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Preface

This report covers the literature for 1984 available to us by
February 1985. Fortunately, no untoward circumstance has served
to delay publication of this report, and I wish to thank my
colleagues for their conscientious efficiency and unstinted effort
in its production. It has been a pleasure to welcome Dr. Richard
wWightman as a new member of the team. I am also pleased to report
that publication of this title of the Specialist Periodical

Reports is not at present under threat and that at least one
further volume will appear.

I would like to thank Mrs. A, Beattie, Ms. W. F. Janes, and
Ms. S. J. Wwharton for typing the chapters, and also Dr. P. G. Gardam
and Mrs. R. H. Pape of the Royal Society of Chemistry for their
advice and encouragement, and making our typescript into the
published text.

February 1986 Neil R.Williams
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In response to several queries, the situation
regarding reprints of chapters of Specialist
Periodical Reports titles is that they are

not made available because even a relatively

small consequent decrease in sales would have
a disproportionately large adverse effect on
the precarious finances of this specialist
series of books.
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Abbreviations

The following abbreviations have been used:

Ac
Ad
Bn
Boc
Bz
Cbz
c.d.
CI
DAST
DBU
DCC
DEAD
DIBAL
DMAP
DMF
DMSO
EE

e.s.Tr.

FAB
GC
HMPT
i.r.
LAH
LDA
MCPBA
MEM
MOM
m.s.
Ms
NBS
NIS

n.m.r.
o.r.d.

PCC
PDC
Py
SIMS
TASF
Tf
THF
Thp
TBDMS
™S
TPP
TPS
Tr
Ts
U

acetyl

adenin-9-yl

benzyl

t-butoxycarbonyl

benzoyl

benzyloxycarbonyl

circular dichroism

chemical ionization
diethylaminosulphur trifluoride
1,5-diazabicyclo 5,4,0 undec-5-ene
dicyclohexylcarbodi-imide
diethyl azodicarboxylate
diisobutylaluminium hydride
4-dimethylaminopyridine
N,N-dimethylformamide

dimethyl sulphoxide
1-ethoxyethyl

electron spin resonance
fast-atom bombardment

gas chromatography
hexamethylphosphorous triamide
infrared

lithium aluminium hydride
lithium di-isopropylamide
m-chloroperbenzoic acid
methoxyethoxymethyl
methoxymethyl

mass spectrometry
methanesulphonyl
N-bromosuccinimide
N-iodosuccinimide

nuclear magnetic resonance
optical rotatory dispersion
pyridinium chlorochromate
pyridinium dichromate

pyridine

secondary-ion mass spectrometry
tris(dimethylamino)sulphonium difluorotrimethyl silicate
trifluoromethanesulphonyl
tetrahydrofuran
tetrahydropyranyl
t-butyldimethylsilyl
trimethylsilyl
triphenylphosphine
triisopropylbenzenesulphonyl
triphenylmethyl

toluene p-sulphonyl
uracil-1l-yl
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Introduction and General Aspects

This report follows the format of Volume 17 and reflects the
continued wide interest in the chemistry of carbohydrates and their
application to other areas of chemical and biochemical research.
Three quarters of the chapters contain over 40 references, with
particularly extensive interest being shown in glycosides, oligo-
saccharide synthesis, amino-sugars, antibiotics, nucleosides, and,
increasingly, the use of carbohydrates as chiral synthons for a
wide range of chiral natural products and their analogues. The
demarkation between carbohydrate and non-carbohydrate compounds is
increasingly difficult to see, and in particular we have had
problems in the selection of references covering the necessarily
vague boundary between mono-, di-, and tri-saccharides on the one
hand and polysaccharides on the other. There does not seem to be
any logical boundary between these two extremes, and hitherto we
have somewhat arbitrarily concentrated on the synthesis and more
chemical aspects of boundary compounds, including the structural
analysis of naturally occurring oligosaccharides, while omitting
degradation fragments of polysaccharides, or more purely bio-
chemical aspects. Likewise our coverage of antibiotics and
nucleosides focusses on the structure, synthesis, and reactions of
the carbohydrate components of these materials. We would be
interested to have your opinions both on the area and limits of
coverage of Part I of this report, bearing in mind the overall
cost effectiveness of the product, and also on the most sensible
title for it; we are aware that the present title lacks precision,
since we do mention some higher oligosaccharides in Chapter 4, and
such units also occur in many antibiotics. It is much to be
regretted that it has not proved possible to produce Part II of this
report simultaneously, which might alleviate the problem.

An appreciation of the life of Dexter French has been published.1

A survey of regio-, stereo-, and chemo-selective reactions in
carbohydrate chemistry includes discussion of phase transfer
reactions in partial substitution reactions, selective halogenation
and conversion to unsaturated sugars, and the selective cleavage of
acetals giving partially substituted sugar derivatives.2

1



2 Carbohydrate Chemistry

A statistical analysis of oxygen-hydrogen-oxygen hydrogen bonds
in carbohydrate crystals has been made, indicating that all hydroxy
groups and most oxygen atoms are involved in hydrogen bonding, and
cooperative effects of these govern crystal structures. A study
of the anomeric effect has investigated 111 carbohydrate structures;
relationships between bond lengths and bond angles in the C-0-C-0-C
grouping were analysed, and interpreted in terms of the anomeric
and exo-anomeric effect, aiding understanding of these effects and
some hitherto problematic observations.

References

J.H.Pazur, Advan. Carbohydr. Chem. Biochem., 1984, 42, 1.

P.J.Garegg, Pure Appl. Chem., 1984, 56, 845.

V.P.Panov and R.G.Zhbankov, Dokl. Akad. Nauk BSSR, 1984, 28, 441 (Chem.
Abstr., 1984, 101, 152 199).

4 B.Fuchs, L.Schleifer, and E.Tartakovsky, Nouv. J. Chim., 1984, 8, 275.
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2

Free Sugars

Reviews on the subjects of the composition of reducing sugars in
solution, hydrophobic nature of some sugar derivatives, and
aspects of the commercial chemical conversion of glucose, e.g. alk-
aline isomerism, oxidation, and degradative oxidation,” have
appeared.

It has been shown that patients with multiple sclerosis have
elevatzd levels of fructose and glucitol in their cerebrospinal
fluid.

1 Theoretical Aspects

Ab initio SCF LCAO-MO calculations on g-D-fructopyranose and «-L-
sorbopyranose using crystallographic data as the geometrical input
have been carried out. Properties such as orbital energies, total
energy, ionization potentials, Mulliken population analysis, and
electrostatic potentials were considered in relation to sweetness;
it was concluded that non-bonded overlap between oxygen and hydroxy
hydrogen correlated with taste. Force field calculations cover-
ing intra- and inter-molecular interactions have enabled the devel-
opment of g model for «~-D-glucose surrounded by specific water
molecules.

The relationship between molecular rotations and bond refractions
has been used in calculations for & range of x-D-glucopyranose
analogues with sulphur, nitrogen, or phosphorus as the hetero-ring
atom. Strengths of inter-molecular bonds in aqueous solutions
have been calculated for D-glucopyrancse, D-mannose, D-galactose, D-
xylose, and maltose, confirming the effect of chiral centre inter-
actions. The strengths of the bonds associated with «~anomers is
greater than those of pA-anomers. A careful analysis of the re-
action between 2,3,4,6-tetra-0-benzyl-«-D-glucopyranose and tri-
chloromethyl cyanide in the presence of sodium hydride yielding the
anomeric imidate (see Chapter 7) led to the interesting conclusion
that the anomeric g-D-oxide ion (1) is more nucleophilic than the
corresponding a-oxide (2) because enhanced orbital repulsions in (1)

3



4 Carbohydrate Chemistry

make the electrons on the anomeric oxygen more accessible; thus the
anomeric effect operates kinetically as well as thermodynamically.

0 o o
s °
0 OH
S 0

) 2) ©
( - 0"

2 Synthesis

Reviews of the total synthesis of carbohydrates,1o the synthesis of
monosaccharides from non-cyclic compounds and their stereoselective
glycosidations, and of the use of carbon-carbon bond~forming re-
actions and stereoselective introduction of heterocatom functionality
in the synthesis of free s¥5ars, deoxysugars, aminosugars, alditols,
and branched-chain sugars have been published. The synthesis of
monosaccharides from simple organic molecules such as 2,3-0-isopro-
pylidene-D-glyceraldehyde and L-tartaric acid 1is the subject of a
review, which includes new glycosylation reactions using glycosyl
fluorides, internal cyclizations, and direct introduction of alkoxy
groups to the 2-position of the keto-function in sugars.

In a simulation of .prebiotic conditions the formose reaction has
been carried out using a wet discharge or u.v. irradiation. It was
found that the presence of the mercury(II) ion increased the yield of
sugar? and their precursors, glycolaldehyde, glyoxal, and formic
acid. A comparison of photo- and ¥-irradiation in the formose
reaction in the presence of base showed that the former produced
penta-erythritol as a single product, while the latter resulted in

glycolaldehyde as the main product. When boric acid was used as
the catalyst, the favoured formation o$ D,L-arabinitol in the formose
reaction was shown by g.l.c. analysis. Selective formation of

DL-dendroketose in good yield in the formose reaction can be achieved
by using thiazolium salts, followed by treatment with aquecus alkali.
The course of the reaction is probably via the first~formed di-
hydro¥¥acetone, which is known to give dendroketose on reaction with
base. The products of the formose reaction using calcium

hydroxide - bismethylene1 lycolate complex as catalyst have been
analyzed by l.c., u.v., C-n.m.r., and g.c.-m.S. A kinetic
analysis has led to the suggested mechanism for the formation of
sugars from glycolaldehyde, glyceraldehyde, and dihydroxyacetone in
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the calcium hydroxide-mediated final phase of the formose re~

action. Carrying out the formose reaction in the presence of
thallium(I) hydroxide at pH»12 gave mainly pentoses, whereas lower

pH values gave Cannizzaro products. Twenty carbohydrates have

been identified and a further nine tentatively identified in the mix-
ture of linear, deoxy~ and branched-chain carbohydrates formed in the
formose reaction with the latter making up the major portion of the
mixture. _

U.v. irradiation of the iron(III) complexes with monosaccharides
gives rise to lower sugars. D-Fructose and D-arabinose both give D-
erythrose in 80% yield, while D-glucose and D-mannose produced D-
arabinose initially, which was then converted into D-erythrose. D-
Ribose yielded D-erythrose and D-glyceraldehyde. Aldehydo-sugars
may be obtained by oxidative removal of the dithioacetal group from
acetylated, methylated, tritylated, or N-tosylated sugars using N-
bromosuccinimide in aqueous acetone or tert-butanol - acetone. The
reaction, which was also applied to protected 2-acylamino-2-deoxy-
sugars, proceeded rapidly at OOC, and generally gave gields equal
to or better than the usual mercury(II) ion methods.

The best conditions for acid hydrolysis of 5,6-anhydro-1,2-0-iso-
propylidene-g-L-idofuranose (3), leading either to L-idose, or 1,2-0-
isopropylidene—AEL—idofuranoae, or 1,6-anhydro-L-idopyranose, have
been determined. L-Glucose has been synthesized from 1,2:5,6-
di-0-isopropylidene-«-D-glucofuranose by the route shown in Scheme
1, 1,3-di-0-benzyl-D-glycero-tetrose (4) has been prepareg from
the D-erythritol derivative (5) as summarized in Scheme 2, and
L-fucose and [4- H;fucose have been synthesized from L-rhamnose as
shown in Scheme 3.

0
Xod ol o
o
0 o 0 OH O
o)r x OAc

HO CHon

vivii
L~-Glucose 4—22—- CHZO“O 0 +— OH
COoH

OH
Reagents: ,,,Ruo‘ K104 3 i, Acx0- Py ; iii, Hy-Pd ; iv, Me, C(OMe);-Me,CO-MeOH-HCL; v, Pt-03 ;
vi, WY (Resin)-Ha0 ; vii, Hy-Ni ;vili, Na.BH4

Secheme 1



Carbohydrate Chemistry
The Bilik molybdate rea?Zion has been used to prepare labelled
«~[U=-

carbo?{drates. Thus D-[U- "C)glucose, from acid hydrolysis of the
Clglucan of1the alga Chlorella sp grown in
converted to D-[U-

602, was
Clmannose. D-[{U- "Cl}Erythrose, -threose, 28
-galactose,-arabinose, -xylose, and -lyxose were also prepared.
CH,0H CHEOBn CH,0 CHZOBn
0 OH o] o]
Eon Me tOBn -7 tOBn - tOBn
o) 4 CH,0H *CH0R CH0R CHyOH
() R = SiMe,But or Tr )
Scheme 2

HO 0 OMe 0 ) 0
Me SN Me OH - Me Wo OH
HO HO
) OH OH OH
><

Reagents: i, PCC- Mol. Sieve-CHyCly ; i, NaBHgor NaBD4); iik, 0°5M H80, 5 iv, HMoO, (reflux)

84% ab eq'ui-ubrium
Scheme 3

The deuterated acetylege derivative (6) has been used to synthesize

D-(6R)- and D-(6S)-[6- H1]glucose by deprotection of the inter-
mediates (7) and (8) shown in Scheme 4.

Regio- and stereo-
b LN ¢
| _ | —

I o e

H
OBn

OH
0 4 H D H ¢
* a g
o)( I

D
1 (
; %)
H i
(6) H OH
Reagents: L, Cr50y ; i, Hy- Lindlar cat. ; lii, 0504~ N-Me-inorpholine oxide
Scheme 4
BT’IJ:. 0
0
OBz

Bz0

o” 0Bz
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specific photobromination of 1,6-anhydro-2,3,4-tri-0-benzoyl-g-D-
galactopyranose to yleld the (6S)-bromo-derivative (9) was the key
step in the synthesis of D-(6S)-[6- H_ )galactose. Inversion of
this via the 6-0-tosyl compound led to the (éR)-isomer.

G.l.c.-m.s. of the isopropylidenated product mixture obtained by
aldol condensation of glycolaldehyde and 1,3-dihydroxypropan-2-one
allowed identification of erythro-2-pentulose, erythrose, threose,
xylose, dendroketose and threo-2-pentulose. The ratio of these
products varied with the base used, which included calcium, barium,
and sodium hydroxides and the hydroxide ion form of Dowex-1 and
Amberlite IRA-400.

The formation of 1-deoxy-D- and -L-threg-pentulose by cell-free
extracts of microorganisms has been reported. A new enzymatic
acyloin-type condensation between pyruvate (or acetoin or methyl-
acetoin) and D-glyceraldehyde was found to be catalyzed by cell-free
extracts of a transketolase mutant of Bacillus pumilus IFO 12089,

giving 1-deoxy-D-threo-pentulose. The same condensation using L-
glyceraldehyde gave the L-isomer. Similar enzyme activities were
detected in cell-free extracts of a variety of microorganisms,
including yeasts, moulds, bacteria, and actinomycetes, suggesting
that the enzyme responsible has an important role in the biosynthesis
of thiamine, since the deogg-pentulose is a precursor of the 5-carbon
unit of the thiazole ring.

3 Physical Measurements

Measurements of coupling constants and 130 spin lattice times for
C-enriched tetroses and tetrofuranosides have enabled conform-
ational changes and ring dynamice to be determined; a yery thorough

analysis of the furanose and acyclic species was made. 3

The apparent ratios of g-pyranose and et~ and #-furanose anomers in
aqueous solutions have been determined by light scattering detection
of h.p.l.c. peaks.

Electro-osmosis and streaming potential measurements of aqueous
D-glucose solutions acrose testosterone-plug membranes have been used
to determine zeta potentials and to examine the influence of H-
bonding between water molecules and those of D~-glucose.

The hydrogen-bonding in aqueous solutions of D-ribose and 2-deoxy-
ribose has been examined by determining the enthalpies of transfer
for these sugars from pure water to aqueous solutions of ethanol and
urea, significant differences in enthalpies being observed between
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the two sugars.36 The excess enthalpies of nine aqueous ternary
solutions of urea and monosaccharides have been determined by micro-
calorimetry, and it has been shown that there are differences between
the behaviour of saccharides and that of cyclic or linear poly-

ols. The specific heat capacities of D-xylose and D-glucose in
aqueous ethanol of different compositions have been measured. A
report of a study of the thermal behaviour of carbohydrates using
heat flow calorimetry in the temperature range 20 ~ 270°C included
enthalpy data for 44 sugars and polysaccharides. The temperature
range for thermal decomposition varied widely for different carbo-
hydrates.

The mutarotation of «-D-glucopyranose is catalyzed by borate,
tungstate, molybdate, and bicarbonate species. It was proposed that
specific agquation around the anions enhances thelr nucleophilicity in
the rate-determining formation of the aldehydo intermediate.
o-Aminoacids are widely held to be catalysts for sugar mutarotation,
particularly histidine. However, 0.014M histidine only increased
rate of glucose mutarotation by 3 - 4%, although in molar ratio of
1:10; it was also non-stereospecific with respect to the absolute
stereochemistry of the amino-acid. Thus the action appears to be
limited to general increase in buffer concentration and not to any
concerted acid-base catalysis. The use of a stopped flow
polarimetry technique for the study of the base-catalyzed muta-
rotation of D-glucopyranoses in water is referred to in Chapter 22.
In the presence of borate, there is a substantial increase in the
proportion of the acyclic form of a number of sugars as determined
by circular dichroism. The amount of acyclic form increased with
alkalinity or temperature. In going from phosphate to borate buffer
at 250 the open chain form increased 9.1 times forzD-glucose, 2.9
times for galactose, and 2.2 times for D-mannose.

Primary paramagnetic products of the radiolysis of A-L-arabinose
between 77 and 430K were identified by e.s.r. as stabilized electron
and alkoxy radicals with electrons localized at 0-2. Free radicals,
formed by thermal decomposition of primary products, were identified
and their mechanism of formation and subsequent transformation
proposed. U.v., i.r., optical rotation, and magnetic susceptib-
ility data on Y-irradiated fructose have been reported. E.s.T.
has been used to study production of free radicals during the aut-
oxidation of simple monosaccharides via spin-trapping with 5,5-di-
methyl-1-pyrroline N-oxide. The monosaccharides produced hydroxy and
hydroxymethyl radical-derived spin adducts. At high pH, both hydroxy
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and hydroxyalkyl radicals were formed, while at low pH only hydroxy-
alkyl radicals were detected. D-Ribose and D-glucose autoxidize
very slowly without production of free radicals, whereas glycolalde-
hyde, glyceraldehyde, and dihydroxyacetone, which readily form the
intermediate enediol, autoxidize with the production of radicals.

The i.r. spectrum of D-fructose in deuterium oxide solution has
been recorded; From the intensity of v , it was deduced that 0.9%
open chain form was present. The assiézgent of bands to furanose and
pyranose forms by Mathlouthi (see Vol.14, p.202, ref.8) were
disputed eénce they were found to occur in the crystalline fructo-
furanose.

The effect of crystallinity of lactose sazgles on their mechanical
and structural properties has been examined.

Temperature effects on rates of hydrolysis of sucrose in hydro-
chloric acid solution over the range 10 ~ 40 C have been reinvest-
igated using polarimetry and h.p.l.c. analysis to measure sucrose
concentration and g.l.c. analysis to estimate glucose. Activation
energies were the same using all three methods and were temperature
independent. Values of pK for lactose and lactulose of use in
the base-catalyzed isomeriza%ion of the former to the latter have
been measured by means of C-n.m.r. titration: the similarity of
the values to those of D-glucose and D-fructose led to the conclusion
that the extra galactose unit has little influence on the ioniz-
ation. G.l.c. analysis of monosaccharides involving dehydration
by distillation followed by oximation has been used to show thg
presence of sugar impurities in commercial samples of sugars.

4 Anomerization

A convenient, practical conversion of «-D-glucose to @-D-glucose in
92% yield, using mutarotation in acetic acid at 100 for one hour,
and crystallization from acetic acid with seeding, has been
described. Pressure effects on the anomerization of w-D-glucose
by the enzyme mutarotase over a pH range of 5.50 to 6.75 have been
studied over the range 1 to 1000 Bar; the reaction was found to be
unaffected, in contrast to the acid-base catalyzed isomerization,
thus invelidating the accepted view that the two reactions have
identical mechanisms. The Lineweaver-Burke values supggrt a
histidine unit being at the active site of the enzyme.
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5 Oxidation

Simple monosaccharides have been shown to autoxidize under physio-
logical conditions to yield dicarbonyl compounds and hydrogen perox-
ide via reactive free radicals, the rate of enolization of_the sugar
being the rate-limiting step of this spontaneous process.

The mechanism of oxidation of D-ribose and of D-nrabinosesS
by cerium(IV) in aqueous perchloric acid has been studied. In both
cases, the reaction is first order in cerium(IV) and the pentose,
with a fractional dependence on the concentration of perchloric acid,
addition of which or of sodium perchlorate enhances the rate. From
the Arrhenius parameters it was concluded that the rate determining
step involves radical formation from the sugar. A similar rate
dependence on oxidant and sugar has been found for the acid catalyzed
oxidation of D-ribose by potassium permanganate. The k%&eticg
forzthe o§idatio$ of L-araginose to L-arabonic acid by Cu , Aq
Hgl , Fe" , Hg , and Ce_1 at concentrations of 0.1 g ion L
of oxidant and 0.07 mol L sugar at 100 C have been determined.

The reaction was first order in both sugar and metal ion and the

rate constants increased in the ion order given above. The
equation for the relationship of rate constants, free energy of equi-
librium forms, and redox potentials of the oxidizing ions has been
deduced from kinetic ftudies+of the o§1dation5gf D-ribose, D-xylose,
and L-arabinose by Ag , Hg , and Hg ions. The

kinetics of the oxidation of aldoses by cerium(IV) sulphbate in
aqueous acid, and by iron(III) iron in sulphuric acid at 100-
130°C, have been determined. The kinetics and mechanism of the
oxidation of D-xylose, L-arabinose, and D~galactose by acidic aqueous
chromium peroxydichromate, in ?ich HCrOA- is the primary

oxidant, have been determined.

Wet oxidation of D-xylose, D-glucose, D-glucitol, cellulose, and
dextran by oxygen at 170 - 230°G has been studied. Relatively high
yields of formic and acetic acids were obtained from all carbo-
hydrates and these were further increased by addition of iron{(II)
sulphate as catalyst. 2 Oxidation of D-glucose to D-gluconic acid
on a platinum electrode 2&5 been studied to obtain kinetic and hence
mechanistic information.

Measurements of the rate of oxidation of D-galactose by hexacyano-
ferrate(III) ions in the presence of ethylenediamine have shown that
the reaction is firset order in sugar and hydroxide ion, but zero
order in the hexacyanoferrate(III) ion. A general mechanism in-
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volving intermediate enediol was proposed.64 An intermediate 1:1
complex between hexachloroiridate(IV) or tetrachlorocaurate(III) and
D-glucose 6-phosphate, which breaks down by fission of the anomeric
C-H bond to give a free radical, i1s proposed in the mechanism of
oxidation by these two complex species. D-Fructose is oxi-
datively degraded to D-erythrose by oxygen under irradiation by
Pyrex-filtered light in the presence of catalytic iron(III) chloride
at near neutral pH. D-Glucose - iron(III) chloride and D-fructose -
manganese(II) chloride were also shown to be susceptible to
catalytic photooxidation.

Thallium(III) in the presence of an essential catalytic amount of
sulphuric acid in acetic acid oxidized maltose and lactose to the
disaccharide aldonic acid, with activation enthalpies and entropies
characteristic of second order reactions with non-cleavage of the
parent molecule. The reaction was lonic but the rate was almost
independent of ionic strength. The mechanism of oxidation of
trehalose by cerium(IV) in aqueous perchloric acid has been investi-
gated and it has been shown that no initial complexation between
oxidant and substrate occurs. The kinetics and mechanism of
oxidation of lactose and maltose by tetraamminecopper(II) in
ammoniacal and buffered media have been further investigated.

Oxidation of xylitol and glucitol by alkaline hexacyanoferrate-
(III) under ruthenium(VIII) catalysis is believed to proceed by an
activated polyol-ruthenium(VIII) oxide complex which slowly dis-
proportionates to yieldoruthenium(VIII) hydride, itself being re-
oxidized to the oxide.

6 Other Reactions

The carbon skeletal rearrangements of aldoses induced by molybdate
have been reviewed. !

The effect of calcium ions on the rearrangement of aldos-2-uloses
to aldonic acids is to enhance the reaction in all cases studied.
It was suggested that complexation at 0-2 and 0-3 occurred and that
the effect is greatest where the dihedral angle 1s close to zero for
these two groups as in the C_ (D) conformations of cellobiose,
glucose, maltose, mannose, and xylose. 73

The chromomycinone side chain (10) has been synthesized and
converted into 5-deoxy-1-C-phenyl-D-pentulose derivatives (11) as
shown in Scheme 5. X-Ray analysis established the structure of the
acetylated dithioacetal intermediate (12).
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) s u'i.
OMe OH \‘[ OH
0

HO

QAc  QAc

10) OMe (12)
Reagents:i, 104 ; CSH— H*3 i, Buli; Me
iv, PhCHO ; v, NBS-~H0 (‘1)

Scheme 5§

The catalytic disproportionation of D-glucose in DMF or DMA by
dichlorotris(triphenylphosphine)ruthenium(II)produces inactive
ruthenium complexes bearing carbon monoxide ligands derived primarily
from aldehydo-D-glucose. The same group has studied the dis-
proportionation of D-glucose in tetrahydrofurfuryl alcohol catalyzed
by hydridochlorocarbonyltris(triphenylphosphine)ruthenium(II)
which was shown to 1gvolve transfer of hydride to a coordinated
aldehydo~D-glucose.

From a kinetic study of reactions involving hydrogen transfer from
glutathione to glucose and deoxyribose radicals, it was shown that
the incomplete repair of carbohydrate radicals is due to a competing
unimolecular transformation of the sugar radical leading to damage
which cannot be repaired by glutathione.

Thirteen compounds have been identified in the reaction of D-
glucose and L-lysine in slightly acidic aqueous solution; the re-
action is of importance in nutritional loss during cooking,partic-
ularly in relation to the essential aminoacids such as lysine.
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Glycosides and Disaccharides

1 0-Glycosides

1.1 Synthesls of Monosaccharide Glycosides.- Reviews on this topilec
have dealt with 1ssues involved in the synthesis of 1,2-cis-related

glycosides generally1 and of 8-D-mannopyranosides and g-L-rhamno-
pyranosides specifically,2 with new methods developed by Mukalyama
which depend upon the use of alkyl triflates,enol silyl ethers,and
intramolecular cyclizations,3 with stereoselective synthesis of
sugars and their selective glycosidations,u and with many aspects
of the cardiac glycosides.5

Compounds (1) and (2), readily prepared from 2-amino-2-deoxy-D-
glucose, gave mainly the a-pyranoside (3) on treatment with
methanolic HC1l but also the B-anomer and minor amounts of the

CHa0H
1 2 3
o R R R° R
1
o (DH OH oOMe
HO R (@ OH H oOMe

() OMe H OMe

H
4)0H H Me
R;(K/O ( )

analogous a-furanoside; larger amounts of the last isomer were
obtainable by use of resin as acid catalyst. Glycosidation of
compound (4) was unsuccessful presumably because of the increased
electron deficiency on the nitrogen atom. Glycosyl esters are
solvolysed by methanol in the presence of lithium iodide and
2,6~lutidine to give anomeric mixtures of methyl glycosides,
whereas alkyl glycosides are not affected under these conditions.
More specifically, the esters (5) and (7) react with alcohols in
the presence of trityl perchlorate to give the a-glycosidic
products (6) and (8) with >90 and 70% selectivity, respectively
(Scheme 1). In the latter case, molecular sieve and lithium
perchlorate were added to inhibit a + B anomerization.8 Methods of
preparing methyl 8-D- and B-L-ribofuranoside59 and ethyl a-DL-
lyxopyranoside and -arabinopyranosidelo from non-carbohydrate

7

15
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CH,0Bn CH,0Bn
Q COCH,X ) 0
OBn _ 0Bn
8n0 BnO OR
OBn OBn
(5) X=8r,1 O)
CH,0Bn CH,0Bn
0. OAc ) 0
-
OR
0Bn OBn OBn OBn
m ®

Reageats: i, ROH- PhyCClOy g (oo

precursors have been reported.

The anomeric selectivity observed 1n the synthesis of glucosides
(including disaccharides) by reaction of l-O-metallated 2,3,4-tri-
O-benzyl-D-glucose compounds with alkyl triflates 1s dependent
upon the substituent at 0-6. Good B-selectivity was observed for
the 6-benzyl ether, while for the monomethoxytrityl derivatives.
11 e
O-xylosyl serine derivative (9) has been made using the trichloro-
acetimidate method (also developed by Schmidt) for the syntheses of

glycosylated peptides.12

the a:B ratio was dependent upon the triflate employed.

_NHCbZ
- 0 OCHZCQCOZH
BnO
©) OBn
The 1,2-orthoester method has been employed to prepare B-D-
glucosides13 and —maltosideslB’lu of 2-hydroxynaphthaquinones and

B-D-glucosides of pregnenolone.l5 Treatment of the copper(I)
bromide comblex of the amidophosphite (10) (R = )PNEt2) with
butanol gave the furanoside (11) in 72% yield, while the phosphate
(12) (R = )P(O)NEtz) reacted with less anomeric selectivity.
When (10) was treated with acetyl chloride before butanol, mixed
products (13) and (14) were produced, with the former predominating
(Scheme 2).16

The use of glycals in the preparation of glycosides continues.
A racemic anthracyclinone derivative has been resolved by treat-
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CHzOM&
P OBuw MeO 0 . OBu ‘
— OMe — * C;‘h ¢
( O, ‘CuBr ( 0 (— OP-Ac
OH o-R OPAc NEt,
10) R = JPNEE, NEE.
11 ( . 2 2 14)
() (12) R= ;P(O)NEL, (13) (
Scheme 2

ment with 3,U-di—gfacetyl—L—rhamnal in the presence of N-iodo-
succinimide, the resulting diastereoisomeric 2-deoxy-2-iodo-
glycosides being separated chromatographically.17 The same
addltion reaction has been applied to methyl 3,N-d1-g—acety1-D-
glucuronal and -D-galacturonal (and their S5-epimers which were
derived by treatment of them with sodium methoxide) using cyclo-
hexanol, and the stereochemistries of the addition reactions were
considered.1

An interesting observation that the anomeric nature of the main
glycoslides formed by treatment of substituted glycosyl fluorides
with sllylated alcohols and catalytic trimethylsilyl triflate

depends upon the solvent is illustrated in Scheme 3. Yields were
CHa0Bn ~ OR!
0 __,‘.—r >
0Bn F ¢
anD —i f>
OBn Yor'

& ot anomer
Reagents: i R'OTMS- TMSOTF-MeCN
W, * - v  <-Et0

’ Scheme 3
in the 70-90% range with primary or secondary alcohols, including
carbohydrate derivatives, and the anomeric ratios were 4-6:1,19
Glycosyl chlorides (15)-(17) have been employed in glycoside
CH,0Bn CH,OR
o .cL to i—_—_—o:
% Me oBn F OR
CF3C-0 ::/ BnO cL RO clL
NHCOCF;
(1s) (16) (17) R =«CoCHgNOp

syntheses: the first afforded a-glycosides of the anthracycline

20 the second a-linked 2-deoxy-2-flucro-D-manno-

21 and the third was used together with four related

series,
pyranosides,
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glycosyl halides in the synthesis of B-linked digitoxigenin
compounds.22

Acylated glycosyl bromides continue to be the most commonly used
glycosylating agents. They have been employed to give glycosides
of L-serine and L-threonine B-D-glucopyranoside 3 and a- and
B-L-fucopyranosides,gu tris(hydroxymethyl)aminomethane (tris-g-
galactoside which was coupled to cholesterol via various spacers)25
and the following steroids: RB-sitosterol (8-glucoside),26 five
cardioactive steroid genins (B-glucosides and -galac’cosides),27
5-androsten-38-o0l with various side chains (B-glucosides),28 20a-
cortol, 20a-cortolone and thelir 20-ep1mers,29 estriol30 and cortolc
acids3l'(a11 B-D-glucuronides). Likewise, glycosides of the
followling have been reported: the triterpenes oleanolic acid and
hederaginin (B—L-rhamnosides),32 9,10-dihydrolysergol (several
glycosides),33 fluorescein (B—D-glucuronide),su p-acrylamidophenol
(B-glucoside of p-nitrophenol reduced and acylated)35 and p-
hydroxybenzyl alcohol (B-glucoside of p-hydroxybenzaldehyde
reduced).36

The effects of free and polymer-bound crown ethers on the
Koenigs Knorr reaction have been examined; with bulky alcohols the
reaction is sensitive to the nature of the catalyst.37’38 Detalls
of the reaction appllied with several 2-bromo-2-deoxyglycosyl
bromides have been reported.39

A lactase from Kluyveromyces lactis, which causes trans-g-D-

glucosylation from phenyl B-D-glucopyranoside, has been used to
give B-glucosides. Yields depended on the primary, secondary or
tertiary nature of the alcohols; for slightly soluble alcohols
(e.g.,octanol) modest yields were obtained using a nitrobenzene-
water two-phase system.llo Likewlse a B-galactosidase from
Aspergillus oryzae causes efficlent glycosylation of water-

soluble or -insoluble alcohols using phenyl B-D-galactopyranoside
as source in aqueous a.ce'conitr'flle.Lll B-Glucosylation of
rubusoside (a di-B-D-glucosyl derivative of steviol) was effected
with a transferase from B. megaterium using soluble starch as donor,
and mono- to hexa-glycosyl products were obtained. Their
relative sweetnesses were measured and correlated with theilr
s?:ruct',l.xr'es.Ll2

Many glycosides have been made by modification of other glyco-
sidic compounds. The Diels-Alder reaction depicted 1n Scheme 4
gave mainly compound (18) which was converted into (+)-4-
demethoxydaunomycinone (19). The sugar residue therefore
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provided the desired stereoselection in the cycloaddition

process. 43
X 0THS 0 0 0 oy
AcOCH, # + O‘@ —_—
%o 1
OAc 0 Y 0 o
AcO AcOCH,

18
Ohe o] OH 0 , — 00 (19)
T o OAc
AcO
QAc

10—-\_( v
A\ 0 OH OH

o (19)
Scheme 4

Simple vinyl glycoslides may be obtained via seleno inter-
nediates (Scheme 5) and, with the carbene derived from ethyl

ilazoacetate, can be converted into compounds such as (20).‘45
CHa0AC CH,0Ac
0 I Nsepn 0, 0-CH=CH,
% '
QAc ! —_— y —_— OAc
AcO Br “ AcO
OAc OAc
Reagents: i, yo~~_SePh ; ii, NaIO, ; li, &
Scheme 5

Several alkyl D-galactosides with terminal acid functions [e.g.,
that derived from the ester (21)] have been made by 2-carbon
CH,0Ac CHa0Ac

AcO o AcO 0_ 0-(cHz)7C0,Me
OAc OAc
) CO,EE
OAc ;

OAc

(29 (29
Vittig extension of corresponding aldehydes and then used for
coupling to prot‘.eil.ns.u6 The aglycone of a galacto-cerebroside has
yeen converted into a dlazoester derivative, making it a photo-
labelling reagent which was used to show that water gained access
to the reagent in phospholipid vesicles.u7 N-Acylation of the
same cerebroside with complex hydrophobic groups has been
reported.

1.2 Synthesis of Disaccharides and Their Derivatives.- Coupling,
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under the influence of boron trifluoride catalysis, of 2,3,4,6-
tetra-0-acetyl-p-D-glucopyranose with 2,3,4,6-tetra-0-acetyl-a-D-
glucopyranosyl trichloroacetimidate followed by deacetylation gave
B,B-trehalose in 58% yield.l49 By trans-diaxial opening of D-
manno- and D-allo-epoxide derivatives of a,a-trehalose, respectively,
the altro-compounds (22) and (23) were produced; some D-gluco-

0 0
0 o
Ph HO Ph BnO
0 0 o}
I 2 OH

(22) (23)
by-products were also detected during this work.50 Reaction of
tri-0-acetyl-D-glucal (24) with 4,6-di-0-acetyl-2,3-dideoxy-D-
erythro-hex-2-enopyranose (25) afforded the non-reducing di-
saccharide derivative (26) as well as a previously described

2

CH,0Ac CH,0Ac CH,y0AC CH,;0Ac
0 0 . 0 0
forc p + OOH — OH R
AcO / AcO \—— ACOC‘—)\ H@
(24) (25) AcOCH; 0 CHOH O
0 0
@V
Reagent : i, BFg AcO F== HO
(26) (27) R=NH,
Scheme 6
1',2-C-1linked disaccharide analogue. The former product was then

converted into a-D-mannopyranosyl a-D-mannopyranoside derivatives
such as (27) and 3,3'- and 2,2'-diamino 1isomers (Scheme 6).5:L

Lewis acid-catalysed condensation of the 1l-thiol (28) and tetra-0-
benzyl-D-fructose (29) afforded l-thiosucrose (30) (Scheme 7) and

CHy0AC CH,08n CH,0H OH CHyOH
0 O_ OH 0
OAc + Bn0 —— OH @
AcO ASH CH,OH HO i og
(9 %2 (29) Go
Scheme 7

the a,a-linked isomer; the other two diastereoisomers were obtained
by similar treatment of the B-anomer of (’.:’8).‘52 6-Thiosucrose and
6-deoxysucrose were obtained by standard procedures starting from

the 4,6-0-1sopropylidene 2,3,1',3’ ,ll',6'-hexabenzoate.53 Acetylated



3: Glycosides and Disaccharides 21

L-rhamnopyranosyl bromide condensed with 2,3,4,6-tetra-0-acetyl-D-
glucose gave access to the D-glucopyranosyl L—rhamnopyranosides.su

The following reducing disaccharides are categorized by the non-
reducing sugar.

A thorough 1D and 2D 1H n.m.r. study of cellulose and amylose
disaccharide models in DMSO has been reported. The 2D technique
allows complete signal assignment for the hydroxy protons.55
Sophorose and kojibiose have been isclated from the products of
treatment of 1,6-anhydro-g-D-glucopyranose with hydrogen chloride
in DMF,56 and thiocellobiose (and the 2-linked sophorose analogue)

has been made according to Scheme 8.57 Preparations have been

CH0Bz CH,0Ac CH,0H CH,OH

TFO o} 0_ SNa. 0 0
0Bz + OAc —_—— OH OH
OMe AcO HO S OH
0Bz OAc OH OH

Scheme 8

reported of 3-0-B-D-glucopyranosyl-D-fructose (both chemical and by
isolation from a fungal polysaccharide),58 benzyl 2-azido-2-deoxy-
“—Q—B—D—glucopyranosyl—a—D—glucopyranoside and 1,6-anhydro-2-azido-
2—deoxy—h—g—B-D-glucopyranosyl—B—D-glucopyranose,59 and methyl 3-
acetamido-3-deoxy-2-0-B-D-glucopyranosyl- (and -D-galactopyranosyl)
-a-D-allopyranoside.

Methyl 6-0-a- and B-D-galactopyranosyl-g-D-galactopyranoside
have been made by standard procedures,61 as have a set of
differently substituted derivatives of the analogous allyl o-
glycoside of the B-anomer,62 and also methyl 4-deoxy-4-fluoro-6-0-
(B—D—galactopyranosyl)-B-D-galactopyranoside.63 Radiocactive
lactose has been obtained by enzymic trans-galactosylation from
UDP-galactose to glucose attached to a water-soluble polymer
(Scheme 9).64 Considerable effort has gone into the preparation

CONH-P) A CONH-(B)
: Y

i
—_ 2 5 lactose +
p-D-Glc-0-CHy la
NO, 4

'
p-D-Glc-0-CHy A-p-Gol CHO

NO

Reagents: i, UDP-Gal =~ travsferase ; i, hv

Scheme 9
of disaccharides comprising D-galactopyranose linked glycosidically
to 2-amino-2-deoxyhexoses: 2-acetamido-2-deoxy-6-0-B-D-galacto-
pyranosyl D-galactose (immobilized enzyme method > and Koenigs-
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Knorr method66), 2-azido-2-deoxy-3-0-B-D-galactopyranosyl-D-

galactose (as a glycoside perester 7 and as a glycosyl bromide
derlvative and hence a-linked L-serine and L-threonine glyco-
sidesss), and 2-amino-2-deoxy-4-0-g-D-galactopyranosyl-D-glucose
(lactosamine) as the N-acetyl 3-0-methyl derivative ,69 the N-
acetyl-6'-tritiated derivative'® and the 2-bromoethyl N-phthaloyl
glycoside peracetate which was condensed with methyl propanocate
3-thiol and hence, after deprotection, to proteins71

In the D-mannopyranose series, p-nitrophenyl 2- and 3-0-a-D-
mannopyranosyl—u—D—mannopyranos:Lde,72
mannose (as the l-glyceryl glycoside 2',3,3',4,4" ,6-hexa-
acetate73), 2-, 3-, U- and 6-linked a-D-mannopyranosyl-D-glucoses
(and their conversion to their a-l-phosphates and condensation with
moraprenyl phosphate to give the moraprenyl pyrophosphates7u), and
2—acetamido-2-deoxy—H—QfB—D—mannopyranosyl—B-D-glucopyranose (as
the p-trifluorocacetamidophenyl glycoside prepared from a cellobiose
derivative by specific oxidation and reduction75) were all veported.

2-0-a~D-mannopyranosyl-D-

Considerable interest continues to be shown in 2-aminohexose
disaccharides and, in particular, several papers have focussed on
the synthesis of the dimer (31), which is a major constituent of the

76-78

hydrophobic region of bacterial endotoxins. Closely related

CHpOH 0-CH,
H203P0<:2( Q 3R) 3-hydromtetrodecanoyl

NHR
(31)
work has led to analogues with five palmitoyl groups which are

79,80 Some chitobilose derivatives have

lipid A-related substances.
81 2nd mass spectral studies carried out on 7-0-(2-

been described,
amino-2-deoxy-a-D-glucopyranosyl)-L-glycero-D-manno-heptose

derivatives have been reported, the dimer having been isolated from

a lipopolysaccharide of the Vibrionaceae family.a2

CHyO0Ac NH CH2°AC
AcO (o] OCCCL:’
Ac
Raoﬂmb G,CFSSOSTMS Scheme 10

A selection of disaccharides have been produced with good
selectivity by use of 2-azido-2-deoxy trichloroacetimidates as
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illustrated in Scheme 10.83 Related compounds (e.g., 32) from

which 2-amino-2-deoxy B-D-mannopyranosyl disaccharides are obtain-
able have been described, and in the same report corresponding D-
mannuronic acid-based analogues (e.g., 33) were reported.au Also
in the hexuronosyl series, a derivative of the Streptococcal poly-
saccharide component (34) has been prepared.

R 0 COZH
ey
OAc Nj 0Bn OH
Ac 0
N3 OH NHAC
(32) R=CHpO0AC (39

(33) R=COyMe
An ingenious new approach to the synthesis of sialic acid-based
disaccharides 1s i1llustrated in Scheme 11; whereas the f-linkage
was afforded from the Z-alkene, the E-isomer gave the a-linked

product.86 A more orthodox preparation of the same 1,6-1inked
CH,0H

CO,Me
0 CH,0CH (ore), 7L

5 . e o H
OBn ;) )5_) o] + W
)

BnO

08n

0Bn

Reagents: i Meozcﬁpo(or‘le)z Rh(OAC), i, NoH ; iii, H* ;iv, Hg(02CCF3),; v, PhySnH
§c_hem_e_£
anomers used the acetylated glycosyl chloride and 2,3,4-tri-0-
benzyl-D-glucose.87 Related procedures led to the disialyl-
glycerolipids (35) and the anomeric isomers.88 N.m.r. and mass
OCi4H,y
o= Newhc-(2+9)-a-NewAc- (20 _A\_-0C;, Hy)
(39
spectroscoplic examinations of a 3-deoxy-D-manno-2-octulosonic acid
dilsaccharide of a Salmonella godesberg mutant showed 1t to be the
2 + 4 linked compound (36).

In the area of pentosyl disaccharides, the 1,2-0-(l-cyano-
ethylidene) method has been employed to obtain the 1,4-1inked
xylobioses;?? trityl triflate led to high ylelds of the B-linked

91 Alternatively, the glycosyl bromide procedure was used

isomer.
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OH OH OH
to give all possible xylopyranosylxyloses, and n.m.r. studies
included 2H-labelling procedures to distinguish between acetyl
resonances in the reducing and non-reducing moieties.92 The plant
glycoside p-allylphenyl 6—9—B-D-xylopyranosy1—8-D—g1ucopyranoside
has been prepared from p-allylphenyl 2,3,4-tri-O-acetyl-B-D-gluco-
pyranoside,g3 and several 2-0-glycosylated a-L-arabinopyranosides
have been made and examined closely by 1H and 130 n.m.r.

94 The bis-0-(6-B-D-apiofuranosyl-g-D-gluco-
pyranosyl) compound (37) has been isclated from the leaves of
Diospyros mollis Griff.”>

The interestingly isomeric disaccharides 2-0-a-L-rhamnopyranosyl

spectroscopy.

-L-rhamnose and 2-0-o-D-rhamnopyranosyl-L-rhamnose have been made
from compounds (38) and (39) (respectively) (Scheme 12), and the

Me
BnO O 0Bn 0 . BnO O OBn BnO 0 0Bn
Me + 0 OAc ——> Me Me
+
0Bn OH OBn O Me  0Bn Q
o] (o]
o=x Me o]
Reagant: L, SnCl, (38) (39)

Scheme 12

3-linked analogues were similarly prepared.96 2-0~a~L~-Rhamno-
pyranosyl-L-arablinose, required for specificity studies on a

rhamnosidase, was made by standard procedures,97

as was 5-0-a-L-
54

rhamnopyranosyl-D-glucose.
2-Bromoethyl 2-0-a-L-fucopyranosyl-D-galactoside has been
ooupled to different proteins through an extended spacer arm.71
In the area of dideoxyhexosyl disaccharides the dimer (40) has
been made and oxidized to the corresponding aldonolactone, which 1s
a product of the degradation of flambamycin.9 The bromo-
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derivative (Ul) can be used in syntheses of such dideoxy-compounds,

DI CHZBr
@0
cnzon (4')
CHQOAc
'\L_1>' {rmeacr
OAc (42) 43)

and 1ts glycosidation reactlons, together with those of related
compounds (especlally the a-manno-isomer), have been examined.39
Compound (42), a glycoslde of the Salmonella O-antigen 5, and deoxy
derivatives of it were made to probe oligosaccharide-protein
interactions,99 and the anhydrodeoxy disaccharide diacetal (43) was

obtained and examined by X-ray crystallography.loo

1.3 O0-Glycosides Isolated from Natural Products.- As usual, this

section 1s highly selective; many examples of simple and complex
glycosides have been reported which contain unremarkable sugars and
are here disregarded.

A revised structure has been proposed for the polygalloyl
glucose tannic acid which, rather than having ester linked gallic
acid, has it linked glycosidically through the C-3 phenolic
group.lo1 (28)-1-0-B-D-Glucopyranosyl-sn-glycerol has been isolated
from Lilium japonicum, and also synthesized from B-gentiobiose by
specific degradation.102

D-Allose 1s proving to be widespread in plants. p-Hydroxy-
phenyl B-D-allopyranoside was isolated from a Viburnum species,

103

and the diglycoside (44), and mono- and di-acetates of it, from
Thalictrum thumbergii.lou The same sugar, its 6-deoxy derivative,

CH,0H
RO (o] o
SOATA
HO
0 (44) OH OH

and 6-deoxy-D-glucose and -talose have been reported in cardioactive

105 Coral has yielded pregnene
106

glycosides of Lophopetalum toxicum.

-like glycosides of D-arabinose and D-xylose.
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1.4 Hydrolysis and Other Reactions and Features.- The pseudo first

order rate constant for the hydrolysis of o-nitrophenyl B-D-gluco-
pyranoside at pH 11.4 increases 10 fold on addition of phenyl-
boronic acid in the presence of benzyl hexadecyl dimethylammonium
chloride, whereas the enhancement factor for the corresponding
galactoside 1s much less; the difference is attributed to the

effects of micelles.07

A quantum-chemical examination of aryl
B-D-glucopyranosides indlcates that the hlgh reactivity of the p-
nitrophenyl compound must be due to nucleophilic ipso-attack at C-1
of the benzene ring.los

A study of kinetic a-deuterium isotope effects for the enzymic
and acidic hydrolysis of aryl B-D-glucopyranosides has indicated
that there 1s considerable steric hindrance of the C-1-H bond in an
early transition state for both kinds of reaction. Better
leaving groups decrease the isotope effect for the acid-catalysed
reaction - which 1s consistent with the predominant A-1 character
of the reaction; the opposite holds for the enzymic reaction,
109 e
glycosidic bond between a sugar unit and the ceramide portion of
sphingolipids with unsaturated sphingosine can be cleaved by

trifluoroacetolysis,llo and nitrous acid cleaves the glycosidilc

suggesting conslderable S,,2 character for the hydrolysis.
N

bond of 1-(aminomethyl)pentyl B-D-galactoside, which represents a

model for the selectlive cleavage under mild conditions of the

hydroxylysine-bound glycosyl residues of collagen.111
A full report has appeared on the acid-catalysed solvolysils of

2-0-(2-hydroxypropyl)- and 2-0-(2-hydroxyethyl)-D-glucofuranose

derivatives as 1s illustrated in Scheme 13. The B-anomer reacted
CHpy OBN CH,08Bn CHZ0Bn
B0 ~O_R  B0— gy R BnO )
OBn b# OBn 9 —_— 08Bn
R2 R"‘__>-R3 o. .3
OCH, CHR0H o OJ'R

R'=0Me, R*=H or R'=H,R*=0OMe ; R>=Hor Me

R enks: { o 3 '
o9 L, HOL-ChCly Scheme 13
much faster, and in the intermedlate one diastereoisomer 1s

formed preferentially.112

A closely related study examined the
equilibria represented in Scheme 14 and those for the isomer with
the alternative configuration in the substituent in what was a
model study for the acld-catalysed hydrolysis of 2-0-(2-hydroxy-

propyl)cellulose.113
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CH20H CH,0H
HO 0L OMe

OH 1 = 1 = OH H—0H ) "
Me Me
Reogent : i, H;50, Scheme 14

Dimethylboron bromide and diphenylboron bromide cleave acetals;

carbohydrate examples are illustrated in Scheme 15a,b.llu
CH205iPh,But CH,OR CH,0H
0 . - (o] Q
L w
OMe ! —_ g OMe -_— OMe
MeO (" oMe Vgr MeO OMe MeO OMe
omMe (@) ome (b OMe
Reagents: i, Me,BBT, 20% i, Me,BBr, -18° R = MOMor MEM

Scheme 15

Reductlve cleavage of glycosidic bonds of permethylated methyl
a- and B-D-glucopyranoside, cyclohexa-amylose and cellulose has
been effected with triethylsilyl deuteride and boron trifluoride
or, better, with trimethylsilyl triflate as catalyst. 1-Deuter-
ated 1,5-anhydro-D-glucitols were obtalned with an a:8 ratio of
95:5 and this was taken as evidence for the presence of free

oxonium ions in the reactions.115

The same reaction applied to
permethylated 4-linked oligosaccharides gives 1,5-anhydro-2,3,6-
tri-0-methyl-D-glucitol from the 4-linked units as expected, but
in the presence of a little water the isomeric furanoid 1,4-
anhydride is formed in up to U45% yield.116

Phenyl glycosides on photolysis at 350 nm in acetonitrile in
the presence of 1l,4-dicyanonaphthalene as sensitlser undergo
hydrolysis in the presence of water or methanolysis to give methyl
glycosides when methanol is present. Competing reactions include
the formation of l,6-anhydro—B—D-glucopyranose.117’118 Alter-
natively, 2-hydroxyalkyl glycosides (e.g.,l45-47), on irradiation
in the presence of mercury(II) oxide and lodine, give spiro-
orthoesters (e.g.,48), presumably by way of 1odo-intermediates
and by specific a-bond formation (Scheme 16). The same product
was obtained from the a-anomer of compound (45) but the reaction
was slower. 19  The 2-deoxy derivative of the spiro-product (48)
is obtained from tri-0-acetyl-D-glucal by treatment with ethylene
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CH,0Ac r‘z‘ rlzz CHy0Ac
0_ OCH-CHOH . 0, 0-—r'
Cone Y — OAc ::[j
AcoO AcO o—~R?
OAc OAc
(#5) R'=R®=H 0 (48) R'=R?=H

(46) R'=H,R*=R® R=(Gme
(a7) R'=R3 R’=H

(¢}
Reagents: i, I,-Hg0~hv Scheme 16 O)(

glycol and mercury(II) acetate and subsequent photolysis, in the
presence of mercury(I) lodlide and mercury(II) oxide, of the inter-

mediate (49) (Scheme 17).120
CHa0AC CHa0Ac
0 6 O
OAc OCHaCHyOH  ——— @ :]
AcO AcO 0]
(49) HgOAc

Reagents: i, Hgl,~ HgO-hv
Scheme 17
Two overlapping stages were detected in the thermal decom-
position of anomeric glycopyranosides: at 200-3000, cleavage of
the glycosidic bonds occurs with intramolecular and intermolecular
reaction at the anomeric centres; at 310—3400, fragmentation
ensues to give low molecular weight pr'oducts.121

A very thorough lH and 13C analysis involving lH-
13
C-

1 1

1, 3¢-14 ana
130 coupling studies has been carried out on [13C]-enriched

tetrofuranosides. 0-1 assumes the Y-axial orientation and ring
dynamics and preferred conformations were studied.l22
A review has appeared on carbohydrate liquild crystals based on

alkyl 0- and S-glycoslides having hydrocarbon chains greater than

123

hexyl; some B-D-glucopyranosides and l-thio-a-D-manno-

pyranosides have been examined 1in particular.lzu
There 1s enthalpy-entropy compensation in aqueous solutions of

methyl D-pyranosides, and the positive excess free energies are
interpreted in terms of favourable solute-solute 1nteractions.l25
Densities of sucrose-potassium chloride solutions have been

examined.126
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1-Thioglycosides can be made from protected glycosyl fluorides by
use of thiols in the presence of boron trifluoride (as can acyl
esters, phosphates, peroxides and various nitrogenous com-

pounds) 127 or from compounds with free anomeric hydroxy groups, by
treatment with diphenyldisulphide and tributylphosphine under
light.127a More usually they are made from the l-thio-sugars, and
the S-trityl glycoside of 2-acetamido-2-deoxy-1l-thio-D-glucose,
made in this way, has been examined as a membrane binder in tumour

CH,0Ac Et CHOH  Eb
. )::N'"OH =N
0 SH ?SLMezaw ' . L 0s B
OAc + EtCH=N—0 SN ) ke OH ' do-
AcO ¢ HO 3
OAc OH

Reagenkts: i EtaN ;i Py-SO3; i, NH3-MeOH
Scheme. 18

chemo’cherapy.128 A new route to glucosinolates has been developed,

illustrated in Scheme 18.129 In this fleld merosinigrin, the

product of treatment of sinigrin with potassium methoxlde, has been

shown to have structure (50).130
CHoOH
HO 0
HO S
(0]
(s0) " en

Following the observation that l-thiophenyl glycosides react
with DAST or HF.pyridine complex-NBS to give glycopyranosyl or
glycofuranosyl fluorides, the ingenious method illustrated in
Scheme 19 for the derivation of 1,6-1linked glucosans has been
developed; at each stage further activation can be effected at

CHpO5LPh,But CHZ0H 0—CH,
0 L )
4 — NE I 5
oBn i ) \
BrO SPh \u\) e %
0Bn %
Y F

U, NBS-DAST ; lii, SnCly-AgCLO,
Scheme 19

]

Reagen.bs: i, F~-
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either end of the chain‘131

Aldose dithiocacetals with phenylmercury acetate give 1,2-cis-
related 1l-thic furanosides and hence simple access to glyco-
furanosyl acetates on treatment with mercury(II) acetates 1in acetic
acld (Scheme 20).132

CH,OH CH,0H CHy0Bz

Ho‘ki’-l_f : om BIOWAC
SR Uik
OH —t OH 0Bz
SR
SR
OH OH 0Bz

Reagents: i, PhHgOAC-ELOH ; U, BzCL-Py ; iii, Hg{OAc),- HOAc
Scheme 20
Reductive lithiation of compounds (51) and (52) gives the glycal
(53) and the lithium derivative (54), respectively, and the (53) =
(54) conversion can be made as indicated in Scheme 21.133

CH0Bn CH,0Bn CHy0Bn CHy0Ba
0Bn -t OBn by 0Bn e oBn SPh
BrO BnO / BnO Li Bno

08n

€D (53) (59 (52)

Reagents: i, L naphtholenide-~THF, ~78%; ii| Het
Scheme 21

3 C-Glycosides

Interest 1n this class of compounds continues at a high level,and
a wide range of methods have been used in their preparation.

3.1 Pyranoid Compounds.- A route to spiro-compounds of the kind

found in some antibioties has been developed from aldonolactones
(Scheme 22).13%
CHZOBn CHon

° iw N/ vy ° AP
08Bn 1)=0 —— 1/~OH —_ OH t + 1
BnO < HO HO 0 N
08n OH

Reagents: i, LiCECCH,CHa0TMS [ ik H* 1w, Hy=Pel BasOg ) iv, Hy-PED, 3 v, Hy-Pal(oW),
Scheme 22
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Substituted glycosyl halides have found frequent use, and a
range of novel methods of considerable potential value starting

from the fluorides are 1llustrated in Scheme 23.135 Cc-
p Yield (%) «: B
1>-/\ 95 >20: 1
N
L In
CH,0Bn / H~ Me 95 >20:
0 I"-/’ (&
. 14
oBn  D~F 25 1)»~CHxCN 85 ~3:1
—
~

BnO “\313
08n 1>v~CH2C.0Ph 95 ~2:1
U

-

1 89 -
\

Reagents: i, MeySi-CHyCHECH,-BF, | U, ALMe 4 ?iﬁ., MeySiCHaCN - BFy ;v Me;Si0C(PR)=CH, -
BFs 3 Vs (D) -0siMe,-Bry Scheme 23
Glycosylation of the phloroglucinols (55) and (56) with tetra-0-
acetyl-D-glucosyl bromide gave low ylelds of compounds (57) and
(58) which are related to the flower pigment carthamin.136’137
Reaction of acetylated glycosyl bromides of varlous sugars with
mercury(II) cyanide in nitromethane gives mainly the 1,2-trans-
related glycosyl cyanides wlth about 10% of the cis-isomers and

138

smaller amounts of the 1,2-0-cyanoethylidene isomers. In

related work, aromatic and heterocycllic C-glycosides have been

MeOC CoMe (3% R=H MeOC 2 COMe
(56) R =0H )
HO OH  (57) R=p-D-Glep 0 0 (58) R=p-0-Glcp
R ) R OH i

made from 2,3,4,6-tetra-0-benzyl-D-glucosyl acetate or halides
using anisole, ferrocene, thiophene, furan and 1,3,5-trimethoxy-

139 The same glycosyl

benzene in the presence of Lewis acilds.
chloride and the analogous methyl glycoside have been converted
into the C-allyl glycosides (c.f. Scheme 23) by use of allyltri-
methylsilane and trimethylsilyl triflate or iodide. The yields
were ca. 80% and the a:8 ratios were high.luo In the D-lyxose
series methods of making both the C-butenyl glycosides with high
selectivity from S-phenyl thioglycosides were developed (Scheme 24).
Parallel work was carried out in the D-ribofuranose series;

product ratios were dependent on the substituent group at 0_5.127a
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R Yield (%) o:p
0 P C / 87 92:8
o><o O—SPh
BUMeSi0 =5 /N 95 1:99
1
\
Reagents : i Y\Sn8u3 ho E,Y\SnBu,s‘ BuySn T
Scheme 24

Various C-glycosides have been made by cyclization of hydroxy-
alkenes elther with base to give (59)1U1 or with mercury(II) salts

0 CH,0Bn
Me. 0. CH,yCOxMe o]
OH 0Bn
0 BnO CH, HgCL
(59 ° (69 "

to give (60)“2 (a further example of this latter reaction is
given in Chapter 17).

CH,0ACc

0
CHy0Ac CHZOAc

Y T ae\— CH,COPh

ref 141

CHZOAc
AcON=—=/CN "F ‘46 AcO

r¢F143

AcO
0 AO —0 cnzOB-ﬁ
CN<—————- Ma > . Me
ref. 144 / ref. 143

OAc
Reagents : i, PhC(OTME)=CH, , BF; ;u|<>= , SACly ; i, a.ﬁQw ,ELALCL | iv, Et,ALCN
Scheme 25

Several examples have been reported of the synthesis of 2,3-
unsaturated C-glycosides by application of the Lewis-acid catalysed
rearrangement condensation with acylated glycals. These are
1llustrated in Scheme 25; a more complex reaction of a related
kind is shown in Scheme 26.lus An alternative route to 2,3-
unsaturated C-glycosides involves a [3,3]-sigmatropic rearrangement
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CH20Ac CH,0AC

t

0 OTMS . 0 CH,COzBu
+ CHp=C S
t
AcO / Obw \
0 OAc AcO [¢]
Reagents: i, TiCly Scheme 26

process effectively of 3-0-vinyl ethers or a (rather inefficient)
[2,3]-sigmatropic rearrangement. It is notable that reduction of
the a-ethyl acetate derivative gave mainly the product of
anomerization (Scheme 27).“6 See Chapter 24 for further

CHO

0
O DO
vu Ph L Ph TN % AN y
CH,OH 0 / 0\=—x/CH, Y CHy b
OH

&ONﬂez CO,EL

Reagents : i, MeC(OMe),NMe, i, A ;iii, EEg0BF,; b, LiALH(0EL), ; v, Bu,SnCHI - NeH |
vi, Buli
Scheme 27
examples.
Complex C-glycosides based on disaccharide and anthracycline
structures have been elaborated by [U4+2]cycloaddition reactions as
outlined in Scheme 28.“7’1“8

CHO 0TMS
i /
0 + Bz0 \ OMe _
0
o)
(_? * ~ Q)
NHCOCF
3 0 0 CH,
o
Me
HO
NHCOCF,

Scheme 28

The racemic C-uronosides (61) and (62) and a range of related
compounds have been synthesized from the 1,4-dioxans (63) and (64),



34 Carbohydrate Chemistry

respectively, by intramolecular Cope rearrangement reactions,

applied to the derived trimethylsilyl enol e‘chers.lll9
CO,H
o R (61) R‘-H.,R2=Pri (69 o(o R
te (62) R'=Pr R~ H (64) o >|R2
CH=CH,

3.2 Furanoid Compounds.- As previously, a range of procedures have

been developed for making compounds of this class. Free sugars
offer a route followling their reaction with Wittig reagents; in
this way two complementary methods of making showdomycin

150,151

(Scheme 29) have been reported. In the latter, however,

larger proportions of the a-anomer "epishowdomycin" were produced.

CHy0R CH,0R CHOR  CHy
\ R=SiMe Bl
0 L OH Me - o] COZEt iMe, BU
oH ——— i TN
CO,EL
> 05<® %
0 H,OH !
on -2 OH NH i, iy
0
" o]
OH OH OH OH OH OH

Reagents: i Ph,P=C(Me)COEL ; ik, PhSeCl ;ii, Hy0, ,, Oy ; v, Me,S, ; Vi, PhyP=CHCONH, ; vii, Ht
Vili, Phy P
oi;.}° Scheme 29

Aldonolactones can be used. For example, dichloromethylenation
of 2,3:5,6-di-0-isopropylidene-D-allono~-y-lactone gives compound
(65) in high yield and from this, by Raney nickel reduction, the
C-methyl compound (66) can be obtained in high yield.152 In
related work, methylenation of a ribono-y-lactone derivative
followed by additlion of an allyl radical by use of allyltri-

CHo0SiMe,Bu® CH,0Bn

(o] Q
><o 0 ><o 0 O CH,CHCH, 0
ceL,
Me Me CH, CH=CHy
0 0 0 BnO 0Bn
> >

OO
©5) (66) (e7) (69
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methylsilane in the presence of zinc chloride gave the "double
C-glycoside" (67) of the type which occurs in some mycotoxins.153
Glycofuranosyl acetates treated with allyltrimethylsilane in
the presence of trityl perchlorate afford allyl C-glycosldes
(e.g., 68),15u and enol silyl ethers with tin(IV) chloride afford
C-glycosides or 1,2-cyclic acetals according to the nature of the
reagents used (Scheme 30).155 In analogous work, tri-0-benzyl-D-

CHZOBz cuzoaz 2 CH2081 R R* R* (R) ®
OAc Et H Me - 882
Eto H Pns - 82%
Me H PrS 93% -
0Bz OBz OBz 082 (CH,_)Z TMSO 95%
(A (a) (cHy), H  95%
Reagents : i, R’R%:c(otns) R sncig
Scheme 30

ribofuranosyl fluorlde with the trisyl enol ether derived from
acetone gave the a-compound (69) in high yield,156 and the

CHy0Bn
0
CH,COMe
0Bn OBn

69
corresponding glycosyl chlorid(e )and the analogous D-arabino-
furanosyl bromide with aryl Grignard reagents gave the aryl C-
giycosides, the anomers of which were separ‘a.t:ecl.l‘57
Cyclizations of simple sugar derivatlves have been used to give
C-glycosides as 111ustratedv in Scheme 31. In the second example,
0-2 seems to participate in the displacement at C—S,159 and in the

CH.ZOTS 2-amino-2- deoxy-D- glucose
0 ) 0 _ CH(OMe), w
L
OTs _— TsO
0 tef 158 CH20H
OAQ OH i, w ili,v
CH,OMs Do o 6o :w (ome),
OB
Ba0 T ref 159 0. CHyOCOEE
n .
o8 — BnO Reogents: (, MeOH-H; ii, E4CO,Cs-DMF;
" PnOH,C W» TsCL- 93 v, LAH v,Nal- Zn DMF;
OMs ks vi, HNO,
CH,0Bn 08n

Scheme 31
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third the product was elaborated to give 1somers of furanomycin

(70).160
Elaboration of simple "aglycones" has led to the thiophene
analogue (71) of the antiviral compound pyrazof‘urin161 and, from

2,5-anhydro-3,4-0-1sopropylidene-D-arabinose, the spiro-compound
(72) and the cyclohexenone (73) by use of pentan-2,5-dione and

coH Me0,C
HaN 2 HOCH, 2 0o (o] Me o
(o] | CogoMe
CONH, g”e Me
Mo o><o 0 ><o
(70) OH OH
& () @9

methyl acetoacetate (2 mols.).162 Application of the Pictet-
Spengler reaction to the corresponding aldehyde and dopamine hydro-
chloride gave the C-glycoside (74); a corresponding pentahydroxy-

pentyl product was obtained from glucose.163

Related acyclic
compounds, e.g., (75), have been converted into pyridazines, e.g.,
(76), by photo-oxygenation followed by hydrazine treatment.lsu In
the course of this work furanyl C-glycosides have been converted
into O-glycosyl compounds by the photo-oxygenation process.]65
Other references to C-glycosidic compounds are given in Chapters

19 and 20.

oH Me
Me CH p CH0H
0 o]
= HO
T
OH W OH
0>< 2
-
0 ¢ OH
(72 (76) (%
3.3 Glycosides Isolated from Natural Sources.- Safflor yellow B

isolated from the flowers of Carthamus tinctorius is the C-
glycoside~C-alditol derivative (77).166 6-C-B-D-Galactopyranosyl-
8-C-B-D-glucopyranosylapigenin has been prepared by 6-C-galacto-

sylation of vitexin and shown to differ from naturally occurring
6-—g_-B-D-glucopyranosy1~8-g-B-D—galactopyranosylapigenin.167 A
H nom.r. analysis of the aloins (78) has allowed the assignment

of their stereochemistry.168
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11

13

14

15

16

HO R HO,_ R
HO HO OH OH 0 OH
j ° o
CH
7 0 OH N CH,OH
HO
D-Gle-
OH <P
OH (78)
OH CH,OH oH

(17) R=p-0-Glc-p
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4

Oligosaccharides

1 General

As before, this Chapter deals with specific tri- and higher
saccharides; most references related to their syntheses by specific
chemical methods. It does not cover higher, non-specific com-
pounds made by the oligomerisation of monosaccharide derivatives
nor does it deal with the cyclodextrins. The synthesis of, e.g.,
pentasaccharides 1s dealt with under that heading and the required
preparations of constituent parts are assumed and are not covered
in thelr sections.

A lecture review on the synthesis of fragments of bacterial poly-
saccharides and their application in the preparation of antigens 1
and one on the synthesis of oligosaccharides of aureolic acid52
have appeared.

130 n.m.r. chemical shifts of oligosaccharides have been
tabulated,3 and combinatlions of homo- and hetero-nuclear shift
correlated 2-D n.m.r. techniques have been used to assign lH and
1y
n.m.r. methods were used to determine the branching patterns in a

ceramide pentadecasaccharide; differences were noted between the
5

13C signals of oligosaccharides related to arabinoxylan.u

parent spectrum and that of partlally degraded products.
F.a.b. mass spectrometry has been shown to be a useful tool for
the identification of cello- and malto-oligosaccharides and their
alditol reduction products.6 Permethylated slalo-oligosaccharides
liberated from parent gangllosides can be usefully examined by
chemical ionization mass spectrometry with ammonia as reagent gas.
Molecular welghts are revealed by the MH+ and (M+NHH)+ ions and the
fragmentation patterns indicate the linkage patterns.7 Alter-
natively, the negative ion chemical ionization method as applied
to oligosaccharides corresponds to the flash desorption technique.
Stachyose, for example, gave not only the quasi-molecular ion but
also cluster ions of glucose and sucrose.8 Secondary ion mass
spectra of oligosaccharides contalning neutral or amino sugars and

42
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aminoglycoside antlblotics have been measured using various matrilx
materials; molecular adducts and fragments were observed.9

2 Trisaccharides

2.1 Linear Homotrisaccharides.- In connection with the

characterization of an unknown trisaccharide from crocuses, the
four possible linear B-D-glucopyranosyl derivatives of gentioblose
[8-D-Glep(1l » 6)-D-Glc] were synthesized as their peracetates and
thelr lH n.m.r. spectra were fully analysed.lo Likewlse, panose
(0-a-D-Glep(1l - 6)-0-a~D-Glep(1l + 4)-D-Gle) has been prepared by
rational synthesis,11 as has compound (1) which is an analogue of
methyl a-maltotrioside with a flexible central unit, being a com-
petitive inhibitor for the hydrolysis of p-nitrophenyl a-maltotri-
oside by porcine a—amylase.l2 A study of the alkaline hydrolysis

of methyl B-D-cellotrioside has been undertaken 13

GyatiNyele/e!

The a- prOpyl glycoside of 0-B-D-Galp(l + 4)-0- 8 D Galg—(l > 4y
D-Galp has been prepared by use of allyl glycosides, and several
unsuccessful approaches were discussed.lu a~L-Rhamnopyranose tri-
saccharides with the following linkages have also been obtalned
synthetically: (1 + B)(1 =+ 4), (1> 1)(1 ~ 3), (1 » ®(1+ )
and (1 » 2)(1 » 3);% 1n addition, 0-a-D-Rhap(1l + 2)-a-L-Rhap-

16 In the pentose series, the methyl

(1 - 3)-L-Rha was prepared.
0-B-D-xylopyranosyl-(1~+ 3)-B-D-xylopyranosyl-(1 + 2) and (1 + 3)-
R-D-xylopyranosides have been synthesized by stepwise methods and
examined by 13C n.m.r, spectroscopy.l7

The dideoxyhexose trisaccharide (2) has been isolated from twigs
of Orthenthera viminea,18 and also synthesized in the form of its
B~steroidal glycoside, digitoxin. The outline of the synthesis 1is
shown in Scheme 1, the use of the 1l-thio S-ethylglycoside being

very unusual, and the B-glycosidic bond formation being, 1t is

proposed, consequent upon the intermediacy of a 1,3-acyloxonium
19

ion.
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0. or?
— — +-@g +(3) —>
Teisacc.

R' = pNoCHios | RZ = p-MeoceHgcos | RP = steroid -3-yl
Scheme 1

2.2 Branched Homotrisaccharides.- 0-B-D-Glep-(1 + 2)-0-[B-D-Glep~

(1 + 6)]-D-Glc has been isolated from a crocus®’ and the isomer
0-a~D-Glep-(1 + 4)-0-La-D-Glep-(1 + 6)1-D-Glc has been synthesized
by use of 2,3,4,6-tetra-0-benzyl-D-glucose in the presence of p-
nitrobenzenesulphonyl chloride, silver triflate and triethylamine
in Q,E—dimethylacetamide.zl Methyl O-a-D-Manp-(1 =+ 3)-0-[oa-D-
Manp-(1 + 6)]-o-D-Manp has been prepared with C-1 of both sub-

stituent sugars labelled with 13C.22

2.3 Linear Heterotrisaccharides.- Compounds are listed according to

their reducing termini. Those with D-glucose at the reducing
position are: 0-8-D-Galp-(1 + U4)-0-g-D-Glep-(1l » 4)-B-D-Glecp
(prepared bound as a glycosylamine to a phenylalanine-containing
polymer, the galactosyl unit being introduced by enzymic
methods),23 0-a-D-Galp-(1 + 4)-B-D~Galp-(1 + 4)-p-D-Glcp (linked
24 a-D—Maan(l + 2)-o~
D-Manp-(1 + 3)-a-D-Glep (as a-methyl glycoside), 25 and O—a—L—Fucg-
(1 + 2)-g-D-Galp-(1 + 4)-D-Glc (isolated from echidna milk)2
Amino-sugar-containing trisaccharides of the serles are 0-B- D-
GalNAc-(1 + 4)-B-D-Gal-(1 + U4)-B-D-Glcp (as the methyl 9-hydroxy-
nonanoate glycoside),27 and the same compound as a substituted
methyl glycoside,28 and g—B—D—GlcNHE—(l + 4)-B-D-Galp-(1 + 4)-D-
61c.?d

With D-galactose at the reducing end the following were reported
0-a-D-Galp-(1 + 2)-a-D-Glep-(1 + 2)-D-Gal,3C 0-B-D-Manp-(1 » U)-a-
L-Rhap-(1 + 3)-D-Gal (obtained as polymeric antigens by copoly-
merization of the B-allyl glycoside with acrylamide), 31 0-B-D-
Galp-{(1 + 4)-B-D-GlecNAc-(1 + 3)-D-Gal and 0-B-D-Galp-(1l + 4)-B-D-
GlcNAc-(1 » 6)-D-Gal (both synthesized with immobilized enzymes and
UDP-Gal),32 0-g-D-Galp-(1 + 3)-8-D-GlcNAc-(1 + 3)-D-Gal (a mucin
fragment synthesized 33 and varilous chemical interconversions
carried out),3” 0-B-D-Fucp-(1 » 4)-8-D-GleNAc-(1 » 6)-D-Gal.3?

through a spacer aglycone to two protelns),
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Those with 2~amino-2-deoxy-D-glucose carrying a disaccharide

substituent are: 0-a-D-Galp-(1l + 4)-B-D-Galp-(1 + U)—D—GlcNHZ,36
0-a~D-Manp-(1 + 3)-B-D-Manp-(1 ~+ 4)-D-GleNAc,3' 0-a-D-Manp-(1 +-6)-
8~D-Manp~(1 ~» l&)—D-GlcNAc,37 0-a-L-Fucp-(1 + 2)-a (- and B8-) D-
Galp-(1 + 3)-D-GleNAc,30»39 0-g-D-Manp-(1 » 4)-B-D-GleNAcp~(1+14)-
a-D-GlcNAc (as pyrophosphate dolechyl diesters),uo a—D—GlcNHe—
(1 » 4)-B-D-GalUA-(1 =+ U)—D—GlcNH2 (a synthetic heparin tri-
saccharide as a pentasulphate ester),ul and 0-a-Neu5Ac-(2 + 6)-B-D-
Galp-(1 + 4)-D-GlcNAc (a glycoprotein terminal unit).

The D-galactosamine derivative 0-8-D-GlcNAc-(1 + 3)-p-D-Galp-

(1 » 3)-D-GalNAc has also been synthesized.u3

The following miscellaneous compounds have also been reported:
0-0-D-Galp-(1 * 2)-B-D~Manp-(1 » #)-L-Rha (analogue of the repeat-
ing unit of Salmonella serogroups A, B and D),uu O0-a-L-Araf-(1 » 3)
-B-D-Xylp-(1 » 11)—D—)(ylu5 and the ulosonic acid-containing com-~
pounds (4) (isolation of bacterial lipopolysaccharide fragment)“6
and (5) (synthesis of E. coli polysaccharide repeating unit).157

Me CH,0H CH,OH
0
0 AcVL 0 Ao\ OH oo .
OH Ho
oH o Me OMe
COLH
HO 2 CH,OH . O N
[o)
OH NHAC O o, o © Cogle
©) (5)
OH OH

2.4 Branched Heterotrisaccharides.- Several compounds of this
category have been synthesized: 0-a-L-Fucp-(1l + 2)-0-[a-D-Galp-
(1 » 3)1-D-Gal (a portion of the antigenic determinant of blood
group B subst:ance),u8 0-a-D-Galp-(1 + 2)-0-[a-D-Abep~(1 » 3)]-a-D-
Manp (Abe = 3,6-dj.cle:c’xy--D--gxlg—hexose),u9 0-B-D-Fucp-(1 +~ 3)-0-
[B-D-GlecNAc-(1 + 6)-la-D-GalNAc (benzyl glycoside),50 0-8-D-Galp-
(1 + 3)-0-[B8-D-GlcNAc-(1 + 6)J)-a-D-GalNAc (benzyl glycoside,
related to mucins and blood group substances),51 0-a-L-Rhap-(1 + 2)
-0-[a-D=Gle-(1 + 3)J-a-L-Rhap-OMe,2 0-B-D-GlcNAc(1 + 2)-0-[a-D-
Gle-(1 + 3)I]-a-L-Rhap-OMe,?? and 0-a-L-Araf-(1 + 3)-0-[8-D-Xylp-
(1 » 4)1-B-D-Xy1l-OMe. >
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3 Tetrasaccharides

As with the trisaccharides the followling tetrasaccharides are
classified according to whether they have linear or branched
structures and then by the nature of the sugars at the reducing
termini.

3.1 Linear Tetrasaccharides.- Reports of the preparation of the
following have appeared: 0-8-D-Galp-(l + 3)-B-D-GalNAc-(1 -+ 4)-B-
D-Galp-(1 » 4)-D-Glc,27°29 0_a-L-Rhap-(1 » 2)-B-D-Gle-(1 + 2)-a-L-
Arag—(l-->6)—D—Glc,53 and 0-a-D-Glep-(1 + 6)-o-D-Glep-(1 » 4)-a-D-
Glep-(1 » U4)-D-Glc (coupled via spacer groups to proteins).su

Glucosamine derivatives are: (-a-D-Manp-(1 + 3)-8-D-Manp-(1-+4)
-B~-D-GleNAcp-(1 + U4)-a-D-GlcNAc (pyrophosphate dolichyl diester),uo
a-D-Manp-(1 + 2)-a-D-Manp-(1 » 3)-B-D-Manp-(1 - U)-GlcNAc,>>
a-D-Manp-(1 » 3)-a-D-Manp-(1 + 6)-B-D-Manp-(1 + U)-GlcNAc,>>
l-methylcoumarin-7-yloxy tetra-N-acetyl-B-chitotetraoside (obtained
from the tetraose peracetate which was produced by acetolysis of
chitin),55 0-a-Neu5Ac-(2 + 6)-B-D-Galp-(1 + 4)-p-D-GleNAc-(1 » 2)-
D-Man (and the B-Neu-5Ac isomer),57 and 0-a-D-0OclAp-(2 + 4)-a-D-
OclAp-(2 + 6)-B-D-GleNAcp-{(1 + 6)-D-GlcNAc(OclAp = 3-deoxy-D-manno-
2-octulopyranosonic acid).5

Compound (6) is a derivative of the tetrasaccharide unit of
lanatosides (cardiac glycosides) and has been synthesized by glycal
addition procedures.59 A tetrasaccharide of Orthenthera viminea
twigs 1s the B-L-diglnose tetramer (7).60 A synthesis of the

B-1,3-1linked D-xylopyranose tetramer has been reported.61

CH0Ac Me Me Me
0 0 0 0 (o] o 0 0
OAc Me Me Me Me
AcO 0 0 o] OMe HO 0 [o] 0 OH
OAc OAc DAc OAc OMe OMe OMe OMe
() ()

3.2 Branched Tetrasaccharides.-~ The following have been reported:
0-a-D-GalNAc-(1 + 3)-[a-L-Fuep-(1 + 2)]-B-D-Galp-(1l + 4)-D-Glc
(partial enzymic method), 2 0-a-L-Fucp-(1 + 2)-B-D-Galp-(1l + U)-
[a-L-Fucp-(1 + 3)]-D-G1c,26 0-B-D-Glep-(1 + 2)-0-[B-D-Xylp-(1 + 3)]
-0-8-D-Glep-(1 + 4)-D-Gal (1ycotetraose),63 a-D-Manp(1 + 3)-[a-D-
Manp(l + 6)]-8-D-Manp-(1 » 4)-D-G1lcNAc3 and a-D-Galp-(1 + 2)-a-D-
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Manp-(1 -+ M)-a—L—RhaR—g-(CH2)BCO2Me with the following sugars
linked a-(1 + 3) to the mannose unit: 3,6-dideoxy-o-D-ribo- and
arabino-hexose, 3,6-dideoxy~a-L-arabinc-hexose, 2,3,6~trideoxy-a-
D-threo-hexose and 3,U,6-trideoxy-oa-D-erythro-hexose (units of
Salmonella serogroup A and D and related antigens).

4 Higher Oligosaccharides

4.1 Pentasaccharides.- The following have been obtained syntheti-
cally: B-D-Galp-(l + U)-g-D-GleNAc-(1 » 6)-B-D-Gal-(1 + 4)-g-D-
GlcNHZ-(l + 6)-D-Gal (used to study the combining site of mono-
choral antl 1 Ma antibody),3° 8-D-Galp-(1 » 4)-B-D-GlcNAc—(1 » 2)-
a-D-Manp-(1 + 6)-B-D-Manp-(1 + N)-D-GlcNAc65 and B-D-Galp-(1l - 4)-
B-D-GleNAc-(1 + 2)-a-D-Manp-(1 + 3)-B-D-Manp-(1 -+ M)-GlcNAcs5 and
a-D-Manp-(1 + 3)-[a-D-Manp-(1 + 6)]-B-D-Manp-(1l + U4)-B-D-GlcNAc
(1~ M)—D—GlcNAc66 and the heparin pentasaccharide (8).67

CHp0504 co, CH0505 CH,050;
o o 0 0
HO 0 0 o o
NHSO0; OH - NHSO03 050, NHSO3

4.2 Higher Saccharides.- Muscaroside B contalns a novel branched-

chain hexasaccharide which was structurally characterized using
FAB m.s..68

The synthesis of the branched-chaln octasaccharide (9), a
glycoproteln structural unit, has been achieved.

B-D-Galp-(1 + U4)-B-D-GlcNAc-(1 + 2)-a-D-Manp-(1 + 3)-8-D—Man§f
(1 » W)-D-GlcNAc N

1
B-D-Galp-(1 + U4)-B-D-GlcNAc-(1 + 2)-a-D-Manp

(9)
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Ethers and Anhydro-sugars

1l Ethers

Methyl Ethers.- Oligoglycoside diterpenes with 3-0-methylated o-L-
rhamnopyranosyl, B-D-quinovopyranosyl, and B-D-glucopyranosyl
moieties have been 1solated from Scypholepia hookeriana fronds.
The role of the dimsyl anion (MeSOCHE_) in the Hakamori
methylation procedure has been questioned, hydroxide and hydride
anions being shown to be the effective bases. An alternative pro-
cedure employing solid hydroxides as bases (i.e. NaOH or KOH
-DMSO-MeI) has thus been developed and demonstrated for the per-

1

methylation of sucrose and eleven reducing sugars. It proved to
be simple, rapid (6-7 min), high yielding (98x2%), and to have

none of the side reactions found in the Hakamori me’chod.2 A modi-
fication of the Hakamorl permethylation has been described in which
silver nitrate was added with excess methyl iodlde, precipitated
silver 1odide was removed by filtration, and traces of silver salts
were removed by treatment with aqueous potassium cyanide.3 A
compilation of carbohydrate methylations employling methyl triflate
has appeared.

Further detailled investigation of the selective monocalkylation

of diols in D-gluco-, D-manno-, and D-galacto-pyrancside deriva-
tives by formation of copper(II) chelates (NaH-CuCl2 in ether
solvents) then reaction with allyl, benzyl, or methyl iodide has
revealed a number of synthetically useful examples (c.f. Vol. 16,
p.51). Thus methyl 4,6-0-benzylidene-u-D-glucopyranoside pro-
vided 2~ and 3-monomethyl ethers in 20 and 60% yleld,
5 Reaction of methyl 6-0-trityl-a-D-mannopyranoside
with diazomethane-tin{(II) chloride led selectively to mixtures of
the 2- and 3-0-monomethyl ethers, the ratio of products depending
upon the solvent employed.6

Partial methylation of methyl B-D-xylopyranoside followed by
column chromatographic separation of the products has been claimed
to be a better method for obtalning all seven possible products

respectively.

50
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than employing standard syntheses of the individual compounds.

Fair yields (7-22%) of all derivatives were obtained from a single
reaction, and literature data on the 2,3- and 2,4-dlethers were
revised.7 Partial methylation of methyl U,6-dideoxy-a- and 8-L-
ribo-hexopyranoside led primarlly to their 2-0-monomethyl ethers;
these results have been discussed in relation to those obtained
with other configurational 1somers.8 The proportions of the mono-
to tri-0-methyl ethers in the complex mixture obtained on dimolar

methylation of methyl 6-0-trityl-a-D-mannopyranoside have been

10 11

determined.g Conventional syntheses and 13C—n.m.r. spectra
of the 3-mono, 2,3- and 3,4-di-, and 2,3,4-tri-0-methyl ethers of
methyl (methyl a-D-mannopyranosid) uronate have been reported.

The sulphate ester group has been used as a temporary blockilng
group in a synthesis of 3,4,6-tri-0-methyl-D-glucose. Treatment
of methyl 4,6-0-benzylidene-a- or B-D-glucopyranoside with
pyridine-sulphur trioxide complex led mainly to the 2-sulphate,
which was sequentlally hydrolysed selectively to remove the acetal,
methylated, and desulphated.12
and 3,4-di-0-methyl ethers of methyl a-D-mannopyranoside involved
methylation-debenzylation of 3,6-di-0-benzyl and 2,6-di-0-benzyl
derivatives obtained by reductive acetal cleavage (NaBH3CN—HC1) of

3-0-benzyl-4,6-0-benzylidene and 3-0-benzoyl-2-0-benzyl-4,6-0-
13

Unambiguous syntheses of the 2,4-

benzylidene derivatives, respectively.

Other Alkyl and Aryl Ethers.- Two references to allylation and
benzylation appear in the section on methyl ethers. The intra-
molecularly etherified flavan-4-0l1 glucoside (1) has been isolated
from Glaphyropteridopsis erubescens.1 '

CHzoBﬂ

Me OH
CHo0H 0. OMe
e
HO 0 o o©
() BMe S @

A compilation of carbohydrate benzylations and other alky-
lations employing alkyl triflates has appeared.u Application of
David's procedure to the preparation and selective monoalkylation
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of methyl 4,6-0-benzylidene 2,3-0-(dibutylstannylene)-B-D-gluco-

pyranoside led to the following monoethers product mixtures: 2~
and 3-0-allyl (60 and 33%), 2- and 3-0-benzyl (29 and 61%), and
2- and 3-0-methyl (22 and 66%), respectively.15

The compatibility of benzyl, U-methoxybenzyl, and 3,4-dimethoxy-
benzyl ether protecting groups has been demonstrated, benzyl ethers
being selectively removed by hydrogenolysis with Raney nickel,1
but 3,4-dimethoxybenzyl ethers being more readily removed by DDQ
(2,3-dichloro~5,6-dicyano-1, 4-benzogquinone) oxidation.l?

Reductive cleavage of methyl 4,6-0-(l-methoxybenzylidene)-a-D-
gluco- and galacto~pyranoside derivatives with sodium cyanoboro-
hydride can lead regioselectively and in good yields to the 6-0-
(4-methoxybenzyl) ethers using trifluorcacetic acid as catalyst,

or to the 4-0-(4-methoxybenzyl) isomers using trimethylsilyl
chloride. Such Y~methoxybenzyl ether groups can be selectively
cleaved in the presence of benzyl ethers using cerium(IV) ammonium
nitrate in aqueous acetonitrile.18’19

Further crown ethers incorporating carbohydrate diol units have
been reported, including a range of compounds such as (2) which
incorporate triose and pentose derivatives.2o Spectroscopically
indistinguishable [18]-crown-6 isomers with two methyl 4,6-0-
benzylidene-a-D-galactopyranoside moieties aligned syn- or anti-
wlth respect to each other have been synthesized; their gluco-
analogues were reported previously by other workers (Vol.l6,
p-55).21 The syntheses of chiral diaza-crown ethers and
corresponding [2.2.1]cryptands incorporating the 2,3-diol moieties
of a-D-gluco-, -galacto-, and -manno-pyranosides (Vol. 17,p.57)
have now been published in fu11,22’23 while an alternative pre-
paration of the dlaza-crown ether incorporating a methyl 4,6-0-
benzylidene-a-D-glucopyranoside unit has been reported.

Mixtures of mono- to tetra-O-(pentyloxymethyl) ethers of methyl
a-D-glucopyranoside have been synthesized and separated
conventionally.25

3-Oxobut-l-enyl ethers, e.g., (3), required for hetero-Diels-
Alder chemistry, have been obtained by reacting the tosylate (4)

0 oj/\/ms
(4)

(3) o\~
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with alkoxldes obtalned from mono-hydroxy sugar derivatives.26

Monophenylation of carbohydrate diols has been effected in
yilelds <42% using triphenylbismuth diacetate; 1,2-cis-diols on
pyranosyl rings gave mainly axlal monoethers, while 1,2-trans-
diols reacted slowly and with little selectivity.27 Syntheses of
compounds with methoxycarbonylmethyl and l-(methoxycarbonyl)ethyl
ether moletles appear in Chapters 9 and 18, respectively.

Silyl Ethers.- The tert-~butylmethoxyphenylsilyl ether protecting
group has been shown to have the following favourable propertles:
1) it can be introduced selectively at primary positions, 1i) it
is more sensitive to fluoride ion than tert-butyldimethylsilyl
(TBDMS) or tert-butyldiphenylsilyl ethers, and iii) it can be
formed with tertiary alcohols. It is, however, less stable to
acid hydrolysis than the TBDMS ether.28 In the presence of base,
it has been shown that the TBDMS group 1s capable of migrating
between two trans-diaxial carbohydrate hydroxy groups.29

Selective 2-0-allyloxycarbonylation of methyl 4,6-0-(tetraiso-
propyldisiloxane-1,3-diyl)-a-D-glucopyranoside and its benzyl B-
glucoside analogue has provided access to the 2-0-allyl ether
derivatives by decarboxylation [Pd(OAc)z—Ph3P], or to a variety of
protected derivatives vla migration of the dislloxane-1,3-diyl
group from the 4,6- to the 3,h-position.3o

3',5'-Cyclic dimethylsilanediyl and tetramethyldisiloxanediyl
derivatives of deoxynucleosides are covered in Chapter 20.

2 Intramolecular Ethers (Anhydro-sugars)

Oxirans.- The acid-catalyzed hydrolysis of 5,6-anhydro-1,2-0-iso-
propylidene-B-L-1dofuranose has been reQexamined, because the
conditions reported previously for the preparation of L-ldose were
found not to give a pure product; conditions for optimum pro-
duction of L-idose, 1,2-0-1sopropylidene-p-L-idofuranose, or 1,6-
31 The 2,5:3,4-dianhydride (5)
has been synthesized from 1,2-0-cyclohexylidene-a-D-xylofuranose
via the ditosylate (6) (Scheme 1). Sulphonyloxy groups at C-3 in
acetals such as (7) are reported to be readily displaced with the

formation of a 3,4-epoxide, even using weak bases, the tosylates
32
A

anhydro-L-idopyranose were found.

reacting 2.5-3 times faster than their mesylate analogues.
mixture of disaccharide epoxides (8) has been obtained by
epoxidation (MCPBA) of the corresponding olefin.33
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CH,0Ts
0 i 0. CH(oMe), 0 CH(OMe),
OTs — Ts0 — sy

0

0 OH [¢}
(e) /b ™ ©)

Reagents: i, MeOH-TSOH ; i, Butok
Scheme 1

CH0Ac °
0 o~
®

Other Anhydrides.- Improved six-step syntheses of 2,&,6—tri—g—
benzyl-1,3-anhydro-8-D-glucopyranose (9), or its U-bromobenzylated
or lb-methylbenzylated analogues, from 3-0-allyl-1,2:5,6-d1-0-1s0-

propylidene-a-D-glucofuranose have been reported, the crucial final
step being shown in Scheme 2.3'4

CHo0Bn CH,0Bn
o) i Y
OAc — 0
BnO CL BnO
08n 0Bn
®

Reagents : L, LLOEL - THF Scheme 2

The mechanism by which the 1,4-anhydro-D-galactose derivative
(10) is formed on reaction of the 4,6-dimesylate (11) with azide
18O induced isotopic
shifts in the l3c—n.m.r. spectra. The two pathways elucldated
(Scheme 3) differ in giving products with 0%-1 bonded to C-5

(path a, involving ring contraction) or to C-~4 (path b).35

has been investigated using 17O—n.m.r. and

Knoevenagel reaction of 2,5-anhydro-3,4-0-isopropylidene-D-
arabiriose with methyl acetoacetate or acetylacetone led to mixtures
of alkenes, from which the spiro-acetals (12) or (13) could be
obtained on treatment with acid.3
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Reagent: i Ny

Scheme 3

%

(12) R=0Me
(13) R=Me

A simple, one-flask, two-step synthesis of 1,6-anhydro-g-D-
mannopyranose from D-mannose has been described, &4lthough the scale
reported was relatively small (1 g). A 6-0-tosyl group was
selectively introduced into D-mannose in pyridine solution, and
then intramolecularly displaced by addition of aqueous alkall to
pH9.37 Selective removal of the isopropylidene group in 1,6-
anhydro-2,3-0-isopropylidene-g-D-mannopyranose derivatlves having
4-0-allyl, -tert-butyl, -trichloroacetjl, or -tert-butyldiphenyl-
silyl groups has been effected by heating in methanol containing
pyridinium tosylate.38 The racemic 1,6-anhydride (14) has been
synthesized in elght steps from the acrolein dimer (15), and its
cationic ring-opening polymerization to form a (1+6)-glycan has been
studied.39

0 CHO _oR'
0 0 0. CH

BnO
/ ’R =Me, or

bL- ('4) oL-(15) OH OH (16) R',R -(CH2)2

The 2,5-anhydrohexose derivatives (16) have been obtained from
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their C-3 epimers using sulphonate displacement reactil.ons.uO A

2',5'-anhydro~8-D-arabinofuranosyl nuclecside and other anhydro-
nucleosides appear in Chapter 20.

A 40:1 mixture of the 1,6:3,5- and 1,6:2,5-dianhydrides (17)
and (18), respectively, was obtained on heating 1,6-anhydro-5-0-
tosyl-f-D-mannofuranose (19) in DMF; the major component yilelded
the ring-cleavage products (20) and (21) on methanolysis
(Scheme M).ul

TsO 0 (o] [0}
OH HO — 0 Ho * oH ©

(19) o N (18)

CH,OH CH,0H

Ct o MeO o]
OH HO + OH HO

OMe OMe
Reagents: i, &-DMF; i, MeOH-HCL (20) (20
Scheme 4
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6

Acetals

1 Isopropylidene Acetals

Pyridinium p-toluenesulphonate in methanol at reflux has been shown
to be effective in selective removal of the isopropylidene groups of
1,6-anhydro-2,3-0-isopropylidene-4-D-mannopyranose derivatives bear-
ing 4-0-allyl, -ter?—butyl, -trichloroacetyl, and -tert-butyldi-
phenylsilyl groups.

Acetonation of the diethyl dithiocacetals of D- and L-arabinose
gave the 2,3:4,5-di-0-isopropylidene acetals as oils; the reaction
was shown to proceed via the first-formed 4,5-acetal. Demercaptal-
ation with mercury(II) chloride - cadmium carbonate gave 2,3:4,5-
di-0-isopropylidene-aldehydo-D-arabinose (1), whereas the literature
procedure employing mercury(II) chloride - mercury(II) oxida gave a
mixture of (1) and 1,2:3,4-di-0-isopropylidene-g-D-arabinose (2). A
trace of acid rapidly and completely converted (1) to (2).

CHO 0 0
oq OV
o 0
0]

M @
Treatment of methyl « and p-D-glucopyranoside with two moles of 2-
methoxypropene in DMF gave the expected 4,6-0-isopropylidene derivat-
ives; on reaction with a further 2.5 moles of the reagent, a 732
yield of the 2,3:4,6-di-0~isopropylidene-glucoside was obtained. The
yields of the diacetal were lower when the glycoside was treated
directly with excess 2-methoxypropene. A mixture of the dibenzyl
acetals of 2,3:5,6- and 3,4:5,6-di-0-isopropylidene-D-glucose was
obtained on reaction of D-glucose with 2,2-dibenzyloxypropane in the
presence of tosic acid in dioxan at 6500. The products were diffi-
cult to separate chromatographically, so an indirect procedure of
acetylation, partial hydrolysis to 5,6-diols which could be separ-
ated, followed by re-acetalation, was adopted. Similar findings
were reported for the reaction of D-glucose with dimethoxypropane in
the presence of tosic acid. Reference to further conversions of
these acetals will be found in Chapter 9. In similar acetalations by
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the same research group, 2-deoxy-D-glucose and N-substituted derivat-
ives of glucosamine gave the expected dibenzyl acetals of the 3,4:5,6-
di-0-isopropylidene compounds (3) and, e.g., (4). Hydrogenolysis of
(3) using palladium catalyst gave the aldehydo-2-deoxy-3,4:5,6-di-0-
isopropylidene-D-glucose (5). Dimethoxypropane also gave similar
products with 2-deoxy-D-arabino-hexose, and it was shown that the 5,6~
acetal could be selective%y hydrolysed to yield the diacetal (6) by
means of 80% acetic acid.

BnO OBn BnO, OBn ?HO MeO. OMe
CHy
CHy NHCOCF, CHy
0=4__7L\ (o] ° 0=4"‘74\
g o 0 o]
) 0 o] (0]
) “ ©) (€)

A re-investigation of the structure of the tri-O-isopropylidene-D-
glucitol by means of the Bruker AG reiterative n.m.r. progranmme,
PANIC, at 250 MHz, has shown that it i1s the 1,3:2,4:5,6-triacetal and
not the 1,2:3,5:4,6-triacetal as previously claimed. The three
products from acetalation of D-mannitol with 2-methoxypropene in DMF
with tosic acid catalyst have been shown to be 1,2:5,6-, 1,2:4,6-, and
1,2:3,6-di-0-isopropylidene~D-mannitol. The preparation of 1,2:
5,6-d1-0-isopropylidene-D-mannitol by three alternative procedures for
acetonation of D-mannitol has been investigated, using acetylation
and capillary g.l.c. to monitor the products. The highest yield was
obtained by propanone-zinc chloride, whereas 2,2-dimethoxypropane -
tin(II) chloride and 2-methoxypropene - tosic acid gave more complex
mixtures contrary to claims in the literature. A new triacetal, 1,2:
3,6:4,5-tri-0-isopropylidene-D~mannitol, was isolated and its graded
hydrolysis compared with that of 1,2:3,4:5,6-triacetal. Acetal-

CH,OH cH(or'),
NHA R? (8) R'=Me
HO ° C» R'=Bn
(o) H o] .
ov 0 R%=H, NHAc, NHCOCF;
0 »Ph O>O
()

ation of 2-acetamido-4,6-(R)-0-benzylidene-2-deoxy-D-glucitol (7),
prepared by borohydride reduction of the corresponding free sugar, was
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found to be best accomplished by means of 2,2-dimethoxypropane -
sulphuric acid. Full assignments of the H- and C-n.m.r. spectra
of the triacetate of (7) were made.

2 Other Acetals

The major products from the tosic acid-catalysed reactions of 2-
deoxy-D-arabino-hexose, 2-acetamido-2-deoxy-D-glucose, and 2-deoxy-2-
trifluoroacetamido-D-glucose with 1,1-dimethoxycyclohexane were the
acyclic 3,4:5,6-di-0-cyclohexylidene acetals of the 1,1-dimethyl
acetals (8). With 1,1-dibenzyloxycyclohexane, the analogous 1,1-
dibenzyl acetals (9) were obtained, which could be converted into_the
acyclic aldehydo derivative on hydrogenolysis (c.f. ref. 6 above).
Reaction of cyclohexanone diethylacetal and D-mannitol in DMSO or DMF
with camphorsulphonic acid as catalyst yielded 1,2:5,6- and 1,2:4,6-
di-0-cyclohexylidene-D-mannitol in 80 and 207 yield,respectively; the
former product could be obtained pure by direct crystallization and
the latter from column chromatography. Periodate cleavage of the
symmetrical diacetal gave 2,3-0-cyclohexylidene-D-glyceraldehyde, a
stable and more tractable derivative than the corresponding isopro-
pylidene acetal.

2-Furylidene acetals have been prepared from methyl e~ and g-D-
glucopyranoside, methyl «~D-galactopyranoside, and methyl «-D-manno-
pyranoside by reaction with 2-furaldehyde and tosic acid with azeo-
tropic removal of water; the expected 4,6-mono or 2,3:4,6-di-acetals
were formed.

2',31'-0-Ethylidene and -(dimethylamino)methylidene acetals of
nucleosides have been prepared uaing either triethylorthoformate or
(Me0) GHNMe (see also Chapter 20).

oén o]
CHyO-C-Me 0
(6] R N PR
OBn
OBn BnO ) 0 0710\ QAc
HO OMe o—-CN 0
Me
OBn (12) o
(10) R=Me Bz 0Bz
(11) R=CH,F CHy0Bz
(13)

15 16
Mixed acetals of the type shown in (10) ~ and (11)  have been
prepared in high yield by reaction of 2-benzyloxypropene or 2-benzyl-
oxy-3-fluoropropene with the corresponding 2,3-di-0O-benzyl glycoside.
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Regeneration of the alcohol from (10) was accomplished by catalytic
hydrogenation under neutral conditions, while the fluorinated
analogue (11) was stable to acid under conditions where ghe non-fluor-
inated mixed acetal (10) and a TBDMS group are cleaved.1

The 1,2-0-(1-cyano)ethylidene xylopyranocse (12) has been1grepared
using standard methods from the 1,2-O-benzylidene compound. Re-
action of N-bromosuccinimide with 1-0-acetyl-2,3,5,6-tetra-0-benzoyl-
p~D-glucofuranose in the presence of light gave in 74X yield the
phenylsuccinimidyl acetal (13), which was characterized by X-ray
crystallography. The reaction was also carried1gut on a related g-D-
ribofuranose ester and adenosine pentabenzoate.

Lithium aluminium hydride complexed to 3-0-benzyl-1,2-0-cyclohexyl-
idene-«-D-glucofuranose has been used to reduce Schiffs' bases to
optically active amines with enantiomeric excesses of 10 - 25%.

A similar complex between lithium aluminium hydride and 1,2-0-cyclo-
hexylidene-3-0-cyclohexylmethyl-«-D-glucofuranose has been used to
reduce ketones and ketoximes to alcohols and amines with (S)configur-
ation of up to 52% optical purity.

Reduction of 4,6—9—(A—methoxybenzylidene)hexopyranoaides to 4-
methoxybenzyl ether group521'22 is referred to in Chapter 4, and
oxidation of benzylidene acetals to hydroxybenzoates in Chapter 5.

References

—

R.van Rijsbergen, M.J.O.Anteunis, and A.De Bruyn, J. Carbohydr. Chem.,
1983, 2, 395.

2 D.Horton and O.Varela, Carbohydr. Res., 1984, 134, 205.

3 J.-L.Debost, J.Gelas, D.Horton, and O.Mols, Carbohydr. Res., 1984, 125,
329.

4 M.Kiso, H.Ishida, A.Kawaide, and A.Hasegawa, Carbohydr. Res., 1984,
127, 129,

5 M.Kiso, A.Yasui, and A.Hasegawa, Carbohydr. Res., 1984, 127, 137.

6 M.Kiso, A.Kondo, Y.Kondo, and A.Hasegawa, Carbohydr. Res., 1984, 127,

121.

7 P.Sohar and J.Kuszmann, Org. Magn. Reson., 1983, 21, 694 (Chem.
Abstr., 1984, 100, 103 778).

8 J.Kuszmann, E.Tomori, and P.Dvortsak, Carbohydr. Res., 1984, 132, 178,

9 J.Kuszmann, E.Tomori, and I.Meerwald, Carbohydr. Res., 1984, 128, 87.

10 C.Morin, Carbohydr. Res., 1984, 128, 345.

11 M.Kiso, A.Yasui, and A.Hasegawa, J. Carbohydr. Chem., 1983, 2, 449.

12 T.Sugiyama, H.Sugawara, M.Watanabe, and K.Yamashita, Agric. Biol.
Chem., 1984, 48, 1841.

13 J.Maslinska-Solich and I.Rudnicka, Carbohydr. Res., 1984, 132, 150.

14 E.Albano-Garcia and L.U.Colmenares, Nat. Appl. Sci. Bull., 1982, 34,
211 (Chem. Abstr., 1984, 100, 139 541).

15 T.Mukaiyama, M.Ohshima, and M.Murakami, Chem. Lett., 1984, 265.

16 g.Mukaiyama, M.Ohshima, H.Nagaoka, and M.Murakami, Chem. Lett., 1984,

15.



62

17
18
19
20
21
22

Carbohydrate Chemistry

1983, 2400 (Chem. Abstr., 1984, 100, S1 908).
R.J.Ferrier, S.R.Haines, G.J.Gainsford, and E.J.Gabe, J. Chem. Soc.,
Perkin Trans. 1, 1984, 1683.

S.R.Landor, 0.0.Sonola, and A.R.Tatchell, Bull. Chem. Soc. Jpm., 1984,

57, 1658,
S.R.Landor, Y.M.Chan, 0.0.Sonola, and A.R.Tatchell, J. Chem. Soc.,

Perkin Trans. 1, 1984, 493.

201.
R.Johansson and B.Samuelsson, J. Chem. Soc., Perkin Trans. 1, 1984,

2371.




7
Esters

Reviews in Japanese on the reactivity of hydroxy groups in mono-
saccharides towards direct acylation, and the methods for hydroxy
group modification without recourse to blocking-deblocking strategies
by using tin intermediates, have appeared. 0-Acyl migration in D-
glucose and L-arabinose is also discussed. ! Neighbouring group
participation in nucleophilic displacements of carbohydrates has been
the subject of a review in Polish.

1 Carboxylic Esters

Improved preparations of 1,2,3,4-tetra-0-acetyl-A-D-gluco- and -manno-
pyranose have been described.

Substituted D-gluco, -manno, and -galacto derivatives having two
free hydroxy groups have been converted to metal chelates by reaction
with sodium hydride and the appropriate metal chloride in either
oxolane or 1,2-dimethoxyethane. Reaction of these with acetic anhy-
dride or benzoyl chloride gave mixtures of di-, mono-, and un-sub-
stituted products, in which one monosubstituted derivative predomin-
ated. Appropriate choice of metal ion (copper or mercury) and
organic reagent led to selective substitutions, illustrated by many
examples. Reference to the same reaction used for alkylation will
be found in Chapter 5. Partial hydrolysis of peracetyl and per-
benzoyl 1,6-anhydro-g-D-glucopyranose using methanolic hydrogen
chloride or hydrazine hydrate has allowed the synthesis of all poss-
ible partially esterified derivatives, owing to the selectivity exhib-
ited. Thus the ester group at C-3 is more stable than those at C-2
and C-4 towards the acid reagent, but is most labile in hydrazine
hydrate. Reaction of 1,2-cis-1-thioglucofuranoside esters with
mercury(II) acetate in acetic acid produced the 1-O-acetate trans
to the ester group at C-2, in good yield; e.g., ethyl 2,3,5,6-tetra~
O-benzoyl-1-thio-%-D-glucofurancside gave 1-0O-acetyl-2,3,5,6~tetra-0-
benzoyl-@-D-glucofuranose.

The selective benzoylation of 1,5-anhydro-L-arabinitol using
benzoyl chloride in pyridine at -AOOC has been studied; 0-2 is

63



64 Carbohydrate Chemistry

somewhat less reactive than 0-3 or 0-4.8 The methods described by
David using dibutylstannylene derivatives of diols have been applied
to methyl 4,6-0-benzylidene-g-D-glucopyranoside. Treatment of this
derivative with benzoyl chloride in benzene gave 49% 2-benzoate and
39% 3-benzoate, in contrast to the result when tosyl chloride was
used in which the major Broduct (63%) was the 3-tosylate, with only
21% 2-t»rsylate produced. Alkylations of this type are mentioned

in Chapter 5. Six monosaccharides, two diols and four triols, cont-
aining only secondary hydroxy groups, have been mono- and di-benzoyl-
ated with high regloselectivity using bis(tributyltin) oxide and di-
butyltin oxide. The applicability of the method is enhanced by the
the fact that the product ratios may be drastically altered by
changes in coordinating ability of the solvent or the presence of
Lewis bases. The factors governing the selectivity were discuss-

ed. The selective benzoylation of secondary hydroxy groups in
6,1',6'-tri-0-tritylsucrose by the same reagent system has enabled
the preparation of mono- and dibenzoyl der%¥atives,which were charac-
terized by 500 MHz H n.m.r. spectroscopy.

Treatment of peracyl 6-~azido-6-deoxy~hexopyranosides with nitrosyl
hexafluorophosphate in acetonitrile leads to dioxolanium ions which
may rearrange when there is a vicinal, axially oriented ester group,
as shown in Scheme 1. Where this condition is not met, no rearrange-
ment occurs, thus explaining the results reported in Vol. 15, p.69-
70.

Ph
N
0
BZO CH,N, 0 CHa0Bz pp, CH20Bz
o 0 0 10 BzO/D\\/O
i z0 +
Bz0 L B0 \ — /[ = o4 9
Ph
la e oB: OMe OMe OMe
Reagents: i, NO'PF, ,0° Scheme 1
OMe. OMe
Me: 0 i Me 0
—t 5
0COoBu? 0COBw*
Ph

Reagents: i, NBS-H,0-BaCO3~hv
Scheme 2
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Cyclic benzylidene acetals derived from cis-related vicinal diols on
pyranosyl rings, on irradiation in the presence of N-bromosuccinimide
and water, react to give the correﬁgonding axially oriented mono-
benzoa?e, illustrated in Scheme 2.

The H n.m.r. spectra of some benzoylated derivatives of g-lact-
ose, A-maltose, and pA-cellobiose have been reported. The select-
ivities of hydroxy groups in sucrose towards pivaloylation have been
shown to vary with conditions. On acetylation, most of the possible
partially esterified derivatives between sucrose and the octa-ester
could be isolated in yields between 30 and 52% by suitable selection
of conditions. Lactose has been found not to react with fatty
acid esters in the presence of potassium carbonate in DMF, in cont-
trast to the findings with sucrose. The fact that there is a shift
in the dug—ratio from 35:65 to 15:85 on increasing concentration of
potassium carbonate was cited as evidence for the formation of a
stable chelated ion pair (1). Methyl pA-lactoside, on treatment with
ethyl myristate under these conditions, gave 10Z 3',6;gdiester, 15%
6,6'-djester, 35% 3'-monocester, and 40Z 6'-monoester.

.0 o] 0
ko / V\—?OH
K- 0
AT OH /
i AN O c6 co
HO ng E o\ OH
0 Hy OH MeO O OMe
HO 0 OMe OMe OMe OMe
OH
(1) ©)
2,3~Di-0~-galloyl-D-glucose has been isolated from the flowers of
Tamarix nilotica. The roots of Sangulsorba officinalis prod-
uce galloyl esters of the rarely encountered natural methyl p-D-
glucopyranoside. Galloyl esters of the branched-chain sugar
hamamelose have been found to be present in the bark of Castanea
crenata. Quercus stenophylla bark, on extraction, yielded

eight new di- to penta-0-galloyl protoquercitol derivatives and
two new ellagitannins. Additive parameters of chemical shifts in
130 n.n.r. of galloyl or hexahydroxydiphenoyl-sugars may be used to
locate the position of these groups on the D-glucopyranosyl rings
from hydrolysable tannins. The FAB-m.s. of the tannins allows deter-
mination of their molecular weights without prior formation of deriv-
atives. 3,4-g-(3,3',4,4',5,5'—Hexamethoxybiphenoyl)-L-
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arabinopyranose (2) has been synthesized by condensing 1-0-(3,4,5-
tri-0-methylgalloyl)-L-arabinose with hexamethoxybiphenoyl chloride
and subsequently removing the galloyl protecting groups, and was
shown to be identical to the isolated natural product. Penta-0-
galloyl-p-D-glucopyranose and related ellagitannins display remarkab-
ly strong inhibition of the mutagenicity of potent dibenzopyrene diol
epoxigg and 3-hydroxyamino-1-methyl-5H-pyrido(4,3-blindole muta-
gens.

Four new acylated sugars, 2~0-cinnamoyl-g-D-glucose, 2-0-cinnam-
oyl-1,6-di-0-galloyl-g-D-glucose, 2-0-p-coumaroyl-i-0O-galloyl-A-D-
glucose and & mixture of 1-0-galloyl-g-D-fructopyranose and 1-0-gall-
oyl-«-,and B-D-fructofuranose, were found in Japanese rhubarb.
4=0-Coumaroyl-D-glucose and its 2-acetate have been isolated_from
Plagiogyria euphlebia and Microlepia spetuncae,respectively.

Methyl 2,3-di-0-glycyl- and 4,6-di-0-glycyl-2,3-di-0-methyl-«~-D-gluco-
pyranosides have been synthesized by DCC-induced coupling of N-benzyl-

oxycarbonyl or N-t-butyloxycarbonyl protected glycine with the corr-
esponding glucose derivative, followed by N-deprotection. These model
compounds containing the O-(aminoacyl) protecting groups could be de-
protected by alkaline hydrolysis with aqueous sodium hydroxide — N-
methylmorpholine or Pronase E. Thus 0-glycyl groups offer the advan-~
tages of simple hydrolytic or enzymic removal and the presence of an
ionizable amine function suitable for isolation by, e.g., ion exchange
chromatography. The synthesis of the 5-fluorouracil-1-ylprop-

anoyl ester (3) has been achieved by Michael addition of the corresp-

OH

OH

onding 2~-acryloyl derivative and the fluorouracil.

(o}
F ><O 0
= 0 H
028'1 N (CHz)zCO/VQO HOO\ ,0 {
HN -< o)(‘ HO co
° @

The first cyanogenic glycoside with an acyl substituent on the
sugar, nandinin (4), has been isolated from the leaves of Nandina
domestica. The related 1,2-di-g—sinapoylﬂd-D-glucg?yranoae (5)
has been isolated from the cotyledons of red radish, and forsyth-
oside A3£6) containing the 4-0-caffeoyl-nitinose moiety has been des-
cribed.

A new sesquiterpene glucoside from Mortonia gregii contains a
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2,6-di-0-acetyl-A-D-glucopyranosyl unit.33 Derivatives of stevio-~
side (the sweet principle of Stevia rebaudiana), in which the #-D-
glucopyranose unit is replaced by A-D-xylose, «-L-arabinose, o{-D-

CH,0H
OH OH
OMe HO

/co

(6)

mannose.,d-L-glucose, «-L-rhamnose, or A-L-quinovose, have been pre-
pared conventionally and tested for sweetness. In all cases, the
compounds were 110-285 times as sweet as sucrose. An immunocassay
for paeniflorin has been developed using synthetic 6'-hemisuccinyl-
and 6'-hemiglutaryl-paeniflorin derivatives (ester attached at 0-6 in
the g-D-glucopyranosyl unit) as haptens, coupled to the S-D-galacto-
sidase and bovine serum. Branched-chain cyclic esters from
Plagiogyria sp.are referred to in Chapter 14. The 6-0-acryloyl, -3-
O-lactyl-L-alanine derivative (7) has been synthesized, homopolymer-
ized, or co-polymerized with styrene to provide, after removal of
protecting groups, a polymer with pendant MDP analogues.

CH,0-COCH=CHy
)

0

(e}

Mechco o
L-Ala (—7)

A monoterpene glycoside isolated from the fruits of Gymnocladus
chinensis has been shown to contain the acylated disaccharide 3-0-A-
D-glucopyranosyl-4-0-(2-methylbutanoyl)-e-L-arabinosyl moiety.
Sucrose fatty acid polyesters, e.g., sucrose octapalmitate, have been
synthesized in high yield by alkali metal catalysed transesterificat-
ion of sucrose octaacetate with the appropriate methyl esters of the
fatty acid in the absence of solvents. Dithiocarbonation of
sucrose in sodium hydroxide-pyridine, which allows product acetylation
without isolation, has been achieved using carbon disulphide. Chrom-~
atography yielded an anticipated range of partiallg xanthated, other-
wise acetylated sucrose derivatives in pure form. 6,6'-Di-0-
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palmitoyl-sucrose and -trehalose, cord factor analogues, have been
synthesized in good yield by direct dimolar acylation of the disac-
charide under Mitsunobu conditions (Ph_P,(Pr 0 CN=) ,C_ H__CO H,
DMF). Monomolar palmitoylation of sucrose gave 6-0- palmigoyl -sucrose;
this is in contrast to t-butyldiphenylsilylation, in which the ether-
ification occurs on the 6~hydroxy group of the fructose unit (see
Vol. 16, p.55, ref.35). The synthesis of 6-0-mycolyl- and
6-0-corynomycolyl-o, e trehalose, related to the trehalose mycolates
widely distributed in mycobacteria, has been achieved via the key
step of mesylate displacement with potassium mycolate or corynomyco-
late (see also refs.48 and 49). '

§-2'-Acetoxybenzoyl (aspirin) derivatives of chitosan, N-desulph-
ated heparin, and D-glucosamine have been synthesized and tested as
pro-drugs for aspirin.

2 Sulphonate esters

A review of the synthesis and reactions of carbohydrate-triflates
included a comprehensive compilation of all reported triflates.

The partial tosylation of 1,6-anhydro-D-mannofuranose with one
molar tosyl chloride in pyridine gives 79% 5~tosylate, 3.5Z 2,5-di-
tosylate, 1.2% 3,5-ditosylate, and 0.4% 3-tosylate. The complex
mixtures obtained on selective mono- and di-molar tosylation of 1,5-
anhydro-L-arabinitol have been investigated and the influences of
intramolecular hydrogen bonding and gauche-related tosyloxy groups on
the ratios of products discussed. Reactions of methyl 4,6-0-
cyclohexylidene-2-deoxy-2-trifluoroacetamido-3-0-triflyl-«~D-gluco-
pyranoside (8) with various reagents have been examined. Lithium
chloride and sodium iodide were found to give S 2 displacements,
sodium benzoate in DMF gave various products derived from the 2,3-
allo-epimine (9), while solvolygis of (8) with hot methanol gave a
ring-contraction product (10).

H
0
IR
MeO NHCOCF,

N HCOCFS
(9) éO CF3 (1 0)

The substitution pattern in the reaction of sucrose with 2,4,6-
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tri-isopropylbenzenesulphonyl chloride in pyridine showed that the
ratio of 6':6:1' monoesters was 3.5:1.0:0.16. The 6'-monocester could
be prepared crystalline in 39% yield by direct procedures.4 Sel-
ective triflation of 4,6,4',6'-di~0-benzylidene-«,%-trehalose gave the
2,2'-triflate, which was used to prepare 2,3:2',3'-tetra-0-benzyl-
4,6:4"',6'-d1-0-benzylidene-&-D-mannopyranosyl «-D-mannopyranoside by
treatment with sodium nitrite in HMPT followed by benzylation. De-
benzylidenation and tosylation led to a separable mixture of the 6,6'-
di- and the 6-monotosyl esters, which were converted into the corresp-
onding mycolates and corynomycolates (see also ref. 44 above).
Extension of this idea to the «-D-galactosyl «-D-galactoside was
achieved by inversion of 2,3,2',3'-tetra-0-benzyl-4,6,4'6'-tetra-0-
mesyl-«,x-trehalose with sodium benzoate, debenzoylation, and select-
ive tosylation, or mesylation to give 6,6'-diesters. These were
converted to the dimycolate and dicorynomycolate.

3 Phosphate and Related Esters

A review of phosphates and phosphonates of biological interest, with
particular reference to carbohydrates, has appeared. Phosphory-
lation in the synthesis of mono- and oligonucleotides has been the
subject of & review.

Four new phosphorylating agents have been described which show
regioselectivity in ribose: tri-imidazolylphosphine (11), (diphenyl)-
amino tri-imidazolyl phosphonate (12), which react at the primary
hydroxy group, and N-dichlorophosphinyl-morpholine (13) and di-iso-
propylgginophosphorus dichloride (14), which react at the cis-glycol
group.

(@th (K/\N i—;zv-Nph2 o} N-PCL, PréN-PCLZ

(11) (12) (13) (4

CH,0Bn
o} ) (—o o-g;(oan)2 ><0
oBn P NH ——* . 0 0 0
BnO 0-c-cal, 070 ) NH
OBn (95%) O-C”-CCLa
Reagentt: i, (BnO),P(0)OH (15)

Scheme 3
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Glycosyl trichloroacetimidates have been used to prepare glycosyl
phosphates by treatment with mono- or di-esters of phosphoric acid;
the reaction normally proceeded with predominant inversion (Scheme 3)
but in the case of the trichloroimidate (15) with monocetyl phosphate
retention was observed.

Intermediates in the recently discovered L-type pentose phosphate
pathway, characterized by C n.m.r. (see also Chapter 21 for anom-
eric and ring-size composition), have been shown to be D-altro-hept-
ulose 1,7-diphosphate, D-glycero-D-altro-octulose 1,8-diphosphate,
and D-glycero-D-ido-octulose 1,8-diphosphate.

A review of the isolation and separation of phosphatides and glyco-
lipids, by solvent fractionation, preparative column chromatography,
and h.p.l.c., has appeared. Lipid X (16) and Lipid Y (17), rel-
ated to lipid A and found in E. coli mutants, have been synthesiz-
ed. Biologically active monosaccharide Lipid A analogues (18)
have been synthesized from the appropriate N-substituted butyl
glucosaminide. Reference is made to tri- and tetrasaccharide
pyrophosphate esters, intermediates in N-glycoprotein biosynthesis,

CH,OH CH,0H
_CH,CQ )—— 0 0 R'= Me (CH,) CHRCH,
ChloY) \o OR' OH where R2= S,OH, co=
n-CyyHog HO OSJO3H:,2 H203p o or n-C3H,,Co5%
NHCOCH, NHR'
(16) R=H OR (18)

2
(T)R=n-CsHyCO7 ¢, Has

in Chapter 4. 3-Deoxy-D-arabino-2-heptulosonic acid 7-phosphate

(19), an intermediate in the shikimic acid pathway, has been
synthesized by phosphorylation of the methylaglycoside of the heptulo-
sonic ester (20), followed by deprotection. The syntheses of the

CHa0PO,H, CH,O0H CHZOH
0, _CO,H 0_CO,Me
OP O R (SR) -3-hydroxy-
rwgl.
4
(19) (20) NHR
(21) R*=H 0
(22)0(—anomer,R -4-5,3 O CH,CHaNH,

OH

N-substituted glucosamine 1-phosphate (21) and the corresponding di-
phosphate aminoethyl ester (22) have been described. Attempts to
phosphorylate myo-inositol with various polyphosphates or urea phos-



7: Esters 71

phate under aqueous conditions according to published procedures were
unsuccessful. The easiest method for complete phosphorylation was to
heat myo-inositol with phosphoric acid under reduced pressure at
15000 for 6 hours. Moraprenyl pyrophosphates of g-D-galactose,
A-D-glucose, and 4-deoxy-x-D-xylo-hexose have been synthesized by
glycosidation of morg renyl phosphoimidazolide with the corresponding
glycosyl phosphates.

3-Chloro-1,2-benzisothiazole 1,1-dioxide (23) is an excellent
coupling reagent for the preparation of phosphodiester derivatives,

nucleosides, and phosphoric monoesters. A range of diadenosine
a 9 9
YR —X--0-CH, A 12
N\ OH OH o h® ’cuz[wo:, Na
N \ 2
/ oH "2
ls\
0 0 2 (25)
(23 OH OH

(24)x=Y=0;X=0,Y=CH,; X=CH,,¥=0

tetraphosphate and phosphonates of type (24) have been prepared by
treatment of the disodium phosphonate (25) with N,N'-carbonyldiimid-
azole6 followed by appropriate combinations of protected adenos-
ines.

Cycloethylenephosphothioates such as (26) and (27) have been syn-
thesized by treatment of the hydroxy compound with the chlorophos-
phite (28) followed by sulphuration with elemental sulphur. Ref-
erence to other nucleotides will be found in Chapter 20.

CH,CL 0O—CH CL
2 O 2 B |
0 Thy (/7§5 o Cy (4 Ac) O/ p \O
o Y HO
G .
P
o\ © o (29
S (26) (27
HO - Ph,PO_ ) Ph 25'0 O_OMe
4 _t 7AW BN /4 Me
M >
[¢]
Reagents : PhZPCL—EtsN 4 iy HaOg ><
Scheme 4 (29)

The phosphinate (29), synthesized as shown in Scheme 4, has been
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used in homogeneous asymmetric hydrogenation reactions; optical yield
using Rh _Cl1 (C H_ ) -triethglamine at atmospheric pressure,

varied between 80% and 48%. Treatment of the chlorophosphinate
(30) with the N-cyanomethyl N-nitroso gompound (31) in triethylamine

gave the cyclic amidophosphinate (32). Reaction of phosphorus
trichloride with D-mannitol in dry dioxan gave 43% cyclic diphosphite

CH,CL

BrCH-N-NO
Me CH,CN

(31)

(33) and the tri(chlorophosphite) (34).67 1,2-Cycloamidophosphites
e.g., (35), have been obtained as stereoisomeric mixtures from the
corresponding 1,2-diols in D-ribose and D-glucose derivatives by re-
action with tris(diethylamino)phosphine;(35) was converted to the
corresponding thiophosphate on reaction with su%ghur. Also obtained
were glycosyl phosphorodiamidites such as (36). Cyclic phos-
phites (37) and (38) have been synthesized by treating the corresp-
onding triols with tris(dimethylamino)phosphine, while (39) was ob-
tained from (38) by desilylation, rearrangement and acetylation.
Chlorination of (37) gave the 5-chlorg-derivative (40), which was
aminated by piperidine to yield (41).

,o = ,O CHzOMe

(P\o_ CtPys 0 CHy0Me
0~ 0 OMe o Mo OP(NEL,)
FCL / (o] 2/2
( —0 0] MeO ! P OMe
PCL NEb,
OH

o) % o
L0 o)
(3% (34) (35) (36)
R o CHyCL
= P
P \ 0 = «
P’/(O\Afjoom 0 AO Dot oMe (41) X= ND
(37) R=H (39) o‘P\x

(38) R=CH,0SiPh,

Included in a general method for the preparation of mono- and
mixed diesters of phosphorous acid are some examples of carbohydrate
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and nucleosides; thus the two ammonium phosphites (LZ%Oand (43) were
prepared via the reaction sequence shown in Scheme 5.

9 { + - lol (42) = CHpNy (43) = CH,0+
(CFyCH 0),PH + ROH ——> CFyCHa0PH ——p NH,OPH 0. Cy V—_o
0 OR OR #0 >
Reagents : i, NH3-H,0 OH
<0 OH

Scheme 5

4 Other Esters

A one-step synthesis of sugar mono- and di-nitrates used triflation of
partially protected sugars, followed by reaction with tetra-n-butyl-
ammonium nitrate. The method was mild, convenient, and did not affect
highly acid labile groups; e.g., the anhydrosugar 444) was converted
in 90% yield into the nitrate (45) with inversion. Selective nit-
ration has been achieved using one molar thionyl chloride and one
molar silver nitrate in THF; when two moles silver nitrate were used
per mole of thionyl chloride, nitration was less selective (Scheme

6). A range of nitrates of methyl «-D-glucopyranoside, prepared

by nitration of suitably protected starting materials, have been ex-
amined using C n.m.r.; the chemical shift differences due to nit-
rate groups were useful for distinguishing between isomers.

0 O,NO 0
—
HO OBn 0OBn
(o} (o]

(44 (45)

6i“2°”°z «CHa CH,0NO,

OH
HO o 0,NO o
— OH LN ONO;
0 o]
o o

5 CHaONO, CH,0H CHyONO, CH,ONO,

l :o v o_ Y o VY
v i
— —_— +

OH OH 0NO  OH OH ONO,

Reagents: i, SOCL;=AgNO5- THF ; ii, SOCL,- 2AgNO,-THF
Scheme 6
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Photolytic cleavage of sugar nitrates by irradiation at A>240 n.m.
in propan-2-ol gave the parent alcohol in most cases; with the allo-
nitrate (46) the product was the epimer glucofuranose (47). A mech-
anism driven by dipole-dipole interactions between the C-2-0 and
C-3-0 bonds was suggested (Scheme 7).

0 0 0
><O 0 N ><o 0 :><0 0o
v, ~ —_— e OH
3 0 \r—) H. O 0
ONO, o)( 0 0 0 o)(
(46) (7)
Scheme 7
Reaction of 4,6:4',6'-di-0-benzylidene-u,x-trehalose with sulphur
trioxide in pyridine, followed by deprotection gave, as the major
product, «,X-trehalose 2-sulphate and,as the minor, the 3-sulphate.

The 2-sulphate was shown to be identical to that produced by solvol-
ysis of the principal sulphatide of Micobacterium tuberculosis,

implicated in the virulence of the pa'ohogen.,D The structure of the
biologically active Pseudomonas metabolite bulgecin A has been
established as the sulphated glycopeptide (48). Reference to the

CH,0H CHZOHH CH,0Bn
o} N Y NH
OH OBn 0-C-CCly
Na.0,S0 CONH(CHy), S04H BnO
NHAc 0 0Bn
(49) (49)

use of cyclic sulphates in the synthesis of fluoro-sugars is made in
Chapter 8.

Potentiometric studies of chelates of phenylboronic acid an%7pent
oses in acid solution showed only the presence of 1:1 species.
FAB-m.s. has been used to examine negatively charged boronate cage
compounds formed by boronic acids and trifunctional molecules such a
sugars and nucleosides on the probe tip; the method is useful for th
analysis of such polyhydroxy compounds, %gd for the determination of
the affinity constants of the complexes.

Reaction of lactose with long chain isocyanates in pyridine gave
the 1-0-A-carbamates, while lactosylamine gave the 1-lactosylureas.
An analogous reaction with isothiocyanate to give lactosylthioureas
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was carried out. The rate constants for the second order reaction
of laevo-glucosan with phenyl isocyanate with catalysis by triethyl-
amine and diethyltinbisheptonate to yield the 2,3,4-tricarbamate have
been determined. An induction period was confirmed. When 2,3,4,6-
tetra-0-benzyl-D-glucopyranose was reacted with trichloroacetonitrile
and sodium hydride to give the imidate (49), the initially formed A-
anomer was rapidly anomerized to give the x-anomer in 96% isolated
yield. In presence of potassium carbonate, anomgﬁization was sup-
pressed, leading to a 79% yield of the g-anomer.
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8

Halogeno-sugars

A review, in Japanese, on the synthesis of fluoro-sugars, together
with their H and F n.m.r. spectroscopy, has appeared.

Although monosaccharides with a free anomeric hydroxy group react
with pyridinium poly(hydrogen fluoride) to yield predominantly o -
glycosyl fluorides, Dbetter yields have been obtained by using the
1-acetate. In the latter case, the presence of a participating
group at C-2 leads to the @-fluoride as the kinetic product which
anomerizes under forcing conditions. Thus 2,3,4,6-tetra-0-acetyl-
o p-D-glucopyranose with the reagent in dichloromethane at 2500
yields 2,3,4,6-tetra-0-acetyl-w-D-glucopyranosyl fluoride, and 1-
O-acetyl-2,3,4,6-tetra-0-benzyl-«-D-glucopyranose at OOC gives 89%
®-fluoride and 27 A-fluoride. Pyranosyl and furanosyl fluorides
have been prepared by the action of hydrogen fluoride-pyridine
complex - NBS or DAST reagent on the phenyl 1-thio-glycoside; the
reaction has been extended to oligosaccharide and glycoside synthesi
(see Chapter 3). Liquid hydrogen fluoride reacts with 1,2,3,4,6~
penta-0-acetyl-u,8-D-glucopyranose to yield the w-glucosyl fluoride.
The deacetylated product showed no inhibitory action on glucose iso-
merase. The anomerization of glycosyl fluorides under silver
fluoroborate catalysis has been studied. The reaction, which was
carried out by the addition of a trace of boron trifluoride etherate
to a solution of the sugar and silver fluoroborate in nitromethane,
was generally complete in ten minutes; the reaction is illustrated
for D-glucose in Scheme 1, which also indicates the yields of P-

CH,0Ac CH»0Ac
0 (— 0 (—0 O F
i U,
OAc \——L— + = = OAc
i
AcO F ( ¢ 0 AcO
o +
OAc OAc Me 949 OAc
. I (D-Galp.62%
Reogents: i, BFy ;i BF, L-Ara-p, T2%
Scheme 1 D-xyl-p, 45% )

6
fluoride for other sugars. A large scale synthesis of 2-deoxy-2-
fluoro-D~arabinofuranose derivatives in good overall yield from D-

78
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glucose has been described.7 A gas-so0lid phase microchemical

method for the synthesis of acetyl hypofluorite and hence tetra-0-
acety1-2-deoxy-2-fluor?gD-glucose from 3,4,6-tri-0-acetyl-D-glucal
in 687 yield (and the F-labelled analogue) uses a column of

alkali metal acetate through which a stream of fluorine in nitrogen
is passed. The rapid stereoselective synthesis of fluorinated
carbohydrates by the addition of acetyl hypofluorite to six unsatur-
ated carbohydrates which contain a vinyl ether group has been re-~
ported. All reactions were complete in less than five minutes at
-7800, giving, with one exception, high yields of the isomerically
pure cis-addition product, with a strong preference for reaction from
one face of the double bond. Fluorine-18 acetyl hypofluorite
reacts with D-glucal in water to give a radiochemical yield of 40%
2-deoxy-2-[ F]-fluoro-D-glucose with greater than 95% radiochemical
purity. The synthesis was complete in about 15 minutes. The
reagent is useful in other aqueous fluorination reactions, over a
wide range of acidity. An automated method for preparing 2-deoxy-
2-{ Flfluoro-D-glucose, designed for routine use in clinical labor-
atories, has been described, the whole sequence of operations being
controlled by microcomputers. 2-Deoxy-2-fluoro-D-glucose has also
been prepared as shown in Scheme 2. The substitution and debenzyl-
ation steps were very rapid, enabling the fluorine-labelled product
to be isolated ( F has ti 110 min 3 The product was used to

study cerebral glucose metabolism. The same product, prepared by
addition of F2 in fluorotrichloromethane to triacetyl-D-glucal,

CHZ08Bn Bu Bu /’_\
oan (—0 OBn (—0 OBn

(-0
0 ) - C3/ y
0Bn HO )~OH —— 2, TH0 .,
BnO p (
CH,0H /CL
(o}
Reagents: i, Bu,5n0 i, BnBr-Bu N1 -CeHg ; i, (CF3502)20-93; OH OH
iv, DAST ; v, BugNF ;vi Hy- Pd.
’ HO
Scheme 2 F

G O OMe 0_OMe
Ph o: & oso3

18

(2) F
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followed by deacetylation, has been used to determine the biodistrib.
ution of 2-deoxy—z-fluoro-nglucose in mice. The reaction of the
cyclic sulphate (1) with [ Fl-tetraethylammonium fluoride gave the
2-deoxy-2-[ F]-fluoro~-glucose derivative (2) which was deprotected
with tris(trifluoroacetyl)borate to give the parent labelled com-
pound. 2-Deoxy-2-[ F]-fluoro-3-0-methyl-D-glucose has been
synthesized via displacement of a 2-0O-triflate in a methyl A-D-
mannopyranoside derivative with caesium hydrogen F -difluoride

and used in animal biodistribution studies. Displacement of a
triflate has also been used to synthesize 2-deoxy-2-fluoro-D-mannose
methyl 3-0-acetyl-4,6-0-benzylidene-2-0-triflyl-g-D-glucopyranoside
was treated with tetrabutylammonium fluoride in acetonitrile,
followed by acid hydrolysis. The procedure was suitable for pre-
paring the analogues with radioactive fluorine substituents. The
behaviour of the sugar triflates with 3-0-benzyl and 3~0-methyl sub-
stituents in both anomeric forms towards various fluoride sources wa
also studied. A similar displacement to prepare the same fluoro-
mannose has been applied to perbenzylated 2-0-triflyl-g-D-glucopyrar
oside. The product was converted to the glycosyl chloride (3), whic
was then used to prepare1$1ycosides and disaccharides with an «-
linkage (see Chapter 2). 2-Deoxy-2-fluoro-D-galactose has been

CH,0Bn /40
0 Ph” ™0 0 _OMe

0oBn F 0BnTEO
Bn0 ClL

(3 (4)

synthesized as shown in Scheme 3. By contrast,attempted displaceme:
of the triflate (4) with tetraethylammonium fluoride led to elimin-
ation. A modified literature method has been used to synthesize

CHoOTr CH,0H
0 O_OMe (—0_OMe (—0_0Me HO 0
_—%/,o y L, jji;j o, _—r:j — OH OH
¢ (
OH F F
Reagents : i, DMSO~Ac,0; ki LAH ;ili, TF,0-Py ; iv, EE,NF-MeCN ; v, H30*
Scheme 3

methyl 3-benzamido-4-0-benzoyl-2,3,6-trideoxy-2-fluoro-g-L-galacto-
pyrancside (5) via unsaturated derivatives as shown in Scheme 4.
The 6-deoxy-altrose derivative (6) was also prepared.19
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The 2-¢&~ and -8-fluoro- and 2-A-chloro-derivatives of tetra-0-

0 CHQBr
o]
Ph L F
0Ts — . PN —>
2/ oMe \2—12/

’ NHBz NHBz NHBz NHBz
Me v V
N Me
E @)
Bz0 OMe @ L F
NHBZ Bz0 OMe OMe
Reagents : i, BugNF ;ii,(820),-BaCOyNOS ; (e) N(Hsl;z NHBz

i, DBU-HMP T iv, Hy=Pd ; v, Hy~NL
Scheme 4
All compounds

acetyl-N-acetyl neuraminic acid have been prepared.
The

adopted the (L) conformation shown in formula (7).
fluoro-compounds were Q-deprotected and hydrolyzed to the free

acid.

OAc
(7) x=ForcCL

A—Deoxy—A-fluoro-D-[6—3H]glucose has been synthesized from
methyl 4-deoxy-4~-fluoro-s~D-glucopyranoside as shown in Scheme 5.

CH,OM CO,MH COMe €3H,0H ¢3H,0H
—0 ‘ Ju—— - ” ) o )
OH -t ¥ £, ¢ L, v — OH OH
F OMe F
OH

OH
Reagents: i, Op-Pt ; ii, MeOH- Resin (H*); lii, NaB3H, ; iv, Hz604aq,
Scheme S

Enzymatic dehydrogenation of 3-deoxy-3-fluoro-D-mannitol using en-
zymes of Gluconobacter oxydans provides a route to 4- deoxg-A—

fluoro-D-fructose, whose structure was confirmed b{ H, C, and
The gglecule adopts the _5 (D) con-

F n.m.r. spectroscopy.

formation in aqueous solution.
Direct fluorinative dehydroxylation of methyl 3-acetamido-2,3,6-
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trideoxy-D,L-arabino-hexopyranoside with sulphur tetrafluoride -
hydrogen fluoride has been used as the key step in the preparation of
the 5-fluoro-furanose (8). The whole route from the non-carbohydrate
ester (9) is depicted in Scheme 6. The s-p-nitrobenzoate of (8) was
characterized by X-ray crystallography.

6-Deoxy-b-fluorosucrose and hexabenzyl-6-deoxy-6-fluoro-galacto-
sucrose have been prepared by conventional gteps from 1',2,2',3,3',6'
hexa-0-benzyl-4,6-0-isopropylidene-sucrose. The mesylate dis-
placement by tetra-n-butylammonium fluoride used in this synthesis
has also been used to prepare 4-deoxy-4-fluoro-galacto-sucrose and
its 4,6-difluoro-analogue. 1'-Deoxy-1'~-fluoro-sucrose has been
obtained by treatment of 1-deoxy-1-fluoro-D-fructose with UDP-glucose¢
The fluorofructose was obtained by reaction of 2,3:4,5-di-0-isopropy!
idene-1-0-triflyl-D-fructopyranose with tris(dimethylamino)sulphoniut
difluorotrimethylsilicate (TASF). 1'-Deoxy-1'-fluorosucrose is
transported by the sucrose carrier protein but is not a substrate
for invertase. Coupling of 3,4,6,-tri-0-acetyl-2-deoxy-2-fluoro-

Me
>< Me oH
0 8} . L (o} o)
t u,ul
Me — NH, —* NHAC 0 +
Pg_—<;u4¢\“/ “T//\\W/ 2 o]
HO
(9) v, v
Me NHAc
Me
0
OH vi,vii NHAC OMe
Reagents: i, NHy MeOH ; ii, HClaq,; HO

i, Ac,0-Py ; v, Bu.iALH 3V, MeOH-Resin H;
Vi, HF=SF, ;vii, O-2MHCL NHAc

(8)

Al compounds DL

Scheme 6

«-D-glucosyl and -galactosyl bromides with 1,6-anhydro-2,3-di-0-
acetyl-g-D-glucopyranose in the presence of silver carbonate and
silver triflate gave the corresponding 4-fluoro-«-(1+4)-disaccharide
(10) and (11). An X-ray structure of (11) wgs carried out and its
deprotection gave 2'-deoxy~2'-fluoromaltose.

CH,0Ac (¢}
X 0 O  (10) x=0mc,v=H
OAc OAc (1) X=H,Y=0Ac
Y o
F OAc

Reference to nucleosides containing halogeno-sugars is made in
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Chapter 20, and to n.m.r. spectroscopy of fluorinated oligosacchar-
ides in Chapter 21. The 4",6"-dideoxy-4",6"-difluoro-, 4",6"~di-
deoxy-4"-fluoro-, 6"-deoxy-6"-fluoro-, and 6"-deoxy-derivatives of
4"-epi-kanamycin A have been synthesized from the 4",6"-ditriflate
and 6"-brosylated-4"-triflate derivatives of kanamycin A and their
antibacterial properties examined. A discussion of the con-
version of hydroxy groups into chloro-, bromo-, and iodo-deoxy groups
is included in a review of regio-, stereo~, and chemo-selective re-
actions of carbohydrates. Chlorination of the cyclic phosggite
(12) gave rise to the 5-deoxy~5-chloro-chlorophosphite (13).

Whereas tosyl chloride in 4~dimethylaminopyridine gives the normal
tosylate ester of secondary hydroxy groups, it reacts at the anomeric
centre to yield glycosyl chlorides. Regioselective one-pot
synthesis of chlorodeoxy sugars has been realized by the trans di-
axial cleavage of oxiran sugar derivatives with PdCl (PhCN) ,

e.g., the 3-chloro-sugars (14) are obtained from the oxirans (15).

No epoxide migration was observed and the method was found to be

satisfactory in the presence of acid labile functions. Reaction
CH,CL R R
0 HO Q 0
HO
(0] O - (0] 2
OR
. OMe & OR2 HO
(12) 0% ~a (14) R1-CH20H orH (15)
(13) R*=Me or Bn

of the succinimido acetal (16) with dichloromethoxymethane in the
presence of boron trifluoride gave the 4-chloro-4-dehydro-glucose
derivative (17). Direct conversion of hydroxy groups into chloro

L

0 CH,0Bz
Ph
o‘bo oac P07 o A
0 08z
ClL
OBz 0Bz OBz
CHQOBZ

(16) (m

groups has been achieved using triphenylphosphorus dichloride-imi-
dazole or triphenylphosphine-carbon tetrachloride-imidazole. Thus
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methyl «-D-glucopyranoside with either of these reagents in mixed
pyridine-acetonitrile at 7000 for 3.5 h followed by acetylation
gave 89% methyl 2,3-di-Q-acetyl-4,6-dichloro-4,6-dideoxy-«-D-galact
pyranoside, whereas at 2500 for 1 to 2 hours and acetylation gave
80% of the 2,3,4-triacetate of the 6-chloro-6-deoxy-derivative. Th
reagent, which was similarly applied to the manno system, was found

to be more sensitive to steric hindrance than the corresponding brc
inating or iodinating reagents (see Vol. 16, p. 86, ref. 21, and al

CHon CH2CL CHZOCOCHCIX
0 0 ) )
5 M Y 5 5
—_— + - X=ForCL
Q (19) (19)
]
(20)
Reagents: L, XCLCH-CF, NEE, Scheme T

ref. 40 below).ja Mixtures of the 6-chloro- and 6-0-dihaloacetyl
derivatives (18) and (19) have been obtained on treatment of the D-
galactose derivative (20) with chlorofluorotriethylamines in DMF
(Scheme 7).

Treatment of methyl 6-g-(tert-butyl)diphenylsilyl-z,3,4-gri-g—
methyl-o~-D-glucopyranoside with dimethylboron bromide at 2532
cleaves the glycoside to yield the «-glycosyl bromide (21). The

CHp0SiBufPh, 0
0 _<: 0
Ph B
OMe — Br 5t - .
MeO Br 0 OMe i———( \____V
0 OH OH

OMe
(21) (22) (23 (29

clain (see Vol.15, p.88, ref.25) that reaction of the anhydro-
alloside (22) reacts with magnesium bromide to yield mainly the
abnormal diequatorial 3-bromo-glucose derivative (23) has been
disputed; & reinvestigation has shown that the main product (78%)
is the expected 2-bromo-altroside (24) with only 15% (23) being
formed. Bromination of 1-0-acetyl-2,3,5,6~tetra-0-benzoyl-g-
D-glucofuranose with bromine in the presence of light gave the 4-
bromo-glycosulose derivative (25). Reaction of (25) with silver
fluoride gave the inverted fluoride (26), while mixtures of

(26) and its 4-epimer were obtained with silver fluoroborate.
Similar reactions on 1-Q-acetyl-2,3,5-penta-0-benzoyl-g-D-ribofura
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ose yielded the 4-bromo-pentosulose derivative (27), and adenosine

pentabenzoate was also examined. 5-Bromo-5~deoxy-3-0-acetyl-1,2~
Br O OAc CHp0Bz Br 0. OAc
0Bz Bz0 0. OAc
OBz BzOH,C
0Bz OBz F OBz OBz
CHy0Bz 0Bz
(25) (26) (27)

0O-cyclohexylidene-ast~-D-xylofuranose has been prepared conventionally
from 1,2-0-cyclohexylidene-x-D-xylofuranose; solvolysis of the pro-
duct caused migration of the 3-0-acetyl group to the 5-position.
Triphenylphosphine -~ tribromoimidazole has been shown to be rather
unselective in conversion of hydroxy groups to bromo-deoxy groups;
e.g., the p-methoxybenzyl glycoside (28) gives a mixture of the
4,6-dibromo- and the 3,6-dibromo-sugars (29) and (30), isolated as
their acetates in 63%Z and 26% yield respectively. Reaction of p-
methoxybenzyl glycosides with either bromine or NBS in anhydrous di-
chloromethane gave the glycosyl bromides directly. Photobromina~
tion of 1,5-anhydro-2,3-0-isopropylidene-g-D-ribofuranose using NBS
gave stereoselectively the 5(S)-bromo-derivatve (31) which was con~
verted into 5(S)- and 5(R)-deutero-riboses by reduction with tri-
phenyltin deuteride. !

CH,0H CH,Br CH,Br 8r
0 ocu2®one Br /) ) H R °
OH — OH +
HO ) AcO Y—)
NPhth Br
) (29) (30) °><0
(a1)

The iodinating properties of trimethylsilyl iodide have been in-
vestigated: the various 2,3,4,6-tetra-0O-acetyl-glucose derivatives
(32) all yielded the x-iodide (33), while the 6-0-trityl derivative
(34) gave the 6~-iodo compound (35), and the 6-iodo-glycosyl iodide

CHZOAc CH,0Tr CH,I CH,I
0 _OMe )5-—\ 0
X —— 1 < OAc
@g) AcO I
OAc
(34) (36)

(32) x= OH OAc 0Bz,0Me
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(36) was obtained from 1,2,3,4-tetra-g-acetyl-,ﬂ-D-glucopyranoae.42
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Amino-sugars

1l Natural Products

Nojirimycin B (5-amino-5-deoxy-D-mannopyranose, 1), the 2-epimer of
nojirimicin, has been 1solated from S. lavendulae, and converted to
the corresponding 6-lactam by microbiological oxidation (Glucono-

bacter suboxydans). Both were powerful a-mannosidase and B-gluco-

sidase inhibitors.l A novel aminosugar, N-acyl-kanosamine, has
been isolated from the antigenic lipo-oligosaccharide of

Mycobacterium kansasii and proposed to be U4,6-dideoxy-2-0-methyl-
2

3-C-methyl-4-(2'-methoxypropionamido)-L-mannopyranose (2).

CH,OH

NH Me?HCOHN 0 CH2NH
Me
OH i))VOH OMe Me
HO NHCH2COZR
OH OMe

)

Me

®

2 Synthesis

Reviews on the following topics have appeared: 1) the synthesis,
reactions, and spectroscopic properties of carbohydrate
isocyanides,3 11) the synthesis of sialic acid derivatives,
including control of the stereochemistry at C—2,u and 111) the
synthesis of isoxazolines and their conversion into naturally
occurring amino-compounds, including amino—sugars.5

The glucose-lysine Amadori compounds monofructosyl-lysine and
difructosyl-lysine have been isolated, and the kineties of their
formation studied.6 1-Deoxy-1-tolylamino-D-fructopyranose has
been obtained by amination of fructose with p-toluildine, and shown
to form an acyclic oxime and, on reaction with glycine ethyl ester,
the glycosylamine derivative (3).7

2-Amino-2-deoxy-D-arabinopyranose (4) has been synthesized from

88
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D-arabinose via the readily obtained epoxide (5) (Scheme 1).
Opening of epoxide (5) with diallylamine gave a 1:1 mixture of the

w
0_OMe & ~ Ry
i i "
B — RN, + NR —_—
s 2 /'5 2 [ 22'\ fj f ) A
RO | 2 3 3 2
[o] OH OH
®) (6 M (®
l}v‘vu
o oH R=Alyl
-+
CLH3N
HO
OH
©

Reogents : i, RyNH ; i, MSCL-EE3Njid, H O ; iv, Pd-C ~Hg0" ; v, HCOZ [ vi, Ac,0 ; vii, Hz0"
Scheme 1

xylo- and arabino-isomers (6) and (7). Both could be converted
into the same lyxo-aziridinium ion (8), however, which was then
regloselectively cleaved at C-3 by water to regenerate compound
(6) alone.8 Cleavage of the epoxide ring in 1,6:2,3-dianhydro-Ul-
deoxy-D-lyxo-hexopyranose with azide has been used to obtain 2-
amino-2,l4-dideoxy-D-glucose (9); the reaction solvent influenced
the proportion of diaxial vs. diequatorial ring opening products.

The branched-chain amino-sugar methyl glycosides (10) and (11) of
10

9

N-acetyl-3-epi-sibirosamine and garosamine,11 respectively, have
been obtained from known sugar epoxides by multistep procedures
(see Chapter 14). The 2,3-di-0-methyl-3-epi-sibirosamine
derivative (12) has been prepared by a standard 1l2-step synthesis
from methyl 2,3-anhydro-4,6-0-benzylidene-a-D-altropyranoside, but
attempted de-0-methylation (using BCl3 or BBr3) was not

successful.1

CH,OH Me CH,0H
0 0 HO 0_OMe 0
OH OH af Me ro |( NHMe ) OH
‘,N OMe Me HO
NHo Me oR’ oM NHp
© (19) R'=H , R®%Ac (1) (13

(12) R'=Me  R?=H
Introduction of nitrogen functionality by sulphonate displace-
ment continues to be a popular strategy. D-Lividosamine (2-amino-
2,3-d1deoxy-D-glucose, 13) has been obtained from 1l,6-anhydro-3-
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deoxy-2-0-tosyl-8-D-arabino-hexopyranose via an azide inter-
mediate.9 A further synthesis of a D-lividosamine derivative 1s
covered in Chapter 12. Methyl 3-amino-2,3,6-trideoxy-a-D-arabino-
hexopyranoside (14) has been synthesized from 2-deoxy-D-glucose
via the mesylate (15) and converted into a mixture of chiral
intermediates (16) and (17), required for a thienamycin synthesis,

Me Me Me CHp05CCgH4-Me(p)
0 0 o 0
R MeO-CH={ NR — OMe
HO OMe OMe 0o OMe
R MeO——N N3
(14) R"=NH,, RP=H (1&) \o

(15) R'=H,R%0Ms  R=Phthalimido (18)

()
by olefination [(Me0),P(0)CAN,.K*1 of a U-keto-intermediate.l3 A
new synthesis of methyl 3-azido-2,3-dideoxy-5-0-(p-methylbenzoyl)-
D-ribofuranocside (18), a potential precursor of 3-amino-3-decoxy-
nucleosides, has been achleved in 9 steps from 1,2:3,5-di-0-iso-
propylidene-a-D-xylofuranose, key steps being 2-deoxygenation by
the Barton-McCombie procedure and azide displacement of a
3-trif1ate.1u New routes to derivatives of 2-amino-2-deoxy-D-
mannose and 4-amino-4-deoxy-D-galactose, e.g. (19) and (20), have
utilized the mixtures of 3,4:5,6- and 2,3:5,6-d1-0-1so-
propylidenated dialkylacetals, e.g. (21) and (22), obtained on
direct acetalation of D-glucose [e.g. (BnO),CMe,-TsOH], the lone
hydroxy groups being triflated and displaced with azide.15’16 Tri-

cH(o.n), CH(0Bn),
R'4—r? 0
0 0
0 R'——r?
o °
o< o<
(19) R'=NHAc ,R®=H (20) R'=Ny,R*=H (23) R'=0TF , R*=H
(21) R=H, R*=0H (22) R'=H, R?=0H (24) R'=H , R?=NH;

flates may advantageously be displaced with ammonia in chlorinated
hydrocarbon solution, the difficult conversion of the glucose 3-
triflate derivative (23) into the 3-amlno-3-deoxy-allose derivative
(24) being effected in 58% yield.17 Conventional syntheses of
the 4-aminoacid-2,3-anhydro-8-L- and a-D-lyxopyranosides, (25) and
(26), involved displacements of 4-0-triflate esters with

inversion.18 A novel synthesis of the 6-amino-6-deoxy-D-galactose
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4

R\
‘iz,N (o] 0
OBn ~N OBn
2/
I R
(25) (26) (27) R=NH,

/ 28) R = NH-NPh
NR? rR% L-Aminocac(d esturs of Leu,Ala,Phe Met, ( ) 2
Pro, Glu, and Lys (29 R=0TF

derivative (27) 1involved preparation of the 6-(N,N-diphenyl-
hydrazino)-derivative (28) from the 6-triflate (29), and photo-
chemical elimination of carbazole. Product yilelds, however, were
considered to be too low for thils approach to be of general
value.19

Several amino-sugars have been prepared from hex-2-enopyranoside

4,6-ditosylates. The halocosamine derivative (30) has been
synthesized from the D-threo-alkene (31) (Scheme 2).20 Malik and
CHZOTs CHons

TsQ 0 N
A L K‘ u,lm iv- vm.
—/ OEt MeHN

("
Rmt_:lmbs: L,NLNHZ Ju Etozcc«, j ik, I(Couldme)zcw.‘ Ww,NaI; v, Buj SnH; Vi, KOH ; (3 )
vii, Ac,0-MeOH ; visi, NaH-MeT- BuyNT
Scheme 2
co-workers have reviewed their syntheses of A4-amino-4-deoxy-pentoses
and -hexoses and 4,6-diamino-4,6-dideoxy-hexoses, which include
sulphonate displacements with azide.21
of D-ossamine (32),%2 D-
(34)23 via the D-erythro-isomer of alkene (31) have also appeared.
Further examples where azido- or amino-functionality has been
introduced by sulphonate displacement are covered in Chapters 10
and 24,

A key step 1n the synthesls of 3-acetamido-3-deoxy-D-galactose
involved the use of a reagent system (DEAD-TPP-HN3) to introduce
an azido-function with inversion in place of the 3-hydroxy group
of 1,2:5,6-di-0-1sopropylidene-a-D-gulofuranose, the latter being
obtained by a modification of a known procedure from its D-gluco-
isomer.zu

Details on their syntheses
tolyposamine (33),22 and D-forosamine

Using the aminonitrile synthesis, in which hydrogen cyanide is
added to an N-alkyl -glycosylamine and the product is catalytically
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Me CH,OH
R' 0 HO 0 HO
OH CH,OH OH HO Q
R? OH OH
(32) R'=NMe, ,RZaH OH  NHEL
(33) R'= H R? = NH, (35) NHEE
B R = H, R~ NMe, (9

reduced, the epimeric 2-deoxy-2-ethylamino-L-manno- and -L-gluco-
pyranoses (35) have been prepared from L—arabinose,25 and the
epimeric 2-deoxy-2-ethylamino-D-glycero-D-galacto~ and -D-glycero-
D-talo-heptoses (36) have been prepared from D-mannose.
Reactlions of these products with arylisothiocyanates to produce
glycofurano-imidazolidine-2-thione derivatives are referred to in
Chapter 10.

Intramolecular delivery of an amino-function has been effected
in the halocyclization of the allylic trichloroacetimidate (37),
the product being converted to methyl a-L-daunosaminide (38)
(Scheme 3).27

0 _OMe _ O_OMe _ 0. OMe
F Me J _ Me 1 e o Me.
ClaC-C-0 o
i

HO
NH /\=N NHp
(37) CCly (39)
Reagents: i, NIS; i, H™ ; i, BuySnH
Scheme 3
5-Amino-5-deoxy-D-mannopyranose (1), whose natural occurrence is
reported in Section 1, and 1,5-dideoxy-1,5-imino-D-mannitol (39)
have been prepared as shown in Scheme 4 and their ability to
inhibit a- and B-D-mannosidases studied. Reduction of the oxime
(40) led to a separable mixture of D-manno-amine (41) and its L-
gulo-isomer, compound (41) being either hydrolyzed in the presence

CHyOTr CH,OH . (1)
Lll.‘t.v
HON HaN CH,OH
ﬂ_.). % i NH
~ T (oH Ho
H
(40) (41) 0
Reagents : i Hy-RaneyNi ¢ i, Hao’ ;iii, TSOH~ SO, H30 ; (39)

iv Resin (OH™) ; v, Hy-Pa(OH)-C
' () s Ha * Scheme 4

of sulphur dioxide to protect the acid-labile product (1) as its
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hydrogen sulphite addition product or hydrogenolyzed to the
1-deoxy-derivative (39).28 A related synthesis of 1,4-dideoxy-
1,4-imino-D-mannitol is covered in Chapter 18.

Fluorogenic malto-oligosaccharides with 6-deoxy~6-(2-pyridyl)-
amino-substituted non-reducing terminal units and their
corresponding alditol derivatives (from NaBHu reduction), required
as a-amylase substrates, have been syntheslzed by reductive
amination (NaBH3CN) of partially 6-aldehydo-amylose with 2-amino-
pyridine, enzymic digestion, and separation of the resulting
oligomers (D.P. 4-6) by ion-exchange chromatography.29

3-Amino-sugars have been synthesized from pyrancsidulose deriva-
tives. Methyl 3-amino-3-deoxy-a-DL-lyxopyranoside (U2) was
obtained by hydroboration of the enamine (43) derived from 3-ulose
(44) (Scheme 5).30 The hexopyranosid-2-ulose derivative (45) was

NBny o NH, OH

‘(4§) oL-(43) oL-(42)
Reagents: L,BnyNH 5 U, BoHg ;i Hy0, ; v, MeOH-HCL | v H,-Pa/C

Scheme 5

converted into the 3-amino-3,4,6-trideoxy-L-ribo-hexopyranose (46)
by way of the monohydrazone (47) (Scheme 6); 3-amino-3,l4-dideoxy-

o0 OoMe 0 _OMe

PhNHN
(45) (47) o (46)
Reagents: i, Na.OH ; ik, PANHNH  ; ili | Hy~PtO,-HOAC | v, éj”‘ ;v, Hzo®
Scheme 6

D-erythro-pentopyranose was similarly obtained from a pento-

pyranosid-2~ulose analogue.31

The L-xylo branched-chain amino-
sugar (48) was synthesized from a 3-keto-precursor via a spiro-
aziridine intermediate.32

oleandomycin derivatives via a U"-keto-derivative are covered in

The syntheses of 4"-sulphonamido-

Chapter 19,
Several amino-sugar syntheses have employed 3- and 4-carbon
chiral starting materials. The synthesis of DL-daunosamine from

a tartaric acid derivative (Vol.17,P.95) has been detalled, along
with an analogous synthesis of 3-epigentosamine (49) from 2,3-0-
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O_OMe o)
M
KBz O
BzO HO
Me MeNH OH
(49 (49

isopropylidene—D—glyceraldehyde.33

A 3.5:1 mixture of D-lividos-
amine (13) and its C-2 epimer has been obtalned on reduction of
the major dipolar cycloadduct (50) from reactlon of the 2,3-di-0-
isopropylidene-D-glyceraldehyde-derived alkene (51) and nitrile

oxide (52) (Scheme 7); the desired isomer (13) was isolated

0
><: CH,0H
S
o) (o)

g 'f

o >—— 0 — H 0 SEIE AN Oon

cﬁ + & o>< HO

to>< N f o NH,

O 0] (1 3)

(59 (52) (59
Reogents: i, LAH il Ha0" Scheme 7
chromatographically as 1its acetylated methyl glycoside. Extensive

model studies on the racemic analogues and related hexitol

derivatives were also reported.3u The L-lactic acid derivative
(53) has been elaborated into L-daunosamine (5“)35 and into the
branched-chain L-vancosamine derivatives (55),36 via the common

pentonolactone intermediate (56) (Scheme 8). N-Benzoyl-L-
o]
\\ Me OH
Co,R MeO,C o Vy HO
i NbsCL (54)
RO w vi 3
X, XL Vltlr i 0
Me e oM
e
(53) NH COZBH Me
R = MeOCH,— (se) AcO
Reagents: i LioH i, (PhO),P(O)Ny; i, MeO,CCH,CN-NoH ; iv, HCL-MeOH ; NHAC (55)
v (anoco)zo Wi, Hy-RR[AL,04 ; vii, DIBAL ; viii; PhSP CHOMe; L\( HCL;
x, LDA ; xi, MeL Scheme 8

acosamine (57) has been stereoselectively synthesized from the
tetrononitrile (58) (Scheme 9), which is available from either L-
lactic or L-tartaric acids;37 the same route has been used to
obtain the N-benzoyl derivative of L-dauncsamine (54) from the C-2
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(58) ReN —i COxBu* FO2Bu" "1 °
i ik CHa v, vivvi, Me on
HaN S

e —h Ty
Re 0 AcHN -]
o R R NHBz  (57)
Me

Reagents: ¢, CHy=CH(OBUY)OMgX ; ik, AcyO-Py ;iii) Hy=RR/C | iv, HY v, BzCL Vi, DIBAL
Scheme 9

epimer of compound (58).38 Henry reaction of the chiral aldehyde
(59) with the nitro-derivative (60) has provided a chromato-
graphically separable mixture (61) of (2S,4R,5S,63)-, (25,4S,5R,68)-
and (28,4R,5R,6S)-4-amino-1,2,5,6-heptanetetrols, isolated in 16,

e
0 CHO 0:1
><O o Hay 0
+ B0 Lo, NHAC — HO~{ Me OH
?HZ Me

OH
CH,NO, BnO NHAC
(69) (59 Me
Reagents: i, KF-MeCN i, Hy-Raney Ni ;ii, Ac,0 (e1) (62)
Scheme 10

22, and 16% ylelds (Scheme 10), from which 3-acetamido-2,3,5-
trideoxy-L-hexopyranose derivatives (62) with the xylo-, arabino-
[i.e.,L-acosamine, c.f. (57)], and ribo- (i.e.,L-ristosamine) con-
figurations, respectively, could be separately synthesized by a
procedure involving release and periodate cleavage of the terminal
diol molety. The synthesis of the nitro-derivative (60) in 10
steps and 16% overall yield, from 3,4-0-isopropylidene-1,2,5,6-
tetra-0-mesyl-D-mannitol, was also reported.39 The branched-chain
amino-lactone (63) has been synthesized from 2,3-0-isopropylidene-
L-glyceraldehyde (64) as shown in Scheme 11.

Me
Me /N ‘g-
M
cHO N/Wlom e0 - oMe o
Me N .
——r 0
><oj T Meo ’”\( N HO —= &
o Tt HOH,C
(64) Me > NH,
Reagent : i, H¥ Scheme 11 (63)

A varlety of non-carbohydrate starting materials have been
elaborated into amino-sugars. An extensive review on acyclic
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stereoselective synthesis of carbohydrates from non-carbohydrates
has included amino-sugar examples.u1 The cyclopentene (65),
prepared by asymmetric hydroboratlion, has been converted into the
known 3,4-anhydro-L-ribo-hexopyranoside (66) by Baeyer-Villiger
oxidation of cyclopentanone (67), 2 and then into the L-daunosamine
derivative (68) by conventional azide ring-opening of the epoxide

O_OMe 0_OMe
ey G

I,'

Me N
(¢5) € (67) (66) 3(68)
Reagents: i, MCPBA ; ii, CrO3-Py | i, By ALH ; iv, MeOH-BFy; v, NaNy ; vi, M8CL-Py ; vii, Na0Bz |
vln NoOH Scheme 12

and inversion of configuration at C-4 by sulphonate displacement
(Scheme 12).u3

A variety of conjugated dienes have been used as starting
materials. The synthesils of racemic N-benzoyl-DL-daunosamine from
(E)-1,3-pentadiene (Vol.15, p.96) has been detailed, and resolution
of the enantiomers by crystallization with an optically active acid
has been described.uu The hetero-Diels-Alder cycloadduct (69) has
been converted into DL-5-epi-desosamine (70) by the route shown in
Scheme 13, involving cleavage to an allylic sulphoxide by a

DL- (70)

Reagents: i, SOCL- Py ; i, PhMgBr ; iii, (_NH-EtOH ; iv, (CHaO)n v, LAH Vi, HY jvii, 03-Zn
Scheme 13

Grignard reagent, [2,3]-sigmatropic rearrangement of this to a
sulphenate ester, and desulphurization to give the urethane deriva-
tive (71).“5 Racemic U-amino-4-deoxy-pentofuranosylamine deriva-
tives, which have ring-nitrogen atoms, have been synthesized by
coupling dienes (72) with diethyl azodicarboxylate, the ribo-
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isomers (73) being obtalned via ring contraction of the carbanion

of (7“),”6 the lyxo-isomer (75) by acid-catalyzed cyclization
(Scheme 14).

CHZ0H CO,Et
CH,OR! HOCH, |
2 CH,OR' ) N
cozzt b NCORE i , NHCO,EE
=R aH
NHCO,Et
‘c025t 2 OH OH
DL- 72) Ssteps CH,0H oL-(73)
pL- (74) % COzEE
2.0Me >< NHCOzEt ~ HOCHz
|87
NHCO,HEE 00
OMe NHCO,Et
. y M0 75)
Reagents: i DEAD ;u, LDA ;ii, 0s04-Q N\, v, H

Scheme 14

3 Reactions

N-Acetyl-muramoyl-L-alanyl-D-isoglutamine (MDP) analogues continue
to be popular synthetic targets. MDP itself has been
synthesized by standard procedures from a 2-acetamido-2-deoxy-D-
glucose derivative, and its FAB mass spectrum recorded.
Similarly, Hasegawa and co-workers have prepared and tested the
immunoadjuvant activity of sulphur-containing MDP-analogues,
including lipophilic N-octadecanoyl-l-thio-derivatives, some with
additional octadecanoyl moleties on S-1 and/or 0-6,“9 3-deoxy
3—thio-MDP,50 and 6-§7acetyl, -octadecyl, and -octadecanoyl-6-deoxy
-6-thio-MDP derivatives.’! The N-acetyl-muramic acid lactones
(76) yleld the corresponding HO-U4 unsubstituted methyl esters with
retention of the D-gluco-~configuration, on silica gel-catalyzed
methanolysis; 1in the presence of imidazole, lactones (76, R = H
or Ac) condense with amino acids and peptide esters to give N-
acetylmuramylamide derivatives.52 N-Peptidyl-N'-glycosyl-thiourea
CH20R CH,0Ac

(o] ]
R =H,Ac,TrTs,
o or Bufco- Ohc
o] 0én AcO e}

o) NHAC Nr_kR

Me (76) (77)

R=Me or (CHZ),AV:
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MDP-analogues with immunoadjuvant activity (see Chapter 10) 53 and
an acryloyl-type polymer with pendant MDP-analogues (see
Chapter 7) 5% have also been reported.

1,2-Fused oxazollne derivatives (77) have been obtained in high
yield upon attempted phosphorylation of 3,4,6-tri-0-acetyl-2-
acylamino-2-deoxy-D-glucopyranoses with 2-chlorophenylphosphorodi-
(1,2,4-triazolide) in the presence of triethylamine.55

The 3-triflate group in the 2-trifluorocacetamido-derivative (78)
can be displaced by the following alternate pathways depending upon
the reagents used: 1) conventional displacement with inversion
(using LiCl or NaI-DMF), 1i) formation and subsequent reaction of
the 2,3-allo-epimine (79), or 1ii) ring contraction, involving

-~

-
3 2
N/ —— Prodaxts
TR
COCF,

(79)
OMe \_,
NHCOCK—'3
("8)
NHCOCF3
Reagents : L, NaOBz-DMF ; ii, MeOH (100°)
Scheme 15

migration of the CU-Cé bond, to give the 3-C-formyl derivative
(80) (Scheme 15).56 An analogous ring contraction of a diamino-~
sugar derivative was also reported and is covered in Section 4.

A synthesls of methyl 3-§—benzoyl—ﬂ-gfbenzoyl—B-L-daunosaminide
(81) from 2-amino-2-deoxy-D-glucose has employed a 2,3-epimine
intermediate (82) as a way of transferring nitrogen from C-2 to
C-3 (Scheme 16).°7 A related displacement of a 3-tosylate by

0
N
Ph ,\ / \, o/ B, Me
[s)
NHBz BzO Me
NHBz NHBz

(82) @1
Reagents: i, NaH ; i, NH4CL; ili, Bu SnCL-Na.BHy | w, NBS v, DBU ;vi, Hy-Pd/C
Scheme 16
fluoride, involving a 2,3-epimine intermediate, 1is covered 1in
Chapter 8. Methyl 2-acetamido-2,3,6-trideoxy-Bf-L-lyxo-hexo-
pyranoside (83) has been synthesized conventionally by a C-6 deoxy-
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genation, C-5 epimerization sequence similar to steps iv-vi in
Scheme 16.°

The N,N,N-trimethyl derivatives of 2-amino-2-deoxy-D-glucose
and -D-galactose and of mycosamine (3-amino-3,6-dideoxy-D-
mannose) have been synthesized.59 In search of sugar-dioxopiper-
azine derivatives that might have anti-tumour activity, galactose-
derivatives such as (84) have been synthesized by reaction of a

Cosz cozm,
° CH2—N
Me
Hg<i:::f>iMc
NHAc Ol>‘ Ph
(83)
(84) (35)

6-amino-precursor with sodium chloroacetate [to give a 6-amino-6-
N,N-bis(carboxymethyl) derivativel then urea.so Michael addition
of ethyl 2-amino-4,6-0-benzylidene-2-deoxy-D-gluconate to
acetylenic esters has yielded enamines, e.g., (85) from methyl
propiolate; the reaction has possible applications in N-
protection. 1 Deoxy-(pyrazol-l-yl)-sugar derivatives such as the
allofuranose derivative (86) have been synthesized as pseudo-N-
nucleosides by reaction of deoxy-hydrazino derivatives with N-

methylpyrimidinium methyl sulphate.62

ey

\ /7 (87) R’,R - H,NHCON(NO)CHZCHZCL
(26)
2-Amino-2-deoxy-D~glucose hydrochloride has been converted to

the N-hexadecanoyl derivative using 3-hexadecanoyl-1l,3-thiazolidine
-2-thione, a reagent with high chemoselectivity for N- over O-
acylation,63 and has also been coupled with N-carboxy a-amino acid
anhydrides sequentially to the N-tripeptidyl level.su Methyl
3-DL-alanylamido-3,6-dideoxy-a-D-glucopyranoside, which shows
greater antibacterial activity than the corresponding 3-L-
glyceroylamido derivative, has been synthesized conventionally

65

from the 3-amino-precursor. Two 2-chloroethylnitrosourea

derivatives (87) of sucrose, synthesized by carbamoylation of
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6-amino-6-deoxy- and 6'-amino-6'-deoxy-sucrose, have exhibited
significant antitumour activity.66

The Maillard degradation of a large range of N-substituted 1-
amino-l-deoxy-fructoses has been 1lnvestigated, but the sometimes
claimed correlation between the yleld of pyrolyzate and the
basicity of the amine moiety was not found.

Cerny and co-workers have prepared four 2-amino-1,6-anhydro-
dideoxy-B-D-hexopyranoses (the 2,3-dideoxy-arabino and -ribo and

2,4-dideoxy-1yxo and -xylo isomers) and have compared their 1H-
and 13C-n.m.r. spectroscoplic properties. The 2,3~-dideoxy-arabino

isomer was synthesized from 1,6-anhydro-D-mannosamine via the
N-benzyloxycarbonyl derivative of 3,4-epoxide (88). These

authors also examined the epoxide = epimine equilibria shown in
Scheme 17 and demonstrated that greater stability was conferred by

o] 4] 0 Q
o) 0 0 0,
(1 HZNJ = R J o J = A HOJ
0 HO HaN HN

(88) 65% 35, 1% 99 %
Scheme 17

1) an exo-three-membered ring and i1) an aziridine compared to an
epoxide ring.68

The partially protected 2-acetamido-2-deoxy-D-galactoside (89),
a building block for oligosaccharide synthesls, has been con-
veniently prepared by standard methods from allyl 2-acetamido-2-
deoxy-a-D-glucopyranose, the required inversion at C-4 being
effected by sulphonate displacement.69 6-Amino-6-deoxy~-2,3,4,5-
tetra-0-methyl-D-gluconic acid has been prepared conventionally
from 6-azido-6-deoxy-1,2-0-isopropylidene-a-D-glucofuranose for a

study of the biological properties of w-aminoaldonic acids.7o
CH205H
HO o) Ph 0 T NO
OBn NH, oA 3 cL
o NS ) OMe BnO
NHAc NHAc N3

(89) (99) (o1
Syntheses of the alkaloid swainsonine (see Chapter 24) have
employed methyl 3-amino-3-deoxy-a-D-mannopyranoside derivatives
made eilther from D-glucose via dialdehyde-nitromethane con-
densation m or from a 3-amino-3-deoxy-D-glucose derivative, the
required inversion at C-2 being effected by sulphonate
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displacement.72

4 Di- and Tri-Amino-sugars

Sulphonate displacement with azide has been used to prepare several
dlamino-sugars. The 2,3-diamino-2,3-dideoxy-D-glucose derivative
(90) was obtalned after phase-transfer catalyzed displacement of a
3-mesylate from a 2-acetamido-2-deoxy-D-allopyranoside precursor.73
The 2,6-diazido-2,6-dideoxy-L-idopyranosyl chloride (91), required
for the synthesis of neomycin B, has been synthesized in 13 steps
from a D-glucofuranose derivative, using a reduction-oxidation
sequence to invert the sugar chain. Chloride (91) was converted
into the unprotected methyl 2,6-diamino-2,6-dideoxy-a-L-
1dopyranose.7u The ring-nitrogen contalning derivative (92),
regarded as a chiral precursor for 7,l1-dlazaprostanoids, has been
syntheslzed stereospecifically from L-arablnose vlia the
dithiocacetal derivative (93) (Scheme 18).7°

CH(SEY), , BzOCH, |
0]
8 steps 65tzps
O
Ts0—4 b—NHAc
CHo0Bz ' AcNH O
93 (92)
( ) Scheme 18

The 3-C-formyl derivative (94) has been formed by elimination
of a 3-triflate from a 2,6-diamino-D-glucoside derivative with
ring-contraction, in a fashion analogous to that shown earlier in
Scheme 15.5

CHZNHAC

0
H
BnOLN OMe
OMe

(94) (9) NHAc

A synthesis of di-N-acetyl-a-D-tobrosaminide (95) from a 2-
acetamido-U4,6-0-benzylidene-2,3-dideoxy-precursor involved
generation of a 6-bromide using N-bromosuccinimide and displace-
ment of bromide by azide.?®

The methyl a-D-purpurosaminide C derivative (96) has been
synthesized from acrolein dimer (97) as shown in Scheme 19.
Reductive amination with (R)-a-methylbenzylamine provided a pair
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CHoNHC P CHoNHAC
t R C°> N v °
¢ *\ OMe OMe
bL-(97) (59) NOH (96) NHAC

Reogents: i, PhCHMENH, ~NaBH. ; ii, TF,0-Py ; il ,NOCL ; iV, MeOH ; v, NaBH;CN-HOAC ;
vi, ,Pd/fc ;vii, Ac,0 ; viii, NaBHy ; ix, Pd,(OH)z H2

Scheme 19

of diastereoisomeric 6-amino-derivatives from which the desired
isomer (98) could be isolated as its 3,‘S-dflrd.t:r'obenzoate.76 The
synthesis of a 3,4-unsaturated purpurosamine C derivative is
covered in Chapter 13.
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Miscellaneous Nitrogen Derivatives

1 Glycosylamines

N-(p-Chloro- and p-methoxy-phenyl) a- and B8-D-lyxo-pyranosylamines
and their 0- and/or N-acetylated derivatives have been synthesized;
while the a-tetraacetate adopted the lgu—conformation, the B-tetra-
acetate adopted the ugl—conformation. Glucopyranosylamine deri-
vatives have been syntheslized by Lewls acid (AlMe3 or MgBr2.OEt2)-
catalyzed reactions of 2,3,4,6-tetra-0-benzyl-a,B-D-glucopyranosyl
fluoride with amines; aniline gave a 1:1 mixture of anomers, but
morpholine favoured the B-anomer by 10:1.2 A 1H— and 13C—n.m.r.
study has shown that the reaction of D-ribose, or its 2,3-0-iso-
propylidene derivative, with secondary amines furnishes mixtures
containing only B-pyranosylamines and B-furanosylamines and,in
some instances, Amadori rearrangement products (2-30%).3 The
glycosylamine formed on reaction of l-deoxy-l-tolylamino-D-fructo-
pyranose with glycine ethyl ester has been characterized.u

The synthesis of a-D-xylo- and oa-D-gluco-pyranosyl pyridinium
bromides has permitted thelr conformatlons in D,0 solution (lgu and
1§3 respectively) to be determined by 1H—n.m.r'. spectroscopy and
the kinetics of their acid catalyzed hydroclysis to be studled in
detail. The antiperiplanar lone palr hypothesls 1s discussed and
considered not to be applicable.5 Similarly, the N-8-D-
glucuronides of pyridine and 3-methylpyridine have been synthesized
by standard Koenlgs-Knorr methods,and their base- and 8-gluc-
uronidase-catalyzed hydrolysis has been studiled. Hydrogenation of
the former compound caused glycosidic cleavage, but reduction of its
methyl ester peracetate ylelded the correspondingly protected N-D-
glucuronide of piperidine.6

CHoOH
0
oH
NH
o\,
(1) o



106 Carbohydrate Chemistry

a-D-Xylo-furanoll,2-dJoxazolidin-2-one (1) has been isolated as
the major monomeric product from reaction of equimolar amounts of

7 Reaction of

xylose and urea in water at 68° for six weeks.
benzosulphimide or succinimide, as their silver salts, with 2,3,4,6-
tetra-0-acetyl-a-D- glucopyranosyl bromide gave the expected B-
glucosylated imides, whereas phthalimide gave the corresponding
ortho-ester derivative.

Carboxy-activated aminoacids have been coupled with unprotected
glycosylamines to prepare both anomers of N-(L-B-aspartoyl)-D-
glucopyranosylamine,9 di- and tri-peptidyl B-glycosylamines having
D-glucopyranosyl, cellobiosyl, or 2-acetamido-2-deoxy-D-gluco-

pyranosyl sugar moieties,10

amine.ll The amido-linkage between D-glucopyranosylamine and
aspartic acid, glutamic acid, and glycine can be cleaved by
hydroxide-form anion exchange resin in water, a-linkages being more
readily cleaved than B-linkages. This treatment did not cleave the

analogous linkage between 2-acetamido-2-deoxy-D-glucopyranosylamine

and N-glycidoyl-a-D-glucopyranosyl-

and asparagine or glutamine.11

A new procedure for the synthesls of glycosyl isothiocyanates
involves the action of potassium thiocyanate and a tetrabutyl-
ammonium salt as catalyst on per-0O-acetylated, -benzoylated or
-benzylated glycosyl halides in acetonitrile, e.g., 2,3,4-tri-0-
acetyl-B-D- ribofuranosyl isothiocyanate (55% yield).12

N-Lactosyl-urea and ~thiourea derivatives have been obtained by
condensation of lactosylamine with long chain isocyanates and iso-
thiocyanates respectively.13 Muramoyl dipeptide analogues (2) and
(3) in which the sugar 1s jolned to the peptide by a glycosylamine

a~L-Rhap-1-NHCXOH B-D-GlcNAcp-(1+4)-[8-D-GleNAcp] ~1-NHCXOH

(2) (3)

0-2
Ala, L-Ala-D-Glu, L-Ala-D-iso-Gln, or D-Ala-L-Ala-D-iso-Gln

>
o

linkage have been synthesized by coupling acetylated glycosyl iso-
thiocyanates with alanine or unprotected peptides and shown to have
immunoadjuvant activity.lu N-g-D-Galactosyl- and glucosyl-N'-
(propanal-3-yl)-thiocureas (4), which exist as equilibrium mixtures
of ring-chain tautomers, have similarly been synthesized from
acetylated glycosyl isothiocyanates.15 Per-0-~acetylated B-D-gluco-
or a-D-arabino-pyranosyl isothiocyanates have been used as chiral

reagents for the preparation of dlastereoisomeric thiourea deriva-
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HOQ, Ph
3 }—> oW
R-NHCNHCH,CH,CHO = R-N HR
(4) R=p-D-Gle-p or S>_NH S
pB-D-Galp HO OH
CH
CH,0H  (5)

tives of enantiomeric amino acids (c.f. Vol.15, p.lOB)16 and
amphetamines (l-phenyl-2-aminopropane derivatives)l7’18 that are
separable by h.p.l.c.

Glycofurano-imidazolldine-2-thiones such as the D-glycero-L-
gluco-derivative (5) have been obtailned by reactions of aryl iso-
thiocyanates with 2-deoxy-2-ethylamino-hexoses and -heptoses, whose
synthesis is referred to in Chapter 9.17220

The 1,2-N,0-cycloglycosylamidophosphites (6) have been syn-
thesized by reaction of N-methyl-2,4,6-tri-0-methyl-D-glucofuranosyl-

CHZOMQ
MeO )
OMe
NME
O— P~NRy

(6) R=Me orEt
amine with tris(dialkylamino)phosphines; subsequent oxidation with
nitric oxide or sulphur furnished the corresponding amidophosphates

and amidothiophosphates respectively.21

2 Azido-sugars

Azido-sugarsencountered as intermediates in syntheses of amino-
sugars are covered in Chapter 9.

A mixture of 2,3,4,6-tetra-0-benzyl-o- and B-D-glucopyranosyl
azides in the ratio 10:1 has been obtained in 90% yield from the
corresponding anomeric mixture of glycosyl fluorides on treatment
with trimethylsilyl azide in the presence of boron trifluoride as
catalyst. 2

Sulphonate displacement reactions are frequently used for
introducing azide substituents, but in the case of the a-D-
mannosides (7) and (8) displacement (LIN;-DMF) of the 2-0-triflate
could be achieved only in low yield, the major product being the
enone (9) in both cases. By contrast, the B-anomer of (7) gave a
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CH,0Bn CHaO- CH,08n
0 (7) R=Me 0 0
Obn TFO OBn //
BrO or (8)R= OBn BnO
0Bn 0 (9

2-azido-glucoside in 90% yield, presumably because in this case the
anomeric substituent does not hinder the approaching nucleophile.22
A new synthesls of methyl 3-azido-2,3-dideoxy-4-0-(p-methylbenzoyl)
-a,B-D-ribofurancse in 9 steps from 1,2:3,5-di~0-1sopropylidene-a-
D-xylofuranose involved displacement of a triflate group by azide;
the product 1s a potential precursor of 2,3-dideoxy-~3-amino-

nucleosides.23

3 Nitro- and nitroso-sugars

1-C-Nitroglycosyl chlorides such as (10) have been synthesized
from sugar oximes 24 and used for the synthesls of chain-extended
sugar derivatives using both photoinduced free radical coupling
reactions [to give (11)] or displacement of halide by a weakly
basic carbanion [to give (12)] (Scheme 1) 25 The a-chloronitro-

NO I Me
NO 2 L >‘ =
_OH 2 by k Noz < Me
><o CHNOH ——» <o 3
(11)
7 cozst

COzEt
@
(12)

Reagents : i, Naoa—aud,NHso‘,—Hzo-,u,):Tu _Kkt-hy i ,Na ;S ; iv, (Et0,C), CH - hv
M
derivative (10) 1s presumed to be formed by oxidation of the
cyclized form of the oxlime to the knownD-mannonolactone oxime (13)
(see Section 4, ref.35) and then to the a-chloronitroso compound
(14). This latter transformation has been separately reported
en route to the optically pure hetero-Diels-Alder adduct (15)
0

><o 0 ) p N=0 .

0o < )=NOH —— ><CL -2

(13 (4 (15
Reagents: i, BuPOCL;ii, O - MeOH
Scheme 2
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(Scheme 2).26 Photo-induced dimerization of the carbanion (16)
derived from the bromo-analogue of (10) 1led to dinitro-derivative

(17) in high yield (Scheme 3).25

>

(16)

Reagent: i, hv - DMSO

(,7) ><

Scheme 3

Sakakibara and co-workers have reported in full (c.f. Vol.16,
p.112) on the synthesis of, and Michael addition of nucleophiles
to, the anomeric methyl 2,3-dideoxy-2-nitro-B-D-erythro-hex-2-eno-
pyranosides (18) and (19). In the case of the B-anomer (18),
nucleophiles added predominantly in an equatorial fashion at C-3,

Ph

(9 NG, NO,
. (20) R=CHAc, ,OMe H, or CN
Reagents: ¢, Ac,CHNa,MeOH, NaBH, or HCN
Scheme 4

leading mainly to products with a B-D-gluco-configuration, e.g.
(20), (Scheme 11).27 In the case of the a-anomer (19), products

were dependent upon the nature of the nucleophile (Scheme 5). The

0 S N
t
Ph — 2 NZ 0
i @)™ 0
0 Me —— Me .~ — b OMe
o N\ (
(19) NO2 _ 3 ) OMe
i \\L\: NOZ NOH
(22 (25)
f' O,N
D e ]
3 2 \2 I/
z
R NO, o]
(23) R=D,CN,or OMe (24)

Reagents : ¢, BuFZO i, NaOMe ;ii, NaBD4 ,HCN ,or MeOH ;v , Hp0,-NaOH ;
v, CF3CO4H- NaHCO3- CO(NHp),
Scheme §
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bulky di-tert-butyl peroxide and the charged sodlum methoxide 1led
to products of equatorial C-3 attack, 1.e., the 2-nitro-manno-
epoxide (21) and the 3-0-methyl-a-D-gluco-derivative (22),
respectively. Other reagents, however, added predominantly by
axial C-3 attack to give a-D-allo-derivatives (23) accompanied by
lesser amounts of thelr C-2 epimeric a-D-altro-isomers or, in the
case of alkaline hydrogen peroxide, the 2-nitro-allo-epoxide (24).
The 3-0-methyl-a-D-gluco-derivative (22) was also obtained by
oxidation of the oxime (25).28

The branched-chain nitro-sugar L-rubranitrose (26) has been
elaborated from the 3-keto-derivative (27) as shown in Scheme 6.29

o]
Me O N L LA LN Me OH
MeO Y OMe ) MeO N>
Y (27) Me
, )
Reagents: i, HCN-Py i, MsCL i, LAH ; W, Hy-NUsv MCPBA ; vi, H30

Scheme 6
The 3-nitro-nucleoside analogue (28) has been synthesized from
the corresponding D-glucosyl nucleoside by conventional periodate
oxldation - nitromethane condensation procedures.30 2-Alkylamino-
l-nitro-heptitols (29) have been synthesized by addition of ethyl-
amine or n-propylamine to 1,2-dideoxy-l-nitro-hept-l-enitol tetra-
Me

AcHN_ N O CHyNO,
|

CHR0H Ac | . CHNHR
O N ((IZHOAc)4

NOs 0 CH,0Ac

HO (29) R=Etor Pr"
OH
28
(29 3

acetates with D-gluco-, D-manno, and D-galacto-configurations.

4 Nitriles, Isonitriles, Oximes and Hydroxylamines

2,4,5,6-Tetra-0-benzoyl-D-glucononitrile has been identified as a
byproduct frequently encountered in the synthesls of the perbenzoyl-
ated D-glucononitrile.3? Reaction of the per-0-acetylated D-
galacto-, D-xylo- and D-arabino-pyranosyl bromides of hept- and hex-
ulononitriles,e.g., (30), with silver or mercury(II) acetate in
acetic acid-acetic anhydride solution has provided the correspond-
ing inverted pyranosyl acetates,e.g.,{(31), in good yields.33
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CH,0Ac CHZOH 02NH4 o
Ac

30 R=CN R =Br
((31)) R'=0Ac, R*=CN (32) R= ¥ or ‘/\N/HZOEH (33)

The synthesis, reactions and spectroscopic properties of carbo-
hydrate isonitriles, including both glycosyl and ring-substituted
derivatives, have been r‘eviewed.3

Reaction of 2,3:5,6-di-0-1sopropylidene-D-mannose oxime with N-
chlorosuccinimide in pyridine gave the N-hydroximinolactone (13)
(see Scheme 2) rather than the isomeric ring-opened nitrile oxide.
Conditions under which this lactone oxime would act as a precursor
of the nitrile oxide for dipolar cycloaddition to alkenes were not
found.35

The levels of isoxazolin-5-ones, including the glucosyl deriva-
tives (32), present in the plant Lathyrus odoratus at various
stages of development have been determined.36 The N-glucuronides

of the carclnogenic N-hydroxyarylamines, N-hydroxy-4-aminobiphenyl,
N-hydroxy-2-aminofluorene, and N-hydroxy-2-aminonaphthalene, e.g.,
(33), have been prepared in good yields by direct condensation of
glucuronic acid with the approprilate hydroxylamine.37

D-Ribose and its 2,3-0-isopropylidene derivative condense with
hydroxylamine to give primarily the acyclic oximes, as shown by 1H—
and 13C—n.m.r. studies;3 e.g., 2,3-0-isopropylidene-D-ribose gave an
8:1:1-mixture of the E- and Z-acyclic isomers and the B-furanose

form respectively.

5 Hydrazones, Osazones and Derived Heterocycles

The products formed on reaction of D-ribose and its 2,3-0-iso-
propylidene derivative with secondary amines (see Section 1),
hydroxylamine (see Sectlion 4), hydrazine and thiosemicarbazide have
been determined by lH- and 13C-n.m.r. studies. Hydrazine gave
primarily the acyclic hydrazones, whereas thlosemicarbazide afforded
mainly cyclic derivatives. Thus D-ribose and thilosemicarbazilde
gave the pyranose derivatives (34) along with its B-furanose, and
E~acyclic isomers 1n the ratio 54:9:37 respectively.3
N-methylpyrimidinium methyl sulphate.with the hydrazone of 2,3-0-

Reaction of
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isopropylidene-D-ribose led to the 1-N-ribofuranosyl-pyrazole and
-(1,2,4-triazole) derivatives, (35) and (36), 1n 10 and 17% yield

respectively.38
o] NHNHENHQ CHZOH Ph
< >/ __hk
35) R = {—N\J Q Y N
OAc
34) \7 AcO
(3R = N AcO
OAc
CH,y0AC
(37)

Emission and excitation spectra of D-arabino-hexulose phenyl-
osazone have been measured to determine the singlet and triplet
excited state energy levels for the planar and twisted

conformations.39

Mono- and bis-hydrazones have been formed sequentially by
reaction of dehydroascorbic acid and m-chlorophenylhydrazine. The
bis-hydrazone was converted into a pyrazole derivative on treatment
with base (c.f. Vol.15, p.ll3).uO The cyclization of the N-
benzoylhydrazones of galactose, arabinose, and 6-deoxygalactose to
81 he p-
gluconoylhydrazones of 5-nitrofurfural and 3-(5-nitro-2-furyl)-

oxadiazole derivatives, e.g., (37), has been described.

propenal have been synthesized by condensation of D-gluconic acid

hydrazide with the corresponding aldehydes.u2

6 Other Heterocyclic Derivatives

Several tetritol-l-yl- and pentitol-l-yl-pyrrole derivatives (38)
have been prepared by condensation of 2-deoxy-2-ethylamino-hexoses
or -~heptoses with 2,4-pentanedione or ethyl 3—oxobutyrate,u3 while
the U-(D-threo-trihydroxypropyl)pyrrole (39) has been synthesized by
addition of dimethyl acetylenedicarboxylate to l-benzylamino-~l-

Me C02Me 0
N COR BnN \ N\
EtN ~ CoxMe P 0
Va
HO N MK N on
Grom, oH ?C(HOH) CHL0H
CH,0H CHpOH , 4 i 2
(38) R=Me or OEt Me (41)

n=2or3 (39 (40)
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deoxy-D-threo—pentulose.uu

In a continuing study of the reaction of sugars with o-phenyl-
enediamine under acidic conditions (c¢.f. Vol.l7, p.112), D-ribose,
D—xylose,uS L-rhamnose and L-fucoseu have been shown to glve
mixtures of 2-(alditol-l-yl)-quinoxaline derivatives, accompanied
in the case of the latter two sugars by benzimidazole derivatives
(40). The quinoxaline derivative (41) has similarly been obtalned
by reaction of dehydro-D-arabino-ascorbic acid with o-phenylene-
diamine and subjected to further convrersions.u7

Five 1,1-di-C-substituted l-deoxy-D-ribitol derivatives,
including compounds (42) and (43), and two 1l-deoxy-D-glucitol
analogues have been synthesized by condensation of aldehydo-sugar
derivatives with 3-methyl-l-phenyl-S5-pyrazolone and shown to have
high antiviral activity with relatively low cytotoxicity.uB

N Me R, S
VAR 42) R= |-0 43) R= -0 N
PhN ( ) o>< ( ) O\>—Ph
# )~ CHR S N\__NH
On 2 OH 0" )~Ph
CH0H 0 ((,JHOH)n
CH,0H
(44) R=C(,CqnCyp
alkyl
n-2ov:g 3)

4-(Polyhydroxyalkyl)-1-N-alkyl-1,3-dihydro-2H-imidazole-2-
thiones (U4) have been synthesized by condensation of l-alkylamino-
1-deoxy~-pent- or hex-2-uloses with potassium thiocyanate, while
several 3-N-alkyl isomers were obtained from 2-alkylamino-2-deoxy-
D-glucose by the same pr‘ocedure.l‘9

The (D-glycero-L-gluco-heptofurano)-imidazoline derivative (5)
(see Section 1) has been converted into the U4-(D-galacto-pentitol-
l1-yl)imidazole derivatives (45), which are acyclic C-nucleoslide

analogues, as shown in Scheme 7.50’51 Analogous l-deoxy-1-C-

Ph PhN R
o N T
t_>—SBn ~_N
i N i and/or i H
(5) ——» iandforii o o
HO— OH HO
OH OH
CH,OH CH,OH
Reagents : i, BnCl-NaHCOq ; is, Raney Ni , iii, CFCOH (45) R=H or 5Bn

Scheme 7

(substituted Ah-thiazolinylidene)-D—galactitols, e.g.,(46), have
been synthesized by condensation of the l-bromo-l-deoxy-heptulose
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derivative (47) with thiourea derivatives, followed by dehydration
of the initial adducts (Scheme 8).52

Other heterocyclic derivatives are referred to in Chapter 9.

PhSOZN S, PhsozN S
CH,Br Y T/
o /
PhN OH PhN
OAc OAc OH
AcO L AcO i, U HO
AcO AcO HO
OAc OAc OH
CHx0AC CH,0Ac CH,OH
(47) (46)
Reagents: i, PhSO,NHCSNHPh ; ii, PO CLy ; ik, deacetylation
Scheme 8
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11
Thio-sugars

Theoretical studies have been applied to the stereochemistry of
methoxy (methylthio)methane and di{methylthio)methane as models of
of the thioacetal segment in thioglycosides. The MNDO technique was
used in each case, and the results used to assess the magnitude of
the anomeric and exo-anomeric effects in 1-thio- and 5-thio-
pyranosides. By considering the torsion angles shown in (1), the
calculations for the oxythio compound gave the thermodynamic ratios
92:5:2:1:0 for the (sc,sc), the (ap,sc), the (sc,ap), the (ac,ac)
and the (ap,ap) conformers respectively in the absence of solvent,
while the dithio model gave 78:21:1 for the corresponding (sc,sc),
(sc,ap), and (ap,ap) conformers. Increasing the solvent polarity
was shown to increase the proportion of(gP)conformation for the
methyl groups.

% ¢/s
Me/ -£C‘c “Me
(1))("001'5

A stereoselective synthesis of 1,2-trans-related 1-thioglycoses
utilized the reaction of thioacetlic acid with peracetylated sugars
in the presence of zirconium chloride. Application to standard per-
acetylated aldopyranoses (g-D-xyl, A-D-glc, A-D-gal, o-D-man) gave
excellent yields of the corresponding 1,2-trans-peracetyl 1-thio-
sugars with no observable anomerization. The preparation of
some lipophilic derivatives of 1-thiomuramoyl-L-alanyl-D-isoglut-
amine has been described; products included 2-N-octadecanoyl deriv-
atives of 1-S-acetyl-, 1-S-octadecanoyl-, and 6-0-octadecanoyl
derivatives of 1-thiomuramoyl-L-alanyl-D-isoglutamine. The
kinetics of the peptide-forming aminolysis reaction of 1-thio-D-
glucopyranosyl alanyl esters (2) with ethyl glycinate, in which (2)
acts as an aminoacid transfer agent, have been investigated and
shown to vary with the nature of the N-protecting group and with th
configuration of the alanine (Scheme 1).

Zirconium chloride - catalyzed condensation of 2,3,4,6-tetra-0-
acetyl-1-thio-g-D-glucopyranose with 1,3,4,6-tetrabenzyl-g-D-fructo
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furanose, followed by l.c. separation of the deprotected disac-
charide, led to 1-thiosucrose and «-D-fructofuranosyl 1-thio-x-D-
glucopyranoside in 15 and 22% yields respectively. Condensation of
the fructofuranose derivative with the corresponding S-glucose
anomer gave, in 1:6 ratio, -D-fructofuranosyl 1-$hio-g-D-gluco-
pyranoside (1-thioisosucrose) and its /S:p-anoner. The synthesis
of 6-thiosucrose (3) has been achieved as shown in Scheme 2. The

CHzoAC O CHQOAC
L]
0 _SCCHMe O5"  MeCHCONHCH,
OAc NHR  + H,NCH,COEt —— OAc + NHR c'ozH
AcO AcO Dor L
OAc OAc R=Ac,Cbz,Boc

(@)

Scheme 1

Sucrose CHa0H CHZ

0 \/ CHQOBz m, f vu CHQSH CHgOH
0 HO™
¢ 0Bz
o) CH20Bz CH20H

Reagents : L,(Meo)zCMez TsOH-DMF ; i, B2CL-Py ; Ui, ACOH-H,0-Me,CO (T0%); (3)
v, Imidazole - PPhy- I, ; v, KSAc Me,CO ; vi, NoOMe-MeOH ;|
Vit 1,4~ Dithiothreitol - ELOH

Scheme 2
CHzoaz CHy0Ac CHZOR CHZ
0 SNa (5) R Ne R*= Bz
OMe AcO w ias
Ac oxz2 (4) R'- R 2 R=H

Rengon.ts: i, Kryptofix-21 ;ii, Ac,;0-AcOH -H,S0, ;iii, NaOMe-MeOH

Scheme 3

route also provided é-deoxysucrose in improved yields (see Chapter
12). 3,3',4',6'-Tetra-0-acetylsucrose in DMF, on treatment with
thioacetic acid, triphenylphosphine and DEAD followed by deacetyl-
ation, also gave good yields of 6-thiosucrose. 6'-Thiosucroge was
similarly obtained from 4,6:2,1'-di-O-isopropylidenesucrose.

The o-nitrophenyl and p-nitrophenyl 4-thio-k-maltosides have been
prepared by condensation of S-acetyl-1-thio-«~D-glucopyranose with
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the appropriate nitrophenyl 2,3,6-tri-0-benzoyl-4~0-triflyl-«-D-
galactopyranoside followed by isolation as the tetraacetate and de-
protection. The S-linked maltosides were shown to be poorer sub-
strates than their oxygen counterparts for pig pancreatic «-amylase,
with cleavage occurring exclusively at the chromogenic sites.
Thiocellobiose (4) has been synthesized via the intermediate (5)

as shown in Scheme 3; a similar reaction of the sodium thiolate with
1,3,4,6-tetra-0-acetyl-st-D-mannopyranose ylelded thiosophorose.

The 3-thio-MDP-analogue, N-[2-S-(2-acetamido-2,3-dideoxy-D-gluco-
pyranose-3-yl)-2-thio-D~lactoyl]-L-alanyl-D-isoglutamine, has been
synthesized from allyl 2-acetamido-2~deoxy-A-D-glucopyranoside,
using a double inversion sequence to introduce sulphur at C-3. The
compou?? had less immunoadjuvant activity than the oxygen ana-
logue. The same research group has also prepared several 6-
thio-MDP analogues. A review, which includes some previously
unpublished results, on the introduction of 7-S-alkylthio substi-
tuents into the antibiotic lincomycin structure has appeared. The
main method involved the attack of a wide variety of sulphur nucleo-~
philes on a 6,7-N-acetylepimine intermediate.

Various nucleoside analogues have been synthesized from 1-0-
acetyl-2,3-0-phenylboronyl-4-thio-D-erythrose by standard pro-
cedures. The thionucleosides (6) and (7) have been obtained
by enzymic cleavage of albomycin é and § ,and chemical reactions
of (7) gave rise to the sulphoxide (8) which was characterized by X-
ray crystallography.

CO,H X copMe

e A s
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Deoxy-sugars

Vimose, a tetrasaccharide composed of B-(1l -+ 4)-linked L-diginose
(1.e., 2,6-dideoxy-3-0-methyl-L-lyxo-hexose) units, has been
1solated from Orthenthera viminea twigs.l Full details have been
published for the determination of the absolute configuration of
the potent prolyl hydroxylase inhibitor P-1894B, which has L-
aculose (2,3,6-trideoxy-L-glycero-hex-2-enopyranose-4-ulose) and L-
rhodinose (2,3,6-trideoxy-L-threo-hexopyranose, 1) as constituent
sugars (c.f.Vol.16, p.199).2 A review, in Japanese, has described
work on the oligosaccharides released on hydrolysis of biologically

o o HOCH O~ #O%. OH
Me
HO HO™ 0 °

(1) OH (2) e

active Asclepiadaceous plant glycosides (c.f. Vol.1l6, p.232;
Vol.17, p.120). These oligosaccharides incorporate D- and L-
cymarose, D-oleandrose, 6-deoxy-3-0-methyl-D-allose, and the
unusual ether-linked glucosyl olivose wilforibiose (2) as con-
stituent sugars, and their 1H- and 13C—n.m.r. characteristics have
been tabulated.3

Super-hydride (LiBEt3H) has been shown to be more effective than
other reagents (e.g., LAH) for reductive cleavage of epoxides and
sulphonate esters. Thus methyl a-abequioside (3) was obtained in
94% yield on reduction of the epoxy-sugar sulphonate (4), while

x4l

Me CH,0Ts Me
HO Q 0 0 OMe o}
0 Me
OH OH OH OH
® @) (s) ©

methyl 3,6-dideoxy-a-L-lyxo-hexopyranoside (5) was obtained on
reduction of methyl 3,11—anhydro-6-deoxy-a-L-—ta.lopyranoside.u
Another 3,6-dideoxy-sugar glycoside, methyl a-D-paratoside (6),
has been synthesized from methyl 3,6-di-0-pivaloyl-a-D-mannopyrano-
side by sequential selective oxidation-reduction at C-2, followed
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by photolytic deoxygenation at C-3 and C«6; selective oxidation
of other partially esterified sugar derivatives was reported.5

Deoxy-sugar derivatives could also be obtained by reaction of
triflates with sodium borohydride in acetonitrile. 1,2:3,4-D1-0-
isopropylidene-6-0-triflyl-a-D-galactopyranose and 1,2:5,6-d1-0-
isopropylidene-3-0-triflyl-a~D-allofuranose gave the corresponding
6- and 3-deoxy-derivatives, respectively, but the gluco-1isomer of
the latter underwent competitive hydrolysis and 3,4-elimination of
the 3-triflate as well as deoxygenation. Other limitations of
the reaction were noted.

An improved six-step synthesis of 6-deoxy-sucrose from sucrose,7
a routine synthesis of 6,6'-dideoxy-1actose,8 and a multi-step
synthesls of methyl N-acetyl-3-epl-sibirosaminide, a branched-chain
4-amino-4,6-dideoxy~-D-altropyranoside (see Chapter 14),9 have each
involved the synthesis and reductive dehalogenation (using H,-Pa/C
or Bu3SnH) of primary iodides.

A variety of deoxy-sugars have been synthesized by procedures
involving the catalytic hydrogenation of double bonds. The 3=
deoxy-B-L-threo-pentofuranose derivative (7) was conveniently pre-
pared from the xylofuranose 3-triflate (8) via the 3,lY-ene (9)
(Scheme 1).10 Methyl 2-acetamido-2,3-dideoxy-a-D-ribo-hexo-
pyranoside (10) was obtained from the D-allo mesylate (11) via the

HaOCO Me Cone
— cn
2
Q 4 4 @
0/\’ o Ts ocrl2
(® O]

Reagents: i, DBU ;ii, Hy~Pd/BaS0y; i, NaOMe-MeOH ; iv, TsCL-Py
Scheme 1

2,3-ene (12) (Scheme 2).11  Methyl 2-acetamido-2,3,6-trideoxy-8-L-

CHZOH
Ph
- ~. —
3 2 (
OMs NHAc NHAc NHAc
(1) (12) (19

Reagents: i, NaH- Me OCH, CHyOMe | i, Hp-Pa/C
Scheme 2
lyxo-hexopyranoside (13) was synthesized from the 3-deoxy-deri-
vative (14) via the 5,6-ene (15) (Scheme 3).'2 The 2,3,6-
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CHQI
Ph < < AN
BzO * BzO ~
NHAc NHAc
(14) (15) (13)

Reagents: i, NBS ; i, Nal ;ii, AgF-Py ; iv, MeONa-MeOH ; v, Hy- Raney Ni
Scheme 3

trideoxy-sugar L-rhodinose (1) has been obtained from the allylic

mesylate (16) by sequential C-4 inversion (0032

MsO 0. OMe
k Me 9

(t6)

“~form resin),

hydrogenation, and hydrolysis.13

Purpurosamine C is theoretically

available by hydrogenation-hydrolysis of a 2,6-diamino-3,4-
unsaturated derivative described in Chapter 13.
Deoxy-sugars can be synthesized from aldonolactones via B-

elimination or bromination procedures.

3-Deoxy-D-arabino-~hexono-

1,5-lactone, readily available from D-glucono-1l,5-lactone by
sequential acetylation, B-elimination, hydrogenation, and

deprotection, has been converted to 2-deoxy-D-erythro-pentose 1in

92% yleld by indirect electrochemical oxidation.

1 3-Deoxy-D-

arabino-hexose, which exists as a 53:30:17 mixture of the a- and 8-
pyranose, and a-furanose forms in aqueous solution, has been
synthesized by reduction of the 2,4,6-tri-0-benzoyl derivative of

CHyBr

HO 0
OH By =0 —LLP o~ AN

N s

CH,y0Ac
AcO 0
OAc
(29)

Reagents: i, N2H4‘u« Bry
vidi, Ac:O-H

N +
Ui, KOH v H3O

Scheme 4

cuzou

Me (17)

;v, HBr-HOAc , vi, Hz-Pd/c ;vit , Disiamylborane ;
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3-deoxy-D-arabino-hexono-1,5-lactone with disiamylborane.15 L-
Digitoxose (17) has been synthesized from the 2,6-dibromo-2,6-
dideoxy-D-mannono-1,4-lactone (18) as shown in Scheme 4, involving
selective C-2 dehalogenation, inversion at C-4 and €C-5 (the
mechanism being discussed in terms of epoxide migrations), selective
C-6 bromination [to give (19)], and reduction. The 2-deoxy-D-
arabino-hexono-1,4-lactone derivative (20) was similarly obtained
from the 6-bromide (19) by inversion at C-4 and C—5.16 Other
deoxy-lactones are covered in Chapter 16.

The filve-carbon chiral epoxide (21) has been synthesized in 7

HOCHp - CHy CH (SEE
—~7 )2
(1)

steps from L-arabinose via 2-deoxy-u,5—g-isopropylidene—L-threo-
pentose.17

Both chemical and biochemical strateglies have been described for
synthesizing deoxy-sugars by sugar-chain extension. 2,4-Dideoxy-
D-erythro-hexopyranose (22), useful for the synthesis of mevinolin,
has been prepared from D-glucose via 3-deoxy-D-erythro-pentose (23)
(Scheme 5).18 Various 1l-deoxy-ketoses have been obtained by an

CHZOH CH,0H
0
OH
OH

OH CH,OR OH
(2 3) R= methoxj tntgl (2 2)
h%mm»MmﬂwWMmumwhm1uu%wmewnvu(}vuws
HyO* Scheme 5§

acyloin-type condensation induced by enzymes 1in cell-free extracts of
bacteria and actinomycetes, particularly a transketolase mutant

from Bacillus pumilis. Thus coupling of pyruvate with D-erythrose,
glycolaldehyde, and D- or L-glyceraldehyde led to l-deoxy-D-fructose,

1-deoxy-D-glycero-tetrulose, and l-deoxy-D-or -L-threo-pentulose
9,20

respectively.1
An extensive review on the acyclic stereoselective synthesis of
carbohydrates from non-carbohydrate starting materials,which covers
both carbon-carbon bond forming reactions and stereoselective
introduction of heteroatom functionality, has included deoxy-sugar
exampless.")l Aldol condensation of pyruvaldehyde and D-glycer-
aldehyde derivatives (24) and (25) has led to the adduct (26), from
which 3-deoxy-D-ribo- and arabino-~-hexoses have been obtained by
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CH(oMe), H(om)2 1 cn(c;m)2
Q O R R
24
Me ( ) v Hy worul CHyp
CHO OH OH
) 0
t0>< 0><
(29 (26) (27) R'=H, R?=0H
Reagents: i, PriNLi jii, BujB-0,,then NaBHy i, AL(OPrY), (28) R'= OH,R%= H
Scheme 6

reduction and acid hydrolysis (Scheme 6).

Reduction of adduct (26) by treatment of its di-isobutylborinic
ester with sodium borohydride provided the 2,4-syn-diol (27) as the
predominant product, whereas direct reduction of adduct (26) with
aluminium tri-isopropoxide yilelded mainly the 2,4-trans-diol
(28).°2 A further synthesis of rhodinose (1) (see ref.13), in
this instance as a racemate, utilized the dipolar cycloaddition
shown in Scheme 7 to construct the six-carbon sugar chain.23

S&Mca SLMe3
/ CHO
4 o 0 i V4 i i
TN TS T =5 ee(1)
Me ~ Me ~
0
Me
Reagents : i, HF ;ii, Hy- Pa/C ; i, Hyo*
Scheme 7

Syntheses of 1someric 3-acetamido-2,3,5-trideoxy-L-hexopyranoses,
utilizing the Henry reaction for coupling 4-nitro-butane-1,2-diol
and 2-oxypropanali derivatives, are covered in Chapter 9.

Several five- and six-carbon non-carbohydrate derivatives have
been converted into deoxy-sugars. An epoxidation-hydrolysis
sequence has been utilized to convert the racemic trans-isomer of
alkene (29) into an ~4:1 mixture of DL-digitoxose (ribo) and DL-
oliose (lyxo) dimethyl acetals (30) and (31) (Scheme 8). The
¢is-1somer of alkene (29), however, yielded an ~U:1 mixture of
analogous DL-canarose (arabino) and DL-boivinose (xylo)
derivatives. Similar treatment of the cis- and trans-isomers of
the related alkene (32) provided ~4:1 mixtures of DL-digitoxose
and DL-canarose derivatives and of DL-oliose and DL-boivinose
derivatives, respectively.zu Chiral products have been obtained
using the Sharpless asymmetric epoxldation procedure. 2-Deoxy-L-
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CH(oMe), cH (oMe),

CH

Ha , G2, CH (oMe),

CH - R R !

"t LR C’ZHZ

' OH (I:H(OH)

('IH(OH) OH (.:H

Me Me , . ?H

) (30) R'-o, & he
(31) R'=H,R%=0H (32

Reagents : L, Bu‘O;H— Vanadyl pentane-24- clionate ;
i, Na.OH-H,0

Scheme 8

ribose (33) has been synthesized as shown in Scheme 9,2‘5 while five

| cH(oMe), CH(OMe), o o
iii CHz i Ch2 iy
e, - — OH OH
| S

Reagents: i, (MeQ);CH ; ii, LAH ; iii, Bu'O,H~ Te(OPr¥), - (4)-diisopropyl tartrate ; vi, OH™; vid, Hz0*
Scheme 9
2,6-dideoxy-hexoses [D-olivose (34), D-digitoxose, D-oliose, D-
cymarose, and DL-bolvinose] have been obtained by synthesis and
ring opening of acylated 2,3-epoxyalcohols with neighbouring-group
participation, preferably involving a phenylurethane molety, as
exemplified by the synthesis of D-olivose (34) in Scheme 10.2

/ - L .

0 CHy CH, o
¢ PhNHCO o Q oy
HO —_— —_— —0 ——> OH OH
05 0 HO
/ OH
Me Me @4

Reagents :.L, BufOH - TL(OPri')“- (-) didsopropyltartrate ; ii, PANCO-Py ; iii, Et, ALCL;
W, NaoOMe-MeOH ; v, 03 Scheme 10

Ethyl amicetosides (35) have been synthesized by hydroboration of
the dihydropyran (36) using diisopinocampheylborane (Scheme 11);
the use of 1R,5R-pinene (63% e.e.) led to D-serles sugars

(45.5% e.e.)27 Synthesis of a racemic 1,6-anhydro-3,4-dideoxy-
hexose from acrolein is mentioned in Chapter 5, as is the partial
methylation of methyl 4,6-dideoxy-a- and B-L-ribo-hexopyranosides.
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Me Me

— OEt
. HO
oL-(36) (35)
Reagents : i, dimopinocampheSLborane. , W, oxiclation
Scheme 11
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Unsaturated Derivatives

1l Glycals

Hetero-Diels~Alder reactions between various oxygen-substituted
butadienes and formaldehyde in the presence of zinc chloride have
been used to produce racemic glycal derivatives and hence D,L-
pentoses (Scheme 1). 1

CH=0 0
VRN

TMSO X (¢} X
X =H,0Ac
CHFO ) o
2
BzO OMe —
V BZO§:}
TMSO 0

Reagents: i, ZnCl, ; ik, NaBH4-CeCly; iii, Acy0-Py ; iv, 0504 - N-Methylmorphotine N-oxide
Scheme 1

Methyl 3,4-di-0-acetyl-D-glucuronal and -galacturonal have been
prepared conventionally and converted by base treatment into
mixtures with their C-5 epimers; the conformational equilibria of
the four glycuronals and a number of related glycals were determined
by 1y n.m,r. spectroscopy.2

The major product obtained on treatment of the a-mannoside 2-
triflate (1) with azide ion was the enone (2) (Scheme 2) whereas

C Hzan CH 2 ) Bn
o) _ 0
OBnTFO) —— p
BnO OMe BrO
(1) o (2

Reagents : i, LiNg
Scheme 2
similar treatment of the B-mannoside analogue gave the 2-azido-D-
5}333—product.3 A related enone (3), produced on oxidation of the
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hydroxy group of (4) and treatment of the product with DBU, is the

Me Me
(o} (o}
MeQ
/ OAc
0 OMe OH
(2 @

methyl ether of a degradation product of the Calotropis cardenolide,
which 1s thus configurationally characterized.

Additlion of hydrogen chloride to tri-0O-benzyl-D-glucal and
reductive lithiation of the product gave the glycosyl lithium (6)
which, with aldehydes or ketones, afforded C-glycosides (Scheme 3).
The starting glycal was made from the thiophenyl glycoside (5)

CH208n CH,08Bn
0 sPh -0 o -0 0
L Lw [
08n 1 e />1 —_— a’ _— 0Bn
BnO 2 A u BnO ZHOOMe
OBn H
&) O]

Reagenks : { Lithium naphthalenide; i, HCL; i, E-Me0C6u4CHO

Scheme 3
also by reductive 111:,hia.t::l.on.‘S A further novel addition reaction
of D-glucal 1s illustrated in Scheme '4.6

CHy0H oMe
0 D OwCHOH
OH / + w — ArN i, Ui
HO 2 Nh _~¥OH \
&H CHO

Reagents : i, MeOH-CaCOy; ik, H™ ; ii, MeOH - K;CO5

i
Scheme 4 OH OH

Rearrangement reactions of glycal derivatives continue to be of
interest, tri-O0-acetyl-D-glucal giving the a-glycoside (7) under
standard conditions with boron trifluoride as catalyst and the

appropriate alcohol. Periodate oxidation gave the a-vinyl
CHzoAC CHzoAC
o 0
AcO \=—=—=/ OCHy CHySePh AcO \—=/0CH=CHy

@ ®
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glycoside (8).7 The same glycal ester and the vinyl ether (9) in
the presence of the same catalyst gave the C-glycoside (10) and a
small proportion of the B-anomer (Scheme 5). A related reaction
which proceeds via a sigmatropic rearrangement is illustrated in

CHy0Ac CH,0Ac
(¢} IOTMS ; 0
OAc/ + PhC=CHy —
AcO ©) AcO\==/"CH,COPh
; 10
Reagent: £, 8% Scheme 5 49

Scheme 6. Reduction of the final product with lithium triethoxy-
aluminium hydride afforded mainly the aldehyde product of

o] 0 o
0 PR o 373 o
Ph / N Ph _ul-__) Ph
0 0 \==/CH,CONMe, 0 M=/ CH,CO,Et
OH

Reagents: i, MeC(OMO),NMe, ; i, & ; i, EtyBF,

Scheme 6
anomerization (11). A further means of making a-compounds of this
series involves treatment of tri-0-acetyl-D-glucal with dlethyl-
aluminium cyanide, which gives the cyanide (12) in almost

quantitative y:1.e1c1.9
0 CH,0Ac
0 CH,CHO 0
Ph
o \— AcO \—=/CN
(1) (12)

A related rearrangement of the enolone (13) gave the unsaturated
C-glycoside derivative (14) in 40% yield (Scheme 7),10 and prolonged
treatment of tetra-0-acetyl-2-hydroxy-D-glucal or -galactal with

CHy0Ac CHp0Ac

o] oTMs 0 CHyCO,But
/ + CH2=C\ —_ \
AcO 0Bu®
(0] OAc AcO \0
(13) (19)
Reagents : i, TiCl, Scheme 7

boron trifluoride gave the enones (15). When the reaction was

carried out in toluene, the C-glycosides (16) were produced in

competing reactions. 11
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CHy0Ac CH,0Ac CH,0Ac
[0} [¢) 0

\ OAc \ Me L

AcO

(1s) (16) (17)

2 Other Unsaturated Derivatives

Rearrangements of acylated glycals to 2,3-unsaturated pyranoid
compounds are mentlioned above, and others appear in Chapter 3; an
unusual further example relates to the synthesis of analogues with
carboranes as aglycones, the anomers of which were separated by
HPLC.12 Reaction of tri-0-acetyl-D-glucal or ethyl 4,6-di-0-
acetyl-2,3-dideoxy~-a-D-erythro-hex-2-enopyranoside with triethyl-
silane and boron trifluoride gave compound (17) in near quantita-
tive yield.l%d
pound (18) occurs at -40°C as shown in Scheme 8 via the glycosyl

Reaction of the branched-chain, unsaturated com-

trichloroacetimidates, and does not give the 3-aminoglycal products
(19) as previously reported (I.Dyong, J. Weigand, and H.Merten,

Tetrahedron Lett., 1981, 22, 2965). 4-0-Benzoylpyranose to 5-0-
Me Me Me
o i 0 . R 0
p —¥— HOH %y 1>—occc13 N NH
820 820 y=—— ~ Bz0)==/co
NHCOCCLy Me Me cCly
(19) ()

Reagents: i, NaH ; i, CCLaCN Scheme 8

benzoylfuranose isomerizations occur easily in this series.l3

ZamoJski and his group have reported the conversion of the
racemic ketone (20) into the 3,4-ene (21) by way of epoxides and
then 3-dimethylamino compounds, which were subjected to Cope

degradations,lu and the same group have examined the conforma-
tional equillibria of racemic esters (22), finding that the half
EtCO gec(OMe), €0,But
0 0 o

OMe OMe
e \ \

(9 (21) O¥ (22) % Remac
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chairs with quasi-axial ester functions contribute significantly
(see Chapter 21).

The alkenes (23) and (24) have been prepared from the D-altrose
derivative (25) (see Chapter 1l4), and the enol ether (26) was the
product formed by treatment of the corresponding D-talose
2-triflate with tetraethyl ammonium fluoride in acetonitrile.
The analogous enol carbonate (27) was made from methyl 2,3:4,6-di-
O-benzylidene-a~D-mannoside by treatment with butyllithium
followed by methyl chloroformate. With related C-glycosides, such
enol acylation can be effected by way of the 3-ulosides.

{0 o h

15

(29 e @9 o (25) (26)
A, e e O
0 ===/ OMe

e 2 @ o9

The prolyl hydroxylase inhibitor P-1894B contains the enone (28)
(L-aculose) and also a reduction product L-rhodinose (2,3,6-tri-
deoxy-L-threo-hexose).l7 The closely related unsaturated aldono-
lactones (29) and (30) are present in Osmunda japonica and are
antifeedants for butterfly species.1 Diels-Alder additions to
pyranoid enones are noted in Chapters 14 and 24; see also
Chapter 15 for another report on enones.

2,5=-Anhydro~D-mannose, produced from 2-amino-2-deoxy-D-glucose
with nitrous acid, has been converted by standard procedures into
the dihydrofuran (31) and hence into the isomers (32) and (33) of

Me COZH
-

=—=/CH(OMe),

(31 32) cozu (33) CogH Me (34

furanomycin (3’4).19 A corrected structure for a trienonic acid
lactone derived from a heptono-l,4-lactone is noted in Chapter 16.
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Treatment of the mesylate (35) with sodium hydride gives the

enamine (36) about quantitatively, and this hydrolyses with mild

acid to the enone (37) (Scheme 9).°0 Compound (38), from which

purpurosamine C can be obtained, was prepared in good yield as

shown in Scheme 10.21

CHZOH
Ph
. ~ _—) < \:I
3 2
OMs NHAc NHAc
(35) (38) (37)
Reagents: i, NaH= Meg™\-OMe ;i HOAC
Scheme 9
CHZOH CH,l CH,N 3
NHCOzan NHCOan

NHCOZBn

Reagents : i, PhyP-I,- imidozole ; ii Bu,N Ny
Scheme 10

Elimination reactions applied to the L-bromofuranose derivative

(39) are outlined in Scheme 11, Compound (40) and the simpler

4,5-ene analogue (41) do not rearrange to cyclopentanes on treat-
ment with mercury(II) salts in aqueous media, but give acyclic

R 0. OAc 0. OAc 0. OAc

0Bz —* 4 R \ + BzOCH,~CH=C 0B,
Br

0B

(o9 082 N ’ (49 °

CH08z OAc
R= Bzo—l
% (1)

Reagents: i, Zn-Cu ; ii,DBU
Scheme 11

species.22 In Chapter 24 mention 1s made of the use of 3,4~
unsaturated furancid compounds in the synthesis of cyclopentenes

and cyclohexanes.
Some exocyclle furanoid alkenes were produced during studies of

1-C-nitroglycosyl halides (Scheme 12).23
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o]
ST ol v o X o
2 L ) 3
SN \&No i, <
2
CcL
TS
[0}

Reagents: i, >=N0, K'-hv; ii, Na,5; CO,EE
W CH (cozze)z- hy

CO,EL

Scheme 12

2,3,4,6-Tetra-0-benzyl-D-glucose 1s reported to react with the
appropriate Wittig reagent to give the dilenonate (42), whereas no
elimination was noted for manno-, altro-, allo- or galacto-isomers.
4,6-0-Benzylidene-2,3-di-0-benzyl-D-glucose and the 2,3-diacetate
were reported to give C-glycosidic products.zu In the present
CH,08n
OH
= CHCO,Et

BnQ Y=/

(a2) OBn
author's experience such results may prove difficult to reproduce
because several variables contribute importantly in determining
the nature of the products of such reactions, e.g., the presence
of basic impurities in the Wittig reagent used.
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Branched-chain Sugars

The synthesis of branched-chain sugars has been reviewed,! and
another review on acyclic stereoselective synthesis of carbohydrates
includes references to branched-chain sugars.

1 Characterization of Natural Products

'Yersiniose', a component of an O-specific side~chain polysaccharide
obtained from Yersinia pseudotuberculosis VI serovar, has been
identified as 3,6-dideoxy-4-C-(l-hydroxyethyl)-D-xylo-hexose (L).3

Me CH,0H
HO 0 Me CHCOHN —0 o
OH OMe | Me OH OH
HO 0
Me  OH OH OMe AN HO
M @ =

A novel amino-sugar, N-acyl-kansosamine, a component of antigenic
trehalose~containing lipopolysaccharides from M. kansasii, has been
proposed to be 4,6-dideoxy-2-0-methyl-3-C~methyl-4-(2'-methoxy-
propanamido) -L-mannopyranose (2).% A 3-C~branched D-glucose deriv-
ative plagiogyrin B (3) and a related hexos-2-ulose analogue
plagiogyrin A (4) have been isolated from the fronds of Plagiogyria
matsumureana; they are considered to be biosynthesized from 4-0-p-
coumaroyl-D-glucose.® Six mono- to tetra-O-galloyl hamamelose
derivatives have been isolated from Castanea crenata bark.®

2 Compounds with an R!~-C-OR? Branch

A wide variety of established methods have been used to prepare
naturally occurring branched-chain sugars and related analogues.
As usual, glycosulose derivatives have been favoured starting
materials. Methyl-lithium was used to introduce the branch methyl
in the uronic acid (5), which served as a reference compound to
establish the D-configuration of moenuronic acid in moenomycin.’
Sequential use of methyl and aryl Grignard reagents allowed the

135
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Me Me
COaH Me OH Mg O BrO
Me. O
) Y
OCONHQ 4 0Bn — G —> G — 4
12 M)

conversion of the xylo-dialdose derivative (6) to the corresponding
branched-chain sugars (7) and hence to the acetylated sugars (8)
required for studies on the antibiotic nogalamycin.® A new syn-
thesis of L-olivomycose (9) utilizes an organosilicon reagent, as
shown in Scheme 1.? An alternative route to exocyclic methylene
was employed in a synthesis of the 3-epimer of methyl N-acetyl-

OMe
AcQ 0 Me 0 o Me o~ OH
Me s LU s e w Me
/ HO /A HO
0 CHa OH
(9

Reogents : i, MeaSiCHMgBr ; i, KH ;iii, Hg(OAC),- NaBH4-NaOH | by O1M HpS04
Scheme 1

sibirosaminide (10) outlined in Scheme 2,!°? whereas a standard
Wittig procedure was used in a synthesis of methyl garosaminide (11)

0
0 - .
[RATTR il W
+<0 EEO (G — Q CHZI—'—) MQHO
\ EtO.zCH.’N 3 >/3 )
EE. = 4- ethoxyethyl Me o CHa OH (10)
Reagents: i, MeNH, U CLCOLES ; iid , Cr0y ; iv, MeI- Mg/Hg v, ladon.u.m dicollidine perchiorate
Scheme 2

from the epoxy-glycosidulose (12) shown in Scheme 3.1 A cyanhyd-
rin intermediate has been used to prepare the chloro derivative (13)
of a branched-chain amino-sugar (Scheme 4), whose crystal structure
was also determined.!2 Enolization (LDA) and C-methylation
(MeI-HMPA) of the glycosidulose (14) furnished the branched-chain
glycosidulose (15).!3

A sequence of standard reactions from the readily available
oxiran (16) has been used to prepare 4-amino~3-C-methyl-altroside
(17); attempts to prepare D-sibirosamine from (17) by boron-tri-
halide-catalysed de-O-methylation were unsuccessful,!*



14: Branched-chain Sugars 137

O oM
e ] 0O OMe . O;T‘ph HO O_OMe
i 4 i
0 —— CH,=X NHB:z —_ 4* N —_ — NHMe
s IHC ¥ Me
o) OH

OH
(12) '}
Reagents: i, Ph,P=CH, iL, RNH, ; iit, Jodonium dicolldine perchiorate
Scheme 3

Another route to the branched-chain sugar in nogalamycin and its
analogues mentioned above has utilized a phenethyl furan derivative,
the pyranose ring being elaborated as outlined in Scheme 5.!5

OMe OMe
e M 0
Me (o] L . e
CN [ N w CHZNHAC
MOMO 3 k%%\) MOMO
OMs CctL
Reagents: i, LAH ;ii, Ac,0-Py;iii, HCl-aq. (13

Scheme 4

O_OMe 0 Me
o=("te (14) R=H o o
(15) R=Me Ph 12 steps e MeO
0 0 ¢} OMe MeHN OMe

Me

(16) (17)

The reaction of lithium methyl cuprate reagents with 2,3~ and 3,4~
anhydro-hexopyranosides carrying methyl groups on either oxiran
carbon has been studied; while the expected trans C-methyl sub-
stitution occurred in a majority of cases, e.g., (18)+(19), elimin-
ation to unsaturated compounds also occurred, e.g., (20)+(21)+(22),
(23)+(24), and (25)~(26).16

1-Deoxy-3-C-methyl-D-fructose (27) and -D-sorbose (28) have been
prepared by hydroxylation of the enone (29) (obtained from D-glycer-
aldehyde), the isomers being separated after acetonation.!? The
sorbose derivative (30) was then converted to l-deoxy-3-C-methyl-
D-psicose (31) by a standard oxidation-reduction inversion sequence
at C-4.!% 2-C-Hydroxymethyl-L-glycero-tetritol (3-C-hydroxymethyl-
D-glycero-tetritol) and the corresponding 2-C-methyl analogue have
been prepared by conventional reduction sequences from D-apiose
(3-C-hydroxymethyl-D-glycero-tetrose).!?
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OH Me OH
He ~ OH
HO 3 2
4
i OH
e, s .
~ . ~
'y 2
R . o OH OH
eagents: i, Bry-MeOH ;ii, H* i, HsCL,w, PhS; v, MCPBA ;vi, P(OMe)y~MeOH; OH OH
v'w, 0304 Scheme 5
[o}
OH y
Ph{ “\ Ph
HO OH OH OMe
~
Ne Me Me Me Me
1B)R=H R%=Me —> (19) (a1 (22
@9 R'=Me,R —_—
2OBn CHZOBn Me Me
(0] HO
-—)O 0 M0 —_
OMe Me OMe OMe
Me OMe
(23) (24) (29 (29
COMe COMe COMe CHy0Bz COMe

|
CM:, o Me HO Me
— — OH + HO
OH Me » HO
t X g .
c
H20H CH2OH o/\/ CH,OH

(29) (29) ) (30) (31)

3 Compounds with an R-C-N Branch

Glycosidulose derivatives (32) have been converted to L-rubranitrose
(33)29 and the related amino-sugar (34)2! using the cyanhydrin -
spiro-aziridine route. A novel approach to a-amino-acidic sugar
derivatives has been described, utilizing a dihydropyrazine carban-
ion with glyceraldehyde, illustrated in Scheme 6.22

A stereoselective synthesis of L-vancosamine derivatives by an
enolate alkylation procedure is referred to in Chapter 9.
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(o) (o] 0 _OMe
M Me M
® NOgy H N'l:laz
RO OMe MeO BzO
M

0 Me

e
(32) R=Me or Bn (33 (34
Me e
CHO N)\I(OMQ. N l OMe 0
+ | —_ l Me ———pi' 0
><Oj NGO/RQV N MeO N OH Me
0 u® HO
Me CH0H NH,
(o]
Reagent:i H* ><O
Scheme 6

4 Compounds with an R-C-H or R-C-R Branch

Reaction of crotyl chromium with the 4-deoxy-L-threose derivative
(35) proceeds stereoselectively according to Cram's rule to give
the isomer (36), which could be ozonolysed to give 2,6-dideoxy-2-C~
methyl-L-mannose (37) (Scheme 7); analogous reaction of the corres-
ponding Grignard reagent, or of the chromium reagent with the
corresponding ketose (38), was not stereospecific, giving mixtures
of C-2 epimers in the product sugars, although the chromium reagent
now showed anti-Cram selectivity at C-3, leading to the isomers
(39).23

™0 o Moo Ho 10
2§ L Z_§ R i i Me OH %ﬁ OH
/—>: ’ /W
o :
R 0 Me Me  Me

OH OH
(35) R=H (36) R=H @7 (29)
(38) R=Me
Reagents : L, o> CHabr - CrCiy; ik, Hy0" jut, Oy
Scheme 7

Wittig reactions of glycosidulose derivatives have been used in
the synthesis of the branched-chain amino-sugar (40) from the
corresponding amino-glycosidulose?" and in syntheses of allyl vinyl
ethers used in a study of the stereochemistry of the Claisen re-
arrangement route to gem dialkyl branched-chain sugars, e.g.,
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CH,0H PhT Ph T
0 0 o

/

CH

0 OMe cH'z
NHAc O Luecn R ome
(49 (4‘) R= 5iMe,Bu  (42)

(41)+(42); these studies suggest that the stereochemistry is con-
trolled by oxygen lone-pair interactions with the developing elec-
tron-deficient centre at the spiro carbon.25726 guch Claisen re-
arrangements to gem dialkyl sugars have also been used in syntheses
directed towards verrucarol referred to in Chapter 24, which also
mentions other Wittig-glycosidulose products, and some C-phosphonyl-
methyl branched-chain sugar nucleosides prepared using such Wittig
reactions are covered in Chapter 20.

Several papers report on reaction of oxiran sugars with organo-
metallic reagents. 1,5;2,3-Dianhydro-4,6-0~benzylidene-D-allitol
with organocuprates undergoes oxiran ring opening at C-2, with
inversion, whereas use of vinyl magnesium bromide with catalytic
amounts of cuprous iodide led to a mixture of C-2 substituted
epimers; the allo isomer was considered to be formed by initial
oxiran opening by bromide ion with subsequent vinyl displacement.2’
Methyl 2,3-anhydro-5-deoxy-a-D-ribofuranoside with lithium methyl
cuprate gave mainly C-2 substitution, leading to a series of deriv-
atives of 2,5-dideoxy-2-C-methyl-D-arabinose.?® Reaction of
1,6;2,3-dianhydro-4-deoxy-4-C-methyl-g-D-mannopyranose with di-
methyl magnesium gave a 68:12 mixture of the di-C-methyl branched-
chain sugars (43) and (44), the latter of interest for macrolide
synthesis.??®

0 0 0 cuzou cnzow
o] 0 0
Ph
HO OH Me
Me Me (o] OMe
Me Me OH (@) (7

(43 (44) (45)

The readily prepared 2-deoxy-2-C-methyl-altroside (45) has been
converted to the 4-ulose (46) and hence via Wittig methylenation to
the 2,3,4-trideoxy-2,4-di-C-methyl pyranoside (47), another useful
chiral intermediate for macrolide synthesis.3? The same altroside
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(45) has been used to make other deoxy-Crmethyl branched-chain
sugars, whose use in rifamycin synthesis is mentioned in Chapter 24.
The preparation of a 4-C-aminocarbonyl branched-chain sugar from
an oxiran sugar as an intermediate in carbapenem synthesis is also
referred to in Chapter 24.

Michael additions to unsaturated sugars have been utilized for
synthesizing the branched-chain sugars (48),3! and hence, using
excess methoxide, to the dimeric derivative (49).32 Levoglucos-

(l:OMe ON)4CH20H V)
CHCOR  n=3or4, 0
c»-u:uzno2 (o-gle; D-se.t)
D-xyt-)
(?“OA‘) R= Me, Et, Bu® 2 NOH Me
CHQOAc M
49 e
(48) ( ) (50)

enone, by sequential methyl-cuprate Michael reaction and Wittig
methylenation, provides a convenient source of the 2,4-di-C-methyl
sugars (50) used in syntheses of (-)-é-multistriatin and (+)
Prelog-Djerami lactonic acid (see also Chapter 24).%3 Aan intra-
molecular Wadsworth-Emmons condensation followed by methyl cuprate
Michael addition allowed the conversion of the dialdose (51) to the
hepturonolactone (52), while the C-6 epimeric lactone (53) was
obtained from the corresponding keto-aldose (54) (Scheme 8).3%

The glycosidulose (55) derived from the corresponding 2,3;4,6-
di-O-benzylidene-a-D-mannose C-glycoside underwent C-enolate alkyl-

0 CHO
Me COMe
5 0 LV ‘.)s-—) iii-v OMe
[
54
MeO 59 QT:
MeO  Ome P(o)(oa:)2
MeO
(53 (51 (52) OMe

Reagents: i NaH ;ii, Me,Cu(CN)Li, i, TiCly~ CHyBry-Zn ; iv, Hg(0AC),<H,0
v, HaCrOg ; vi, Hp-PEO,
Scheme 8
ation on treatment with methyl magnesium carbonate to yield the
2-C-methoxycarbonyl derivative (56); under other conditions O-
alkylation occurred.3®
Periodate-oxidized gluco- and manno-pyranosides can be condensed
with B-dicarbonyl compounds to give 3-C-acylated branched-chain
sugars (57).36
Newer methods of preparing branched-chain sugars have
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cnzouo
HO
s 2/ RCO
CH2C OMo. HO oM
TH=CH, 0 Co,Me e
2 -
(55) (56) (57) R = Me or MeO

utilized tri-n-butyl stannane; it catalyses the condensation of the
xanthate (58) with acrylonitrile to give the cyanoethyl branched-
chain sugar (59) 37 and the condensation of the mercuriacetate
glycal adduct (60) with methyl acrylate to give the C-2 epimeric
mixture (61), with mainly equatorial (71:29) addition,38

0CS,Me —— - CHyCHCN AcO N 0
0 \1———) o O,
3 3 Ac  Hg —_— . -
0 o/k OMe (_{
O>< (59) : CHZCHZCOZMc
60
(56) (69 o

[2+2] Cycloaddition of p-toluene sulphonyl isocyanate with
acetylated glycals under high pressure gives 8-lactam products
stereoselectively such that bonding occurs trans to the 3-O-acetate
group; thus, triacetyl-D-glucal yielded the gluco adduct (62), which

gave the corresponding B-glycoside on alcoholysis.3?d

CH.‘,OAc

(—0_OR
—
~
CONHTs
62)

Futher examples of Diels-Alder addition products giving poly-
cyclic derivatives have been reported, illustrated in Scheme 9;
the glycosenone gave all the 4 possible addition stereoisomers, the

CHZOAc CH,OH CH,0H

(o]
(o X m Ay
AcO OEt

Rengente- 4, £33 .5

Scheme 9
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trans isomers arising by epimerization of the initially formed cis
compounds.“® The related glycosenone (63) yielded the bicyclic
sugar adduct (64) with the bis-enol ether of 3-oxo-butanal, which
was converted to further derivatives, e.g., (65) (Scheme 10),
lithium aluminium hydride desilylating (64) with concurrent loss of

Me Me
0 HO o]
v} + MeO - 0
—=/ OMe u &‘" OMe
(63 OR MeO @
Re= Sn’.NeZBu.e
Reagents : i, LAH i, MnO, (64) OR (65) Y
Scheme 10

the methoxy group.“*! An attempt to add propenal to triacetylglucal,
by analogy with its reaction with vinyl ethyl ether under ytter-
bium (fod)s catalysis failed, perhaps because of the C-3 acetoxy
substituent.“? Further studies have been made on the oxidation of
the polycyclic adducts of levoglucosenone with cyclopentadiene
(see Vol. 17, p.138)
carbonyl units, governed by their relative stereochemistry, with
neighbouring-group participation where possible.“3

A fused cyclopropyl derivative of methyl mannopyranoside is
mentioned in Chapter 24 as an intermediate for a chiral synthesis
of chrysanthemic acids, and the formation of a branched chain by
ring contraction in an amino-sugar triflate is referred to in
Chapter 9.
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15
Aldosuloses and Dialdoses

Pyridinium dichromate-acetic anhydride is very simple and efficient
for use in the oxldation of carbohydrate alcohols. Examples
illustrating the oxidation of secondary alcohols in pyranoid and
furanoid compounds in almost quantitative yield were provided.1

In the fileld of 2-uloses, dimers of D-arabino-, D-lyxo- and
L-xylo-hexosuloses were characterized by the m.s. of acetals and
TMS ethers as 1,2':2,1'-dianhydrides of the 2,5-furanose for'ms,2
and m.s.-g.c. examinations of the monomer TMS ethers, acetates,
isopropylidene acetals, methyl glycosides and 1,1-dimethylacetals
have been reported.3 Kinetics of the degradation of D-arabino-
hexos-2-ulose with hydrogen peroxide have been measured, and the
conversions of ribo- to arabino-nucleosides by way of 2-keto deriva-
tives and to xylo-nucleosides by way of 3-keto derivatives have been
reported.5 A naturally occurring branched-chain hexos-2-ulose
derivative is referred to in Chapter 1U4.

Reaction of methyl 2,3-anhydro-4,6-0-benzylidene-a-D-allo-
pyranoside with magnesium iodide in ether gives the 2-deoxy-2-iodo-
altroside in almost quantitative yield which, with tributyltin
chloride and sodium borohydride, gave the 2-deoxy compound which

[¢] Me
0 Me o 0
74
Ph HO
o} OMe Q Q
o 0 OH 0
() (2 ©)
R Me

R Me
o} 0 CH,0Bn O o} 0 OH
0 OMe 0 OH OH 85
= === (OMe HO
o) OH
(6)

OH
. @)

R = H,Me,Et, Pr"Bu’, CHyOBN
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oxlidized readily (PDC) to the 3-uloside (1), an important starting
material for L-daunosamine.6 The food flavours (2) and (3)
(maltol) have been made via 5-deoxy-1,2-0-isopropylidene-D-erythro-
pentos-3-ulose and methyl 6-deoxy-2,3-di-0-methyl-a-D-xylo-hexosid-
4-ulose, respectively.7 The racemic glycosides (4) and (5) give
mainly erythro-products on LAH reduction, a-anomers showing greater
selectivity.

Hydrolysis of 6—deoxy—1,2-gfisopropylidene-a—D—gx;gﬁhexofuranos—
5-ulose gives the osulose which was shown by 1H and 130 n.m.r.
spectroscopy to be a mixture of furanose and hydrated pyranose
forms (6) and (7).9

Whereas di-isopropyl sulphlde-N-chlorosuccinimide oxidizes
primary hydroxyl groups preferentially at 0°, at -78° secondary
groups are oxidized selectively, which is illustrated in Scheme 1}0

CH20H CHZOH OH

. HOm- 0
NHAc NHAc NAc
o
-

Reagents: {, PrES-NCS, 0% i, F‘r'zS-NCS,-'IB
Scheme |
Titanium tetrachloride-catalysed photo-oxidation of D-glucose
and D-galactose affords the corresponding pentodialdoses.11 The
hexodialdose derivative (8) takes part in the hetero-Diels-Alder
reaction indicated in Scheme 2.12

CHO

(® ay

Reagents: i,/ N\_gy, , 20 KBar
Scheme 2
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Sugar Acids and Lactones

1 Aldonic Acids

The kinetics and mechanism of the electrochemical oxidation of D-
glucose to D-gluconic acid at a platinum electrode have been
reported.1

In the area of aldonic acid derivatives, 6-amino-6-deoxy-
2,3,4,5-tetra-0-methyl-D-gluconic acid and related compounds have
been made from 6-azido-6-deoxy-1,2-0-1sopropylidene-a-D-gluco-
furanose,2 and several members of the series have been reported
following the reaction between 1,2-0-isopropylidene-D-glycer-
aldehyde and an anion derived electrochemically from methyl tri-
chloroacetete (Scheme 1). The products were formed with good
selectivity, and several related compounds, e.g., 3,5,6,7-tetra-0-
acetyl-2,2-dichloro-2-deoxy-D-manno-heptono-y-lactone, were
described.3

cozm CH,0AC
----- o
CL,CCOMe cOzMe E 0
2 2 2 ><
+ CCLz .
_< OAc
CHO COZMC COosMe CH,0AC
!:OX . o i 0
0 - B )

Reagents: i, e ;ii, H;O ;Ui Ac,0-Py ;iv, OH™
Scheme 1

u,6-Q¢Ethy11dene-D-glucose reacts with neutral Wittig reagent to
give mainly the (E) methyl 2,3-dideoxyoct-2-enocate derivative (1).
The 6-bromo-mixed orthoesters (2, Rl,R2 = CH3,CD3,CHZCH3,CHZCD3) on
treatment with zine undergo ring-opening to give mixed unsaturated
aldonates (3) and/or (4), analysis of which allowed an understanding
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of details of this reaction.5
o] CHoBr
OH CO,Me 0 1
Me 2 OR 1 2
OH — 2 CO,R COzR
0 MeO OR MeO MeO
OH Me Me Me
O] ) ® ®)

Alkaline treatment of 3-deoxy-D-erythro-hexos-2-ulose gives 3-
deoxyhexonic acids by a mechanlsm analogous to benzilic acid
rearrangement.

4_Substituted aldonic acids which cannot form y-lactones (and
likewise 3-substituted hexuronic acids) are sensitized towards loss
of the substituent on trifluorocacetolysis (anhydride:acid, 50:1,
1000), and therefore 4-linked oligosaccharides are selectively
cleaved. The aldonic acids derived from isomaltotriose (1+6 link)
and laminaritriose (1+3 1link) are therefore stable on such treat-
ment, whereas maltotriose aldonic acld 1s converted into the sub-
stituted trifluoroacetylated enocl of 3-deoxy-2-hexulosonic acid (5)
and hence, with mild base, into maltose (Scheme 2).7

0] 0]
OH OR o
HO RO 0
OH ——— \ L—r Disacc-0 + /
Disacc-0 Disacc-0
=QH ~mMOR - QH
HO HO HO
_ (5) R= CFyCO-
Reagents: i, CF3CO,H - (CF3C0),0 ;
U, Meo™ Scheme 2

D-Gluconylhydrazide reacts with aldehydes, e.g., 5-nitrofurfural,
to glve D-gluconylhydrazones.8

80 MHz proton and 20 MHz proton coupled 13C n.m.r., examinatlons

2

of D-arabinono-1l,l4-lactone have been reported with “J and 31 values

9 The unsaturated lactones

derived by computer simulation methods.
(6) and (7) have been identified in Osmunda japonica and are
butterfly antifeedants.lo Triethylamine treatment of 2,3,5,6,7-

penta-0-benzoyl-D-glycero-D-gulo-heptono-1,4-lactone ylelds the 2,7~

dibenzoate (8) rather than the 2,6-dlester as previously claimed.
Reduction with hydrogen on palladium-charcoal gave the DL-lactone
derivative (9).11

Two papers have 1llustrated some specific reactions of aldono-
y-lactone derivatives. 2-Deoxy compounds, including L-digltoxose
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0

Q Qo B2OCH=CH~ CH_Q 0
H
Me (7) <C:.H§ OBz
CHa0Bz (9)

(10), are accessible from the 2,6-dibromo-lactone (11), which 1s

easily made from calcium D-gluconate (Scheme 3). Mechanisms for
CH25r
HO 0 , Y
L i . . \
OH Bry=0 —— L = Kon 0o 4 ¢
7 ¥
2 (—%2 HO HO
(11) CH20H CHoBr
A v, Vi
CHa0AC ,//C:;”“ \
o]
AcO o
OH OH
) . y . 0
Reagents: L, NaHg i, KOH ;iii, HY ; iv, HBr-HOAc ; OAc HO
¥, Hy~Pd ; vi, Diisoamyl borare |,
. Me 10
vii, Ac,0-Py ( )

Scheme 3

the inversions at C-4 and C-5 in both the alkali-catalysed steps
are discussed in terms of epoxide inter'mecliates.12 In related
work D-ribono-y-lactone has been used as the base material for

o} 0
CHZOH
CHzaT i BY 0 O
0 =
OBz
0 Me
OH v i

Reagents : L, PPhy-CBrg; i, PhCHO-2InCly 5 iii, NBS ; iv, 5“35"” 3V, & ;vi,NaH, vu.,CSa ;
viii , MeL ; ix, HY ; x, LDA ;xi, Me(CHp)3CHO

Scheme 4
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several lactone derivatives including natural products

(Scheme NL13 and the same initial lactone has been used to produce
lactones of the type (12, R = Me,Bu) and 2,3-saturated analogues
which are related to pheromones and aroma compounds.13a The
lactone (13), prepared from the pyranoside (14), was shown not to
be "L-factor" associated with autoregulation of cytodifferentiation
in Streptomyces growth and antibiotiec production.lu

CHaR e CHZOAc
o} QCHz)a
(2 1) (14)

2 Saccharinlc Aclds

Hydroxylation of the unsaturated esters (15) and (16) with osmium

tetraoxide led to routes to the saccharinic acid lactones (17) and
15

(18).

CHp0H CHoOH
| 0 0
°>< OH HO »>=0 Me =0
(15) R'=Me , R?=CO,Et Me OH OH
(16) R'=CO,EL ,R? = Me (17) (18)

3 Ulosonic Acids

A new, general synthesis of ulosonic acid derivatives involves the

CH,0Bn CH,08Bn
BnO 0 L BnO 0 CO,Me
0Bn 0o —t OBn
OH
X 0 X 0
0 >< R [o] C02M€
__‘_.__)
0”0 »=0 <0
OH

Reaqents: i LiC({SMe ; U, MeOH-H50-HgO-HqgCL,
9 » 3 , 2 g9l
Scheme S
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use of tris(methylthio)methyl lithium as an ester anion equivalent
- see Scheme 5.16 A related chemical synthesis of 3-deoxy-D-
arabino~-heptulosonic acid as the methyl glycoside methyl ester uses
2-deoxy-D-arabino-hexose as the 3,4:5,6-di-0-1sopropylidene
propylene dithiocacetal anion and methyl chloroformate whereas a
less efficient but easier bilosynthetic procedure starts from
D—glucose.17 The 7-phosphate of this ulosonic acid has been
structurally analysed by 1H and l3C n.m.r. spectroscopy.18
Reaction of 2,3:4,5-d1-0-1sopropylidene-D-xylose with methyl
diazoacetate gave the 4,5:6,7-dlacetal of methyl 2-deoxy-D-xylo-
hept-3-ulosonate from which polyhydroxyalkyl heterocycles, e.g.,

compounds (19), can be made .2
CO,M 2 H
Cl:H2 : R N 0 R1 = OH
CHO [? T HO
l — C0 T N__»
R 11 OH
R
R! CH0H
2
19) R” = SH,SMe NH oras a
( ) 2 (d&acetal

A new blomimetic synthesis of 3-deoxy-D-manno-2-octulosonic
acid is 1llustrated in Scheme 6.2° Spectroscopic studles of the

BnO CONHMe BnO CONHMe CHZOH
| | ©
)/ PhS L=tk
S R o
(':HO 0 HO OCOzNa
R

R
Reagents: i, A ; [ BuySnH~HBYr ; iii, Hp-Pdl
Scheme 6
glycosidically linked dimer of the acld derived from a Salmonella
lipopolysaccharide showed that it was a-2',u-1inked.21
A synthesls of N-acetyl neuraminic acid from a 2-N-acetylamino-
2-deoxy-D-glucose and -D-mannose mixture together with pyruvic acid

and an immobllised enzyme has been described 22

and its S5-epimer
prepared via a U,5-oxazoline intermediate in a standard sequence.
7,8-Epoxides were made and treated with trimethylsilyl iodide to
give B-deoxy-8-iodo products.23

The 1H n.m.r. spectrum of the a-anomer of N-acetyl-D-neuraminic
acid was obtained by enzymic cleavage of the glycosyl azide in the
n.m.r. probe, and then compared with that of the B-anomer.zu The
kinetics of C-3 deuteration under basic conditions have been
determined. At high pH values the axial proton is exchanged 25

times faster than is the equatorial.2”? The hydrolysis of cytidine
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5'-phosphate-N-acetyl-B-D-neuraminic acid gives cytidine phosphate
and N-acetylneuraminic acid except at pH >7 when the 2,3-
unsaturated acld and N-acetylneuraminic acid 2-phosphate are

produced.26

4 Uronic Acids

Compounds (20) and (21) have been produced from 1,2-0-isopropyli-
dene—a-D-glucofuranose?7 and the following methyl ethers of methyl
(methyl a-D-mannopyranosid)uronate have been specifically prepared:
the 2-,28 4-28 404 3-29 monoethers and the 2,3-29 and 3,4-29 di-and
2,3,“-29 triethers. The 13C n.m.r. spectra of ethers of this
series30 have been reported,as have those of 1,2-0-isopropylidene-
and 1,2-0-benzylidene-a-D-gluco- and B~L-ido-furanurono-3,6-
lactones, these last being assigned using 2D-1H-13C—correlated

spectra.31 The intramolecular coordination of the cations of
sodium, potassium and rubidium with D-glucuronate have been
examined by infrared methods.32
COgH COpH COoH L
0 0 Me 0 g
OH OCONHy Y OEt
o 0 HO OMe 07 i N
H =
0+ Ny o+ OH OH
(29 Q) (22) (2

Reaction of D-glucuronic and D-galacturonic acid with hydroxy
radicals gives radicals derived by hydrogen abstraction from all
possible carbon atoms; for a-D-galacturonic acid and a-D-
galacturonic acid polymer, C-5 abstraction predominates.33 The
anomers of D-mannuronolactone triacetates were found to react
differently under different conditions: the B-form decomposed
exclusively with triethylamine in benzene, the lactone ring of the
a-form cleaved selectively on a chromatographic column and tri-
fluoroacetic anhydride-acetic acid caused the a~-form to be converted
to 2,S—di—g—acety1—l-gftrifluoroacetyl—B-D-mannuronolactone.3

The branched-chain uronic acid (22) has been synthesized from
D-galactose via a lU-uloside; on ethanolysis it gave the lactone
(23) which was identical with a compound obtained from the anti-
bpiotic moenomycin. Both the configurational and conformational
features of compounds such as (23) determine the observed
chiroptical properties.35 Oxidation at C~6 of the iridoid
glycoside loganin gave a uronic glycoside which was coupled to
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bovine serum albumin for radioimmunoassay of the glycoside.36

5 Ascorbic Acids

Ascorbate anion is a much more reactive nucleophile than expected
from 1ts pKa, which has been attributed to the acidity of the C-2
hydroxy group. The observation was made by comparing the rates of
reactions of many oxyanlon nucleophiles with electrophiles such as
p-nitrophenyl acetate, and suggests that the ascorbate anion may be
involved in bilological acyl transfer reactions.37 A related
report notes the pH dependence of 130—130 spin-spin coupling
constants of ascorbic acid and concludes that structure (24) best
describes the monoanlon, while the dianion is best represented by
equal contributions from the two possible mesomeric forms.38
However, reaction of L-ascorbic acid with dimethyl sulphate at

CH,0H
OH
0 HO O
Y o 0 o]
/
o] OH OMe OMe
(24) (25)

pH 10.5 gives 76% of the 2-ether rather than the l-ether, together
with 15% of a by-product believed to be the bicyclic acetal (25),
which could be converted to the main product with methanolic
hydrogen chloride. The 1-, gg and 3-ethers were examined by 13C
prepared from the 6-bromo-derivative reacts with common nucleo-
philes (e.g., Ph0™, Phs™, N3_) to give 6-substituted compounds.

Photochemical reaction of L-ascorbic acid with tris(2,2'-
bipyridyl)ruthenium(II) and hydridotris(triethylphosphine)-
palladium(II) produces hydrogen. Electron transfer occurs from
photo-produced [Ru(bpy)3]+ to [PdH(PEt3)3]+ to give a PA(I) radical
from which hydrogen. is produced.ul L-Ascorbic acid scavenges
phosphonyl radicals to yield a persistent complex radical, the
structure of which was elucidated by e.s.r. spec'crocopy.u2 L-
Ascorbic acid reacts with amines in organic solvents and is thus
solubilized by way of the ascorbate radical anion. This redox
reaction can be induced photochemically and examined by e.s.r.
methods.

Reaction of L-ascorbic acid with 3-(hydroxymethyl)indole

n.m.r. and u.v. spectroscopy. 5,6-Anhydro-L-ascorbic acid

4o
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derivatives, e.g., (26), gives ascorbigin,compounds (27) which with
acetic anhydride, methanolic hydrogen chloride and ammonia in
methanol give (28), (29) and (30), respectively.uu The 2-m-chloro-
phenylhydrazone of dehydroascorblc acid has been prepared,as well

as the 2,3-bis compound,which with base gave the pyrazole

derivative (31).

HOH,C Br
HO, ~0 AcO Y
?1 HO o} \ AcO 0
e
(26) OR  CHyAr 0 CHoAr
(27) R=H 0 (28)
(29) R=Me NR Br
0 OH RNHN 1 Ar= | |
=N
OH N
) CHpAr OH Me
“OH
OH Co Ho cl
(30) NHa CHy0H
(31) r=

Further reports on ascorbic acid describe the laser-induced mass
spectra of the acid and its sodium salt and that of potassium
1soascorbate,u6 the ascorbic acid content of 41 species of "woody"
shrubs and trees,u7 and a method for its quantitative determination
using a molybdenum(VI) peroxoborate, iodide and HY 1n a
fluorimetric determination.
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Inorganic Derivatives

1 Carbon-bonded Phosphorus Derivatives

Two reviews have appeared on the chemistry of carbohydrate
derivatives having phosphorus as the hetero ring atom.l’2

= = o]
0 llD(OEt)2 ou 0=PH, 2,
CHp P2 CH2
0. OMe CHy by %‘ - OH o
i o v HO i 4
—— . -
k = A AT PL-OH
o OH ) o
< w0 e
o on OH OH OH
(2) (4)

Reagents : i, NaALH,(OCH,CHOMe), 5 i, HpOp ;iii, HT
Scheme 1
Compound (1) has been used to make the series of D-ribose
compounds (2)-(4) (Scheme 1),3 and from the analogue (5) the
phosphinoxy derivative (6) has been prepared and ylelded four
diastereoisomers on acetylation that were separated chromato-
graphically and characterized.u Starting from methyl 2,3-0-

,OEL
0= p~prt 0 0
CH3 é’ Pr;' O\\P/Eb '“V,OH
0. OMe -~
OH HOH,C OH OH OH
HO HO
o><o OH OH OH OH OH
) (6) ™ (®)

isopropylidene-a~L-lyxopyranoside, the L-lyxo- and D-ribo-furanose
compounds (7) were obtained,5 and a similar sequence yilelded the
D-xylopyranose analogue (8) from 3-0-acetyl-5-deoxy-5-1odo-1,2-0-
isopropylidene-a-D-xylofuran®se via the 5-phosphinyl derivative.
Agaln, four derived tetra-acetates were characterized by n.m.r.
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methods.6

Two related routes from 5-deoxy-5-C-[ethyl(methoxy)phosphinyl]
compounds, e.g., (9), have been used to prepare the epimeric
D-glucose penta—acetate analogues (10).7’8

CH,0B AcOCH, O
MeO._ 2oen 2

P o Et

et
0 OBn OAc Ac
0 AcO
o’\(’ OAc
(9) (10)

Two reports describe the first analogues to cyclic carbohydrates
having phosphorus at the anomeric centre ("phostones"). Furanoid
analogues (11) and (12) were obtained by hydrolysis of the
phosphite (13) together with the acyclic product (14) (Scheme 2),
the latter undergoing ring closure to (11) and (12) on treatment

CH,O0B ) O CH,0Bn
20BN N0 L0 (e y 2
0  — HO FL HO PG e0), P ——OH
0Bn OMe 0Bn
CHz0P(OMe), OBn CH,0Bn Bn CH,0Bn CH,0H
(13) (n (12) (14)

Scheme 2

with triethylamine. Related compounds analogous to methyl 3,5-0-
benzylidene-a- and B-D-lyxofuranoslde are also described.9
Application of the Abramov reaction with 2,3:5,6-di-0-isopropylidene
-D-mannose led to a pyranose analogue (Scheme 3); 2,3,4,6-tetra-0-

o o o © CHyOH
>< >< u_OMe
¢} (0] [o] o—¢Pp HO OH
070 >~0H + Hg(om)z P 0><p y~OH ini, KoM coMe

Reagents : i, Base ;ii, TsClL-Py Scheme 3

benzyl-D-glucose, under these conditions, gave the novel 7-membered
e-phostones (15).10

0 .OMe
BnOH,C o P
OH

BnO

OBn
OBn

(5)
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Alkenes produced from aldoses with free anomeric groups can be
converted to methylene alkenes and then cyclized to give C-
glycosides having mercuriated methyl "aglycones". From these,
phosphonates which are analogues of aldose l-phosphates can be
produced. The method has been used to obtain the a-D-ribofuranose
1-phosphate (16) (Scheme u)ll and also R-D-mannopyrancse 1l-

phosphate analogues.12 The dimethyl ester analogue of compound
CHpOTr CHyOTr CHQ0Tr CHZOTr
O K—/‘ Q"z ¥
o Hgll F:\(ose)z
0
Reagents: i, PhyPeCHy i, Hg(OAc)2 i, T-CCly ; w,p(osc)a ('6)

Scheme 4

(16) can also be made, together with its B-anomer, by direct treat-
ment of 2,3-971sopropylidene—S-Qﬁtrityl-D-ribose with
(MeO)ZPOCHEPO(OMe)2,13 and the a-D-arabinofuranose diethyl compound
(17) from the 2,5-anhydride (18) via the bromomethyl inter-

mediate.lu Nucleosides containing phosphonomethyl groups at C-3'
CH,0AC CHZOAc o-P(OR)2
%
OAc O= P(OEQE ;
(+7) (m) a9 ° (20 °

are referred to in Chapter 20. Compounds (19) and (20) as
epimeric pairs have been synthesized by nucleophilic additions to
appropriate carbonyl derivatives}5’16 and Michael addition reactions
applied to the enones (21) have afforded the corresponding 2-C-
phosphonate sugars (22).17

co
¢ (come), CH(comMa), o 0
CH _ }vpo(om)z R= oa>. ph or 0»— Ph
R R o] 0" >—Pn
) (22) H,0Bz 0

The diphosphine (23), derived from D-mannitol, affords rhodium
complexes which are asymmetric, homogeneous hydrogenation catalysts
which have been used to produce (S)-amino acids from dehydroamino
acids in 21-58% optical ylelds.!8
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Phaf CHo0Bn CH,08n
N0 0 0
0Bn 0Bn
o ﬁ / Bn0 Li 8n0 i
PPh,
(23 (29 (=9

2 Other Carbon-bonded Derivatives

A review has been published on the synthesls and antitumour

19 The glyco-
pyranosyl lithium (24) has been generated from both tri-0O-benzyl-D-
glucal by reductive lithiation and from phenyl 3,4,6-tri-0-benzyl-
2~deoxy-l-thio-D-arabino~hexopyranoside by the same process.
Reaction with aldehydes converts (24) into diastereoisomeric C-
glycosidic pairs, and with D20 into the u-2H-labe11ed 1,5=-anhydro
glycitol derivative (25).20

activities of selenium derivatives of nucleosides.

3 Oxygen-bonded Derivatives

Cyclic phosphites (26, R=H, Me, CH,0H) have been made from the
corresponding 3-0O-methyl sugar521 and likewlse the D-galactose
esters (27, R = Me, Ph), which were oxidized to the analogous
phosphates.22 A series of 3,5-cyclic phosphite comPounds were

also prepared from 6—deoxy-1,2-9_-1sopropylidene-a-D-glucofuranose.23
P—0
R 0 2+
0 HO 0 NH/\
0 0
OMe o} NH2
¢} g
Ni
0 HO 0 N
(o] \O\P " X H H2
(26) (27) R (28)

Associations between D-glucose, D-fructose and sodium hydroxide
in ethanol, acetone and dioxan have been examined in detail,zu and
a potassium ion lactose complex has been postulated.25 The
interactions between calcium ions and a range of monosaccharides
have been studied using OH-IH n.m.r. spectra, and different
strengths of bindings have been recognised.26 The infrared spectra
of a-L-arabinose Ca012 and CaBr2 complexes have been examined
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in deta11.2?

Photochemical reactions of monosaccharides with iron(III)
chloride have been reported in Chapter 2. L-Sorbose and tris-
(ethylenediamine)nickel(II) chloride give a crystalline cationic
adduct .28

Electron-nuclear relaxation rates have been used to determine
interactlions between methyl galactopyranoside and Mn2+;
associations are strongest with 0-6 and weaker with 0-2 and 0-3.

Polarimetric studies suggest a 1l:1 complex forms between fructose
30

29

and basic lead acetate.

Molybdate complexes with tetroses and 5-deoxypentoses in tri-

31

dentate fashion and the absolute configurations of glycols have

been determined by examination of the c.d. spectra of their
32

0-Stannyl derivatives of carbohydrates can be made by way of

molybdenum tetra-acetate complexes.

borinate esters by use of the tributylstannyl enolate of acetyl-

acetone (Scheme 5); the reaction can be carried out selectively.33
2
CH,O0R? CHoOR' CH,0R? CHO0R
o . ! . o] B 0
13 t w
oR? «— { OR' — oR' — (OH
R%0 ome 4™ glo OMe (2e~) gfo OMe HO OMe
Or® oR' oR? OR?
1518“3 ) s
Reagents: i, MQ-L\/uNe i, CHaAC, R'=BEt, R =SnBu,
Scheme S5

A detailled 130 and 1198n n.m.r. study has examined the natures of
the interactions between tin(II) chloride and vicinal diols in
polar organic solvents. A mechanism for the monoalkylation of
vicinal diols by diazomethane in the presence of tin(II) chloride
was established.3"

Complexing of 1,4:3,6-dianhydro-D-glucitol, -iditol and
-mannitol with lanthanide chelates has been examined by 'H and 3¢
n.m.r. methods. Gd(dpm)3 complexes with the first of these at the
0-C-6-C-5-OH site. Eu(fod)j-induced 'H shifts showed that
mannitol complexes 1n the same way, but 1ditol associates only

poorly.35
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Alditols and Cyclitols

1 Alditols

Altritol (identical to talitol) has been isolated for the first
time from a blological source as a major constituent of the brown
alga Himanthalia elongata.l 6-Deoxyallitol and 6-deoxygulitol
have been identified as normal components of human urine.2 The
per(l-hydroxybenzoyl)ated derivatives of erythritol and 2-deoxy-D-
erythro-pentitol have been isolated from a marine mollusc.3

The 13C—n.m.r. spectra and conformations of heptitols in
solution have been reported, spectral assignments being obtained
using specifically deuterated compounds.u Other n.m.r. studies
on alditols are covered in Chapter 21. A 3:1 mixture of D-
mannitol and D-glucitol has been obtained by hydrogenation of D-
arabino-hexosulose (i.e., D-glucosone) over Raney nickel; since
D-glucosone can be produced by enzymic oxidation of D-glucose
(Vol.17, p.141), this constitutes an efficient method for the
preparation of D-mannitol.5 A kinetic study of the hydrogenolysis
of sorbitol over Raney nickel, for glycerol production, has been
reported.

Alditol examples have been included in an extensive review on
the acyclic stereoselective synthesls of carbohydrates from non-
carbohydrate starting materials.7 The 2-deoxy-D-ribitol
derivative (1) has been synthesized as shown 1n Scheme 1, a high-

Me Me OH
Y . 0 L N ?HZOH
+ , L W, W oH V, VL CH2

0O8n
0, n n 0
[ox oe o °
@ 0

Reagents: i, 20kbor,55° ; ii, NaH-BnBr ;ii, PCC-NaOAc; iv, Bu-‘.‘, ALH ; v, 0504-Na10g;

vi, NaBH
! + Scheme 1
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pressure coupling reaction providing a 4:1 mixture of epimers from
which adduct (2) was isolated as the major product.8 From a study
of this cis-hydroxylation by osmium tetraoxide of 16 acyclic

allylic alcohol systems, and a survey of published reports, Kishi
and co-workers have derived an empirical rule that predicts that the
major product will result from attack of the reagent onto the face
of the olefinic bond opposite to that containing the allylic
hydroxy- or alkoxy-group. This is exemplified by the production
of L-ribltol and D-arabinitol derivatives (3) and (4) in an 8:1
ratio on cis-hydroxylation of alkene (5) (Scheme 2), the reagent

050,
CH,0Bn CH;0Bn
BnO BnO
HO OH
BnO CH —— +
N " Mo oH
& CH,OH
BnO H CH,OH CH,0H
(5) (3) (4)
Scheme 2
having approached from the side opposite to the allylic benzyloxy

substituent in the assumed eclipsed conformation shown.9
1-0-(Carboxymethyl)-L-galactitol sodium salt (6) has been

synthesized by carboxymethylation of 1,2:3,4-d1-0-isopropylidene-D-

galactopyranose followed by hydrolysis and reduction, and has been

CH,y0CH, CO,Na 0
HO j\
OH y
OH 07707 o
HO OH
CHpOH HO o
CH,OH
(6) (1) 2
shown to complex Fe2+, CoZ+, N12+, Mn2+, Cu?+, and Al3+ at con-
centrations down to 2.5-25 x 10'5 mmol. Acidic treatment of

compound (6) provided the lactone (7).lo
A practical synthesls of 1,2-0-isopropylidene-L-glyceraldehyde
(8) from L-tartaric acid (9) (Scheme 3) has been described, and

involves the intermediacy of the L-threitol derivative (10).11
CO,Me CO,Me CH,OH
2 . 2 o 2 . CHO
OH i o il 08n  ivv
—_— —_— —_—
e T P ]
CO,Me COo,Me 0 0
(9) (‘l O) (3)

Reagents: i PhCHO-TsOH ;ii, LAH-ALCL, ; id, Me,CO-TSOH | iv, Hy-Pd; v, NaTO,
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Three alternative procedures for the synthesis of 1,2:5,6-d1-0-
isopropylidene-D-mannitol by acetonation of D-mannitol have been
monitored by acetylation-capillary g.c. analysis. The use of
acetone and zinc chloride gave the best yield (63%), whereas other
reagent systems [MeZC(OMe)Z—SnCI2 or MeCH(OMe)=CH2—TsOH] gave more
complex mixtures than claimed in recent literature (c.f. Vol.1ld,
p.bUl; Vol.17, p.161). A new triacetal, 1,2:3,6:4,5-tri-0-1so-
propylidene-D-mannitol, has also been 1isolated, and the graded
hydrolysis of it and the isomeric 1,2:3,4:5,6-triacetal compared.
The synthesis of 1,2:5,6-d1-0-cyclohexylidene-D-mannitol and its
conversion to 2,3-0-cyclohexylidene-D-glyceraldehyde are covered in
Chapter 6.

N-(1-Deoxy-D-mannitol- and -D-glucitol-l-yl) derivatives of L-
valine, L-alanine, L-threonine, and L-leucine have been isolated
(51-55% yield) following reductive amination (NaBHSCN) of the
appropriate hexose and amino acid. Related ﬂe—substituted lysine

12

derivatives were prepared using the ga-tert—butoxy- or benzyloxy-
carbonyl-protected amino acid. These compounds were required as
standards in the analysis of non-enzymically glycosylated proteilns
and could be determined by Q—trimethylsilylation-g.c.-m.s.13 The
salt of 1,6-bis(2-chlorcethylamino)-1,6-dideoxy-D-mannitol with
adenosine 5'-triphosphate has been prepared and shown to have
antitumour activity.

2-Amino-1,2-dideoxy-1l-nitroheptitol derivatives have been
obtained on addition of ethylamine or propylamine to the
corresponding nitro-olefins obtained by condensing nitromethane
wlith D-glucose, D-mannose, or D—galactose.15 Model studies
relating to the hydrazinolysls of glycoproteins and glycopeptides
have been reported. Preparatively useful quantitites of 1,2-
dideoxy-alditols have been isolated followlng hydrogenation of the
mixture containing them, their corresponding l-alkenes (i.e.,
1,2-dideoxy-l-hex- or pent-enitols), and l-deoxyalditols obtained
on reactlion of D-glucose, L-arabinose, D-mannose, or D-xylose 1in
anhydrous hydrazine under reflux. Under such conditions, diimide
(HN=NH) 1s the reducing species. In a sealed tube 1n the absence
of air, however, thls species 1s not present, and D-galactose then
gave its hydrazone, l-deoxy-D-galactitol, and the l-alkene, but no
1,2-dideoxy-alditol; 1in the presence of hydrazinium sulphate
(105°, 10 h) 1-deoxy-D-tagatose hydrazone was formed in ca. 24%
yield.16

The mechanism of the autocatalytic primary reaction step in the
formose reaction has been examined, and the activation of
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formaldehyde by calcium endiolate complexes 1n an autocatalytic
cycle proposed, with competition between Cannlzzaro and oligo-
merization reactions.17
Substituted naphthaldehydes,e.g., (11) (inaccurately described
as a model C-naphthyl glycosides), have been obtained via cyclo-
addition between sugar enol ethers such as glucal (12) and
2-(2,4-dinitrophenyl)isoquinolinium chloride (13) (Scheme N).ls

Several N-heterocycles bearing alditol chains are covered in

N CH,OH OMe
o+ 0 NAr
A Ar o p ——>

(13) HO OH

NO, (12) CHO / OH
(R

Av = NO,

U

OH
(1
Reagents: i, MeOH-CalOy ; ik, H30™ ;
Ui , MeOH- kyCOg Scheme 4
Chapter 10.
1,2:3,4:5,6-Trianhydro-D-1ditol and -D-mannitol, (14) and (15),
respectively, have been synthesized from D-mannitol via the
diepoxide (16) (Scheme 5). The corresponding glucitol triepoxide
was obtained similarly, as a racemate, from D—glucitol.19

D 3]
3 . .
L 3 w3
T
“* C

(16) (14) (®
Reagents: i, Hy0,- MeOH - MeCN
Scheme 5
The formation of anhydro-derivatives from alditols under

methanolysis conditions has been investigated, and xylitol, D-
arabinitol, L-fucitol, D-glucitol, galactitol, 2-acetamido-2-deoxy
-D-galactitol, and the alditol of N-acetyl-neuraminic acid were
prone: to anhydride formation, whereas 2-amino-2-deoxy-D-galactitol
and -glucitol, 2-acetamido-2-deoxy-D-glucitol, and D-mannitol

were not.20 A convenient preparation of 1,4-anhydro-D-mannitol
from 2,3:5,6-d1-0~-1sopropylidene-D-mannose in 55-65% overall yleld
has been described involving borohydride reduction and cyclization
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via tosylation.21

(l§)-[1-2H1]-1,S-Anhydro-D-glucitol, with a B-deuterium, has been
synthesized by reduction of a-acetobromoglucose with lithium
aluminium deuteride, while its (1R)-epimer (17) and the 1,1-
dideuterated analogue (18) have been prepared from the glucono-1,5-
lactone derivative (19) (Scheme 6).22 The 2-deoxy-analogue of

D
CHzan . (1
0 ) &L, P L>|D (19)
0OBn 0o — :>| ., >| .
BnO V" oH Va ™~ aH
1
OBn D 079

19
Reagents: L,LRAEDB =BFy.EL,0 i, MsCL- collidine ; iii, LiALD, ; iv, LiALH,
Scheme 6
compound (17) has been obtained by reaction of 3,4,6-tri-0-benzyl-
2-deoxy-a-D-arabino-hexopyranosyl lithium (see Chapter 13) with
deuterium oxide.

Gray and co-workers have continued to develop reductive
glycosidic cleavage with triethylsilane ("ionic hydrogenation") as
a general procedure for the analysis of polysaccharides following
permethylation (Vol.16, p.38). Trimethylsilyl triflate was found
to be a more effective catalyst for this reaction than boron
trifluoride diethyl etherate. Reductive cleavage (using Et351D)
of permethylated methyl a- and B-D-glucopyranoside, cyclohexa-
amylose, and cellulose provided methylated l-deuterio-1,5-anhydro-
D-glucitol derivatives with an a-D:B-D ratio of ~95:5, and this was
taken as evidence for the intermediacy of free oxonium ions in the
reduction.2u In the presence of adventitious or deliberately
added water, 1,4-anhydro-2,3,6-tri-0-methyl-D-glucitol (20) was
formed from permethylated U4-1linked glucopyranosyl residues in up to
45% yield, in addition to the expected 1,5-anhydride, but the
formation of this secondary product could be reduced to ca. 2% by
addition of calcium hydride to the reaction mixture. The
synthesis of 1,4-anhydride (20) was effected through kinetically

CHyOMe CHaNHy CH,OMe
fo) . OMe . HO (e}
OMe OH v , MeO oH w > OMe
HO
OH
OMe CH,0Me OMe
(21 (20

Reagents : i, NH4OAc- No.BH3CN ;ii, HNO,
Scheme 7
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controlled ring closure on deamination of compound (21)

(Scheme 7).25 All the partlially methylated and ethylated 1,5~
anhydro-D-mannitol acetates expected from reductive cleavage-
acetylation of permethylated or perethylated D-mannans have been
synthesized by standard procedures and thelr mass spectra
recorded.26 Application of the method to fructans revealed that
1,2-1inked D-fructofuranosyl units gave mainly a 2,5-anhydro-D-
mannitol derivative, while 2,6- and 1,2,6-1linked units gave mainly
2,5-anhydro-D-glucitol derivatives all of which were independently
synthesized. The fructose molety in permethylated sucrose gave
2,5-anhydro-1,3,4,6-tetra-0-methyl-D-mannitol and -glucitol in a
5:1 r‘atio.27 Tonic hydrogenation of the glucal (22) or the hex-2-
enopyranoside (23) provided the same reduction product, 4,6-41-0-
acetyl-1,5-anhydro-2,3~dideoxy-D-erythro-hex-2-enitol (24) in 95%
yield (Scheme 8).28

CH,0AC CH,0Ac CHy0Ac
0 . 0 , 0
= L L
AcO AcO \=—= AcO \—— OEt
(22) (24) (23)

Reagents: i, Eb;SiH- BF;.Et,0 Scheme 8

A review (in French) on the preparation and application of
isosorbide (1,4:3,6-dianhydro-D-glucitol) has appeared.29

A new synthesis of 2,5-anhydro-D-altritol (25) and the first
synthesis of 2,5-anhydro-D-iditol (26) have been repqrted, both
from 2,5-anhydro-D-mannitol (27), by conventional routes outlined
in Scheme 9 30

CH,OH CH,0R CH,OH
O Y] . 0 . e - o
T N L ™) S A,
Chon Y s Yewor =/ CH ,0H
2 4 3 32 “ E]
OH (R=B2) OH (R=82)
(26) (27) R=H (25)
R i - - i Me .
eagents : i, BzCL-Py ;ii, MSCL-EtgN ;iii, Zn/Cu-KI-DMF ; iv, 0804~ I " ; v, MeONa- MeOH ;
vi, DEAD-TPP ;vii, H*-EtOH Scheme 9

1,4-Dideoxy-1,4-imino-D-mannitol (28), a potent a-mannosidase
inhibitor, has been synthesized from benzyl a-D-mannopyranoside via
the 4-azido-derivative (29) (Scheme 10). The presence of the
isopropylidene ring assisted formation of the second five-membered
ring during reductive amination.31 A related synthesis of
1,5-dideoxy~1,5-imino-D-mannitol is covered in Chapter 9.
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CHoOH HOCHp " HOCHy
o HO N . HO N
o><o —— 0”0 — OH HO
N, OBn
(29 (29)
Reagents : i, Hy-Pd-MeOH ; il, Hy-Pd.-MeCO,H ; i, H30*
Scheme 10

2 Cyclitols

D-Pinitol has been shown to be biosyntheslzed in JjoJoba leaves by
epimerization of D-ononitol, whereas 1in gymnosperms and other
plants it results from epimerization of sequoyitol.32 The
accumulation of O-methyl-inositols in tropical legumes subjected to
q.33
inositol and neo-inositol have been identifled as components of

Croton celtidifolius, the latter compound for the first time in
34

water stress has been further investigate 1L-1-0~Methyl-myo-

plants. O-Methyl-inositols in clover and peanut have been
identified by trimethylsilylation-g.c.-m.s. analysis, and several
have been synthesized (e.g. the 2-0-methyl ether by partial
methylation) oraésolated from plant sources (e.g. 1L-1-0-methyl-
1.

Eight new di- to penta-0-galloyl derlvatlives of proto-quercitol

chiro-inosito

(a deoxyinositol) and two related ellagitannins have been isolated
from Quercus stenophylla bark.36 Valiolamine (30), a new a-

glucosidase inhibitor from Streptomyces hygroscopicus, has been

found to be more potent than valienamine, validamine and 6-hydroxy-

CH,0H B20CH, OH
HH2 HBz
OH
(30) (31)

validamine analogues 1solated from the same fermentation broth.37

1-Epizeylenol (31) has been isolated from Ulvaria zeylanlca roots;
38

Several syntheses of cyclitols from aldoses have appeared.

the C-1 epimer zeylenol had been isolated previously.

Ferrier's carbocyclization of hex-5-enopyranosides has been further
extended. The 5,6-ene (32) provided the cyclohexanone (33) as
expected, but 1ts C-3 epimer (34) underwent concomitant elimination
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CHgy o) o}
o] . O_ OMe
N > —t 4 B0 OH
820 OMe Bz0 OH

(2) 59 % o0

it Cly- HyO-Me,CO
Reagents . t, HgCl,- Hy0-Me, Scheme 11

of hydrazoic acid (Scheme 11).39 Mercury(II) trifluorocacetate
proved to be effective for converting the D-arabino-5,6-ene (35)
into the corresponding cyclohexanone, reduction of which provided
the epimeric azidocyclitols (36) and (37) 1n a 9:1 ratio-uo

; > (36) R'=0H,R%H
(37) R'=H, R%0H
OBn
(35)
Klemer and Kohla have reported further remarkable transformations
of sugar acetals on treatment with alkyl 1lithium reagents. 1,6-
Anhydro-D-galactose derivative (38) gave the cyclitol (39), in 85%
yield for R=Bu, while the 1,6-anhydro-D-mannose derivative (40)
gave mixtures of the epimers (41) and (42), in 52 and 12% yield
respectively for R=Bu (Scheme 12).

K- HY -4

(40) (41) X=OH,Y=H
(39) (39) R =Me or B (42) X =H Y =OH
Reagents: i, RLL Scheme 12
Per-0O-methylated sczllo—aminocyc1itol-oligoglycosides such as

the L-rhamnosyl-D-galactosyl-aminocyclitol (43) have been
synthesized from per-Q-methylated glucuronide saponins by sequential

CHy0Me OAc
MeO 0 MeQ (o] OAc
I
MeO
OMe OMe 0 0
@y

decarboxylative acetoxylation [Pb(OAc),] of the uronic acid moiety,
nitromethane cyclization, and reduction [H2—Raney Ni] The
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synthesis of ribostamycin by a related procedure is mentioned in
Chapter 19 (ref.13).

Several pseudo-sugars have been synthesized. Pseudo-a~D-
glucose {(44) and pseudo-f-L-altrose (45) have been obtained from
the L-arabinose-derived 6-iodo-pentose (46) (Scheme 13), the
isomers being obtained in a 1:1 ratio; the initial condensation

CHO cozne (cozm)2
CHaI “, @7) 0Bn 08n
(46) COzMe CH2°“ (43)
. va‘u'v“ .
OH
(44) (45
Reagents: i, (Me0,C),CH ;ii, Ac,0-Py ; ik, NaClL-DMSO;iv, LAH ; v, ByHg , then HyGy; vi, Na-NHy
Scheme 13

with dimethyl malonate produced both the required cyclohexane (47)
and the tetrahydropyran (48), in 43 and 33% yields respectively.u3
Pseudo-a~D-galactose (49) and pseudo-B-D-mannose (50) have been
synthesized separately from quebrachitol via the L-chiro-inositol
derivative (51), the required hydroxymethyl substituents being
introduced by either a Wittig olefination-~hydroboration sequence on
ketone (52) or a Michael addition to enone (53) (Scheme lb).uu
Bn OBn ROCHy OH CH,0R CH,OH
HO

Ly J by N s/ VR SR
@ (52) R= Mco\/\OCHz OH
(49) OH
’% & !IA- XI. CH OH
()] 0H 2
8 Sl:eps
(53) '

Reagents : i, DMSO- (u:;a)2 Pr"NEt 3it,PhgP CHy ik, azus iv, NAOH e MtO/\OCNacL (59
vi, Hy- Pd. vid, NaH - Cse Mf.I Vi, BuySnH; ix, H? ;x, I-PPhyimidarole; xi, LAH

<@, o ><':":’i’":‘= Scheme 14

Ogawa and co-workers have resolved the (-)-isomer (54), as its a-
methylbenzylammonium salt, from a racemlic Diels-Alder furan-methyl
acrylate adduct (55, see Scheme 16), and converted it into a
mixture of pseudo-a-D-galactose (49) and pseudo-8-D-glucose (56)
(Scheme 15), using methodology previously developed for the racemic
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CHo0H
OH
ﬁb Zb e e
HO
(54) copH Ac CHa0Ac OH
(s¢)

Reagents: i, Ha0p- HCOH ; il LAH ;iii, AC;0-Py ; iv, Acp0-ACOH-H,50,;
v, NaOMe - MeOH Scheme 15

analogues (Vol.1l, p.lSO).u5

The racemic 7-oxablcyclo[2.2.1] heptene (55) has been employed 1in
the synthesis of racemic methyl shikimate (57), selective cis~
hydroxylation of the disubstituted double bond in diene (58) being
effected with either osmium tetraoxide 46 or more effectively a
Prévost-type reaction under "wet" conditions,u7
Scheme 16. Methyl epishikimate (59) was also prepared by cis-

as shown in

CO,Me CO2Me
0SiBu'Me; OH
0 L
oL-(58) OAc OH OH OH
COpMe
/ 2 coMe  OL-(5T)
\ HO
Co,Me
DL-(55) HO LY '
Reagents : i, BuLi-(MeaSi)oNH ; it, ButMe, 5L TF- 2,6-Lutidine | bL-(59)
i, I,-AqOAc - HOAC- Hzo(lq) v, deprotection; v, 0504,
vi, MeaC(OMe)a-H* ; vii, Hy0* Scheme 16

hydroxylation of the bicyclic derivative prior to ring cleavage.JJ6

(-)-Shikimic acid (60) has been synthesized from D-mannose via the
derivative (61) using an intramolecular Horner-Wittig reaction to
produce the cyclohexane structure (Scheme 17).

CHoOTF o, But CO,Bu” CO,H

>— P (om OH OH
k ) k\ BRI v,

g

(61) o><o OH OH
, . ) ) (69
Reagents: i, (Me0),POCHCOBuU®}ii, Hy-Pd/C ;i NaH ; v, CF3CO,H
Scheme 17

Ogawa and co-workers have also syntheslzed racemic validoxyl-
amine A (62) and B (63) by coupling the cyclitol epoxide (64) and
validamine derivative (65) (Scheme 18), both of which had been
derived from the Diels-Alder adduct (55)-“9 Work on their
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<b><° — ey S

(62) R=H
(69) 63) R=OH
Scheme 18 ©3

syntheses of the racemic aminocyclitols validamine, hydroxy-
validamine, and valienamine has been reviewed (in Japanese).

Hetero-Diels-Alder adducts (66) and (67) have been converted
into racemic fortamine (68) (Scheme 19),51 DL-chiro-inosadiamine
derivative (69) (Scheme 20), and various amino-deoxy-conduritols

and streptamines.52
C02Me, OH
?°2M° Med2C, MeHN NH
Ac N 8 Steps
) —_
“Ohe ’(7:‘ y
e
02 MeO OH
. DL- (66) oL- (69)
Reagents : i, hy-cyclohexane
Scheme 19
NH2CL

NHAc
OAc AcQ
AcHN

Reogents: i,Zn-HCL;ii,Ac,0-Py;in, KMnOy;  DL- (67) DL- (69)
i, Acg0 Scheme 20

OAc NHAc AcO
., ¢ -
'NHAc  ON

Attempts to phosphorylate myo-inositol with various poly-
phosphates or urea-phosphate under aqueous conditions according to
published procedures proved unsuccessful, but an easy method for
complete phosphorylation was to heat (150°, 6 h) myo-inositol with
phosphoric acid under reduced pressur‘e.53 Racemic surugatoxin,
an esterified myo-inositol, has been synthesized using the racemic
myo-inositol derivative (70). 54 Cyclohexyliidenation of myo-
inositol has provided a mixture of the three diacetalated
derivatives (71)-(73), 1solated in 19, 38, and 26% yield,
respectively. By phase-transfer catalyzed monobenzylation of
these derivatives, mono-0-benzyl-myo-inositols and penta-0-methyl-
myo-inositols could be obtained.55 Hexa-0-n-pentanoyl, n-hepta-
noyl, and n-nonanoyl derivatives of scyllo-inositol have been



174 Carbohydrate Chemistry

o ome oQo oQo 0”0
0 o} 0] OH OH
1‘:HII# 'I' HO /;5{::] o] HO
0 o] OH 0
oL-(70) (m) (12) (73)
claimed as the first alicyeclic, saturated, discotic liquid
crystals.56
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19
Antibiotics

1 Aminoglycoside and Aminocyclitol Antibiotics

Newer synthetic methods for aminoglycoside antibiotics have been
reviewed.l
The new aminoglycoside antibiotic lysinomycin (previously
AX-127B-1) has been characterized as 3-epi-2'-N-(L-B-~lysyl)-4',5'-
didehydro-6'-de~C-methyl-fortimicin B (l).2 The degradation of
CO-NH
CHy [T I NHp NHp

HaN-(|I‘rH 0~ HO OH HO
¢H 6 CHaNHy
(a3 NH HO HO
NHo Q OH o
m (2) (@ R=Me R
HO OMe (4) R=H
®

validamycin A by Flavobacterium saccharophilum has been studied

using N-p-nitrophenyl derivatives of validamine and valienamine as
model compounds; a pathway was proposed involving oxidation of
either ring in the validoxylamine unit with consequent cleavage of
the N linkage between them.3 Syntheses have been reﬁorted for
3-de-O-methylfortamine (2) from 1,2:4,5-dianhydro—ggi—inositol4
and of (-)-2-deoxyfortamine (3) and its 3-de-O-methyl derivative
(4) from a racemic 1,2:4,5-dianhydro-6-deoxy-inositol derived from
benzene, involving classical resolution of the enantiomers.5 The
derivative (5) of the aminocyclitol unit in 5~de-O-methyl-spor-
aricén A has also been prepared from the diaminocyclitol precursor
(6).

HO OH OAc CHZOH
ZHN zZN
—_— Me
NHZ NHZ HO NHy
o >£ OAc oH
(6) 2 =Bno-Co» oL-(5) (7) R=0H
(8) R=H

176
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Valiolamine, a new a-glucosidase inhibiting aminocyclitol prod-
uced by S. hygroscopicus, has the structure (7), being a more potent

analogue of validamine (8) and its relatives which occur in the
same fermentation broth.7 Syntheses of validoxylamine and valid-
amine (ref. 49) and fortamine (ref. 51) are referred to in Chapter
18. The valienamine-containing trestatins are referred to below
(ref. 83).

Standard transformations have been used to convert kanamycin A
to 2'-deoxykanamycin A, 2'-epi-kanamycin A and 2'-epi-kanamycin B,
making use of selective 2'-de-O-benzoylation using hydrazine-
pyridine to allow 2'-triflylation, thereby providing an efficient
route to 2'-substituted kanamycins,8 and double inversion at C-4"
via triflates has allowed access to 4"-amino-4"-bromo; and 4"-
fluoro-kanamycins.9 A 4",6"-di-triflate derivative of kanamycin A
has been employed to furnish 4",6"-dideoxy-4",6"-difluoro-, 4",6"-
dideoxy-4"-fluoro-, 6"-deoxy-6"-fluoro-, and 6"-deoxy-derivatives
of 4"-epi-kanamycin A.lo 6'-N-formimidoyl and 6'-N-acetimidoyl
derivatives of amikacin and the 6'-N-formimidoyl derivative of
dibekacin have been prepared and shown to be more active against
resistant organisms than the parent antibiotics.ll Likewise N-
guanyl derivatives of kanamycin A and gentamicins Cl' Cla and C2
(N-6',2' and 3'-substitutions) have been synthesized and tested.l?

A synthesis of ribostamycin (9) has been described in which the
uronic acid in the trisaccharide (10) was converted to the required
deoxystreptamine unit (Scheme 1)13 (c.f., Vol. 16, p. 189, ref. 35).
Other pseudotrisaccharides related to ribostamycin have been prep-
ared from sisamine derivatives with an unsubstituted 5-hydroxy
group by glycosylation with the pentofuranoses 3-C-methyl-g-~D-

CHyNHAC cozu CHzNHz

0,
OAc (o] @
AcO I
0
AcNH NH
CH,0Ac
s CHZOH 0 HaN
Z=Bnh0OCO~ '
AcO OAc

(10) on o
Reagents: i, Pb(OAc),-CHe-Py ; i, MENO,- NaOMe. ; iii, No.BH 4 -EEOH
Scheme 1
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ribose, 3-deoxy~3-C-methyl-g-D-xylose, and a-D- and a-L-arabinose,
but these only showed weak antibiotic activity.14 A synthesis of
apramycin (1l1) and saccharosin (KA 5685) (12) has been described,
in which neamine was converted to the aminooctadiose aprosamine
(13) and then glycosylated with 4-amino-4-deoxy-D~glucose or D-
glucose:,respectively.15 A conversion of sisomycin to its 1-N-ethyl

HNMe OH

(11) R=p-D-Glc-p(4-NHp)
(12) R=B-D-Glep
m o

derivative (netilmicin) has been described.16

amine (14) to the actodiose-containing pseudodisaccharide (15)

A route from parom-

present in (oxy)apramycin has been investigated; chain extension

CH,OH CHoNHR?
m Y Xﬂ.
Ha
HoN oR! NH
(14) HoN o1 (16) R%= Hor Me
OR R3= Hor OH

was by Wittig reaction of a dialdose derivative with subsequent

osmium tetraoxide hydroxylation.17 Paromamine has also been con-
verted to the corresponding ethenic 6'-aldehyde and hence to sis-
amine and its analogues (16); lividamine (3'-deoxyparomamine) was

similarly manipulated.18

Whereas neamine is a direct precursor for
neomycin, paromamine is not, contrasting with evidence from studies
on other amino-cyclitols; the authors speculate that deoxystrept-
amine is glycosylated with preformed 2,6-diamino-2,6-deoxy-glucose
to give neamine.

Underivatized aminoglycosides can be characterized by glycerol

matrix-assisted molecular SIMS.20

2 Macrolide Antibiotics

A method has been described for the semi~-automated synthesis of
radiolabelled erythromycin A using [llC]formaldehyde to remethylate
the amino sugar in N-demethyl-erythromycin A.zl The mycarose unit
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in spiramycin I has been substituted to give 4"-sulphonates and
4"-alkyl ether522 and 3",4"-diacylates and 3,3",4"-triacylates of
spiramycin I,23 some of which are more active than the parent anti-
biotic. Neospiramycin has been converted to its 4'-deoxy analogue
by a procedure involving reductive dechlorination using tributyl-
stannane,24 and reductive amination of a 4"-keto derivative has
been used to prepare 4'-aminooleandomycin from oleandomycin, and
hence a number of sulphonamido-oleandomycins.25

Kijanimicin has been studied using special techniques of fast
atom bombardment m.s.; the method was particularly useful for
characterizing the nitro-sugar component.

3 Anthracycline Antibiotics

Further details of the structural analysis of arugomycin27 and the

related antibiotic decilorubicinzs have been published (see Vol. 17,
p.176, refs. 59,60). The macrolide-containing sporaviridin complex
is mentioned below (ref. 82). Akrobomycin, produced by Actinom-

adura roseoviolacea, contains daunosamine attached to 9,10-anhydro-

13—deoxocarm:l.nomycin,29 and cosmocarcin A (17), obtained from S.
cosmosus, has two chains of the trisaccharide a-cinerulose B +
2-deoxy-fucose + rhodosamine (also present in ditrisarubicin B
(Vol. 17, p.176) and the aclacinomycin B group of antibiotics (see
Vol. 16, p. 194)) attached at 0-4 and O-7 of the aglycone a-citro-
mycinone.3°

0 OH OR (¢}
o -
4009 : :
0 0 NMcz
0 OR

OH

)

(17) ,g/

The synthesis of the anthracycline antibiotics adriamycin,

daunorubicin, and carminomycin has been reviewed (in Korean).31 A
series of highly potent cytotoxic morpholinyl anthracyclines have
been synthesized from daunorubicin or doxorubicin by N-condensation
with 2,2'-oxy - bis-ethanal derivatives in presence of sodium
cyanoborohydride; the most potent antileukemic agent yet known is
the 2-cyanomorpholinyl derivative of doxorubicin (18).32 The prep-
aration of (+)-4—demethoxy-daunoruh1cin33 and (+)-4~-demethoxy-
adriamycin has been reported,s‘ using trimethylsilyl triflate as a
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glycosidation reagent for the aglycone in conjunction with a dauno-
samine l-0-p-nitrobenzoate derivative, which gave high yields of
the required a-form (a previously claimed synthesis of the latter
compound is now shown to give its formate ester instead). Other
syntheses have included 3'-deamino-3'-hydroxy-doxorubicin, which
showed high anti-tumour activity,35 a total synthesis of 4-
demethoxy-10,10-dimethyldaunomycin from 5,8-dimethoxy-2-tetralone,
which proved to be inactive as an anti-leukemic agent,36 and
daunosaminyl and rhodosaminyl derivatives of 4,ll-dideoxy-10-oxy-
rhodomycinone.37 The synthesis of 4-demethoxy-anthracyclinone
using a saccharino-lactone as chiral source is referred to in
Chapter 24.

N-Glycosyl derivatives of daunorubicin have been prepared by
direct condensation of the free sugar with the antibiotic; these
are less effective antileukemic agents than daunorubicin itself.38

In an alternative approach, a wide range of aglycones,39 and
rhodomycinone in particular,40 have been used to prepare known
anthracycline antibiotics together with synthetic analogues by
microbial conversion using a strain of S. galilaeus; the cinerul-
osyl + 2-deoxy-fucosyl + rhodosaminyl derivatives of rhodomycinone
and isorhodomycinone showed potent antileukemic activity.4° Um-
ezawa's group have also reported new anthracycline derivatives
prepared from betaclamycin A by mutant biosynthesis from B-rhodo-
mycinone; the compounds produced contained varying ratios of 2-
deoxy-fucose, cinerulose, amicetose, and rhodinose attached in
oligosaccharide chains to rhodosamine, and derivatives lacking
rhodosamine were also prepared.41

A penta-2-4-dienyl C-glycoside of daunosamine has been prepared
which underwent Diels-Alder condensation with a quinone, which led
to the anthracycline analogue (19) (Scheme 2).42

N-3',0-4'-Isopropylidene derivatives of daunorubicin-doxorubicin
have been prepared, using dry acetone with molecular sieves,
allowing subsequent selective N-3' acylation.43
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OPNB
Me 0 0
L, W
NHCOCF
PNBO 3
HO NHCOCF, o ©
HO
Reagents : L, A\A\SiMea- BF3EL0; i, Pr';NH- MeOH (19) NHCOCF5

Scheme 2

The absolute configuration of rubeomycins A, Al' B, and Bl'
which are the stereoisomers in the hydroxy-butanal sidechain, has
been determined from optical rotation and other spectral data com-
parison with daunomycin and L(+)lactic acid.44 The absolute
structure of 4'-O-tetrahydropyranyl-adriamycin has been determined
from an X-ray crystal study.

The synthesis of the branched-chain sugar of nogalamycin is
referred to in Chapter 14 (refs. 8, 15).

4 Nucleoside Antibiotics

An extensive review on the C-nucleoside antibiotics has been pub-
lished,46 and the synthesis of antibiotic nucleosides by enzymic
reactions coupled with chemical methods has been discussed (in
Japanese).47

The structure and synthesis of the new peptidyl nucleoside anti-
biotic chryscandin (20), produced by Chrysosporium pannorum, have

been reported; it contains 3-amino-B-D-arabinofuranuronic acid N-
linked to g-methyltyrosine.48 A new antibiotic elaborated by a

C02H NCCHz OMe
0. Ad Y, RNHSO,CHy o Ad.(2-CL)
COMe ‘N ‘
NH ) OH 0 OH OH
COCHCH OMe OH HO
NH2 (22) R= «co&tuuz
(20) ) (23) R=H

strain of Actinomadura has the structure (21), containing a lyxo-
hexuronic acid linked to an indole.49 Ascamycin (22) and dealanyl-
ascamycin (23), antibiotics obtained from S. sp., have been shown
by spectral analysis (principally FAB m.s.) to be 2-chloro-
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adenosine sulphonamide derivatives;50

the latter compound is ident-
ical with antibiotic AT 265 (E. Takahashi and T. Beppu, J. Anti-
biot., 1982, 35, 939). Some new nikkomycins, peptidyl-nucleoside
antibiotics, have been obtained by mutasynthesis and directed fer-
mentation; the new compounds contain thymine or 5-hydroxymethyl-
uracil in place of uracil.51 Enzymic cleavage of albomycin 61 and
62 has yielded the thio-nucleosides (24),52 some reactions of which
were studied and a crystalline derivative characterized by X-ray
analysis. A minor component of the mildiomycin complex mildio-

mycin D has been identified as the 8'-deoxy analogue of mildio-

X 0

COLH

NH, NMe O/U\NH

o CH,OH

s_ N7 0 oL N0
OH
OH OH  OH

(24) X=0 or NCONH, (23)

mycin (see Vol. 12, p. 151).53 Further studies have been reported
on dapiramicins A and B, disaccharide pseudo-nucleosides (see Vol.
17, p.180, ref. 83); dapiramicin A undergoes acid-catalysed anomer-
ization to epidapiramicin. Oxazinomycin (25) has been isolated
from a bacterial culture for the first time (previously from
Streptomyces strains).55

Tunicamycin V (formerly "A") (26) has been prepared, together
with 3 minor components of the complex and other analogues; in the
key step, the glycosyl chloride (27) was condensed with the red-
ucing amino-sugar derivative (28), which was then conventionally
converted to (26).56 Another communication reports a 'total'
synthesis of polyoxin J (29), converting 4-O-benzyl-2,3-O-isopropy-
lidene-L-threose to deoxypolyoxin C (30) on the one hand and to the
5-0-carbamoyl-polyoxamic acid derivative (31) on the other, these

pii
; o e PR ® o O
7( 0 AcO /— O, o Y HN
H
ocoer) + (OAc o o ¥ on
OH cL AcNH o U
NHAc NHZ OAc OAc HO
28 27
%) @) o .
H OH

CHROH (26) o

>

——
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leading to (29) on condensation.57 A,readily obtainable Diels-

Alder adduct (32) has been employed in syntheses of analogues of
COoH CO,H
CO,H
CHO H2N 0 Thg 2 HN Thy

}—O BocHN cs o

O—I/% —_— + o] — = HN

OT"“ OH
CHZOBH HO

H  OH CH20CONH,
0 cuzoco°H OH

(30) (31) Ny (29)

aristeromycin and neplanocin A, e.g., (33) and (34).58 Coformycin
and 3'-deoxy-coformycin have been conventionally synthesized using

%O (,:HZOMe Cﬂ
co,Me 0 HOCH,
0 CH HOCH2
COxMe OH OH
(32)
> O (39)
(33)

the corresponding sugars and base with Lewis acid catalyst. Red-
uction of the 8-keto group to the (8R)~hydroxy analogue gave a
product which was a potent inhibitor of adenosine deaminase.59

The arabino-analogue (35) of formycin has been prepared from D-
mannose via the D-manno-pentahydroxypentyl pyrazole derivative (36),
which was made by an improved procedure.60 The synthesis of the
triazolo-pyrazine isomer (37) of formycin has also been 1mproved.6

ONP I NH,
NI NHy / I \N
N
\ NO; 2 " Me N N)
N\‘ N\q/J 0
o=_|- \\/
Eo B-D-Rib-f
0
O>< (37) OH OH
(35) ()

(38
Tubercidin has been converted to its 5'-deoxy-5-iodo analogue (38)
which has recently been isolated from a marine alga; it is a power-
ful inhibitor of adenosine kinase.62 A simple synthesis of show-
domycin (39) follows from the condensation of 2,3-0O-isopropylidene-
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S-O-trityl -D-ribose w1th a Wittig reagent (Ph P=CC1CO Me) to give

the C-glycoside (40). Tracer evidence ( 3 c, 2H, 15N) on the
CH,0Tr 0
0 _ CHCLCO,Me NH
- N
0
B-D-Rib-f

o] 0
> (39

(49

biosynthesis of showdomycin by S. showdoensis indicates that D-
ribose and L-glutamic acid are incorporated, the latter providing
the entire maleimide ring.%%/®% s-Alkenyl-1-(2-deoxy-2-fluoro-8-
D-arabinofuranosyl) uracils have been synthesized (glycosyl bromide
+ trisilylated base without catalyst); some showed good antiviral
activity with little cytotoxicity.66 Standard methods have been
employed to prepare a number of 3-deaza-guanine nucleosides, some

showing moderate antiviral or antitumour activity.67

2'-Deoxy-
oxanosine has been prepared from oxanosine by tributylstannane
reduction of a 2'~-thionocarbonate intermediate; the product was a
more potent antibiotic than its parent.68 A synthesis of sine-

fungin (41) utilized the Wadsworth Emmons reagent (42) as outlined

in Scheme 3.69
CN CN
Ero)p o Ad(es-a87) Me 0,C :
2\\O 4 Co,Me — NHCO,8u” [~
CHoCHO v
SN NHCO,Bu
< OH OH
(42) Scheme 3 (40
A series of 2'-QO-acyl derivatives (Cl+C4 acids)ofagg-adenosine
have been prepared and evaluated as antiherpes agents. Refer-

ences to antibiotic nucleosides are also made in Chapter 20.

5 Glyco-Peptide Antibiotics

Actaplanin, a new glycopeptide antibiotic from Actinoplanes
missouriensis, is a complex of at least six components, all cont-
aining the same peptide core, the amino~-sugar L-ristosamine (3-
amino-2,3,6-trideoxy-L-ribo-hexose), and varying amounts of
glucose, mannose, and rhamnose.7l Muraceins A, B, and C, three
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new enzyme inhibitors isolated from fermentations of Nocardia
orientalis, contain muramic acid glycosidically linked by peptide
bond to a tri- or penta-peptide.72 The structure and conformation
of epimers derived by isomerization in the cyclic peptide core of
teichoplanin (which contains glucosamine and mannose) have been
characterized.73 Controlled hydrolysis of teichoplanin has yielded
derivatives arising by consecutive removal of three sugar units;
all components carried one N-acyl-D-glucosamine unit, and at least
two carry N-decanoyl and N-undecanoyl groups on this sugar.74

A combined TLC/FAB m.s. technique has been developed for ident-
ifying the components of the bleomycin complex (these contain an
attached disaccharide); rapid analysis is possible for such polar,
high molecular weight and thermally unstable compounds.75

6 Miscellaneous Antibiotics

New antibacterial agents, paulomycins A and B, have been charac-
terized as disaccharide C-glycosides (43), containing a branched-
chain sugar related to quinocyclinose; configurations were not

established.76
AcO CH, o] CONHy
0
MeCH=C-C0-0 OH
N=C=§
Me 00 OH Y
Me
RCHz('!:qH'CO-O HO (43) R=Me (A) or R=H (B)
e

Norjirimycin B (5-amino-5-deoxy-D-mannopyranose) (44), the 2-
epimer of norjirimycin with which it can be isolated from S. laven-
dulae, can be oxidized microbiologically (Gluconobacter suboxydans)
to the corresponding D-mannono-§-lactam (45); both of these com-

pounds, characterized by n.m.r. and X-ray analysis, are powerful
glycosidase 11'1h:l.t.ait:ox:s.77 The synthesis of norjirimycin is also
mentioned in Chapter 24. The introduction of 7S-alkylthio-

CH,0H Me t
Ny “ (46) R =
RHN x;a’ co—+

-
OH HO J~OH —— D=0
HO ¢ HO 0

Pr?r—j
(44‘) (45) i SMe (47) R N CO—

OH Me
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substituents into the lincomycin structure has been reviewed; most
syntheses involved sulphur nucleophiles reacting with a 6,7-N-
acetyl epimine derivative.78 A synthetic clindamycin analogque,
pirlimycin (46), is a more potent antibacterial agent than clin-
damycin (47) itself.79

Moenomycin A (see Vol. 15, p. 191) has been degraded by stepwise
removal of successive sugar units.BO Hydrolysis of acarbose (48),
a potent inhibitor of intestinal a-D-glucosidases, yielded glucose
and the tricyclic pseudo~disaccharide (49); methanolysis yielded

an equivalent disaccharide methyl glycoside.81 Further studies

CHQOH CHQOH 6 CH,OH
(48) CH(OH)
(49) OH Me

reported on the sporaviridin complex (see Vol. 16, p. 198; Vol. 17,
p. 181) including the isolation and characterization of six comp-
onents of N-acetyl-sporaviridins, containing seven monosaccharide
units and a macrolide aglycone, the carbohydrate portion comprising
a viridopentaose with D-glucose and g-acetyl-L-vancosamine.82
Further work on the structure of trestatins (see Vol. 17, p. 181)
reports some new components of the complex; these contain maltose
as an additional unit attached to the valienamine endgroup in
trestatins A—C.83

Antibiotics 1072A and 1072B have been identified as gilvocarcin
M and toromycin (gilvocarcin V), respectively (see Vol. 15, p. 45;
Vvol. 17, p. 182)8

The biosynthesis of the trisaccharide antibiotic complex cin-
odine (see Vol. 12, p. 153, ref. 63) has been investigated; 14C-
and 13C-studies indicate that tyrosine is efficiently incorporated
into the aglycone, and that D-glucosamine is the source of all

three sugar units.85
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Nucleosides

1 General

The cytokinin metabolites isolated from derooted radish seedlings to
which had been administered (t)[8—14C]-d1hydrozeatine (1) have been
isolated and shown to be the known 7-D-glucopyranoside and also
unexpectedly the 3- and 9- substituted isomers.

The use of cyano compounds in the synthesis of nucleosides has
been discussed in a review on hydrogen cyanide and chemical
evolution.2 Reviews have also appeared on selenium-containing
nucleosides, including the use of selenium-containing intermediates
in the synthesis of unsaturated and deoxynucleosides,3 on the
synthesis of antibiotic nucleosides by combined chemical and
enzymic methods,4 and, in Chinese, on the preparation of nucleo-
sides by chemical degradation of polynucleosides.5

CH,OH o
HN—/—<”° HN)S'\‘,SBn S R’
NZ NN 1 I H,N >=N-N=<R2
L§a ‘ 9f> 9) N/N 0 N
N u & R
O (2 R=p@-D-Ribf (3)

2__Synthesis

Standard procedures have been employed to synthesize B-D-ribo-
furanosyl derivatives of the triazine (2),6 thiazolidinones (3),7
3-hydroxy-2- and 4-pyridones,8 2-methyl and -bromomethylimidazoles,9
the triazolotriazole (4),10 imidazo [1,2-b] pyrazoles,ll the tria-
zolothiadiazine dioxide (5) and thiadiazolothiadiazine (6) together
with their B-D-glucosides,12 pyrazolo [3,4-d)] pyrimidines,13’l4'15
pyrazolo [4,3-d] pyrimidin-?-ones,16 2-alkylthio-8-azaadenine (and
the corresponding rhamnoside),17 imidazo (4,5-d] pyridazine (7),
its 4-thio~ and 4~amino-derivatives and the corresponding N-3
ribosylated compounds.lB The imidazotriazinone (8) was prepared
by nitrous acid cyclization of the aminoimidazolecarboxamido-

190
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nucleoside, whilst glycosylation of the preformed bicycle gave
the N~5 regioisomer,

NH3 NH> NH,
/ N/\ NN N7 NN
0 | /N—R 0 é ~ /5
ZS\N \N 29~y N
) 1
R R

0 G o
N a N
NH HN
<f3 I | l/ﬂt][}.sr—Mg
N Z#N Nx N
N )
R

]
R
™ (®
Ribofuranosylation of silylated pyridazinone (9) gave either
a normal nucleoside or the mesoionic system (10), depending on the

reaction conditions (Scheme 1). The nucleoside formed on deacety-
20,21

lation of (10) had pronounced antibiotic activity.“~’ A number
CHzOAC
N CcN OTMS
| —t
N\N 0 /N
A OA
p-o-Rmf(OA% ©) <0 « RtbF (0Ac),
10
Reagents: i, SnCL,;-kZHZCDz (reflux) ; ik, anL4-@:H2C;\2- o-5° ( )
Scheme 1

of related 4-substituted 3-oxidopyridazinium ribosides were pre-
pared,21 and four other 4-cyanopyridine and -pyrimidine nucleo-
sides have been reported.

A number of 2- and 6-mono- and 2,6-disubstituted derivatives
of tubercidin have been prepared using the direct glycosylation
of the sodium salt of the base with tri-O-benzoyl ribofuranosyl
bromide, this method being superior to other procedures.23 2,7-
Dichloro-9-g-D-ribofuranosyl-l-deazapurine has been prepared in a
new way involving 'deoxygenative chlorination’ of N-oxides to
introduce both chlorine atoms, followed by transglycosylation;
the product was converted to 2-chloro-l-deazadenosine, and 2-chloro
-l-deazainosine by nucleophilic substitution.z4 The mesoionic
system (1ll) has been prepared by reaction of tri-O-acetylribo-
furanosyl imidazole 2-thione with carbon suboxide.25
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o]

0N
o sy
B-D-Rib-f {OAc),

(1)

A study has been made of a 'one-pot' procedure for the synthesis
of 6-oxopurine ribonucleosides.26 Octylthiocarbonyl derivatives
of pyrimidines have been used to form nucleosides in the presence
of tertiary amines, exemplified in Scheme 2; isopropylamine
selectively cleaves the octylthio group, whilst ammonia in methanol
gives fully deprotected systems.

CH20 Bz

0
0 F A /u\
0 B N SCBH,—{
F r . /J§
HN J + N 0% N 0
Q4L\ | (79%)
i T 3o P -D-Rib-f(0Bz),
07 SCgHyy
Reagents © i, PriNEL,- DMF (rt., 18hr)
Scheme 2
Two reduced pyrimidine-2-thione derivatives were obtained in
low yield by reaction of 2,3-0-isopropylidene-8-D-ribofuranosy-
lamine with 4—methy1-4-isothiocyanato-z-pentanone.28 Leconard's

group has reported the synthesis of the lin-naphthoadenosine (12);
this was not a substrate for adenosine deaminase, unlike the benzo

analogue.29
NH,
N
(T
) v

pDRIBE  (13)

a-Ribazole (l-a-D-ribofuranosyl-5,6-dimethylbenzimidazole)
has been prepared by cerous hydroxide-catalysed hydrolysis of
cyanocobalamin and its acid-base properties studied.3o A
derivative of a-ribazole has been synthesized as in Scheme 3, in
a procg?ure that was applied to a number of other silylated
bases.
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CH,0Bz _ﬂ:dij

0 OH 0 &z
y — P M — Za

S \
N Me
°><’ <
N Me
Reagents : i, 1-Methyl-2-fluoropyridium Losylate - PryNEE - CHyCL, 5

ii, T™ S-d,uneh*ujbhenzimid.azol&
Scheme 3

1-B-D-Arabinofuranosyl-5-mercaptocytosine has been synthes-
ized via the corresponding uracil derivative,32 and phase-transfer
glycosylation has been used to prepare ara-7-desazaxanthosine33
and its 2,4—dichloro—derivative.34 Ribonucleosides have been
converted to their arabino-analogues by oxidation of suitably 3°',
5'-protected derivatives and subsequent borohydride reduct-

35,36 similar operations on 2',5'=diprotected ribonucleosides

ion;
and on 5'-protected 2'- or 3'-deoxy-B-D-erythropentofuranosyl
nucleosides gave inverted xylo or deoxy-threo-isomers as major
products.35 Oxidation of 3',5'-di-O-benzoyl-g-D-xylofuranosyl
nucleosides, followed by borohydride reduction, also gave arabino-
systems; in these cases, base-catalysed epimerization at C-3' in
the intermediate 2'-oxo- system is presumably occurring.37 As a
model for its interaction with proteins, 2,2°'-anhydro-1-(8-D-
arabinofuranosyl)-6-azauracil reacted with aminoacids to give

systems of type (13).38
(0]

W/R\N
Be
\t;l NHR
g -D -Ara-f
(13)
A new approach to nucleoside synthesis, illustrated generally

in Scheme 4, has been applied to the synthesis of a-L-lyxonucleo-
sides and 2-deoxy-o-DL-ribofuranosyl nucleosides.39

X CH,0H
y H + Br'S ﬁ:) -—i——+ o
Sn-
l N) XY= H,0R
Y 0
Y X

Reagent: i, SnBr, Schema 4
che
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A variety of O-benzoyl N-glycosylimidazoles and -pyrazoles
have been prepared, ° and l-f-D-glucopyranosyl-3- and 5-nitrotria-
zoles, with the 5-nitro-isomer predominating, were synthesized
conventionally.4l 1-B-D-Allofuranosyluracil, its 6'-deoxy-
derivative, and l-B-D-altrofuranosyluracil have been reported.42
The ribopyranosyl nucleoside (14), and its arabino counterpart,
have been prepared by cyclization of acyclic precursors,43 and
pyrimidine nucleosides of type (15), with gluco, manno- and galacto-
configurations, were prepared from the corresponding D-glycosyl
ureas;44 an a-D-arabinopyranosyl analogue of (15) was also reported
and its conformation discussed.

Me CN
N N .0
Me‘</ l \f AcOCH, O)\
N NH
|
B-D-Ribp O AcO~ OAc
(14) (15)

OAc

High-yielding stereoselective syntheses have been reported
for psicofuranine and 9-a-D-fructofuranosyladenine; 1-8-D-psico-
furanosyluracil (16) was also prepared in an improved procedure,
and converted, via a cyclonucleoside, to the fructofuranosyl
nucleoside (17) as in Scheme 5.4

CH20H CH20H

T’{‘OCHZ
CHQOH CHZOH

OH
( 6) CH,OT (1)

Reagents: i, TrCL-Py ; ii, (PhO),CO- Nm—aco3 DMF (80°) ; i, NaOH-MeOH-H,0 ; v, HCO,H-H,0
Scheme 5

3 Anhydro- and Cyclonucleosides

Various 5-substituted 2',5'-anhydro-l-f-D-arabinofuranosyluracils
(18,R=H,F,Br,Me) were obtained in high yield from the dichlorides
(Scheme 6), presumably by way of the 2,2'—cyclonucleosides.47
Treatment of uridine with either diiminosuccinonitrile or cyanogen
bromide gave as major product 2,2'-anhydrouridine-3'0O-carbamate,

probably via the 2',3'-cyclic imidocarbonate.48 An imidazole
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2,2'~cyclonucleoside has been reported.49
Q [ ) 7 0
HN R R HN R
I N |
CH,CL O)\N cHet I | o)\N
i
0 — o/ N — O
0 0
OH CL L OH § OH (18)
Reo.ae.rw : L‘ No.OH -MeOH Scheme 6

Lead tetracetate oxidation of 2',3'-0O-isopropylidene adenosine
gave the 5'-Q,8-cyclonucleoside (19), and an ggbenzoy;guanosine
analogue was prepared similarly. Isopropylidene uridine gave the
cyclic derivative (20) as a single isomer of unknown stereo-
chemistry, whilst oxidation of the §4-benzoyl cytidine derivative
gave (20) as major product, plus some 5'-0, 6-cyclocytidine

derivative.50 Improved procedures for the synthesis of 5'-0,
NH, o] NH,
N AcO N
o </ | Y NH a SN
gJ o] /i§ 4J
0 N~ N N 0 o N N
0
0 (0] OH OH
> (19) <’ (29 )

8-cycloadenosine and its N- and S$- bridged analogues have been
given, along with a preparation of 8,5'-anhydroadenosine (21)
involving photochemical cyclization.51 A full account has been
given of earlier reports (Vol. 16, p.207) on the synthesis of
6,5'~cyclo-5'-deoxyuridine; the 2',3'-cyclic phosphate of this
system was hydrolysed by pancreatic ribonuclease, thereby estab-

lishing the requirement for an anti conformation.52
o] 0
CL
NH NH
BzOCH

CH0Bz U CH,0Bz | A 2 PN
0 0 N 0

Y .

CH,O0H SLEEN CH,1 oy

Reagents: i, Cl, ; W, TsCl-Py; ii, Lil v, BuySnH ; v, DBU
Scheme 7
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Free-radical cyclization has been used to prepare a 6,3'-
methanocyclouridine (Scheme 7),53 and the unusual 6,2'-metheno~
bridged compound (22) was synthesized by a sequence involving
intramolecular Michael addition of a 2'-C-methylnitronate anion
to a S5-bromouracil ring.54

2 NH Tz
7 <N N’ko FH20H [ ! j
Pr;S\L ON O N "N
s
2 (22) on (23)

4 Deoxynucleosides

Chloro- and methylthio-substituted purines and deazapurines can,
after conversion to their sodium salts, be condensed with 2-deoxy-
3,5-di-0-p-toluoyl-a-D-ribofuranosyl chloride to give good yields
of protected B-D-nucleosides, e.g., 2'-deoxytubercidin (23).55
Alternatively, phase transfer glycosylation has been employed for
various pyrrolo[4,3-d] pyrimidines,56’57 a method which has also
been used to prepare 2'-deoxyribonucleosides of allopurinol, with
the B-D-isomer predominating.58

Syntheses of coformycin and its 3'-deoxyderivative have been
described; the 8R-isomer (24) of 3'deoxycoformycin is a powerful
inhibitor of adenosine deaminase.59 Reduction of the triphenyl-
phosphoranediyl cyclonucleoside (25) with tributylstannane gives
5'=deoxyuridine in high yield.so

HQ H

° N
-
OH (24)

o_ 0
p (25)
Phq

A number of 2'-deoxy-a-D-ribofuranosyl nucleosides have been
prepared either by anomerization or transglycosylation of pera-
cylated derivatives, catalysed by trimethylsilyl triflate, followed
by separation of anomers.61



20: Nucleosides 197

5 Halogenosugar and Aminosugar Nucleosides

An improved procedure has been developed for the synthesis of 2'-
fluoro-2'-deoxyadenosine, which was converted to its 5'-phosphate
and 3',5'-cyclic phosphate.sz The synthesis of 2'-fluoro-5-iodo-
l-g-D-arabinofuranosylcytosine has been described more fully

(see Vol, 16, p.210); this compound has anti-herpetic activity
and it appears to be phosphorylated by the virus-specified
pyrimidine nucleoside kinase.63 The corresponding 5-ethynyl
analogue has also been prepared, and it too is active against
herpes viruses.64 Reaction of the D-lyxo epoxide (26) with HF
in dioxan gave in low (13%) yield the expected product (27) to-

gether with ribo-product (28) (Scheme 8). It appeared that (28)
was formed from (27) by an unknown mechanism, structure (28) being
65

confirmed by an unambiguous synthesis via a 2,3'-anhydrouridine.
Similar openings of 2,3'-anhydro systems were used to prepare

CH,OH CH,0H CH,0H

0. Y o U o, Y
0 — HO +
F OH

(26) (27) F(2‘3)
Scheme 8

2',3'-dideoxy~3',5-difluorouridine °®

3'-deoxy—3'—fluorothymidine.67
A series of di-0O-acyl-2'-deoxy-2'-bromo-5-fluorouridines has

and the 5'-O-mesylate of

been synthesized as in Scheme 9. This conversion can be used to
give a route from uridine to 2'-deoxy=-5-fluorouridine in four
0
HN F N | d
CHZOH OJ\N OH RCOZCHZ O/l\N
(o] 0
N
OH OH R-(l:I-O Br
0
Reagent : L, RCOBr
Scheme 9
steps.68 Similarly, 3',5'-di-Q-acetyl-2'-deoxy-2'-halouridines

can be prepared by treatment of uridine with o-acetoxybenzoyl

halides; known chemistry then gives a route to 2'-deoxyur1dine.69
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A number of anhydro- and cyclouridines give halogenated cleavage
products with Vilsmeier reagents, as for example in the formation
of (29) from 2,2'-anhydrouridine.’©

When the 5'-O-benzoate of (26) was treated with ammonium
azide in refluxing ethanol, the D-arabino-product of ring opening
predominated over the D-xylo isomer by a factor of 3:1; hydrolysis
and reduction gave 3'—amino—3'—deoxyarabinouridine.71 A number
of 3'=-amino-2',3'-dideoxynucleoside 5'-mono- and triphosphates
have been prepared by a sequence involving azide ion opening of

2,3’-anhydro-Z‘-deoxynucleosides.72
CHpX Q NH;
U
O T Y
CH,0R
7N o/ N N/)
S
OH X [oR)
(29) x=CL,Br
30 i
Ny (39 orR (3D

6 Thionucleosides

The racemic thionucleoside (30) and a range of related compounds
have been reported.73 Either of the two diastereomers of the
sulphoxide (31) can be prepared preferentially, depending on the
nature of the oxidant and the group R (H or Ac); Pummerer-type
rearrangements of these compounds were unsuccessful,

An improved procedure is recommended for the synthesis of
S-adenosylhomocysteine (SAH) and base-modified analogues, involv-
ing reaction of the 5'-chloro-5'-deoxynucleoside with the sodium
salt of homocysteine in aqueous medium.75 Reaction of formycin
and §6-methyladenosine with homocysteine in the presence of SAH-
hydrolase gave the appropriate SAH analogues. These were methy-
lated to sulphonium salts which at pH 4.5 were hydrolysed to give
5'-deoxy-5'~thiomethyl nucleosides, the formycin analogue being
an effective inhibitor of rat liver 5'-methythioadenosine phos-
phorylase.76 5'-Deoxy-5'-methylthioadenosine sulphoxide has
been isolated from human urine; elevated levels are present in
children with severe combined 1mmunodeficiency.77 Some other
references to thionucleosides can be found in Chapter 11.

7 Nucleosides of Unsaturated Sugars, Ketosugars and
Uronic Acids

Treatment of adenosine with a-acetoxyisobutyryl bromide in moist
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acetonitrile gave a mixture of trans -3'(2')-bromo-2'(3')=~
acetates, which on acetylation, treatment with zinc-copper couple
and deacetylation gave the 2'-ene (32) in 81% overall yield.78
The unsaturated derivative (33) of 3-deazaadenosine has been pre-
pared, as has the isomeric 4',5'-dehydrosystem and 9-B-D-xylo-
furanosyl-3-deazaadenosine.79 As a model for the oxidative
degradation of DNA by bleomycins, treatment of 3'-benzoyl-4',5'-
dehydro-5'-deoxy-thymidine with hydrogen peroxide-TFA gave the
isomeric hydroperoxides (34).

A review on ketonucleosides has appeared.81 Adenosine can
be converted to a mixture of 2',5'- and 3',5'~di(monomethoxytrityl)

CH,0H 3~-deaza-Ad
o_ A 0 HooO _o_ 1My
HOCH
2
_ \ Me
(o]
(32) o (33) OH S OBz (34)

HN N
|

0w

0 </ | )NH co,Me
0 Me 0 /BH
(0] (0]
>

OH OH
(37
(35) (36 )
ethers; these on oxidation and deblocking with anhydrous acid in
chloroform gave the 2'- and 3'-~ketoanalogues of adenosine, which
had half-lives of 11 and 84 hours, respectively, at 25° and pH
82
6.86.
prepared.83
The D~glucofuranuronoside (36) and its S-methyl derivative

The ketorhamnopyranosyl nucleoside (35) has been

84

and l-B-D-glucopyranosiduronamidocytosine85 have been prepared by
standard procedures, and the unsaturated uronic ester nucleoside
(37) was synthesized by coupling silylated uracil with a derivative
of D-galacturonic acid, followed by B-elimination.86

8 C-Nucleosides

A review has appeared on n.m.r. methods for the determination of
the anomeric configuration of C-nucleosides and their protected
derivatives.87 Pseudouridine and two related nucleotides have been
found in the free state in the seeds of Cicer arietinum.88
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Details have been published of the enantioselective synthesis
of showdomycin (see Vol. 15, p.44), 6-azapseudouridine, and
cordycepin, by a chemicoenzymatic approach from the furan-dimethyl-
acetylenedicarboxylate adduct.89 A good synthesis of y-cytidine
(38) from Yy-uridine proceeds in its later stages as indicated in
scheme 10.°®  The 1-N-, 3-N-, and 4-O-methyl-y-isocytidines and
their 2'-deoxyderivatives have been prepared.

0 o 0

HN/U\NH /N__< HNT NH
TOCH2 o AN A 0 M HﬁNJ\\fﬁJ
0 == —

i p-D -Rib-f
(39)

Reagents: i, HOAc-HQO | u_(r@)co ; i, DBU-DMF ; iv, Py-H,0 ; v, NH3-MeOH
2

Scheme 10
An intermediate nitrile sulphide is presumed to be implicated
in the synthesis of the thiadiazole and thiazole C-nucleosides
outlined in Scheme 1ll; these compounds are related structurally
to ribavirin, but they did not show antiviral activity.92

CH,0Bz

S S
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CH,0B
0. CN Ha0Bz N\ 77=0 i N\ >r—CONH2
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- p-D-Rib¢
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0Bz OBz T N\ y CONH,

0Bz OBz
B-D-Rib-f
Reagents : L, HCOaH-HCL ; ii, CLE~COCL - CyHg-A ; ik, NC-CO,Et- 220°; iv,NH3-MeOH |
v, HCEC CO,Et - 220° Scheme 11
The antitumour activity of tiazofurin has led to the preparation
of analogues withmodified sugars; the D-arabino analogue (39)
and D-xylo compound were prepared from the ribofuranosyl compound
by specific displacements,93 and both a- and B-D-arabino analogues
were synthesized from protected arabinofuranosyl nitriles.94
The 3'-deoxyanalogue was also made from tiazofurin itself.95
The thiophene (40) and the corresponding diamide, analogues of
pyrazofurin, have been reported.96 A number of C-glycosyl
tetrazoles have been converted into 2-8-D-glycosyl-5-halogenomethyl-

1,3,4-oxadiazoles by reaction with chloroacetyl chloride.97
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A number of compounds have been described which contain the
ring systems of the C-nucleoside antibiotics pyrazofurin and
formycin; these include the 4-deoxyderivative of pyrazofurin (41)?8
the thioguanosine-type analogue of formycin (42) and the corres-
ponding B-D-arabincfuranosyl- and 2’—deoxycompounds,99 and the
strongly fluorescent isoguanosine analogue (43) made from formycin

ON ONH
__CONHp s \C Ha KN \C 2
SN Me0,C—R > OH Naw
B-D-Ara-f B-D -Rib-f B-D-Rib-f
(9 , s (40) H NH, 4)
N/N i NH N/ | SN
\ NANHz \ f;‘l/Ko
B-0-Rib-f B-0-Ribf
(42) (43)
100

via the photochemical ring opening of its N-6 oxide.
A range of imidazo-fused C-nucleosides with bridgehead

nitrogen of the general type (44,X,Y=CH or N) have been pre-

pared,lol and the somewhat similar pyrazolotriazine (45) shows

good antileukaemic activity;102 the corresponding 4-thiocompound

has also been reported.lo3 Cycloaddition of maleimide to 2-
(tri-O-benzoyl-B-D-ribofuranosyl) furan and deprotection give

rise to 3—(B-D-ribofuranosyl)phthalimide.lo4 Some pyrazolo

{3,4-blquinoxaline C-nucleoside analogues have been synthesized,lo5

and a correlation has been noted between circular dichroism and

anomeric configuration for C-nucleoside 1,2, 3—ozotriazoles.lo6
NH2
x/ Z
k N / CH,OH </
Y~ )
}8 D- Rubf

B-D-Rib-f

(44) (45)

o on ()

9 Carbocyclic Nucleoside Analogues

The l-deaza analogue (46) of aristeromycin is a potent irreversible
inhibitor of SAH-hydrolase.lo7 A number of carbocyclic analogues
of 2-amino-6-substituted~purine and 2-amino-6-substituted-8-aza-
purine ribonucleosides had significant activity against type 1

108

herpes and vaccinia viruses, and analogous 2'-deoxyribonucleo-
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sides also had activity against herpes virus.lo9 The carbocyclic

analogues of xylo-adenosine and xylo-8-azaadenosine were resistant
to deamination by adenosine deaminase, and the 8-aza-derivative
showed significant in vivo antitumour activity.llo

The adeninyl inositol (47) has been prepared via an epoxide
intermediate.lll Conformational studies on carbocyclic nucleoside
analogues are mentioned in Chapter 21.

OMs OH

Ms 0A¢

(47)

10 Nucleoside phosphates and phosphonates

As in previous years, standard syntheses of nucleotides are not
included here. Phosphorylation in the synthesis of both mono-
and oligonucleotides has been reviewed.112 The B-L-enantiomer
of guanosine monophosphate has been prepared as a substrate for
studying chiral selection in non-enzymic RNA synthesis;
experiments indicated that the D-nucleotide was selected from a

mixture of enantiomers in template-directed oligomerization.113

Bis-(pyrrolidino)methoxyphosphine, activated by 4,5-dichloro-
imidazole, has been developed for the preparation of deoxynucleo-
side 3'-phosphoramidites.114 Four new trivalent phosphorus
reagents have been described, two of which react selectively
with ribonucleosides at the primary hydroxy group and two of
which react preferentially at the cis-glycol. s The new phos-
phorylating agent (48) was used to prepare nucleoside 3'-phospho-

116 whilst the gfnitrophenylethyl protecting

diester intermediates,
group has been introduced in phosphotriester syntheses, where it
can also be used for protection of aglycones.117’118 Cyclic
phosphorodianilidates of type (49) have been introduced for the
protection of 5'~phosphates for coupling to oligodeoxyribonucleo-
sides.119 5-Aminoimidazole nucleosides can be converted to their
5'-phosphates using a phosphotransferase from wheat.lzo

Phosphoryl tris(triazole) has been employed for the formation
of nucleoside 2',3'~cyclic phosphates, but was unsuccessful for
forming the 3',5'-isomers.121 Both stereoisomers at phosphorus
of ribonucleoside 3',5'-cyclic N ,N~dimethylphosphoramidates can be

made from the cyclic phosphate using TPS chloride activation; the
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== 2 P —~0-CHjp
\
N N
\_7
(48)
(49) OH
§p isomers predominate.122 The 3'-aryl phosphoranilidates of

5'-0-monomethoxytrityl-2'-deoxyribonucleosides can be separated
into their diastereoisomers, and these can be used for the stereo-
specific synthesis of cyclic 3'-5'-phosphorothiocates, as outlined
in Scheme 12 for the S -isomer. 23 The chiral 18O—labelled
dinucleoside phosphate (50) was prepared by oxidation of a phos-
phite triester in the presence of Hzlao, separation of diaster-

eomers and deprotection. 124

CH,OMMTr CHOH
2
0 o
Y (;) . 3 / ON
[ [
7 \\ p
)
0. JOhr O__JoAr s/(BP)\ 0
2P, (20 i, 2P, (Be)
NHPh 0" % 0 /’
/ Y
Ox
P MM Ty = Monomethoxy-
) Y
NACSI o Erityl
Reagents : L, NaH-C5,, i, HY; iii, KOBu
Scheme 12

Deoxynucleoside 3'-methylphosphonamidites have been used to
produce dideoxynucleoside methy1phosphonates.]'25 A full account
has been given of the preparation of isosteric phosphonate
analogues of ribonucleoside 3'-phosphates (51),126 and the cor-

responding 2'-~deoxyadenosine phosphonate has been reported.lz'7
CH,0H CHQOH
o)
CHa OH
reo O—P(OH)Z

(59 ()]
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A number of phosphonate analogues of diadenosine tetraphosphate
have been prepared.128
5'-Arsenates of adenosine, inosine and their deoxyanalogues
have been shown to be produced by interaction of the nucleosides

with inorganic arsenate.129

11 Ether, acetal and ester derivatives

Treatment of deoxynucleosides with dichlorosilanes in pyridine
gave 3',5'-cyclic dimethylsilanediyl and tetramethyldisiloxanediyl
derivatives, which were cleaved readily with water. These group-
ings can thus be used for protection of the 3'- and 5'-hydroxy
functions when N-acylation of the base is required.l3o

2',3'-0-Ethoxymethylidene acetals of nucleosides were prepared

by reaction with triethylorthoformate. Neither these acetals nor
the products of methylating 2',3'-0-(dimethylamino)methylidene
131

acetals gave 2',3'-unsaturated derivatives on pyrolysis.
56-(2-Isopentenyl)adenosine, which shows strong antitumour
activity, has been covalently linked to a dextran via a functional-
ized 2',3'-acetal, as in (52), This attachment was expected to
increase circulatory lifetime of the drug and give increased
antitumour activity. The disulphide link in (52) was slowly
cleaved chemically by dithiothreitol, as a model for drug delivery

NH
? 0 N N4J

n H (o) e}
oY \V/A\S—S’“\«’N\W/\\¥?<;
0
0 (52)
N,N'-Thiocarbonyldiimidazole has been employed as a condenig3
ing agent for the formation of 2'(3')-O-aminoacylnucleotides.
The antiviral agent 5-ethyl-2'~deoxyuridine was acylated at 0-5'
to give useful prodrugs.134 The acetylation of nucleosides by

by reducing enzymes.132

Dextran
T80

aspirin has been investigated; in pyridine, fully acetylated

products were formed, and this process may have relevance to the

teratogenic behaviour of aspirin.l3s
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12 Miscellaneous Nucleoside Analoques

Halomethyl ketone derivatives of deoxypyrimidine nucleosides, e.g.,
(53, X=halogen), have been prepared and shown to be cytotoxic as

predicted.136 The oligonucleotide analogue (54) appears on UV
and CD evidence to exist in conformations with significant base-
stacking.l37 The homonucleoside analogue 5~deoxy-5-(1,3-dimethyl-

7-xanthinyl)-D-xylose has been prepared.138 A nitroaldol reaction
of 2',3'-0-isopropylidene-5'-aldehydo-uridine was the key step in
the formation of (55), the base residue of which could be exchanged
by transglycosylation to give analogues of SAH and the antibiotic
sinefungin.l39 5'-Homologues of adenosine (56, R=-OH and -CH OH)
have been reported, 140 as have a number of sulphonamide analogues
of pyrimidine nucleoside 5'-triphosphates of general structure

(57, A=p-CcH,NH- or -(cr12)3—).141
0 RNHCH2)4N[CH2)4 ~{CHy)4 NHR
X NHCO o Thy R
(54) R= {ﬁ
02K OH /J
CH -
1/20 v (53) Rochahe o aa p-b-Rib-f
CN
i
OH OH  (a)-SHNCH, OH  OH
(55  Hos o o ¢ (s¢) R=0OHor <\
3 CHOH
e /L\
N
OH R M° Rl o
(57) R=Hor OH (58) :

13 Reactions

The triol produced by periodate cleavage- borohydride reduction

of guanosine has been isolated for the first time as a pure species
in good yield.142 By the study of models such as the §4-demethyl-
compound, the unusually high susceptibility towards acid, base or
nucleophilic cleavage of the N-ribosyl bond in 3-B-D-ribofurano-
sylwye (58) seems to be due to steric crowding between the E{ and
y_4—substituents.143 The structure of an adduct formed from
adenosine and the antitumour agent N-2-methyl-9-hydroxyelliptic-

inium acetate in the presence of hydrogen peroxide and peroxidase



206 Carbohydrate Chemistry

has been determined by n.m.r. methods.144

As a result of a study of the acid-catalysed hydrolysis of
uridine, 6-hydroxy-5,6-dihydrouridine has been implicated as an
intermediate.l45 In the hydrolysis of 9-8-D-ribofuranosylpurine
in strongly acidic solution, the major reaction pathway involves
rate-limiting formation of protonated purine and the oxocarbonium
ion, whilst at higher pH the imidazole ring undergoes opening,
and 4-amino~5-formamidopyrimidine is formed as a relatively stable
intermediate.146 The degradation of deoxynucleosides in aqueous
KBr solution by y~radiation has been investigated; the main
degradation products were identified and proposals made as to

the oxidizing species responsible.14

14 Spectroscopic and Conformational Studies

F.t.-i.r. and laser Raman spectra of adenine and adenosine 148

and of thymine and thymidine 149 have been reported.
The crystal structures of six isopropylidene nucleosides

indicate that under external cyclic constraints the ribose ring
can assume a variety of unusual conformations.lso
In a series of pyrimidine cyclonucleosides, the magnitude of
lg(c1',Hl') varies quantitatively with glycosidic bond conform-
ation, Measurement of this coupling constant in pyrimidine

nucleosides can be used to determine the range of allowed syn and

anti conformations.151 In rigid cyclonucleosides of adenosine,

it has been observed that the magnitude of 3g in éystems of the

C,H
type 13C-C-C(O)—H is much reduced if the oxygen atom is located

152

trans to the observed carbon. The conformational behaviour of

some 2'-deoxy-2'-halo-D-xylofuranosyluracils and 2°',3'-dideoxy-

3'-halo-D-ribofuranosyl pyrimidines has been studied by n.m.r.

153 and a detailed interpretation of the 13C n.m.r. of

154

methods,
3',5'-di-0~acetyl-2'-deoxy-2'~fluorouridine has been given.
High-field n.m.r. studies have been carried out on the trinucleo-
side diphosphate 3'd(A2'-5LA2-5‘A)155 and on various oligo~
arabinonucleotides;156 in addition CD was used to study base
stacking.

A study has been made of the FAB mass spectra of a number of

nucleosides and nucleotides.157

Exhaustive methylation with CD;3-
labelled trimethylanilinium hydroxide, followed by g.c.-m.s., has
been developed as a way of distinguishing 'native' methyl groups

in methylated nucleosides from those introduced during derivatiz-
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ation.

158 Additional references to mass spectrometry of nucleo-

sides can be found in Chapter 22.
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N.M.R. Spectroscopy and Conformational
Features

1 Theoretical and General Considerations

An attempt to derive the potential function for evaluation of the
energy assoclated with the exo-anomeric effect has been made using
differences in conformational energy for rotation about the carbon-
carbon bond of 2-ethyltetrahydrofuran and rotation about the carbon-
oxygen bond of 2-methoxytetrahydrofuran. The conformational energies
were calculated using the PCILO method on the optimized conformer
geometries. The influence of the orientations of the 2- and 3-
hydroxy groups on the puckering of the ring in (28,3R)-tetrahydro-
furan-2,3-diol and (3R)-tetrahydrofuran-3-ol has been calculated
using SCF methods. In the E or W regions of the pseudorotation cycle
there are no local energy minima. The local minima in the N and S
regions are affected by different orientations of the hydroxy groups
with energy differences of up to 12.2 kJ mol ~' for the diol and

6.9 kJ mol "' for the monosubstituted compound. If statistical
weightings of the possible rotomers are used to calculate N-S equi-
librium constants, both states are equally populated; however, if the
orientations of the hydroxy groups are restricted to those found in
these molecular fragments in DNA double helices, the equilibrium
shifts towards N. The results indicate that, in the vapour state, a
unique one-dimensional N-S energy barrier does not exist but that
there is a spectrum of barriers depending on the rotameric state of
the hydroxy groups. Monte Carlo calculations applied to deduce

the preferred conformations of 1,2-diacetamido-1,2-dideoxy-g-D-gluco-
pyranose and methyl 2-acetamido-2-deoxy-«-D-galactopyranoside have
shown that restricted sets of angular variables could provide the
energetically favoured conformations. Comparison with the_known
shapes was used to test the torsional potential functions. Mol-
ecular mechanics calculations using the improved Allinger programme,
MM2, have been applied to D-glucal and its triacetate: good approx-
imations to the ring geometry were obtained, while rotamers 3bout C-5
and C-6 were predicted to be g for the D-glucal and gg or g for

the acetate. - - N

The Barfield modification of INDO SCF molecular orbital calcul-
212
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ations has been used to examine the through-space effects in n.m.r.
spectroscopy, and for studying the effect of phase angle pseudorotat-
ion on n.m.r. parameters; some THF ring structures were included as
models for nucleosides.

Coupling constants for vicinal protons in n.m.r. spectroscopy
have been the subjects of a theoretical and computational study.
Electronegativity as a source of additive correction for §1'_2. and
Q2,_3' was examined in two families of nucleoside. Variations in
these coupling constants, and also J y_, 40 Were explained by con-
formational changes only, while J . and J v also varied
with conformer population changes induced by the 2'-substituents and
changes in the base; the population changes were quantifiable with
respect to substituents at C-1' and C-2', which enabled the develop-
ment of a computer programme (called SEARCH) optimizing phase angle
of pseudorotation apd the degree of pucker for a set of sugar ring
coupling constants. Theoretical conformational analysis has also
been carried out on methyl @-cellobioside and methyl A-maltoside.
The average values of "J for C-1 - H-4 and C-4' - H-1 and angle of
rotation about the interglycosidic linkage were calculated and shown
to fit the experimentally determined values. The exo-anomeric effect
and intramolecular hydrogen bonding were considered unimportant.

The multiplicity of C signals in n.m.r. spectroscopy observed in
DMSO caused by partial deuteration of substituent hydroxy groups has
been used to develop a new method for structural analysis in solution.
The presence of a deuteroxy group causes an upfield shift of 0.09 -
0.12 p.p.m. for directly bonded hydroxy groups (44) and 0.07 p.p.m.
for those in a vicinal relationship (a¥). 1In partially deuterated
vicinal diols, each carbon appears as a quartet arising from the

HH, HD, DH, and DD species, and thus the central carbon atom of a
contiguous triol displays eight components. The aAY effects in
vicinal diols have been correlated with their cis or trans relation-
ships, the former being about 0.02 p.p.m. and the latter between 0.04
and 0.05 p.p.m. in furanoid and pyranoid systems. A detailed
application of the method to the furanose and pyranose forms of
aldo-pentoses and -hexoses and ketohexoses has shown its value as a
structural method. Assignment of H and C n.m.r. spectra by
combination of homo- and hetero-nuclear shift-correlated two dimen-
sional n.m.r. spectroscopy has been reported: the technique was
applied to oligosaccharides related to arabino-xylan. The shifts
found with mono- and disaccharides can be correlated with di- and
trisaccharides from arabino-xylan, and allow precise assignmente of
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130 chemical shifts.1o On the basis of variable-temperature

H n.m.r. of the methoxy groups in 1,1-dimethoxyoxane (1) relative
to that of other six-membered ring analogues,it has been claimed that
the anomeric effect appears to slightly lower the barrier to con-
formational change rather than raise it,as has been suggested earlier
(Deslongchamps et al, Can. J. Chem., 1975, 53, 3029).
Application of continuous wave techniques and line shape analysis
to wide-line n.m.r. spectra of D-xylose, D-mannose, D-glucose, D-
fructose, and D-sorbose suggeststhat the lattice is effectively rigid
in all except possibly D-fructose. Previously published c
n.m.r. data for arabinosides and ribosides have been tabulated with
correlation diagrams constructed in such a way that the data on new
compounds can be used to assign the anomeric configurations and ring
size. Measurements of self-diffusion coefficients of carbo-

0. OMe

[:V:]LOMe

M

hydrates in solution have been obtained using an unmodified high-~
resolution n.m.r. spectrometer. The reordering was observed by
turning off the field then reapplying it. The cross-polarization
magic-angle spinning “C n.m.r. (CPMAS) solid-state spectra of
crystalline «-D-glucose hydrate, s-D-glucose, and S-D-glucose have
been fully assigned with the aid of C-labelled samples. Changes
in the relative positions of resonance lines on going from solid to
solution have been demonstrated, and an erroneous earlier assignment
(F.Horii, A.Hirai, and R.Kamura, Polymer Bull.151982, 8, 63) of the

solid-state spectrum of A-D-glucose corrected.

2 Acyclic Systems

The structure of the tri-0-isopropylidene-D-glucitol has been re-
investigated by means of a Bruker AG interactive n.m.r. programme
called PANIC applied to the 250 MHz spectrum: it was shown that it is
1,3:2,4:5,6-tri-gpisopropy%gdene-n-glucitol and not the 1,2:3,5:4,6-
isomer as earlier claimed. The 400 MHz H n.m.r. of tetritols,
pentitols, and hexitols have been reported. The predominant con-
formation of heptitols in aquegus solution has been determined by
complete assignment of their C n.m.r. spectra, using specifically
deuterated compounds, and the results were found to be in good agree
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18
ment with those predicted by J.A.Mills in 1974. Rotameric states
in the acyclic forms of ketohexoses and deoxyketohexoses determined
by c.d. are referred to in Chapter 22,

3 Furanose Systems

A series of benzoylated pentofuranosyl cyanides have been studied by

H n.m.r. and the preferred ring conformations and the conformer
ngulations about C-5 - C-4 were determined. Proton coupled

C n.m.r. spectra at 20 MHz and 80 MHz of D-araebino-1,4-lactone in
deuterium oxide have been measured and by means of computer simul-
ation the J and "J values were derived. The position of
deuterium labels in organic molecules can be determined by a two-
dimensional proton - deuterium spectroscopy experiment ( H/ H
COSY) in which the deuterium resonance can be correlated with the
adjacent protons to which it is coupled. This was demonstrated for
{4- H)-1,2:5,6-di-0-isopropylidene-D-allofuranose. An analysis
of X-ray-determined structures of five isomeric methyl 3,é-anhydro-
hexofuranosides having the «£- and p-D-gluco, x-L-ido, £ - and g-D-
manno configurations showed that the anomeric effect determines the
conformation of the turanoid ring, which results in the quasi-axial
orientation of the aglycone in all cases. Thus methyl 3,6-anhydro-
«~L-idofuranoside adopts an almost ideal E conformation, whereas
the p-D-gluco and A-D-manno isomers, having the same (R) configur-
ation at the anomeric centre, have conformations intermediate between
E_and T _ . The related E and T conformations were
found in the x-D-mannofuranoside which possesses (§) configuration at
the anomeric centre, while the methyl 3,6-anhydro-«-D-glucofuran-
oside adopted a slightly distorted 021 conformation. Except for
the X-D-mannofuranoside in which the anhydro ring was C-6 exo, the
C-6 endo conformation was found in all cases. A detailed comparison
with the H n.m.r. was made to ascertain the persistence of the
solid-state conformation in solution. The major contributing
forms of D-altro-heptulose 1,7-diphosphate (2), D-glycero-D-altro-
octulose 1,8-diphosphate (3), and D-glzcero-D—igg—octuloae 1,8-di-
phosphate, all intermediates in the recently discovered L-pentose
phosphate pathway, have been determined by C n.m.r. spectroscopy.
The diphosphate (2) was found to consist of 74% g-furancse, 13% «-
furanose, and 13% <-pyranose, the diphosphate (3) 74% #-furanose, 19%
«~furanose, and 7% x-pyranocse, and the diphosphate (4) 67% A-furan-
ose, 142 «-furanose, and 19% X-pyranose. The relationship



216 Carbohydrate Chemistry

between

and the glycosidic bond conformation of a series

J
=(C1',H1")

HQ, 4
®oH,c I o on

HO
OH
©

s as 24
of pyrimidine cyclonucleosides has been established. Complete
assignment of the H n.m.r. spectrum at 500 MHz and 300 MHz of

the (2'+5')-linked trinucleogide diphosphate derived from 3'-deoxy-
adenosine has been achieved.

4L Pyranose Systems

The effect of long-range virtual coupling on the appearance of the
signal for the anomeric proton of pyranose rings has been investigate
using simulated spectra. When the chemical shifts of H-2 and H-3
were closer than 0.05 p.p.m. severe distortion was observed in ABCD
and ABCDE spin spectra. It has been shown by 200 MHz H n.m.r.
gpectroscopy that «-D-xylopyranosyl pyridinium bromide adopts the
19 conformation and e~D-glucopyranosyl pyridinium bromide the §
form. A series of synthetic 2-0-glycosylated xX~L-arabinopyrano-
sides has been investigated by n.m.r. spectroscopy. In certain
cases unexpected shifts of C-3, C-4, and C-5 were observed in the

C n.w.r. spectra, together with the expected displacements of
C-1 and C-2 resonances. These results, in combination with coupling
constant data, ¥ere taken to indicate an increase in the contrib-
ution from the C conformer 5). Thela-anomer did not show this
effect on C-2 glycosylation.

OR

OHO

HOQ
(5) -Glycosyl

In the light of revised values for the conformational free energy
of methyl and hydroxymethyl substituents at position 2 in tetrahydro
pyran (now believed to be 12.1 kJ mol = rather than the 7.5 kJ mol
reported by E.L.Eliel (J. Am. Chem. Soc., 1982, 104, 3635)), the con
formations of ido~ and altro-pyranose derivatives have been re-exam-
ined; it was shown that 91(D) conformations make a greater contrib-




21: N.M.R. Spectroscopy and Conformational Features 217

ution than predicted previously, and mixing with the S_ skew rather
than the alternative chair conformation explains instances of poor
agreement between vicinal H-H coupling constants and expected di-
hedral %ngles in the 'C_ (D) conformation.2

The C n.m.r. spectra of several glucosides and acetylated
glucosides of allylic and benzylic alcohols have been compared with
the spectra of the corresponding methyl glucoside and of the parent
alcohols. A correlation appears to exist between the shifts observed
for chiral alcohols on glgcosidation and the absolute configuration
of their hydroxy groups.

The n.m.r. spectra of sugars of the galactopyranose series have
been the subject of a review in Japanese. A study by C n.m.r.
spectroscopy of some aryl 2,3,4,6-tetra-0-acetyl-g-D-galactopyranos-
ides has been reported. Conformational analysis of the C-6 group
in 6-mono-deuterio derivatives of methyl x-D-glucopyranoside, methyl
“-D-galactopyranoside, and their acetyl and benzoyl esters has been
carried out using H n.m.r. data. It was deduced that for the
gluco series conformer (6) made the greatest contribution, followed
by conformer (7), with only small amounts of conformer (8) present,
whereas in the galacto series conformers (7) and (8) were present in
equal amounts, with less of conformer (6). In all cases the pro-

portions were solvent and substituent dependent. Acetylation of
OH He(R) He(s)
Cs @ Og C4® Os Cq Os
®)H, He (s) (9Hg oH HO He(®)
Hs H H

£ 5

©) M ®
both 0-4 and 0-6 of methyl o~ and R-D-glucopyranoside causes a re-
versal in the order of the chemical shifts of the 6 and é' protons
and may be used to detect when these positions are free; e.g., the
point of linkage may be determined in disaccharides. Analogous
effects are found in mannosides but not in galactosides. The
conformations adopted by c¢yclohexyl and (+)- and (-)-menthyl 6-0-
trityl—D-glucopyranoside? and their peracetylated derivatives have
been examined by H and C n.m.r. spectroscopy. Lanthanide
shift and relaxation studies have been carried out on methyl 4,6-0-
benzylidene-2,3-di-0-methyl-«-D-glucopyranoside using Eu(fod) ,
Pr(fod) , and Yb(fod)_ for the former and Gd(fod)_ for the
latter: the coordinatgon geoméiry was inferred. A variable-temper-
ature experiment showed that Ib(fod)3 was not undergoing fast
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6 1
exchange at room temperature.3 30 N.m.r. studies of the

hydrolyzable tannins have led to the formulation of additive para-
meters for galloylation, hexahydroxydiphenoylation, and dehydro-
hexahydroxydiphenoylation shifts which enable the positions of the
acyl groups on the D-glucopyranose ring to be determined.” '

The conformational equilibria of methyl D-glucuronal, methyl D-
galacturonal, methyl L-guluronal, and methyl L-alluronal and a
number of related glycals haye been compared by means of H n.m.r.
spectroscopy. An n.m.r. study of t-butyl(methyl 3,4-dideoxy-
DL-hex-3-enopyranoside)uronates and their 2-0-acetyl derivatives has
shown that the unusual half-chair forms OE and H are in
equilibrium with substantial participation by thoseohaving pseudo-
axial t-butoxycarbonyl groups (9). The dependence of the equilibriu
on solvent polarity suggests that the so called "allylic effect" of
the ester group is polar in nature and caused by a double bond - nc
bond resonance (see Saunders et al, Can. J. Chem., 1977, 55,

1015) rather than by steric hindrance between the pseudo-equatorial

groups and tRe hydrogen of the alkene.‘ The solution and CPMAS

OBt OMe CHyOTr
\T=&‘* Me 0
0/ OR Me
(9) R=H,Ac OMe
{10)

solid-state 13C n.m.r. spectra of ethyl 2,3-dideoxy-«-D-erythro-
hex-2-enopyrénoside have been determined and compared with the X-raj
crystal stedéture, which revealed that there were two symmetry-
independent molecules present in the solid. Methyl 2,3,4 —tri-
deoxy=-2,4~-di-C-methyl-6-0-trityl-«-D-lyxo-hexopyranoside (10) has
the 'C_ conformation in the solid state as determined by g;ray
crystallography, but n.m.r. measurements suggest that the (
conformation is present in chloroform solution. 4

A large range of glucosinolates of general formula (11) have bee:
studied by C n.m.r., for which complete assignments were
achieved, and by H n.m.r., for which partial assignments were

HO 0 CHa06)

CHp0H
200 CHaR O _COoxH

$-C-N0O 50,6 M’ OH
o HO o
(11) (12)
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made.['3 A detalled structural analysis of 3-deoxy-D-arabipo- 1
hept?%osonate 7-phosphate (122 has been carried out by means of H
and C n.m.r. spectroscopy.

5 QOligosaccharides

1
The 30 n.m.r. data of oligosaccharides has been tabulated.45

Regularities in the variation of chemical shifts and the glycosid-
ation effects in the C n.m.r. spectra of disaccharides have been
found to depend on the configuration at the anomeric centre of the
glycosidating pyranose and on the absolute configuration of both
pyranose moieties. These empirical regularities are explained in
terms of the spatial proton-proton interactions within the statistic-
ally averaged, or preferred, conformation near the glycosidic link-
age. The applicability of these effects for the determination of the
anomeric and absolute configuration and the sequence of pyranose
residues in oligo- and poly-saccharides is discussed and the conform-
ational properties of glycosidic linkages in disaccharides and di-
saccharide fragments of oljgo- and polysaccharides compared on the
basis of C n.m.r. data. A review of the conformational
states of cellobiose, lactose, and maltose in solution includes a
comparison of experimental and theoretical data.

B¥ m?ans of 2D n.m.r. techniques, the H, C chemical shifts
and H- "F J values of a series of fluorinated oligosaccharides
have been determined. Selective spin flip pulse techniques were used
to achieve homonuclear decoupling in the H dimension as well as
improved resolution and signal-to-noise ratios.

The assignment of acetyl resonances in H n.m.r. spectra of 3-0-
(2,3,A—tri-g-acetyljﬂ-D-xylopyranosyl)—g-xylopyranose has been
achieved by means of acetylation with [ HBJacetic acid in the
reducing residue. Differentiation of acetyl resonances in the reduc-
ing and non-reducing groups was thus permitted. Methyl «- and A-
D-glucopyranoside, methyl 4~D-cellobioside, and methyl g-D-maltoside
in DMSO have been examined (as models for cellulose and anylose) by
normal and 2D H n.m.r. spectroscopy. The 2D technique allows
complete signal assignment of the hydroxy protons, in turn allowing
assessment of the hydroxy group conformation from J values. H-Bond-
ing was also observed through temperature dependence and dipolar
phenomena. 0 Non-selective mono- and bi-selective spin-lattice
relaxation rates, n.0.,e. enhancements and C- H J values have
been assessed as a means of determining such stereochemical features
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as the conformation about the glucosidic bond of 2,3,4,6,2',3'~hexa-
g-acetyl-A-gjﬁ—D-glucopyranoayl-1',6'-anhydro-ﬂ-D-glucopyranose.
Methods were determined for the calculation of interggoton d%stancea
which agree with results from X-ray crystallography. The C-
chemical shifts of the non-reducing units and of the substituted
units of several «-linked D-mannosyl-D-mannoses have been found to
depend upon the position of linkage. A method for calculating shifts
in any «D-mannopyranosyl oligosaccharide is presented. Supercon-
ducting n.m.r. spectrometers were shown to give enough resolution to
afford means of analyzing large oligosaccharides.

A thorough literature survey of the C n.m.r. data for aqueous
solutions of mono-, di-, and oligosaccharides and their methyl deriv-
atives has appeared. Analysis of the data gives a set of empirical
rules for use in the structure determination of trisaccharides of

known sugar composition. The structures of 2'-fucosyllactose
from echidna milk and of1§,2'-difucosyllactose from platypus milk
have been determined by C n.m.r. spectroscopy. 2D-N.m.r.

spectroscopy of an acidic trisaccharide obtained from birchwood using
COSY homonuclear and heteronuclear shift-correlated techniques has
shown the main component to be the aldotriuronic acid (13).

HO o 0 cHoH  Lo-CHy 0 OH
° Ho)—o0_ | wo)—o  |%2
o on oW \OH OH
HO OH
0 CO,H
OH OH CH

HO OMe
OH (14)
(13)

The trigalacto?gl-pinetol (14), isolatg% fro$ chick pea, has been
characterized by C n.m.r. spectroscopy. A C n.m.r. study
of sialyl-oligosaccharides has shown that the exact conformation of
the sialic acid residue depends upon the type of anomeric linkage to
the p-D-galactose component, i.e., whether it is «-(2+3) or o-
(2+6).

C-Spin-lattice relaxation rates have been determined for

ganglioside micelles containing oligosaccharide units. The H
and “C n.m.r. spectra of A-D-Gal(1-4)-A-D~GlcO(CH_) 002H,
ﬁ-D-GalNAc(1-o4)-,a-D-Ga10(CH2)8co H, and A-D—Ga1(1-03§- -D-
GalNAcO(CH ) CO H have been used as a basis for signal assign-
ments in the spectra of A-D-GalNAc(1-4)-A-D-Gal(1+4)~B-D-G1lcO(CH ) _-
002H and.ﬂ-D—Gal(1~3)1ﬂ-D-GalNAc(144)7p-D-Gal(144)-Glc0(CHz)8-
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COZH,vhich are asialo~G, and asialo-GM .related synthetic

haptens. Conformations of all compounds were determined by H n.O.e.
methods and were found to be those predicted by HSEA calculations;
these geometric features were discussed in relation to the biological
properties of the gangliosides. Transient n.0.e. in the roggting
frame has been used to characterize the tetrasaccharide (15).

COH 0-~CH,
0 Y HO O A~ HO 0,
OH OH Me Me
HO HO Q\LQMQ
OH HO OH 0O O OH
(15)
13
C-N.m.r. lines have been assigned to the terminal, central and
directly attached monosaccharide residues in a triterpenoid saponin
with a trisaccharide moiety, on the basis of decreasing spin-lattice
relaxation times, the so-called "partially relaxed Fourier transform"
method. The solution conformation of acarbose (16) has been
determined by H and n.0.e. n.m.r. techniques and compared with that
predicted by hard-sphere exo-anomeric effect calculations.

CH,OH Me 0O CH0H ¢ CH,OH
HO OH NH Ho OH 0" 4o ok 0" o on OH
(16)

6 Nucleosides

13
The C n.m.r. spectra of rigid cyclonucleosides of adenosine have
been analyzed to obtain "J H values which may be correlated
with the presence of oxygen atoms at the carbon atoms involved.
The protonation of adenosine in strong acid has been studied by ~C
n.m.r. spectroscopy. Complete assignment of the 500 MHz and 300
MHz 1H n.m.r. spectra of various oligoarahinonuclggtides has been
achieved and their conformations thus determined. The conform-
ations adopted by some carboecyclic nucleoside analogues of tubercidin
in DMSO-d6 have been analyzed by H n.m.r. spectroscopy, and syn-
conformations were found to be preferred when an intramolecular bond
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between the base and a C-%é or C-3' hydroxy group could form, e.g.,
as shown in formula (17).

OH (Vo

7 Other Molecules

The conformations of the digitoxoside moiety and its 3,4-0-isopropy-
lidenated analogue have been compared in eight cardiac digitoxosides
%which were synthesized by modifications to the aglycone), using
Hn.m.r. and X-ray data. Seven glycopeptides of the series
(x—Man)n-Man-ﬁ-(1»4)-GlcNAc-A-(144%—GlcNAc1A—1-Asn, where n = 0,2,3,
4,5 and 6, have been examined by C n.m.r. at 67.9 MHz. All com-
pounds gave resolved spectra and nearly all lines were assigned by the
combined application of deuterium exchange, pH studies, relaxation
studies, caggon-hydrogen coupling constants, and comparison with known
structures.

1
8 N.m.r. of Nuclei Other Than H or 130

By labelling the dimesylate (18) at the anomeric centre with oxygen-1'
the pathway‘leading to the 1,4-anhydro-derivative (19) on treatment
with azide ion was investigated using O n.m.r. spectroacopy.
Chemical shifts induced in C ném.r. spectra by the introduction of
oxygen-18 at C-1 were also used.

CH,OMs 0
0 CH2N3° SH0CH CHy OCH,C Hz\
0Bz B20 “Si-0 CHyCHaoN + S{~OCH,CH=N
MsO QAc OCH,CH, OCH,CHy
OBz
OBz

(18) (19) (20 (2v)

Data from 2981 and 130 n.nm.r. spectra of several 2-carba-3-oxa-
homosilatranyl (20) and silatranyl (21) derivatives of monosaccharide
and other alcohols have been reported. The results showed no ad-
vantages over standard TMS derivatives.
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