the second carbonyl function re-
maining free despite the use of excess reagent. The
location of the phenylhydrazone gfouping has not yet
been determined with certainty. In the infrared gspectrum

(Table 1) a carbonyl band at 1727 cm

would suggest a
free keto rather than an aromatic aldehyde group.
(m~Nitrobenzaldehyde absorbs at 1707 em™ ). Unfortuna-
tely, nmr spectra of XVI were of poor quality owing to
insufficient solubility, and they did not yield weliable
information to confirm this assignment,

CH20AG

AcOCH2
/

. Rom__,
NO
2
lPhNHNHz OR |
monophenylhydrazone . R=Me (XIII), Ft (XIV), iPr (XV)

XVl
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Oxidation with chromium trioxide in pyridin-
converted the isochromene (X} into the isocoumarin de-
rivative XVII, 7-nitro-il~-2-benzopyran-i-one~3,5~4i-
methanol diacetate. This product exhibited ultraviolets
mexima at 264 mu (€, 7400) and 326 mu (€, 13500) in
methanolic solution. This is in accordance with values
reported (55) for various isocoumarines. The band at
longest wavelength bccurs usually in the region between

218 and 340 mp . The infrared spectrum of XVII Jacked

hydroxyl absorption and showed carbonyl bands at 1747 i
and 1750 cm™ ', This is also in agreement with lmown |
earbonyl absorptions for isocoumarines which have been
found to occur in the range of 1745 to 1725 em™? (56).
A1l hydxogen atoms of XVII were réadily accounted for

in the nmr spectrum (Figure 4, Table 2).

AVIT XVIII, R=H

XIX , R=CH,
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With ethanolic sodium hydroxide, XVII gave an
intense, purple coloration (ﬂmax540 q}i); similarly,
addition of sodium hydroxide to X caused a deep, orange
red coloration (%max 490 nyA). According to Rose and eo-
workers (57), T-nitro-isocoumarins that are substituted
in peosition 3 with ¢- or p-hydroxyaryl residues develop
a dark violet color with alkali. Compound XVII, even
though it lacks & hydroxyaryl substituent, gives a
similar color reaction, which is presumably due to a
rapid hydrolysis of the lactone ring to form a resonance-~
stabilized, purple enolate., Analogously, the color pro-
duced by X in alkaline medium is believed to originate
from the enolate of the open-chain tautomer (XI). In
agreement with this assumpbion, tﬁe alkylated derivatives
XIII -~ XV do not give the color reaction.

A more drastic, chromic acid oxidation of X
led %o nitrobenzene~3,4,5-tricarboxylic acid (XVIII,
S5-nitrohemimellitic acid). This acid has been reported
to melt 'above 190°' and to yield upon two sublimations
an internal anhydride of mp 182-183° (58). No analysis
was recorded for the free acid. Its trimethyl ester
melts at 144° (58). Our acid XVIII was obtained as a
monohydrate of mp 208-2100, it gave an anhydride that
melted at.1'78o after one sublimation, and with diago~
methane it formed a trimethyl ester (XIX) of mp 144°,

The nmr spectrum of XVIII in deuterium oxide consisted
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of only one signal, a sharp singlet in the aromatic
resonance region, as expected for this symmetrically
substituted benzene derivative., Similarly, the ester
(XIX) in deuteriochloroform solubtion produced only

one signal, a sharp singlet corresponding in intensity

te two protons, in the aromatic resonance yegion {1 0.96);
the signals for the three methyl ester groups were

two singlets at T5.98 and 6.02 (total intensity, 9H).

The only positional isomers of XVIII and XIX, respecti-
vely, that would also be compatible with these spectral

features are nitrobenzene-2,4,6~tricarboxylic acid

(nitrotrimesic acid) and its trimethyl ester. Their
melting points (59) are 290° and 107-1080, respectively,
and the acid is incapable of inteinal anhydride formation.,
Therefore, no doubt exists about fhe identity of XVIII.
The degradation of X to XVIII proved that carbon was
attached to the benzene ring of X in the three positions
meta and para to the nitro group.

Treatment of compound X with sodium borohydride
resulted in reduction with concurrent loss of the acetyl
groups and gave a tetraol (XX). Glycol cleavage of . the
tetraol with periodate afforded an aldehyde that existed
in the tautomeric, cyclic hemiacetal form (XXI), both in
solution and in the crystalline state. This was evident
from the absence , in its infrared spectrum, of a carbo-

nyl peak and the presence of a sharp absorption at 1130 cm"1
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that is probably associated with the cyclic C-0-C

bond; furthermore, the nmr spectrum (Table 2) did

not show a low-field signal attributable to an alde=-
hydic proton but possessed a one-proton triplet near
T5.0 due to the anomeric H-3. The nature of XXI as

a potential aldehyde was ascertained by the prepars-
tion of a semicarbazone (XXII). Finally, sodium boro~-
hydride reduction of XXI yielded a triol, 4~ (2-hydroxy-
ethyl)-3,5~bishydroxymethyl-nitrobenzene (XXIII).

gsemi~
carbazone

NO
2 XXII

XXIII XXI
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’ The chemical degradation of X discussed so
far constitutes unambiguous proof of the structure de-
picted if one alternative isomer, namely XXIV which
also is compatible with the results, can be ruled out.
This may be done on spectroscopic grounds. Let us com-
pare the tetraol XX and the triol XXIII with their
positional isomers XXV and XXVI that would arise from

hypothetical XXVII,
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The tetraol that was actually obtained showed
in its nmr spectrum a single sharp peak (T 1.8, in D20)
for its aromatic protons, indicating equality of chemical
shifts and therefore suggesting a symmetrical substitygtion
pattern. The same was true for the triol whose signal
for its two aromatic protons was a singlet near T1.9.
Formulas XX and XXIII were consequently preferred over
the alternative structures XXV and XXVI where the unsym-
metrical substitution patterns would be expected to cause
chemical shift differences for the aromatic protons, and,
therefore, pairs of doublets due to meta coupling. This
argument could be disputed if the magnetic differences
in the structurally rather similayvside chains of XXV
and XXVI were insufficient to afféct the aromatic protomns
noticeably. At any rate, all the unsymmetrically substi-
tuted nitrobenzenes encountered in this study did show,
without exception, the expected multiplicity (see com-
pounds X, XIII, XIV, XV, and XVII in Table 2). A compel-
ling reason, however, for discarding the structure XXIV
in favor of X is that XXIV would require its precursor,
the Diels-Alder adduct, to be formulated‘as XXVII, and
this would be entirely inconsistent with the nmr spectrum

of the adduct (VIII) discussed above.
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Stereochemistry

When methyl 2,4,6-tri-O-acetyl-3-deoxy-3-
nitro-B-D-mannopyrancside (XXVIII) and the correspon- -
ding galacto isomer XXIX were dehydroacetylated with
sodium hydrogen carbonate in refluxing benzene, the |
products were identical with compound VIII obtained

from I. Formation of the diene VI as a common inter-

mediate in all three cases readily explains this fact. Qﬁg
| 3
CH20Ac CHZOAc
AcO f—0 0 '
OCHL o OCH3
Noz AcO 020 C‘l- .
Ac o
XXIX V1 : XXVIIX

There was, however, another stereochemical
feature requiring special discussion. Compound VIII

proved optically inactive although the reaction se-

quence 1— VI — VIII did not affect the anomeric center
structurally and was not at first sight expected to
involve it mechanistically. The observed optical in-
activity imposed the conclusion that racemization at
the anomeric carbon had nonetheless occurred at some

stage during the reaction, perhaps in the intermediate
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VI, which on abstraction of the anomeric proton would
give a resonance-stabilized anion. Protonation could
then furnish the enantiomer. An attempt to prove this
proposition by using sodium deuterium carbonate in a
Jehydroacetylation of I failed inasmuch as no deuterium
was incorporated in VIII. A possible explanation might
be dissociation of VI into an ion pair, with the proton

having no opportunity of being exchanged.

AcOCH

2 . 1®
" AcOGH, AcOCH, l AcOCH,
) | 0
/ ©)-0CH; / OCH; €
| rs
L NO,, NOS .
AcQC IF
/ 0
—/OCH,
NO,

For this reason it was of interest to examine
whether changes in the reaction conditions might have

some influence upon the nature of the product.
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When, for the dehydroacetylatién of I, po-
tassium carbonate was substituted for sodium hydrogen
Acarbonate the reaction went to completion within five
hours, even at the lower temperature of 25 - 300. The .
isolated crystalline product was very similar to VIII
in ivs infrared spéctrum, bt i1 showed a lower, usually
unsharp melting point which was difficult to bring to
constvancy by recrystallization. Nmr spectroscopy re-
vealed that the crude product contained besides VIII
approximately 10 - 20% of another,similar substance
(XXX) which could be enriched to some extent by repeated
recrystallizations. Mixtures of VIII and XXX were rea-
dily converted into the isochromene, no product other
than X being thereby encountered. A mixture in which
XXX predominated over VIII was obtained by dehydroace~
tylation of I with potassium carbonate in tetrahydro-
furan for 53 hr at -70° followed by two days at -5%,
Pure XXX (mp 115°%) was finally isolated and, in contrast

to VIII, XXX was optically active ([e]y -4.5°). Analytical

and spectral data indicated that XXX was a diastereo-
isomer of VIII. Thus, the infrared spectra of the two
pure isomers virtually coincided in some spectral re-
gions and showed but slight divergencies in others

(Figure 1 and Table 1). Acetamide fusion of both com-
pounds produced the same ultraviolet band at 346 AL
The nmr spectrum of XXX exhibited all the general
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features of the spectrum of VIII, with slight variations
in the values of certain chemical shifts and coupling
constants (Figure 2). Although spin decoupling experi-
ments have not yet been done with XXX, the close kinship
of the two spectra leaves little doubt in the validity
of the proton assignments that correspond to those est.an-
lished for VIiI.

As for a stereochemical representation of VIII,

one has to take into account its'optical inactivity and

must proceed from the assumption that VI, the intermediate
diene, is capable of racemization. When a molecule of VI
acts as dienophile to combine with a molecule of its
enantiomer acting as diene, and if Alder's rule of pre-
ferential endo addition is obeyed; the configuration
depicted in Figure 5 arises. There are many exceptions
known to Alder's rule (60) but it has been stated (61)
to be 'quite closely obeyed in the additions of ecyclic
dienes to c¢yclic dienophiles'. Also, the additions to
cyclopentadiene of nitroethylene, 1~nitropropene, 1-
nitro~-1-butene, and various 2-aryl-i-nitroethylenes
have been shown to follow predominantly the endo path,
with endo:exo ratios 9:1 (one case), 6:1 (three cases),

——

4:1 and 3:1 (one case each) (62),.

Such a structure is in accord with the magni-
tude of the splittings observed in the nmr signals for

H-3, H~-4, H-4a, and H-5. Inspection of a Dreiding wondel
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shows that the dihedral angles between H-3 and H-4,
and between H-4 and H-4a, in the rigid, bridged system
approximate 60°, consistent with the splittings of
about 2.5 c¢ps. The ring comprising C-5, C-6, C-T7,

and C~8 is constrained in a twist boat conformation

in which the dihedral angle between H-5 and H-4a is

about 750, causing these protons to be coupled by less

than 1 cps. In the model, the twist boat can be flipped
so as to make the methoxyl group equatorial and H-5
- H-4a trans diaxial, but such a conformation would
cause a large coupling in the latter protons ang is
therefore ruled out.

While we favor the endo configuration for
VIII in view of Alder's rule and in the absence of
contradictory evidence, it is recognized that the exo
configuration (Figure 5), if more stable, might have
arisen by thermodynamic control of the reaction. Since
such a structure would also satisfy the nmr data just
discussed, a decision cannot be made on this basis.

Regarding the stereochemistry of optically
active XXX, one may assume that, at low temperatures,
the racemization of intermediate VI is retarded relative
to the diene addition, and that consequently an adduct
arises in which both anomeric centers (C-3 and C-5)
have retained the original absolute configuration. The

stereochemical representations for an endo and exg adduct,



OCH

EXO

Pigure 5

Possible configurations ¢f eompound VIIL.
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respectively, would then be cvhe same as those of VIII
except for inverted C-3 configurations.

In the Diels-Alder reaction leading to VIII
two molecules of the intermediate VI are involved, one
acting as the diene, the other as the dienophile, It
was thought, therefore, that if the reaction were to
be carried out in the presence of an excess of another
olefin which could replace the dienophile, it should be
possible to obtain a 'mixed? adduct. For instance, with

maleic anhydride one would expect:

~

Unfortunately, attempts with maleic anhydride,
acrylonitrile, and azobenzene were unsuccessful as no

crystalline product could be isclated.

Thevinvestigations reported in this section
may be summarized as follows. The dehydroacetylation of
methyl 3-deoxy-3-nitro-hexopyranose triacetates leads to
products- that had not really been anticipated, namely to

tricyelic Diels-Alder products resulting from self-
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addition of an intermediate nitrodiene. The reaction

takes place with great ease, and the aromatization of
the product into a derivative of isochromene, particu;
larly by a brief treatment with acetamide, has opened

a novel approach to that heterocyclic system.

Reaction of thelTriacetate I with Ammonia

As was discussed in the introduction (page 18),
it is possible to replace under suitahlie conditions an
acetoxy grouping vicinal to a nitro group by a nucleo~
phile. It was therefore interesting to investigate the
vehaviour of the triacetate I towards ammonia., In the
light of our previous findings three products could be
expected:

1. Formation of an ammonium nitronate followed by eli-
mination of acetic acid to give a nitroallyl system.

2. Blimination of acetic acid with subsequent addition
of ammonia to give aminonitro sugars.

3, Formation of the diene VI which would then undexrgo
the Diels—Alder addition discussed above,

Methyl 2,4,6-tri-O-acetyl=3-~deoxy-3-nitro-B-D
~glucopyranoside (I) was dissolved in liquid ammonia at
~70°. Subsequent evaporation of the ammonia in vacuo at
this low temperature left a yellow; solid residue which

exhibited strong absorptions in the ultraviolet at 251
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~ and 306 mu . These two bands may be attributed to at
least two different species; the lower wavelength ab-
sorption should be due to an aci-nitro salt of the type
LXXI, and the absorption at the longer wavelength suggests
B51), see also introduction page 1%] the presence of

an allylic structure such as XXXII.

CH,OR ROCH
—0
CH // CH
R ;
e
NHiNO? R NﬁiN 2
XXXI R = OAe, NH, XXXII R = OAc, NH,
R = Ac, H R'= Ac, H

4 9

Upon laborious recrystallizations and attempts
at purification, whereby decomposition of some part of
the mixture seems to have occured as indicated by the
evolution of a gas, a white solid could be isolated in
a very low yield. In its infrared spectrum the substance
showed several peaks of medium intensity at 3360 - 3100
cm” ] (¥H, OH stretch), strong absorptions at 1662 (amide I
1568 (amide II), and 1550 cm™' (NO,). Addition of alkali
caused a strong ultraviolet absorption at 255 @%Lwhich
changed only slightly upon heating the alkaline solution
for ten minutes at 98°. A structure that would be com-

patible with these spectral data and which is aliso sup-
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ported by elemental analysia is that of a methyl
2,3,4—trideoxy-2,4—diacetamido-35nitro—hexopyranoside
(XXXIII). 3-Nitrohexosides in alkaline solution have

been shown (see Introduction page 16) to be converted .
rapidly into a nitroallyl system (XXXII, R=0H); simi-
larly the triacetate I gives XXXII (R=OAc) instantaneously

when dissolved in alkali. The stability of the alkaline
solution of XXXIII is not surprising, however, the acet-
amido group being a poorer leaving group than either

hydroxyl or acetoxyl.

D
3

Lt
o
H i

Hydrogenation of XXXIII followed by acetylation
furnished a mgthyl 2,5,4-trideoxy-2,3,4-triacetamido~-6~0~
acetyl-hexopyranoside (XXXIV), This compound gave a cor-
rect elemental analysis and showed in its infrared spec-

T with a shoulder at

trum a medium peak at 3350 cm
3300 em™ ! (NH stretch), strong peaks at 1740 cm-1(ester co),

1650 cm™ ' (amide I), 1560 and 1535 cm~ ' (amide II). Addition

of alkali did not produce any ultraviolet absorption, which ii
indicated the absence of a nitro group. The stereochemistry w?
of compounds XXXIII and XXXIV has not been determined due
to lack of material., The possibility exists that the con-
figurationsof all the asymmetric carbons have been subject
t0 change since the olefins IV and V, as well as the

dienes VI and VII (Formulae page 28) must all be consi-

dered as potential intermediates in the formation of XXXIII.
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AcOCH HOCH
| 0
AcHN OCH., . AcHN OCH
3 ; 3
AcHN NHAe = NO, NHAc

XXXTIV XXXIII

Compound XXXIV represents the first methyl
glycoside containing three amino nitrogen functions.
In view of the interest that is being focused on di-
amino sugars in the realm of the Chemistry of miéro-
organisms it appears worthwhile to continue studies
on triamino analogs. In concurrent work in this labo-
ratory, 1,2,3-triamino cyclohexane and cyclitol deriva-
tives have been synthesized by use of the same method
(63), and in similar studies Lichtenthaler (64) has

very recently obtained a triamino 1,6-anhydrohexose.
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Table 1

Infrared frequencies (cmf1) in Nujoi®

Compd. OH -C=CH C=0 C=C NO2 . other prominent peaks
VIII 3120w 17358 1690m 15508 1400w, 1368ms, 1350ms,
3100m 1530s 1330w, 1250s, 1210w,

1123m, 1090w, 1070m,
1025ms , 980~700w®
XXX 3120w 1740s 1680m 15508 1405w, 1368ms, 1350ms,

15258 1320w, 1270m, f240s,

(sh 1220),1125m1093m,

1030m, 980-700w°
X 3300s,bd 3100w 1735s 1658ms 1515s 1410w, 1365m, 1340s,
1710s 1600ms 1300ms,1260s, 1240s,

1210m, 1100w, 1080m,

1055ms, 103508, 990m, 2

918m, 870-T00W® B

XITI 3100w 1740s 1658m 1520s 1405w, 1360ms, 1340s, |
1600m 1315w, 1230s,bd, o
| 1100-900ms !
XIV 3100w 1738s 1650m 15258 1408w, 1340s, 1330sh,
| 1600m 1315sh,1275m, 1250m,

1225s, 1080ms, 1025msy,

1000-700w,m”
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Table .1 (continued)

Compd. OH ~C=CH C=0 C=C NO2 other prominent peaks
XV 3100w 1735s 1650m 15258 1405w, 1338s, 1325sh,
1595m 1280m, 1250m, 1225s,
1075ms , 1030~700w,m°
XVI 1760s 1600m 15188 3320w, 1535w, 1498w,
1740s 1550ms 1415w, 13508, 1310w,
1727s 1290w, 1260w, 1225s,
' 1160-670w,m”
XVII 3115w 1750s 1665m 15308 1438ms,1370ms,1350s,
17308 1603m 1330ms ,12458, 1225s,
1100m, 1050~700w,mP
XVIII  3300s,bd - 17158 1605m 1530ms 1420w, 1363ms, 1300m,

2700-2500wP | 1245m, 1215m, 1170m,
‘ 1133w, 1080w, 820-650w’

XIX 3125w 17358 1610m 1540ms 1420w, 1%65m, 1310m, ?
1275s, 1240s, 1115w, |
1070w, 1000m, 950-700w°®

XX 3250s,bd 1610w 15108 1345s, 1250w, 1090 ms,.

1595w 1020s

XXI 3350m 3100w 1610w 1533s 1415w, 1350s, 1320w,

1595w 1520sh 1260w, 1130s, 1085s,
1025ms , 1000~670wP
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Table 1 (continued)

Compd. OH ~C=CH C=0 C=C N02 other prominent peaks
XXII  3600-32008P2° 16658 1590ms31515ms 13508, 1263w, 1175w,
3100w 1145w, 10758, 1000~
700w°
XXIII 3300s,bd 3100w 1600w 15158 1340s, 1290-1170wC,
10808, 1025s, 900~
7OOwb

@Designations are s (strong), ms (medium strong),
m (medium), w (weak), bd (broad), sh (shoulder). bseveral
bands, C0H and NH stretching vibrations, dC=G stretching

and NH bending vibrations.
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TABLE 2 (continued)

aDesignations are s for singlet, t for triplet,
g for quartet, and m for multiplet. Pigures in parentheses
are proton intensities obtained by integration. Chemical
shifts are given as Tvalues, relative to TMS = 10 for
compounds measured in CDGl3 solution and relative to
DOH = 5.25 for XX. Chemical shifts for XVIII, XXI and XXIII
are without standardization and therefore approximate only.

bIn conpounds X-XVII, € ca, 2 cps. dHydroxyl signal,
5 2.3

CH3- in ethoxyl. iSignals

meta
disappearing on deuterium exchange. eMethoxyl.
h

meta
-2.5 cps. g—CH2-- in ethoxyl.
for H-4 and H-1 coincide. 9-CH- in isopropoxyl. kCH-;-in

1Broad peak due to carboxyl H. DEstimated

isopropoxyl.
ratio of signals, 1:2. oPoorly resolved signals, partially
obscured by DOH peak. PUnsymmetrical multiplet presumably
due to benzylic CH,. Tsolvent CDCl3.  SSolvent DMSO-64,

tSolvent DZO' Usolvent DMSO—6d/D20. Vinomeric proton C-3,




- 64 -

PART 1II

Nucleophilic Additions to Methyl 4,6-0-benzylidene-—

2,3-dideoxy-3-nitro-B8-D-erythro-hex-2-enopyranoside

i
i
‘
|
i
i
!
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DISCUSSION

1. Addition of Isopropyl Lactate: The Synthesis of

Positional Isomers‘of Muramic Acid.

Owing to its capability'0f~undergo%nucleo—
philic additions, fhe nitro sugar 6lefin 12 suggested
itself as a suitable starting material for the synthesis
of positional isomers of muramic acid, whose availability
might be desirable for future structural and biocheﬁical
studies on microorganisms. In an abbreviated form, the

project may be outlined as follows:

0—CH,
0
OCH,,
Ph Ph NO, ?
0
NO, CH., GHCO.R CH, CHCOH
k& 3UHC0; 3CHC0,

Thus, 3-amino-3-deoxy-2-0-carboxyethyl hexoses
would be obtained, i.e. sugars that differ structurally
from muramic acid by transposition of the substituents

at C-2 and C-3.

a. For convenience, compounds in this chapter are numbered

using a new set of Roman numerals.

o
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When methyl 4,6-O-benzylidene-2,3-dideoxy=-3-
nitro-B-erythro-hex~2-enopyranoside (I) was heated with
isopropyl DL-lactate in benzene in the presence of a
trace of potaésium hydroxide, a mixture of epimeric ads
dition products was formed from which pure methyl 4,6-
O—benzylidene-3-deoxy-2~0—[?—$(isopropoxycarbonyl)ethy{?
-3-nitro~B-D-glucopyranoside (II) and its D-1-(isopropoxy-
carbonyl)ethyl epimer (III) were obtained by fractional
crystallization in yields of 56 and 5.5%, respectively.
Separate reactions were performed under identical condi-
tions with the optically active isopropyl L- and D-lac-
tates in place of the racemate, They furnished the 1 and
D adducts, respectively, in practically identical yields
of about 83%. The 10:1 ratio of If and III isolated in
the addition of the racemate could in part be due to
steric factors favoring a faster reaction of the L ester.
However, the difficulty of separating the more soluble
III in pure condition from the epimeric mixture certainly

contributed to the observed ratio.

0—-CH, O—CH

L Ay
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Since the reactions leading to II and III did
not involve any cleavage of bonds at the asymmetric car-
bon atoms in the isopropyl lactates, the side-chain con-
figurations in the adducts were unequivocally defined.

The gluco configuration of the hexose moiety could a pri-
ori be assumed, as similar nucleophilic‘additions to 1
had preferentially or exclusively (see Introduction page
18) 1led to trans diequatorial disposition of he substi-
tuents at C-2 and C-3., Definite proof was nonetheless
deemed necessary and was obtained as shown in a subsequent

paragraph.

The L-1-Carboxyethyvl Series

The L adduct II was prepared, from readily avai-
lable racemic isopropyl lactate, rather more conveniently
than the D adduct III. It was, therefore, expedient to
use the former for a more detailed pursuit of the planned
path of synthesis.

Debenzylidenation of II furnished methyl 3-decxy-
2-0-[L—1-(isopropoxycarbonyl)ethyg ~3=-nitro-B-D-gluco-
pyranoside (IV). This nitro glycoside, like others with -
related structures, exhibited the characteristic behaviour
in élkaline medium that has been discussed (page 16).
in 0,01 N sodium hydroxide solution it showed an ultra-

violet absorption peak at 255 mfx(é, 11000) which is due
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to the nitronate ion (V). The peak disappeared on hea-
ting and, after 15 minutes at 980, was replaced by a
new peak at 298‘@}&(6, 20000). This change is attri-
buted to the loss of a molecule of water resulting in
the formation of a double bond between C-4 ande—S, in

conjugation with the aci-nitro group (VI).

CH20H CHZOH HOQHQ
— QO 0
OCH3 og® OCH3 // OCH3
N02 —_— —_— '
HO H A
/7 /A
e
N62 R NO2
Iv ' v VI
R = isopropyl Z-L-lacgﬂ

The platinum-catalyzed hydrogenation of IV +to
the corresponding amine proved to be not quife straight-
forward, the product composition varying to some éxtent
with the reaction conditions. Pressure (70 psi) and a
reaction time of 3-4 days wefe required, and even then
a considerable quantity of unchanged starting material
usually remained. This contrasts withbthe facile cata=-
lytic reductions that can normally be performed with
nitro sugars. Hydrogenation in 2-propanol produced the
expected amine, methyl B-amino—B-deox&—Z—O-[i—1—(iso—’

propoxycarbonyl)ethy%]—B-D-glucopyranoside (VII) in a
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29% yield, and in addition it gave about 10% of a crys-
talline by-product which has not yet been identified.
When the hydrogenation was carried out in a 2-propanol
-water mixture (1:1), only about 15% of the amine VII
and 9% of the by-product were isolated, but a third
product was obtained in a 23% yield. The latter compound
proved to be the lactam (VIII) of methyl 3-amino-3-deoxy-
2-0-(L~1-carboxyethyl )-B-D-glucopyranoside; it obviously
had arisen in a secondary reaction from the amino ester
VII. When an agueous solution of crystalline VII was
heated on a steam bath for 3 hr, a nearly complete con-
version into VIII occurred. The isolation of VIII in the
hydrogenation of IV also offered a clue to the nafure
of the by-product mentioned above. Analytical data of
the latter lay between those of VIII and of the corres-
ponding free amino acid, and also the infrared spectrunm,
melting point, and behaviour in an acetylation (see
Experimental) suggested that the by-product was a mixture
of the two. The material gave a negative ninhydrin test,
but that does not necessarily rule out the presence of
the amino acid which, under the test conditions, might
well be converted rapidly into the lactam.

The amino ester glycoside VII was further charac-
terized by preparing its N-acetyl derivative IX and its
N-acetyl-4,6-di-O-acetyl derivative X. The lactam VIII

gave a 4,6-di-O-acetyl derivative (XI). Spectral data
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of these compounds were in accord with the structures
depicted. Thus, the infrared spectra of the isopropyi

esters VII and IX exhibited sharp carbonyl stretching

1

bands at 1745 em '. In the spectra of the acetates X o

and XI these peaks occurred at 1745 and 1735 cm—1, re-—

spectively, and they were broader because of the mul-
tiple ester groupings. No ester carbonyl absorption
was present in VIII. The acetamido compounds IX and X

had amide-~I bands at 1660 and amide-II bands at 1570-

1

1560 em . The lactam diacetate XI showed a sharp amide

1 which in the

1

carbonyl stretching band at 1670 cm
parent lactam VIII was shifted to 1640 cm ' and broa-
dened owing to hydrogen bonding. Neither lactam gave

an amide—II‘band. The nmr spectruﬁ of the triacetyl
compound X showed two sharp singlets corresponding to
six and to three protons at T7.95 and 8.05, respectively,
which could be assigned to the two equatorial acetoxy
groups and an equatorial acetamido group (40,65-68).

The methoxyl resonance was a singlet atT6.57, and the
C-methyl group of the lactic acid moiety gave a doublet
centered at ©8.63 and split by 7 cps. In addition, there
was a series of signals in the 8-9T region which in

part overlapped with the methyl signals of the acetyl
and lactic acid moieties. Integration showed that they

corresponded to six protons; they must be due to the

methyl protons of the isopropyl ester group. Evidently,
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the methyl parts of that group were magnetically non-
equivalent in their particular structural environment,
for otherwise one would have expected them to give a
doublet rather than the observed multiplet. In the lactam
diacetate XI the acetoxy resonancesappeared as separate
singlets at T7.87 and 7:93; the methoxy signal was at
T6.,46, and the C-methyl group gave a doublet at T 8,53
with a splitting of 7 cps.

Acid hydrolysis of the amino ester glycoside VII
produced 3-amino=-2-0-(L-1~carboxyethyl )-3~deoxy-D-glucose
which crystallized as the hydrochloride XII. The samé
reducing amino sugar was shown by paper chromatography
to arise from the lactam VIII by acid hydrolysis.

Treatment of the amino ester glycoside VII with
benzaldehyde and anhydrous zinc chloride led to simulta-
neous O-benzylidenation and lactam formation, yielding
the lactam (XIII) of methyl 3-amino-4,6-0O-benzylidene-
2-0-(L~1=carboxyethyl)-3~-deoxy-B-D-glucopyranoside.
Similar benzylidenation of the N-acefyl derivative IX
proceeded without lactamization and afforded methyl
3—acetamido—4,6—O-benzylidene—3—deoxy-2—0-[L-1Q(iso—
propoxycarbonyl)ethyﬂ ~B=-D-glucopyranoside (XIV). The
preparation of the latter compound was undertaken be-
cause it provided a link with a second synthesis of
muramic acid isomers (p.75) and hence would be a key to

the proof of the gluco configuration of its precursors,
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The D-1-Carboxyethyl Series

Debenzylidenation of the D-=lactate adduct III
gave methyl 3—deoxy~2~0—[b—1-(isopropoxycarbonyl)ethyﬁ
-3-nitro-B-D-glucopyranoside (XV). The catalytic hydro-
genation of XV in 2-propanol was difficult like that of
its L epimer IV, and no crystalline product could be
isolated in this case. However, the syrup obtained gave
only one ninhydrin-positive (RGNa value 2.0) spot on
paper chromatograms, and, since its RGN value was close
to that of the amine VII (RGN 1.9), it was concluded
that the D epimer XVI was pfesent. Hydrogenation of
XV in 2-propanol - water (1:1) afforded in a 45% yield
the crystalline lactam XVII of mefhyl 3-amino=2=0-(D-
1-carboxyethyl)-3-deoxy~-B8-D-glucopyranoside, which was
characterized further by its 4,6-di-0-acetyl derivative.
XVIII, The infrared spectrum of XVII showed a strong

1

carbonyl stretching band at 1645 em ' as well as a series

of sharp bands (OH and NH) in the 3600 - 3200 cm"1 region.
There was no ester carbonyl, nitro, or amide-IL absorption.
The diacetate XVIII lacked hydroxyl absorptions and gave.
a weak band at 3230 cm™ (NH) and strong peaks at 1740
(ester carbonyl) and 1665 em”™ (amide carbonyl). In the

' both compounds exhibited the

region from 1400 to 700 cm
same general patterns as their corresponding epimers VIII

and XI, though with distinct differences in band positions

a. RGN= speed relative to glucos.amine hydrochloride
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and intensities. In the nmr spectrum of XVIII, the meth-
oxyl and the two O-acetyl signals appeared at T 6.44, 7.89,
and 7.94’respective1y, and the C-methyl group gave a doub~
let centered at 18.55 with a splitting of 7 cps. "

Both the crystalline lactam XVII and the syrup
containing the amino ester glycoside XVI were hydrolyzed
by hydrochloric acid. Although the expected reducing
sugar, 3-amino-2-0—(D—1-carboxyethyl)—B—deoxy-D-glucose
(XIX), was not isolated from the hydrolysis solution, its
presence was indicated by paper chromatography. The hydro-
lysates presumed to contain XIX gave two ninhydrin-positi-
ve spots (RGN 0.8 and 1.3), the faster spot being much -
stronger than the slower one. In the case of the I epimer
XIXI (RGN 0.8) the presence of a tréce of a faster moving
material (RGN 1.25) was detected,'too, which became more
intense when a sample of XII was heated in vacuo for 8 hr
at 80° prior to chromatography. One possible explanation
is that these faster moving components were lactones of

XII and XIX, respectively.

H,OH CH,OR CH,OH
OOOH3 OOCH3 | o
AN ; RO\ ; aO\NH, g1LH, OH
H CH3 3 | (‘)H3
XV = R = NO, XVII = R = H XIX
XVI= R = NH, XVIII= R = Ac
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Synthesis of Positional Isomers of Muramic Acid by

an Independent Route

As has been pointed out (p.67), it was reason-
able to assume on the basis of experiences with similar
nucleophilic additions to I (p.18) that the products
described in the preceding sections would possess the
gluco configuration. Supporting evidence had arisen, at
least for an equatorial disposition of the acetamido
group in X, from the chemical shift of that group (p.71).
Rigorous proof for the gluco configuration of XIV was
adduced by an independent synthesi$ that started from a
glucose derivative and did not ihfblve any chemical
changes at the asymmetric centers.of the sugar chain,

This second entry into the series of 2-0-
carboxyethyl derivatives of 3—amino-3-deoxy-D-glucose
was patterned after the syntheses (45,47-49) of muramic
acid, The starting point was known methyl 3-acetamido-
3-deoxy—-B-D~glucopyranoside (XX), which Was blocked
in position 4 and 6 by benzylidenation. The benzyli-
dene derivative XXI was to be condensed with isopropyl
DL-2-chloropropionate in the hope that the 2—0—[L—1l
(isopropoxycarbonyl)ethyl] derivative (XIV) or its

D epimer (or both) would be obtained. This seemed to
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be the most convenient way of ascertaining by direct
comparison the gluco configuration of the products
from the firs+t synthesis. Unfortunately, no conden-
sation took place under the conditions specified.
However, when DL-2-chloropropionic acid and
XXI were refluxed in dioxane in the presence of excess
sodium hydride, methyl 3-acetamido-4,6-0O-benzylidene~-
2-0-(L-1-carboxyethyl)-3-deoxy~B-D—-glucopyranoside
(XXII) was obtained in a yiéld of 30%. The correspon-
ding D-1-carboxyethyl epimer may have been formed also
in this reaction but it could not be isolated. The
acid XXII was then converted into its isoprobyl ester
by treatment with thionyl chloride followed by 2-pro-
panél, and the ester so prepared ﬁroved to be identical
with XIV. Pinally debenzylidenation of XXII, which was
effected by heating in water, led to methyl 3-acetamido-
2-0-(L-1-carboxyethyl)=3-deoxy-B-D-glucopyranoside (XXIII).
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2. Addition of Aminobenzoic Acids: The Synthesis of

2,3-Diamino-2,3%=-dideoxy-D~-mannose

Carbohydrate derivatives of o-aminobenzoic
acid have recently been found to occur in nature.

Thus, cultures of Aerobacter aerogenes (69) and Esch¥ '

erichia coli (70) synthesize 1-(o~-carboxyphenylamino)-

1=-deoxy~D-ribulose; in cultures of Salmonella typhi-

murium (71) and Neurospora crassa (72), 1-(o-carboxy-

phenyl)—D—fructosamine'has been detected. These com-
pounds, which are supposed to be intermediates in the
biosynthesis of tryptophane (70,72), have also been
obtained synthetically (73). |

So far no sugars have béen found in natuf
that contain an aminobenzoic'acid,substituent at a
carbon atom other than C-1, but this might well bedome
the case in the future. Synthetic access to such carbo-
hydrate derivatives would then be desirable, and we
therefore undertook to study the feasibility of the

nueleophilic addition of aminobenzoic acids to the

olefin Ia.

a. Compounds in this chapter are numbered using a new

set of Roman numerals.,
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In nucleophilic additions to olefin I of
aminobenzoic acids one has to take into account the
possibility that either the amino or the carboxyl
group could act as the nucleophile, since it is known
(74) that these compounds may exist in four forms in
aﬁ acid-base equilibrium. In the case of anthrarilic

acid the following equilibrium would be present:

COOH
. E
////;59//, 7 2 g®
+H® 11 ‘ +H
\
- _COOH | 00° -
| P e
NH% +H +H 7 LHZ
SE ) <g®
v \\ = III
co0®
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Under our reaction conditions fhe equilibrium
IT&= IV would be the most important since the reactions
are carried out inﬁnon-aqueous medium in the absence -of
Proton sources other than the aminobenzoic acid itselfs
If II should be the reacting species the resulting com-
pound would be an acid; if IV acted as the nucleophile

an ester should be obtained,

w / 0,7 NH—C%Z
2 I\V.\ \ /

0, oo
NH

2

NO

As will be shown below, only acids were iso-
lated, i.e. only II reacted as the nucleophile, |

When the olefin I was reflux:d for 5 hr in dry
benzene together with a 2-3 molar excess of o—aminovenz—
oic acid in the presénce of catalytic amounts of solid
potassium hydroxide, a colorless crystalline acid (VI)
was isolated in 83% yield. This acid could be converted
into its methyl ester (VII) by reaction with diazomethane.
The same methyl ester was obtained by refluxing the olefin
I in benzene in the presence of methyl anthranilate

formulas see p. 87).
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However, when the olefin was refluxed in
benzene with an excess of o-~aminobenzoic acid but with-
out the potassium hydroxide catalyst, only 41% of the
acid VI could be isolated. In addition a lem-on yellow,
crystalline compound (VIII) was found in 22% yield.
This compound, also an acid, was shown to be an isomer
of VI by elemental analysis and moleculér weight deter-
mination {mass spectrometry). The use of an equivalent
amount, rather than an excess, of anthranilic acid
increased the yield of the yellow isomer VIII to 56%
and no VI was isolated in this case. However, it should
be noted that the separation of small amounts of VI
and VIII can be difficult due to their tendency to
form gels. Reaction of VIII with diazomethane gfforded
smoothly a methyl ester (IX) which also formed yellow
crystals. |

A comparison of the physical data (Table III)
of the two isomeric acids shows great similarifies in
the melting points and ultraviolet absorptioné but large .
differences in the optical rotations. The esters differ
strongly in their melting points as well as rotations.
It may be noted that neither the yellow acid nor its
egster exhibit any discernible absorption in the visible
spectral region. Even fairly concentrated solufions
appear colorless, so that the yellow color seems to be
associated only with the crystalline state. This pheno-

menon will be discussed further on page 101.
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TABLE III

Physical Data of VI and VIII and Their Methyl Isters

[e)2? o
Compound mp in acetone in methanol

- of VI

A 255 mu (€
Colorless VI 220-221° -25,5° max M AR

zmax 340 Q*”(e’

Aoy 254 mpm (€,
0o 0 max
Yellow VIII 222 -=173.0 A 343 gfx(€,

max

Methyl ester
v 205%  -22.0°

Methyl ester

o] o)
of VIIT 167-168 -188.0

10100),
5000)

11100),
5300)
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The infrared spectra of the two isomeric acids
(Figures 6 and 7) also exhibit considerable differences.
The spectrum of the acid VI shows a sharp peak at 3320

e (NH) which goes over into a broad absorption reachs

1

ing from 3300 - 2500 cm ', The latter is the usual,charac-

teristic bonded O-H stretching absorption which is diag-
nostic of the carboxylic acid functional group. Other

a’ sorptions in the spectrum of VI which can be assigned
to specific functional groups are strong peaks at 1675

(C0), 1555 (NO,), and 1095 cm™' (C-0-C). Bands of medium

1

intensities at 1590, 1525, 750, and 700 cm ' are indica-

tive of aromatic structure.
The yellow acid VIII, in contrast, does not ex-

hibit the broad peak which would be expected for a carbo-

xylic acid OH. It shows instead a sharp peak at 3470 c:m"1

and a broader absorption consisting of several bands be-

1. Interestingly, the carbonyl ab-

sorption consists of two bands at 1685 and 1700 cm-1, res-—

tween %320 and 3000 cm

pectively. In a solution spectrum (THF) only a single car-

1

bonyl peak at 1685 cm = is found. The sharp absorption at

3470 om™ |

predominant features in the infrared spectrum of VIII are

is also absent in the solution spectrum. Other

a strong peak at 1560 cm™ " (NOZ)’ medium abscrptions at
1590, 1525, 750, and 700 cm™' (aromatic structure). At
1200 em~! the acid VIII shows a strong band which is not

present in the spectrum of VI,



*(Linw gofny) IA punodwod jo

WD 139NNNIAYA

wna3o3ds padedyu] - °g aanbiy

|21

i S O A O I O O S X
na A ; N N I :um
5 !

v

i - B
T

‘

!

(o

~ 1

SNOIIIW NI MHIDNTEAYM

~

[ x4



*(Linw -.o.?E ITIA punodwod jo wnajdads padeaju] - *7 aunbLj

W) BIIWANIAY R
S T S e 005z 0ocs Ead
. . N N cegrem gy Negreeegn g ﬁ.(‘; e g - R m - w . M -
SIS S SN N i zJ , N
R iz
) f o i U - ¢
- . _~ B Sttt aqnth f - NN VRS SUDIY JUDNE SUNS PR SUUU SUNE S [N [N SHEUR SPS-
¥ : : N
A p ﬂ : T R
M S e IPIIWIVvv - .— - - - L . m 1;W;|v .ﬂ -t
i ” N
B e [SUUNNS FONNE F S _lv\.\l\ PR SRR S . .. . .
Tl = *
; . s
: 20
.|..,vw...t| - : il . U Fuaen ~e PORN SRS SN JUNNNY S - e e "r.r . .W.sl» - B m

SHOBZIN NI MISNTIIAYA

a2




- 86 -

Addition of a nucleophile to the olefinic
double bond in I will generate two new asymmetric centres
at C-2 and C-3 of the.sugar, resbectively. It was there-
fore necessary to provide a proof of configuration fom

VI and VIII,

The Structure of the Colorless Acid VI

Subsequently, the colorless isomer will be
shown to be methyl 4,6-0O-benzylidene-2,3-dideoxy-2-(2-
carboxyphenyl)amino-3-nitro-B-D~glucopyranoside (VI).
This was established as follows:

Debenzylidenation of VI in 70% acetic acid
furnished methyl 2,B-dideoxy—Z-(2;carboxyphenyl)amino—
3-nitro-B8-D-glucopyranoside (X) which was further charac-
terized by conversion into its methyl ester (XI). Hydro-
genation of X in dilute hydrochloric acid in the presence
of palladium oxyhydrate-barium sulfate catalyst (75) gave
two compounds, methyl'2,3—diamino—2,B—dideoxy-B—D-gluco—
pyranosidé (XII) and methyl 3-amino-2-(2-carboxyphenyl)
amino— 2,3~dideoxy-B-D-glucopyranoside (XIII) in yields
of 62 and 6%, respectively. Both compounds were 6btained
in the form of crystalline dihydrochloridesc

N-Acetylation of the diamino sugar XII yielded

a diacetamido derivative which was found to be identical
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with known (32) methyl 2,3-diacetamido-2,3-dideoxy—B—D—-
glucopyranoside (XIV) with respect to its infrared spec—
trum, melting point, and optical rotation. This reaction
sequence established the gluco configuration of compounds
vi, VIiI, X, XI,XII, and XIII.

The reductive cleavage of N-aryl compounds un-
der normal pressures and temperatures in the presence of
Pd(OH)Z/BaSO4 catalyst was discovered accidentally in 1956
by Kuhn and Kirschenlohr (76) who on hydrogenation of N~
arylamino nitriles (obtained from aldoses, hydrogen cya~
nide and an arylamine) isolated amino sugars that had lost

the aryl substituent.

o H(I)OH
cgo N ,  HO-NH-C,H. -2 8o , HC-NH,| + O=
6 5 @ | 2
HY H,0 5
' ' '

I NH,-C_-H |
R 2 7’675 R i

Kuhn and Haas (77) investigated this reaction
thoroughly and found that, while the nitrile group was
'hemihydrogenated' to the imine stage to furnish the re-
ducing sugar structure by spontaneous hydrolysis, the
aryl moiety was cleaved off after uptake of two moles of
hydrogen and was thereby converted into the corresponding
hydroaromatic ketone., They proposed for this cleavage a
mechanism which involves first the addition of one mole

of hydrogen and of one proton to the arylamine group to
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give a diene cation, which then can either take up an-
¢ ther mole of hydrogen and be cleaved hydrolytically,
or decompose immediately to H3ﬁ$R and a cyclohexenone
derivative which is then hydrogenated further to give
a cyclohexanone,

In the present case the first gstep of the
reaction is the reduction of the nitro group. This is
shown by a relatively fast uptake of three moles of
hydrogen necessary for the reduction of NO2 to NH2,
and aiso By the isolation of XIII which can be thought
to be an intermediate in fhe conversion of X to the
diamino compound XII. The next step in the reaction,
indicated by a slow uptake of an additional two moles
of hydrogen, is then according %o Kuhn's mechanism the

formation of a diene cation (XIV) which is converted

to the endproduct via the two possible routes.
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The Structure of the Yellow Acid VIII

The yellow color of compound VIII did not im-
mediatly suggest that.we were deallng with a simple.she—
reoisomer of VI, i.e., with a compound differing only
with respect to the configurations at one or both of the
newly generated asymmetric centers. It will be shown,
however, that the yellow isomer VIII differs from VI only
in the orientation of the anthranilic acid substituent at
.C—2; the yellow isomer was found to be methyl 4,6—O-benzy1-
idene-2,3-dideoxy—2~(2-carboxyphenyl )amino-3-nitro-5-
D-mannopyranoside (VIII). This finding came as a surprise,
there being no readily apparent reasons for the color
of VIII and some of its derivatives. A possible expla-
nation will be offered below.

When the yellow acid VIII was dissolved in a
mixture of chloroform and dimethyl sulfoxide and petro-
leum ether was added,a colorless product crystallized.
The same product was obtained directly in nucleophilic
additions of anthranilic acid to the olefin I in the
presence of dimethyl sulfoxide. Elemental analysis sug-
gested this compound to be a dihydrate (XV) of VIII.

This view was supported by mass spectrometry where both
the yellow acid and its white dihydrate gave rise to the
same parent peak (m/e 430) and.to a very similar cracking

pattern. They also exhibited nearly identical molecular
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rotations, My 74300 and 73900, respectively (in ace-
tone). Turthermore, the presence of water of crystalli-
zation in XV was revealed by an nmr signal at T7.98
(intensity 4H) in a spectrum taken in deuteriochloro-e
form solution. The signal disappeared upon deuterium
exchange. Compound VIII, whose spectrum otherwise was
the same, did not give this signal. It appears that the
water of crystallization was provided by a small amount
of moisture present in the solvents employed. However,
the dimethyl sulfoxide seems to play a necessary role,

for the dihydrate was readily reconverted into the an-

hydrous substance by recrystallization from hot chloro-
form or ethanol even though these solvents were not dried
especially. Finally,.it was éstabiished that VIII and XV
give the same (yellow) methyl ester (IX) by reaction with'

diazomethane.
o .
CH
NO,
NH,R, Pn' O R . CH,N,
C.H \
676 VIII 0-CH
0—CH,, 2
0
)< Cliz - DMSO, | | GHC1
Phy L CHC1, JAN Ph 0
NO, 'NHZR\,A
1 : . CH,N IX
Cellg» dihydrate 272
DMSO -
R/ = ~CgH,~CO,H~0
R = -06}14_00201{3-9_
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Debenzylidenation of the methyl ester IX in
70% acetic acid afforded pale yéllow methyl 2,3-dideoxy-
2—(2-methoxycarbonylphenyl)amin0—3—nitro-B-D—mannopyrano—
side monohydrate (XVI). The presence of one mole of wager
of crystallization was established by elemental analysié
and by mass‘spectrometry where at low temperature and low
ionization voltage the water peak at m/e 18 was the only
major peak in the spectrum.

Hydrogenation of XVI in the same manner as des-
cribéd above for X yielded methyl 2,3-diamino-2,3-dideoxy-
B-D-mannopyranoside dihydrochloride (XVII). This diamino
sugar was also obtained directly from the acid VIII by
debenzylidenation with T0% acetic acid followed by cata-
lytic hydrogenation without isolation of intermediates.
The latter method was the preferréd one because it was
not only shorter but yielded a purer product as well.
Methyl 2,3-diamino-2,3%-dideoxy-f-D-mannopyranoside di-
hydrochloride (XVII) was very similar to its gluco isomer
(XII) with respect to optical rotation (kﬂﬁ -46.5° for

® for the gluco isomer) and paper chro-

the manno, [o(];’ ~41
matography in which they were practically indistinguish-
able. They differed, however, in their crystallization
behaviour; the gluco compound crystallized readily from
absolute ethanol in which the manno isomer is very soluble.

Methyl 2,3-diamino—2,3—dideoxy—B-D-mannopyranoside di-

hydrochloride (XVII) could only be obtained as a white
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powder from 2-propanol or acetone and its elemental
analysis suggested that one mole of these solvents was
present in the solid. Nmr spectra of XVII in deuterium
oxide supported this finding; in one case there was a s
singlet at approximately 7.9 (acetone), in another
case a doublet centered at T8.9 (2-propanol).

Paper chromatographic investigation of the
mother liquor of XVII indicated that besides considerable
amounts of XVII another ninhydrin—positive product was
present which travelled with about twice the speed of
XVII. No attempt was made to isolate thislparticular com~
pound which was probably methyl 3-amino-2-(2-carboxyphenyl)
amino-2,3-dideoxy~B-D-mannopyranoside (XVIII), an inter-
mediate in the formation of XVII. In the gluco series
discussed above, the isomer (XIII) of XVIII had been
isolated and shown to behave on a paper chromatogram in
a similar way, |

N-Acetylation of the diamino mannoside (XVII)
furnished methyl 2,3-diacetamido-2,3-dideoxy-B8-D-manno-
pyranoside (XIX) whose optical rotation was also found to
be quite similar to that of its gluco isomer (XIV)

(hﬂg -105° for the glggg,[bdg ~108° for the manno

compound). Its melting point is, however, considerably
lower than that of XIV (116° vs. 270°), and its migra-
tion speed on a thin layer chromatogram was slower than

that of XIV.
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Heating of the diacetamido compound XIX in
5 N hydrochloric acid for 2 hr afforded the free sugar,
2,S—diamino-Z,B-dideoxy-D—mannose dihydrochloride (XX),
as a white solid powder. The free sugar reduced Fehling

solution and showed an optical rotation of[}d +1% —s

(1) 50 (1 )3
- PHOH CH,,0H CH, OH
0 OCH;  H,, HCl
NO -
"HON\ 2 |Ag Pd(OH), K R RCIH
Y/BaSO4
XVI XVII XVIII
CH,OH | CH, 0m
—0 —
, N5 mHel
R R” —_— R’ Rr’/|H,0H
HO HO
XIX XX
— ' , ‘_ "
R= ) , R= NH5C1, R’= NHAc
GooH

a. The value reported (78) for 2,3-diamino-2,3-dideoxy-
D-allose dihydrochloride, the only free 2,3-diamino

23
sugar known besides 2,3-diamino glucose, ish{% +50

2
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Since none of the compounds derived from VIII
was lnown, there remained the task of establishing their
configuration. This was done on the basis of the follow-

ing considerations. ’ °

In the nucleophilic addition of anthranilic
acid to the olefin I, two new asymmetric centres are .
created, at C-2 and C-3, Consequently, four stereoisomers
are possible. In our experiments we isolated two isomers,
one of which was shown by chemical means to possess the
gluco configuration. This leaves three possibilities, ,

namely the manno, allo, and altro configurations, to be

considered for the second isomer.
Inspection of the four diastereoisomeric struc-

tures reveal.s that they can be divided into two pairs,

‘with the members of each pair expected to possess a

- common aci-nitro anion in alkaline solution. This is

indicated by the scheme on the next page.
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Alkaline solutions of the two isomeric acids
that were isolated would therefore be expected to exhi-
pit the game value of optical rotation if the second iso-
mer possessed the allo configuration, but different values
if it had either the manno or the altro configuration.

As it turned out, solutions of VI and VIII in
0.01 N sodium hydroxide showed a' striking difference in
their rotational values;bﬂi -13.4%for compound VI (of

23
proven gluco configuration),EﬂD -2430

for its isomer. By
acidification of its alkaline solution, the isomer VIII
was recovered unchanged in neafly quantitative yield. It
was thereby ascertained that the observed rotation was
due to the anion and not to products of some secondary

reactionsa.

a. Secondary reactions did occur on prolonged standing.
The specific rotation changed very slowly at room tem-
perature, from&ﬂD -2439 to@dD -100° in the course of 20
days, and then remained constant. An ultraviolet spect—~

- rum at that point showed two strong absorptions, one
at?ﬁax 302 mu the other at Amax 252 m . A strong
smell of benzaldehyde was noticed. These observations
suggested that probably elimination of benzaldehyde,
concomitant with formation of a 4,5-unsaturated nitro-

‘nate structure, had taken place. A similar prodess has
been reported (27) to occur slowly in alkaline solutions
of methyl 4,6-0-benzylidene-3~deoxy-3-nitro-f-D-gluco~

pyranoside (see also p. 16).
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These results eliminated the allo configuration
as a possibility for VIII, in accordance with the obser—
vation (p.95) that the diamino sugar dihydrochloride XX
exhibited a specific rotation quite different from that
vf the corresponding allo derivative, The compounds of
the series were finally recognized to possess the manno
configuration by nmr studies of the diacetamido derivative
XIX. |

An nmr spectrum of methyl 2,3-diacetamido-2,3~-
dideoxy-B-D-glucopyranoside (XIV) in methanolic solution
showed two signals at v8.07 and T8.09, respectively. These
may be attributed to the two equatorial "acetamido grou-
pings. The values agree well with those reported (40, 65~
68) for equatorial N-acetyl (T 8.02 -T8.11). By contrast,
the nmr spectrum of XIX (in methanol) exhibited the sig-
nals for the two acetamido groups at T7.96 and T8.06,
respectively, which is compatibleionly with the presence
of one axial (T7.96) and one equatorial (T 8.06) N-acetyl
group in the molecule, values reported (65,66,68) for the
former being in the range oft7.92 - T 7.96.

This finding ruled out the altro configuration
for XIX which would require two axial acetamido signals.
Both the manno and the allo configuration possess bne
axial and one equatorial acetamido group each. Since the
allo configuration had already been eliminated by the

rotational data discussed above (p.98% compound XiX snd
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hence its precursor VIII must belong to the manno series,

Baer and Neilson (32), in their work leading to
2,3=diamino~2,3~dideoxy~-D-glucose via ammonia addition to
the nitro olefin I, have described the isolation of a con-
figurationally undetermined methyl 2-acetamido-4,6~0-ben-
zylidene-2,3-dideoxy—~3-nitro-B-D-hexopyranoside (XXI) that
was formed in small proportion besides the main product,
the gluco derivative of that structure.

A supply of XXI was made available to this author,
and the material was debenzylidenéted, hydrogenated, and
N-acetylated. The diacetamido compound thus obtained was
identical with XIX as shown by identical rotations, infra-
red spectra, migration on thin-layer plates, aﬁd undepressed
mixed melting point. Hence, the manno configuration can bé

assigned to the by-product of Baer and Neilson.

O-CH2
0 OCH y
3 1. 70% AcOH
» XIX
Ph 0 2. H2/Pt
N02 NHAc 3 ACQO/MeOH

XX1I1
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A point which has not been explained yet is
the yellow color of VIII. There is nothing in the manno
configuration that would scem to render it essentially
different from thg gluco configuration with respect to
light absorption. The mere fact that the substituent at
C-2 is axially oriented could hardly cause any colora-
tion.

A comparison of the ultraviolet absorption
‘data of VI and VIII (Table III) shows that in solution
there exists practically no difference between the two
isomers; they both absorb in the near ultraviolet at
about the same wavelength with similar intensity, and
there is no noticeable absorption ;n the visible region.
This leads to the conclusion that‘fhe difference in
color must be due only to some differences in the crys-
talline state, for otherwise one would expect VIII to
absorb considerably stronger or at longer wavelength,
with at least some discernible trailing into the wvisible
region.

Color originates in unsaturated systems where
wW=-electrons arelloosely held and can easily be excited.
Therefore we need to postulate some unsaturated structure
ﬁhich could be present in the solid state but would be
ahsent in'solution, that is, it should be a 'labile!
vnsaturation that may be stabilized when the compound is

in a fixed conformation.
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Comparison of the chair conformation of VIII
with its boat conformer reveals that in both cases one
can expect steric factors to be importantc The bulky
axial anthranilic acid substituent would encounter con-
siderable steric interactions if VIII were in the chair
form. Conversion into the boat form would remove this
particular constraint but would give rise to new inter-
actions since now the méthoxy group at C-1, and the hydro-

gens at C-2 and C-3 would be placed in an axial position.

=

It can be shown on a molecular model of VIII
that the conformation with the least steric interactions
is a twisted boat where carbons 1, 2, and 3 of the pyra-
noside ring lie in the same plane. The oxygen of the

ring would be a little above this plane. In such a struc-
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ture C-2 and C-3 of the sugar ring, the nitrogen and

the oxygen atoms of the nitro group, and the nitrogen

and the hydrogen atom of the anthranilic acid NH, are

also arranged in a nearly flat six-membered ring so

that internal hydrogen bonding is very likely to occur. ;

Furthermore, it is possible that the ortho carboxyl

group of the anthranilic acid substituent could parti-
cipate in the same hydrogen bridged complex. Together
with the benzene ring there would then be three six-
membered rings, all lying in the same plane. One could
#rite various tautomeric structures, of which two would
be of a quinoid type (Figure 8). The best representation

of VIII would probably be a resonance structure involving

1
|
§

both the nitro and the anthranilic acid substituent. i

With compound VI (gluco configuration), on the
other hand, if is impossible to obtain, on a model, such
a flat three-ring complex since the ring involving the
N02 and NH groups cannot be brought into one plane. Thus
the electronic interplay of the nitro group and anthra-
nilic acid does not develop and the compound remains

colorless (Figure 9).
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Figure 8

Tautomeric structures of compound VIII.

b ¢ b i i A T e e e
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Figure 9

Likely conformation of the manno compound VIII
and
unlikely conformer of the gluco compound VI.
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It is emphasized that the foregoing explanation
is purely hypothetical. A definite answer, it is felt,
can only be given by x-ray crystallography. However, it
might be interesting in the meantime to test the hypothe-
sis by devising syntheseé of related compounds and predic-—
ting the occurrence or absence of similar color phenomena,
With this in mind, we proceeded to synthesize analogs
containing m- and p-aminobenzoic acid substituents. It
was predicted that, even if both gluco and manno derivati-
ves were obtained, none should exhibit color, since the
carboxyl group would not be in a position favorable for
interactions according to the hypothesis,

The reaction of olefin I with m- and p-amino-
Jenzoic acid yielded colorless methyl 4,6-~0-benzylidene-
2,3=-dideoxy-2-(3~-carboxyphenyl)amnino-3-nitro=-8-D-gluco-
pyranoside (XXII) and its 2-(4-carboxyphenyl)amino isomer
(XXIII). In contrast to the addition of o-aminobenzoic
acid, no sterecoisomers could be isolated, regardless of

wnether solid potassium hydroxide catalyst was present

or not,y, nor did changes in the ratio of reactants affect < -

the outcome of the reaction. Compounds XXII and XXIII
were elucidated in a way similar to that described for
the o—amino isomers,

Removal of the benzylidene blocking groups in
XXII and XXIII by heating in T70% acetic acid afforded

syrupy methyl 2,3-dideoxy-2-(3-carboxyphenyl )amino-3-



NO2
1
-CHo

XXII )( 0 OCH3
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nitro-B-D-glucopyranoside (XXIV) and its crystalline
2-(4~-carboxyphenyl)amino isomer (XXV), respectively.
Hydrogenation of both XXIV and XXV yielded methyl 2,3%-
diamino-2,3-dideoxy-B~-D-glucopyranoside dihydrochloriie
(XII) whose structure and configuration had been estab-
lished above. Investigation of the mother liquors by
paper chromatography showed that in both cases fast
moving products were present, presumably incompletely
hydrogenated compounds analogous to XIII,

Finally, the addition of g-aminobenzoic acid
to the D-threo isomer (XXVI) of the olefin I was studied.
Various reaction conditions yielded only one compound
(XXVII) whose structure has not yet been determined.,
Elemental analysis leaves, howevér, little doubt that
XXVII is an isomer of VI and VIII, Its infrared spectrum
exhibits a broad absorption reaching from 3600 - 2500 cm_1
which is characteristic of the carboxyl OH, strong peaks
at 1675 (C0), 1555 (NOZ),‘1225 (broad), and 1045 with a

shoulder at 1025 om™!

. Bands of medium intensities at 1608,
1580, 1515, 750, and 705 cm_1 are indicative of aromatic

structure.

COOH 0—-CH
<0 [ 2

5 O\0CH;

NH
COOH

NO2 NO

XXVI LXVII
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In sumarizing thé findings reported in this
section, the following comments may be made. In every
single nucleophilic addition to the nitroolefin I that
had been previously studied, 2,3-diequatorial substituent
orientation in the adduct had occurred predominantly if
not exclusivelya.‘ln fact, there was only one case, namely
the addition of ammonia, where a second isomer, now re-—
vealed to possess the manno configuration, had been en-
countered as a minor product. Addends employed included
methyl, ethyl and benzyl alcohol, thiobenzyl alcohol,
diethylamine, piperidine, ethyl glycine, ethyl malonate,
and a number of nitroalkanes; despite the diversity of
these compounds with regard to molecular size and nucleo-
philicity, only gluco adducts were found. The addition
of isopropyl lactate elaborated in Part II. 1 of this
thesis followed the same course, and it has now been
found that m- and p-aminobenzoic acid, and also methyl
g—aminobenzoate, fall into the same pattern. Why, then,
does o-aminobenzoic acid behave in an anomalous manner

under certain reaction conditions? The formation of the

a, In some of the previously reported reactions, I had
been employed as such (as it has in the present work),
in others it had been generated in situ by B-elimination
of acetic acid from methyl 2-0O-acetyl~4,6-O-benzylidene-
5=deoxy—-3-nitro~B-L-glucopyranoside, but no variations

in the stereochemical course were observed (31,32,79).
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manng adduct, isolated in 56% yield when a 1:1 molar
ratio of rcactants is used in the absence of extraneous
catalyst, is as remarkable as is the gradual return to
'normal' behaviour when a moderate excess of the amino
acid and, eventually, potassium hydroxide catalyst is

provided. This peculiarity has no counterpart in the

7~ and p-amino isomers or elsewhere, and it would be

premature at the present time to attempt a rationali-

zation. Despite this lack in understanding, the unexpec- %
ted reaction is valuable from the viewpoint of synthesis, |
for it has made accessible a number of hitherto unknown
derivatives of 2,3-diamino-2,3-dideoxy-D-mannose and has
culminated in the first preparation of the reducing sugar

itself?,

a., Some of-glycosides of XX have been described (80).
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EXPERIMENTAL
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General Remnrks.

Melting points were determined in capillaries
in an electrically heated aluminium block apparatus equip-
ped with a calibrated thermometer.

Paper chromatography was carried out by the er- I

cending teclimique on Whatman No.1 paper in the system,
pyridine - ethyl acetate - water - acetic acid (5:5:3:1)
according to Fischer and Dorfel (81). The spots were indi-
cated by ninhydrin spray. RGN = speed relative to glucosa- i
mine hydrochloride. g

All nmr spectra (60 Mc) were obtained on a Varian |
HA-60 instrument, Ultraviolet and visidle absorptions were
recorded on a Perkin-Elmer 202 spectrophotometer using H—cm
cells. Unless otherwise specified, infrared data refer to
Nujol mull spectra taken on a Beckman IR-8 infrared spectro-
photometer.

Rotations were measured using a Perkin-Elmer 141
polarimeter.

All evaporations were done in vacuo at 35 - 40°
(bath temperature) unless otherwise indicated. Petroleum

ether refers to the fraction boiling at 30 - 60°.
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Part I 2

344,4a,8a-Tetrahydro-3,5-dimethoxy~8a,9-dinitro-

1,4—-cthenopyrano [4,3-c] pyran—1,7(5H)-dimethanol Diacetate

(VIID) and Stereoisomer XXX.

All reactions were performed under exclusion
of moisture and with carefully dried solvents and reagents.
A solution of 3.0 g of methyl 2,4,6=-tri~O-acetyl-
3—deoxyw3~nitro-B-D—glucépyranoside (1)(51) in benzene
(150 ml) was heated under reflux and magnetically stirred

with sodium bicarbonate (15 g) for 8 hr. The cooled reac-

tion mixture was filtered, and thefsolution was evaporated
to give a syrup which was dissolved in about 10 ml of eth-
vyl acetate. Addition of petroleum ether to incipient tur-
bidity caused crystallization of small, colorless prisms
which were collected after 3 hr and washed with ethyl ace-
tate - petroleum ether (1:3). The product (850'mg, mp 124°)
was recrystallized once from the same solvents, which
raised its mp vo 128°, According to an nmr spectrum, the
product was VIII (free from XXX), but it contained an esti-

mated one-half mole of ethyl acetate of crystallization.

a&. The most characteristic infrared frequencies of new

compounds are compiled in Table II (p.60).
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Recrystallization from chloroform - petroleum ether fur-
nished solvent-free VII, mp 130 - 131° dec.,[o]27 0° (at
565 - 589 mum ; ¢ 2, chloroform).

Anal. Caled for C,gH,,N,0,, (458.4): C, 47.17;
H, 4.84; W, 6.11; 0, 41.86. TFound: C, 47.18; H, 5.29; N,
6.22; 0, 41.50; mol. wt., 448 (by osmometry in benzene).

Crystalline VIII gave a single spot on silica
gel G thin layer plates irrigated with butanone -~ heptane
(1:1); the mother liquor gave the same spot and, in addi-
tion, contained faster and more slowly travelling material,
but did not yield any more crystals.

In an alternative procedure, a solution of I

(3.8 g) in benzene (150 ml) and anhydrous potassium car-

bonate (20 g, finely powdered) were vigorously stirred to-
gether for 5 hr at 25 - 30°. Piltration and removal of the
solvent gave a syrup which partially crystallized from
ethyl acetate - petroleum ether. The crude crystals (1.473
g) melted at 118 - 1190, and aaccording to their nmr spec-~
trum they consisted mainly of VIII but contained 10 - 20%
of the stereoisomer XXX. One recrystallization from ethyl
acetate - petroleum ether raised the mp to 1260, and the
infrared spectrum of the product was identical with that
of VIII as obtained by the bicarbonate procedure.

The experiment Just described was repeated se-
veral times, in some cases with minor modifications regar-

ding the reaction time and temperature. Yields were gener-
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ally between 45 and 55%, and the crude products melted
in the range 116 - 122°, In one case the crude product
(mp 116°) was recrystallized twice from chloroform -
petroleun ether, which gave a material melting at 110 -
111° and showing[d]%3 -1.5° (¢ 1, chloroform). According
to an nmr spectrum it waé a mixture of VIII and XXX in
a ratio of about 2:1.

Attempts to isolate pure XXX by fractional
crystallization proved very laborious. A fractionation
that involved 15 recrystallizations afforded pure VIII
(mp 131°) and a 1:2 mixture of VIIT and XXX.

The following procedure furnished pure XXX, 4
solution of I (1.0 g) in tetrahydrofuran (60 ml) was stir-
red with anhydrous potassium carbonate (10 g) for 53 hr
at -70°, The mixture was then allowed to stand for another
2 days at ~-5° before it was worked up by filtration and
evaporation. Inspection of the resulting syrup by thin
layer chromatography revealed that all I had been consumed;
a faster-moving main spot accompanied by at least three
weak spots due to unknown products was seen. Crystalliza-.
tion from ethyl acetate - petroleum ether gave a product
(348 mg) melting at 109 - 110°. Two recrystallizations
from the same solvents raised the mp to 113°. An nmr spec—
trum showed that at this point the product was a 2:1 mix-
ture of VIII and XXX. Two further recrystallizations from

chloroform - carbon tetrachloride - cyclohexane finally
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gave 67 mg of pure XXX as colorless platelets of mp 115°
dec.,bﬂ%3—4.5° (¢ 0.5, chloroform).

Anal. Caled for C,gH,,N,0,, (458.4): C, 47.17;
i, 4.84; N, 6.11, Found: C, 47.33; H, 4.91; N, 5.95,

The D-manno and D-galacto isomers of I (XXVIII
and XXIX, respectively (51)) were dehydroacetylated on a
100 mg scale by the use of sodium bicarbonate in refluxing
penzene (for XXVIII) or potassium carbonate in benzene at
25 - 30° (for XXIX). The recrystallized préducts, which
were obtained in yields of 12 - 14%, proved identical with
VIII from I, showing undepressed mixture melting points and
identical infrared spectra.

Catalytic hydrogenation of VIII was attempted
using palladium on charcoal, palladium oxyhydrate on bari-
um sulfate, rhodium on charcoal, or platinum dioxide, all
in ethyl acetate medium at room temperature and atmosphe-
ric pressure. Only starting material could be isolated.

A hydrogenation with platinum oxide at 54 psi for 20 hr
resulted in a mixture consisting of at least four components,

according to thin layer chromatography.

1=Hydroxy~-7-nitro-1H-2-benzopyran-3,5-dimethanol

3,5-Diacetate (X).

A, Preliminary Experiments. — Small samples (5 - 10 mg)

of VIII and a drop of pyridine were dissoived in 2 - 3 ml

of benzene or dioxane and heated on a steam bath for 5 min.
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The solutions turned yellow and a strong absorption band

at %ma 346 T}Lwas engendered. Evaporation gave a yellow,

x
partly crystalline solid which was difficult to purify.

In another experiment, 70 mg of VIII was kept for 3 min

in an oil bath at 1330, whereby the substance melted, tur-~
ned yellow, and evolved fumes of oxides of nitrogen. Crys-
tallization from ethyl acetate and petroleum ether gave '
then crystals (8 mg) melting at 144 - 147°. Their infrared
and ultraviolet spectra were identical with those of X
which.were prepared as described under B, and also with
those of the previously mentioned (51) yellow by-product,
mp 147 - 148°. A sample (3 mg) of pure VIII was dissolved
in molten acetamide (100 mg) on a steam bath. After 2 min
the mixture showed the characteristic ultraviolet peak at
346 i (in methanol). An identical experiment with pure
IXX gave the same result.

B. Preparation. — Acetamide (6 g) was fused on a steam

bath, and crystalline VIII (1.25 g) was intreduced into
the liquid in which it dissolved rapidly with evolution

of nitrous fumes. After 3 min the yellow liquid was cooled
to 25° whereby it solidified. The solid was dissolved by
boiling in ethyl acetate (50 ml) from which, upon cooling
to Oo, acetamide crystallized out. It was removed and
washed with cold benzene - petroleum ether (2:1). The com-
bined filtrate and washing solvents were concentrated to

about 15 ml and cooled, thereby yielding another crop of
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acetamide which was remeved and washed as above, The
filtrate, upon evaporation to dryness, gave a yellow
crystalline solid which waé triturated for some time
with 5 ml of ice~water. Part of the solid dissolved
and the remainder became gummy and stuck to the wall
of the vessel. The aqueous extract was discarded, and
the residue was triturated a few more times with small
amounts of ice-cold water and then dried by evaporation
with several successive portions of benzene. Finally,
the residue was dissolved in the minimum amount of hot
benzene, and the solution, placed overnight in a refri-
gerator, deposited 390 mg (42.5%) of X as small, yellow
prisms of mp 1480, raised to 150 - 151° by one .and to
151 = 152° by a second recrystallization. On thin layer
plates of silica gel G the product gave a single spot
and moved at lower speed than VIII (with butanone - hep-
tane, 1:1). Ultraviolet banas were at A 240 9# (€,9800)
and 346 %M.(é, 11000)(in methanol). TFehling solution was
reduced on heating. With 0,01 N alcoholic potassium hy-
droxide a bright red, but gradually fading, color was
produced. The color was more intense and more stable
when a drop of aqueous N sodium hydroxide was added to
the alcoholic solution.

Anal. Calcd for 015H15N08 (337.3): C, 53.42;
H, 4.49; N, 4.15; O, 37.95. Found: C, 53.58; H, 4.70;
N, 4.13; 0, 38.05.




- 119 -

Performance of the acetamide fusion using
mixtures of VIII and XXX gave the same result; yieids
up to 50% were obtained.

C. Fhenvlhydrazone XVI — A solution of phenylhydrazine

hydrochloride (250 mg) and sodium acetate (400 mg) in
water (3 ml) was clarified by filtration with a small

amount of activated charcoal and added to a solution of

X (100 mg) in ethanol (40 ml). The mixture was gently
refluxed with magnetic stirring for 15 min. After cool-
ing, water (30 ml) was added and the mixture was allowed
o stand at 4° for 2 hr. The crystalline product was col-
lected, washed with cold, 50% aqueous ethanol, and dried.
The yileld was 140 mg of XVI showing mp 155 - 156°, Twice
recrystallized from aqueous ethanol, the small needles

melted sharply at 161°,

Anal. Caled for Cp H, N0, (427.4): G, 59.01;
4, 4.96; N, 9.86. Found: C, 59.21; H, 5.05; N, 9.75.

1-Methoxy-7-nitro-1H-2-benzopyran-3,5-dimethanol

Diacetate (XIII).

Compound X (65 mg) was dissolved by heating in
methanol (25 ml), and N hydrochloric acid (2 ml) was added

to the solution after it had cooled to room temperature.
The solution was then stored for 8 hr at 0° and subsequent-
ly eveporated to dryness, with several additions of fresh

methanol. The yellow residue was dissolved in a small amount
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of methnnol, water was added to incipient turbidity,

and the product (XIII), which crystallized at 4° in the

course of several days, was washed with water and amoun-

ted to 48 mg (70.5%). It melted at 102 - 104° and, after

recrystallization from 50% methanol, at 111 - 1129,
Anal. Caled for C, H; NOg (351.3): C, 54.70;

H, 4.88; N, 3.99. Fouwnd: C, 54.49; H, 5.01; N, 4.18.

1-Bthoxy-7-nitro-1H-2-benzopyran-3,5-dimethanol

Diacetate (XIV).

Compound X (95 mg) was dissolved in hot ethanol
(15 ml), and after cooling, addition of N hydrochloric
acid (3 ml) and water (20 ml) the reaction mixture was
allowed to stand at 40 for 20 hr. Partial evaporation cau-
sed a yellow syrup to separate. The supernatent 1iquid
wasg discarded and the syrup was washed twice with water,
Crystallization from 50% aqueous ethanol gave 60 mg (67%)
of XIV; its mp of 115° was raised to 118 - 119° by one
recrystallization from the same solvent. Ultraviolet bands
were at A 240 gu.(e, 1050) and 345 9p.(e, 12500)(in
methanol).

Anal. Calcd for 017H19N08 (365.4): C, 55.89;
H, 5.24; N, 3.83, Found: C, 55.29; H, 5.33; N, 4.36.

The infrared spectrum of XIV was identical with
that of the previously mentioned (51) yellow by-product,

mp 119°.
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1-Isopropoxy-7-nitro—-1H-2-benzopyran~3,5-di-

methanol Diacetate (XV).

Compound X (74 mg) was dissolved with heating
in isopropyl alcohol (25 ml). Hydrogen chloride gas was
briefly passed into the cooled solution which was then
stored at 0° for 7 hr. Lvaporation gave a yellow syrup
which crystallized from isopropyl alcohcl - water, affor-
ding XV (44 mg, 53%) as fine yellow needles of mp 103°,

Anal. Caled for C,gH,,NOg (379.4): C, 56.99;

18721
H, 5.58; N, 3.69, Found: C, 57.21; H, 5.69; N, 3.76.

7-Nitro-1H~2-benzopyran-i-one-3,5~-dimethanol

Diacetate (XVII), .

Chromium trioxide (250 mg) and pyridine (10 ml)
were stirred for 2 hr in a nitrogen atmosphere at room
temperature; a solution of X (190 mg) in pyridine (5 ml)
was then added and stirring was continued for 6 hr (82),
The pyridine was evaporated, the last‘traces being re-

moved by two evaporations with added toluene. The dark

brown residue was extracted with three 30 ml portions of

i
i
i
i
i
t
i
i
|
|
i

ether, the extract was concentrated, clarified with acti- 5

vated charcoal, and evaporated to a yellow syrup. The
syrup was dissolved in hot water containing a small amount
of ethanol and, in the course of 24 bLir at 40, furnished

59 mg of XVII as beautiful, pale yellow plates of mp 110 -

111°. The ultraviolet spectrum in methanol showed a peak
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.of Amax 326 s (€, 13500) with a shoulder at 264 @fk(é,

7400) and strong end absorption.
Anal. Caled for C1SH13N08 (335.3): C, 53.78;
Hy, 53.97; W, 4.18. Found: C, 54.01; H, 4.09; N, 4.39.

Nitrobenzene-3,4,5-tricarboxylic Acid (XVIII).

A magnetically stirred suspension of X (400 mg)
in a solution of sodium dichromate (1.2 g) in water (10
ml) was slowly heated, and a mixture of conc. sulfuric
acid (14 ml) and water (7 ml) was gradually added. After
the addition the reaction mixture was gently boiled under
reflux with continued stirring for 30 min. The cooled,
dark green solution was diluted with water (50 ml) and
extracted thrice with 50 ml portions of ether. The com-
bined ether extracts were washed twice with watef,'dried,
over anhydrous sodium sulfate and evaporated to give a
syrup which was dissolved again in a small amount of
ether. Upon addition of benzene and petroleum ether crys-
vallization of XVIII (96 mg, 29%) occurred'at 4° in the
course of 48 hr. The crude product (mp 196 - 1980) was
recrystvallized from ether -~ benzene %o give 54 mg of
obligue prisms, mp 208 - 210° [(58) mp above 190°], which
vere easily soluble in water but nearly insoluble in
benzene or chloroform. The ultraviolet spectrum in water
showed strong end absorption with a shoulder at 274 AL
(€, 8000).




- 123 -

Anal. Calecd for CoHgNOgH,0 (273.2): ¢, 39.72;
H, 2.59; N, 5.16, Found: C, 40.04; H, 2.75; N, 5.45.

A 5 mg sample of XVIII was sublimed once in a
high vacuum at 210° (bath temperature) to give crystals
of mp 1780[%eported (58) for the internal anhydride of

XVIII, mp 182 - 183° after two sublimationé].

Trimethyl Nitrobenzene-3,4,5-carboxylate (XIX).

An ether solution'of XVIII (20 mg) was treated
with ethereal diazomethane until a yellow color persisted.
After 15 min the solution was evaporated leaving a white
solid residue which was dissolved in deuteriochloroform
for nmr spectroscopy and thereafter recovered by evapora-
tion. Crystallization from ethanol - water gave fine, pale
vellow needles (9 mg) of mp 144° [?eported (58) for XIX
mp 143 - 144° and after sublimation, 144 - 145?].

Anal. Calcd for G, oH, NOg (297.2): C, 48,50;

H, 3.73; OCHB’ 31.32., Found: C, 48.63; H, 3.90; OCH3 31.08;

mol. wt., 297 (by mass spectrometry).

5,5-Bishydroxymethyl-4—(2,3-dihydroxypropyl)—

nitrobenzene (XX).

To a solution of X (250 mg) in methanol (50 ml)
was added sodium borohydride (500 mg) in water (5 ml),
at room temperature. Within five minutes, the 346 m¢Lab—

sorption band of X disappeared, and a new peak arose at
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282 A After 15 min the solution was deionized with
20 ml of Rexyn 101(¥%) and evaporated., The residue was
evaporated 8 times Qith methanol for removal of boric
acid. The resulting syrup crystallized upon trituration
with ethyl acetate, and recrystallization from that sol-
vent gave 128 mg (67%) of pointed prisms, mp 135 - 136°,
Amax 282 9M.(€, 10500, in methanol).

Anal. Caled for G, H,;NO; (257.3): C, 51.35;
H, 5.88; N, 5.46; 0, 37.31. Found: C, 51.02; H, 6.07;

N., 5.48; O, 37~4‘1o

3,4-Dihydro=3-hydroxy-7-nitro-1H-2-benzopyran-

S—methanol (XXI).

The tetraol XX (100 mg) was dissolved in a so-~
lution of sodium metaperiodate (8% mg, 1 molar equiv.)
in water (10 ml). The reaction mixture was allowed %o
stand in the dark at room temperature for 18 hr and was
then evaporated to dryness with several additions of ab-
éolute ethanol. The organic product was extracted from
the inorganic salt by trituration with cold absolute
ethanol. The extract was clarified with a small amount
of charcoal and evaporated to give a residue which was
taken up in a small amount of ethyl acetate. The ethyl
acetate solution was separated from some brownish, inso-
luble material and yielded, upon evaporation, a pale

yellow solid (XXI, 78 mg,89%) that melted at 146 - 147°,
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Recrystallized fromacetone - chloroform - petroleum ether,

it had mp 149 - 149.5%; A

nax 283 mu (€, 6100, in ethyl

;acetate). It reduced hot Fehling solution.

Anal. Calecd for C1OH11N05 (225.2): C, 53.333

H, 4.92; N, 6.22, Pound: C, 53%.21; H, 4.93; N, 6.38,

2,6=Bishydroxymethyl-4-nitrophenylacetaldehyde

Semicarbazone (XXII).

A mixture of compound XXI (30 mg) dissolved in
ethanol (1 ml) and of semicarbazide hydrochloride (100 mg)
and sodium acetate (150 mg) dissolved in water (1 ml) was
heated for 10 min on a steam bath. No crystallization
took place on storing the reaction mixture at 4° for a
proionged period of time, but upon allowing it to evapo-
rate slowly in the open air to about half its volume, near-
1y colorless prisms of XXII were deposited. They were wash-
ed with ice-cold water; yield, 19 mg, mp 186° dec.

Anal. Calecd for C11H14N4O5 (282.3): G, 46.80;

H, 5.00; N, 19.86. Found: C, 46.63%; H, 5.15; N, 19.86.

4—(2-Hydroxyethyl)-3,5-bishydroxymethyl-nitro-

venzene (XXIIT).

A mixture of compound XXI (40 mg) in methanol
(5 ml) and sodium borohydride (50 mg) in water (2 ml) was

allowed to react at room temperature for 2 hr, Deionization

with 5 ml of Rexyn 101(H+) followed by eight co-evaporations
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with methanol furnished a crystalline residue which wag
dissolved in the minimum amount of hot water. The triol
AXIIT separatcd as long needles of mp 1352 in the course
of 3 days at 4°. The yield was 28 mg (69%).

Anal. Caled for CyoHy 510 (227.2): ¢, 52.86;
Hy 5.77; N, 6.17. Found: ¢, 52.82; H, 5.91; W, ..,

Methyl 2,3,4-trideoxy-2,4-diacetamido-3-nitro—-

hexopyranoside (XXXIII).

Methyl é,4,6—tri—0—acetyl—}—deoxy~3~nitro—ﬁ—
D-glucopyranoside (I) (1 g ) was dissolved in liquid am-
monia (100 ml) at =70°. After the ammonia had been slowly
removed at this low temperature by application of vacuum,
which took approximately 4 hr, a yellow solid residue re-
mained. Inspection of a small sample of this solid by ul-
traviolet spectroscopy revealed that it absorbed strongly
at 2max 251 @ﬁt and 306 %ﬁt. When the solid was dissolved
in methanol it turned dark brown. Subsequent evaporation,
which was difficult due to foaming caused by evolution of
a gas, left a syrup which was taken up in absolute etha-
nol and left at 4° for 3 days. A dark brown solid was de-
posited during that time. The supernatant dark liquid was
decanted and the solid dissolved in warm ethanocl. Treat-
ment with activated charcoal did not remove the colora-
tion. The solution was evaporated again and the remaining

syrup deposited,after two days of standing in ihc cold,
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ethanol, and another three days of standing at 40, afforded
42 mg (4.5%) of colorless XXXIII of mp 209 - 210°, Recrys-
tallization from water to which a few drops of ethanol had
been added yielded 23 mg of fine needles of XXXIII, mp 218°
dec,

Anal. Caled for CH,gNz0, (305.3): C, 43.39;

H, 6.27; N, 13.76. Found: C, 43.21; H, 6.34; W, 13.84.

An ultraviolet spectrum of.a golution of XXXIIT
in 0.01 N sodium hydroxide shows a strong absorption at
zmax 255 %p . Heating of this solution for 10 min at 98°
2id not affect the appearance of the spectrum to a great
extent; only a small absorption developed at 300 %p.. The
strong peak at 255 %p seened unchanged.

It was impossible to isolate more of XXXIII or
other products from the mother liquors. Shortening or ex-—

tending the reaction time did not increase the yield of

XXXIII significantly.

Methyl 2,3,4-triacetamido-6-0-acetyl—=2,3,4-tri-

deoxv-rexopyranoside (XXXIV).

The diacetamidonitro compound XXXIII (24 mg)
and pre-hydrogenated platinum oxide (25 mg) in water (30 ml)
were shaken for 16 hr under hydrogen. Evaporation of the
Tiltered solution left a solid residue which was taken up

in pyridine (5 ml) and acetic anhydride (2 ml). After 3 hr
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of stvanding at room temperature the mixture, which began
to deposit crystals, was evaporated twice with toluene,
once with water, and once with ethanol; The remaining
solid was suspended in ethyl acetate and filtered off.
The filter residue (25‘mg) was recrystallized from 2-pro-
anol to give 19 mg of XXXIV as small prisms that olowld-
turned wark on heating but had no melting point. The
compound was easily soluble in water and insdluble in
chloroform. It showed[d]]z)3 +21.6° (¢ 0.4 in water). A
solution in 0,01 ¥ sodium hydrokide exhibited no absorption
in the near ultraviolet.

Anal. Calecd for C,gH,gN50, (359.4): C, 50.13;
H, 7.01; ¥, 11.69. Found: C, 50.01; H, 6.80; N, 11.61,
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Part II. 1

Methyl 4,6—O—Benzylidene—3—deoxy-2—04l—1-(iso—

propoxyecarbonyl)ethyl] ~3-nitro-B-D-glucopyranoside (II)

and Methyl 4,6—O—Benzylidene-S—deoxy—Z-O%b—1—(isqpfopo-

xycarbonyl)ethyl] ~3-nitro—B-D-glucopyranoside (III).

A, Addition of Isopropyl DL-Lactate to Nitro Olefin I.

To a solution of methyl 4,6-0-benzylidene~2,3-

dideoxy—B—nitro—B—D—erythro—hex—2—enopyranosided(I)(18)
(

1 g) in dry benzene (30 ml) was added isopropyl DL-lac-

tate (83) (1 ml) and a small chip (about 5 mg) of potas-
sium hydroxide. The mixture was gently boiled under re-

flux for 20 min, after which time thin layer chromato-

graphy (solvent, ethyl acetate - petroleum ether (3:1))
indicated a complete conversion of I into a faster-moving
product. The yellowish solution was cooled, stirred brie-
ITly at 6° with 5 g of dry cation exchange resin, Rexyn
101(H+), and wés then treated with activéted charcoal

and evaporated to give a slightly yellowish syrup. Crys-
tallization from ethyl acetate - petroleum ether in the
course of several hours at 0° gave needles (550 mg) of
1ae L-adduect II, mp 1249, Upon recrystallization from
agqueous ethanol it showed mp 1269 andDX]%B -69,7° (¢ 0.85

in ethancl).



Ainal. Calcd for ﬁ20H27N09 (425.4): G, 56.40;
i, 6.35; N, 3.29. Found: C, 56.68; H, 6.43; N, 3,30,

The mother liquor from the first crop of II
was partially evaporated whereby a crystalline mixture

(410 mg, mp 85 = 890) of IT and III was obtained. Recry. -
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‘rom the mother liquor of this recrystallization a materi-
al melting at 80 - 81° was isolated which was recrystal~
lized three more times from aqueous ethanol to show mp
96 - 97°. It was the D-adduct III,[d]%3—4O.O° (¢ 1 in
ethanol). The yield of pure.III was 53 mg (3.6%). In a
similar experiment, 1.50 g of I gave 1.223 g (56%) of II
and 0.120 g (5.5%) of III.

Anezl. Calcd for 020H27N09 (425.4): C, 56.40;
i, 6.35; W, 3.29, Found: C, 56.52; H, 6.23; N, 3.50.

A mixture melting point of ITI and III was strong-
ly depressed, and the infrared spectra showed small but
distinct differences in the region of 1100 - 800 em™ 7,
Both epiwmers had their ester carbonyl bands at 1750 cm-1;
the asymmetrical‘nitro vibration was at 1560 in II and

1

at 1565 cm @ in III.

B. Addition of Isopropyl L-Lactate to Nitro Olefin i.

Tsopropyl L-lactate was prepared (83) from
L(+)-lactic acid (84) and had@i]%B ~9.1° (¢ 2.5 in metha-

nol). Its addition to nitro olefin I was performed as in 4,




610 mg of I and 0.6 ml of estcf being used. There was
obtained 730 mg (82.5%) of crude II with mp 116 - 118°
which was raised by recrystallization to 119° and was
not depressed upon admixfure of ITI from A,Bﬂ%B —63.5O
(¢ 1 in ethanol). The identity of the samples was sup-
ported by the infrared spectra and by the debenzylide-

nations (see below) that led to identical products.

C. Addition of Isopropyl D-Lactate to Nitro Olefin I.

Fof the preparation of isopropyl D-lactate,

5 g of the calcium salt (tetrahydrate) of D(-)-lactic
2cid (85) and 10 g of Rexyn 101(H") were suspended in

dry benzene (60 ml) and 2-propanol (15 ml), and the
nixture was refluxed with magnetic stirring in an appa-
ratus equipped with an automatic water separator. Re-
fluxing was continued until no more water was collected
in the‘separator. The filtered solution was then eva-
porated, and the ester distilled at 71 — 76° (22 - 24 mm),
yield 2.5 g,[o(}%3 +9,2° (¢ 2.5 in methanol).

Using the procedure of A, nitro olefin I (1.0 g)
and isopropyl D-lactate (1 ml) were allowed to interact
and gave 1.2 g (83%) of III, mp 91 - 92°%, Admixture of
III from 4 caused no depression, and the infrared spectra
were identical.

D. Reaction of Isopropyl L-Lactabe with Methyl 2-0O-Acetyl-

L, 6-0=penzylidene-3-dcoxy~3-nitro-B-D-glucopyrmoside.

The acctyl derivative (350 mg) was added in




small portions to isopropyl L-lactate (2 ml) containing
sodium inopropoxide (250 mg) and 2-propanol (0.2 ml).
Omission of the 2-propanol resulted in the recovery of
unchanned starting material and failure to produce II.
The crystals dissolved on swirling, gentle warming beins
required towards the end of the operation. The solutic..
was kept at room temperature for 30 min and then mixed
under ice cooling with ethanol (5 ml) containing acetic
acid {2 ml). Dropwise addition of water gave a crystal- i
line precipitate of crude II which was washed with etha-

nol. - water; 380 ng, mp ca. 110°, Pure II (needles of

mp 120 - 121°) was obtained only after three recrystal-
lizations which reduced the yield to 105 mg and so. offset
partially the advantages of this simpler procedure over

method A,

Methyl 3-Deoxy—-2-0-{L-1-(isopropoxycarbonyl)

ethvli-3-nitro-B=D-glucopyranoside (IV).

The benzylidene compound II (400 mg) was hydro-
lyzed by heating on a steam bath for 25 min, with 15 ml
of 75% acetic acid. Complete debenzylidenation was re-
vealed by thin layer chromatography (solvent, ethyl ace-
tate - petroleum ether (3:1)) which showed the disappear-
ance of fast-moving II and the sole presence of a slow-
moving product. The solvent was removed, and water was

9

added twice to the residue and evaporated. The rauidue
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was then recrystallized from hot water. The product IV
(216 mg, 67%) had mp 148 - 149°, raised to 151° by ano-

ther recrystallizati <183 ) '
ystallization, [; =27 (¢ 1 in ethanol). In-

=D
frared bands for the hydroxyl, ester carbonyl, and nitro
groups were at 3480—3260, 1750, and 1555 cm—1, respecti-
vely.

Anal. Caled for C,;H,sNOg (337.3): C, 46.35;.

H, 6.83, FPound: C, 46.36; H, 6.92,

Iethyl 3-Deoxy—2-0-[D-1-(isopropoxycarbonyl)

ethvl] =3-nitro-B-D-glucopyranoside (XV).

Compound XV was obtained from 100 mg of the

benzylidene deivative III by the procedure described in
this thesis for IV. However, the crude product was syrupy
at first and crystallized, as long needles, frem an etha-
nol solution by slow evaporation in the air. Upon recrys-—
tallization from water it melted at 102 - 103°; yield,
46 mg (58%). Infrared bands for the hydroxyl, ester car-
bonyl, and nitro groups were at 3450 — 3250, 1753%, and
156% em ', respectively.

Anal. Caled for C,;H,sWO0q (337.3): C, 46.35;
H, 6.83. Found: C, 46.51; H, 7.06,

Hydrogenation of IV, - A, In 2-Propanol.

The nitro glycoside IV (400 mg) and platinum

dioxide (100 mg) in 2-propanol (50 ml) were shaken for
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4 days under hydrogen at 70 psi. Bvaporation of the fil-
vercd solution gave a syvrup that was dissolved in a small
amount of ethyl acetate and kept at 4° for crystallization.
After 3 days 105 mg (28.8%) of prisms of methyl 3-amino-—
3-dooxy—2-0—[L—1—(isopropoxycarbonyl)ethyi]—B—D-glucopyra~
nosids (VII) had been deposited, mp 1830, vnchanged upon
recrystalligation from 2-propanol - ethyl acetate,[d]%3-43.5o
(¢ 1 in water), Ry 1.9.

The compound showed strong infrared absorption
at 3450 (OH, WH) and 1745 (ester carbonyl), and a mediwm
peak at 1585 e~V (WH bending).

inal. Caled for C,;H,:N0, (307.3): C, 50.80;
H, 8.21; N, 4.56., Found: C, 50.65; H, 8.13; N, 4.51.

The mother liquor from VII was concentrated a
1ittle, and petroleum ether was added to inciplent tur-

bidity. After several hours at 0° a by-product (44 mg)

was collected, mp 134 - 137°. Recrystallization from the
same solvents gave 32 mg of crystals melting at 150 - 151°
(air dxy), or at 165 - 166° with slight prior sintering
(dried in vacuo). A mixture melting point with IV was
depressed, and a ninhydrin test was negative. The analy-
tical data (Found: C, 47.36; H, 7.13; N, 5.18) of this
by-product lay between those expected for methyl 3-amino-
2~0-{I~1~carboxyethyl)-3-deoxy-B-D-glucopyranoside (Calcd
for C1OH19NO7: ¢, 45.28; H, 7.22; N, 5.28,.,).and for its
lactanm (VIII) (Caled for CyoHy7N0g: C, A8.65: 11, 6.94;
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4, 5.67.). The infrared spectrum showed the same general

features as that of VIII, but in addition there was a

1

strong peak at 1710 em ' and weak absorption in the re-

gion of 2700 — 2400 cm |

, which could be attributed tec a
free carboxyl group. A sample of the by-product (36 mg)

was treated with acetic anhydride (0.25 ml) and pyridinc

H
z

(0.5 ml) for 7 hr at 239, After two evaporations with ex-
cess toluene and two more with ethanol a white solid re-

mained. It gave 17 mg of thin prisms, mp 1930, on recrys—

tallization from absolute ethanol and petroleum ether. The
infrared spectrum and analytical values (Found: C, 51.10;

i, 6.70.) were similar to those of the lactam diacetate(XI).

-~ B, In 2-Propanocl - Water.

The nitro glycoside IV ?600 mg) and platinum di-
oxide (200 mg) in a mixture of water (25 ml) and 2-propanol
‘(25 ml) were hydrogenated at 60 psi for two days. Work-up |
as described under A yielded 80 mg of amino glycoside VI1I,
wp 1738 = 180°. The mother liquor was found to contain
mainly starting material. It was brought to dryness, and
the hydrogenation was repeated (three days) using 100 mg
of fresh catalyst and a pressure of 70 psi. Lvaporation
followed by crystallization of the residue frém ethyl
acetate furnished 5% mg of a colorless substance which
nad mp 138 - 140° (raised to 151 - 152° by recrystalli-
zation from ethyl acetate - petroleum ether) and proved

identical with the by-product described under A. The
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ethyl acetate solution from which the by-product had
separated was concentrated, and addition of petroleﬁm
ether gave crystals (170 mg) melting at 142 -~ 146°. Re-
crystallization of this crop from ethyl acetate - petro-
Jeum ether afforded 100 mg of prisms, mp 1660, showing
an infrared spectrum different from those ofIV, VII, and
the by-product. There was no peak attributable to ester

T that

.r carboxyl carbonyl but a strong peak at 1640 cm
was assigned to an amide grouping (see discussion p. 71).
The compound was the lactam (VIII) of methyl 3-amino-
2-0~(L~1-carboxyethyl)-3-deoxy-B~D-glucopyranoside,
[d]%B -75.5° (¢ 1.3 in methanol).

Anal. Caled for C,uH;,NOg (247.3): C, 48.65;
i, 6.94; N, 5.67. Found: C, 48.72; H, 7.06; N, 5.62,

A sample (16 mg) of the amino ester VII in water
(5 ml) was heated on a steam bath for 3 hr, with the ad-
dition of a small drop of acetic acid. Thin layer chro-
matography (solvent, ethyl acetate - ethanol - petroleum

ether (2:1:1)) indicated a nearly complete conversion

of the slow-moving VII into the iast-moving lactam VIII,

Lactam Diacetate (XI).

A sample (40 mg) of the lactam VIII was acety-
lated overnizght at 230 with acetic anhydride (0.25 ml )
and pyridine (0.5 ml). The reaction mixture was evaporated

+thrice with excess toluene and twice with ethanol. The
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colorless crystalline residue was dried in wvacuo and had
mp 191°. The yield was 53 mg (quantitative). Recrystalli-
zatvion from absolute ethanol gave needles (44 mg), and
the melting point was uncinanged. The product was the Tac—
tan (XI) of methyl 4,6—di-O-acetyl—B—amino—2¥O~(L~1—car-
boxyethyl)—B-deoxy—B—D—glucopyranoside. Strong infrared
bands at 1735 and 1670 cm-1 indicated ester and amide car-
bonyl groups.

Anal. Caled for C,,H,,NOg (331.3): G, 50.80;
i, 6.36; N, 4.2%. Found: C, 50.69; H, 6.41; W, 4.17.

Benzylidene Lactam (XIII).

A sample (70 mg) of amino ester VII, anhydrous
zinc chloride (200 mg), and benzaldehyde (2 ml) were stir-
red together for 4 hr at 23°. The reaction mixture was
aglitated thoroughly with water (5 ml) and petroleum ether
(20 m1) in an ice - water bath. After 10 min, the white
precipitate was filtered off, washed with cold water and
with petroleum ether, and then immediatly recrystallized
Zrom ethanol-water (7:3). The yield was 32 mg (42%) of
the lactam (XIII) of methyl 3-amino-4,6-0-benzylidene—
2~O~(L—1—carboxyethyl)—B—deoxy—B—D—glucopyranoside; thin
platelets of mp 257° remained unchanged on further re-
crystallization. The amide-I band was at 1663 cm_i; there

was no amide-II band.
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Anal. Calecd for 017H21N06 (335.4): C, 60.95;

H, 6.37; N, 4.18. Pound: C, 60.79; H, 6.23; N, 4.28.

Fethyl 3-Acctamido—3-deoxy=2-0-[T~1—-(isopropo-

xycorbonyl)ethyl] =B=D-glucopyranoside (IX).

The amino ester VII (85 mg) was diccolved in
water (2 ml) and methanol (1 ml). Acetic anhydride (0.1 ml)
was added with ice cooling, and the mixture was then stir;
red for 90 min at ambient temperature. Lvaporation gave
a white soiid (IX) which was recrystallized from Z-propa-—
nol, mp 139 - 1910, raised to 192 - 1930 by a second re-
crystallization. The yield was 63 mg (65%). The infrared
specirum had several sharp bands in the region 3500 - 3150

(OH, ¥H), a band at 1745 (ester carbonyl), and amide-I
and -II bands at 1660 and 1570 cm™ .

Anal, Caled for 015H27N08 (349.4): ¢, 51.55;
H, 7.79; ¥, 4.01. Pound: G, 51.47; H, 7.79; N, 4.10.

Methyl 3-Acetamido-4,6-di-O-acetyl-3-deoxy-

2—O-[;-1—(isonrovoxycarbonyl)ethyi]—B—D—glucopyranosidé (X)

The amino ester VII (70 mg) was acetylated, at

1

. O

Z for 18 hr, with acetic anhydride (0.5 ml) and pyridine

1 ml). The reaction mixture was worked up using the com-

TN

mon chloroform extraction procedure. The triacetyl deri-
vative X was obtained as a white microcrystalline powder,

mp 148 - 1490, from etnyl acetate - petroleum cther, in
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a yield of 66 mg (67%). Infrared bands were at 3320 (NH

stretehing), 1745 (ester carbonyl), 1660 (amide~I), and

1560 cmf‘1 (amide-II).
Anal, Caled for Cyglz,M0, 4 (433.5): ¢, 52.75;
I—I, 7.22; N, 3.24‘. Found: C’ 52.96; I‘I, 7.36; I\T’ 304‘20

lethyl 3—Acetamido—4,6-O—benzylidene—3-deoxy~

2—0-fI—1%isopropoxycarbonyl)ethyl]-B-D—glucopyranoside

(XIV) from IX.

The acetamido ester IX (6o mg), anhydrous zinc
chloride (200 mg), and benzaldehyde (1.5 ml) were stir—
red together for Shr at 23°, Work-up as described for
LII1 yielded 43 mg (57%) of long needles (from 90% etha-
nol), mp 226 - 2270,&X]§3 ~-61° (¢ 0.5 in ethanol). Infra-
red bands were at 3320 (NH stretching), 1748 (ester car-
bonyl), 1650 (amide-I, and 1560 cm™ ) (amide-II).

Anal, Calcd for Coolz, W0 (437.5): C, 60.40;

d, 7.14; ¥, 3.20, Found: C, 60.34; H, 6.91; N, 3.02.

3—Amino-2—0—(L-1-carboxyethyl)-3~deoxy~D—g1ucose

Hydrochloride (XII).

The amino glycoside VII (150 mg) was hydrolyzed
with 3 H hydrochloric acid (10 ml) at 100° for 5 hr. Most
of the acid was removed by distillation in vacuo, and the
remaining nearly colorless syrup was dissolved in water,

and brought to pH 5.2 by treatment with Dowex 1-X2(0H™),
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Bvaporation, ultimately with two additions of‘ethanol,
Left a white solid which.was washed with ether. The
yield was 103 ng (73.5%). The material reduced Fehling
solution, showed[d]%B +230 (g 1.5 in water) and RGN 0.3.
It gradually decomposed on heating above 100°, A com—

bustion residue revealed the presence of some inorganic

inpurity.
Anal., CGalcd for C9H1801NO7 (287.7): C, 37.65;
i, 6.31; N, 4.88. Found: C, 38.01; H, 6.91; N, 4.34,

4

.

The lactam VIII (2 mg) in 5 N hydrochloric

cid (0.3 ml) was heated in a sealed tube at 110° for

o

5 hr. Subsequent paper chromatography gave a strong nin-

hydrin-positive spot of RGN 0.80,

Hydrogenation of Nitro Glycoside XV. = A.

in 2-=Propanol.

The nitro glycoside XV (600 mg) was hydrogen-
ated as described for IV. A syrup was obtained which could
not be crystallized from a variety of solvents. Paper
chromatography revealed the presence of one ninhydrin-
positive compound, RGN 2.0, presumed to be methyl 3-amino-
2—0-[3-1-(isopropoxycarbonyl)ethyl]—B-deoxy—B—D—gluco—-
pyrencside (XVI). When an approximately 1% solution of XVI
in water containing a little ncetic acid was heated on a

am bath for 2.5 hr, lactam XVII was produced although

o}

<
L2

vhe Lactemization was rather incomplete and other products



- 141 -

were indicated by thin layer chromatogranhy (solvent,
ethyl acetate - ethanol - petroleum ether (2:1:1)) %o

be present. Nevertheless, crystalline XVII was isolated
in 7% yield and.identified by its infrared spectrum with
XVII obtained under B.

—

- B. ITn 2-Propanol - Water.

The nitro glycoside XV (320 mg) and platinum
dioxide (100 mg) in a mixture of water (25 ml) and 2-
propahol (25 ml) were hydrogenated at 54 psi for 3 days.,
The solution was treated with activated charcoal and
evaporated to give a colorless syrup that crystallized
in large prisms after standing at 250. The material was
triturated with ethyl acetate - 2-propanol (3:1) at OO,
and it was then isolated after several hours and washed
with chilled ethyl acetate, yielding 75 mg (45%) of the
lactam (XVII) of methyl 3-aminc-2-0-(D-1-carboxyethyl)-
3-deoxy-B-D-glucopyranoside, mp 204 - 205° dec,ﬁﬂ%B ~-40,0°
(2 0.6 in methanol). Infrared absorption was in the region
of 3600 - 3200 (OH, several bands) and at 1645 em™! (amide
carbonyl). There was no amide-II band. In the fingerprint
regi;n the spectrum was generally similar to that of VIII,
though small differences were observed.

dnal. Caled for C,,H, NO; (247.3): C, 48.65;
H, 6.94; N, 5.67. ¥ound: C, 48.50; H, 7.04; N, 5.60.

The mother liquor appeared Lo contain mainly

svarting material, according to thin layer chromatography.
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A ninhydrin test was negative.

A sample (53 mg) of lactam XVII was acetyla-
ted as described for the preﬁaration of XI from VIII.
Recrystallization from absolute ethanol of the product
gave 41 mg of oblong platelets, mp 167 - 1680, the lac-
tam (XVIII) of methyl 4,6-di~-0O-acetyl-3-amino-2-0-(D-
1—carboxyethyl)—B-deoxy—B—D—glucopyranoside. Infrared
bands were at 1735 and 1675 cm™ .. |

Anal. Caled for C,,H,,NOg (331.3): G, 50.80;
H, 6.36; N, 4.23. Pound: C, 50.59; H, 6.33; W, 4.03,

Hydrolyses of XVI and XVII with 5 I hydrochlo-
ric acid in sealed tubes at 110°% for 5 hr resulted in
the formation of 3-amino—2—0-(D—1-éarboxyethyl)-B-de-
oxy-D-glucose hydrochloride (XIX), as indicated'by paper
chromatography in which both XVI and XVII gave the same

pattern, Ryy 1.3 (strong) and 0.8 (weak).

lMethyl 3-Acetamido-4,6-0-bengylidene-3—-deoxy—

B-D-pglucopyranoside (XXI).

HMethyl 3-acetamido-3-deoxy-B-D-glucopyranoside
(Xx)(14){410 ng) was stirred with benzaldehyde (5.ml)
and anhydrous zinc chloride (1 g) for 20 hr. The mix-
ture was stirred vigorously, in an ice-bath, with 10 ml
of water and 50 ml of petroleum ether. The precipitate
was washed with the same solvents and immediatly re-

crystallized from 90% ethanol, from which XXI crvetal-
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lized as a monohydrate, mp 2940,[d]%3 -78° (c 0.8 in
pyridine). The yield was 410 mg (69%). The infrared
spectrum showed broad hydroxyl absorption (3600 - %200
cm"1) and a water peak (1615 cm-1) that persisted during
the drying for analysis (6 hr at 78° in vacuo). The
amide-I and -II bands were at 1645 and 1555 cm™ !,

Anal. Caled for G, H,,NO.-H,0 (341.4): C, 56.55;
g, 6.56; N, 4.37. Found: C, 56.40; H, 6.66; N, 4.21.

An anhydrous product was obtained by disso-
lution of the hydrate in absolute ethanol, evaporation
of the solution, and several repetitions of this proce-
dure. Recrystallized from dioxane - petroleum ether,
it tivn melted at 296° dec and no longer showed the peak
at 15615 cm-1. Three sharp peaks were now at 3570, 3300,

and 3120 cm—1.

Methyl 3—Aoetamido—4,6~O—benzylidene-2—0-(L~1-

carboxyethyl)-3-deoxy—-B8-D-glucopyranoside (XXII).

Sodium hydride (550 mg) was added to a solution
of snhydrous XXI (650 mg) in dry dioxane (100 ml). The
mixture was gently refluxed for 1 hr and was then allowed
to cool to 65°, DL-2-Chloropropionic acid (1.2 ml) and,
after 1 hr, another portion (2 g) of sodiﬁm hydride were
added, and the mixture was magnetically stirred for 19 hr

=0

2w 657, Upon cooling, 70 ml of water was cautiously in-

troduced, and the solution was concentrated in vacuo %o
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a small volume. The yellowish solution obtained on di-
luting the concentrate with water was extracted once with
chloroform (which was discarded), and then it was acidi-
fied, under ice cooling, with 30 ml of chilled 6 I hy—
drochloric acid. Without delay the acidic solution was
extracted four times with chloroform, and the combined
extracts were immediatly washed with four portions of cold
water, dried briefly with sodium sulfate, and evaporated
To give a solid residue. The residue was triturated with
& few milliliters of hot methanol, and, after cooling,

262 ng (3°%) of XXII, mp 282 - 283°, was collected. Re-
crystallization from methanol, with addition of a little
petroleum ether, furnished fine needles, mp 287°,D¥]%3—48°
(¢ 0.9 in methanol). Infrared absorption was at 3300 (
shary, NH), 2700 - 2500 (weak, OH), 1705 (strong, COOH),
655 (amide-I), and 1560 cm™| (amide-II).

—

Anal. Caled for CygH,5NOg (395.4): C, 57.71;
H, 6.37; W, 3.54, Found: C, 57.88; 'H, 6.58; N, 3.30,

From the mother liquor were isolated small frac-
tions of crystals (26 and 85 mg) which appeared to be im-
vure XAII and starting material XXI. The remainder was a
brown syrup that may have contained the D-1-carboxyethyl

isomer.,
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Methyl 3-Acetar! io~4,6-0=benzylidene~3-deoxy—

2-O~fL—1—(isonropoxycarbonyl)ethyi]—B—D-glucopyranoside

G{IV) from XXIT.

_One hundred milligrams of XXII was dissolved.
in 1 ml of thionyl chloride. After 5 min the excess chlo-
ride was quickly evaporated and the treatment was repea-
ted. The solid residue was immediatly dissolved in 2-—
propanol (5 ml), and the mixture was twice evaporated
after addition of fresh 2-propanol. The isopropyl ester
XIV (47 mg, mp 218 - 219°) crystallized from 50% ethanol,
and upon recrystallization from 90% ethanol it showed
mp 220 - 221° and[Q(]%3 -55° (¢ 0.5 in ethanol). A mixture
melting point with XIV obtained from IX, was 220 - 2210,

and the infrared spectra of both compounds were identical.

Methvl 3-Acetamido=2-0~(L-1-carboxyethyl)=3—

deoxv—R-D-glucopyranoside (XXTI1L).

A suspension of benzylidene compound XXII (70 ng)
in water (15 ml) was heated on the steam bath for 2 nr,
during which complete dissolution occurred. The solu-
tion was evaporated and the residue was once more neated,
for 1 hr, in 10 ml of water. A smell of benzaldehyde was
noticed. Evaporation gave a colorless syrup which, on two
evaporations with ethanol and trituration with a small
annount of ether, yielded fine needles (32 mg, 59%) of

crude XXIIT, mp 172 - 1750. Three recrystallizations fron
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ether containing 1 drop of methanol gave 21 mg of pure
XXIII, mp 190 - 1910,[a]%3 -4.8° (¢ 0.5 in methanol).
infrared absorption was in the 3600 -~ 3200- and 2700 -
2500 cm™ regions (OH, NH), and at 1720 (COOH), 1635
(amide~I), and 1565 cm™ ! (amide-II).

Anal. Caled for C,H,,NOg (307.3): C, 46.90;
H, 6.89; ¥, 4.56. Found: G, 47.00; H, 7.02; N, 4.64,
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Part II. 2

liethyl 4,6-0-Benzylidene-2-(2-carboxyphenyl)—

,B—dideoxy—B—nitro—B—D—glucopyranoside (VI).

. 1In the Presence of Potassium Hydroxide and a Twofold

Zxcess of Anthranilic Acid.

To a solution of methyl 4,6-O-benzylidene-2,3-
dideoxy-3-nitro-B-D~erythro-hex-2-enopyranoside (I)(18)
(500 ng, 0.0017 moles) in dry benzene (50 ml) was added
anthranilic acid (500 mg, 0.0037 mole ) and a small chip
(about 20 mg) of potassium hydroxide. The mixture was
then genily boiled under reflux. The progress of the re-
action was followed by thin layer chromatography [}olvent,
¢thyl acetate - petroleum ether (3:1)]. The fast-moving
étarﬁing material was slowly replaced by a non-moving
compound which became the only product after 5 hr. Fil-
tration and evaporation left a solid, yellowish white re-
sidue which was dissolved in warm ethanol. Addition of
some water to the warm solution and allowing the mixture
to cool down to room temperature (slowbgto avoid gel for-
mation) furnished 610 mg (83%) of fine, colorless needles
of VI, mp 210 - 211°. One recrystallization from agueous
ethanol gave 500 mg, mp 220 - 221°,fd]%3 ~25,5% (¢ 9.2 in

acetone), A 255 gu(€, 10100) and 340 @u(é, 5000).

18X
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The infrared spectrum of VI has been discussed (p.83)
and is depicted (¥igure 6) on page 84.

Anal. Caled for C,,H,,N,05 (430.4): C, 58.50;
2, 5.14; N, 6,50, Found: C, 58.46; H, 5.20; N, 6.50.

No other product was isolated from this reaction.

S. In the Absence of Potassium Hydroxide but with a Two-

fold Ixcess of Anthranilic Acid.

The olefin I (300 mg) and anthranilic acid (300
ng) were gently refluxed in dry benzene (50 ml). Work-up
«s described under A yielded 507 mg of a compound melting
at 215 - 218°, Three recrystallizations, from 95% ethanol,
hot benzene, and ethyl acetate - petroleum ether, respec-
Tively, afforded 96 mg. (22%) of yellow needles (VIII),
np 222° dec,[od%B f173° (c 0.6 in acetone},JKmax 254.9u
(€, 11100) and 343 mp (€, 5300). 4 mixture melting point
with VI was strongly depressed. The infrared spectrum of
methyl 4,6-0-benzylidene-2-(2-carboxyphenyl)amino-2,3%—
dideoxy-3-nitro-B-D-mannopyranoside (VIII) has been dis-
cussed (p.83) and is depicted (Figure 7) on page 85,

Anel. Caled for G, H,,N,04 (430.4): C, 58.50;

H, 5.14; M, 6.50. Found: G, 58.72; H, 5.29; N, 6.35; mol.
wt., 430 (mass spectrometry).

After addition of some water to the mother li-
auzor, 180 mg (41%) of VI, mp 214 -~ 215°%, could be isolated.

Recrystalliszotion from agueous ethanol raised the mp to

b
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218 - 219°, An infrared spectrum was identical with that

of VI obtained above,

liethyl 4,6-0-Benzylidene—2~(2-carboxyphenyl)—

amino-2,3~dideoxy—3-nitro-B~D-mannopyranoside (VIII).

The olefin (I)(1 g, 0.003%42 mole) and anthrani-
iic acid (470 mg, 0.00342 mole) were gently refluxed in
dry benzene (100 ml) for 5 hr. Work-up as described for
VI (under A) yielded 570 mg of yellow crystals of mp 218l-
219o wnose infrared spectrum was identical with that of
VIII obtained above. Another 252 mg of the same compound
couid be isolated from the mother liquor upon evaporation

of part of the solvent, thus increasing the total yield
No other compound was isolated from the reaction.

Dihvdrate (XV) of VIII

The yellow compound (VIII)(100 mg) was dissol—
ved in.20 ml of a mixture of chloroform - dimethyl sulfo-
xide (1:1); Subsequent addition of petroleum ether +to in-
cipient turbidity afforded, after several hours of standing
at 40, 95 mg of colorless XV. Recrystallization from ethyl
acetave - petroleum cther gave 86 mg of parallelogram-
snaped plates of mp 216 - 217°,[*]23 ~150° (¢ 0.7 in etha-
nol),[o(]%5 -158.5% (¢ 0.6 in acetone). The melting point

of XV waz & - dent upon the introduction temperature (in



~ 150 -

vrackets), 205° (160°), 209° (195°%), 216 - 217° (210°).
infrarcd absorptions were at 3500 - 2500 (broad), 1680
(strong, CO), and a strong doublet centered at 1554 cm™
(splitting, & cm"j). Other strong bands were at 1255,
1100, and 990 cm™ ] (broad). Bands of medium intensity
were at 1605, 1589, 1518, 13502, 760, and 708 om™ .

fnal. Caled for Cp H,,N,05°2H,0 (466.4): C,
54.02; H, 5.58; N, 6,01, Found: C, 54.00; H, 5.71; N,
5.70; mol. wf., 430 (mass spectrometry).

The same compound (XV) could be obtained
Ciwaetly from olefin I (480 mg) and anthranilic acid
(250 mg) when refluxed (5 hr) in benzene (50 ml) to
which dimethyl sulfoxide (2 ml) had been added. Eva-
poration left a syrup which yielded 405 mg of colorless
crystals from ethyl acetate ~ petroleum ether. Recrys-
tallization from the same solvents gave 360 mg of XV, mp
198 = 199° (150°). An infrnred spectrum was identical

with that of XV obtained above.

Regeneration of VIII from the Dihydrate (XV).

The colorless dihydrate (60 mg) was dissolved
in warm evhanol (8 ml). Cooling to room temperature and
addition of water (2 ml) yielded 52 mg of yellow VIII,
mp 217 - 218°, An infrared spectrum was identical with
that of VIIT obtained before.

The acid VIITI could also be regenerated from XV
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by dissolution of XV in refluxing chloroform. Cooling
and addition of petroleum ether furnished, after several
hours of standing at 40, in near-quantitative yield the

yellow acid (VIII).

Methyl Fster (VII) of VI.

The colorless acid (VI)(100 mg) was dissolved
in ethyl acetate (10 ml), and ethereal diazomethane was
added under ice cooling until a yellow color persisted.
svaporation left a whité s0lid which was once more dis-

solved in ethyl acetate and treated with an ether solution

L.

diazomethane. After evaporation and dissolution of the

ri;

residue in ethyl acetate, addition of petroleun ether,
and standing over night at 5? T4 mg of VII crystallized
as needles, mp 2250,[d]%3 -22,0° (¢ 0.8 in acetone),
Aﬁax 255 mu  and 345 miu . Infrared bands were at 3280
(), 1710 (ester carbonyl), and 1555 cm™' (NO,); other
stronz bands were at 1252, 1100, and 975 cm ™| (broad);

» medium invensity absorptions occﬁrred at 1608, 1590,
1525, 760, and 702 cm™!,

Anal. Caled for 022H24N208 (444.5): C, 59.45;
£, 5.44; N, 6.30. Found: C, 59.3%4; H, 5.27; N, 6.40.
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8. v Addition of Methvl Anthranilate 4o Nitro Olefin 1.

The olefin I (95 mg) was refluxed together with
nethy. anthranilate (49 mg, 1 molar equiv.) in dry benz-
ene (25 ml) for 5 hr. Evaporation, followed by two co-
evaporavions with toluene, left a syrupy residue which
afforded 89 mg of VII from ethyl acetate - petroleum ether.
Melting point (224 - 2250) and an infrared spectrum ascer-
tained the identity of this product with VII obtained

above,

Methyl Ester (IX) of VIII,

An ethyl acetate solution of the acid VIII (7QO
rz) was treated with an ether solution of diazomethane as
descrived for the preparation of VII (A). From ethyl ace-
tete - petroleum ether crystallized 579 mg of big, yellow
prisms (IX), mp 167 - 1680,DX]%3 -188° (¢ 0.7 in acetone).
Recrysvallization did not change the melting point. Infra-—
red bands were at 3355 (NH), 1690 (ester carbonyl), and at
1560 o™ <N02)’ Two strong absorptions occurred at 1090

1

( broad) and 1008 cm” ', respectively. Bands of medium in-

tensities were at 1610, 1590, 1528, 1265, 1185, 1140, 1050,
750, and 705 om™ !,

Anal. Caled for Cp,H,,N,05 (444.5): C, 59.45;
H, 5.44; ¥, 6.30, Found: C, 59.47; H, 5.31; N, 6.49,

The sane ester was obtained by treatment of a so-

lution of the dihydrate (XV) in ethyl acetate with ethereal

diazomethane,
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Yethyl 2,3-Dideoxy-2-(2~carboxyphenyl)amino—3—

nitreo~B-D-glucopyranoside (X).

The benzylidene compound VI (200 mg) was hy-
drolyzed by heating on a steam bath for 40 min with 10 ml

of 60% acetic acid. The solvent was removed and water wagz

added twice Lo the residue and evaporated., The residue was
then crystallized from water - ethanol (6:1). The product
2 (112 mg) was obtained as fine needles, mp 192° (160° in-

troduction), 204° (1950),[&]%3 ~-3,0° (¢ 1 in ethanol), amax

254 m and 347 np (in methanol). Recrystallization did not

el

feet the melting point. The infrared spectrum showed a

o
o

brozd absorpbtion reaching from 3600 to 2500, a strong peak.
at 1680 (carbonyl), and bands of medium intensity at 1585,
1560, 1550, and 1525 cm™ .

Anal. Caled for C,,H . N,0q (343.3): C, 49.05;

g, 5.28; N, 8,18, Found: C, 48.94; H, 5.50; N, 8.22,

Methyvl Ester (XI) of X.

‘Methyl 2,3-dideoxy~-2-(2-carboxyphenyl)amino-3-
nitro-B-D-glucopyranoside (X)(100 mg) was methylated as
descrived for the preparation of VII (A). There was obtain-

d 91 mg of XI (needles), mp 161 -1629, Dx]%B +3.1°% (c 0.6

(¢

in ethanocl). Infrared bands were at 3500 - 3100 (broad),
1695, 1555, 1260,1240, and 1085 em™! (all strong). Medium
intensity peaks occurred at 1608, 1590, 1525, 1155,1125,

1090, 1040, 750, and 705 cm™ .
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Anzl. Calcd for Cy5Hy0l 504 (356.4): ¢, 50.56;
1, 5.66; N, 7.86, Found: G, 50.43; H, 5.56; N, 7.74.

IMethvl 2,3—Diamino—2,B—dideoxy—B-D—glucopyrano-

side Dinvdrochloride (XIF) and Methyl 3-Amino=-2-(2-carho-

xvnhenyl)amino-2,B—dideoxy—B—D—glucopyranoside Dihydro-

cnloride (XIII).

4 suspension of X (500 mg) in water (30 ml) and
i hydrochloric acid (3 ml) was added to 500 mg of palladium
oxyhydrate - barium sulfate catalyst (75) that had been pre—
svdrogenated in water, and the mixture was shaken for 24 hr
under hydrogen. The solution was filtered through celite
and evaporated to give a slightly brownish syrup which was
twice co-evaporated with water. The coloration of the ma-
terial was removed by a treatment with activated charcoal
in water. Final evaporation, with two additions of ethanol
at the ead, yielded a colorless syrup. Crystallization took

place from absolute ethanol and gave nice platelets (191 mg)

XIl. Upon concentration of the mother liquor another 22

H

o
ng of XII was isolated. Crystalline XII showed no melting
point but decomposed slowly above 2400;[0(}]2)3 ~41° (¢ 0.7
in water), RGN 1.17. Infrared bands were at 3480, 3380,
3150 - 2500 (broad), 1610 and 1585 (medium intensity), and

1090 - 1030 cm” | (broad, comsisting of several bands).
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Anal. Galed for Gl gCl,l,05 (249.2): C, 33.75;
H, 7.28; N, 11.25. ¥ound: C, 33.75; H, Te14;5 N, 11,41,

The mother liquor was evaporated, the residue
dissolved in water, 2nd the selution was allowed to flow
slowly through a column (1 x 15 cm) of Dowex 1-X2 (OH™).
fne eluate was evaporated after addition of I hydrochloric
acid (3 ml). Two evaporations with water and two with
ethanol furnisned another 12 mg of XII.

The column was then thoroughly washed with water
(discarded) and eluted with 0.01 N hydrochloric acid (250 ml).
“he eluate was evaporated with ultimate additions of two
porvions of water followed by two portions of ethanol. The
Tturbid residue was taken up in ethanol and the solution was
clarified with activated charcoal and brought to dryness

gain. A greyish, glassy material (XIII, 35 mg) resulted.

O]

(@

rystailization could not be induced although a second
treavnent with charcoal was performed. However, the mater-
ial gave only one spot (RGN 2.30) on a paper chromatogram,
aad a aitrogen determination agreed with formula XIII. The
substonce showed[u]%B -52.5° (¢ 0.4 in water). Infrared
absorptions were at 3600 - 2500 (broad), 1670 (strong),
1610, 1585, and 1525 (all of medium intensity), 1210, 1150,
end 1050 cm™ (all broad and strong).

dnal. Caled for C,,H,,ClN,0- (385.3): N, 7.27.

Found: I, 7.09.
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Fiethvl 2,S-Diacotamido—Z,3-dideoxy—B~D—gluco~

pyravoside (XIV).

The diamino glycoside XII (120 mg) was dis-—
solved in water (10 ml) and methanol (5 ml). Acetic an-
hydride (0.3 ml) and Dowex 1-X2(0H" ) (10 ml) were added
and the mixture was stirred for 90 min at ambient tem-
pgrature. Filtration and evaporation afforded a partly
crystalline solid (XIV) which was recrystallized from
acetone; Fine, colorless needles (85 mg), mp 256 - 2589
vere obtained. Recrystallization from the same solvent .
raised mp to 270 -271° dec.;Dﬂ]%B -103,5° (¢ 1 in water).
The compound was fohnd to be identical with methyl 2,3-
diacetamido~2,%-dideoxy—-B~D-glucopyranoside (XIV) ob-
vained by Baer and Neilson (32) with respect to its mp,

infrared spectrum, and optical rotation Ereported (32),

&

mp 262 - 263° (depending on introduction temperature),
ﬂd],

sample remained undepressed.

-
3 —105.2?J. A mixture melting point with an authentic

rg
o

} N

shyl 2,B-Dideoxy—Z—(2—methoxycarbony1phenyl)—

emino-3-nitro-f-I-mannopyranoside Monohyvdrate (XVI).

The methyl ester IX (570 mg) was hydrolyzed by
acating on a steam bath for 40 min in 15 ml of 70% acetic
acid as described for the preparation of X. A pale yellow

residue was recrystallized from agueous ethanol giving
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from cthylacetate — petroleum ether furnished big, yellow
prisms of mp 90 - 91°,DX]§) -129° (c 0.65 in ethanol).

Strong infrarcd absorptions were at 3600 ~ 3200 (broad,

47}

evercl bands), 1680 (with a shoulder at 1650), 1558,

1245, and 1050 em™ (broad). Bands of medium intensity

ocourred at 1605, 1585, 1520, 1330, 1175, 755,and 705 om™ .
Anal. Caled for CygH,oN,04-H,0 (574.4): C, 48.15;

i, 5.89; N, 7.46. Found: C, 48.45; H, 5.92; N, 7.21; mol.

wt., 556 (mass spectrometry).

A mass spectrum of XVI at léw ionization voltage

exhibited as the peak of highest intensity one with m/e 18.

ilethyl 2,%-Diamino-2,3-didecoxy-B~-D-mannopyrano-

side Dihvérochloride (XVII).

Ao IFrom VIII.

The benzylidene compound VIII (200 mg) was hydro-
lyzed as described for the preparation of X. The syrupy
residue obtained after evaporation of the solvents was
shaken in water (40 ml) containing a few drops of ethanol
and I hydrochloric acid (3 ml% together with pre-hydro-
genated (in water) palladium oxyhydrate - barium sulfate
catalyst (75), for 24 hr. Evaporation after filtration left
a nearly colorless syrup which failed to crystallize from
various solvents. Paper chromatography revealed that two
ninhydrin-positive compounds were present (RGN 1.20‘and

Row 2.16). The syrup was therefore dissolved in water and
h -



the solution was allowed to flow through a Dowex 1-X2(0H )
column. Lvaporation of the eluate after addition of I hy-
drochloric acid (4 ml), followcd by two evaporations with
water anu two with 2-propanol, afforded a white powder
{XVII) which was suspended in acetone and filtered off.
The substance (84 mg) was uniform on a papexr chromatog:
(RGN1.18), had an unsharp melting point (about 100 - 1&9,
sintering®), and[bd%B ~45.5°% (¢ 0.5 in water). After dis-—
solution in ethanol, clarification with activated char—
coal, evapo:ation and reprecipitation with 2~-propanol -
acetone, the rotation wasﬁx]%B -46.5 (¢ 0.7 in water).
infrared svectra were of poor quality; they showed a
broad absorption at 3600 -~ 2500, a strong, broad band at
1075, bands of medium intensities at 1590, 1515, 1220,
1120, and 1015 cm_1. Nur spectra of XVII (discussed on
D. 94) suggested the presence of either 2-propanol or
acetone of crystallization.

inal. Caled for CoH,gCl,N,05+1C,H 0 (309.2):
I, 9.06; CL, 22.93. Found: N, 8.90; Cl, 23.19.

Inspection of an eluate of the column (with ¥
hydrochloric acid) by paper chromatography revealed the

presence ol some fast-moving material (XVIII), RGN 2.20,

a. Vhen neated very slowly the substance turns brownish

and melts around 180° under foaming.
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and of some slow-moving impuritics. o attempt was made
to isolate this compound.

3. ¥From XVI.

The methyl ester XVI (255 mg) was hydrogenated
as described for the preparation of XII. The syrup ob-
v.ined after evaporation of the solvents was twice eva-
porated with 2-propanol to give a white solid which was
suspended in acetone. A white powder (195 ng) was filtered
wIf. It was shown by paper chromatography to consist of
one main compound (RGN 1.18) accompanied by faster-moving
impurities. Dissoclution in methanol, clarification with
cnarcoal, and two evaporalbions with 2-propanol, gave
caromatographically pure XVII,[NJ%3 ~46.7° (g T in water).
Comparison of its infrared spectrum with that of XVII

obtained above proved the compounds to be identical.

¥ethyl 2,3-Diacetamido—2 S—dideoxy—B-D-manno—
J 2 )]

Lo diamino glycoside XVII (210 mg) was N-
acetylated as described for the preparation of XIV, giv—
ing a syrup waich failed to crystallize. Inspection by
thin layer chromatography [solvent, methanol - ethanol -
acetone (1:1:2)] revealed the presence of at least three
minor components Desides one majoxr product. Separation
wag acniceved on a column (22 X 1 cm) containing silica

7~1 (10 g), with benzene - methanol (10:1) as eluant.
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the 10 ml fractions were inspected by thin layer chro-
matography. The fractions containing the pure major pro-
duct were combined and evaporated leaving a solid residue
wnich could not be recrysitallizned. After suspension in
petrolcun ether - acetone (5:1) and short boiling undcr
reflux, the mixture was left standing at 4° for 24 nr.
filtration afforded 57 mg of XIX which was pure on thin
layer chromatography where 1t moved a little, but dis-
vinetively, slower than XIV. It melted over a range from
116 - 135%, and showed[ud%3—108.oo (c 0.6 in water).
Infrared bands were at 3550 — 3200 (broad), 1655 (amide-I),

-\

0 (amide-II), and 1075 cm™ | (broad).

Ut

5
Lnal, Calcd for G, 4Hyl50f (276.3): €, 47.82;
Hy 7.20; N, 10.14. TFound: C, 47.61; H, 7.36; N, 9.96.

2,3=Diamino~2,5-dideoxy~D-nannose Dihydrochlor-

ide (X)),

The diacetamido compound XIX (40 mg) was hydro-
lyzed with 5 N hydrochloric acid (10 ml) at 100° for 2 hr.
Evaporation, followed by two co—evaporations with water and
clarification with activated charcoal, furnished a color—
less syrup which failed to crystallize from ethanol. Zva-
poration with a mixture of ethanol - ethyl acetate (1:1)
gave waite, solid XX (30 mg). The material reduced Fehling
solution, showed EX]%? +1° (2 min)— -3.0° (1 hr)(c 0.6 in

water, and hGF 0.91 (brownish color). Infrared bands: 3600
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- 2500 (broad), 1590, and 1510 (medium peaks), 1150, 1105,
1070, and 1035 cm"1 (increasing intensity towards smallexr
wavenumbers). A combustion residue revealed the presence
of some inorganic impurity. |

inel. Caled for GgH,Cl,N,0, (251.1): C, 28.70;
i, 6.42. Found: C, 28.55; H, 7.00.

Desermination of ‘Optical Rotation of VI and VIII

r

in Alkaline Solution.

The benzylidene compound VIII (60 mg) was dis-
solved in 0,01 N sodium hydroxide (12 ﬁl). The solution
showedEOG%S ~243°, Deionization after S min with Rexyn
101(E7)(15 ml, suspended in 100 ml of methanol) and eva-
poretion furnished a yellow residue, TFiltration after ad-
dition of water gave 54 mg of VIII (mp 212 - 213%) whose
infrared spectrum was identical with that of the starting
material,

In another experiment, the solution was not de-
ionized but left standing at room temperature for 20 days.
The optical rotation changed as follows: ~-243° (5 min),
~242.5% (20 nr), -208° (3 days), -182° (5 days), =157°
(7 aays), -120° (11 days), -100° (20 days). Inspection
of the solution by ultraviolet spectroscopy at Tthis point

showed two strong absorptions at A

— 252 ) and 302 M,

resnectively. 4 strong smell of benzaldehyde was noticed.

Deionization and cvaporation yielded a dark broww wyrup
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that failed To crystallize.
The gluco isomer VI showed in alkalince solution

123 = 40 . . . -
A1y ~15.4 (¢ 0.9 in 0.01 N sodium hydroxide).

Methvl 4,6-0-Densylidene~2,3~-dideoxy—2~(3-

The nitro olefin I (200 mg), m~aminobenzoic

Qu

ccid (200 mg), and potassium hydroxide (5 mg) were re-

fluxed together in dry benzene (25 ml) for 5 hr. Work-

FJ
o]

as described (for VI) afforded after recrystallization

U

H

om 50 ethanol, 87 mg of XXII, mp 215° dec.,[x]2? -75.0°
g

—~~ H

c 0.9 in acetone). Concentration of the mother liquor
gave an adaitional 52 mg of XXII, mp 2140 dec. Infrared
bands: 3400 (sharp), 3320 (broad), 1725 (strong), 1555,
1090, and 1010 (all strong), 1612, 1592, 1518, 1300, 1255,
1200 (broad), 1040, 755, and 705 cm™ ! (all medium intense).
inal. Calcd for Oy, H,,N,05 (430.4): C, 58.50;
E, 5.14., Found: C, 58.84; H, 5.33.
The same compound (XXII) was obtained in 94.5%
vield when m-aminobenzoic acid was added to olefin I fol-

lowing the procedure described for the synthesis of VIII.

Methyl 4,6-0-Benzylidene—2,3~dideoxy=—2~(4~

ey

carboxynnenvl)amino-3-nitro~B-ND-glucopyranoside (XXIIT),

Addition of p-aminobenzoic acid to olefin I (200

mg) as described for the preparation of XXII afforded 163 oy
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of X¥ITI, mp 252° dec.,[®]2? -95.5° (g 0.7 in acetone).
Recrystallization did not affect the melting point. Infra-
red bands were at 3500 - 2600 (broad, with a sharp band at
3380), 1685, 1560, 1095, and 990 cm—1 (211 strong). Medium
peaks were at 1610, 1190, 1155, 1135, 755, and 705 cm—1.
Anal. Calcd for C, H,,N,04 (430.4): C, 58.50;

H, 5.14. Found: C, 59.25; H, 5.3%2.

Methyl 2,3%3=Dideoxy=2-(4-carboxyphenyl )amino=3—

S e
24l

]

~o—B=D-glucopyranoside (XIV).

The benzylidene compound XXIII (110 mg) was hy-

je

rolyzed with 70% acetic acid as described for the prepa-
ation of X, Crystallization from agqueous ethanol gave

26 mz of XXV in the form of needles, mp 195° dec.,BX]%B
—41,00(3 0.5 in ethanol). From the mother liquor an ad-
GCitional 12 mg of XXV could be isolated. The infrared
soectrum had a broad band at 3550 - 2600 cm-j, strong

bands a% 1690, 1610, 1552, 1125 (broad), and 1075 cm™

Anel. Caled for C14H18N208 (343.3): C, 49.05;
i, 5.28; ¥, 8.18. Found: C, 49.12; H, 5.47; W, 8.30.

Hydrogenation of XXV: lMethyl 2,3%-Diamino-2,%-

dideoxy—~f-D-clucopyranncide Dihvdrochleride (MII).

M.,

The acid XXV (60 mz) was hydrogenated as dea-

3 N v 3 y I e YN - PN Gy . . PR -
cribed fow the preparstion of 11 Cfwom V). o0 cosiddne
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crysvallized from ethanol giving 28 mg of XIL. The iden—
ity of tThis compound with XII obtained before was estab--
lisiv. 4 by infrared spectroscopy, optical rotation [Iqj%3
~41.5° (c 0.8 in wateri], and paper chromatography (RGM
1.17). Investigation of the mother liquor by chromatogra-—
pPhy revealed that it contained more of XII and a faster-

- moving material (RGN 1.92).

Debenzvlidenation and Hydrogenation of XXII.

The benzylidene compound XXII (374 mg) was hydro-
lyzed with acetic acid in the usual manner (see e.g. the
debenzylidenation of VI). After evaporation of the sol-
vents a syrup was obtained which was presumed to contain
methyl 2,3-dideoxy=-2~(3-carboxyphenyl)amino-3-nitro-f-D-
gluconyranoside (XXIV) but failed to crystallize. It was,
nevertheless, dissolved in water and hydrogenated in the
sresence of palladium oxyhydrate - barium sulfate catalyst
s described for the synthesis of XIIL. Pure XII (69 mg,

) coystallized from absolute ethanol and had‘[d]%3 ~41.5°
{(c 0.7 in water), and RGN 1.16. An infrared spectrum was
identical with that of XII obtained before, Paper chro-
natograpny of the mother liquor showed that besidesXII
snother main component (RGN 2.10) was present. There were

2dditicnal Tainter aspots at RGN 0.70, 0.88, 1.30, and 1.75.
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Addition of Anthranilic Acid to Hitro Olefin AV,

The olefin XXVI (100 mg) and anthranilic acid
(100 mg) were gently refluxed in dry benzene (25 ml) for
2 hr., Inspection by Thin layer chromatogsr: hy %olvent,
ethyl acetate = petrolcum ether (1:1{] showed the abscnce
of fozs—moving starting material. Lvaporation lefft a pain-
tly crystalline residue wnich furnished 85 mg of XXVII
{(mp 135 - 1360) from 505% ethanol. Recrystallization from
ethyl acetate — petroleum ether gave pale yellow needles
of mp 137 - 1580,EQJ%3 -60.0 (c 0.6 in acetone). Its infra-
red spectrum has been discussed on page 108.

inal. Caled for C, H,yol,0g (430.4): C, 58.50;
%, 5,143 W, 6.50. Pound: C, 58.40; H, 5.19; W, 6.40,

The same compound XXVII (175 mg) was obtained
from olefin XXVI (180 mg) and anthranilic acid (90 mg)

when refluxed together in dry benzene (30 m1) for 2 hr,.

Viethyl 2—-Acetamido-4,6-0O-benzylidene~2,3~dide~

rer

oxv—s-nitro—R-D-mannopyranoside (XAT).

A small amount of this compound had been ob-
tained by Bzer and Neilson (32) who recorded its melting
poiﬁf (225 - 2240) but did nolt give data of elemental
analysis and optical rotation, and who did not make an

~

assigament of configuration.® The compound was row pre-

a, The compound is referred to as'isomer 6' in the article

cived,

P
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nored in larger quantitV.

Trom the previous work (32) were available a
mwaber of nreparations of methyl 2-amino-4,6-O-benzyli-
dene=2,3-didcoxy-3-nitro-f-D-hexopyranosides. Several oif

the samnles were rich in what ig9 now known to be the

mannoe isomer, although they contained varying amounts’

s et

~

of the «luco isomer. The samples were pooled and N-acety-
ated in methanolic solution as described (32). From
4,843 g of material was obtained: (a) a fraction (330 mg)

of sparingly soluble gluco N-acetate, mp 308 - 310° dec.

L)

o]

(reported, mp 310 - 311° dec.); (b)'a fraction (727 mg)

r

etncnol-soluble manno N-acetate, mp 223 - 225° gec.,

(123 78° (¢ 1 in DMF); (c) en additional fraction (925

Hy

o

¥

~

{

15) of zanno N-acetate, mp 217 - 218° dec.,[od%3 -92.5°
(c 0.9 in DMF). Recrystallization bf fractions b and ¢
from methanol —.ether gave prisms of mp 224 - 225° gec.
eaa[oj2? -94.7° (¢ 1.03 in DIF).

Anal. Calcd for C,cHyoN,0- (352.3): G, 54.54;
¥, 5.72; ¥, 7.95. Found: C, 54.44; H, 5.86; N, 7.84.

The infrared spectrum of the product was identi-

cal wisn that of a sample previously obtained (32).

Methyl o-Acetamido-2,3%—-dideoxy—-3-nitro~--D-

mannopvranoside (AXVIIT).

The benzvlidene derivative ¥XXI (500 mg) was

- : 3 ] - PUNII PG T TR K3 LA 9 R T o W
heated on the-steam bath for 30 min in 50 ml of 7Ok aceilic
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acid, Yhe solutbtion was then evaporated with consecutive
additicns of toluene, water, and ethanol. A nearly coloi-
less syrﬁp was obtained which crystallized in part from
citnanol - ethyl acetate - ether atb 5%, The large prisme-
sic needles (145 mg, mp 90 - 91°) were recrystallized Trom
ciie same solvents, mp 9o°,ﬁx]%3 -48.5° (¢ 0.8 in water).
The infrared spectrum showed a strong, broad absorption
reaching from 3500 to 3100 em™ (0H, NH), strong bands at
1360 (amide-I), 1550 (broad, NO, and amidé—II), and 1065
e {(»vroad, C-0-C). Peaks of medium intensity were at
1300, 1225, 1180, 1125, 1020, 980, 875, and 720 cm_1.

inal, Calcd for 09H16N207 (264.2): C, 40.91;

H, 6.10; I, 10.60. T'ound: C, 40.69; H, 6.23; N, 10.49.
The mother liquor of XXVIII was clarified with
activated charcoal and evaporated. A solution of the re-
maining syrup in methanol was then shaken together with
nlatinuwn catalyst [platinum oxide, 200 mg, pre-hydrogena-

n 10 ml of methanol - acetic acid (10:1)] for 22 hr

]

sed
under hydrogen after acetic anhydride (0,5 ml) had been
added. TFiltration and evaporation left a syrupy residue
which according to thin layer chromatography [Solvent,
methanol — ethanol - acetone (1:1:2)] still contained a
rarge amount of starting material. Dissolution of the
syrun in méthanol (30 ml) and, after addition of new ca-
talyst (200 mg), acetic acid (1 ml), and acetic anhydride

(0.5 ml), repeating the hydrogenation for 24 nr, furnished
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a syrup wihich stlll contained some unreduced material
(thin layer) dut was rich in a slower-moving compound.
Separation on a silica gel colwmn [jO g silica gel, co-
lusm 25 x 1 em) as described for the preparation of XI,
vieldaed 31 mg of the pure, slower-moving product, mp

115 - 1190,@x]%3 -107.5° (c 0.65 in water). Its identity
with XIX was established by infrared spectroscopy and

by thin layer chromatography . A mixture melting point

with XIX remained undepressed.
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i The dehydroacctylation of methyl 3—deoxy—=I3—
nitro-hexopyranose triacetates was investigated. Tri-—
¢onlic Diels — Alder compounds resulting from self-ad-
dition of an intermediate nitrodiene were found %o be
che unexpected products. Thelr structures were estab-
iished by spectroscopic methods and by their conversion
to derivetives of isochromene,

In the course of these investigations the

[AV]

o
Tollowing new compounds were igolated in crystalline
condivion:

2. 3,4;4&,8&—Tetrahydra~5,§~ﬁimethoxy—8a,9—dinitro—
1,4-ethenopyrano li,3-c] pyran—1,7(5H)~dimethanol
discetate (VIII)

., A stereoisomer of VIII

Ce 1—Hydroxw—7—nitro—ﬂ§~2—benzopyran—5,B—dimethaﬂol
3,5-diacetate (%)

¢, Phenylnydrazone of X

€ ?—Hethoxy-?—nitr0~1E;E—benzopyran—B,S—dimethanol
diacetate

e 1—Ethoxy—?—nitro—ﬂg—Q—benzopyran—S,S—dimethanol
ciacetate

Io: e

™

'SO‘ropoxy—?—nitro—1H—2~benzopyran~5,S—dimethaﬁol

Yo}

o

diacetate
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. 7=-Nitro=1H-2-bengzopyran~1-one-3,5-dimethanol di-
acetvate

i. Mitrobenzene-3,4,5-tricarboxylic acid monohydrate

j. 3,5=-Bishydroxymethyl—4~(2,3%~dihydroxypropyl)-ni-

o

trobencene

[0]

. J,4=Dihydro-3-hydroxy-T7-nitro-1l-2-benzopyran
5-methanol
2,6-Bishydroxynethyl-4-nitrophenylacetaldehyde
semicarbazone
m. 4-(2-Hydroxyethyl)-3,5-bishydroxymethyl-nitrobenzene
n. Methyl 2,3,4-trideoxy-2,4~diacetamido-3~-nitro-
hexopyranoside v } :
o. HMethyl 2,5,4—triacetamid046—0-acetyl—2,3,4-trideoxy—

nexopyranoside

Dmepd- T
Fae Lo
ot et

)
t

Wucleophilic additions to methyl 4,6-0-benzyli-

d

ene-2,3-dideoxy—3-nitro-B-D-erythro-hex-2-enopyranoside

e

z2nd to its B-D-threo isomer were studied.

In Pzxrt II 1, thé addition of isopropyli lactate
was investigated and found to lead exclusively to 2,3-
dieguatorial substituent orientation. Using this approach
the synthesis of positional isomers of muramic acid was
achieved.

In Part 11.2, o-, m~-, and p-aminobenzoic acid

and c-aminobenzoic acid methyl ester additions were foun !
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i

to give also 2,3-dicquatorially substituted products,
Wity the cxception of o-aminobenzoic acid where varia-—
tions in the reaction conditions resulted in an axial
substivution at C-2. This unexpected behaviour led to
vue synthesis of 2,5-diamino-2,3-dideoxy-D-mannose.
The structures of new cowmpounds synthesized
in Texrt II, 1 and 2, were cstablished by spectroscopic
cnd chnemical means.
e The following new compounds were isolated in

crystailine condition,

a. lethyl 4,6-0-benzylidene~3-deoxy—2~0- [L-1=(iso-
propoxycarbonyl)ethyl] =3-nitro~B-D-glucopyranoside (II)

b. The D-1-(isopropoxycarbonyl)ethyl isomer of II

¢. ethayl 3-deoxy-2-0-[L-1-(isopropoxycarbonyl)ethyl] -
3-nitro~B-D-glucopyranoside (IV)

d. The D-i-(isopropoxycarbonyl)ethyl isomer of IV

e. lethyl 3-—amino-3-deoxy-2-0- [L-1-(isopropoxycarbo-
ayl)ethyl] -B-D-glucopyranoside

f. ZLactam of methyl 3-amino-2-0-(L-1-carboxyethyl)-
s—deoxy-h=-D-glucopyranoside (VIII)

g. Tne ciacetate of lactam VIII

n. The 4,6-0-benzylidene devrivative of lactam VII

i. The D-T-carboxyethyvl isomer (XVII) of lactam VII

Jj. iao diacetate of lactam XVII
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ko Fethyl 5-acetamido—3~dcoxy—2-0-[I—1—(isopropoxy—
carbonyl)ethyl] ~B-D-glucopyranoside (IX)
1. The 4,0-di-0O-acetyl derivative of IX
, 6=l y

ri. The 4,0-0-bengylidene derivative of IX

. J-Amino-2-0-(IL-1-carboxyethyl)-3-deoxy-D-glucose

Nirdvwarsrhl AariAn
Jy‘) Voo W WPl dhada \J S e V& N2

0. Methyl 3-acetamido-4,6-0-benzylidene—3-deoxy—B-
D-glucopyranoside

o

p. Methyl 3-acetamido-4,6-0-benzylidene—2-0-(IL-1~car—
boxyethyl)~-3-deoxy~B-D-glucopyranoside
¢. lethyl 3-acetamido-2-0-(L-1~carboxyethyl)-3-deoxy-

3=D-glucopyranoside

a. Methyl 4,6-O-benzylidene-2-(2-carboxyphenyl)amino-
2,3-didecxy~3-nitro~s-D-glucopyranoside (VI)

b, The 2-(%-carboxyphenyl)amino isomer of VI

¢. The 2-(4-carboxyphenyl)amino isomexr of VI

d. ethyl 4,6-0-benzylidene-2-(2-carboxyphenyl)amino-
2,%=-dideoxy~3-nitro-R-~D-mannopyranoside (VIII)

e, e dihydrate of VIII

f. The methrl ester of VI

g. “he methyl ester of VIIT

h. lethyl 2,3-dideoxy-2-(2-carboxyphenyl)amino~3-
nitro—ﬁ—D—glucopyranbside (20

i. ©hne methyl ester of X

o Yl

boxypnenyl)amino isomer of X

c
L]
+3
5
@
nNo
]
N
£
|
@]
3]
Lg
O ]
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X, Mevhyl 2,5-dianino-2,5-didcoxy—R-D-glucopyranoside
dinydrochloride

1. Hethyl 3-amino-2-(2-carboxyphenyl)amine-2,3-di-
Ceoxy—-BR-D-glucopyranoside dihydrochloride

m. ethyl 2,3-dideoxy-2—-(2-methoxycarbonylphenyl)amino—
S5-nitro-B-D-mannopyranoside monohydrate

n. wmotiyl 2,3-diamino-2,3-didecoxy—-B-D-mannopyranoside

iihydrochloride (XVII)

jal

0. fne dilacetamido derivative of XVII
D. 2,3-Diamino-2,%-dideoxy~-D-mannose dihydrochloride

Addition product of o-aminobenzoic acid to methyl

Lo
°

4 ,6-0-benzylidene-2,3%~dideoxy-3-nitro—B-D-threo-
nex—2-enopyranoside
5. A theory is proposed which would account for the
vellow color of methyl 4,6—O—benzylidene—2—(2—carboxyphenyl)—l
anino-2,3-dideoxy-3-nitro-f-D-mannopyranoside and some of
its derivatives,
6. A DbDy-product obtained by Baer and Neiléon (32)
in the awuivion of ammonia to methyl 4,6-0O-benzylidene-
2,3=-cideoxy=5-nitro~B~D-erythro-hex-Z-enopyranoside was
Tound o possess manno configuration by converting it to
nethyl 2,3-diacetamido-2,35-dideoxy~B-D-mannopyranoside,
a compound whose configuration had been established during
These goudies,

Two new compounds were thereby obtained:
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a., Methyl 2-acetamido-4,6~0O-benzylidene-2,3-dideoxy-
5=nitro-fB-D-mannopyranoside

and

oo

methyl 2-acetamido-2,3~dideoxy-3-nitro-i-D-manno-

R RT Y Y -
vyranoside,
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