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ABSTRACT

Part I '

¢ Meth&l 4.6-g—benzylidene-B-dedxy-3-nitro—a—2-gluco-
pyrénoside (42), methyl 2-0-acetyl-4,6-0-benzylidene-3-
- deoxy-3-nitro-g-D-glucopyranoside (U4) and methyl &,6-0-
benzylidene—2.3-dideoxy-j-nitro-&-g-arabino-hexopyranoside
(38) reacted wifh_g-bromosuccinimi&e in refluxing carbon\
tetrachloride in the brésence of barium carbonate to give
the corresponding 6-bromo—6;deoxy-u—g-benzoyl derivatives
in yields of 56-80%. Whereas single products (%} and\%§)'
were obtained frém E? and %& respectively, the 2-deoxy
sugar 2? in first experiments gave the expected a-glycoside
39 (64%) but also a second product which was revealed to be
the B-glycoside 40 (16%). The formation of 40 wassuppressed
by an increased amount of acid scavenger. Attempted selec-
tive removal of the bromide functions with hydrogen in the
presence of 10% palladium on carbon and base are discussed,
These attempts proved unsuccéssful except in one instance
where %g seemed to have, successfully led to the desired
product. .
Part II

The reaction of nitro sugar derivatives having one or

two free hydroxyl functions vicinal to the nitro group, with
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methanesplfonyl chloride and triethylamihe in ether or di-
chloromethane solution was investigated with a view to pre-
paring metnjisulfonyl esters and, by elimination, nitro- )
olefins. fﬁclﬁded was a simplified procedure for the prepa-~
ration of methyl 6-deoxy-a—2—glucopyranoside from methyl a-
g-glucopyranoside. The deoxy deri%ative served as the.étarting
point for. the sequential preparation of methyl 3.6-dideoxy:
3-nitro-a-D-glucopyranoside (62), its 2,4-diacetate (ﬁg). and
its 4-monoacgtate (é;) essentially according to procedures
previously established in the é—series. The following com-
pounds were used in the investigation: 2t-nitrocyclohexane-
1r,3c-diol (53) as a model compound, and methyl 4,6~-0-benzylidene-
3-deoxy—3-nitro-a-g-glucopyranoside (42), its B-anomer (5~?). ‘
methyl 3,6-dideoxy-3-nitro-a-D-glucopyranoside (é?). the
h-acetate (65) of 62, the h-acetate (75) of the-u-g—ggggg
isomer, and the a-L-galacto isomer (23) of this 3,6-dideoxy
series. Reactions generally proceeded with high yields and
gave eithef'isolable/methanesulfonates. or nitroolefins
(presumably by elimination from ihtermediary unstable methane-
-sulfonates), of both types of product. The rate of mesylation
fin 62 was found to be considerabiy greater at position 4.

than at position 2, so that upon interruptibn of the reaction
after an appropriate period of time the 4-monc-0-mesyl |
derivative ép could be isolated in 36% yield, with 60% of

unchanged é? being recoverable for re-use.
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In'addifion. the following mesylates were isolated:
the monomesylate (54) of 53, the 2-mesy1a£es'5§, 66, and 72
of E?. §§; and 23, respectively, ané the 2,4-dimesylate (Z})
of é?. Acid defg-apetylafion of 66 gave the corresponding
2-mesylate 68, Some_isolated esters were converted into
olefins by ;;fluxing with sodium bicarbonate ih benzene.

The' nitroolefins obtained were 2-nitrodyclohex-2-éne—1-ol
(é?). the 2,3-unsaturated 4.6¢g-benzy1idehe‘glycosides k7

and §§ from %? and 27. respectively, and the 2,3-unsaturated
6-deoxy sugars éé and §? from 68 and 75, respectively. Un-
identified olefins arose from g}. Both isomeric monomesylates
68 and Zp could be reductively dehydromesyloxylated in ohe
step with sodium borohydride to give the respective deoxy
derivatives 79 and Z?. | | —
Part IIX -

The synthesis of 2.3,6-trideoxy-j-dimethylamino-g-
arabino-hexose hydrochloride (84) (g—angolosamine. a constit-
uent of the antibiotic, angolamycin) is described, Treatment
of 68 or é? with sodium borohydride produced methyl 2,3,6-
trideoxy-j-nitro—a-g-arabino-hexopyranoside (f?). 6atalytic
hydgogenation of 2? gave the corresponding 3-amino glycoside
hydrochloride (Q?) which upon acid hydrolysis furnished 3-
amino-z.3.6—trideoxy-g-arabino-hexose hydroéhloridé (q;)
(g-acosamine, fhe enantiomer of a component of the antibiotic,

actinoidin). N,N-Dimethylation of 82 followed by -hydrolysis
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affordgd tﬂe cristalline g-angolosamine.
Part IV . ’

g-ﬁistosamine (2,346-trideoxy-3-amino-D-ribo-hexose
hydrochloridé) (2}). the enantiomer of the constituent of
the antibiotic, ristomycin, was synthesized in the foilowing
sequence1 ‘

Methyl 3,4,6-tri-0-acetyl-2-deoxy-g-D-arabino-hexo-
pyranoside (88) wag prepared from commercial 3ol 6-tri-0-
acetyl—g-glucal (§§) via the 2-chloromercuri glycoside Q?
according to ﬁreviously described procedures with minor
work-up modifications. Deacetylation of 88 followed by
benéylidenation led to §9 which was then mesylated to give
the 3-mesylate 29. This was converted into thg azide 2} by
reaction with sodium azide in DMF which proceeded with in-
version at C-3. The bemfylidene acetal ring of 91 was then
opened by N-bromosuccinimide to produce methyl 3-azido-4-0- .
benzoyl-é-bromo-z,3.6-trideoxy-B-g-gigg-hexopyranoside (2?).
Part of this bromide was debenzoylated and catalygically
hydrogenated in the presence of palladium on cgrbon. Acid
hydrolysis of the product gave hygroscopic 93. Hydrogenation-
ofAE?.at 15 peseis for 1 h (without prior debehzoyldfion)
furnished methyl 3-benzamido—6-bromo-2,3,6-trideoxy-B-2-
‘ribo-hexopyranoside (94). When the hydrogenation of 92 was
performed at higher pressure (35 p.s.i.) and for an extended

reaction time (3 h), the 6-deoxy-3-benzamido derivative 95
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was produced, which upon acid hydrolysis afforded the known,.

erystalline E_-benzoyl-g—riatosamine'.



INTRODUCTION

”,

An antibiotlic substance is a chemical compound,
elaborated by microorganisms, that inhibite the growth
of other microprganisms or animal and plant tumors. The
mechanism of action often involves interference with DNA,
RNA or protein synthesie, Ffom the viewpoint of clinical

efficacy, the most prolific producers of antibiotics are
the actinomyce'tes1 {genus Actinomyces). The age Bf anti-
bioticé began in the early 1940°'s, when the first pa;ient
was successfully treated with penicillin.to combat dbacte-
rial infections. The occurrence of unique and unusual
amino, deoxy, and branched-chain sugars in some of the
antibiotics has stimulated a surge of interest in the
distribution of such tarbohydrates elsewhere in nature,
and many ‘have been found as components of bacterial cell
wakls, cépsulér materials, and other macromolecular
substances, )

Amino sugars usually exist in antibiotics glyco-
sidically linked to complex aglycones. On the other hand,
certain amino sugars, either free or as simple derivatives,
have been found recently as fermentation producté and

shown to possess antimicrobial activity. One notable case
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is nojirimycinz. an antibiotic elaborated by several
strains of streptomyces and shown to be 5-amino-5-deoxy-
D-glucopyranose (i). the only sugar so far detected in
nature in which the ring oxygen 1s replaced by another

hatero atom.

1

The search for new antibioties hds retained its

momentum over the past years unearthing, as it progresses,
several hitherto unknown amino sugaré. and even one nitro
sﬁgarf namely evernitrose, which is 2,3,6-trideoxy-3-C-
methyl-4-0-methyl-3-nitro-L-ribohexose (g_)3 and occurs
in the complex, oligosﬁccharide-like antibiotics, ever-

ninomycin B and D.

Cri30 fin,

OH
NO,

CH3

L1\



Hanessian and Haskellu (1970) divided antibiotice\’ |
containing sugars into five main groups based on-their
overall common structural relationships, namely:

(i) The macrolides, e.g. nystatin (3), spiramycin (4)

and erythromycin (2). Several members of this family of
antibiotics are active primarily against gram positive
organisms and are important chemotherapeutic substances.
Alsa to this grnpup belongs angolamycin (6) which inhibits
the g¥d§th of some strains of Staphylococcus isolated
from élinicai sources5 and which are resistant to erythro-
mycin aloné or both erythromycin and oleandomycin. It is
also active agalnst Clostridium tetani and Mycoplasma )

pneumonisge Mac. The antibiotic is produced by actinomycete36

and by Streptomyces eurythermus7.

Fe

R HO OH Mycosamine {R = NHZ)

3 (Nystatin)



\ k
CH T
. C%)Z Mycarose
3 I— |
Forosamine .
0 - ~
" Mycaminose
w
4 Spiramycin A, R = H-
~ P B, R = Ac -
C, R = COEt
0
CH
3
CH3

o
“degosamine \NMes

Hy

“eladinose g H3 ©
"3 OCH,
. H3
5 (Erythromycin)

OH
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(i) Cyclitol ‘antibiotics, e.g. streptomycin (7)., neo-
mycin B (8) and gentamycin (9).

o
~

Streptidine

‘Streptose . H3c
OH

HO NHMe Streptobiosamine

7 {(Streptomyecin)
L



NH
NH
AN 2
|
HO Deoxystreptamine
\ 2
8 (Neomyein B) : "
Deoxystreptamine
{ !
; 0 OH
. Me
%
0 OH
HO NHo.
0 .

9 {(Gentamycin)



(1ii) Nucleoside antiblotics, e.g. puromycin (10), nucleo-
cidin‘(Q}) and showdomycin (12).

NMe 2

H
10 {Puromycin)
NH2
<TN N
AL
HoNS0,0

H OH

11 (Nucleocidini



*12 (Showdomycin)

(iv) Glycosylamine types, e.g. racemomycin 0 (13).

0 H
0 HO N‘(

H, NH,

13 (Racemomycin 0)



10

(v) Aromatic types, e.g. novobiocin (14) and daunorubicin (15).

% OH 0
i
Me NH OH
MeO
© OH Me
0 0
MeOQ 00 Me Me
H OH Me
) Me
Noviose
H,NCO  OH ,
" -
14 (Novobioecin)
0
0 I *
OH CCHzR'
OH ///'
OR OH {{ ¢
CH3 \_.on 0
HO CH3
2 HO
1 i .
sa {Daunosamine ) NH,

15 (Daunorubicin, R=Me; R'=H)
16 (Adriamyein, R=Me; R*'=0OH)
17 (Carminomyein, R=R'=H) '
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The class of macrolides is divided into the polyene
types and a grouf cgntainiﬁg highly branched, polyfunc-
-tional maérocyclic lactone rings, from which the name
*macrolide” 1is derivedB. The latter group is further sub-
divided ;nto those an@ibiotics that contain nitrogen and
those that are nitrogen-free.

The macrolide antibio?iks form one of the most
interesting groups in which a carbohydrate component oc-
cure in combination with a macrocyclic residue of different
bissynthetic origin. It has been noticed9 also that the
glycosidic linkage between sugars with a C-5 methyl group
and their macrolide aglycone is a- for L-sugars and 8-
for g-sugars.

Mode of Action of Antibliotics

The last decade has wittnessed an extraordinary
development in the understanding of the molecular events
involved in nucleic acid and protein synthesis. New and
powerful tools, which have demonstrated how genetic
information may be replicated and translated into specific
proteing. have helped to elucidate the mechani?m of action
of many clinically useful antibiotics.

Protein biosynthesis requires that each of'the amino
" aclds undergoes activation in the presence of ATP and

a specific, amino acid-activating enzyme <o form an amino-

acyl-AMP (aa-AMP) intermediate. This activated, enzyme-

\
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bound intermediate transfers the aminoacyl moietj to the
free 3'-hydroxyl function of the ribose‘in the terminal
adenosine of tRNA forming aminoacyl-tRNA {(aa-tRNA). There
are two binding sites (A and B) for aa-tRNA on the 50S
ribosome subunite. In this scheme the particular aa-tRNA
specified by the mRNA codon on the 30S subunit at this
time binds at site A in a nonenzymic reaction. In the
presence of an enzyme (Transfgrase I) and GTP, the aa-
tRNA is translocated to site B on the ribosome, This step
results in activation of the carboxyl of the aa-tRNA for
peptide bond formation. A new incoming aa-tRNA then binds
to site A and the activated aminoacyl group at site B is
transferred gnzymically (Trénsferase II) to the amino
group of the aa-tRNA at site A, with release of the tRNA
originally bound to the first amino acid. This results
in the formation of a dipeptidyl-tRNA at site A which is
then activated by translocation to site B for repeat of
the peptide.bond-forming reaction, with resultant chain
elongation. .
Puromycin(lg) acts as an analogue of aminoacyl-tRNA

on protein synthesis in vitrolo’11

« The structure of puro-
mycin sufficiently resembles aminoacyl-adenosine ({?) for
it to participafe in peptide chain elongation in a similar
way to aminoacyl-tRNA. Puromycin binds weakly to site A

of the ribosome, reacts with the activated ester carbonyl
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.~ of a peptide from site B to form “one amino acid longer

13

peptide* (Scheme I), which immediately falls off the ribo-
some, The protein synthesis is thus terminated prematurely
and an amino ac%d or a polypeptide is released with puro-

mycin attatched by a peptide bond to its carboxyl end.
.Therefore puromycin is used in laboratories to stop pro.

tein synthesis at any required moment.

2
(N N
‘0 N N)
(o) PO
0 OH ]
OJ\KR
H,
¢

18 (Aminoacyl-adenosine)



+

{ScHeme I)

tRNA

14




15

Daunorubicin®* (g§). the antibiotic isolated from

cultures of Streptomyces peucetius, represents another

group of antibiotics, generally known to interfere

with the biosynthesis of nucleic acids. Members of this
group are often considered to be of very limited clinic-

-al usefulness as antimicrobial agents since th@}ﬁﬁgck-
requisite selective toxicity as compared to several mem-
bers of the group represented by puromycin. Daunorubicin
preferentially inhibits cellular RNA synthesislz'13 and
enzymic DNA-dependent RNA Synthesislu'15. It is a glyco-
sidic an{biotic with an aglycone chromophore (daunomycinone)

linked to an amino sugar (daunosamine 1§9)16. It complexes

12,15,17 and in vivolz, increases the

with DNA in vitro
viscosity of DNA, decreases the sediment#}on éoefficient ¢
of DNA, increases the Tm** of DNA and precipitates DNA at
high concentrations of the antibioticlzb'15’17. The anti-
biotic exerts pfonounced antitumor activityla.

Adriamycin19 (%é) and carminomycin20 ({?ﬁ are two
antibiotics very closely related to daunorubicin with j
similar antitumor activity. Recent studie321. involving
analysis of the behavior of daunorubicin and adriamycin

on cultured heart cells, revealed that the beating rate

# Also known as daunomycin.

##The midpoint of the temperatre denaturation curve.



decreased by about 50% with respect to the basal value
after daunorubicin or adriamyein treatmené. However,
4'-epi-adriamycin { in which the sugar mbiety has been
replaced synthetically by acbsamine (E?). the C-4 epimer
of daunosamine), when subjected to & similar analysis in
_doses of up to 5u8/m} did not affect the beating rate

of cultured heart cells, and yet the antitumor activity
was retained at the same level. These reults clearly
indicate the importance of exploring similar modifications
in the sugar components of various antiblotics,.which

could lead to a variéty of clinically useful drugs that

“—~ might eventually become the ultimate weapon against cancer.

- OH
H4C .
HO

19 (Acosamine)

Specific Aims of This Study
Nitro sugars, in which a hydroxyllgroup of the

carbohydrate has been replaced by a nitro group, have
played an impor}ant role in the development of synthetic

methods for several typee of amino sugars. In view of the

16



17

' —
preceding discuseion, it was deemed useful to widen the

scope of preparative nitro and hence amino sugar chemistry
22

v

as follows. Members of the D- and the known™™ L- series of
the methyl 3,6-dideoxy-3-nitrohexopyranosides should be
likely cé?idates for points of departure in attempts fo
establish and utilize new methods for the synthesis of
3-amino polydeoxy sugars of the type of desosamiﬁe,

daunosamine, or angolosamine (gg. the sugar component of

angolamycin) mentioned earller.

H CH3 ]

20 (Angolosamine)

The work contemplated would involve a search for new
oruihprovad ways of introducing a deoxy function in
position 2 or & of the nitro sugars mentioned. A systematic
study of the formation of unsaturated nitro intermediates
and their hydrogenation wpuld be a part of the project.
Nitroolefinic éarbohydrate derivatives are commonly made

from acetylated precursors by elimination of acetic acid

in a heterogeneous system {the Schmidt-Rutz reactionzj).



which does not always give satisfactqry results., Further, .
it was to be-investigated whether entry into the 3,6-di-
deoxy-3-nitrohexose series can be gainedfstarting from
4,6-0-benzylidenated 3-deoxy-3-nitrohexoses by tﬁe
Hanessian reactionzu with N-bromosuccinimide. Success in
this direction would greatly enhance acceBS'fo the D-
geries of 3,6-dideoxy-3-nitro sugars as it would lead to
kthe use of Erglucosé as the ultimate starting material.

In contrast to the L-series, where 6-deoxy sugars
(especially Q-rhamnose)hcan'serve ag sconomical starting
points, 6~deoxy-D-hexoses are not readily. available

either from commercial sources or by convenient laboratory
procedures. It was also considered to use glycals (1,2-
unsaturated sugar derivatives), which can be made quite
easily, as starting compounds for the synthesis of 3-
amino polydeoxy sugars, The ultimate aim of the thesis

was to devise syntheses of some carbohyrate antibiotics
componentq or structural or configurational analogs thereof.

A Short Review of Prior Work Pertinent to the Present

Projects
The methyl 3, 6-dideoxy-3—nitrohexopyraﬁosides having

the a-L-gluco (21). a-L-manno (22), a-L-galacto (23). and
a-L-talo (24) configurations and their 2,4-diacetates have
been thoroughly investigated 25 as starting materials for

the ﬁreparation of 2,3- and 3,4~ unsaturated derivatives.
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In accordance with the previously observedzé greater
reactivity of its 2-hydroxyl group, compound 21 upon . '
treatment with 1 mole of acetyl chloride and triethyl- 3
aminez?'28 gave predominantly thefz-gcetate'g§ (yield, 51%

based on reacted g}). Conversely, the greater reactivity at

3

L

'OCH5 ' OCH,
H ) ~
HO OAc 3
e ] _ Ac0_z"o, OH
. OCH ' .
2 HyC I &
_Ac NO, _ OAc . o

position 2 is also reflected in an enhanced lability of the
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2-acetyl group in the diacetate %9 towards acid-catalyzed
methanolysis. The 4-acetate 27 has thus been deécribedzsﬂ
On the other hand, positional reactivities appeared
inverse in base-catalyzed dehydroaéztoxylation. Thus,
action of basie silica gel upon §§ and 27 effected elimi-
nation of acetic acid to give the 3,4-unsaturated mono-
acetate 28 and the nonacetylated derivative 29, respec-

tively. The 2,3-unsaturated isomer 30 could not be obtained

by thie procedure.

-

0
0
CHy \gery . /O3 093 aco/ong  \ocH,
Ac - HO |
NO, . NG NOp
28 29 20

By contrast to the dehydroacetoxylation of 27, action
of silica gel upon the isomeric monoacetate 25 was rather
.ineffective. Furthermore, application of the Schmidt-Rutz

reaction 23 to 26 under the usual conditions of refluxing



in dry benzene in the presence of dry .sodiﬁm bicarbonate
gave 28 in only 4% yield, and 29 was not observed25. The
major product (21%) proved to be the unexpected Ag-a-gg
threo isomer ;}. It thus appears from these observations

that compound 30 is not producible by the above-mentioned

el
0
H
2 00?3 HO /CHA OCH,
NO, Oac . TN,
1 %

methods. Moreover, thé nitroolefin 2? was only obtained
when %? was Bubjected to the conditions of partial
acetylation with acetyl chloride-triethylamine, in which
| case more than half was recoyered unchanged and a small
proportion of diacetate 2? was'formed. The main reaction
product was 23 and it was isolated in 47% yield (based

on consumed %g). This was subsequently acetylated to 29.

OCHB

AcO

21

A
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When mgthyl 2.u-di-g-acetyl-ﬁ.6—dideoxy-3-nitro-a—
g-galactopyranoside (25) was subjected to dehydroacet-
oxylati&h by silica gel it gave a mixture of g§ and gé in
nearly equaliproportionszs. Partial acetylation or de-

acetylation was not studied in this case.

Compound 31 could also be obtainedzﬁ. but only in
low yield and impure form, when the diacetylated talo-
pyran091de 36 was treated in the same fashion with silica
gel, However, compound 36 itself was dlfflcult to obtain
in pure form because of its observed tendency to eliminate

acetic acidzs.

OAc OAc
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Various glycals have been used efficiently on
geveral'occaaions in the synthesis of different 2-amino- ‘
2-deoxy.sugar529'30 hafing the D-gluco, D-manno, Q-galaéto
and 2—¥alo configurations. The synthesis involves the
,addition of a nitrogenous reagent (NOC1l, N»Op) across the
Vdouble,bond of the glycal followed by subsequent reduc-
tion of the adduct to the corrésponding amino derivative,
In one instance the glycosyl halide of an N-carbamate
derivative of a 2-amino-2-deoxy sugar was synthesized
directly by the chromous chloride-catalyzed addition of
N-chlorocarbamate (ROCONHCl) to glycal triacetates’l,
Subsequent reaction with alcohols under Koenigs-Knorr
conditions afforded the §-glycosides, In the case of glucal
triacetate, the addition was stereoselective, giving almost
entirely glucopyranosidesBl. |

It seemed complementary to try to utilize glycals in
new synthetic routes leading, this time, to 3-amino=-2,3,6-
trideoxy gugars, particularly in cases where nitro sugars
may not be appropriate starting materials. Recentlsz, the
6-deoxy glycal L-rhamnal (22) has been utilized in a similar

approach.




PART I

{

The Reaction of ﬂybromosuccinihide
,
N

with

Benzylidene Acetals of Nitro Sugars

<
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"RESULTS AND DISCUSSION

Nitro sugars are rarely prepared as free ng
sugar833 but are usually handled as glycosides which are
utilized as precursors of a wide variety of amino sugars.
They have been thoroughly reviewed by Baer34 gnd the
formation of nitro sugar derivatives by cycllzation of
dialdehydes with nitromethane35 and other nitroalkanesa6
has been reviewed by Lichtenthaler. The cyclization of
dialdehydes with nitromethane (Scheme II) continues to be
an important method for the preparation of nitrogenous
sugars and has been the subject of further study, mostly

by the groups of Baer and Lichtenthaler. The method has

R
}—0
!, cho \ ,
OHC ‘
\ @O\x Na.OCH

3

<

( Scheme .IIYT
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been extended to nucleosides and to the synthesis of
branched-chain sugar835'37. Although chemical trans-
formations of nitro sugérs have been extensively. studled
with a view to the synthesis of rare amino sugar369’17'43.'
it appeared at the outset of the present research work
that this field is capable of further exploitation and
expansion of its scope. &

TOne unexplotig_iizzaigfggrned the convenient and
" economical preparation "methyl 3,6-dideoxy-3-nitrohexo-
pyranosides in the grseries. which might serve as starting'
compounds for syntheses of such amino sugars as D-angolos-
amine, D-desosamine, or D-daunosamine. Several nitro
sugars of the structure mentioned are known in.thejér
series, and these are readily made by the nitromethane
procédure starting from commercial L-rhamnose. One could, j “
of course, prepare the Qfenantiomer; in the same fashion
from a suitable 6-deoxy—23heiose. but none was commercially
available and most published procedures for makipg,\for
instance,6-deoxy~D-glucose seemed rather “leborious. Most
. attractive in this regard appeared the Haézséi ar
reaction in which a #.6;beenzylidehated hexopyran de
is converted by the action of N-bromosuccinimide (NBS)
into a 6-bromo-6-deoxy derivative which can then be

reductively debrominated to give the 6-deoxy comp0und46—49’

Scheme III. Two questions presented themselves in this
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| IE 820 GHs 0
H 0
OH ock i OH - ocH,

3
NBS
Bz0 Br 0

OCH3

(Scheme III) i

connection. First, can the NBS reaction be applied to nitro
hexosides ? If o, the approach would have a certain advan-
tage'over the inverse seguence of using it merely as a
source of 6-deoxyhexoside which would subsequent;y afford
nitro sugars in the conventional way.‘The advantage would
lie in}the fact that a 4-0-benzoylated and therefore, par-
tially blocked, nitro sugar derivative would arise which
shoul? be ugeful for further, selective func;ional;zation.

The second matter of interest was the guestion as to
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whether a 6-bromo-3-nitro derivative can be selectively
reduced at C-6, without affecting the nitro group., Bi-
functional reduction to the corresponding 3-amino-3,6-
dideoxy sugar would negate any plans of subsequently
performing structural modifications based on the active-
ating effect of the nitro group.

The known compounds, methyl 4,6-gyﬁenzylidene-2,3-
dideoxy-3-nitro-a-g-arabino-hexopyranosides (}?)ﬁ methyi
4.6-g—benzylidene-3-deoxy-3-nitro-a-g—glucopjranosida
(%g). and methyl 2-0-acetyl-4,6-0-benzylidene~3-deoxy-
3-nitro-p-D-glucopyranoside (Eﬁ) were selected for the
study. The question of compatibility of these compounds
with the Hanessian-Hullar reaction was not a trivial one i
since many nitro sugar derlvatives of this structural
type (including, in fact, compound 44) had been found”?
to undergo facile bromination at the nitromethine carﬁon
atom, to give geminal bromonitro compounds, by the action
of N-bromoacetamide (and also by NBS in the one case
examined). However, the reaction conditions for these
geminal brominations (which proceed by an ionic mecha-
nism) differ from those of the desired reaction, and the
results proved that there was little reason for'concern. Zi

Compound 2? was treated with a slight excess (18

: o

mol.%) of'NBSz;efluxing carbon tetrachloride in the pres-

ence of barium carbonate as an acid scavenger, The workup

#FPor a fast, convenient preparation of 3%)3 Experimental,
Part II.

/
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procedure was essentially as directed in the literatureu7.
The crude syrupy product did hot prove homdgeneous and
column chromatography was necessary. Pure crystalline
methyl ﬂ-g-benioyl-é-bromo-z.3.6-trideoxy—3-nitro-a-2-
arabino-hexopyranoaide'(2?) was thus obtained-in 6#% yield.
Subsequent fractione from the column were unexpectedly ‘

found to contain what proved tc be 40, the § anomer of 39.

It was isolated crystalline in 16% yield. (Structural and

40 Rp=H, R1=0CHj

configurational proof of these and other new compounds will
be discussed at the end of this part). It was considered

that partial anomerization was caused by traces of hydrogen

bromide formed in a sige react%Fn during the bromination

process. Apparently the barium carbonats operating inthe
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heterogeneous phase, was unable to neutralize the acid
rapidly enough. This conclusion appeared reasonable
considering tﬁe high reactivity af the Pnomeric center . //ﬁ
generally observed-in 2-deoxy‘§}ycosidesu?’ 51'5“'. and
was supported by the fact that no anomerization was
' observed when the reaction was‘performed in the pres-
ence of a larger excess of barium carbonate. In this
case the product 39 was obtained in 80% yield without
-cyromatographic purification.,

The NBS reaction with compounds 42 and U4 was
successful also, furnishing the 6-bromo derivatives Eﬁ !
and %é. respectively, in crystalline form in yields of
60 and 56%. In the case of 45, no chromatographic purifi- - 44
cation was necessary; the compound erystallized directly

from the reaction ﬁixture upon partial evaporation of the

solvent,

42 R=R;=H, Rp=0CH, 43 R=Ry=H, Rp=0CH,
4 R=Ac, Ry=0CHs, R,=H 45 R=Ac,"Ry=0CHy, Ry=H



- 31

It has thus been demonstrated that the Hanessian-
Hullar reaction proceeds normally in nitro sugars. It
has provided the first examples of 6-bromo-3-nitro‘hexose
derivatives, and compounds of fhis type should prove use-
ful for variouq*synthetic purposes.

Unfortunately, our first endeavours to d;brominate
these compounds by selective reduction were fruitless.
Cafalytic hydrogenation using 10% palladium on charcoal
was attempted. This catalyst should be effectiveu7 in
replacing the bromine atom and on the other hand, was
assumed to attack the nitro group only slowly. (It may,
for example, be employed to selectively saturate nitro-

alkenesau'Ss).nHowever. reaction with compound 39 in the

presenée of one molar equivalent of triethylamine (to neu-
tralize the hydrobromic acid produced) led to a complex
mixture of products that were i1l separated in t.l.ch

and nothing éould be isolated or identified. Evidently .
there was no clean selective reduction, and changes in

reaction conditions, such as the use of lower temperature

or different solvent or base, were not helpful. Simijar
difficulties were encountered with compounds 43 andlﬁb.

In one small-scale hydrogénation of %?. a product was

obtained which according to preliminary examination by

n.m.r. appeared to be the desired 3.6-dideoxy-3-q}trg

derivative (Fig 1), but this result was not reproducible
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Bz0 H 0

Q UCH,
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8.0 7.0 6.9 5.0 [+ 3.0 . 2.0 1.0

_ PPU (8) .
Fig. 1; crude product of hydrogenation of the glycoside &3

|lllLl
[T

in subsequent experiments. The approach was abandoned for
the time being. Yet it may still be worthwﬁile in future
work to try other methods of reduction evénfhough A hoicé
igs limited by the sensitifit;'of the compounds‘un;§§§§§th
strongly acidic or alkaline conditions. One could also
contemplate to attempt hydrogen bromide elimination by
means of silver fluoride (which has been achieved in non-
nitro énalsgs56),'thereby generating a 5,6-double bond
which perhaps could then be hydrogenated selectively al-

though in this case one would have to deal with the prob-

~ lem of epimerism at C-5. *
~

P
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Configurationai and Structural Proof of Bromioes 39, 40,

' 43 and 45

‘red bands in tho regions 1?151- 1730 cm

Compounds 39. 40 43. and 45 gave mioroanalytical _
data in agreement with their structures. They showed infra-

-1 and 1550 - 1565

cm"1 asg expected for benzoate -ester and;ﬁitroalkane func=-

'tionsjhrespeotivelyh The conversion of the benzylidene

‘aéetals into benzoate. esters was also readily.recognizable

n.m.r. spectroscopically by the disappearance of the char-

acteristic singlet of the phenylmethine proton (5. 5.6 region)

and the resolution of the narrow five-proton multiplet for

the phenyl group (& 7.4 region) 1nto two dlstlnct multiplets.

rcorresponding to two and three protons (see Figs. 2, 3, 4

and 5), Compound 45 {Fig. 2) gave, in order of 1ncreasing

~

A

cH0

FXT
LT TR

Fig. 23 ne.m.r. spectrum of &5
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field.'a tripléf for Helt, a quartet'for H<2, a triplet fqr .
H-3. and a doublet for Y- 1 which all contalned only large
Jgéalittingsthat required all-axial proton orientation and ¢
thus confinmed the $- glggg configuration. Retention of the
O-acetyl group was indlcated by a 3-proton singlet at .

& 2,10, ,In compound 43 (Fig._B). the H-1 signal was shifted

¢

[ 2]
£
N

] Er] wo o rrs

_Eig. 33 n.m,r. spectrum of 43
a

slightly downfield and the H-2 signal upfield,relative to
45y this was due, respectively, to equatorial orientation g

of H~1 and lack of an ester function at C-2. The splitting ¢

pattern indicated a small vieinal couplirng petween H-1 and

o
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H-2 whereas the vicinal couplings beteeen H;Z; ﬁ-j. ﬁ-h
and H-5 were 1arge. in agreement with the a-gluco con-
figuration. .

In the spectry of 39 -(Fig. 4) and 40 (Fig. 5), the
bing.proton signal gt lowest field (near & 5.6) attributable
to H-4 was & -triple't with large splitting, indieative ef

--m O -0, =™
m

o ET] 180
L] ‘ ) e L] . 400 []

Fig. 41 n.m,r. spectrum of 39

triaxial proton arrangement at C-3, C-4, and C-5 in both
compounds, This left only C-1 as the site of configurational
difference for these isomers. The H~1 signal of 39 was a
narrow multlplet at 6§ 5.00, presumably ‘containing two small

v;cinal couplings with the C-2 methylene protons whereas
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the. H-1 signal of ko occurred at & 4,60 and was a quartet
showing one small and one Jarge coupling. These features

réquired an equatorial anomeric proton in 39 and an axial

one in 40. and led to the a- and. p-glycoside designations

~as indicated. This was also in accord with the higher ,

(+ 71.,5°) and lower (+ 26.5.) specific‘rotatlon of 39 and

Eg. respectively.

‘CH,O

! 1 .
L)

Fig. 51 n.m.r. spectrum of &p



PART II

Synthesis of Nitroolefins
Via

Methanesulfonates
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- RESULTS AND DISCUSSION —

Sugars that contain a nitroalkene grouping are key
intermediates for many syntheses in the field of nitrogenous
carbohydrates. They may serve for the introduction of a
| deoxy function by slective hydrogenation, or of various

other functionalitieé‘by nucleophilic additfons. at the

carbon afom inté-position of the nitro group. Carbohydrate

nitroolefins have customarily been made by dehydroacet- s
.oxylation of O-acetyl derivatives with sodium bicarbonate

in refluxing benzene (the Schmidt-Rutz reaction3#). Al-

though this procedure normally works reasonably well, it

sometimes fails to go to completion or requires inconven-

iently long reaction times as for instance in the case ‘

a6 —s a7t

Ph
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More récently. dehydroacetoxylations were studied
in partially acetylated methyl 3,6—dideoxy-3-nitro;a-£f )
hexopyranosidés and found to occur at room temperatu&e
by the action of silica ge125. This work has furnished
several useful nitroolefinic derivatives but yields were
pot high. Improved access to such compounds reﬁainéd a
desirable goal of research. | ”\\

A first attemptlin this direction.involved treatment

of a nitro alcohol, namely compound 42, with the mild de-
hydrating agent dicyclohexylcarbodiimide (DCC). The re-

action is based on conversion of the alcoholic oxygen into

a better leaving group (Scheme IV). The intermediate 48

OCH3

| “*%
+ RN=C=NR © =(RHN),C=0
O,N 2
R

48

L d

(Scheme 1IV)

-
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should react as shown, via a six-membéred transition state
in which the nitromethine hydrogen, being in a favorable
position cis to the oxygen function, should be readily.
abstracted. ’

The reaction was carried out with excess reagent in
dry ether at 250. However, t.l.c., examination after several
days revealed no appreciable change in the reaction mixture.
The starting material seemed to remain unchanged. It is not
known whether steric hindrance or other factors confributed
to the failure of the reactioq. The approach was abandoned.

Another possibility of olefination consists of
suhstitution of the.alcoholic hydroxyl group by a chlorine
atom by means of triphenylphosphine in carbontétrachlb:ide57.
followed by dehydrohalogenation. This proceduyre had = i
'afforded26 a chloro derivative (29) from & nifro sugar (&?).

and facile dehydrohalogenation occurred to give an olefin

(51). It was therefore examined whether the similar nitro

25

sugar 52, which was prepared according to the literature™ -,
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could be olefinated in similar fashion. Unfortunately.

the attempt was unsuccessful in that no reaction seemed

to occur, Only starting material was isolated.

More fruitful proved subsequent inveétigations involving

nitro sugar methanesulfonates. In contrast to carboxylic
esters, which tend to undergo acyl-oxygen fission, esters

of sulfonic acid are generally cleaved at the alkyl-oxygen
bond. The me%bdnesﬁlfbnate anion is an excellent leaving
group and these esters are therefore useful intermediates in
many synthetic schemes, However, gsulfonates of nitro alcohols
do not seem ﬁo have been described in the literature thus
far. There are certaihly no examples in nitro sugars, and
none could be found in othef areas of aliphatic chemistry.

In an isolated instance, Hassner59 hag tried to dehydrate
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42

a stéroidal nitro alcohol by treatment with p-tolyl-
sulfonyl chloride 1nj?yrid1ne but failed, However, while
the present project on the synthesis and chemical behavior
of nitro sugar methanesulfonates was well underway a brief
note60 appeared according to which simplg aliphatic nitro
alcohols can be dehydrated by the action of methyl sulfonyl

chloride in the presence of triethylamine; no mention was

made of the isolation of any intermediary mesyl esters, .

Our first experlments were performed on trans.trans-

2-nitro-1,3-cyclohexanediol (53) whlch served as a model
for nitro sugars., When reacted at room temperature with

1 molar equivalent of mesyl chloride in dichloromethane
solution in the presence of triethylamine, it gave a crys-

talline monomesylate {54) in 60% yield. In addition, there

OH OMs
\- MsCl,TEA NaHCO, \
250 800 NOZ
05 5 NO,,
53 54 55

seemed to arise some dimesylate (faster moving on t.lecCs)

and a small amount of olefin (gé). Treatment of 54 with

o~
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sodium bicarbonate in refluxing benzene for 3h gave
2-nitrocyclohex-2-ene-1-0l (éé) which was readily isolated
in 97% yield in this way whereas.it had previously been

obtained61

by alkaline dehydration of 53 in lesser yield
and only after coluﬁn chromatographic purification.

(:f When methyl 4.6-gybenz§lidene-3-deoxy-3-nitro-a-2—
glucopyranoside (42) was treated with mesyl chloride and
triethylamine in dry ether at 25°, the isoclated product
(90%) proved to be the é.37unsaturated derivative E? and
not the mesylage (§§) that might have beénnexpected on

the basis of the experience in the mesylation of-53. The

OCHq o

56

—

g-anomer (57) was similarly converted by mesyl chloride ,///

and triethylamine in ether into the olefin 58 in a yield of

78%.

0—" MsCL/TEA" " |
OCH Ether
0,N HO 3 NG
: 57

~ | ~~
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Obvicusly these olefins must arise from. intermediary
mesylate esters which apparently are unstable and a molecule
of methanesulfdnic acid is eliminated under the reaction
conditions. This was indicated by the fact that when the
reaction of 42 was carried out in dichloromethane, the
2-mesylate 29 was isolated in 20% yield‘althbuﬂ1nitpoolefin
E? was the major product in this case too, according to
examination b# t.l.c. Preparation of thesge particular nitro-
olefins from the alcohols by acetylation followed by de-
hydroacetoxylafion can be done routinely as mentioned in
the introducé&on. but the present procedure was found to
offer"advantagés of greater simplicity and much shorter T
"reaction times. ‘
The facile dehydromesyloxylations just mentioneﬁ “i' “

encouraged an extension of the study tosthe synthesis of
unsaturated derivatives of 3,6-dideoxy-3-nitro-a-D-hexo-
pyranosides. Such compounds, with either 2,3- or 3,4
unsaturation, would be useful precursors for the synthesis
of saturated tpideoxy nitro sugars and the corresponding
amines, the latter being of interest as componenis of anti-
biotics. Considerable work has been published25 on.nitro-
oiefins of this kind in the engntiomeric gfseries. but the
procedures employed for generating the double bond — de-

hydroacetoxylation by bicarbonate or silica gel — were not

always satiafactory from the viewpoint of yields and were



tolerable only because of the relatively easy accessibility
of the starting sugars in that series,

.. For the present studies in the Q_seri?ff mqthyl 3,6-
didequ—B-nitro-a—g—glucopyranoside (ég) was required., This
compound should be obtainable by the nitromethane cyclization
méthod from methyl 6-deﬁx&-a-g-glucopyranoside (61), which
in turn can be made accor&ing to the literature62 from
me thyl a-gfglucopyranoside (E?) via the 6-chloro derivéfive:
60,

% ENN=\

OCH3
_0

o—

1_

OCH3
61

o~ —~—

For the purpose of this work the preparation of é}
waé simplified by use of a procedure which avoids the need

of tedious chromatographic purification of its precursor ég.
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46
The latter was prepared- essentially as_describedsg..but
the crude product was converted, without prior&thromato- .
graphic iéolation. into its 2.3.4vtriacetate'%§. Lithium ‘
aluminum hydride reduction of 63 was effected in the same

way as described for 6062

and the 6-deoxy glycoside 61

was obtained in hek yield, Compound 61 was then oxidized
R a. .

with sodium meEPeriodate. and the product was cyclized

with nitromethane in the presence of sodium methoxide,

Ac Cl 0

AcO A
OCH 4

63

—~

exéctly as detailed22 for the preparation of the'g-enantiomer
of 62 except that a reaction time of 3h (instead of 40 min)
was allowed for the cyclization; The extended time was |
‘chosen in consideraéion of studiés64 indicating that this a
will favor formation of 62 over its manno isomer. Compound
ég was thus obtained in 35% yield by direct crystallization
from the ﬁixture of‘products, and processing'of'the mother

220was dispensed with.

liquor by column chromatography
The nitro glycoside 62 was converted into its diacetyl
derivative &% as-describéd25 for the L-enantiomer, followed

by partial acid-catalyzed methanolysis which was slightly

&
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modified, for‘convenience,'by addition.of acetylchloride

. r

as a source for hydrogen chloride in méthanoi. The 4-acetate

65 was thus obtained in 50% yield. - ‘¢

OCHB

When compound 65 was ‘treated w1th mesyl chloride

.and triethylamine in ether. it gave in 80% yield the erys-

talline 2-mesylate 66, instead of thefg;pected ni troolefin

;52, in'contrasqeto the behavior of 42 and'éz towards

‘AcO.

EJ

-

X mesylation. As iaf the -reason of the apparent high stability

LY

CH3.0
' ACO CH

OCH 5
OCH 5 ) 0o
66 ', , . 67

of this mesylate, one could perhaps speculate that in the

' beﬁzylidene compounds 42 and éz. because of the presence of

the rigid, trans-fused acetal ring the pyranoside ring is

- - o



alread§ somawhat distorted in the direction of the half-
chair. ﬁhich ‘would lower the energy'barriar of;its*going=
. ovér compietely into the half-chﬁir‘conformation of the’
olefin. This favorable factor would be abseat in 66
| Acid catalyzed methanolysis of the 2- mesylate 66
:led almost quantltatively to methyl 3, 6—d1deoxy-2 0-
\Eethylsulfonyl 3-nitro-a—D—g1ucopyranoside (68) which was
then converted in 92% yleld into the olefln. methyl 243,6-
trldeoxy 3- nltro-a-D-e;xthro-hex-Z ~enopyranoside (69).

by means of sodlum bicarbonate in refluxing benzene (3h)

o CH4-0
NaHCO3
A - OCH3
CH3 0o
68 69

In contrast to partial acg?ylation by aéatyl chloride
and triethylaminaf;p ether of the é—enantiomer of glycoside
§225, which had led to the 2-acetate 25, partial mesylation
'By @asyl chloride and triethylamine in dichloromethane

bccurred exclusifely in position L, giving‘fhe;stablé

48
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L-mesylate 70. When excess mesyl chloride and triethyl- -
am?ne was used, the 2,4-dimesylate 71 was obtained in 75%

MSO’% MsO CH3 _—0:
0N H o OoN OMs
.o OCH o OCH4

70 71

- ~

yield. No significant elimination was'obsérved here eilther.

»

Because of the high stability of the mesyl esters 66,

cosides of the galacto and

68, 70.and 71, it was interegting to study the behavior of
‘stfei'goisomeric 3,6-dideoxy &'

manno series. -
Methyl 3,6-didéoxy;B—nitro-a-&:galactopyranoside
(g})65 waé mesylated by use of excess‘reagent. The reaction
was rela%ively sluggish and the expected 2,k-dimesylate was
not observed, but theﬁz-mesylate 72 was obtained crystal-

line in 48% yield. The remainder of the product was a syrupy




mixture of what appeared to be mainly two compounds that

failed to separate in column chromatography. The n.m.r.

spectrum {(Fig. 6) of the mixture revealed that it contained

non-mesylated nitroolefins, showing signals in the olefinic

proton region (& ?.0-?.3) but not in the mesyl group rggion

(6 3.0} OCH,4 and'CrCHj,signals occurred in their proper

places, Evidently thé galactoside 23, unlike the glucoside

62, unde;went‘déhydfation? to a considerable extent during

50

o ‘
ocH ool
% 3 u’o 3
HO ' and H ? ‘
o, NO, '

L'1||I|1111l1l|11|lll=|.1

ha

L gty
1 ]

-
M

l1l]111ll|1|||ll!|

T 1 1 1 v 3 ¢ o 1 1 111 1 A

1
ol I A AN |

| T

8.0 7.0 6.0 5,0 4.0 3.0
' - ’ ' PPM(3)

Fig, 6

2.0

1.

0

* An enhanced tendency for dehydration in the 3-deoxy-3-

nitro galactopyranose systém. to give 2,3-unsaturation,

has been noted and commented upon previously

45



the precess of mesylation. thch might suggest a‘lesser
. étabilify of its sulfonic esters. It-wae therefore very
surprising to note that the isolated monomesylate Zgnwas
quite resistant to elimination as it remained unchanged
for 6 h in refluxing benzene or toluene in the presence
of sodium bicarbonate. One ie thus led to, conclude that
72 was not an intermediate in‘the formetion of the olefins, -
Although fhe structures of the latter have not been es-
tab;ished. formulae 2; and 25 suggest themselves it'first

glance and if they are correct it may be assumed that

OCH3

OH

. NO,
73 ST ZB

’ 29 arose by an elimination.facilitated by the axlallty
of the C-4 substltuent. and that perhaps the 1somer Z}
owes its origin to an allylic rearrangement of 7% which

' may have occurred during chromatographic processing.
Structure 73 is considered25 to. be less strained than 74

because of an unfavorable A(l 2) effect in the latter

gee the discussion on paS“). and this might provide the

driviﬁg force for rearrangement of part of the material.
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Support for the idea of preferential axial elimi-

nation came from the behavior of methyl k-0-acetyl-3,6-

didqpxy-B-nitroga—g—mannopyranoaide 75 in mesylation,

0
Ac CH H

02N

L]

In strong contrast to its afg-glggg isomer (éj). the manno-
side Z’S,(wh'ose frée hydroxyl group is axial) was smoothly ‘
converted into the nitroolefin é? in a yield of 65% and no |
intermediary mesylate could be isolated.

Let us now return to the gluco series. Although fhe
aforementioned experiments in that series furnished N &olable
mono~ and dimesyl esters and no olefination occurred during
mesylation, elimination of the mesyl functions from tﬁe
products is, nevertheless, poésible. One example,- the re-
action 68 —» §9. has alfeady been described (p.#4#8). Further,
it was found that the dimesyiate 71 loses both sulfonic
ester functions very readily,wﬁen it is treated for 10 min
with acetic acid / sodiuﬁ acetate in refluxing acetone, |
Tﬁe product isolated in 75% yield proved to be methyl 2-0- .
acetyl-j.h,6;trideoxﬁ-B-nitro-a-ggggggg—hex43-enopyran031de (Z§),
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OAc

Ms0 CH 0 HaC 0 ,
AcONa,
—————r el
PN OMs AcOH in :
OCHB Acetone H3CO N02
71 . v ' 76

That }s to say. the L-mesyloxy group was eliminated, and
the 2-mesyi9xy group was .replaced by an acetoxy'group

with inversion of configuration. A nucleophilic displace-
men% would be most unlikely to account for the latter
phenomenon. Secondary sulfonic ester groups on sugar-.rings
are diffiéﬁlt to displace by Sy2 type reactions, and

especialiy so at C--266

. Displacement normally requires
an aprotic solvent of high dielectric constant (é.g. DMF,
HMPT) and long reaction times at high temperatures. The
facile conversion 71 — 76 is thought to have occurred,
rather, by a sequence of elim;nationé and additions as
gshown in Scheme V. An analogous mechanism has been ﬁro—

posed67 for a legs facile and relatively low-yielding

reaction of the corresponding L¥gluco\2.4—diacetate with

9
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sodium bicarbonate. which had given25 the é-enantipmer of
Z§} Two paths could lead to 76, involving a pfimary elimi-
nation of the h-mesyloxy.group (a) or of the 2-mesyloxy

Mg 0% CH 0

02N OMs

© 0
AcO 0 |
HBC NP
4 \OMS
A y
_CH3
} l
G
0=II~I @ 0 q 20
Ac O OAc oG N oac
‘; - R I 3 5§ z
CH
3
H_C "
3 c OCH.,
77 76

(Scheme V)

group (b). Both primary products A and B would suffer
from A(I'z) strain and be prone to react further. Nucleo-

philic addition of acetate ion with concomitant-elimination
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of the second mesylate group would lead, from B, directly
to the observed product 76 whereas, from A, 1t would give
an intermediate c which is also free from A(l 2) strain,’
However, C may be‘expected to rearrange to 2§ since the
electron-withdrawing effect of the. anomeric ¢éenter would
ténd to make the nitroolefinic C-2 more susceptible to
nucleophilic attack (relative to C-4 in 76). The rearrange-
ment could proceed by an intermolecular addition-elimi-
nation as depicted, or alternatively, perhaps by an intra-
mblecular acetoxyl migration through a gix-membered cyclic
transition state.

The finding that nitro sugar mesylates can undergo
facile elimination by the action of base to furnish nitro-
olefins, together with the known possibility of selectlively
reducing the olefinic double bond of the latter with
sodium borohydrideés. made it conceivable that this reaction
sequence from a mesyloxy to a deoxy function can be carried
out in one operation. Indeed, treatment of the u-mesylate
ig with sodium borohydride in ethanol at room temperature

led directly to the_corresponding l-deoxy derivative 78,

NaBHu_
0

OCH3 .
70 78

~ o~
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methyl 3,4.6-trideoxy-u—g-;x;g-hexopyranoside! isolated
crystalline in 60% yield. The é—enantiomer of this‘glyco;
side has been previously described?” and used in a stereo-
specific synthesis of E-desosam;ne69. the enantiomer of an
amino sugar constituent of seve}al antibiotics. The present
procedure therefore provides a convenient entry for a new
synthetic route to natural g-desosamine*.'ln similar fashion,
2-mesylate 68 upon treatment -with sodium borohydride gave
in 75% yield a product of reductive elimination. Although
the product was not crystalline and some doubi existed as
to its homogeneity (see the next section), it must have

consisted largely of the 2-deoxy glycoside 79. This could

HO G4 0 NaBH,, H
02N OMs
0C

i3
68

~

be concluded on the basis of its conversion, in goo 14,

into a known compound as outlined in part III.
- ’ .

-

* A low-yield stereospecific synthesis of the natural

product was achieved by Richardson7o gtarting from methyl

3-amino-3-deoxy-D-glucopyranosgide.
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.

{” In addition to its utility in the synthesis of
unsaturated ghd deoxy sugars as demonstrated in this
part, the mesylation of nitro sugars may conceivably
become useful in the future fdr further preparative
-purposes. For example, it ﬁight be woréhwhile to inves-
tigate whether conditiogs can be developéd to reduce
‘nitre sugar mesylates to the amine stage without dis-
turbing the ester function, a proposition which would
seem to offer some challenge since sulfonic esters may
be cleaved by certain reguctants. Should selectivé re-
duction prove feasible, then a new avenue could be opened
to epimiﬁes.wby subsequent intramolecular displacement
of a suitably‘disposed mesyloxy group by the amino group

engendered., Carbohydrate epimines are valuable inter-
71-73.
<@

mediates for numerous synthetic purposes

Proof of Structures and Configurations 7

" A1l reactions involved in the synthesis. of 54, 56,
§§. 68, 70, 71 and 2?. namely O-mesylations, can safely be
assumed to cause nb configufational changes, and hence'the
original configuration:of the respective starting ﬁaterials
should apply to these products,

Compound 54 was‘shown to be the product of mono-

mesylation by the presence of absorption bands at 3200-
3600 (OH) and 1165 cm™) (OMs). The n.m.r. spectrum (Fig. 7) ex-
hibited a sharp 3-proton singlet at s 2.98 (OMs). It also



& .
Fig. 73 n.m.r. spectrum of 54

included a resolved sextet (& 4.95) corresponding to H-1,

a triplet (s 4.47) for H-2, and a multiplet (& 4.10) due
té H-3. That éll three substituent groups (OH, N02. OMs)

were equatorially oriented was suggested by the large cou-

pling constant (J 10 Hz) of the H-2 signal.

The glycoside §§ was confirmed to be the mesylation
product of %g by the disappearance'of the hydroxyl absorp-
tion in the i.r. spectrum ahd the development of a sharp
singlet at & 3.03 (OMs) in its n.m.r. spectrum (Fig. 8)}.
Similariy, in addition to an acetoxy methyl signal at &6 2.10,

a sharplsinglét at 5 3,01 (OMs) was observed in the NeMeTe

- spectrum of compound éé (Fig. 9) whose i.r. spectrum was
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free of any hydroxyl absorption. The i.r. spectrum also
showed bands attributable to an acefate ester and ﬁ'mesyl‘
group at 1740 and 1175 6mf1. respectivelj- Derived from
this 1é‘compound 68 whose i.,r. spectrum confained absorp-
tion bands at 3500.and 1170 cm™!, clearly indicating the
presence of~a hydroxyl and a megyl group, and*ﬁo ester W
carbonyl band was seén. The nemer. spectrum (Fig. iO)-was

also in suppoxrt of this by showing a signal at & 3,03 due -

v

. oH
1 "ujku_ Jf\J*HJLhL_
bL ] m [T [¥-] . 10 1.0 [ oa

Fig. 10; the nim.r. of compound 68

~

N

to & mesyl‘group-;hile lacking an acetoxy methyl signal.

The 4-mesylate 70 exhibited an n.m.r. splitting
A I .

. pattern (see Fig. 11) gimilér to that of its positional
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Fig. 11; n.m.r. spectrum of 70 \

}sgmeb’§§ and was distinguished ffah it by the appearance
of a multiplét'with iarge (11 Hz) and smail (~6 Hz) split-
tlngs at & 4.2 corresponding to one proton (H=- 2) This
a351gnment was' further supporteﬁ by the spllttlng pattern
(doublet) @fd the coupllng constan 1%-Hz) of the (-2

hydroxyl group at 6 2 48. Its iere: pectrﬁmgéhowed bands

]: S)o a B

"at 3295 (o). and 1170 cm

'.1

The dlmesylate,ﬂl showed an 1.r. band p031tioned at
-1

gbsorptlon. The n.m.r. sggctrum (Frig. 12) exhlblted two )

1170 em - due to the OMs groups.wand there was no hydroxyll

sharp 3-proton singlets at 6 7;01 and 3. 03, cgnflrming the
]
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. e o . .
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presence of two. mesyl groups.
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Fig. 12; n.m.r. spectrum of 71
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*." In the n.m.r. spectrum of 72 (Fig. 13), the appearance””
of a one-protdn%quartet with a cdupiing'constant of 3 Hz,

(J3 4) at .8 4.92 attributable to H-3 indichted equatorlal

forlentation of - H 4 (i.e. axial gg at C-4). Another quartet

was seen at lower field (& 5.30) and was assigned to H-2;
it had coupling constants gl'é = 3,7 and ;2'3 = 11-ﬁi. Phe
speétrum alsc showed a mesyl signaln&ncated at-b 3.14, The
lere: spectrum of\this substance indlcated the appearance of

1 R
« The mesyl

a hydroxyl group which absorbed at?9570 cm
. >
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group stretch frequency appeared at 1160-1170 cm™}

. *

. ﬂa i
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‘played.some features in'its n.m.r. spectrum (see Fig 14)
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Fig. 13; n.m.r, spectrum of 72
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Compound 79, which was obtained by sodiuﬁ‘borohydride
reduction of either §§_or é?lwasAa non-crystallizable éyrup
despite chromatographic purification.'Uhfortunately ié did
not give wholly- correct microanalytical data, and it dis-

“which may,éast doubt on its homogeniety.@The spectrum, run

’

either in chloroform-d.or pyridine, shoﬁed the substituent

';esonénces exﬁected of 79, namely, a 3-proton doublet at

5 1.14 for C-CH3 and a 3-proton singlet at & 3.41 for 0-CH 4,




ro R
with a 2-proton multiplet assignable tb the b-z methylene
group -at § 2,33, The remaining ring protons, howévef?*gavé'

) partially overlapping signals that could not be analyzed
satisfactorily. It is possible that the apeétra weré affected.
by remnénts of bdric acid, Br that othéruforeign matter was
present, or that;the'comﬁqund displays a conformationél
behavior not yet understood; In the latter conneption it is
inféresting to note that the specific rotation was.ﬁositive
(f?3°) in water bu} negative (~34.5°) in chloroform gsolution.
The i.r.'spectrum'ai this material showed a broad OH absorp-
tion band at 3200 cm T, :

All the foregoing LeTs sﬁectra contained ﬁbsorption‘

1

bands in the'range;155091560 em — corresponding to nitro

¥

groups.

OCH

*
oM ) C-CH,

r
EY 1) F-3 148

o
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Figs 14; n.m.r. spectrum of 79



PART III

The Synthesis
of

E-Angolosamine

65
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. RESULTS AND DISCUSSION

<
The macrolide antibiotic angolamycin, isolated by
74

C . 6 . .
Swiss workers , was shown' ™ to contain two neutral sugar

. -
moieties (L-mycarose 80 and D-mycinose 81) together with

H30fo~_ 7" " HO GHa -0
HO Ciy ' f CH 304
OCH 7
3
80 81 i
]
a previously unknown amino sugar component (angolosamine) 43‘

which proved to be 2.3.6-trideoxy~3-diﬁethylamino-g-arabinp-
hexose (20). A structure for the' complete antibiotic was
proposed’ in 1972, at which time it was also found that
angolamyein and a similar product, shincomycin A5, appear
-in fact identical according to mass spectral analysis.

A synthesis of the amino sugar angolosamine has not
yet been reported, and such a synthgsis has now been per-

formed and will be discussed in thé following paragraphs,
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In part II of this discussion.'thé_synthesiS“of
several new deoxy nitro sugar derivétives has been de-
écribed. The present part embodies a further exploration
of the utility of sﬂch nitro sugars as potential inter-
mediates forlthe synthesis of amino sugars that may com-
mand interest in the chemistry of antibiotics, |

‘The nitro sugar 79, methyl 2,3,6-trideoxy-3-nitro-
a—g-arabino-hexopyranoside. which is now readily available
(although in impure form), served as the starting materiai.
The next preparative operation performed with the product
confirmed that ?9 must have been its chief component.
Hydrogenation with Adams catalyst in methanol in the presence
of 1 equivalent of hydrogen chloride gave a 68% yield of
erystalline methyl 3-amino-2,3,6- trideoxy-a-D-arablno—hexo— ‘
pyranoside hyd;ochlorlde{Qg)which agreed well in its melting
point and [a]D-value (with opposite sign) with the known'’ >
synthetic L-enantiomer., Acid hydrolysis of 82 afforded
crystalline, downward mutarotating 3-ahino-2,3,61trideoxy-

a-g-arabigo-hexopyranosé hydrochloride (83 This compound

HO Hq 0 HO CH 0
H 3 0 L H
24&} g
05N HCL can N H2001H N
3 3
OCH 5 OCH,




68 ¢

had previously been synthesized by a different approach .

;nd characterized also as its N-acetyl derivative#3| some ‘II
glycosidic derivatives had been prepared as welluj'?s. *
More_recenfly. the é—enantiomer of Q} was discovered?7 to
occur in nature as a constituent of an antibviotic,
actinoidin. It has been namedfacosamine and synthesized?8
along with several glycosidic derivatives?5'78. Synthetically
modified analogs of daunorubicin and adriamycin containing
L-acosamine in place of daunosamine (the L-lyxo isomer 15a)

21 to show interesting biorégical properties

were reported
(see introduction, p.15).
N,N-Dimethylation of 82 by the Eschweiler-Clarke (

79 and hydrolysis of the product gave 2,3,6-tri-

procggdure
deoxy~3-dimethylamino-D-arabino-hexose that was isolated ' ‘
as a crystalline hydrochloride (84). It proved identjcal

with D-angolosamine hydrochloride from angolamycin according

H CH Y
" oo
HCl.MezN OH

84

~ !

-

to melting point, optical rotatioﬁ, and infrared spectrum
(Fig. 15)
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PART IV

A Stereospecific Synthesis
of

D-Ristosamine

70
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- - RESULTS AND DISCUSSION

Ristosamine (9}_),; stereoisomer of daunosamine (138) has
been found to exist as a constituent of the antibiotic

ristomycin, elaborated by Proactinomyces fructiferi var.

81

and can be classified dmong the vancomycin-type antibioticssz.

-ristogxcinso. which exhibits a wide antibacterial spectrum

Assignment of structﬁfe as 3-amino-2,3,6-trideoxy-L-ribo-

hexopyranose (85) was based on chemlcal degradation, n.m.r,

H,C ~0 . ?H

» and synthesisBz'Bk. {f"

esis of the previously unknown

and mass spectral studiés
A stereospecific syn
2-enantiomef¥5f ristosamine. \has now been completed as
followé. | .
Methyl 3,4,6-tri-0-acetyl-2-deoxy-g-D-arabino-hexo-
pyranoside(@@ was prepared from commercial 3.#,6-tri-g-

acetyl-D-glucal (86 via the 2-chloromercuri glycoside 87

.
* L . '
During the preparation of this Thesis, an .independent synthesis

using a different apprpach was pﬁbliahéd (92).
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N

essentially as described in the literaturgas. with a minor

modification in the work-up procedure for convenience (see

Experimental).

{

AcO ZDAc 0
86
OAc
AcO 0
AcO ClHg CH,
87 |
OAc 0

.

P

\

72
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Compounﬂ 88 was then deacetylated with methd%lic
sodium methoxide and the product was immediately converted
into 1its known86 benzylidene acetal 89 (yield, 80%). .

" Mesylation of this glchSide in pyridiné.furnished the /
mesylate Qg in 92% yield. The latt?r was subjected to a

displacement reaction with excess sodium azide in DNF at

»

co ~

120o (17 h), which proceeded with inversion at C-3 gg\give
methyl 3-azido-4,6-0 -benzylldene -243- dideoxy B-D—rlbo-hexo-

pyranoaide (91) in a yield of B80%. The benzylidene acetal
-3

+
¢ v



7
ring of 91 was thén opened by Elbggﬁosuccinimide (cf. Part I)
t6 produce methyl 3—azido-4-g-benzoyl-é-bromo—z.3.6-tridebxy-
S-Q-zike-hexOPyranoside (92) in 69% yield as .an analytically
pure syrup. Pa}t of this bromide was debenpylated with sodium
methoxide and ‘hydrogenated catalytically in the presence :}
palladium on carbon (10%). Acia ﬁydrolysis of the hydrogenation
pgsﬂuct gave the hydrochloride of g-ristosamine 93 which
" agreed wellfwith.its naturally occuring enantiomer, but with

opposite sign of rotation (Scheme L)«

~
r

Br
BzO 0




Other parts of "the bromide g2 were ca‘talﬂrtically

hydrogenated without prior debenzoylation (Sche‘me"\’II).

{Scheme VII)

/]

Hydrogenat\inn at 15 p.s;i. for 1 h caused reduction of the W

azido function to the amine stage but most of the bromine
¥
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reqained. The product, though érystalline, could not be
_obtained in entirely pure form; its microanalytical carbon
value was somewhat too high, which suggested that a minor

4 ~
proportion of 6-debrom1nated material was present. However,
the maln reaction product doubtless was the 6-bromo-3—
benzamido compound 2& which originated from benzoyl migra-
tion from O-4 to thé newly geherated aminﬁ group. It is
interesting to note that here like in the attempted hydro-
genations of 6~bromo-3-nitro derivativeS‘déscribed in Part I,
,fhe nitrogenous function is evidently attaked by the hydro- -
genating agent more rapidly than the bromo funbtion. '

When the hydrogenation of 92 (with the same catalyst)
was conducted at somewhat higher pressure (35 pes.i,) and
for ah extended period of time (3 h), the 6-deoxy-3-benz-
amido derivative 2§ was obtained in 75% yield. Hydrolysis
of syrupy 2§ with aqueous acetic acid afforded crystalline
E—benzoyl-g-ristosamine in 81% yield. Its melting point
and optical ro£ﬁtion inclﬁﬁing‘mutarotation compared satis-
factoriiy with literature data recozl'ded32'83 for the

L-enantiomer.

Proof of Structures and Configurations

The appearance of a sharp singlet at high field
(6 2.98) in the n.m.r. spectrum (Fig. 16) of 90 is indicative
of a mesyl group. This was also indicated by an absorption

band at 1170 em™} in its i.r. spectrum. No configurational

<
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Fig. 161 n.m.r. spectrum of 90 Coa

The appearance in the n.m.r. spectrum of azide 91
(see Fig. 18), of a quartet at 6 4,35 which was most likely
assignable to H-4 (g4’5 = 9Hz and £3’4 = 3,5 Hz) was in -
.accord with an equatorial proton and hence axial azido
group at C-3, as expected as a result of displacement of
. the equatorial mesylate. {Another quartet occurred at
& 4,705 it wag_attributable to H~1 and showed"il.Za =9 o

and ll}2é = 2,% Hz). The presence of the azido group was

shown by an absorption band at 2090 em~l (Fig. 17).
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Fig, 18; n.m,r. spectrum of 91

The opening of the benzylidene acetal ring of 91 by
.NBS was indicated, in the n.m.r. spectrum of 92 (Figs 19},
by ‘the absence of-tﬁe benzylidene proton and the appearance,
in the aromatic region, oﬁ:the characterigtic sigﬁals of
a benzoate ester {muliiplets'with intesities of twotand three
protons éentered at & 8,07 and 7.50, respectively). This
was also confirmed by an absorption band at 1715 en~! in
its i.r. spectrum, The n,m.r. éignal belonging to H-% (q,
'£4.5 = 8 Hz and £4.3 = 2.5 Hz).prqved the axial configuration

at C-3.
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The'i.r. spectrum of 2& in chloroform solution
indicated clearly the presence of a benzamido group by
amide I and II bands at 1650 and 1510 em™l, The spectrum
also contained broad absorption around 340b c:m"1 due to
OH and NH vibrations. The benzoyl group was also reflected

in the n.m.r. spectrum (Fig. 20) by two multiplets (2-
and 3-proton intensity) at & 7.7 and 7.5. Although the
substance appeared chromatographically homogeneous it
evidéntly contained an impurity as the microanélytical .

carbon value found was more than 1% higher than calculated.
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" Possibly some debrominated material (95) was present;
minor peaks in %he n.m,r. spectrum near & 1.3-1.4 probably

" were due ﬁo the C-dH3 group of tﬁis.byproduct.

b

Pt 1
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200 7.00 .00 . $.00 : . .00
PPMS)

Fig, 203 n.m.r. spectrum of 94

As for the glycoside 95y the slightly impuré sample
showed vividly the C—Cﬂé signal (d, J = 6 Hz) at & 1,40 in
its ﬁ.m.r. épec%rum (Fig. 21) in addition to the O-CH3
ginglet at & 3.46 and the characteristic benzoyl group
multiplet in the aromatic region.‘The'L.r. spectrum was
similar to that.of 9%, showing broad COH and NH absorption
in the 3400 et region and amide I and II bands at 1645

and 1510 em~T,
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EXPERIMENTAL

- General Remarks

Melting poiﬁts were measured in capillaries using
a Gallenkémp Melting Point Apparatus equipped with a
calibrated thermometer. The values are reported in degrees
- centigrade and are uncorrected, ‘

Unless otherwise specified, infrared spectira were
obtained from Nujol-mulls on a Beckman IR=-20 spectroPhoto-f
meter. ’

E;cept where stated otherwise, nuclear magnetic
resonance (n.m.r.) spectra were recorded on g Varian HA-100
instrument; deuterated chloroform was useﬁ as éolvant. and
the lock signal'was obtained with tgtramethylsilane. The
‘following abbreviations aré useds s, singlet; d, doublet;
t, triplet; g, quartet; m, multiplet, |

Optical rotations were détermined uging a-Perkin-
Elmer automatic polarimeter, Model 141, equipped with
8odium and mercury light sources. Measurements were recorded
at room témperature. ‘

All reactions were monitored by thin léyer chromato-

graphy (t.l.c.) on silica gél G (E. Merck AG, Darmstadt,

Germany), ‘using 7.5-cm plates {microscope slides). The spots
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were made visible by ®Spraying the platestwith'a solution
of 1% cerig sulfatg'in 10% sulfuric acid and heating on :
a hot plate. Preparative t.l.c. separations were carried
out on 20'x 20 cm glass plates evenly coated to a depth of
O.4 mm with silica gel (same type used for t.l.c.). Devel-
-opment of the plates took place in a giasé tank by vertical
ascent of the solvent. The components were located by means
of an ultraviolet lamp., The fractipns were retrieved by
washing them from the silica gel with ethyl acetate. Coi;
umn chromatography was performed on silica gel ?773% (0.05-
0.20 mm, 70-325 mesh ASTM). | '

Uﬁless otherwise stated, solutions were.evaporated
under diminished pressﬁre in a rotatory evgporator'with
a bath temperature at or below 35°,

Petroleum ether refers to the fraction of boiling
range 30-60°. ; ' Q/—‘\
Microanalyses were perfoémed by Alfred Bernhardt,

Mikroanalytisches Laboratorium, Elbach, Germany.

/'



PART I

THE REACTION OF N-BROMOGSUCCINIMIDE

WITH ‘ L

' BENZYLIDENE ACETALS OF NITRO SUGARS

”~

Methyl 2-0-Acetyl-$-0-benzoyl-6-bromo-3,6-dideoxy-3-nitro-

B-D-glucopyranoside (45)

-~

A suspension of benzylidene acetal E944'89 (1.00 g)
and barium carbonate (0.50 g) in carbon tetrachloride (25 ml)
containing grbromosuccinimidg (0.70 g) was refluxed with
magnetic stirring for 2 h. The hot reaction mixture was
filtered and the solid residue washed with hot carbon tetra-
chloride (2 x 15 mi). The combined filtrate was evaporated
to dryness and the solution of'the resultant syrup in ether
(25 ml) was washed with water (15 ml) and dried (CaClz).
Partial evaporation of the solution furnished several crops
of crystalline @5. Complete evaporation of the mother liquor
and treatment of %he residue with ether (1 ml) and some
pentane gave a yellowish oil which was decanted and triturated
with additional pentanej this produced another crop of
crystals. The total yield was 0.67 g (56%). Recrystallized

from chloroform-petroleum ether, the product showed m.p.

181-182°, [a]; -45,7° (¢ 0.4, chloroform), v . 1715 (CO)




s

’

and 1565 cm - (NO,). The n.m.r. data: § 7.95 and ?.4% (m,
2 + 3H, PhCO)s 5.65 (t, 13. Iy, = dyy5. = 10 Hay H-b);
5.48 (q, 1H, dy,2 = 8y J, ,3 = 10 Hz, H-2); 4.98 (t, 1H,
J = 10 Hz, H-3); &, 56 (dy 1H, J

91,2 8HZ-H1)l390(mn

IH H- 5): 359 (s, 3H OMe )} 3.54-3.46. (m, 24, H-6, 6 )i

2 10 (s, 3H, OAc).
4.19; Br, 1849, Found: C, 4%.28; H, 4, 0?: Br, 18,38, -
Methyl 4-0-Benzoyl-6- bromo-3L6-d1deoxy-3—n1tro a-D- gluco-

pyranoside (43)

The benzylidene acetal 428?’ (2..00 g). N-bromo-
succinimide (1.50 &), ahd barium carbonate (1.0 g) were -
refluéed wifh~magnetic stirring in carbon tetrachloride
(100 m1) for 3 h, The hot solution was filtered, the in-
organic residue washed with carbon tétrachloride (2 x 20 ml),
and thelfiltrate eéép&ented; The syrupy préduét was purifiéd
by passage through a column of silica gel (50 g) with 20%
ethylacetate in carbon tetrachleride.and was then obtained
crystalline (prisms, 1.50 g, 66%) from carbon tetraéﬁloride

at 0% m.p. 126°, [a]D +84° (c 1, chloroform); v 3470 (OH),

max
1720 (CO), and 1560 cm~t (NO,)s Nem.r. data: & 7.95 and 7.45

(m, 2+3 H. PhCO)‘ 5-56 (tg 1}{' ‘113 L} = g‘“’ 5= 10 HZ’ H-u)! 4.9?

(t, 14, J 3 y = 10 Hz, H- 3)1 4.95 (d, 1H, J = 4 Hz,

23 =1,2
H-l)' 4.30 (Sextet. H-2| 11’2 4 J2 3 = 10| iz’oH = 11 HZ'
collapsing to q on D,0 exchange); %4.10 (septet, H=5)3; 3.60
(s, 3H, OMe); 3.51-1.44.(m, 2H, H-6,6"); 2.46 (d, 1H, J =

11 Hz, 0-H; removed onszo exchange).

* Actually an octet thit seemed poorly resolved because of the
aimilarity of its two large splittings.



Anal. Calcd. for Gy, (BrNO, (390.2)1 Co 43,093 Hy ©°
4.13; Br, 20.48, Found: C, 43,05; H, 4.04; Br, 20,72.
Methyl 4-0-Benzoyl-6-bromo-2,3,6-trideoxy-3-nitro-a-D-

arabino-hexopyranoside (39) . - :

The benzylidene acetal 2? (1.55 g) ﬂ-bromosucciniﬁide
(1.60 g), and barium carbonate (2.00 g) were magnetically
stirred in boiling carbon tetrachloride (100 ml) for 3 h,
The,hét solytion.was filtered, the filter residue washed
with chloroform“(lo ml), and the combined filtrate was
.evaporéted to give a yellowish s&ru%, This was dissolved
in ether (20 ml) which was then washed with water (2 x 5ml},
dried (Nazsou). and evaporated again, The pale yellow
‘residue was dissoclved in methanol (S ml) from which 2? : ‘ :
crystallized as needles after storage at bb for several hours. ‘
The product (1.5? g, B0%) was éollected. washed with cold
methanol, and dried in the air at room temperature; m.p.
'93-93-50. [a]D +70.5° (c 1, chloroform).

In an earlier experiment, 2,00 g of 38 and 1.50 g
of NBS but only 1.00 g of barium carbonate were used, wifh
conditions otherwise being the same as above. T.l.c. (20%
ethylacetéte in carbon tetrachloride) revealed the presence
‘bf a more slowly moving by~product (4#0) beside 39. The syrup
cbtained upon evaporation of the reaction solution was ’
.thérefore chromatographed on a column of silica gél (50 g)

' using the above t.l.c. solvent. The fractions containing
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_of 1.63 g (60%); m.p. 93 . [a]D +71,5° (chloroform); v

‘the main'product (faster moving) furnished 39, which

?xstallized from methanol as_just descrlbed. in a. yleld

max
-

1?32 (CO) and 1550 Cm (N02). The n.m.r. datai & 8-0
and 7.5 (ml 2+ 3 Eu PhCO}; 5.58 (t, 1H, £3.4 = gu.S = 10 Hz,
H-&%); 5.2 (m, .1H, J3 4 =10, J2a 3 =6, J29 3 = L4k Hz, H-3);
5.00 (narrow m, H-1)}, 4.1 (m, 1H, Iy 5 = 10 Hz, H=-5); 3.5
region (overlapping signals, S5H, H-6, -6' and, at & 3.44,
OMe); 2.6-2.2 (ill resolved, ZH H-2, =-2'),
Anal, Caled. for Cluﬁ gBTNO¢ (374.2): C, %9r93: H, 4.31;

Br, 21036. Found: C| ""5.06} H| 4.19! Br. 21.61-

Methyl 4-0-Benzoyl-6-bromo-2,3,$-trideoxy-3-nitro-g-D-
h N —

Sl

arabino-~-hexopyranoside (40)

Continued elution of the chromatographic column
mentioned in the second experiment of the preceding sectidn

ylelded the B-anomer 40 which crystallized upon solvent

(¢ 0.k, chloroform)s v ' . 1715 (CO) and 1560-cm‘1

The n.m.r. data: & 8,00 and 7.55 (m, 2+3 H, PhCO)i 5.57

(N02)-

(t, 1H, iB 4 = g4’5 = 10 Hz, H-4); 4.87 (octet, 1H, £3'4 =

10, J, = 5 Hz, H- 3); 4,60 (q, 1iH, Jy,2a = 10,

!3 ”Zé 3

J = 2 Hz, H-1); 3.79 (m, 1H, Jy,5 = 10 Hz, H- 5)s 3.59

-'1 .28
(s, 3H, OMe); 3.53 (m, 2H, overlapping the OMe signal, H-6,

-6'); 2.5 region (broad m, 2H, H-2, =2').
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Angl, Calcd. for C M, ¢BrNOg (374.2)1 C, 4i.93; H,
4,313 N, 3.74. Found: C, 44%,59; H, 4.43; N, 3.82,
Hydrogenation of methyl 4-0O-benzoyl-6-bromo-3,6-dideoxy-
j-nitroéu-g-gluéopyranoside (43j

A solution of E} t500 mg, 1.2 mmole) in methanol
(10 ml) containing 1.4 mmole of triethylamine was shaken
for 2 h with hydrogen in the presence of 10%‘palla$
charcoal (70 mg) at 8-150. The filtered solution was‘partially
evaporated to a volume of approximately 2 ml, gry ether
(5 ml) was added, and the triethylammonium salt was removed
by filtration. On evaporation the filtrate gave a#oi\mish '
residue (80 mg) which was seen by t.l.c. (20% ethylacetate .
in carbon tetrachloride) to consist of one major spot and
two minor ones. The n.m.r. spectrum of the crude mixture is ‘
shown in Fig. 1. Attempted purification of the mixture by ‘
passage gbgpugh a columq of silica gel (10 g) with the above
tsl.c, solvent was_uﬁsuccessful. All collected fractions
proved to be blank. Subsequent elution with methanol was
likewise fruitless. ‘ |
Attempts to reproduce this result on the same scale,
and in one instance on a larger scale, were not successful. .
The reaction was alsd attempted with Eompounds 2? and
%é under various conditioné. such as the use of different solvent
(efhylacetate) or base (barium carbonate or sédium bicarbonate)

but without success. Complex hixture of products that were
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~ ill separated in t.l.c. (20% ethylacetate in carbon tetra-
chloride or 1 1 2 ethylhct&te-petroleum ether) ensued in

each attempt, and riothing could be isolated or ideﬁtifigg.
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PART II

SYNTHESIS OF NITROOLEFINS VIA METHANESULFONATES

b

Attempted reaction of methyl 4,6-0-benleidéne-3—deoxg:

}-nitro-a-g-glucopyranoside (42) with dicyclohexyl-
carbodiimide (DCQ)

87,88 (50 mg) in anhydrous ether

The glycoside 42
(6 ml) was magq?tically stirred with 66 mg of DCC, After
a reaction time of approximately 90 h at 25% there was
no change visible in t.l.c. (1 1 2 ethylacetate- petroleum
gther). The solvent was evaporated and the residue was
passed through a 15-g silica gel colﬁmn with chloroform

for recovery of starting material.

Attempted reaction of methyl 4-O-acetyl-3,6-dideoxy-3-

nitro-c-L-glucopyranoside (52) with triphenylphosphine

Compound 5325 (22 mg) in carbon tetrachloride:(h ml )
was treated with triphenylphosphine as directedzs. After
50 h of reaction timé}t.l.c. with 20% ethylacetate in carbon
_ tetrachloride showed no change in the reaction.mixture.
The experiment was therefore discontinuedﬁﬁithout recovery

of. starting material.

-

~A
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Methyl 2,3,4-Tri-0O-acetyl-6-chloro-6-deoxy-a-D-gluco-

pyraﬁoside (63)

Methyl o-D-glucopyranoside was chlorinatéd‘fo gi#e”

methyl7§—chloro-6-deoxy-a—g-glucopyranoside essentialiy ag

R TN

described in the literatureéj, but the crude product was
converted without prior chromatographic isolation into its
2.3.4-triacef§te. as follows. Methanesulfonyl chloride )

(37.5 ml, 0.5 mole) was added to a stirred solution of the

glucoside (19.4 g, 0.1 mole) in,g.ﬁ-dimethylformamide (200

ml) under external cooling (18%). The cooling bath was re-

moved and the temperature allowed to rise to 70 g 5%, at

which the reaction mixture was kept for 16 h. Then n-propyl

alcohol (80 ml) and water (20 ml) was added, and stirring

‘was continued for another 3 h at the same temperature. The

reacti'on mixture was evaporated- to near~dryness (SOO’bath, ‘
water aspirator), and added l-propanol (50 ml) was evapo-
rated from the residue., The dry, solid material was

acetylated by stirring it overnight with %fetic anhydride

(50 m1) in dry pyridine (100 ml), at 25°, Excess anhydride

was thereafter destroyed by the addition of methanol (50 ml)

followed, after 1 h, by l-propanol (50 ml). Coevaporation

of the mixture with several additional portions of propanol

gave a residue which was then dissolved in chloroform (50 ml).

The solution was washed with water (3 x 20 ml), dried over

Na,S0, s and evaporated'to give the crystalline 63 (28 g, 83%),
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m.p. 96-97° after recrystallization from methanol, [a];
+ 178°, ) '

The above triacetate (7 g) was reduced (and éimul-
tanéously deacetylated) .to furnish methyl 6—de6xy-a—2—
glucopyranoside as .reported 63 for the non-acetylated
chloro compoﬁnﬂ except that~5 + 2 g'(instead of 3+ 2 ¢g)
of lithium aluminum hydride was émployed;

Methyl 3,6-Dideoxy-3-nitro-a-D-glucopyranoside (62)

Methyl 6-ﬂqoxy-a-2-g1ucopyranoside was oxidized on
a 20-g scale with sodium mefaperiodate.'and the product
"was cyclized with nitromethane in the presence of sodium

22 of the

methoxide, exactly as detailed for the preparétidn
;-enantiome? of Qg from methyl u-;—rhamnopyranoside except
that a reaction time of 3 h'(instead of 40 min) was allowed
for the cyclization. The nitro glycoside Qg was obtained in
35% yield by direct crystallization from the mixture of
producté, mep. 140-142°, [u]D + 163.2° (c 1, water). Lit.2%¢
for L-62, m.p. 141-143°, [a]D - 164.3° (water). The i.r.
spectra of the enantiomers were superimposable.,

Methyl 2,4-Di-0-acetyl:3,6-dideoxy-3—nitro—a—2-gluco—

pyranoside (64)

Compound 64 was obtained in 94-99% yield by boron
trifluoride-catalyzed acetylation of é?rwith acetic anhydride
as described” for the L-enantiomer; m.p. 110-112°, ICH
+ 156° (g 1, CHC1,). Reported 25 for L-641 m.p. 113-113.5°,
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Loy~ 155.3° (cHel;) and®® mep. 109-110°, [a]p - 154°
(CHCL,). |

Methyl 4-0-Acetyl-3.6-dideoxy:j-nitro-u-g-glucqpyrano—

side (65) .

The procedure of partial methanolysis reported25

for the E-series was slightly modified. The diacetate

@g (2,0 g) was dissolved in methanol (20 ml, dried over

and distilled from magnesium) and acetone (2 ml, dried

over molecular sieves type 4-A). Acetyl chloride (1 ml)

was added, and the solution was agitated at 40° under

exclusion of moisture. Progress of the reaction was mon-

'itored by t.l.c. (5% methanol in chloroform) which indicated

complete disappearance of 64 aftef 3 h and appearance of ‘
two slower spots of similar strength (§§ and 62). The o
reaction mixture was then evaporated to give a syrup which

was chromatographed (with the above t.l.c. éolvent) on

a column of silica gel (50 g). The faster moving component

(éj) was obtained from the column in pure form (0.85 g,

50%) and crystallized on standing overnight after solvent

evaporation; m.p. 110-111°%, [a]D + 176+5° (¢ 1, CHClB). \

1it.2% for 1-65: m.p. 112-113°, [aly - 178.5° (cHCL;). The

i.r. and n.m.r. data of the two enantiomers were identical.

3



" 2t-Nitrocyclohexane-1ir,3c-diol Monomethanesulfonate (54&) .

The di0161+9° 53 (500 mg) was dissolved in dichloro-

methane (7 ml), and .methanesulfonyl chloride (MsCl,
"0425 ml) was added with stirring at room temperature. After
5 min,triethyamine (0.5 ml) was added under cooling of the
reaction vessel with cold water. After 30 min, some remnant
é? an& a strong, slightly faster moving spdt due to é& were
seen by't.l.c._with ethylacetate-carbon tetrachloride (1:1).
. There were two additional, faint, fast-moving spots that
were not identified. Anhydrous ether (10 ml) was added, an
- insoluble precipitate was removed, and the clear fiitrate
. was evaporated with addition of several portions of n-ﬁropy1
alcohol,., The resultiné syrup.was chromatographed.on a column
of silica gel (10 g) by means of the above t.l.c. eluent.
The fractions containing fast-moving by-products were dis-
carded. Subsequent fractions that contained 29 only yielded
a syrup from which two portions of added propancl were
evapofated. The material then crystallized on standing over-
night at 259, yield, 445 mg (60 %) of crystalline 2&. Me Pa
81-83°%, v___ (neat syrup) 3200-3600 (OH), 1550 (NO,), and
1165 em™" (OMs). Nom.r. data: & 4,95 (sextet, 1H, J = 10
and 5 Hz, H=1)1 4.47 (t, 1H, J = 10 Hz, H-2); 4.1. (rln, sextet
after D,0 exchange, 1H, H=3).

Anal. Calcd. for C,H,,NO.S (239.2): C, 35.1k4; H,

713
5.47; S, 13.40. FPound: C, 35.19; H, 5.41; S, 13.18.

95
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2-Nitrocyclohex-2~-ene-i-0l (55)

| A solution of §§ (300 mg) in dry benzene (3 ml) was
heated for 3 h Ft reflux in the presence of dry sodium
hydrogen carbonate (0.5 g)e T.i.c. with ethylacetate;petro-
leum ether (1:2) revealed total conversion of 54 into one
faster migrating product. The cooled reaction mixture was
Tfiltered and the filtrate evaporated to give 55 as a color-
less o0il (175 mg, 97%). Its n.m.r. spectrum (CDClB),agreed
in every respect with that of 55 obtained previously by a
different methodél.

An attempt was made to prepare éé directly from 2?,
without the isolation of é&, by carrying out the mesylation
in ether solﬁtion (partial suspension) using double the
amount of mesyl chloride and trietﬁylamine.'Although 53
reacted completely according to t.l.c., the olefin é;
‘produced was accompanied by a product of very similar
mobility f;%s mesyl derivative?), and é; could only in part

be separated by chromatography (yield, L4O0%).

Methyl 4,6—0-Benzylidene—26tgideoxy-3-nitro—q—2—egxthro-

hex-2-enopyranoside (47)
87,88

Nitro glycoside Eg (100 mg) in anhydrous ether
(5 ml) was treated with methylsulfonyl chloride (0.05 ml)
for 15 ﬁ%h at 20°, then triethylamine (0.06 ml) was added
under cooling with water, and the mixture was stirred at

room temperature for 45 min. At this time t.l.c. (1 1 2

96
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ethylacetate-ﬁetroleum ether) indicated cohfefgion of most

of 42, and the reaction was allowed to proceed for another
30 min. The supernatant solution was. then decanted from

a sticky, brown precipitate, washed with saturated, aqueous
sodium bicarbonate solution followed by water.'and dried,over
Na,S0y. Evaporation gave crystalline E? (84 mg, 90%), m.p,
183—1849, undepressed upon admixture of authentigigigh The
N, My T, spéctrum‘was superposable on that of authentic Q?.

Mefhyl 4,6-0-Benzylidene-j-deoxy-Z;O—methylsulfonyl—j-

nitro-u-g-glucopyranoside (56)

' To nitro glycoside &? (200 mg) in dichloromethane

(3 ﬁl) wﬁs added MsCl (0.06 ml) and, after 5 min, triethyl-
amine_(0.0B ml ) was.added with stirring and external cooling
by cold water, After 5.min. telsce (112 ethylacetate-petro-
leum ether) showed a spot pf 2? together with a stronger
spot of faster-moving &?. Anhydrous ether (10 ml) was added
to the reaction mixture which was stirred at 0° for. 15 @in;
the pécipitate was then removed by filtration and the -
filtrate evaporated to give a partially crystailine residue
from which 2 portions of l-propanol were evaporated, The
mixture was chromafographed on silica gel {7 g) with the
above t.l.c. solvent, This gave first &7 (123 mg, 65%)
MeDo 183°, and secondly, §§ (50 mg, 20%), meD. 215-216%
[a], + 73.1° (¢ 0.6 in chloroform), N.m.r. data: & 7.40

(5H, Ph)1 5.55 (s, 1H, PhCH); 5.1 region (unresolved, 3H,
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Hely =24 =301 837 (a4 1, Jg ¢ =3 Hay Jg g0 = 9 Hadi ba15
(my 1H, H-5)3 3.7-%,0 (2H, H-4 and -6'); 3.5% (s, 3H,
OCH4)3 3.03 (s, 3H, OMs).

Anal. Calecd. for CISH‘ NOgS (389.4): C, 46,26; H,

19
4.91[ S. 8.23- Found: C' 46.10' H’ LF.??; S. 8.15-

-~

Methyl b.6-0—Benzylidene-2,j-didéo;y-j-nitroés-Q-egxthro-

-~

hex-2-enopyranoside {58)

Ly, 58,88

From the nitroglycoside 57 (200 mg), the

olefin §§ (7% mg, 78.5%) was obtained by exactly the same
procedure as described above for éﬁ; the product was

Ly, 58

identified with an authentic sample by an undepressed

. mixture melting point, 142-144°,°

Methyl 4~0-Acetyl-13,6-dideoxy-2-0-methylsulfonyl-~3-nitro-
— A

a-g—glucobyranoside (66) '

To a stirred solution of the 4-acetate é; (1.0 g)
in anhydrous ether (15 ml) was added MsCl (3.5 ml) and,
after 5 min, triethylamine (1.0 ml). The mixture was stirred
for 10 min, after which §§ proved completely converted into
66 (t.l.;. with 1 : 2 ethylacetate-petroleun ether}. The
solution was decanted from a sticky preciplitate and evaporated
to dryness“with several additions of 1-propanol. The re-
maining syrup crystallized upon tritﬁration with hexane.
Recrystallized from-eth&lacetate-petroleum ether, compound
66 (1.05 g, 80%) showedlm.p. 1610, [aJD + 154° (c 14‘0D013)-
v . 1740 (OAc), 1560 (NO,); and 1175 em™l (OMs). Nom.r.



data: & 5 region (unresolved, %H. ring protons); 3.88
(my 1H, H-5)3 3.50 (sy 3H, OCH3)3 3.01 (s, 3H, OMs); 2,10
(ss 3H, OAc)s 1.24 (4, 3H, J = 6.5 Hz, Q-CHB).

Anal. Caled. for C,gH,,NOGS (327.3): C, 36.69; H,
5.231 Sy 9.79. Found: C, 36.82; H, 5.25; S, 9.81.
Methyl 3,6-Dideoxy-2-0-methylsulfonyl-3-nitro-a-D-gluco-

pyranoside (68)

A solution of the 4-acetate 66 (900 mg) in acetone
(1 ml) and 3% methanolic hydrogen chloride (9 ml ofa solution
that had been ma&e by adding 1 ml of acetyl chlo;ide to 20 ml
of dry methanol) was kept at 40-50° for a few h;irs until
telace (5% methanol in chloroform) showed absence of starting
material and sole presence of -one new spof. The reaction
mixture was then evaporated/to‘give a brownish syrup which
was passed through a 10-g silica gel column with ether to
remove colored impurities. Evaporation of the effluent gave
772 mg of 68 which was recrystallized from ethylacetate-
petroleum ether to give pure §§ (768 mg, 98%), m.p. 106-107°,
[a]D +148° tg 1, chloroform), v__. 3500 (OH), 1560 (NO,),
and 1170 cm™! (OMs). Nem.r. datas 6 3.49 (s, 3H, OMe); 3,03
(sy 34, OMs); 1.36 (4, 3H, J = 6 Hz, C-Me).

Anal, Caled. for Cgi, (NOGS (285.3)1 C.33.68; H, 5.305
S, 11,24, Found:s C, 33.80; H, 5.30; S, 11.39.

Methyl 2.3.B-Trideo;x—j-nitro-ang-erythro-hex-2—enopyrano-

gide (69)

- A solution of §§ (700 mg) in benzene (5 ml, dried over

3 | o - 99

et
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CaHz) and dry sodium bicarbonate (2,5 g) were heated over-
night at reflux. The mixture was allowed to cool, then ‘
filtered, and the filter residue was washed twice wi&h
chloroform. The combined filtrate was evaporated to give

a brown sypgup that was decolorized by passage through a
15-g silica gel column with ether. Evaporation of the effluent
gave crude crystalline §? which was recrystaliized from
chloroform-petroleum ether. The yield of pure 69 was 427 mg
(92%); m.p. 124-125°, Reported25 for the L-enantiomer, 124-
125°," The n.m.r. data-of*ég—ﬁ§re identical with those
described25 for its ;—enantiomer. '

Methyl 3,6-Dideoxy-2,4-di-06~methylsulfonyl-3-nitro-a-D-

glucopyranoside {71)

The glucoside 62 (200 mg) in dichloromethane (10 ml)
was treated with MsCl (0,08 ml, 1 molar equiv) and triethyl-
amine (0.14 ml) as described for previous experiments,

After a reaction time of 5 min there was no qhange vigible

" in tel.c. (112 ethylacetate-petroleum ether). Therefore,

five additional 0.08-ml portions of MsCl and equivalent
amounts of triethylamine were added in 5-min iﬂtervals, with-
out cooling. Eventually progress of reaction resulting in
complete consumption of 22 was noted. Ether was then added

to the raection mixture to precipitate salt which was removed.
On evaporation the filtrate gave a brownish residue which was
repeatedly evaporated with l-propancl until the smell of

MsCl was no longer noticeable., The residue then crystallized

»
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copiously upon trituration with ice water. The material was

_ washed with cold water, dissolved in ethylacetate, dried

with,Nazson. and recrystallized by addition of petroleum
ether, The yield was 260 mg (74%); m.p. 132-132.5°, [a]D

7 #110.5° (g 0.4, chloroform)i v . 1555 (NO,), 1170 (OMs).

N.m.r. data: 8 4-?—5-1 (L"Hp ill reso:‘.ved. H-l, -2' "3| —u)t
3.93 (Octe't. 1H|-H-5, 'JJ"';5 = 10 HZ. £5'6 = 6 HZ): 3051 (S'
3H, OMe); 3.01 and 3.03 (2s, 6H, 2 OMs); 1.44 (4, 3H, d =
6 Hz, C-Me).

Anal, Calcd. for C9H17N01052 (363.4): C, 29.74; H,
4,713 S, 17.64. Found: C, 28.73; H, &.79: S, 17.66.

Methyl 3.6-Dideoxy-2-0-methylsulfonyl-j—nitro-a-g-galacto-

pyranoside (72)

The galactoside %? (300 mg) in dichloromethane (7 ml)
was treated with MsCl (0.1 ml) and TEA (0.2 ml in 1 ml of
dichloromethane).- The mixture was stirred for 90 min at 25°,
after which period t.l.c. (1:2 ethylacetate-petroleum ether)
indicated reaction to be incomplete. When the t.l?c. fattern

remained unchanged after ¥ h, a second and a third set of

. MsCl and TEA were added with a 30 min interval. This caused

the reaction to become nearly complete, with only a trace of
%} remaining. final addition of a fourth set of reagent
portions resulted in complete disappearance of a;..There-was
one major product spot (2?) and a quite étrong gspot that

migrated faster (and was seen, by application of\another
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solvent. to be inhomogeneous). The reactionlmixture was
’partially.evaporated‘to a volume of 5 ml, ether (10 m1)
. Was added.'and the mixture kept in a refrigerator for 2 h
and then flltered. The filtrate was evaporated with several
addltlons of 1-propanol. and the reeultlng syrup was chromato-
graphed on‘sillca gel (10 g) using chloroform as dluent,
Fractions conteining fastmoving material yielded a thick oil
(135 mé) which was seen by t.l.c. {(with chloroform) to consist
of two components moving close together. The n.m.r. spectrum
of the 0il suggested the presence of two poo-mesylated. un-
saturated glycosides, one of which appeared to preponderate o
There:were signals (total intesity, 1H) in the & 7.0-7.3
region (n;trooleflnlc protons). unresolved elgnals (4H) at

5 3.6-543, two 31-[ 81gnals close together near & 3.5 (OCH Yo <,__._
and two overlapping 3H doublets centered at § 1.5 (g-CHj).
Further elution of the column gave syrupy 72 which crystallized .
on standing for a few hours; large plates (200 mg, 48%),
max 3570
(OH), 1555 (NOZ). 1léd-i170 em~! (OMs), N,m.r, data: 6§ 5.30
=3.7 Hz, £2,3 = 11 Hz, H-2): 5.13 (d, 1H, H-1);

mep. 175-176°, [a]D -2@5.60 (é 0.2, chloroform); v

(qy 1H, J1 2
4,92 (q, }H. _3'4 = 3 Hz, H=3); 4.4 (m, 1H, H-4); 4.13 (q,
1H, H=5)s 3.50 (s, 3H, OCH3): 3.14 (s, 3H, OMs); 1.32 (d,
3Hy 3 =7 Hz. c- CH ). ;

Anal. Calecd. for C8H15NOBS (285.3) 1+ C, 33.68; H,

5.30; S’ 1.1-24. Foundll C’ 33.5“’: H, 5.19' S, 11.12.
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Attempted elimination of the mesyloxj group by
'refiuxing Zg“in the_presénce of sodium bicarbonate in
. benzene or toluenelfor 6 h was unsuccessful, The compound
remained unchanged.
Methylﬂth—Acefxl-Z.3,6-trideoxyuj—nitro—a-g-erythro-
hex-2~enopy:gnéside (67) g\

Theuu-aéetate 2?25 (100 mg) in anhydrous ether (5 ml)
and MsCl (0.02 ml) were stirred for 15 min after which
triethylamine (0.5 ml) was added with water-cooling. Stirring
was continued for 45 min at room temperature., Processing
of the mixture as previously described furnished crude é? as
a yellowish syrup which.after purification by paséage through

silica gel (5 g) g!ve crystalline 67 (60 mg, 65%), m.p. 81- ‘
829, (Reporte'd25 for L-enantiomer, 81—81.50). - .

Methyl 3,6-Dideoxy-4-0-methylsulfonyl-3-nitro-a-D-gluco-

pyranoside (70)

~ The glycoside ég (2.0 g) and methylsulfonyl chloride
(075 ml, 1 mgl.'equiv) were stirred together in dichloro-
methane (60 ml), with external cooling: to 10-15°, and
triethylamine (1.3 ml) was added after 5 min. As no sign
of reaction was dqﬁ/cted by t. l.o(\(5% methanol in chloro-
form) after another 5 min, coollng was dlscontlnued and
three addltlonal O, 7-ml portlons of mesyl chlorlde along
with equivalent amounts of triethylamine were introduced

in 15-min intervals. Gradually during this operation z
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a faster spot representing 70 appeared in t.l.c., and the
‘intensit§ of the spot of 62 diminished. Eventually a faint
-spot (still faster) corresponding to the dimesylate 71
made its appearance. At this stage the reaction was ‘
quenched by the addlt}on of methanol (5 ml), and after 1h | f
the mixture was evaporéted. Several pg;tions of l-propanol '
were successively added to and evaporated from the syrupy
residue which was finally dissolved ip‘chloroform (3 ml)
and chromatographed on silica gel (85 g) by means of
.chloroform as eluent. Fractions éontaining the fagt-moving,
minor proportion of 71 formed were discarded. Subsequent
. fractions that contained onlszp were combined and evaporated
to give a syrup which crystallized upon trituration with
hexane (10 ml) and standihg overnight under this solve_nt. ‘
The crystalline material (1.00 g, 36%) was recrystaliirad '
from ethylacetate-petroleum ether. The sharp needles showed
max 3300
(OH), 1550 (NO,), and 1170 em™> (OMs), N.m.r. daté;‘vo 4,75-

| MeDs 93-9%4.5°%; [a]D +96.6° (c 0.5, chloroform); v
5.00 (m, 3H, ill resolved.‘H s =3, -4); 4,2 (broad m, H-2)1
3.85 (broad m, 1H, H-5); 3.49 (s, 3H, OMe); 2.96 (s, 3H,
OMs); 2.48 (d, 1H, J = 11 Hz, removable with D,0, OH); 1.43
(d, 3#, J = 6 Hz, g—CHB).
Anal. Calcd. for Cgi, cNOgS (285.2)s C, 33.681 H, 5.30
S, 11,24, Found: C, 33.74; H, 5.30; S, 11.15. -
Furthef elution $f the column with ether furnished

1.20 g (60%) of unchanged é?,
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Methyl 3,4,6-Trideoxy-3-nitro-a-D-xylo-hexopyranoside {78)

Tp a magnetically stirred, ice cooled solution of the
mesylate 70 (800 mg) .in ethanol (20 ml) was added sodium
borohydride (0.14% g) in small portions. The reaction was
then allowed tb continue for 30 mih at 25°. Examination by

telscs (1:2 ethylacetate-petroleum ether)} revealed total

| consumption of 29 and formation of a fast-moving product

(Z?) accampanied by traces of faster and slower impurities.
The solution was deionized with 5 ml of Amberlite IR—120(H+)
whereby it became acidic. It was neutralized carefully with
trieﬁhylamine and evaﬁorated. Several porions of methanol
were then evaporated from the residue for removal of boric

acid, and the material was chromatographed on a column of

silica gel (17 g) by use of chloroform as eluent. The fractions

containimg the high-mobility contaminants wereAdiscarded.

and the fractions containing the main product were evaporated
to give 320 mg (60%) of a colorless syrup of 78 which
crystallized from ether-petroleum ether as large needles,
m.p. 55-56°, [a]D +197,2° (¢ 0.5, chloroform). Repor‘ted69
for g—Z§. Dle Do 56.57°, [a]D -198°% (chloroform). Spectral

data accorded with those of the enantiomer.

Methyl 2,3,Q-Trideoxy-3-nitro-a-g-arabino-»hexopyranoside

{79)

See Experimental, Part III,

q



T 106

Methyl qlé-O—Benzy;idene-Z,j-dideoxy-j-nitro-a-g-arabino-

hexopyranoside (38)

A solution of 42 (1.80 g) in anhydrous ether (50 ml)
containing triethylamine (2.7 ml) was cooled to 10-15°,
and methylsulfonyl chloride (1.3 ml) was added dropwise
with stirring during a period of 30 min. T.l.c., (112 ethyl-
acetate-petroleum ether) indicated complete conversion of E?
into the faster-moving product of dehydration. The reaction
mixture was filtered and the filtrate was evaporated to
give a yellowish o0il which was dissolved in dichloromethane
(10 ml). Careful addition of triethylamine (2 ml) at 10-15°,
followe& by anhydrous ether (25 ml) gave a precipitate of
salts, giis was separated by filtration and washed with
water, whereby it partially dissolved. The aqueous washing
filtrate was discarded whereas the water-insoluble filter
residue was dissolved in ether (3 ml) and, after drying
with CaClz. was combined with the main solution containing
the product. Evaporation of the solvents gave a solid which
was immediately dissolved in absolute ethanol (50 ml} and
treated with sodium borohydride (1.0 g) in small portions
at 15°, After stirring for 2 h the reaction mixture was
filtered, the filter residue washed with ethanol (2x10 ml),
and the combined filtrate evaporated completely. The syrupy
material containing some solid was extracted twice with

15 ml of ethylacetate from which upon evaporation the
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glycoside §§ was obtained in crystalline form (1.55g, 91%);
m.p. 107-109°, [u]D +68.5°(chloroform). Reportedésa MaPe
108-111°, [a]D +67.0° (chloroform). ' ‘

o
Methyl 2-0-Acetyl-3.4,6-trideoxyej-nitro-a—g—threo-hex-

j-enopyranoside (76)

A mixture of 2,4-di-O-mesyl glycoside 71 (200 mg),
sodium aceta;e (50 mg), and acetic acid {9 drops) in acetone
(5 ml) was heated at reflux for 10 min, T.l.c. with chloroform
~indicated complete conversion of Z} into a new product. The
reaction mixture was evaporated and the residue extracted with
ether. The filtered extract was coevaporated with several
portions of ethanol to give a syrup which was taken up in
ethanol (0.5 ml) and kept overnight af 0°, Compound 2§ (95 mg,
75%) was deposited in crystalline form and recrystallized
from ethylacetate-petroleum ether; m.p. 81-82°, [a]D +163°
(c 1.3, chloroform). Reported 25 for gnzés m.p. 81-81,5°,

[/

[a]D -165° (chloroform).
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PART III

THE SYNTHESIS OF D-ANGOLOSAMINE

Methyl 2.3,4JTrideoxy-3-nitro‘a-g—arabino—hexopyranoside

(29)

(a) From the nitroolefin 69

Sodium borohydride (0.33 g) was added to a solution
of §9 (500 mg) in 99% ethanol (13 ml), which was stirred ét
room temperature. Examination by t.l.c. (1 1 2 ethylacetate-
petroleum ether) revealed that the reaction was complete
after 10 min. Methanol (3 ml) was added, stirfing was con-
tinued for another 15 min, the solvent was then evaporated
to near dryness of the residue, and the latter was taken up
in chloroform (10 El). The suspension was filtered through
a layer of Celite and the filtrate evaporated. The resulting
syrup was dissolved in a small amount (1.5 ml) of fresh
chloroform, and a voluminous precipitate which formed upon
addition of acetone (8 ml) was removed and discarded. The
filtrate was evaporated, and several portions of methanol
were successively evaporated from the remaining residue
which was finally passed through a column of silica gel
(8 g) by means of chloroform. A fast-moving impurity that

had been seen in telec. was thus removed. The chromatogra-

phically homogeneous fractions containing the main product

’
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yielded a syrup (377 mg, 75%) believed to consist chiefly
of’Z?. Attempts at cryatallization were unsuccessful, Thé
material showed [a]D +23° (c 0.6, water); ~34,5° {c 0.6,

CHCl3)s v, (neat) 3200 (broad, OH) and 1550 cm™l (NO,).

max
The n.m.r, data: 84.50 (2H, unresolved multipiet), 3.83
(1H, m, H-5), 3.5 region :(unresolved multiplet), 3.41 (BH;
8, o-CHB){ 2.33 (2ﬁ._q. H-2,2'), 1414 (3H, 4, J = 6.5 Hz,.
C- CH3). '

Anal, Caled. for C7H13N05 (191.2)1 C, ¥3.97; H, 6, 85,

N' 7 32. Found: Cl 43 11; H' ? 65; N. 6 68.

e

(b) From the 2-mesylate 68

Sodium borohydride (0.66 g) was added in small por-
tions to a stirred solution of 68 (1.65 g) in 99% ethanol
(25 m1), with cooling in a cold water bath. The further ’M"mﬂ«
course of operatipns was as described under (a). There was ‘
obtained 829 mg (?5%9 of.a syrup wﬁich was-idéntical with

the previous preparation according to ir and n.m.r. spectra.

Methyl j-Amino-z 3, 6- trideoxy-a-D-arabino—hexopyranoside'
Hydrochloride (82) ‘ ’

The syrupy nitro-glycoside 79 (150 mg, approximately
0.8 mmol) was dissolved in absolute methanol (15 ml)} to
which exactly 0.055 ml (0.78 mmol) of acetyl chloride had

been previougly added. The solutlon was introduced in a hlgh_

pressure hydrogenation flask contalning platinum catalyst

(150 mg of P10, prereduced in a{éw ml of methanol) and
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_ shaken for 3 h under hydrogen at 40 pP.8S.i. and room temper-
ature. The filtered solution gave upon eiaporation a dry
residue which was dissolved in 99% ethanol (1.5 ml). Drop-
wise addition of ether at 0° caused crystallization of 82
which wae isolated after 3 h. The yield was 105 mg (68%);

' mape 193-195° decomp., [aly +112.7° (c 0.5, meth-anol). Li'!:.?s
for Q-Q?:m.p. 196-198° decomp., [a]D -115.5° (methanol).
3-Amino-2.3.6-Trideoxy—g-arabino-hexose Hydrochloride ( 83)

(D-Acosamine Hydrochloride)

The amino glycoside 82 {50 mg) was hydrolyzed in 0.1 M
hydrochloric acid (3 ml) for 1 h at 90°, The hydrolyzate was
evaporated to a brownish syrup with the addition of several
portioﬂs of 40% aqueous ethanol. The product was finally
dissolved in ethanol, decolorized with activated charcoal,
and recovefed by evaporation to near dryness, Trituration of
the residue with a few drops of ethylacetate gave crystalline
83, [a]y +31° (initial)— +22° (final, 3 h; ¢ 0.7, water).
L.’t.t..?8 for E-%?: [a]D -18.3° at equilibrium (c 0.43, water).

This compound had been cbtained previously43

in a crystalline
form (presumably the a-anomer) showing [a]D +81.7° (in water)
without mutarotaio’l. We have now hydrolyzed (1 h at 100° in
0.5 M hydrochloric acid) a sample of the N-acetyl derivative
of é? that was still available from the previous work43 and
found [d]n +18% for the product in the hydrolysis solution.

The reason for the apparent lack of mutarotation of the
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earlier sample of 83 is not clear,

2.3.6-Trideoxy-3-dimethylamino-g-arabinoehexose Hydro-

chloride (84%) (E-Angolqsamine Hydrochloride)
"A solution of the amino glycoside hydrochloride 82
(55 mg) in 37% aqueous formaldehyde (1.5 ml) was slightly
basified with a few drops of 0.1 N sodium hydroxide solution,
and 90% formic acid (3.5 ml) was then added. The mixture
\\\_—‘;,,was heated to reflux for 5 h and then evaporated and co-
evaporated with added portions of ethanol, The resultant
‘material was taken up in cold ethanol (1 ml) and kept at
0° for 30 min, after which time an undissolved residue was
filtered off and the filtrate evaporated to dryness. The
product was hydrolyzeﬂ'fg 0.1 M hydrochloric acid (2 mi}
for 1 hat 90°. Removal of the acid by coevaporation with
L0o% aqueous ethanol gave a semicrystalline, brownish mass
which was decolorized in ethanolic solution with activated..
charcoal, Concentration of the filtrate. ice cooling, and
dropwise addition of absolute ether readily gave crystalline
84 (19 mg. 32%) which was washed repeatedly with cold ether;
MePe 170-173.5% [a]D +5.5% (equilibrium; ¢ 1, water).
Lit?ﬁ'z mep. 172-174°, [a]D +4,6° (water). The infrared
.spectrum of 84 is shown in Fig. 153 it agreed very well with
the spectrum of the natural product reproduced in ref. Th.
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PART 1V

THE SYNTHESIS OF 3-AMINO~2.3.6—TRIDEOXY-2—RIBO—HEXOSE

(D-RISTOSAMINE)

Me thyl 4.6-0-Benzylidene-z-deoxy-ﬁ-Q-arabino;hexopyrano-

side (89)

Methyl 3,#.6-trifg-acetyl-2-deoxy-S-Q-arabino-hexo-

pyranoside (88), m.p. 97-98°, [a]D -27° (¢ 1, chloroform),
85

was prepared ~ from commercial 3,4,6-tri-0-acetyl-1,2-di-
deoxy-D-arabino-hex-i-enopyranose via methyl 3,4,6-tri-0-
acety1-2-chloromercuri-2—deoxy-ﬁ-g-glucopyranoside. MePo
173-175°% [aly +10.3° (¢ 1, chloroform). Solid sodium meth-
oxide (200 mg) was added with stirring to a solution of 88
(1.7 g) in spectral grade methanol (10 ml). Aftgr 2 h, t.l.c.
indicated complete conversion of 88 into a more slowly migrat-
ing product (1 : 2 ethylacetate-petroleum ether), and the
solution was deionized by Amberlite IR-120(H*) cation ex-
change resin, filtefed. and evaporated. The colorless syrugy
obtained was stirred with benzaldehyde (10 ml) and anhydrous
zine chloride (1 g) for 14 h., Upon addition of ﬁater (10 ml)

the reaction mixture was extracted with chloroform (20 ml).

-«
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The extract was washed with water (10 ml) and evaporated,
Added portions of 1-propanol were repeatedly evaporated at
55° from the residue until tgé"small of‘benzaldehjde had
waned. Recrystallized from ethylacetate - petroleum ether,
the product (89) weighed 1,20 g (80%); m.p. 156-157°, [u]D
-66.2° (¢ 1, chloroform)., Litu86|m.p. 155-156°, [a]D -67°,
Methyl'4.6-0-Ben:ylidene-2-deoxy-3-0-methylsulfonyl-ﬁ-g-

ggaﬁino;hexqpxranoside (90) -

Methanesulfonyl chloride (0.9 ml, 3 mol. equiv,)
was added with external cooling (15%) to & solution of 89
(1.0 g) in dry pyridine (10 ml). After 30 min the reaction \\b
mixture was evaporated under addition of 1-propanol §20 ml).
The dry residue was washed with cold water, then extracted
info éther. Evaporation of the dried (CaClg2) solution gave
29(1.20 g, 92%) which was recrystallized from ethylacetate-
petroleum ether; m.p. 149? (dec.), [a]D -61.8° (c 0.5, .
chloroform), v, 1170 cm™" (OMs). N.m.r. data: §7.38 (5K,

Ph)s 5.56 (ss 1H, Ph-CH), 4.77 (octet, H-3, J, 5 = 12, ,‘

i29.3 = 5'5' _‘]_'3'4 = 10 Hz-)l 4.55 (ql H"'ll i.l'za = lol "I".1.28=

2.5 HZ). 4.3? (q. H_6e' -'15’69 = 4.5. £68..6e =10 HZ)D 3-82
(qs H-4, ij,‘l- =10, llhs = 12 Hz), 3.73 (%, H-6a, £5'6a =
10 Hz), 3.54 (s, 3H, OMe), 3.4-region (m, broad, H-5), 2,98

(s, 3H, OMs), 2.53 (octet, H-2e, J = 13 Hz), 1.94

(octet, H-2a),

-
-

Ana.lo Caled. for 015H2007S (344.“’)3 C| 52-31; H' 5.85.
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FOUI;dI C, 52.49! H, 5.92.

Methyl 3quido-4,6-0-benzylidene-2.3-dideoxy-a-g-ribo-

hexopyranoside (91)

A solution of the 3-mesylate 29 (1.40 g) in N,N-di-
methylformamide (30 ml, dried over molecular sieves type
Lk-A) containing sodium azide (0.80 g, 3 mel. equiv,) was
stirred at 120° for 17 h. The cooled reaction mixture was
evaporated with the addition of 1-propanol (50 ﬁl). The
erystalline residue was extracted with ether which, upon
evaporation and recrystalliration of the solute from etgzl— .
acetate-petroleum ether gave pure g} (1.00 g, 84%);: m.p.
93-94%, [e]p -93.7° (¢ 0.4, chloroform), Voax 2100 et
(N e N.m.f. data: 87.4-region (m, 5H, Ph}, 5.56 (s, 1H,
Ph-CH). 4,70 (q, H-1, J1 0a = 9, J d1,2¢ = 2,5 Hz), #.35
(q, probably H-4, J J =3.5 and 9 Hz), 4425-3.65 (m, 4#H), 3.51
(s, 34, OMe), 2,10 (octet. £2a.2e = 13 Hz, H-2e)}, "1.86
(octet, H-2a). - |

_An_a.l. Caleds for CyuH,,N;0, (291.3)3 C, 57.723 H,
5,881 N, 14,42, Found:s C, 57.53: H, 5.87: N, 14,17, ’
Meﬁﬂx&ij-Azido-#-O-benzoyl-é-bfomo-z,3.6-frideoxy-a-2- |
ribo-hexopyranoside (92)

A mixture of the benzylidene acetal 91 (0,80 g).

N-bromsuccinimide (1.5 g, 3 mol, equiv.) and barium car-
bonate (2 g) in dry carbon tetrachloride (25 ml) was stirred

at reflux temperature for 2 h. The color of the solution
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gradually became yellow and red, aﬂd then fainted again to
a pale yellow. qu mixture was filtered while hot and the
ihorganic residue was washed with chloroform {10 ml). Evap-
oration of‘the filtrate gave a:syrup whose ethereal solution
was washed with water (10 ml), dried (Na,S0,), and evapo-
rated. T.l.é. with 1 1 2 ethy;acétate - petroleum ether
showed a faint, slow-moving spot in addition to the main
product, Column chromatography on silica gel (20 g) using’
the, same t.l.c. developer yielded 92 as a fhick oil (Oefog.
69%) that still contained a trace of the unidentified by-
product. An analytical sample was further purified by pre-
parative t.l.c, and then showed [a]D -81,2° (¢ 0.7, chloro-

form); v (neat oil) 2100 (Nj) and 1715 em~ ! {ester CO).

max
Nem.,r. data: $8.07 and 7.5 (m, 2+3H, Ph-CO), 5.17 {(q, H-1,

‘ A _ . _ = =
il'za - 9l _J_l'ze - 3'5 HZ). 4078 (QO H u’l‘ ij.ll- 3! %.5
9 Hz), 4.4-4,1 (m, 2H), 3.49 (s, 3H, OMe, superposed on m,
2H), &2-region (m, 2H, H-2a, -2a).

Anal, Calecd, for ClquéBrNjou (370.2): C, 45.42; H,

“‘OBSI Br’ 21.58. Foundl C| “"5-5?3 H' 4-‘4’9: Br|'21¢80-

3-Amino-2,3,6-Trideoxy-D-ribo-hexose hydrochloride (2-

ristosamine hydrochloride) (93)

A solution of compound 92 (550 mg) in methanol (17 ml')
cohtaining sodium methoxide (50 mg) was kept at room temper-
ature for 3 h after which time t.l.c. (1 1 2 ethylacetate -

petroleum ether) indicated complete conversion of 92intc a

b
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r
single, new product (presumably the de- O-benzoylated bromo
derivative). The solution was deionized with Amperlite IR-
120 (H ) cation exchange resin and then hydrogenated ror
4 h at ambient temperature and pressuré in the preseobe of
palladlum on carbon (600 mg) and barlum carbonate (400 mg),
Evaporation of the filtered solution gave a pale yellow

’ sy}up which was extracted into ethylacetate. The product

(9%9).which could no¢ be obtaihod cfystalline. was fecovered“
from the solvent and hydrolyzed by heating in 0.1 M hydro-
chloric acid\for 1 hat 90°. Evaporation of the hydrolyzate
with addition of several portioms of aqueous, 40% ethanol
gave‘a bro;nish. semicrystallipe mass. The materiq% was
treated with activated charcoo; in ethanol, recovered by
solvent evaporation to drynesg. washed repeatedly by tritur-
otion with ethylacetate, and finally crystalliged from abso-
lute ethanol by careful addition of dry ether and cooling.
Compound 93 was obtained in the form of extremely hygroecopic

crystals (155 mg, 57%)i.[aly +28,2° (initial) » +36,5° (24 n,

~constant; ¢ 0.5, water).,L1t.3 for L-93, (=) 34.3%

#The value recorded32 for.the 1-93 is 34.3°‘(in water); the
negative sign was omitted, pfesumably by an oversight. Lee

and cowofkersau have indeed found negative values for differ-

- ent samples of synthetic L-93.

.
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‘Methyl j-Benzamido-G-bgpmo-Z13,6-tr1deoxx-ﬂ;g-ribo-hexo-

pyranoside (94 )

Compound 92 (50 mg) in 99% ethanol (15 ml) was hydro-
genated for 1 h at‘rooﬁ temperature under pressure (15 PeS.i.)
.in the presence of 10% palladium on carbon (50 mg) and

barium carbonate (30 mg). Evaporatioﬂ of the filtrate gave
| a colorless syrup whic was dissolved in a small amount of
ethylacetate., T.l.c. using* 5% methancl in chleroform indi-
cated total conversion of 92 into a main product (2&) that
wag accompanied by a small proportion of a ﬁore slowly migrat-
ing product (presumably 2?). Isolation of the main component
by preparative t.l.g. (same t.l.c. solvent) gave 29'(23 ng,
50%) as colorless cfystals. m.p. 146-147°, [a]D -52,4° (e 0.3,
chloroform); Voax (ehloroform) 3400 (broad; OH, NH), 1650
(amide I), and 1510 em~1 (amide II)., Nem.r. data:ﬁb?.? and
7.5 (m, 2+3H, Ph-CO), 4.7% (q, H-1, Iy, 2s=6 80d 4y 5. = 3.5Hz),
3.51 (s, 3H, OMe), 2.1-region (bro§d m, .2H, H-2a, -2e). Ring )
protons resonating in the 84,6-3,5-region (intensity 5H) .
gave ill resolved signals. There were minor peaks near q1.3-
1;4 due to a contamination (C-Me of g;?).

Anal. Caled. for C,,H,qoBrNO, (344#.2)s C, 48,855 H, 5.27.
Found: C, 50.35; H, 5.37. _

Methyl 3-Benzamido-2.3,6-trideoxy-s-g-ribo-hexopyranoside (95)

Compound 92 (50 mg) was hydrogenated as described for

the preparation of 94 except that the hydrogen pressure was

J
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35 peBel. and the reaction time, 3 h, Processing as for 94
furnished syrupy 95 (27 mg, 75%)1 [a]D —3i°'(g 0.6, chloro-
form), v, (chloroform) 3400 (broad; OH, NH{), 1645 (amid I)
and 1510 cm™' (amide II). Nuom.r, ‘datar 67.7 and 7.4 (m,
2+3H, Ph-CO), 3.46 (s, 3H, OMe}, 3.1 (1H, broad, removable
by D,0 exchange), 82.0-region (broad m, 2H, H-2a, -2e), 1.40
(d, 3H.lg = 6 Hz, C-Me). Overlapping signals of ring ;rotons
in the‘63.5-4.? region were difficult to assign.

j:ﬁenzamigqu.3.6-trideoxy-2-ribo-hexose (N-benzoyl-D-

rigtogamine) (96)

A sample of 95 (1? mg) was refluxed for 3 h in 50%
aqueous acetic acid (2 mi). The residue obtained on evapora-
tion was crystallized from ethylacetate - ether to give 96
(13 mg, 81%); m.p. 135-137°, [a]y +15.6° (initial)— +9,8°
(15-min, constant; ¢ 0.5, ethanol), Lit.83 for g—gﬁ ! MaPo
131-133%, [a]; -14°— -11° and32 m,p, 126-128°, [a], -10°
(ethanol), Reported’? for 96 m.g. 128-129°, [l +13.5° (equil., ethanol).
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