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In response to several queries, the situation 
regarding reprints o f  chapters of  Special ist  

Periodical Reports t i t l e s  is that they are 
not made available because even a re la t ive ly  
small consequent decrease i n  sa l e s  would have 
a disproportionately large adverse e f f e c t  on 
the precarious finances of t h i s  spec ia l i s t  
s er i e s  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.r. 
FAB 
GC 
HMPT 
i.r. 
LAH 
LDA 
MCPBA 
MEM 
MOM 
m.s. 
Ms 
NBS 
NIS 
n.m.r. 
0.r.d. 
PCC 
PDC 

Z M S  

3 L I S  

TAS F 
Tf 
THF 

TMS 
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 
di-isobutylaluminium hydride 
4-dimethylaminopyridine 
N,N-dimethylformamide 
aimethyl sulphoxide 
1 - e thoxye thy 1 
electron spin resonance 
fast-atom bombardment 
gas chromatography 
hexamethylphosphorous triamide 
infrared 
lithium aluminium hydride 
1 ithium di-isopropylamide 
- m-chloroperbenzoic acid 
methoxyethoxymethyl 
methoxymethyl 
mass spectrometry 
methanesulphonyl - N-bromosuccinimide 
- N-iodosuccinimide 
nuclear magnetic resonance 
optical rotatory dispersion 
pyridinium chlorochromate 
pyridinium dichromate 
pyr id ine 
secondary-ion mass spectrometry 
tris(dimethy1amino)sulphonium difluorotrimethyl silicate 
trifluoromethanesulphonyl 
tetrahydrofuran 
tetrahydropyranyl 
t-butyldimethylsilyl 
tr ime thy 1 s il y 1 
triphenylphosphine 
tri-isopropylbenzenesulphonyl 
triphenylmethyl 
toluene psulphonyl 
uracil-1-yl 



1 
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 IIof this 
report simultaneously,which might alleviate the problem. 

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

1 

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  structure^.^ 
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. 

A study 

4 
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4 
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2 
Free Sugars 

Reviews on the subjects of the composition of reducing sugars in 
1 2 

solution, hydrophobic nature of some sugar derivatives, and 
aspects of the commercial chemical conversion of glucose, -. alk- 
aline isomerism, oxidation, and degradative o ~ i d a t i o n , ~  have 
appeared. 

It has been shown that patients with multiple sclerosis have 
elevated levels of fructose and glucitol in their cerebrospinal 
fluid . 4 

1 Theoretical Aspects 

-- Ab initio SCF LCAO-MO calculations onP-D-fructopyranose and d-L- 
sorbopyranose using crystallographic data as the geometrical input 
have been carried out. Properties such as orbital energies, total 
energy, ionization potentials, Mulliken populatiop 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 8 model for o(-D-glucose surrounded by specific water 
molecules. 

The relationship between molecular rotations and bond refractions 
has been used in calculations for a range of at-D-glucopyranose 
analo ues with sulphur, nitrogen, or phosphorus as the hetero-ring 
atom. Strengths of inter-molecular bonds in aqueous solutions 
have been calculated for D-glucopyranose, D-mannose, D-galactose, D- 
xylose, and maltose, confirming the effect of chiral centre inter- 
actions. The strengths of the bonds associated with d-anomers is 
greater than those of p-anomers.8 A careful analysis of the re- 
action between 2,3,4,6-tetra-~-benzyl-o~-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 1-D-oxide ion ( 1 )  is more nucleophilic than the 
corresponding &-oxide (2) because enhanced orbital repulsions in ( 1 )  

% 

3 



4 Carbohydrate Chemistry 

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

2 Synthesis 

10 
Reviews of the total synthesis of carbohydrates, 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 heteroatom functionality 
in the synthesis of free su ars, deoxysugars, aminosugars, alditols, 
and branched-chain sugars have been published. The synthesis of 
monosaccharides from simple organic molecules such as 2,3-g-isopro- 
pylidene-D-glyceraldehyde and L-tartaric acid is 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(I1) ion increased the yield of 
sugars and their precursors, glycolaldehyde, glyoxal, and formic 
acid.14 A comparison of photo- and 8-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 of D,L-arabinitol in the formose 
reaction was shown by g.1.c. analysis.16 
DL-dendroketose in good yield in the formose reaction can be achieved 
by using thiazolium salts, followed by treatment with aqueous alkali. 
The course of the reaction is probably the first-formed di- 
hydrox acetone, which is known to give dendroketose on reaction with 
base. The products of the formose reaction using calcium 
hydroxide - bismethylene lycolate complex as catalyst have been 
analyzed by l.~., u.v., C-n.m.r., and g.c.-m.s. A kinetic 
analysie has led to the suggested mechanism for the formation of 
sugars from glycolaldehyde, glyceraldehyde, and dihydroxyacetone in 

11 

15 

13  

1 5  

Selective formation of 

15 

19 18 



2: Free Sugars 5 

the calcium hydroxide-mediated final phase of the formose re- 
action.19 
thallium(1) hydroxide at pH>12 gave mainly pentoses, whereas lower 
pH values gave Cannizzaro products. 2o 
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(II1) complexes with monosaccharides 
gives r i s e  to lower sugars. 
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 0 C, and generally gave ields equal 
to or better than the usual mercury(I1) ion methods. 

The best conditions for acid hydrolysis of 5,6-anhydro-1,2-g-iso- 
propylidene-P-L-idofuranose (3),leading either to L-idose, or 1,2-0- 
isopropylidene-P-L-idofuranose, or 1,6-anhydro-L-idopyranose, have 
been determined. 24 
di-0-isopropylidene-d-D-glucofuranose by the route shown in Scheme 
1 ,2* 1,3-di-~-benzyl-D-glycero-tetrose ( 4 )  has been prepare 
the D-erythritol derivative ( 5 )  a s  summarized in Scheme 2, and 
L-fucose and [4- H fucose have been synthesized from L-rhamnose as 
shown in Scheme 3. 

Carrying out the formose reaction in the presence of 

Twenty carbohydrates have 

21 - 
D-Fructose and D-arabinose both give D- 

22 

0 

21 

L-Glucose has been synthesized from 1 ,2 : 5,6- 

2% from 
2 
47 



6 Carbohydrate Chemistry 

The Bilik molybdate reaction has been used to prepare labelled 
carboh drates. 
g-[U- Clglucan of the alga Chlorella 8 1  grown in T4C02, wa8 
converted to D-[U-14C]rnannose. D-[U-"ClErythroee, -threose, 

-galactose,-arabinose,-xylose, and-lyxoee were also prepared. 

Thus D-[U-14C]glucoae, from acid h drolysis of the 
1% 

28 

The deuterated acetylene derivative (6) has been used to synthesize 
D-(6R)- and D-(&S)-[6- H ]glucose by de rotection of the inter- 
mediates (7 )  and ( 8 )  ehown in Scheme 4. Regio- and stereo- 

2 
1 59 

D 
I 

H 

HxD H 

... + 

lii 



2: Free Sugars 7 

specific photobromination of 1,6-anhydro-2,3,4-tri-Q-benzoyl-j+D- 
galactopyranose to yield the (@)-bromo-derivative ( 9 )  was the key 
step in, the synthesis of D-(@)-[6- H ]galactose. Inversion of 
this the 6-ptosyl compound led to the (&)-isomer. 

aldol condensation of glycolaldehyde and 1,3-dihydroxypropan-2-one 
allowed identification of erythro-2-pentulose, erythrose, threoee, 
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. 

extracts of microorganisms has been reported. A new enzymatic 
acylo in- typecondensa t ion  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 IF0  12089, 
giving 1-deoxy-D-$hreo-pentulose. The same condensation using L- 
glyceraldehyde gave the L-isomer. Similar enzyme activitiea 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 deox -pentulose is a precursor of the 5-carbon 
unit of the thiazole ring. 

2 
1 30 

C.1.c.-m.8. of the isopropylidenated product mixture obtained by 

31 

The formation of 1-deoxy-D- and -L-threo-pentulose by cell-free 

35 

3 Physical Measurements 

Measurements of coupling constants 
13C-enriched tetroses and tetrofuranosides have enabled conform- 
ational changes and r i n g  dynamics to be determined; a very thorough 
analysis of the furanose and acyclic species was made. 

aqueous solutions have been determined by light scattering detection 
of h.p.1.c. peaks. 

Electro-osmoeis and streaming potential meaeurements 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. 

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 

and 13C spin lattice times for 

33 

The apparent rat108 of P-pyranose and d- and 6-furanose anomers in 

34 

35 

The hydrogen-bonding in aqueoue eolutions of D-riboee and 2-deoxy- 
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the two 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- 
o h 3 ?  The specific heat capacities of D-xylose and D-glucose in 
aqueous ethanol of different compositions have been measured.38 A 
report of a study of the thermal behaviour of carbohydrates using 
heat flow calorimetry in the temperature range 20 - 27OoC included 
enthalpy data for 44 sugars and polysaccharides. The temperature 
range for thermal decomposition varied widely for different carbo- 
hydrates. 

The mutarotation of oc-D-glucopyranose is catalyzed by borate, 
tungstate, molybdate, and bicarbonate species. It was proposed that 
specific aquation around the anions enhances their nucleophilicity in 
the rate-determining formation of the aldehydo intermediate. 
d-Aminoacids are widely held to be catalysts for sugar mutarotation, 
particularly histidine. However, 0.014M histidine only increased 
rate of glucose mutarotation by 3 - 4W, although in molar ratio of 
1 : l O ;  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 ~atalysis.'~ 
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. 
at 25' the open chain form increased 9.1 times for D-glucose, 2.9 
times for galactose, and 2.2 times for D-mannose. 

between 77 and 430K were identified by e.8.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.43 U.V., i .r. ,  optical rotation, and magnetic susceptib- 
ility data on &irradiated fructose have been reported. 44 
has been used to study production of free radicals during the aut- 
oxidation of simple monosaccharides spin-trapping with 5,5-di- 
methyl-1-pyrroline !-oxide. The monosaccharides produced hydroxy and 
hydroxymethyl radical-derived spin adducts. At high pH, both hydroxy 

39 

40 

The use of a stopped flow 

In going from phosphate to borate buffer 

42 

Primary paramagnetic products of the radiolysis of /-L-arabinose 

E. s .r. 



2: Free Sugars 9 

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, autoxidiae with the production of radicals. 

The i.r. spectrum of D-fructose in deuterium oxide solution has 
been recorded; From the intensity of 3 
open chain form was present. The assignment of bands to furanose and 
pyranose forms by Mathlouthi ( s e e  Vol.14, p.202, ref.8) were 
disputed 8 nce they were found to occur in the crystalline fructo- 
furanose. 

45 

, it was deduced that 0.9% 
c=o 

4i 

The effect of crystallinity of lactose Sam les 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.1.c. analysis to measure sucrose 
concentration and g.1.c. analysis to estimate glucose. Activation 
energies were the same using all three methods and were temperature 
inde~endent.~~ Values of pK for lactose and lactulose of use in 
the base-catalyzed isomerization of the former to the latter have 

13 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- 
a t i ~ n . ~ ~  
by distillation followed by oximation has been used to show the 

50 presence of sugar impurities in commercial samples of sugars. 

41; 

0 

G.1.c. analysis of monosaccharides involving dehydration 

4 Anomerization 

A convenient, practical conversion of d-D-glucose to ,8-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. 51 Pressure effects on the anomerization of cl-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 invalidating the accepted view that the two reactions have 
identical mechanisms. The Lineweaver-Burke values sup ort a 
histidine unit being at the active site of the enzyme. 

0 

82 
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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 y& reactive free radicals, the rate of enolization of the sugar 
being the rate-limiting step of this spontaneous process. 

by cerium(1V) in aqueous perchloric acid has been studied. In both 
cases, the reaction is first order in cerium(1V) 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 fo the acid catalyzed 
oxidation of D-ribose by potassium permanganate. The kinetics 
for the oxidation of L-arabinose to L-arabonic acid by Cu 
HgR , Fe 
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.57 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 studies of the oxidation of D-ribose, D-xylose, 

2+ 2+ 
and L-arabinose by Ag ’ , Hg2 , and Hg 
kinetics of the oxidation of aldoses by cerium(1V) sulp ate in 
aqueous acid,59 and by iron(II1) iron in sulphuric acid 
130°C, have been determined. 
oxidation of D-xylose, L-arabinose, and D-galactose by acidic aqueous 
chromium peroxydichromate, in hich HCrO is the primary 
oxidant, have been determined. 

dextran by oxygen at 170 - 230°C has been studied. 
yields of formic and acetic acids were obtained from all carbo- 
hydrates and these were further increased by addition of iron(I1) 
sulphate as catalyst .62 
on a platinum electrode 
mechanistic information. 

ferrate(II1) ion8 in the presence of ethylenediamine have shown that 
the reaction is first order in sugar and hydroxide ion, but zero 
order in the hexacyanoferrate(II1) ion. A general mechanism in- 

53 
55 The mechanism of oxidation of D-ribo~e’~ and of D-arabinose 

58 
2+ 2+ 

’ A-8 2t 3+ 2+ , Hg , and Ce4’ 
-1 

at concentrations of 0.1 g ion L 

ions.58 The 

20 
at 100- 

The kinetics and mechanism of the 

- 
81 4 

Wet oxidation of D-xylose, D-glucose, D-glucitol, cellulose, and 
Relatively high 

Oxidation of D-glucose to D-gluconic acid 
as been studied to obtain kinetic and hence 
23 

Measurements of the rate of oxidation of D-galactose by hexacyano- 
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volving intermediate enediol was pr~posed.~' 
complex between hexachloroiridate(1V) or tetrachloroaurate(II1) and 
D-glucose 6-phosphate, which breaks down by fission of the anomeric 
C-H bond to give a free radical, is pro osed 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(II1) chloride 
at near neutral pN. D-Glucose - iron(II1) chloride and D-fructose - 
manganese(I1) chloride we# also shown to be susceptible to 
catalytic photooxidation. 

aulphuric 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 ionic but the rate was almost 
independent of ionic strength.67 
trehalose by cerium(1V) in aqueous perchloric acid has been investi- 
gated and it has been shown t at no initial complexation between 
oxidant and substrate occurs. The kinetics and mechanism of 
oxidation of lactose and maltose by tetraamminecopper(I1) in 

69 ammoniacal and buffered media have been further investigated. 
Oxidation of xylitol and glucitol by alkaline hexacyanoferrate- 

(111) under ruthenium(VII1) catalysis is believed to proceed by an 
activated polyol-ruthenium(VII1) oxide complex which slowly die- 
proportionates to yield ruthenium(VII1) hydride, itself being re- 
oxidized to the oxide. 

An intermediate 1 : 1 

g5  

Thallium(II1) in the presence of an essential catalytic amount of 

The mechanism of oxidation of 

88 

70 

6 Other Reactions 

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

71 

The effect of calcium ions on the rearrangement of aldos-2-uloees 
to aldonic acids is to enhance the reaction in all caee8 etudied. 
It was suggested that complexation at 0-2 and 0-3 occurred and that 
the effect is greatest where the dihedral angle is close to zero for 
these two groups as in the 4C 

-1 72 glucose, maltose, mannose, and xylose. 
The chromomycinone aide chain ( 10) has been ayntheei~ed~~ and 

converted7' into 5-deoxy-1 -&phenyl-D-pentulose derivatives ( 11 ) a8 
shown in Scheme 5 .  Z-Ray analyeis eetabliehed the etructure of the 

74 acetylated dithioacetal intermediate (12 ) .  

(D) conformation8 of cellobiose, 
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vEt OMe OH 
I 

Me 

& Me 
u OM= 

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. 75 
proportionation of D-glucose in tetrahydrofurfuryl alcohol catalyzed 
by hydridochlorocarbonyltris(triphenylphosphine)ruthenium(II) 
which was shown to i volve transfer of hydride to a coordinated 
aldehydo-D-glucose. 

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 repair.ed 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 l o s s  during cooking,partic- 
ularly in relation to the essential aminoacids such as lysine. 

The same group has studied the dis- 

79 

From a kinetic study of reactions involving hydrogen transfer from 

77 
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3 
Glycosides and Disaccharides 

1 0-Glycosides 

1.1 Synthesis of Monosaccharide Glycos1des.- Reviews on this topic 
have dealt with issues Involved in the synthesis of 1,2-=-related 
glycosides generally’ and of 8-D-mannopyranosldes and 6-L-rhamno- 
pyranosides specifically, * with new methods developed by Mukaiyama 
which depend upon the use of alkyl triflates,enol silyl ethers,and 
intramolecular cy~lizatlons,~ with stereoselective synthesis of 
sugars and their selective glycosidati~ns,~ and with many aspects 
of  the cardiac glycosides. 

glucose, gave mainly the a-pyranoside ( 3 )  on treatment with 
rnethanolic HC1 but also the B-anomer and minor amounts of the 

Compounds (1) and (21, readily prepared from 2-amino-2-deoxy-D- 

R’ R2 R 3  
(1) H OH OMc 

(2) OH H OMe 

(3)OMe H Oflc 

(4) OH H Me 

1 

0 
analogous a-furanoside; larger amounts of the last isomer were 
obtainable by use of resin as acid catalyst. Glycosidation of 
compound (4) was unsuccessfil presumably because of the increased 
electron deficiency on the nitrogen atom.6 
solvolysed by methanol in the presence of lithium iodide and 
2,6-lutidine to give anomerlc 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) w i t h  >90 and 70% selectivity, respectively 
(Scheme 1). In the latter case, molecular sieve and lithium 
perchlorate were added to inhibit a * 8 anomerization.8 Methods of 
preparing methyl 8-D- and f3-~-ribofuranosides9 and ethyl a-DL- 
lyxopyranoside and -arabinopyranosidelo from non-carbohydrate 

Glycosyl esters are 

7 

15 
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i 

OBn 
(5) X=Br,L (6) oBn 

(71 
R e a g e n t s  : i, ROH- Ph3C?C10i Scheme 1 

precursors have been reported. 

(including disaccharides) by reaction of 1-2-metallated 2,3,4-tri- 
- 0-benzyl-D-glucose compounds with alkyl trlflates is dependent 
upon the substituent at 0-6. Good B-selectivity was observed for 
the 6-benzyl ether, 
the a : B  ratio was dependent upon the triflate employed.” 
- 0-xylosyl serine derivative ( 9 )  has been made using the trichloro- 
acetimidate method ( a l s o  developed by Schmidt) for the syntheses of 
glycosylated peptides .I2 

The anomeric selectivity observed in the synthesis of glucosides 

while for the monomethoxytrityl derivatives. 
The 

,NHCbZ 

C02H 

0nO QcH2cy 

(9) OBn 

The 1,2-orthoester method has been employed to prepare 13-D- 
glucosides13 and -malto~idesl~~ l4 of 2-hydroxynaphthaquinones and 
B-D-glucosides of pregnenolone .I5 Treatment of the copper( I) 
bromide complex of the amidophosphite (10) (R = )PNEt2)  with 
butanol gave the furanoside (11) in 7 2 %  yield, while the phosphate 
(12) (R = >P(0)NEt2) reacted with less anomeric selectivity. 
When (10) was treated with acetyl chloride before butanol, mixed 
products ( 1 3 )  and (14) were produced, with the former predominating 
(Scheme 2). 

The use of glycals in the preparation of glycosides continues. 

16 

A racemic anthracyclinone derivative has been resolved by treat- 
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CH2 0 Me 

- 1  
OH 

Scheme 2 

ment with 3,4-di-pacetyl-L-rhamnal in the presence of g-iodo- 
succlnimide, the resulting dlastereolsomerlc 2-deoxy-2-iodo- 
glycosides being separated chromatographically . l7 The same 
addition reaction has been applied to methyl 3,4-di-g-acetyl-D- 
glucuronal and -D-galacturonal (and their 5-epimers which were 
derived by treatment of them with sodium methoxide) using cyclo- 
hexanol, and the stereochemistries of the addition reactions were 
considered. 18 

An interesting observation that the anomeric nature of the main 
glycosldes formed by treatment of substituted glycosyl fluorides 
with silylated alcohols and catalytic trimethylsllyl triflate 
depends upon the solvent is illustrated in Scheme 3. Yields were 

C H Z O h  

c F 

BnO 0 OBn + >  Ir""l OR' 

a( e p  anemer 

R e 9 4  : i, R'OTMS- TMsOTf-MeCN. 
w ,  @ - 'I -EtZO Scheme 3 

in the 70-40% range with primary or secondary alcohols, including 
carbohydrate derivatives, and the anomeric ratios were 4-6 : 1 .I9 
Glycosyl chlorides (15)-(17) have been employed in glycoside 

C H ,OBn CHzOR 

C F3 .qy C-0 B"o&&L RO &AL 
NH COCF3 

(17) R p +C0.qH4NO2-p ('5) (16) 
syntheses: the first afforded a-glycosides of the anthracycline 
series, 2o the second 
pyranosides,*l and the third was used together with four related 

a-linked 2-deoxy-2-f luoro-D-manno- 
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glycosyl halides in the synthesis of B-linked digitoxigenin 
compounds. 

glycosylating agents. They have been employed to give glycosides 
of L-serine and L-threonine B-D-gluc~pyranoside~~ and a- and 
B-L-fucopyranosides ,24 tris(hydroxymethy1)aminomethane (tris-B- 
galactoside which was coupled to cholesterol via various spacers) 25 
and the following steroids: 6-sitosterol (6-glucoslde) , 26 five 
cardioactive steroid qenins (B-glucosides and -galactosldes) , 27 
5-androsten-3B-01 with various side chains ( B-glucosides) , 28 20a- 
cortol, 20a-cortolone and their 20-epimers ,29 estrio13' and cortoic 
acids 31 (all B-D-glucuronides) . 
following have been reported: the triterpenes oleanolic acid and 
hederaginin ( B-L-rhamnosides ) , 32 9 , 10-dihydrolysergol ( several 
glycosides) , 33 fluorescein ( B-D-glucuronide) , 34 pacrylamidGpheno1 
(B-glucoside of p-nitrophenol reduced and acylated) 35 and p- 
hydroxybenzyl alcohol (B-glucoside o f  p-hydroxybenzaldehyde 
reduced). 36 

22 

Acylated glycosyl bromides continue to be the most commonly used 

Likewise, glycosides of the 

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.37s38 Details 
of the reaction applied with several 2-bromo-2-deoxyglycosyl 
bromides have been reported. 39 

A lactase from Kluyveromyces lactis, which causes trans-B-D- 
glucosylation from phenyl 6-D-glucopyranoside, has been used to 
give 6-glucosides. Yields depended on the primary, secondary or 
tertiary nature of the alcohols; for slightly soluble alcohols 
(=.,octanol) modest yields were obtained using a nitrobenzene- 
water two-phase system. 40 Likewise a B-galactosidase from 
Aspergillus oryzae causes efficient glycosylation of water- 
soluble or -insoluble alcohols using phenyl B-D-galactopyranoside 
as source in aqueous acetonitrile. 41 
rubusoside (a di-6-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 their 
structures. 

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

6-Glucosylation of 

42 
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provided the desired stereoselection in the cycloaddition 
43 process. 

OAc 
0 OH 6 H  

0 9) 
Scheme 4 

\\ 
0 

Simple vinyl glycosldes may be obtained via seleno inter- 
mediates (Scheme 5)44 and, with the carbene derived from ethyl 
diazoacetate, can be converted Into compounds such as (20) . 4 5  

CHZ OAC g-.... u ; ~  Q-C"-'". Qb i +  

CAT COpEt 

L AGO ACO 

OAC OAc 

R c a q c r a b  : i, W-ScPh ; i i ,  NaIO, ; Lii, A 
Scheme 5 

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

C H ~ O A C  CH20Ac 

AcO ~=o$ O,~O-(CHJ e 

(21) OAc 
OAc 

(29 
Wlttig extension of corresponding aldehydes and then used for 
coupling to proteins. 46 
been converted Into a diazoester derivative, making it a photo- 
labelling reagent which was used to show that water gained access 
to the reagent in phospholipid vesicles.47 g-Acylation of the 
same cerebroslde with complex hydrophobic groups has been 
reported. 

The aglycone of a galacto-cerebroside has 

48 

1.2 Synthesis of Disaccharldes and Their Derivatives.- Coupling, 
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under the influence of boron trifluoride catalysis, of 2,3,4,6- 
tetra-0-acetyl-B-D-glucopyranose with 2,3,4,6-tetra-g-acetyl-a-D- 
glucopyranosyl trlchloroacetimidate followed by deacetylation gave 
6,B-trehalose in 58% yield. 49 
manno- and D-allo-epoxide derivatives of a ,a-trehalose , respectively, 
the altro-compounds (22) and (23) were produced; some D-gluco- 

By trans-diaxlal opening of D- 

BnO pqq0 2 [ h < < q  (23) OH 2 0 

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

Reaction of 

lt,2-C-linked disaccharide analogue. The former product was then 
converted into a-D-mannopyranosyl a-D-mannopyranoslde derivatives 
such as (27) and 3,3'- and 2,2'-diamino isomers (Scheme 6).51 
Lewis acid-catalysed condensation of the 1-thiol (28) and tetra-0- 
benzyl-D-fructose (29) afforded 1-thiosucrose (30) (Scheme 7) and 

the a,a-linked isomer; the other two diastereolsomers were obtahed 
by similar treatment of the 8-anomer of (28).52 6-Thiosucrose and 
6-deoxysucrose were obtained by standard procedures starting from 
the 4,6-0-lsopropylidene 2,3,1' , 3 '  ,4 ,6'-hexaben~oate?~ Acetylated 
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L-rhamnopyranosyl bromide condensed with 2,3,4,6-tetra-E-acetyl-D- 
glucose gave access to the D-glucopyranosyl L-rhamnopyranosides. 54 

The following reducing disaccharides are categorized by the non- 

A thorough 1D and 2D 'H n.m.r. study of cellulose and amylose 
reducing sugar. 

disaccharide models in DMSO has been reported. The 2D technique 
allows complete signal assignment for the hydroxy protons. 55 
Sophorose and kojibiose have been isolated from the products of 
treatment of 1,6-anhydro-B-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 

CH2OBr CHZOAc CH20H CH20H Tfoq) OHe + AcO Q N a + +  &-*fik";7,, 
0 Br Ohe OH on 

Scheme 8 

reported of 3-~-B-D-glucopyranosyl-D-fructose (both chemical and by 
isolation from a fungal polysaccharide) ,58 benzyl 2-azido-2-deoxy- 
4-~-B-D-glucopyranosyl-u-D-glucopyranoside and 1,6-anhydro-2-azldo- 
2-deoxy- 4-0- B-D-glu copyranosy 1- B-D-gluc opyranos e , 59 and met hy 1 3- 
acetamido-3-deoxy-2-O-~-D-glucopyranosyl- (and -Dlgalactopyranosy 1 ) 
-a-D-allopyranoside. 

Methyl 6-0-a- and B-D-galactopyranosyl-8-D-galactopyranoside 
have been made by standard procedures,61 as have a set of 
differently substituted derivatives of the analogous ally1 u- 

glycoside of the 8-anomer ,62 and also methyl 4-deoxy-4-fluoro-6-C+ 
~8-D-galactopyranosyl)-B-D-galactopyranoside .63 Radioactive 
lactose has been obtained by enzymic trans-galactosylation from 
UDP-galactose to glucose attached to a water-soluble polymer 
(Scheme 9). 64 

6 0  

Considerable effort has gone into the preparation 
CONH@ CONH-@ 

QN* 

'y' ii, Lactose + p -D-CLC-O-CH~ 

CHO 
r; 

~ - D - G L C - O - C H ~  QN0.i b -D- G d  
Rs-o&: L, U D P - G d -  -*arc ; ii, hU 

Scheme 9 
of disaccharides comprising D-galactopyranose linked glycosidically 
to 2-amino-2-deoxyhexoses: 2-acetarnido-2-deoxy-6-O-B-D-galacto- 
pyranosyl D-galactose (immobilized enzyme meth~d~~-and Koenigs- 
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Knorr method66 , 2-azldo-2-deoxy-3-0-B-D-galact opyranosyl-D- 
galactose (as a glycoslde perester6' and as a glycosyl bromide 
derivative and hence a-linked L-serine and L-threonlne glyco- 
sides68) , and 2-amlno-2-deoxy-~-~-B-D-galactopyranosyl-D-glucose 
(lactosamlne) as the y-acetyl 3-O-methyl derivative ,69 the g- 
acetyl-6 '-trltlated derivative7' and the 2-bromoethyl E-phthaloyl 
glycoslde peracetate which was condensed with methyl propanoate 
3-thlol and hence, after deprotectlon, to proteinsc/' 

In the D-mannopyranose series, p-nltrophenyl 2- and 3-0-a-D- 
mannopy ranos y 1-a-D-mannopyranos ide , 2-C-a-D-mannopyranos y 1-D- 
mannose (as the 1-glyceryl glycoside 2 , 3 , 3 '  ,4,4 ' ,6-hexa- 
acetateir3) , 2-, 3-, 4- and 6-linked a-D-mannopyranosyl-D-glucoses 
(and their conversion to their a-1-phosphates and condensation with 
moraprenyl phosphate to give the moraprenyl pyroph~sphates~~) , and 
2-acetamldo-2-deoxy-~-~-~-D-mannopyranosyl-~-D-glucopyranose (as 
the p-trlfluoroacetamidophenyl glycoslde prepared from a celloblose 
derivative by specific oxidation and were all reported. 

Considerable Interest continues to be shown In 2-aminohexose 
disaccharides and, in particular, several papers have focussed on 
the synthesis of the dlmer (3l),whIch I s  a major constituent of the 
hydrophobic region of bacterial endotoxins. 76-78 Closely related 

@ - O F O >  OH 

H203P 0 HO R = (3e)-3- hydro3tctradecmoyL 
NHR NHR 

(3') 
work has led to analogues with five palmitoyl groups which are 
lipid A-related substances. 7 9  8o 
been described,81 and mass spectral studies carried out on 7-0-(2- 
amlno-2-deoxy-a-D-glucopyranosyl)-L-~lycero-D-manno-heptose 
derivatives have been reported, the dimer having been Isolated from 
a llpopolysaccharide of the Vlbrlonaceae family. 

Some chitoblose derivatives have 

82 

CHZOAC NH CH20Ac 7 CCL, + h O t  0 
/kO< 0 ) O t  OBn ) 

0 8 n  

OAc OBn i, OAr 
OMe OMe 

N3 0 Bn N3 
Ray& : L, CFsSO,Tr*rS S c h e m e  10  

A selection of disaccharides have been produced with good 
selectivity by use of 2-azido-2-deoxy trichloroacetlmidates as 
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illustrated in Scheme 10 .83 
which 2-amino-2-deoxy 8-D-mannopyranosyl disaccharides are obtain- 
able have been described, and in the same report corresponding D- 
mannuronic acid-based analogues (=., 33) were reported. 84 Also 
in the hexuronosyl series, a derivative of the Streptococcal poly- 
saccharide component (34) has been prepared. 

Related compounds (e.g., 32) from 

85 

AC 

OH NHAc 
(34) 

An ingenious new approach to the synthesis of sialic acid-based 
disaccharides is illustrated in Scheme 11; whereas the @-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-linked 

I 
0 Bn 

OBn 

ReogcrLk: i, MeO2C~;O(0M~,- Rh(OAc)+ ; ii, NoH ; iii, H+ ; iv, Hg(02CCF&; v, PhJSnH 

S c h e m e  11 
anomers used the acetylated glycosyl chloride and 2,3,4-tri-g- 
benzyl-D-glucose. 87 
glycerolipids (35) and the anomeric isomers. 88 

Related procedures led to the disialyl- 
N.m.r. and mass 

gc14H29 

u- Nu~Ac-(2-r9)-*-NelLAc-(2-, O&OC,,H29) 

spectroscopic examinations of a 3-deoxy-D-manno-2-octulosonlc acid 
disaccharide of a Salmonella godesberq mutant showed It to be the 
2 + 4 linked compound (36). 89 

In the area of pentosyl disaccharides, the 1,2-;-(l-cyano- 
ethylidene) method has been employed to obtain the l,Q-linked 
xylobi~ses;~~ 
isomer. 91 

(35) 

trityl triflate led to high yields of the blinked 
Alternatively, the glycosyl bromide procedure was used 
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OH OH OH 
to give all possible x y l o p y r a n o s y l x y l o s e s , a n d  n.m.r. studies 
included 2H-labelling procedures to distinguish between acetyl 
resonances in the reducing and non-reducing moieties . 9 2  

glycoside 2-allylphenyl 6-~-B-D-xylopyranosyl-B-D-glucopyranoside 
has been prepared from 2-allylphenyl 2,3,4-tri-~-acetyl-f3-D-gluco- 
pyran~side?~ and several 2-2-glycosylated a-L-arabinopyranosides 
have been made and examined closely by 'H and I 3 C  n.m.r. 
spectroscopy. 94 The bis-g-( 6-B-D-apiofuranosyl-f3-D-gluco- 
pyranosyl) compound ( 3 7 )  has been isolated from the leaves of 
Diospyros mol1l.s Grif f . 95 

The plant 

The interestingly Isomeric disaccharides 2-g-a-L-rhamnopyranosyl 
-L-rhamnose and 2-~-a-D-rhamnopyranosyl-L-rhamnose have been made 
from compounds ( 3 8 )  and ( 3 9 )  (respectively) (Scheme 121, and the 

B n O u  Bn 0 Me ~ 

+ o  OAG __+ - 
08n OH 

(38) (391 
Scheme 12 

3-linked analogues were similarly prepared. 96 
pyranosyl-L-arabinose, required f o r  specificity studies on a 
rhamnosidase, was made by standard procedures ,97 as was 5-2-a-L- 
rhamnopyranosyl-D-glucose . 5 4  

2-Bromoethyl 2-~-a-L-fucopyranosyl-D-galactoside has been 
ooupled to different proteins through an extended spacer arm.71 

In the area of  dideoxyhexosyl disaccharldes the dimer ( 4 0 )  has 
been made and oxidized to the corresponding aldonolactone,whlch is 
a product of the degradation of flambamycin. 98 

2-9-a-L-Rhamno- 

The bromo- 
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derivative (41) can be used in syntheses of such dldeoxy-compounds, 

hc 0 

(40) 

OAc (421 (43) 

and its glycosldation reactions, together with those of related 
compounds (especially the a-manno-isomer) , have been examined. 39 
Compound (421,  a glycoslde of the Salmonella 0-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 0-Glycosides Isolated from Natural Products.- As usual, this 
section is highly selective; many examples of simple and complex 
glycosldes have been reported which contain unremarkable sugars and 
are here disregarded. 

glucose tannlc acid which, rather than having ester linked galllc 
acid, has it linked glycosidically through the C-3 phenolic 
group?” ~ 2 S ) - l - ~ - B - D - G l u c o p y r a n o s y l - ~ - g l y c e r o l  has been isolated 
from Lfllum Japonlcum, and also synthesized from B-gentloblose by 
specific degradation. 

2-Hydroxy- 
phenyl B-D-allopyranoside was isolated from a Viburnum species ,Io3 
and the dlglycoslde (441, and mono- and dl-acetates of it, from 
Thalictrum thumbergil. The same sugar, Its 6-deoxy derivative, 

A revised structure has been proposed for the polygalloyl 

102 

D-Allose is proving to be widespread In plants. 

R =  HO c? 
OH ON 

and 6-deoxy-D-glucose and -talose have been reported In cardloactive 
glycosides of Lophopetalum toxicum. lo5 Coral has yielded pregnene 
-like glycosldes of D-arablnose and D-xylose. 106 
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1.4 Hydrolysis and Other Reactions and Features.- The pseudo first 
order rate constant for the hydrolysis of 2-nitrophenyl 0-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 is much less; the difference is attributed to the 
effects of micelles .lo7 

B-D-glucopyranosides indicates that the high reactivity of the p- 
nitrophenyl compound must be due to nucleophilic ipso-attack at C-1 
of the benzene ring. 

A study of kinetic a-deuterium isotope effects for the enzymic 
and acidic hydrolysis of aryl B-D-glucopyranosides has indicated 
that there is 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 is consistent with the predominant A - 1  character 
of the reaction; the opposite holds for the enzymic reaction, 
suggesting considerable SN2 character for the hydrolysis . log 

glycosidlc bond between a sugar unit and the ceramide portion of 
sphingolipids with unsaturated sphingosine can be cleaved by 
trifluoroacetolysis ,l1O and nitrous acid cleaves the glycosidic 
bond of 1-(aminomethy1)pentyl B-D-galactoside,which represents a 
model for the selective cleavage under mild conditions of the 
hydroxylysine-bound glycosyl residues of collagen.’” 

2-0-( 2-hydroxyproPY1)- and 2-0-( 2-hydroxyethyl)-D-glucofuranose 
derivatives as is illustrated in Scheme 13. The B-anomer reacted 

A quantum-chemical examination of aryl 

10 8 

The 

A full report has appeared on the acid-catalysed solvolysis of 

CH20Bn FHpOBn 

R’=OMc, Ra=H or R‘=H, R 2 = 0 F l e  ; R 3  P H o r  Me 
R - 4  : i ,  HCC- CHUa 

S c h e m e  13 

much faster, and in the intermediate one diastereoisomer is 
formed preferentially .’I2 
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 acid-catalysed hydrolysis of 2-2-(2-hydroxy- 
propyl) cellulose. ”3 

A closely related study examined the 
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Dlmethylboron bromide and diphenylboron bromide cleave acetals; 
114 carbohydrate examples are Illustrated in Scheme 15a,b. 

F;*;;b C H,OR CH,OH 

Me0 I _j i >  ' Br Me0 KhNe -% MeK)!oMe 
OMe (a) Orlle (b) 0 Me 

R e a g c d ~  : i, Me20Br, 28; u., MeZBBr,  -78' R: MOM or MEM 

Scheme 15 

Reductive 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 obtained with an a : B  ratio of 
95:5 and this was taken as evidence f o r  the presence of free 
oxonium ions in t.he react10ns.l~~ The same reaction applied to 
permethylated blinked oligosaccharides gives 1,5-anhydro-2,3,6- 
tri-2-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 45% yield.'l6 

Phenyl glycosides on photolysis at 350 nm in acetonitrile in 
the presence of 1,4-dicyanonaphthalene as sensitiser undergo 
hydrolysis in the presence of water or methanolysis to give methyl 
glycosides when methanol is present. Competing reactions include 
the formation of 1,6-anhydro-B-D-glucopyranose .'I7 
natively, 2-hydroxyalkyl glycosides (-,45-47), on irradiation 
in the presence of mercury(I1) oxide and iodine, give spiro- 
orthoesters (ed,48), presumably by way of iodo-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 s10wer.l~~ The 2-deoxy derivative of the spiro-product ( 4 8 )  
is obtained from tri-2-acetyl-D-glucal by treatment with ethylene 

Alter- 
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0 OCH-CHOH 
i 

____t 

Ac 0 A co 

OAc OAc 

(45) R ’ = R 2 - H  (453) R’=R‘=H 

(46) R’OH, R 2 - R 3  
(47) R’= R3,  R2-H 

Scheme 16 Reugenks : L, 12- HgO - hu 

glycol and mercury(I1) acetate and subsequent photolysis, in the 
presence of mercury(1) iodide and mercury(I1) oxide, of the inter- 
mediate (49) (Scheme 17). 120 

i 

AcO AcO 

(49) HgOAc 
Recrgents : i ,  Hg21,- HgO- hv 

S c h e m e  17 

Two overlapping stages were detected in the thermal decom- 
position of anomeric glycopyranosides: 
the glycosidic bonds occurs with intramolecular and intermolecular 
reaction at the anomeric centres; at 310-340°, fragmentation 
ensues to give low molecular weight products. 

13C-13C coupling studies has been carried out on [13Cl-enriched 
tetrofuranosides. 0-1 assumes the 4-axial orientation and ring 
dynamics and preferred conformations were studied. 

at 200-300°, cleavage of 

121 

A very thorough ’H and l3C analysis involving ’H-IH, I3C-’H and 

1 2 2  

A review has appeared on carbohydrate liquid crystals based on 
alkyl 0- and 2-glycosides having hydrocarbon chains greater than 
hexyl; some 8-D-glucopyranosides and 1-thio-a-D-manno- 
pyranosides have been examined in particular. 124 

There is enthalpy-entropy compensation in aqueous solutions of 
methyl D-pyranosides,and the positive excess free energies are 
interpreted in terms of favourable solute-solute interactions 

Densities of sucrose-potassium chloride solutions have been 
1 2 6  examined. 
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l - T h i o g l y c o s l d e s  can  be made from p r o t e c t e d  g l y c o s y l  f l u o r i d e s  by 
u s e  o f  t h l o l s  i n  t h e  p r e s e n c e  of bo ron  t r i f l u o r i d e  (as  c a n  a c y l  
e s t e r s ,  p h o s p h a t e s ,  p e r o x i d e s  and v a r i o u s  n i t r o g e n o u s  com- 
pounds)  127 o r  from compounds w i t h  f r e e  anomer l c  hydroxy g r o u p s , b y  
t r e a t m e n t  w i t h  d i p h e n y l d i s u l p h i d e  and t r i b u t y l p h o s p h l n e  u n d e r  
l i gh t .127a  
t h e  2 - t r i t y l  g l y c o s i d e  o f  2-acetamldo-2-deoxy-l-thio-D-glucose,  
made I n  t h i s  way, h a s  been examined as a membrane b i n d e r  i n  tumour 

More u s u a l l y  t h e y  are made from t h e  l - t h i o - s u g a r s ,  and 

C H ~ O A C .  

&-y” 
AcO 

OH 

Scheme 18 

chemotherapy.  A new r o u t e  t o  g l u c o s i n o l a t e s  h a s  been  deve loped ,  
i l l u s t r a t e d  i n  Scheme 18.12’ 
p r o d u c t  o f  t r e a t m e n t  o f  s i n l g r i n  w i t h  p o t a s s i u m  methox ide ,  has been  
shown t o  have  s t r u c t u r e  ( 5 0 )  .I3’ 

I n  t h i s  f i e l d  m e r o s i n i g r i n ,  t h e  

CHZOH Hot+4 HO 0 

Me CN (501 

Fol lowing  t h e  o b s e r v a t i o n  t h a t  l - t h i o p h e n y l  g l y c o s i d e s  r e a c t  
w i t h  DAST o r  HF.pyr1dine complex-NBS t o  g i v e  g l y c o p y r a n o s y l  o r  
g l y c o f u r a n o s y l  f l u o r i d e s ,  t h e  i n g e n i o u s  method i l l u s t r a t e d  i n  
Scheme 19 f o r  t he  d e r i v a t i o n  o f  1 , 6 - l i n k e d  g l u c o s a n s  h a s  been  
d e v e l o p e d ;  a t  e a c h  s t a g e  f u r t h e r  a c t i v a t i o n  can  be e f f e c t e d  a t  

kaqcnhs : L ,  F- ; ii, NBS - DAST ; i i i ,  SnCL2- A3CLO+ 

Scheme 19 
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e i t h e r  end o f  t h e  chain.131 
Aldose d i t h i o a c e t a l s  w i t h  phenylmercury a c e t a t e  g i v e  1,2-=- 

r e l a t e d  1 - t h i o  f u r a n o s i d e s  and hence  s i m p l e  a c c e s s  t o  g l y c o -  
f u r a n o s y l  a c e t a t e s  on  t r e a t m e n t  w i t h  m e r c u r y ( I 1 )  a c e t a t e s  i n  a c e t i c  
a c i d  (Scheme 2 0 )  

CHZOH CH20H C H ~ O B Z  

H o t o H  OH ~~~ L , Ho+/+ u,iii L B z o y y c  0 0 2  

SR 

OH OH 0 Bz 
R-9- : L, PhHgOAc-EtOH ; iL, BzCL-Py j iii, Hg(0Ac)z- HOAc 

S c h e m e  20 
R e d u c t i v e  l i t h i a t i o n  of  compounds (51) and ( 5 2 )  g i v e s t h e  g l y c a l  

( 5 3 )  a n d  t h e  l i t h i u m  d e r i v a t i v e  (541,  r e s p e c t i v e l y ,  and t h e  ( 5 3 )  -t 

( 5 4 )  c o n v e r s i o n  c a n  be made a s  i n d i c a t e d  i n  Scheme 21.133 

3 C-Glycosides  

I n t e r e s t  i n  t h i s  c l a s s  of compounds c o n t i n u e s  a t  a h i g h  l e v e 1 , a n d  
a wide r a n g e  of methods have been  u s e d  i n  t h e i r  p r e p a r a t i o n .  

3 . 1  Pyrano id  Compounds.- A r o u t e  t o  spiro-compounds o f  t h e  k i n d  
found  I n  some a n t i b i o t i c s  h a s  b e e n  d e v e l o p e d  from a l d o n o l a c t o n e s  
(Scheme 2 2 ) .  134  

CH20En CH20H 

BnO Q* .L% :e HO -2) HO @ + :o 
0% OH 

Rcag-: L ,  L L C ~ C C H ~ C H ~ O T M S  ; U , H +  ;Ui, H2-Pd0aS04;Lv, ti,-Pt02;v, H2-Pd(0~L 

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 illustrated in Scheme ~ 3 . l ~ ~  - C- 

Y i u ( % )  01:  p 
95 >20:  1 

Glycosylation of the phloroglucinols (55) and (56) with tetra-0- 
acetyl-D-glucosyl bromide gave low yields of compounds ( 5 7 )  and 
(58) which are related to the flower pigment ~artharn1n.l~~ 
Reaction of acetylated glycosyl bromides of various sugars with 
mercury(I1) cyanide in nitromethane gives mainly $he 1,2-trans- 
related glycosyl cyanides with about 10% of the *-isomers and 
smaller amounts of the 1,2-g-cyanoethylidene isomers. 138 
related work, aromatic and heterocyclic g-glycosides have been 

McOC / COMe (''1 R = H  

In 

Ho ' OH (56) (57) R=OH R Pp-D-Glc-p - M ' c $ ~ M ~ ~ ~ )  0 R = p-0-Gk.p 

R R on 
made from 2,3,4,6-tetra-~-benzyl-D-glucosyl acetate or halides 
using anisole, ferrocene, thiophene, furan and 1,3,5-trimethoxy- 
benzene in the presence of Lewis acids. 13' The same glycosyl 
chloride and the analogous methyl glycoside have been converted 
into the 2-ally1 glycosides (c.f. Scheme 23) by use of allyltri- 
methylsilane and trimethylsilyl triflate or Iodide. The yields 
were ca. 80% and the a : B  ratios were high. I4O 
series methods of making both the C-butenyl glycosides with high 
selectivity from 5-phenyl thioglycosldes 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. 

In the D-lyxose 

127a 
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ReY- : L ,  T S n B u 3 ,  hu ; ii, V S n B u , -  O u j S n T f  

Scheme 24 

Various C-glycosides have been made by cyclization of hydroxy- 
alkenes either with base to give ( 5 9 ) 1 4 '  or with mercury(I1) salts 

(59) OH (60) OH 

to give (60)142 (a further example 
given in Chapter 17). 

of this latter reaction is 

AcoF>c* +LAC0T) LIL+ , .. A c o u H 2 ~ B % ~  

- ref. 144 ref. 143 - 
OAc 

Reage& : i, PhC(OTMS)=CH2, 0F3 ;ii)e , SnCL+ ; &,  B a t e  , EtALCLZ ; Lv, Et2ALCN 

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 
illustrated in Scheme 25; a more complex reaction of a related 
kind is shown in Scheme 26.145 An alternative route to 2 , 3 -  

unsaturated C-glycosides involves a [3,3]-sigmatropic rearrangement 
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CHZOAC , ~ j n 2 c 0 2 * u t  

,OTMS 

AcO/ {) + CH2=C, 0 0 2  

0 OAc AcO 0 

process effectively of  3-g-vinyl ethers or a (rather inefficient) 
C2,31-sigmatropic rearrangement. It is notable that reduction of 
the a-ethyl acetate derivative gave mainly the product of 
anomerlzatlon (Scheme 27). 146 See Chapter 24 for further 

YHO 

Ph Q-) t v,vi ph() 3 ph{ob ;>I b+:y C"2 

0 -  C H 2 0 H  0 C*2 L, S;H2 
- 

OH t O N Y e 2  C02Et 

ReaguLts: i ,  MeC(OM&NMe2 ; -u ,  A ; iii, Et30BF4 ; b ,  LiALH(OEg3 ; v, BuJSnCH21 -NaH ; 

Scheme 27 
vi, BULL 

examples. 
Complex C-glycosides based on disaccharide and anthracycline 

structures have been elaborated by C4+2lcycloaddition reactions as 
outlined In Scheme 28.147,148 

CHO 

&o 0%- + 
OTMS 

020 Jk,, 

0 0  

NHCOCF3 0 0  

rj H co c F~ 
Scheme 28 

The racemic C-uronosides (61) and (62) and a range o f  related 
compounds have been synthesized from the 1,4-dioxans (63) and ( 6 4 1 ,  
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respectively, by intramolecular Cope rearrangement reactions, 
applied to the derived trimethylsilyl enol ethers 

3.2 Furanoid Compounds.- As previously, a range of procedures have 
been developed for making compounds of this class. Free sugars 
offer a route following their reaction with Wittig reagents; in 
this way two complementary methods of making showdomycin 
(Scheme 29) have been reported .I5' In the latter, however, 
larger proportions of the a-anomer "epishowdomycin" were produced. 

yo?.. 
O X 0  

YO G O H  

On OH 

c_, 

V i i i  

CHZOR bMe C o p  

l - 7  
OH OH 

R e a g d s :  i ,  P$P=C(Me)C02Et; %, fhSe,CL;iii,H,0,;b/,03; v,Me2S2; v i ,  PhaP=CHCONH2;vL, H'; 

viii, Phs P n o  
O N n  Scheme 29 

Aldonolactones can be used. For example, dichloromethylenation 
of 2,3:5,6-di-~-isopropylidene-D-allono-y-lactone gives compound 
( 6 5 )  in high yield and from this, by Raney nickel reduction, the 
- C-methyl compound (66) can be obtained in high yield.152 
related work, methylenation of a ribono-y-lactone derivative 
followed by addition of an ally1 radical by use of allyltri- 

In 
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m e t h y l s i l a n e  i n  t h e  p r e s e n c e  o f  z i n c  c h l o r i d e  gave t h e  "doub le  
C-glycoslde" ( 6 7 )  of t h e  t y p e  which o c c u r s  i n  some myco tox lns .  153 

G l y c o f u r a n o s y l  a c e t a t e s  t r e a t e d  w i t h  a l l y l t r l m e t h y l s l l a n e  i n  
t h e  p r e s e n c e  of t r l t y l  p e r c h l o r a t e  a f f o r d  
( e . g . ,  68 ) ,154  and e n o l  s i l y l  e t h e r s  w i t h  t i n ( I V )  c h l o r i d e  a f f o r d  
- C-g lycos ides  o r  1 , 2 - c y c l i c  a c e t a l s  a c c o r d i n g  t o  t h e  n a t u r e  of  t he  
r e a g e n t s  u sed  (Scheme 30)  .I5* 

- 

a l l y 1  C - g l y c o s l d e s  

I n  a n a l o g o u s  work, t r i -2-benzyl-D- 

C HZ08z C H ~ O B Z  R' R2 R3 (A) (8) yT L y z y R , + k o ) o  
E t  €to H H f'hs M e  - - 82% 88% 

M e  H PhS 83% - 
062 OBr 062 062 002 O&Rl (CH,)z TMSO 95% 

(CH-,)4 H 95% (A) (9 0 
ReQgChts : i, R2R3C=C(OTMs)R1, SnCCq 

Scheme 30 

r i b o f u r a n o s y l  f l u o r i d e  w i t h  t h e  t r i s y l  e n o l  e t h e r  d e r i v e d  from 
a c e t o n e  gave t h e  a-compound ( 6 9 )  I n  h i g h  y i e ld ,156  and t h e  

-- 

H20 Bn 

OEn OBn 

(69) 
c o r r e s p o n d i n g  g l y c o s y l  c h l o r i d e  and t h e  ana logous  D-arabino- 
f u r a n o s y l  bromide w i t h  a r y l  G r i g n a r d  r e a g e n t s  gave t h e  a r y l  C- 
g i y c o s i d e s  , t h e  anomers o f  which were s e p a r a t e d .  157 

C y c l i z a t i o n s  of s i m p l e  s u g a r  d e r i v a t i v e s  have been  used  t o  give 
- C-g lycos ides  as i l l u s t r a t e d  i n  Scheme 31. I n  t h e  second  example,  
0-2 seems t o  p a r t i c i p a t e  i n  t h e  d i s p l a c e m e n t  a t  C-5,I5' and i n  t h e  

2- amino-2-dcowy- D- g d r e  

Me c 
%f 158 

ti 
CHzOY 

l o  

Scheme 31 
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t h i r d  t h e  p r o d u c t  was e l a b o r a t e d  t o  g i v e  i s o m e r s  o f  fu ranomyc in  
( 7 0 )  .I6' 

E l a b o r a t i o n  of s i m p l e  "ag lycones"  has l e d  t o  t h e  t h i o p h e n e  
a n a l o g u e  (71) o f  t h e  a n t i v i r a l  compound p y r a z o f u r i n 1 6 '  a n d ,  from 
2,5-anhydro-3,4-~-isopropylidene-D-arabinose, t h e  spiro-compound 
( 7 2 )  and t h e  cyc lohexenone  (73) by u s e  of pentan-2,5-dione and P j r H  Hoto%$-& MeO,C y o p r  {Obe 

me thy l  a c e t o a c e t a t e  ( 2  m o l s . ) .  162 
S p e n g l e r  r e a c t i o n  t o  t h e  c o r r e s p o n d i n g  a ldehyde  and  dopamine hydro-  
c h l o r i d e  gave t h e  c - g l y c o s i d e  (74); a c o r r e s p o n d i n g  pen tahydroxy-  
p e n t y l  p r o d u c t  was o b t a i n e d  from g l u c o s e  R e l a t e d  a c y c l i c  
compounds, e . g . ,  ( 7 5 1 ,  have been  c o n v e r t e d  i n t o  p y r i d a z i n e s ,  e . g . ,  
('76), by pho to -oxygena t ion  f o l l o w e d  by h y d r a z i n e  t r e a t m e n t  .164 I n  
t h e  c o u r s e  o f  t h i s  work f u r a n y l  C-g lycos ides  have been  c o n v e r t e d  
i n t o  2 - g l y c o s y l  compounds by t h e  pho to -oxygena t ion  p r o c e s s .  165 
O t h e r  r e f e r e n c e s  t o  C - g l y c o s i d i c  compounds a r e  g i v e n  i n  C h a p t e r s  
19 and 2 0 .  

We 
CONH2 $.Me 

OW 

O X 0  O x 0  
Me - 

OH OH 
(7') (72)  (73) 

(70. 

A p p l i c a t i o n  o f  t h e  P i c t e t -  

(75.. 

dCU20H 

O x 0  

5H20H 

(74) 

OH 

OH 

3 .3  G l y c o s i d e s  I s o l a t e d  from N a t u r a l  S o u r c e s . -  S a f f l o r  y e l l o w  B 

i s o l a t e d  from t h e  f l o w e r s  o f  Carthamus t i n c t o r i u s  is t h e  c- 
g l y c o s i d e - 2 - a l d i t o l  d e r i v a t i v e  (77). 
8-~-f3-D-glucopyranosylapigenin h a s  b e e n  p r e p a r e d  by 6 -2 -ga lac to -  
s y l a t i o n  o f  v i t e x i n  and  shown t o  d i f f e r  f rom n a t u r a l l y  o c c u r r i n g  
6 -2- 6- D -g 1 u c op y r a n  o s y 1- 8 -c- B - D- ga 1 a c t op y Tan o s y 1 a p  i ge n i n . 
'H n.m.r .  a n a l y s i s  o f  t h e  a l o i n s  ( 7 8 )  h a s  a l l o w e d  t h e  a s s i g n m e n t  
o f  t h e i r  s t e r e o c h e m i s t r y .  

6 -C- 6- D- G a 1 a c t op y r a n o  s y 1 - 

A 

16 8 
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HO R 
H O  HO OH 

OH 

OM 

OH 
CHZOH OH 

(77) R = p - o - G k - p  
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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 is dealt with under that heading and the required 
preparations of constituent parts are assumed and are not covered 
in their sections. 

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

13C n.m.r. chemical shifts of oligosaccharides have been 
tabulated, ' and combinations of homo- and hetero-nuclear shift 
correlated 2-D n.m.r. techniques have been used to assign 'H and 
I3C signals of oligosaccharides related to arabinoxylan. 'H 
n.m.r. methods were used to determine the branching patterns in a 
ceramide pentadecasaccharide; differences were noted between the 
parent spectrum and that of partially 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. Permethylated sialo-oligosaccharides 
liberated from parent gangliosides can be usefully examined by 
chemical ionization mass spectrometry with ammonia as reagent gas. 
Molecular weights are revealed by the MH+ and (M+NH4)+ ions and the 
fragmentation patterns indicate the linkage patterns. 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 
spectra of oligosaccharides containing neutral or amino sugars and 

Secondary ion mass 

42 



4: Oligosaccharides 43 

aminoglycoside antibiotics have been measured using various matrix 
materials ; molecular adducts and fragments were observed. 

2 Trisaccharides 

2.1 Linear Homotr1saccharides.- In connection with the 
characterization of an unknown trisaccharide from crocuses, the 
four possible linear B-D-glucopyranosyl derivatives of gentiobiose 
CB-D-Glcp(1 + 6)-D-Glc] were synthesized as their peracetates and 
their 'H n.m.r. spectra were fully analysed. lo Likewise, panose 
(e-a-D-Glcp(1 + 6)-G-a-D-Glcp(1 + 4)-D-Glc) has been prepared by 
rational synthesis," 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 E-nltrophenyl a-maltotri- 
oside by porcine a-amylase. '* A study of the alkaline hydrolysis 
of methyl B-D-cellotrioside has been undertaken .I3 (Lpe*b @opo((J" 

HO 0 OMe OMe HO 

OH OH OH OH OH 

(1) , (2) 

The a-propyl glycoside of g-B-D-GalE(1 + 4)-g-B-D-Gal~-(l + 4)- 

a-L-Rhamnopyranose tri- 
D-Galp has been prepared by use of ally1 glycosides, and several 
unsuccessful approaches were discussed .I4 
saccharides with the following linkages have also been obtained 
synthetically: 
and (1 + 2) (1 + 3) ;I6 in addition, g-a-D-Rhap(1 + 21-a-L-Rhap- 
(1 + 31-L-Rha was prepared.16 In the pentose series, the methyl 
- O-B-D-xylopyranosy1-(1+3)-f3-D-xylopyranosyl-(1 + 2) and (1 + 3 ) -  
B-D-xylopyranosides have been synthesized by stepwise methods and 
examined by I3C n.m.r. spectroscopy. 

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 is  
shown in Scheme 1, the use of the 1-thio 2-ethylglycoside being 
very unusual, and the B-glycosidic bond formation being, it i s  
proposed, consequent upon the intermediacy of a 1,3-acyloxon~um 
ion. ' 9  

(1 + 4)(1 + 4), (1 + 4)(1 + 31, (1 + 4)(1 + 2 ) 1 5  

17 
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2 .2  Branched Homotrisaccharides.- g-B-D-Glcp-(l + 2)-O-[B-D-Glcp- 
(1 + 6)l-D-Glc has been isolated from a crocus2' and the isomer 
- 0-a-D-Glcp-(l + 4)-O-[a-D-Glcp-(l + 6)l-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 N,E-dimethylacetamide. 21 Methyl 0-a-D-Manp-( 1 + 3)-O-Ca-D- 
Manp-(1 + 611-a-D-Manp has been prepared with C-1 of both sub- 
stituent sugars labelled with l 3 C .  22 

2.3 Linear Heter0trisaccharides.- Compounds are listed according to 
their reducing termini. Those with D-glucose at the reducing 
position are: g-B-D-Galp-(l + 4)-O-B-D-Glcp-(l + Q)-B-D-Glcp 
(prepared bound as a glycosylamine to a phenylalanine-containing 
polymer, the galactosyl unit being introduced by enzymic 
methods) ,23 C-a-D-Galp-(l + 4)-B-D-Galp-(l + 4)-B-D-Glcp (linked 
through a spacer aglycone to two proteins) ,24 a-D-Manp(1 + 2)-a- 
D-Manp-( 1 + 3)-a-D-Glcp (as a-methyl glycoside) ,25 and 2-a-L-Fucp 
(1 + 2)-6-D-Galp-(l + 4)-D-Glc (isolated from echidna milk). 
Amino-sugar-containing trisaccharides of the series are g-6-D- 
GalNAc-(1 -+ Q)-B-D-Gal-(l * 4)-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-GlcNH2-(1 + 4)-B-D-Galp-(l + 4)-D- 

26 

Glc. 29 
With D-galactose at the reducing end the following were reported: 

- 0-a-D-Galp-(1 + 2)-a-D-Glcp-( 1 + 2)-D-Ga1,30 g-B-D-Manp-(l + 414- 
L-RhaE-(l + 3)-D-Gal (obtained as polymeric antigens by copoly- 
merization of the 6-ally1 glycoside with acrylamide) ,31 2-6-D- 
Galp-(1 -P 4)-B-D-GlcNAc-(l + 3)-D-Gal and g-B-D-Galp-(l + 4)-B-D- 
GlcNAc-(1 + 6)-D-Gal (both synthesized with immobilized enzymes and 
UDP-Gal) ,32 g-B-D-Galp(1 + 3)-B-D-GlcNAc-( 1 + 3)-D-Gal (a mucin 
fragment synthesized, 33 and various chemical interconversions 
carried out) ,34 g-B-D-Fucp(1 + 4)-8-D-GlcNAc-(l + 6)-D-Gal. 35 
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Those with 2-amino-2-deoxy-D-glucose carrying a disaccharide 
substituent are: 
- 0-a-D-Mane- ( 1 + 3) -8-D-Manp ( 1 + 4) -D-GlcNAc , 37 c-a-D-Mane- ( 1 * .  6 ) - 
B-D-Manp-(l + ~ I - D - G ~ C N A C , ~ ~  g-a-L-Fucp-(l + 2)-a ( -  and 8 - )  D- 
Galp(1 + ~ ) - D - G ~ C N A C , ~ ~ ' ~ ~  - O-fi-D-Manp(1 + 4)-B-D-GlcNAcp-(l + 4)- 
a-D-GlcNAc (as pyrophosphate dolechyl diesters), 40 a-D-GlcNH2- 
(1 + 4)-B-D-GalUA-(l + h)-D-GlcNH2 (a synthetic heparin tri- 
saccharide as a pentasulphate ester) ,41 and g-a-Neu5Ac-(2 + 6)-8-D- 
Galp-(i + QI-D-GlcNAc (a glycoprotein terminal unit). 

The D-galactosamine derivative g-B-D-GlcNAc-(l + 3)-@-D-Gal~- 
(1 + 31-D-GalNAc has also been synthesized. 43 

The following miscellaneous compounds have also been reported: 
- 0- a-D-GalE- ( 1 + 2 ) -  8-D-Manp- ( 1 + 14) -L-Rha (analogue of the repeat- 
ing unit of Salmonella serogroups A, B and D),44 g-a-L-Araf-(l + 3 )  
- B-D-XylE-( 1 + 4 1 - D - X ~ l ~ ~  and the ulosonic acid-containing com- 
pounds (4) (isolation of bacterial lipopolysaccharide fragment) 
and (5) (synthesis of E. coli polysaccharide repeating unit). 4 7  

g-a-D-Galp-( 1 + 4)-B-D-Galp-(l + ~ ) - D - G ~ c N H ~ , ~ ~  

42 

46 

Me 
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2.4 Branched Heter0trisaccharides.- Several compounds of this 
category have been synthesized: 
(1 -t 3)I-D-Gal ( a  portion of the antigenic determinant of blood 
group B substance), 
ManE ( Abe = 3,6-dideoxy-D-xylo-hexose) , 49-2-B-D-Fucg- ( 1 + 3) -2- 
CB-D-GlcNAc-( 1 + 6)-]a-D-GalNAc (benzyl glycoside) ,50 g-8-D-Galp- 
(1 + 3)-g-[B-D-GlcNAc-(l + 6)]-a-D-GalNAc (benzyl glycoside, 
related to mucins and blood group substances),51 g-a-L-Rhap-(l * 2) 
-O-Ca-D-Glc-( - 1 + 3)]-a-L-Rha~-OMe,~~ Q-B-D-GlcNAc( 1 + 2)-0-[a-D- 
Glc-( 1 + 3) 1-a-L-Rhap-OMe , 52 and g-a-L-Araf- ( 1 + 3 1-0-c 8-D-Xy1.p 
(1 -t 4 ) I-B-D-Xyl-OMe . 45 

g-a-L-FucE-(l + 2)s-ca-D-Gal~- 

48 c-a-D-GalP-(l -f 2)-O-Ca-D-Abep-(l + 311-a-D- 
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3 Tetrasaccharides 

As with the trisaccharides the following 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-B-D-Galp-(1 * 3)-B-D-GalNAc-(l -t 4)-8- 
D-Galp-( 1 + 4)-D-Glc,2722g-O-a-L-Rhap(1 - + 2)-B-D-Glc-(l + 2)-a-L- 
Arap-(l+ ~ ) - D - G ~ c , ~ ~  and g-a-D-GlcE-(l * 6)-a-D-Glcp(l * 4)-a-D- 
Glcp-(l * 4)-D-Glc (coupled via spacer groups to 

g-a-D-Manp-(l * 3)-B-D-Manp-(l+ 4) 
-B-D-GlcNAcp-(l + 41-a-D-GlcNAc (pyrophosphate dolichyl diester), 40 

a-D-Manp-(1 * 2)-a-D-Manp-(l * 3)-B-D-Man~-(l + ~ ) - G ~ c N A c , ~ ~  
a-D-Manp- ( 1 -+ 3) -a-D-Manp- ( 1 + 6 )  -B-D-Manp- ( 1 -+ 4 ) -GlcNAc , 55 
4-methylcoumarin-7-yloxy tetra-;-acetyl-B-chitotetraoside (obtained 
from the tetraose peracetate which was produced by acetolysis of 
chitin) ,56 C-a-NeuSAc-( 2 * 6)-B-D-Galp-(l -+ Q)-B-D-GlcNAc-( 1 + 2)- 
D-Man (and the B-Neu-5Ac isomer) , 57 and g-a-D-OclAp- ( 2 + 4 ) -a-D- 
OclAp(2 -+ 6)-B-D-GlcNAcp(l + 6)-D-GlcNAc(OclAp = 3-deoxy-D-manno- 
2-octulopyranosonic acid). 5 8  

lanatosides (cardiac glycosides) and has been synthesized by glycal 
addition procedures. 59 
twigs is the B-L-diginose tetramer ( 7 ) .  6o 
B-1,3-linked D-xylopyranose tetramer has been reported. 

Glucosamine derivatives are: 

Compound ( 6 )  is a derivative of the tetrasaccharide unit of 

A tetrasaccharide of Orthenthera viminea 
A synthesis of the 

61 

CH20Ac Me 

AcO ~ o ~ o / - J &  OMe HO p(-J*Q@o" 
OAc OAc OAc OAc OMe OMe OMe OHc 

(61 (7) 

3.2 Branched Tetrasaccharides.- The following have been reported: 
- 0-a-D-GalNAc-(l + 3)-Ca-L-Fucp-(l -t 2)1-B-D-Galp(l + 41-D-Glc 
(partial enzymic method) .62 0-a-L-Fucp-(l + 2)-B-D-Galp(l + 4)- 
Ca-L-Fucp(1 * 3)1-D-G1~,*~ O-p-D-Glcp-(l -t 2)-Q-CB-D-Xylp-(l + 311 
-0-B-D-Glcp-(1 - * b)-D-Gal (lycotetraose) ,63 a-D-ManE(1 + 3)-[a-D- 
Mane( 1 + 6) I-B-D-Manp ( 1 * 4 ) -D-GlcNAc 37 and a-D-Galp ( 1 + 2 1-a-D- 
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ManE-(l * 4)-a-L-Rhap-g-(CH2)8C02Me with the following sugars 
linked a-(1 -f 3) to the mannose unit: 3,6-dideoxy-a-D-ribo- and 
arabino-hexose, 3,6-dideoxy-a-L-arabino-hexose, 2,3,6-trideoxy-a- 
D-threo-hexose and 3,4,6-trideoxy-a-D-erythro-hexose (units of 
Salmonella serogroup A and D and related antigens). 6 4  

4 Higher Oligosaccharides 

4.1 Pentasaccharic¶es,- The following have been obtained syntheti- 
cally: 
GlcNH2-(1 + 6)-D-Gal (used to study the combining site of mono- 
choral anti 1 Ma antibody),35 B-D-Galp-(l + 4)-B-D-GlcNAc-(l + 2)- 
a-D-Manp- ( 1 * 6 ) - B-D-Manp ( 1 -f 4) -D-GlcNAc6 and 6-D-Galp- ( 1 * 4 ) - 
B-D-GlcNAc-(l + 2)-a-D-Manp-(l + 3)-B-D-Manp( 1 * 4 l - G l ~ N A c ~ ~  and 
a-D-Manp(l * 3)-Ca-D-Manp(l * 6)1-B-D-Manp(l * b)-B-D-GlcNAc 
(1 + 4 I - D - G ~ C N A C ~ ~  and the heparin pentasaccharide ( 8 ) .  67 

B-D-Galp(1 + 4)-B-D-GlcNAc-(l + 6)-B-D-Gal-(l + 4)-B-D- 

C H 20 50; 

HO ~ o ~ * ~ o ~ ~ - ~ o ~ o ~ * ~ ~  OH OH OH 

NH  SO^ OH NHSO; oso, N H S O ~  

(8) 

4.2 Higher Saccharides.- Muscaroside B contains a novel branched- 
chain hexasaccharide which was structurally characterized using 
FAB m.s.. 

The synthesis of the branched-chain octasaccharide ( 9 ) ,  a 
glycoprotein structural unit, has been achieved. 6 5  

68 

E- B-D-Galp-(l + 4)-B-D-GlcNAc-(l * 2)-a-D-Manp(l + 3l-B-D-Man 

(1 + b)-D-GlcNAc t. 
1 

B-D-Galp(1 + Q)-B-D-GlcNAc-(l * 2)-a-D-Man~ 
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5 
Ethers and Anhydro-sugars 

1 E t h e r s  

Methyl  E t h e r s . -  O l i g o g l y c o s i d e  d i t e r p e n e s  w i t h  3-g-methylated a-L- 
rhamnopyranosy l ,  6-D-quinovopyranosyl ,  a n d  B-D-glucopyranosyl 
m o i e t i e s  have  b e e n  i s o l a t e d  from S c y p h o l e p i a  h o o k e r i a n a  f r o n d s .  

The r o l e  o f  t h e  d i m s y l  a n i o n  (MeSOCH2-) i n  t h e  Hakamori 
m e t h y l a t i o n  p r o c e d u r e  h a s  been  q u e s t i o n e d ,  h y d r o x i d e  and h y d r i d e  
a n i o n s  b e i n g  shown t o  be t h e  e f f e c t i v e  b a s e s .  An a l t e r n a t i v e  p ro -  
c e d u r e  employing s o l i d  h y d r o x i d e s  as b a s e s  (= NaOH or KOH 
-DMSO-MeI) h a s  t h u s  been  deve loped  and  d e m o n s t r a t e d  f o r  t h e  p e r -  
m e t h y l a t i o n  o f  s u c r o s e  and  e l e v e n  r e d u c i n g  s u g a r s .  It  p roved  t o  
be  s i m p l e ,  r a p i d  ( 6 - 7  m i n ) ,  h i g h  y i e l d i n g  ( 9 8 + 2 % ) ,  a n d  t o  have  
none of t h e  s i d e  r e a c t i o n s  found  i n  t h e  Hakamori method.2 A modi- 
f i c a t i o n  o f  t h e  Hakamori p e r m e t h y l a t i o n  has b e e n  d e s c r i b e d  i n  which 
s i l v e r  n i t r a t e  was added w i t h  e x c e s s  m e t h y l  i o d i d e ,  p r e c i p i t a t e d  
s i l v e r  i o d i d e  was removed by f i l t r a t i o n ,  and t r a c e s  o f  s i l v e r  s a l t s  
were removed by t r e a t m e n t  w i t h  aqueous  p o t a s s i u m  ~ y a n i d e . ~  
c o m p i l a t i o n  o f  c a r b o h y d r a t e  m e t h y l a t i o n s  employ ing  m e t h y l  t r i f l a t e  
h a s  a p p e a r e d .  

of d i o l s  i n  D-gluco-, D-manno-, and D-ga lac to -pyranos ide  d e r i v a -  
t i v e s  by f o r m a t i o n  of c o p p e r ( I 1 )  c h e l a t e s  (NaH-CuC12 i n  e t h e r  
s o l v e n t s )  t h e n  r e a c t i o n  w i t h  a l l y l ,  b e n z y l ,  or methy l  i o d i d e  has 
r e v e a l e d  a number o f  s y n t h e t i c a l l y  u s e f u l  examples  ( c . f .  V o l .  16, 
p . 5 1 ) .  Thus m e t h y l  4,6-~-benzylidene-a-D-glucopyranoside pro -  
v i d e d  2- and 3-monomethyl e t h e r s  i n  20 and 60% y i e l d ,  
r e s p e c t i v e l y .  R e a c t i o n  o f  m e t h y l  6-g-trltyl-a-D-mannopyranoside 
w i t h  d i a z o m e t h a n e - t i n ( I 1 )  c h l o r i d e  l e d  s e l e c t i v e l y  t o  m i x t u r e s  of  
t h e  2- and 3-~-monornethyl e thers ,  the r a t i o  o f  p r o d u c t s  d e p e n d i n g  
upon t h e  s o l v e n t  employed. 

P a r t i a l  m e t h y l a t i o n  o f  me thy l  6-D-xyXopyranoside f o l l o w e d  by 
column ch romatograph ic  s e p a r a t i o n  o f  t h e  p r o d u c t s  has b e e n  c l a i m e d  
t o  b e  a b e t t e r  method f o r  o b t a i n i n g  a l l  s e v e n  p o s s i b l e  p r o d u c t s  

A 

4 

F u r t h e r  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s e l e c t i v e  m o n o a l k y l a t l o n  

6 

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,b-diethers were 
revised. Partial methylation of methyl 4,6-dideoxy-a- and 8-L- 
ribo-hexopyranoside led primarily to their 2-g-monomethyl ethers; 
these results have been discussed in relation to those obtained 
with other configurational isomers. The proportions of the mono 
to tri-?-methyl ethers in the complex mixture obtained on dimolar 
methylation of methyl 6-?-trityl-a-D-mannopyranoside have been 
determined. Conventional syntheses'' and 13C-n.m.r. spectra 
of the 3-mon0, 2,3- and 3,4-di-, and 2,3,4-trI-g-methyl ethers of 
methyl (methyl a-D-mannopyranosid) uronate have been reported. 

The sulphate ester group has been used as a temporary blocking 
group in a synthesis of 3,4,6-tri-?-methyl-D-glucose. Treatment 
of methyl 4,6-g-benzylidene-a- or 6-D-glucopyranoside with 
pyridine-sulphur trloxlde complex led mainly to the 2-sulphate, 
which was sequentially hydrolysed selectively to remove the acetal, 
methylated, and desulphated.12 
and 3,bdi-g-methyl ethers of methyl a-D-mannopyranoside involved 
methylation-debenzylation of 3,6-di-g-benzyl and 2,6-dl-E-benzyl 
derivatives obtained by reductive acetal cleavage (NaBH3CN-HC1) of 
3-g-benzyl-4,6-?-benzylidene and 3-g-benzoyl-2-g-benzyl-4,6-~- 
benzylidene derivatives, respectively .I3 

11 

Unambiguous syntheses of the 2,4- 

Other Alkyl and Aryl Ethers.- Two references to allylation and 
benzylation appear in the section on methyl ethers. The intra- 
molecularly etherifled flavan-4-01 glucoslde (1) has been isolated 
from Glaphyropteridopsis erubescens. 

M e  OH 

HO 

14 

A compilation of carbohydrate benzylatlons and other alky- 
lations employing a l k y l  triflates has appeared.' Application of 
David's procedure to the preparation and selective monoalkylation 
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of methyl 4,6-~-benzylldene 2,3-g-(dibutylstannylene)-B-D-gluco- 
pyranoside led to the following monoethers product mixtures: 2- 
and 3-0-allYl ( 6 0  and 33%), 2- and 3-2-benzyl (29 and 61%), and 
2- and 3-g-methyl (22 and 66%), respectively.’* 

The compatibility of benzyl, kmethoxybenzyl, and 3,4-dimethoxy- 
benzyl ether protecting groups has been demonstrated, benzyl ethers 

but 3,4-dfmethoxybenzyl ethers being more readily removed by DDQ 
(2,3-dichloro-5,6-dicyano-l,4-benzoquinone) oxidation. 1 7  

Reductive cleavage of methyl 4,6-~-(4-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 trifluoroacetic acid as catalyst, 
or to the 4-g-(4-methoxybenzyl) isomers using trimethylsilyl 
chloride. Such 4-methoxybenzyl ether groups can be selectively 
cleaved in the presence of benzyl ethers using cerium(1V) 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. * 
indistinguishable C181-crown-6 isomers with two methyl 4,6-g- 
benzylidene-a-D-galactopyranoslde moieties aligned syn- or anti- 
with respect to each other have been synthesized; their gluco- 
analogues were reported previously by other workers (v01.16, 
P.55). 21 
corresponding C2.2.llcryptands incorporating the 2,3-diol moieties 
of a-D-gluco-, -galacto-, and -manno-pyranosides (Vol. 17,p.57) 
have now been published in while an alternative pre- 
paration of the diaza-crown ether Incorporating a methyl 4,6-0- 
benzylidene-a-D-glucopyranoside unit has been reported. 

a-D-glucopyranoside have been synthesized and separated 
conventionally. 2 5  

Alder chemistry, have been obtained by reacting the tosylate (4) 

being selectively removed by hydrogenolysis with Raney nickel, 16 

Spec t ros cop i ca I 1 y 

The syntheses of chiral diaza-crown ethers and 

24 

Mixtures of mono- to t e t r a - p ( p e n t y l o x y m e t h y 1 )  ethers of methyl 

3-Oxobut-1-enyl ethers, e.g., (31, required f o r  hetero-Diels- 
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with alkoxides obtained from nono-hydroxy sugar derivatives. " 
Monophenylation of carbohydrate diols has been effected in 

yields g42X using triphenylbismuth dlacetate; 1,2-%-diols on 
pyranosyl rings gave mainly axial monoethers, while 1,2-trans- 
diols reacted slowly and with little ~electivity.~~ 
compounds with methoxycarbonylmethyl and 1-(methoxycarbony1)ethyl 
ether moieties' appear In Chapters 9 and 18, respectively. 

Syntheses of 

Silyl Ethers.- The tert-butylmethoxyphenylsllyl ether protecting 
group has been shown to have the following favourable properties: 
i> it can be introduced selectively at primary positions, ii) 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 stab1.e to 
acid hydrolysis than the TBDMS ether. 28 
It has been shown that the TBDMS group is capable of migrating 
between two trans-diaxial carbohydrate hydroxy groups. 

propyldlsiloxane-1,3-diyl)-a-D-glucopyranoside and its benzyl B- 
glucoside analogue has provided access to the 2-g-allyl ether 
derivatives by decarboxylation IPd(OAc)2-Ph P I ,  or to a variety of 
protected derivatives via migration of the disiloxane-l,3-diyl 
group from the 4,6-  to the 3,4-position. 30 

derivatives of deoxynucleosides are covered in Chapter 20. 

In the presence of base, 

29 

Selective 2-~-allyloxycarbonylatlon of methyl 4,6-g-(tetraiso- 

3 

3',5'-Cycllc dimethylsilanediyl and tetramethyldisiloxanediyl 

2 Intramolecular Ethers (Anhydro-sugars) 

0xirans.- The acid-catalyzed hydrolysis of 5,6-anhydro-1,2-0-iso- 
propylidene-B-L-idofuranose has been re-examined, because the 
conditions reported previously for the preparation of L-idose were 
found not to give a pure product; conditions for optimum pro- 
duction of L-idose, 1,2-~- i sopropyl idene-B-L- idofuranose ,  or 1,6- 
anhydro-L-idopyranose were found. 31 The 2,5 : 3, bdianhydride ( 5) 
has been synthesized from 1,2-~-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 
reacting 2.5-3 times faster than their mesylate analogues .32 A 

mixture of disaccharide epoxides (8) has been obtained by 
epoxidatlon (MCPBA) of the corresponding olefin. 33 
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Other Anhydrides.- Improved six-step syntheses of  2,4,6-tri-g- 
benzyl-1,3-anhydro-6-D-glucopyranose ( 9 1 ,  o r  its 4-bromobenzylated 
or bmethylbenzylated analogues, from 3-g-allyl-1,2:5,6-di-2-iso- 
propylidene-a-D-glucofuranose have been reported, the crucial final 
step being shown in Scheme 2.34 

CH20Bn CH20Bn 

BnO QL ((+ 
O0n OBn 

(9) 
Scheme 2 R c a g M o  : i, L i O E t  -THF 

The mechanism by which the 1,4-anhydro-D-galactose derivative 
(10) is formed on reaction of the 4,6-dimesylate (11) with azide 
has been investigated using l70-n.m.r. and l8O induced isotopic 
shifts in the 13C-n.m.r. spectra. The two pathways elucidated 
(Scheme 3 )  differ in giving products with 0"-1 bonded to C-5 
(path a, involving ring contraction) 

Knoevenagel reaction of 2,5-anhydro-3,4-~-isopropylIdene-D- 
arabiriose with methyl acetoacetate or acetylabetone led to mixtures 
of alkenes, from which the spiro-acetals (12) or (13) could be 
obtained on treatment with acid. 36 

or to C-4 (path b).35 
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m OAC 

- 0' 
\ (10) OBr 

Reage&: i, Nj' 
OBz 

Scheme 3 rn 0 R 

O x o  (12) R =  OMc 

(13) R = M e  

A simple, one-flask, two-step synthesis of 1,6-anhydro-B-D- 
mannopyranose from D-mannose has been described, klthough the scale 
reported was relatively small (1 g) .  A 6-g-tosyl group was 
selectively introduced into D-mannose in pyrldine solution, and 
then lntramolecularly displaced by addition of aqueous alkali to 
pH9.37 
anhydro-2,3-~-isopropylidene-B-D-mannopyranose derivatives having 
Q-g-allyl, -tert-butyl, -trlchloroacetyl, or -tert-butyldlphenyl- 
sllyl groups has been effected by heating in methanol containing 
pyrldlnium tosylate. 38 The racemic 1,6-anhydrlde (14) has been 
synthesized In eight steps from the acroleln dlmer (151, and its 
cationic ring-opening polymerization to form a (l+6)-glycanhas been 

s tudled 39 

Selective removal of the lsopropylldene group In 1,6- 

The 2,5-anhydrohexose derivatives (16) have been obtained from 
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their C-3  epimers using sulphonate displacement reactions. 40 

2',5'-anhydro-B-D-arabinofuranosyl nucleoside and other anhydro- 
nucleosides appear in Chapter 20. 

and (181, respectively, was obtained on heating 1,6-anhydr0-5-0- 
tosyl-B-D-mannofuranose (19) In DMF; the major component yielded 
the ring-cleavage products ( 2 0 )  and (21) on methanolysis 
(Scheme 4). 

A 

A 40:l mixture of the 1,6:3,5- and 1',6:2,5-dianhydrides (17) 

41 

Reagents: L ,  A-DMF; i i, MeOH-HCL 

Scheme 4 

1 

2 
3 
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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-Q-isopropylidene-~-D-mannopyranose derivatives bear- 
ing k-g-allyl, -tert-butyl, -trichloroacetyl, and -tert-butyldi- 
phenylsilyl groups. 

Acetonation of the diethyl dithioacetals of D- and L-arabinose 
gave the 2,3:4,5-di-2-isopropylidene acetals as oils; the reaction 
was shown to proceed y& the first-formed 4,5-acetal. Demercaptal- 
ation with mercury(I1) chloride - cadmium carbonate gave 2,3:4,5- 
di-2-isopropylidene-aldehydo-D-arabinose ( l ) ,  whereas the literature 
procedure employing mercury(I1) chloride - mercury(I1) oxida gave a 
mixture of ( 1 )  and l,2:3,4-di-Q-isopropylidene-,6-D-arabinose (2). A 

trace of acid rapidly and completely converted ( 1 )  to (2). 

1 

2 

Treatment of methyl d- and p-D-glucopyranoside with two moles of 2- 

methoxypropene in DMF gave the expected 4,6-Q-isopropylidene derivat- 
ives; on reaction with a further 2.5 moles of the reagent, a 73% 
yield of the 2,3:4,6-di-Q-isopropylidene-glucoside was obtained. The. 
yields of the diacetal were lower when the glycoside wae treated 
directly with excess 2-methoxypropene .3 
acetals of 2,3:5,6- and 3,4:5,6-di-Q-isopropylidene-D-glucose was 
obtained on reaction of D-glucose with 2,2-dibenzyloxypropane in the 
presence of tosic acid in dioxan at 65OC. 
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 ad~pted.~ Similar findings 
were reported for the reaction of D-glucose with dimethoxypropane in 
the presence of tosic acid.5 Reference to further conversions of 
these acetals will be found in Chapter 9. In similar acetalations by 

A mixture of the dibenzyl 

The products were diffi- 

58 
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the same research group, 2-deoxy-D-glucose and !-substituted derivat- 
ives of glucosamine gave the expected dibenzyl acetals of the 3,4:5,6- 
di-2-isopropylidene compounds (3) and, 83.) (4). Hydrogenolyais of 
( 3 )  using palladium catalyst gave the aldehydo-2-deoxy-3,4:5,6-di-g- 
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. i 

BnoY OBn 
9 4 2  

*- 
Fix 
(3) 

neoYoMe 
$HO 

* O V O B n  CU, 

~ N H C O C ~  ,J' -e I 

(4) 

A re-investigation of the structure of the tri-2-isopropylidene-D- 
glucitol by means of the Bruker AG reiterative n.m.r. programme, 
PANIC, at 250 MHz, has shown that it is the 1,3:2,4: 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 toeic acid catalyst have been shown t o  be 1,2:5,6-, 1,2:4,6-, and 
l,2:3,6-di-~-isopropylidene-D-mannitol. The preparation of 1,2: 
5,6-di-~-isopropylidene-D-mannitol by three alternative procedures for 
acetonation of D-mannitol has been investigated, using acetylation 
and capillary g.1.c. to monitor the products. The highest yield was 
obtained by propanone-zinc chloride, whereas 2,2-dimethoxypropane - 
tin(I1) 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-~-isopropylidene-D-mannitol, was isolated and its graded 
hydrolysis compared with that of 1,2:3,4: 5,6-tria~etal.~ 

1 5 ,  

8 

Acetal- 

CH20H 

HO i""̂ = (8) R'-Me 
(9) d -  Bn 

R2- H, NHAc, NHCOCF3 

ation of 2-acetamido-4,6- (3) -~-bensylidene-2-deoxy-D-glucitol (7)  , 
prepared by borohydride reduction o f  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. 

1 13 
10 

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,l-dimethoxycyclohexane were the 
acyclic 3,4:5,6-di-~-cyclohexylidene acetals of the 1,l-dimethyl 
acetals ( 8 ) .  With 1,l-dibenzyloxycyclohexane, the analogous 1,l- 
dibensyl acetals ( 9 )  were obtained, which could be converted into thr 
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-2-cyclohexylidene-D-mannitol in 80 and 20% 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-Q-cyclohexylidene-D-glyceraldehyde, a 
stable and more tractable derivative than the corresponding isopro- 
pylidene acetal. 

2-Furylidene acetals have been prepared from methylot- and p-D- 
glucopyranoside, methyl d-D-galactopyranoaide, and methyl w-D-manno- 
pyranoside by reaction with 2-furaldehyde and tosic acid with aseo- 
tropic removal of water; the expected 4,6-mono or 2,3:4,6-di-acetals 
were formed. 

1 1  

12 

13 

2',3'-2-Ethylidene and -(dimethylamino)methylidene acetals of 
nucleosides have been prepared usin either triethylorthoformate or 
(MeO)*CHNMe ( s e e  also Chapter 20). 

, O h  

74 
2 

0 Bn 

(10) R=Me 

(11) R=CHzF CH20B2 

(13) 

Mixed acetals of the type shown in and (11)16 have been 
prepared in high yield by reaction of 2-benayloxypropene or 2-bensyl- 
oxy-3-fluoropropene with the corresponding 2,j-di-g-benayl 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 he non-fluor- 
inated mixed acetal ( 1 0 )  and a TBDMS group are cleaved. 

using standard methods from the 1,2-Q-benzylidene compound. Re- 
action of !-bromosuccinimide with l-Q-acetyl-2,3,5,6-tetra-Q-benzoyl- 
p-D-glucofuranose in the presence of light gave in 74% yield the 
phenylsuccinimidyl acetal (13), which was characterized by $-ray 
crystallography. 
ribofuranose ester and adenosine pentabenzoate. 

idene-d-D-glucofuranose has been used to reduce Schiffs' bases to 
19 optically active amines with enantiomeric excesses of 10 - 25%. 

A similar complex between lithium aluminium hydride and 1,2-~-cyclo- 
hexylidene-~-Q-cyclohexylmethyl-d-D-glucofuranose has been used to 
reduce ketones and ketoximes to alcohols and amines with (2)configur- 

20 
ation of up to 52% optical purity. 

Reduction of 4,6-Q-(4-methoxybenzylidene)hexopyranosides to 4- 
methoxybenzyl ether groups is referred to in Chapter 4 ,  and 
oxidation of benzylidene acetals to hydroxybenzoates in Chapter 5. 

1k 

1 Yepared The 1,2-Q-(l-cyano)ethylidene xylopyranose (12) has been 

The reaction was also carried out on a related P-D- 
18 

Lithium aluminium hydride complexed to 3-Q-benzyl-1,2-Q-cyclohexyl- 

21,22 
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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. '" 
participation in nucleophilic displacements of carbohydrates has been 

3 the subject of a review in Polish. 

Neighbouring group 

1 Carboxylic Esters 

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

Substituted D-gluco, -manno, and -galact0 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 
 example^.^ Reference to the same reaction used for alkylation will 
be found in Chapter 5. Partial hydrolysis of peracetyl and per- 
benzoyl 1,6-anhydro-~-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 
h~drate.~ 
mercury(I1) acetate in acetic acid produced the 1-2-acetate t r a u  
to the ester group at C-2, in good yield; e.~., ethyl 2,3,5,6-tetra- 
0-benzoyl-1-thio-aCD-glucofuranoside gave l-g-acetyl-2,3,5,6-tetra-Q- 
benzoyl-+D-glucofuranose.  

benzoyl chloride in pyridine at -40°C ha8 been studied; 0-2 is 

4 

Reaction of 1 , 2 - ~ - l - t h i o g l u c o f u r a n o s i d e  esters with 

7 - 

The selective benzoylation of 1,5-anhydro-L-arabinitol using 

63 
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somewhat less reactive than 0-3 or 0-4. The methods described by 
David using dibutylstannylene derivatives of diols have been applied 
to methyl 4,6-~-benzylidene-p-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-toeylate, with only 
21% 2-bsylate 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 regioselectivity using bis(tributy1tin) oxide and di- 
butyltin oxide. 
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-g-tritylsucrose by the same reagent system has enabled 
the preparation of mono- and dibenzoyl derivatives,which were charac- 
terized by 500 MHz H n.m.r. spectroscopy. 

Treatment of peracyl 6-azido-6-deoxy-hexopyranosides with nitrosyl 
hexafluorophoaphate 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- 

8 

The applicability of the method is enhanced by the 

10 

1 11 

1 2  
70 

Scheme 1 

OMe OMe 
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Cyclic benzylidene acetals derived from &-related vicinal diols on 
pyranosyl rings, on irradiation in the presence of g-bromosuccinimide 
and water, react to give the corres onding axially oriented mono- 
benzoate, illustrated in Scheme 2. 
The H n.moro spectra of some benzoylated derivatives of 6-lact- 

ose, &-maltose, and p-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.15 
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 &,/-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 P-lactoside, on treatment with 
ethyl myristate under these conditions, gave 10% 3',6'-diester, 15% 
6,6'-diester, 35% 3'-monoester, and 40% 6'-monoester. 

15 
1 

Lactose has been found not to react with fatty 

16 

OH 

OMe OMe OMe OMe 

2,j-Di-g-gallo 1-D-glucose has been isolated from the flowers of 
Tamarix nil~tica.'~ The roots of Sanguisorba officinalis prod- 
uce galloyl esters of the rarely encountered natural methylp-D- 
glucopyranoside. Galloyl esters of the branched-chain sugar 
hamameloee have been found to be present in the bark of Caetanea 
crenata.' 
eight new di- to penta-0-galloyl protoquercitol derivatives 2o and 
two new ellagitannins. Additive parameters of chemical ehifts in 
13C n.m.r. of galloyl or hexahydroxydiphenoyl-sugars may be used to 
locate the position of these groups on the D-glucopyranoeyl ring8 
from hydrolysable tannins. The FAB-m.8. of the tannine allows deter- 
mination of their molecular weights without prior formation of deriv- 
ativee o 22 ' 23 

18 

Quercus stenophylla bark, on extraction, yielded 

2f 

3,44- ( 3 , 3  I , 4 , 4 1 , 5 , 5  I -8examethoxybiphenoyl) -L- 
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arabinopyranose (2) has been synthesized by condensing 1-0-(3,4,5- 
tri-Q-methylgalloy1)-L-arabinose with hexamethoxybiphenoyl chloride 
and subsequently removing the galloyl protecting groups and was 
shown to be identical to the isolated natural product.21 Penta-Q- 
galloyl-p-D-glucopyranose and related ellagitannins display remarkab- 
ly strong inhibition of the mutagenicity of potent dibenzopyrene diol 
epoxide and 3-hydroxyamino-l-methyl-5~-pyrido~4,3-b]indole muta- 
gens. 

Four new acylated sugars, 2-Q-cinnamoyl-~-D-glucose, 2-Q-cinnam- 
oyl-1,6-di-~-galloyl-~-D-glucose, 2-~-~-coumaroyl-l-Q-galloyl-~-D- 
glucose and a mixture of 1-Q-galloyl-4-D-fructopyranose and 1-0-gall- 
oyl-&,and b-D-fructofuranose, were found in Japanese rhubarb. 
4-Q-Coumaroyl-D-glucose and its 2-acetate have been isolated from 

27 Planionyria euphlebia and Microlepia spetuncae,respectively. 
Methyl 2,3-di-Q-glycyl- and 4,6-di-Q-glycyl-2,3-di-Q-methyl-o(-D-gluco- 
pyranosides have been synthesized by DCC-induced coupling of _N-benzyl- 
oxycarbonyl or g-t-butyloxycarbonyl protected glycine with the corr- 
esponding glucose derivative, followed by g-deprotection. These model 
compounds containing the Q-(aminoacyl) protecting groups could be de- 
protected by alkaline hydrolysis with aqueous sodium hydroxide - L- 
methylmorpholine or Pronase E. Thus Q-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 eychange 
chromatography. The synthesis of the 5-fluorouracil-1-ylprop- 
anoyl eater (3) has been achieved by Michael addition of the corresp- 
onding 2-acryloyl derivative and the fluorouracil. 

25 

26 

28 

29 

The first cyanogenic glycoside with an acyl substituent on the 
sugar, nandinin (4), ha6 been isolated from the leaves of Nandina 
domeetica. 30 The related 1,2-di-Q-ainapoyl-&D-gluco yranoae ( 5 )  
ha8 been isolated from the cotyledons of red radish, and foreyth- 
oeide A 6 )  containing the 4-Q-caffeoyl-nitinose mo.iety has been des- 
cribed. 

37 

3 1  

A new eeequiterpene glucoside from Mortonia grenii contains a 



7: Esters 67 

2,6-di-Q-acetyl-~-D-glucopyranosyl unit. 33 
side 
glucopyranose unit is replaced by p-D-xylose, at-L-arabinose, d-D- 

Derivatives of stevio- 
(the sweet principle of Stevia rebaudianal, in which the P D -  

H O  

HO 

"Q: OH OH 

mannose, /-L-glucose, &-L-rhamnose, or 4-L-quinovose, have been pre- 
pared conventionally and tested for sweetness. In all cases, the 
compounds were 110-285 times a8 sweet as sucrose.34 An immunoassay 
f o r  paeniflorin has been developed using synthetic 6t-hemisuccinyl- 
and 6t-hemiglutaryl-paeniflorin derivatives (ester attached at 0-6 in 
the 4-D-glucopyranosyl unit) as haptens, coupled to the 4-D-galacto- 
sidase and bovine serum. " 
Planionyria %.are referred to in Chapter 14. The 6-g-acryloy1, -3- 
- 0-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. 

Branched-chain cyclic esters from 

36 

C H 2 0 -  CO CHxCH2 
I 

A monoterpene glycoside isolated from the fruits of Gymnocladus 
chinensis has been shown to contain the acylated disaccharide 3l=#- 
D-glucopyranosyl-~-~-(2-methylbutanoyl)~~L-arabinosyl moiety. 
Sucrose fatty acid polyesters, 8 2 . )  sucrose octapalmitate, have been 
synthesized in high yield by alkali metal catalysed transesterificat- 
ion of sucrose octaacetate with the ap ropriate 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 dieulphide. Chrom- 
atography yielded an anticipated range of partiall xanthated, other- 
wise acetylated sucrose derivatives in pure form. 

58 

35 6,61-Di-O- 
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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) . 
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).40 The synthesis of 6-Q-mycolyl- and 
6 - ~ - c o r y n o m y c o l y l - ~ ~ t r e h a l o s e ,  related to the trehalose mycolates 
widely distributed in mycobacteria, has been achieved via the key 
step of mesylate displacement with potassium mycolate o r  corynomyco- 

44 late ( s e e  also refs.48 and 49). 
~-2t-Acetoxybenzoyl (aspirin) derivatives of chitosan, J-desulph- 

i 

Monomolar palmitoylation of sucrose 3 gave 2 2  6-Q-pa&Z~yl~sucrose i 

ated heparin, and D-glucosamine have been synthesized and tested as 
pro-drugs for aspirin. 42 

2 Sulphonate esters 

A review of the synthesis and reactions of carbohydrate-triflates 
43 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 3.5% 2,5-di- 
tosylate, 1.2% 3,5-ditosylate, and 0.4% 3-to~ylata.~~' 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.45 
cyclohexylidene-2-deoxy-2-trifluoroacetamido-~-~-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 solvolysis of ( 8 )  with hot methanol gave a 
ring-contraction product (10). 

Reactions of methyl 4,6-g- 

N 

46 

NHCOCF, 
J 

(8) (9) (1 01 

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 61:6:lt monoesters was 3.5:1.0:0.16. The 61-monoester could 
be prepared crystalline in 39% yield by direct  procedure^.^^ Sel- 
ective triflatlon of 4,6,4',6'-di-0-benzylidene-~,~-trehalose gave the 
2,2'-triflate, which was used to prepare 2,3:2',3'-tetra-g-benzyl- 
4,6:4~,61-di-~-benzylidene-bdD-mannopyranosyl d-D-mannopyranoside by 
treatment with sodium nitrite in HMPT followed by benzylation. De- 
benzylfdenation and tosylation led to a separable mixture of the 6 , 6 ' -  
di- and the 6-monotosyl esters, which were converted into the corresp- 

48 onding mycolates and corynomycolates (see also ref. 44 above). 
Extension of this idea to the ocD-galactosyl or-D-galactoside was 
achieved by inversion of 2,3,21,31-tetra-~-benzyl-4,6,4161-tetra-O- - 
mesyl-of,oc-trehalose with sodium benzoate, debenzoylation, and select- 
ive tosylation, or mesylation to give 6,6'-diesters. These were 
converted to the dimycolate and dicorynomycolate. 49 

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 a review. 

Four new phosphorylating agents have been described which show 
regioeelectivity in ribose: tri-imidazolylphosphine ( l l ) ,  (dipheny1)- 
amino tri-imidazolyl phosphonate (12), which react at the primary 
hydroxy group, and 2-dichlorophosphinyl-morpholine ( 1 3 )  and di-iso- 
propylaminophoaphorus dichloride (l4), which react at the a-glycol 
group . 

51 

52 

(13) 

Y BnO 

OBn (95%) 0 - c - c CL3 

(1 5 )  
Reye&: i ,  (0n0)2P(0)OH 

S c h e m e  3 
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Clycosyl 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-a-octulose 1,8-diphosphate. 

lipids, by solvent fractionation, preparative column chromatography, 
and h.p.l.c., has appeared.55 Lipid X (16) and Lipid Y (171, rel- 
ated to lipid A and found in g. coli mutants, have been synthesiz- 
ed. 56 Biologically active monosaccharide Lipid A analogues ( 18) 
have been synthesized from the appropriate &-substituted butyl 
glucosaminide. Reference is made to tri- and tetrasaccharide 
pyrophosphate esters, intermediates in N-glycoprotein biosynthesis, 

53 

13 

54 

A review of the isolation and separation of phosphatides and glyco- 

57 

in Chapter 4 .  3-Deoxy-D-arabino-2-heptulosonic acid 7-phosphate 
(l9), an intermediate in the shikimic acid pathway, has been 
synthesized by phosphorylation of the methyl glycoside of the heptulo- 
sonic ester (20), followed by depr~tection.~~ The syntheses of the 

NH R? 

(21)  R ~ = H  
(22)q-anomv, R " - + ? - O C H ~ C H ~ N H ~  

f 
OH 

- N-substituted glucosamine 1-phosphate (21) and the corresponding di- 
phosphate aminoethyl ester (22) have been described. 59 Attempts to 
phoephorylate xo-inositol with various polyphosphates or urea phos- 
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phate under aqueous conditions according to published procedures wete 
unsuccessful. The easiest method for complete phosphorylation was to 
heat myo-inositol 
150 C for 6 hours. Moraprenyl pyrophosphates of ,&D-galactose, 
,U-D-glucose, and 4-deoxy-o~-D-xylo-hexose have been synthesized by 
glycosidation of mora renyl phosphoimidazolide with the corresponding 
glycosyl phosphates. 

coupling reagent for the preparation of 
nucleosides, and phosphoric monoesters. A range of diadenosine 

ith phosphoric acid under reduced pressure at 
0 go 

61; 

3-Chloro-1,2-ben~isothiazole 1,l-dioxide ( 2 3 )  is an excellent 
hosphodiester derivatives, 

6 3  

OH OH 
(24) X=Y=O;X=0,Y=CH2; X=  CH2,Y=0  

(23) 

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

Cycloethylenephoephothioatee such as ( 2 6 )  and (27) have been syn- 
thesized by treatment of the hydroxy compound with the chlorophos- 
phite ( 2 8 )  followed by sulphuration with elemental sulphur.64 Ref- 
erence to other nucleotides will be found in Chapter 20. 

Reagents? Ph2PCL-Et3N ; k ,  H202 

Scheme 4 

The phosphinate ( 2 9 ) ,  synthesized as shown in Scheme 4 ,  has been 
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used in homogeneous asymmetric hydrogenation reactions; optical yield 
ueing Rh C1 (C H 
varied between 80% and 48W. Treatment of the chlorophosphinate 
( 3 0 )  with the 1-cyanomethyl &-nitroso ggmpound (31) in triethylamine 
gave the cyclic amidophosphinate ( 3 2 ) .  Reaction of phosphorus 
trichloride with D-mannitol in dry dioxan gave 43% cyclic diphosphite 

) -trieth lamine at atmospheric pressure, 
2 2 8 1 2 2  i i 5  

( 3 3 )  and the tri (chlorophosphite) ( 3 4 )  .67 1,2-Cycloamidophosphites 

e.g., 
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 tghur. Also obtained 
were glycosyl phosphorodiamidites such as ( 3 6 ) .  Cyclic phos- 
phites ( 3 7 )  and ( 3 8 )  have been synthesized by treating the corresp- 
onding triols with tris(dimethylamino)phosphine, while ( 3 9 )  was ob- 
tained from ( 3 8 )  by desilylation, rearrangement and acetylation. 
Chlorination of ( 3 7 )  gave the 5-chloro-derivative (4O), which was 
aminated by piperidine to yield ( 4 1 ) .  

( 3 5 ) ,  have been obtained as stereoisomeric mixtures from the 

69 

(33) 

R 

(37) R=H 

LtC)> (40) X = C L  

P 0 pco OMt (41) X =  +biz 
OMe 

(39) 
o’p‘x 

(3 8) R - CH 0 Si Ph3 

Included in a general method for the preparation of mono- and 
mixed dieatere of phoephoroue acid are eome examplee of carbohydrate 
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and nucleosides; thus the two ammonium phosphites (42 and ( 4 3 )  were 
prepared the reaction sequence shown in Scheme 5. $0 

4-0 
Scheme 5 

I 

OH 

4 Other Esters 

A one-step synthesis of sugar mono- and di-nitrates used triflation of 
partially protected sugars, followed by reaction with tetra-g-butyl- 
ammonium nitrate. The method was mild, convenient, and did not affect 
highly acid labile groups; s., the anhydrosugar 444)  was converted 
in 90% yield into the nitrate ( 4 5 )  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 l ess  selective (Scheme 
6). A range of nitrates of methyl d-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. 

72 

13 
73 

HO (;An 2N\;>Bn 

Hoi.g;: L "'"k:$ 
(44) (45) 

6 CHzONO2 6CH20H CH20N02 

L - 
03- 4- 

L CH2ON02 

CH20H Q" ii ~ [:y + Cc:? L 
+-- 

OH H O2NO OH OH ON02 
R q e n h :  i, SOCLZ-ASNOS-THF; u, sOCL2- 2AgN03-THF 

Scheme 6 
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Photolytic cleavage of sugar nitrates by irradiation at A3240 n.m. 
in propan-2-01 gave the parent alcohol in most cases; with the allo- 
nitrate (46) the product was the epimer glucofuranose ( 4 7 ) .  A mech- 
anism driven by dipole-dipole interactions between the C-2-0 and 
C-3-0 bonds was suggested (Scheme 7) .  7 4  

Scheme 7 

Reaction of 4,6:4',6'-di-g-ben~ylidene-ac,d-trehalose with eulphur 
trioxide in pyridine, followed by deprotection gave, as the major 
product, d,k-trehalose 2-sulphate and,as the minor, the 3-sulphate. 
The 2-sulphate was shown to be identical to that produced by eolvol- 
ysis of the principal sulphatide of Micobacterium tuberculosis, 
implicated in the virulence of the pathogen." The structure of the 
biologically active Pseudomonas metabolite bul ecin A has been 
established as the sulphated glycopeptide ( 4 8 ) .  Reference to the 96 

CH20Bn 

Bn 0 &>."cL3 
CONH(CH2)Z SOgH 

O0n NHAt 0 
(4 $1 (4 9) 

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

Potentiometric studies of chelate8 of phenylboronic acid and pent. 
oses in acid solution showed only the presence of 1:l 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 thl 
analysis of such polyhydroxy compounds, and for the determination of 
the affinity constants of the complexes. 

Reaction of lactose with long chain isocyanates in pyridine gave 
the 1-g-F-carbamates, while lactosylamine gave the 1-lactosylureas. 
An analogous reaction with isothiocyanate to give lactosylthioureas 

77 

78 
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was carried The rate constants for the second order reaction 
of laevo-glucoean with phenyl isocyanate with catalysis by triethyl- 
mine and diethyltinbisheptonate to yield the 2,3,4-tricarbamate have 
been determined. An induction period was confirmed. When 2,3,4,6- 
tetra-9-benzyl-D-glucopyranose was reacted with trichloroacetdnitrile 
and sodium hydride to give the imidate (49), the initially formed p- 
anomer was rapidly anomerized to give the &-anomer in 96% isolated 
yield. In presence of potassium carbonate, anomerization was sup- 
pressed, leading to a 79% yield of thep-anomer. 
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A review, in Japanese, on the synthesis of fluoro-sugars together 
with their 1 1 H and 19F n.m.r. spectroscopy, has appeared. 

Although monosaccharides with a free anomeric hydroxy group react 
with pyridinium pol (hydrogen fluoride) to yield predominantly ol- 
glycosyl fluorides, better yields have been obtained by using the 
l-a~etate.~ 
group at C-2 leads to thep-fluoride as the kinetic product which 
anomerizes under forcing  condition^.^ 
d,p-D-glucopyranose with the reagent in dichloromethane at 25 C 
yields 2,3,4,6-tetra-~-acetyl-~-D-glucopyranosyl fluoride, and 1 -  
O-acetyl-2,3,4,6-tetra-g-benx 1-o(-D-glucopyranose at O°C gives 89% 
c(-fluoride and 2% /-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-glycoeide; the 
reaction has been extended to oligoeaccharide and glycoside synthesi 
( s e e  Chapter 3). 
penta-g-acetyl-K,P-D-@ucopyranose to yield the u-glucosyl fluoride. 
The deacetylated product showed no inhibitory action on glucose iso- 
merase. The anomerixation 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 o f P -  

1 
In the latter case, the presence of a participating 

Thus 2,3,4,6-tetra-g-acetyl- 

2 

3; - 

Liquid hydrogen fluoride reacts with 1 ,2,3,4,6- 

AcO 

OAc 94% OAc OAc 

(D-  GQL.p, 62% 
L - A r a - p ,  72% Reageds: i ,  BF3 ;i, BF; 

S c h e m e  1 0 - ~ + p , 4 5 % )  

fluoride for other sugars.6 A large scale synthesis of 2-deoxy-2- 
fluoro-D-arabinofuranose derivative6 in good overall yield from D- 

78 
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glucose has been de~cribed.~ 
method for the synthesis of acetyl hypofluorite and hence tetra+- 
acetyl-2-deoxy-2-fluoro-D-glucose from 3,4,6-tri-g-acetyl-D-glucal 
in 68% 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 
-78OC, giving, with one exception, high yields of the isomerically 
pure &-addition product, with a strong preference for reaction from 
one face of the double bond.9 
reacts with D-glucal in water to give a radiochemical yield of 40% 
2-deoxy-2-[ 
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 debensyl- 
ation steps were very rapid, enabling the fluorine-labelled product 

18 to be isolated ( 

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

A gas-solid phase microchemical 

18 

8 

Fluorine-18 acetyl hypofluorite 

18 
F]-fluoro-D-glucose with greater than 95% radiochemical 

10 
18 

1 1  

F has ti 110 minji The product was used to 

18 
2 

iv 
y x B ,  (-0 OBn (-0 O h  ( - 0  08n 

CH20Bn 

Bn0 &>oH2kyj&(y z$ & ( J  

CH20H / I  ( 

Reagents. ty, L, 0hi,SnO, DAST , v, Bu+NF o.. Bn Br , - vi, 6u4N'I H2- P& - CLHg ; &, (cF$o2)2 0 -py ; 

&)-OH HO 

Scheme 2 F 
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followed by deacetylation, has been used to determile the biodistrib. 
ution of 2-deoxy-2-fluoro-D-glucose in mice.’ The reaction of the 
cyclic sulphate (1) with [ F1-tetraethylammonium fluoride gave the 
2-deoxy-2-[ FI-fluoro-glucose derivative (2) which was deprotected 
with tris(trifluoroacety1)borate to give the parent labelled com- 
pound. 2-Deoxy-2- [ F]-fluoro-3-~-me thyl-D-glucose has been 
synthesized y& displacement of a 2-2-triflate in a methyl $-D- 
mannopyranoaide 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-~-acetyl-~,6-~-benzylidene-2-~-triflyl-~-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 subatituents. The 
behaviour of the sugar triflates with 3-2-benzyl and 3-2-methyl sub- 
stituents in b th anomeric forms towards various fluoride sources wa 
also studied. A similar displacement to prepare the same fluoro- 
mannose has been applied to perbenzylated 2-2-triflyl-b-D-glucopyrar 
oside. The product was converted to the glycosyl chloride ( 3 ) ,  whic 
was then used to prepare lycosides and disaccharide5 with and- 
linkage ( see Chapter 2). ’‘ 2-Deoxy-2-fluoro-D-galactose has been 

18 
18 

18 

18 
2 

18 

(3) (4) 

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

18 

0 OMe (-0 O M C  

OH F F 

Reagents : i, DMSO-Ac20;  U, L A W  ; iL ,  Tf20-Py ; Lv ,  Et4NF-MeCN ; v, H30’ 

Scheme 3 

methyl 3-beneamido-~-~-benzoyl-2,3,6-trideoxy-2-fluoro~~-L-galacto~ 
pyrenoside ( 5 )  2 unsaturated derivatives a8 shown in Scheme 4. 
The 6-deoxy-altrose derivative ( 6 )  was also prepared. l9 
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The 2 4 -  and -4-fluoro- and 2-/-chloro-derivatives of tetra-)- 

acetyl-N-acetyl neuraminic acid have been prepared. 
adopted the 2E (L) conformation shown in formula ( 7 ) .  The 
fluoro-compounss were Q-deprotected and hydrolyzed to the free 
acid. 

All compounds 

20 

OAc 
(7) X=For  CL 

3 4-Deoxy-4-fluoro-D-[6- Hlglucose has been synthesized from 
methyl 4-deoxy-4-fluoro-~-D-glucopyranoside as shown in Scheme 5 .  

21 

OH 

Enzymatic dehydrogenation of 3-deoxy-3-fluoro-D-mannitol using en- 
zymes of Gluconobacter oxydans provides a route to 4-deox 
fluoro-D-fructose, whoee structure was confirmed b 3 'H, 
19F n.m.r. spectroscopy. The molecule adopts the C (D) con- 
formation in aqueous solution. 

1-4- 
C, and 

22 - 5  

Direct fluorlnative 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.  
characterized by &-ray crystallography. 

sucrose have been prepared by conventional steps from 11,2,21,3,31,61 
he xa -2- be n z y l- 4,6-Q- i so pr o py 1 id e ne - s u c r o s 8. 

placement by tetra-g-butylammonium fluoride used in this synthesis 
has also been used to prepare 4-deoxy-~-fluoro-galacto-sucrose and 
its 4,6-dif luoro-analogue. 25 
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-Q-isopropy: 
idene-1-2-triflyl-D-fructopyranose with tris(dimethy1amino)sulphoniut 
difluorotrimethylsilicate (TASF). ll-Deoxy-ll-fluorosucrose is 
transported by 
for invertase. Coupling of 3,4,6,-tri-Q-acetyl-2-deoxy-2-fluoro- 

The4-p-nitrobenzoate of ( 8 )  was 
23 

6-Deoxy-6-fluorosucrose and hexabenzyl-6-deoxy-6-fluoro-galacto- 

The me s y 1 ate d i s - 

1 -Deoxy-1 -f luoro-sucrose has been 

he sucrose carrier protein but is not a substrate 
28 

0 

M*Me 0 

NH2 0 
w. V 

0 
(9) 

Rcaqents: i , N H g - M e O H ; i i , H C L c y . ;  
W ,  Ac,O-Py ; W ,  BLL~ALH ; V, MeOH-Rt6m d; 

AUcompoundr DL vi, UF-SF4;vU, O~Z*\t-tCL NHAc 

(*)Scheme 6 

at-D-glucosyl and -galactosyl bromides with 1,6-anhydro-2,3-di-g- 
acetyl-p-D-glucopyranose in the presence of silver carbonate and 
silver triflate gave the corresponding 4-fluoro-d-(1+4)-diaaccharide 
(10) and (11). 
deprotection gave 2~-deo~y-2~-fluoromaltose. 

An &-ray structure of (11) was carried out and its 
27 

'g'k0&F) (10) X = O A c , Y - H  

(11) X -  H,Y=OAc 
Y 

F OAc 

Reference to nucleosidee 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 41~,6n-dideoxy-4n,6n-difluoro-, 4",6I1-di- 
de~xy-L+~-fluoro-, 61~-deoxy-6n-fluoro-, and 611-deoxy-derivatives of 
4n-~i-kanamycin A have been synthesized from the 4",6"-ditriflate 
and 6n-brosylated-4n-triflate derivatives of kanamycin A and their 

28 
antibacterial properties examined. A discussion of the con- 
version of hydroxy groups into chloro-, bromo-, and iodo-deoxy groups 
i e  included in a review of regio-, stereo-, and chemo-selective re- 
actions of carbohydrates. 29 
(12) gave rise to the ~-deoxy-5-chloro-chlorophosphite (13). 
Whereas tosyl chloride in 4-dimethylaminopyridine gives the normal 
tosylate ester of secondary hydroxy roups, it reacts at the anomeric 
centre to yield glycorsyl 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 ( 1 5 ) .  
No epoxide migration was observed and the method was found to be 
satisfactory in the presence of acid labile functions.32 

Chlorination of the cyclic phos hite 
S O  

3k 

2 2' 

Reaction 

of the succinimido acetal (16) with dichloromethoxymethane in the 
presence of boron trifluoride gave the 4-chloro-4-dehydro-glucose 
derivative (17) . 3 3  Direct conversion of hydroxy groups into chloro 

groupa haa been achieved using triphenylphoephorue dichloride-imi- 
dazole or triphenylphosphine-carbon tetrachloride-lmida~ole. Thus 
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methyl o(-D-glucopyranoside with either of these reagents in mixed 
pyridine-acetonitrile at 70 C for 3.5 h followed by acetylation 
gave 89% methyl 2,~-di-~-acetyl-~,6-dichloro-~,6-dideoxy-~-D-galact 
pyranoside, whereas at 25 C 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 a1 

0 

0 

CH20H CH C1 CH OCOCHClX 

X = F o r C L  
/G + L  $1 

LIL 

(1 8) ('9) 

$2 
o+ 

(20) 
Reogen.&s: i, XClCH.CF2NEtZ Scheme 7 

ref. 40 below) .34 
derivatives (18) and (19) have been obtained on treatment of the D- 
galactose derivative (20) with chlorofluorotriethylamines in DMF 
(Scheme 7). 

Mixtures of the 6-chloro- and 6-2-dihaloacetyl 

35 

Treatment of methyl 6-~-(tert-butyl)diphenylsilyl-2,3,4-tri-~- 
methyl-d-D-glucopyranoside with dimethylboron bromide at 25 
cleaves the glycoside to yield the oGglycosy1 bromide ( 2 1 ) .  

claim ( s e e  Vo1.15, p.88, ref.25) that reaction of the anhydro- 
alloside ( 2 2 )  reacts with magnesium bromide to yield mainly the 
abnormal diequatorial 3-bromo-glucose derivative (23) has been 
disputed; a reinvestigation has shown that the main product (78%) 
is the expected 2-bromo-altroside ( 2 4 )  with only 15% (23) being 
formed. Bromination of l-Q-acetyl-2,3,5,6-tetra-Q-benzoyl-fl- 
D-glucofuranose with bromine in the presence of light gave the 4- 
bromo-glycosulose derivative (25). Reaction of ( 2 5 )  with silver 
fluoride gave the inverted fluoride (26), while mixtures of 
( 2 6 )  and its 4-epimer were obtained with silver fluoroborate. 
Similar reactions on l-~-acetyl-2,3,5-penta-g-ben~oyl-p-D-ribofura 

37 
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ose yielded the 4-bromo-pentosulose derivative (271, and adenosine 
38 pentabenzoate was also examined. 5-Bromo-5-deoxy-3-Q-acetyl-l,2- 

I 

(26) OBZ (27) 

- 0-cyclohexylidene-or-D-xylofuranose has been prepared conventionally 
from 1,2-Q-cyclohexyl idene-a-D-xylofuranose;  solvolysis of the pro- 

39 
duct caused migration of  the 3-Q-acetyl group to the 5-position. 
Triphenylphosphine - tribromoimidazole has been shown to be rather 
unselective in conversion of hydroxy groups to bromo-deoxy groupa; 
eA., the p-methoxybenzyl glycoside (28) gives a mixture o f  the 
4,6-dibromo- and the 3,6-dibromo-sugars (29) and (30), isolated as 
their acetates in 63% and 26% yield respectively. 
methoxybenzyl glycosides with either bromine or NBS in anhydrous di- 
chloromethane gave the glycosyl bromides dire~tly.~' Photobromina- 
tion of 1,5-anhydro-2,~-~-isopropylidene-~-D-ribofuranose using NBS 
gave stereoselectively the S(S)-bromo-derivatve (31) which was con- 
verted into 5(S)- and S(R)-deutero-riboses by reduction with tri- 
phenyltin deuteride. 

QcH2(=JoMe CH20H 

Reaction of 1- 

41 

B$; C H2 Br + {: CH2i3r H I b f  

HO AcO 
N P M  Br 

O x 0  

(3') 

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

Ac 0 FFx- ' 3 I AcO 

CH20Tr jY &> 
(35) AcO OAC 

(33) (34) OAC (36) 
OAc 

(32) X=OH,OAc,O0r,OMc 
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( 3 6 )  was obtained from 1,2,3,4-tetra-~-acetyl-j3-D-glucopyranose. 42 
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Am i n 0-s u g a rs 

1 Natural Products 

Nojirimycin B (5-amino-5-deoxy-D-mannopyranose, 1),the 2-epimer of 
nojirimicin, has been isolated from 2. lavendulae, and converted to 
the corresponding 6-lactam by microbiological oxidation (Glueono- 
bacter suboxydans). Both were powerful a-mannosidase and B-gluco- 
sidase inhibitors A novel aminosugar, N-acyl-kanosamine, has 
been isolated from the antigenic lipo-oligosaccharide of 
Mycobacterium kansasli and proposed to be 4,6-dideoxy-2-0-methyl- 
3-C-methyl-4-( 2'-methoxypropionamido)-L-mannopyranose ( 2 )  . 

2 Synthesis 

Reviews on the following topics have appeared: i) the synthesis, 
reactions, and spectroscopic properties of carbohydrate 
isocyanldes ,3 
including control of the stereochemistry at C-2,4 
synthesis of lsoxazolines and their conversion into naturally 
occurring amino-compounds , including amino-sugars . 

The glucose-lysine Amadori compounds monofructosyl-lysine and 
difructosyl-lysine have been isolated, and the kinetics of  their 
format ion studied . 1-Deoxy-1-tolylamino-D-f ruc topyranose has 
been obtained by amination of fructose with p-toluidine, and shown 
to form an acyclic oxime and, on reaction with glycine ethyl ester, 

7 the glycosylamine derivative (3). 

ii) the synthesis of sialic acid derivatives, 
and iii) the 

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:l mixture of the - 

i +? 
Tu' R,N, + r N R 2  7 -% 

RO rw w 3 2  
0 OH OH 

(6) (7) (01 

UMe - 
(5) 

J, iv- vii 

q3ijH 
HO 

R - A U y l  

OH 

(4) 
Reagents: i , R 2 N H  ;L,MsCL-Et3N;rii,H20 ; w ,  Pd-C-H30+; v ,  HCO; ;vL,Ac2O ;vh ,H30+  

Scheme 1 

xylo- and arabino-isomers (6) and (7). Both could be converted 
into the same lyxo-azlridinium Ion ( 8 ) ,  however, which was then 
regioselectlvely cleaved at C-3 by water to regenerate compound 
(6 alone. 
deoxy-D-lyxo-hexopyranose with azlde has been used to obtain 2- 
amino-2,4-dideoxy-D-glucose ( 9 )  ; the reaction soivent inf luenced 
the proportlon of dlaxial s. dlequatorial ring opening products. 
The branched-chain amino-sugar methyl glycosides (10) and (11) of 
- N-acetyl-3-epi-sibIro~amine~~ and garosamine ,I1 respectively, have 
been obtained from known sugar epoxides by multistep procedures 
(see Chapter 14). The 2,3-di-~-methyl-3-epi-s ibirosamlne 
derivative (12) has been prepared by a standard 12-step synthesis 
from methyl 2,3-anhydro-~,6-~-benzylidene-a-D-altropyranoside, but 
attempted de-0-methylation (using BC13 or BBr3) was not 
successful. 

Cleavage of the epoxide ring In 1,6 : 2,3-dianhydro-4- 

12- 

CHZOH CH2OH GO" 
OMc Me HO 

b, 
OH N"2 

Mk 
NH2 

(9) (10) R'=H, R * = A ~  (11) (1 3) 
(12) R ' -M~,  R ~ = H  

Introduction of nitrogen functionality by sulphonate displace- 
ment continues to be a popular strategy. D-Llvldosamine (2-amino- 
2,3-dideoxy-D-glucose, 13) has been obtained from 1,6-anhydro-3- 
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deoxy-2-~-tosyl-B-D-arab~no-hexopyranose an azide inter- 
mediate.' 
covered in Chapter 12. Methyl 3-amino-2,3,6-trideoxy-a-D-arabino- 
hexopyranoside (14) has been synthesized from 2-deoxy-D-glucose 
y& the mesylate (15) 
intermediates (16) and (171,required for a thienamycln synthesis, 

A further synthesis of a D-lividosamlne derivative is 

and converted Into a mixture of chiral 

HO OMc 

Me0 

by olefination [ (MeO) 2P( O)CfiN2 .Ktl of a 4-keto-intermediate .I3 A 

new synthesis of methyl 3-azido-2,3-dideoxy-5-~-(p-methylbenzoyl)- 
D-ribofuranoside (181, a potential precursor of 3-amino-3-dcoxy- 
nucleosides, has been achieved in 9 steps from 1,2:3,5-di-O--iso- 
propylidene-a-D-xylofuranose, key steps being 2-deoxygenatlon by 
the Barton-McCombie procedure and azide displacement of a 
3-triflate. l4 
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-di-0-iso- 
propylidenated dialkylacetals, e.g. (21) and (22), obtained on 
direct acetalation of D-glucose Ce.g. (Bn0)2CMe2-TsOHl, the lone 
hydroxy groups being triflated and displaced with azide Tri 

New routes to derivatives of 2-amino-2-deoxy-D- 

(19) R'=NHA~,R*=H (201 R ~ = N ~ , R ' - H  (23) R'=OTf , R2=H 

flates may advantageously be displaced with ammonia in chlorinated 
hydrocarbon solution, the difficult conversion of the glucose 3- 
triflate derivative (23) into the 3-amino-3-deoxy-allose derivative 
(241 being effected in 58% yield.17 
the ~-amlnoacld-2,3-anhydro-8-L- and a-D-lyxopyranosldes , (25 ) and 
(261, involved displacements of 4-g-triflate esters with 
inversion. l8 

(21) R'=H, R"OH (22) R'= H I  R2=OH (24) R'=H , R ~ - N H *  

Conventional syntheses of 

A novel synthesis of the 6-amino-6-deoxy-D-galactose 
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derivative (27) involved preparation of the 6-(N,!-diphenyl- 
hydraz1no)-derivative ( 2 8 )  from the 6-triflate (291, and photo- 
chemical elimination of carbazole. Product yields, however, were 
considered to be too low for this approach to be of general 
value. ’ 9  

Several amino-sugars have been prepared from hex-2-enopyranoslde 
derivative (30) has been 
(31) (Scheme 2).*O Malik and 

CHZOTS M t  
I 0  L O  

4,6-ditosylates. The halocosamine 
synthesized from the D-threo-alkene 

Scheme 2 

co-workers have reviewed their syntheses of 4-amino-4-deoxy-pentoses 
and -hexoses and 4,6-diamino-4,6-dideoxy-hexoses, which include 
sulphonate displacements with azide , 21 Details on their syntheses 
of D-ossamine (32) ,22 D-tolyposamlne (33) ,22 and D-forosamine 
(34)23 via the D-erythro-isomer of alkene (31) have also appeared. 
Further examples where azldo- or amino-functionality has been 
Introduced by sulphonate displacement are covered in Chapters 10 
and 24. 

A key step in the synthesis 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-~-isopropylidene-a-D-gulofuranose, the latter being 
obtained by a modification of a known procedure from its D-gluco- 
isomer . 

Using the aminonitrile synthesis, in which hydrogen cyanide is 
added to an E-alkyl -glycosylamine and the product is catalytically 

24 
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OH 

(32) R' - NMet , R2 = H OH NHEt 

(33) R' = H , R2 = NH2 

(34) R' - H , R2 I NMe, 

NHEt 

P6) 
(35) 

reduced, the epimerlc 2-deoxy-2-ethylamino-L-manno- and -L-gluco- 
pyranoses (35) have been prepared from L-arabino~e,~~ and the 
eplmerlc 2-deoxy-2-ethylamino-D-Rlycero-D-~alacto- and -D-glycero- 
D-talo-heptoses (36) have been prepared from D-mannose. 
Reactions of these products with arylisothiocyanates to produce 
glycofurano-imldazolidine-2-thlone derivatives are referred to in 
Chapter 10. 

Intramolecular delivery of an amino-function has been effected 
In the halocycllzation of the allyllc trichloroacetlmidate (371, 
the product being converted to methyl a-L-daunosaminlde ( 3 8 )  

26 

(Scheme 3). 27 

HO v"' N"2 

ii;Iii 

0 

CC13 rN  P'= 
(38) 

CL,C-$.O EYMe - 
NH 

(37) 
Reagents:  L, N I S  ; k ,  H+ ; iii, 8ujSnH 

Scheme 3 

5-Amino-5-deoxy-D-mannopyranose (l), whose natural occurrence is 
reported in Section 1, and 1,5-dldeoxy-1,5-imino-D-mannltol (39) 
have been prepared as shown in Scheme 4 and their ability to 
inhibit a- and B-D-mannosidases studied. Reduction of the oxlme 
( 4 0 )  led to a separable mixture of D-manno-amine (41) and its L- 
gulo-isomer, compound (41) being either hydrolyzed in the presence 

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 
l,4-imino-D-mannltol is covered in Chapter 18. 

amino-substituted non-reducing terminal units and their 
corresponding alditol derivatives (from NaBH4 reduction), required 
as a-amylase substrates, have been synthesized 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 

tives. Methyl 3-amino-3-deoxy-a-DL-lyxopyranoside (42) was 
obtained by hydroboration of the enamine (43) derived from 3-ulose 
(44) (Scheme 5) . 3 0  The hexopyranosid-2-ulose derivative (45) was 

A related synthesis of l,b-dideoxy- 

Fluorogenic malto-oligosaccharides with 6-deoxy-6-(2-pyridyl)- 

3-Amino-sugars have been synthesized from pyranosidulose deriva- 

DL- (44) DL- (43) DL- (42) 

Reagents L, Bn2NH ; k, 8 2 ~ 6  , U ,  H ~ O ~  , LV, M ~ O H -  HCL , V ,  H,-Pd/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-amin0-3~4-dideoxy- qY'= 'IU j cry"' LLL-VF +NH3 HO 

. G o  0 PhNHN 0 
(451 (471 (44) 

Reagents. i, NaOH , LA, PhNHNH2 , U L ,  H2-DtOZ-HOAc , i V ,  6'' ,v, H30+ 

Scheme 6 

D-erythro-pentopyranose was similarly obtained from a pento- 
pyranosid-2-ulose analogue, 31 
sugar (48) was synthesized from a 3-keto-precursor via a spiro- 
aziridine intermediate. 32 
oleandomycin derivatives via a 4"-keto-derivative are covered in 
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 (Vo1.17,p.95) has been detailed, along 
with an analogous synthesis of 3-epigentosamine (49) from 2,3-0- 

The L-xylo branched-chain amino- 

The syntheses of 4"-sulphonamido- 
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020 qy’= H o q ) - o H  

M e  MeNH OH 

(4%) (4 9) 

isopropylidene-D-glyceraldehyde. 33 
amine ( 1 3 )  and its C-2 epimer has been obtained on reduction of 
the major dipolar cycloadduct (50) from reaction of the 2,3-dI-g- 
isopropylidene-D-glyceraldehyde-derlved alkene (51) and nitrile 
oxide (52) (Scheme 7); the desired isomer (13) was Isolated 

A 3.5 : 1 mixture of D-lividos- 

(51) ( 5 2 )  (50) 

Scheme ? Reaqents. L, L A H  ; ii , H30* 

chromatographically as its acetylated methyl glycoside. Extensive 
model studies on the racemic analogues and related hexitol 
derivatives were also reported. 34 The L-lactic acid derivative 
(53) has been elaborated into L-daunosamine (54)35 and into the 
branched-chain L-vancosamlne derivatives (55) , 36 via the common. 
pentonolactone intermediate (56) (Scheme 8). lj-aenzoyl-L- 

. .  NAfCL (54) 

Me 

R = MeOCH2+ 

Meo2c+== OMe 

Ro{02R ___) i-& R O  

Me 

(53) 

R y e &  :, i, LLoH ; u ,  (k’hO)2P(0)N3; L, Me02CCY2CN-NaH ; iV, HCL-MeOH ; NHAc (55) 
v ,  (BnOCO)20 ; VL, H,-f?h/AL,03 ; vti, DleAL ; vG; Ph3P CHOMc; LU, HCL ; 
x ,  LDA ; x i ,  M e 1  Scheme 8 

acosamine ( 5 7 )  has been stereoselectively synthesized from the 
tetrononitrile (58) (Scheme g) ,  which is available from either L- 
lactic or L-tartaric the same route has been used to 
obtain the 1-benzoyl derivative of L-daunosamlne (54) from the C-2 
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(58) RCN 

M e  
RCegcds: i, C H 2 = C H ( O ~ ~ O M 9 X  ; u,Ac2O-Py ;'GI H2-Rh/C ; iv,  H+;v, BzCL;vi, DlBAL 

Scheme 9 

epimer of compound (58) .38 
(59) with the nitro-derivative (60) has provided a chromato- 
graphically separable mixture (61) of (2S,4€3,5S,62)-, (22,42,5€3,6S)- 
and (22,4Fl,5Ft,6g)-4-amino-1,2,5,6-heptanetetrols, isolated in 16, 

Henry reaction of the chiral aldehyde 

X I  
xzq $"2 + miyo Me ___) i-;ii PAC- Hoy)-o" 

CHzN02 BnO NHAc 
Me 

(62) 
(60) (59) 

Reagents: i, KF-MeCN;u,H*-RanujNi;iii, AcpO (6'1 
Scheme 10 

22, and 16% yields (Scheme lo), from which 3-acetamido-2,3,5- 
trideoxy-L-hexopyranose derivatives (62) with the xylo-, arabino- 
Ci.e.,L-acosamine, c.f. (5711, 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 moiety. The synthesis of the nitro-derivative (60) in 10 
steps and 16% overall yield, from 3,4-~-isopropylidene-1,2,5,6- 
tetra-0-mesyl-D-mannitol, was also reported. 39 
amino-lactone (63) has been synthesized from 2,3-g-isopropylidene- 

40 L-glyceraldehyde (64) as shown in Scheme 11. 

The branched-chain 

CHO 

A variety of non-carbohydrate starting materials have been 
elaborated into amino-sugars. An extensive review on acyclic 
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stereoselectlve synthesis of carbohydrates from non-carbohydrates 
has included amlno-sugar examples. 41 
prepared by asymmetric hydroboration, has been converted into the 
known 3,4-anhydro-L-ribo-hexopyranoside ( 6 6 )  by Baeyer-Villiger 
oxidation of cyclopentanone (67) ,42 and then into the L-daunosamine 
derivative (68) by conventional azide ring-opening of the epoxlde 

The cyclopentene (651,  

and Inversion of configuration at C-4 by sulphonate displacement 
(Scheme 12) .43 

A variety of conjugated dlenes have been used as starting 
materials. The synthesis o f  racemic E-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. 44 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 allyllc sulphoxlde by a 

OH 
DL- (70) Me 

R e q e h :  i,,SOCb-Ptj;ii,PhMgBr; &,#VH-EtoH; iv, (CHZO),;v, LAY;vL,H+;vu,O3-Zn 

Scheme 13 
Grlgnard reagent, C2,31-slgmatroplc rearrangement of this to a 
sulphenate ester, and desulphurlzatlon to give the urethane derlva- 
tlve (71) . 45 
tlves, which have ring-nitrogen atoms, have been synthesized by 
coupling dlenes (72) with dlethyl azodlcarboxylate, the rlbo- 

Racemlc 4-amlno-4-deoxy-pentofuranosylamlne derlva- 
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isomers (73) being obtained ring contraction of the carbanion 

of (74) ,46 the lyxo-isomer (75) by acid-catalyzed cyclizatlon 
(Scheme 14) .47 

n+ ,-o 
Reagents: L , D E A D  ; u ,  L D A ; ~ ~ ~ , O S O ~ - O ~ N , ~ ~ ; L V ,  H+ 

Scheme 14 

DL- (75) 

3 Reactions 

E-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 K-octadecanoyl-1-thio-derivatives, some with 
additional octadecanoyl moieties on S - 1  and/or 0-6 ,49 3-deoxy 
3-thio-MDP,*O and 6-g-acety1, -octadecyl, and -0ctadecanoy1-6-deoxy 
-6-thio-MDP derivatives. 51 The g-acetyl-muramic acid lactones 
(76) yield the corresponding HO-4 unsubstituted methyl esters with 
retention of  the D-gluco-configuration, on silica gel-catalyzed 
methanolysis; in the presence of  imidazole, lactones (76, R = H 
or Ac) condense with amino acids and peptide esters to give 3- 
acetylmuramylamide derivatives. 52 E-Peptidyl-K' -glycosyl-thiourea 

48 

CH20R CHZOAC 

R - H , Ac,Tr,Ts, &- > R=Mc or ( C H Z ) ( p  
or 6 3 C O -  

ACO 

0 JfifihB" Me (76) NHAc 
(77) d R 



98 Carbohydrate Chemistry 

MDP-analogues with immunoadjuvant activity (see Chapter 10) 53 and 
an acryloyl-type polymer with pendant MDP-analogues (see 
Chapter 7) 54 have also been reported. 

1,2-Fused oxazoline derivatives ( 7 7 )  have been obtained in high 
yield upon attempted phosphorylation of  3,4,6-tri-g-acetyl-2- 
acylamino-2-deoxy-D-glucopyranoses with 2-chlorophenylphosphorodi- 
(1,2,4-trlazolide) in the presence of triethylamine .55 

The 3-trlflate group in the 2-trlfluoroacetamido-derivative (78) 
can be displaced by the following alternate pathways depending upon 
the reagents used: i) conventional displacement with inversion 
(using LiCl or NaI-DMF), 11) formation and subsequent reaction of 
the 2,3-allo-epimine ( 7 9 ) ,  or  ill) ring contraction, Involving 

I _ j  Products 

A n  

Reagents: 1, NaDBz-DMF;iL, MeOH(1000) 
. I  

Scheme 15 

migration of the C4-C5 bond, to give the 3-C-formyl derivative 
(80) (Scheme 15).56 
sugar derivative was also reported and is covered in Section 4. 
A synthesis of methyl 3-~-benzoyl-4-g-benzoyl-f3-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) .57  A related displacement of a 3-tosylate by 

An analogous ring contraction o f  a dlamino- 

0 1  

(82) 
R e c l g e d A :  i, NaH ; u,  NH4CL ; iii, B%SnU-NaBH+;  i v ,  NBS ; V, D0U ; V i ,  H2-f’d/C 

Scheme 16 

fluoride, involving a 2,3-epimine intermediate, is covered in 
Chapter 8. Methyl 2-acetamido-2,3,6-trideoxy-f3-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. 58 

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 

The N,N,E-trimethyl derivatives of 2-amino-2-deoxy-D-glucose 

NHAC 

(8 3) 

HO 1 

6-amino-precursor with sodium chloroacetate [to give a 6-amino-6- 
N,N-bis(carboxymethyl) derivative] then urea. 6o 
of ethyl 2-amino-4,6-~-benzylidene-2-deoxy-D-gluconate to 
acetylenic esters has yielded enamines, e.~., (85) from methyl 
propiolate; the reaction has possible applications in E- 
protection. 61 
allofuranose derivative (86) have been synthesized as pseudo-!- 
nucleosides by reaction of deoxy-hydrazino derivatives with E- 
methylpyrimidinium methyl sulphate. 

Michael addition 

Deoxy-(pyrazol-l-y1)-sugar derivatives such as the 

62 

x 1 
OH OH 

(87) R‘,R* - H, NHCON(NO)CH~CH~CL 

($61 
2-Amino-2-deoxy-D-glucose hydrochloride has been converted to 

the IJ-hexadecanoyl derivative using 3-hexadecanoyl-1,3-thiazolldlne 
-2-thione, a reagent with high chemoselectivity for E- over 2- 
a ~ y l a t i o n , ~ ~  and has also been coupled with Pj-carboxy u-amino acid 
anhydrides sequentially to the L-tripeptidyl level. 64 Methyl 
3-DL-alanylamido-3,6-dideoxy-u-D-glucopyranoside, which shows 
greater antibacterial activity than the corresponding 3-L- 
glyceroylamido derivative, has been synthesized conventionally 
from the 3-amino-precursor . 65 
derivatives (87) of sucrose, synthesized by carbamoylation of 

Two 2-chloroethylnitrosourea 
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6-amino-6-deoxy- and 6'-amino-6'-deoxy-sucrose, have exhibited 
significant antitumour activity. 

amino-l-deoxy-fructoses has been investigated, but the sometimes 
claimed correlation between the yield of pyrolyzate and the 
basicity of the mine moiety was not found.67 

Cerny and co-workers have prepared four 2-amino-136-anhydro- 
dideoxy-B-D-hexopyranoses (the 2,3-dideoxy-arabino and -rib0 and 
2,4-dideoxy-lyxo and -xylo isomers 
and I3C-n.m.r. spectroscopic properties. 
isomer was synthesized from 1,6-anhydro-D-mannosamine via the 
- N-benzyloxycarbonyl derivative of 3,Q-epoxide (88). These 
authors also examined the epoxide eepimine equilibria shown in 
Scheme 17 and demonstrated that greater stability was conferred by 

66 

The Maillard degradation of a large range of g-substituted 1- 

and have compared their 'H- 
The 2,3-dideoxy-ar,abino 

(538) 6 5 %  35 % I O h  99 % 

Scheme 17 
1) an E-three-membered ring and ii) an aziridine compared to an 
epoxide ring. 

The partially protected 2-acetamido-2-deoxy-D-galactoside (891, 
a building block for oligosaccharide synthesis, has been con- 
veniently prepared by standard methods from ally1 2-acetamido-2- 
deoxy-a-D-glucopyranose, the required inversion at C-4 being 
effected by sulphonate displacement .69 
tetra-2-methyl-D-gluconic acid has been prepared conventionally 
from 6-azido-6-deoxy-1,2-~-isopropylidene-a-D-glucofuranose for a 
study of the biological properties of w-aminoaldonic acids .70 

68 

6-Amino-6-deoxy-2,3,4,5- 

CH20Bn 

0- Ph@) OMe BnO @YCL 
NHAc NHAc N3 

039) (901 (9 9 
Syntheses of the alkaloid swainsonine (see Chapter 24) have 

employed methyl 3-amino-3-deoxy-a-D-mannopyranoside derivatives 
made either from D-glucose dialdehyde-nitromethane con- 
densation 71 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 
diamino-sugars. The 2,3-diamino-2,3-dideoxy-D-glucose derivative 
(90) was obtained after phase-transfer catalyzed displacement of a 
3-mesylate from a 2-acetamido-2-deoxy-D-allopyranoslde prec~rsor.7~ 
Thz 2,6-diazido-2,6-dideoxy-L-idopyranosyl chloride (911, 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-diamin0-2,6-dideoxy-a-L- 
idopyranose . 7 4  
regarded as a chlral precursor for 7,11-diazaprostanoids, has been 
synthesized stereospecifically from L-arabinose y& the 
dithloacetal derivative (93) (Scheme 18) .75 

The ring-nitrogen containing derivative (92) , 

(93) Scheme I 8  

The 3-C-formyl derivative (94) has been formed by elimination 
of a 3-triflate from a 2,6-diamino-D-glucoslde derivative with 
ring-contraction, In a fashion analogous to that shown earlier In 
Scheme 15. 56 

$H2 NH AC 

(94) (95) NHAc 

A synthesis of di-Ij-acetyl-a-D-tobrosaminide (95) from a 2- 
acetamldo-~,6-~-benzyl ldene-2,3-dideoxy-precursor Involved 
generation of a 6-bromide using E-bromosucclnlmlde 
ment of bromide by azide.58 

The methyl a-D-purpurosaminlde C derivative (96) has been 
synthesized from acroleln dlmer (97) as shown in Scheme 19. 
Reductive amlnatlon with (El-a-methylbenzylamlne 

and displace- 

provided a pair 
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CHO 

L O  
L 

CHZNH Ac $ H N H C\H-Ph 

to Me 

DL-(97) ( 9 9  

v- ix  . vii 

NOH 
(96) kAc 

Reage&: i, PhCH(Mc)NHZ-NaBH, ;‘i,Tf,O-Py ; i i i ,NOCL ;Lv, McOH;v,NaBH3CN-HOAt; 
vi, Pd/C ; v U ,  ACZO ; V G ,  N a 0 H q  ; LX , Pd(0H)c H2 

Scheme 19 

of dlastereolsomerlc 6-amino-derivatlves from which the desired 
Isomer (98) could be Isolated as its 3,5-dinitrobenzoate. 76 
synthesis of a 3,bunsaturated purpurosamlne C derivative I s  

covered In Chapter 13. 

The 
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10 
Miscellaneous Nitrogen Derivatives 

1 Glycosylamines 

- N-(p-Chloro- and p-methoxy-phenyl) a- and €4-D-lyxo-pyranosylamines 
and their 0- and/or g-acetylated derivatives have been synthesized; 
while the a-tetraacetate adopted the 'C4-conformation, the B-tetra- 
acetate adopted the 4C!1-conformation. Glucopyranosylamlne derl- 
vatives have been synthesized by Lewis acid (A1Me3 or MgBr2.0Et2)- 
catalyzed reactions of 2,3,4,6-tetra-0-benzyl-a,B-D-glucopyranosyl 
fluoride with amlnes; aniline gave a 1:l mixture of anomers, but 
morphollne favoured the B-anomer by 10:1.* A 'H- and 13C-n.m.r. 
study has shown that the reaction of D-ribose, or its 2,3-0-1so- 
propylidene derivative, with secondary amlnes furnishes mixtures 
containing only B-pyranosylamines and B-furanosylamines and,in 
some instances, Amadori rearrangement products ( 2 - 3 0 % ) .  The 
glycosylamine formed on reaction of 1-deoxy-1-tolylamino-D-fructo- 
pyranose with glycine ethyl ester has been characterized. 

The synthesis of a-D-xylo- and a-D-gluco-pyranosyl pyridinium 
bromides has permitted their conformations in D20 solution ( C4 and 
' S  respectively) to be determined by 'H-n.m.r. spectroscopy and 
the kinetics of their acid catalyzed hydrolysis to be studied in 
detail. The antiperiplanar lone pair hypothesis is discussed and 
considered not to be applicable. * 
glucuronides of pyridine and 3-methylpyridlne have been synthesized 
by standard Koenlgs-Knorr methods,and their base- and 6-gluc- 
uronidase-catalyzed hydrolysis has been studied. Hydrogenation of 
the former compound caused glycosldic cleavage, but reduction of its 
methyl ester peracetate yielded the correspondingly protected g-D- 
glucuronide of piperidine. 

4 

1 

-3 

Similarly, the F-B-D- 

6 

CHZOH 

105 
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a-D-Jvlo-furanoC1,2-dloxazolidin-2-one (1) has been isolated as 
the major monomeric product from reaction of equimolar amounts of 
xylose and urea in water at 68' for six weeks.7 
benzosulphimlde or succinimlde, as their silver salts, with 2,3,4,6- 
tetra-2-acetyl-a-D-glucopyranosyl bromide gave the expected 6- 
glucosylated imides, whereas phthalimide gave the corresponding 
ortho-ester derivative. 

Reaction of 

8 

Carboxy-activated aminoacids have been coupled with unprotected 
glycosylamines to prepare both anomers of g-(L-B-aspartoyl)-D- 
glucopyranosylamine ,' di- and trl-peptidyl B-glycosylamines having 
D-glucopyranosyl, cellobiosyl, or 2-acetamido-2-deoxy-D-gluco- 
pyranosyl sugar moieties ,lo and 3-glycidoyl-a-D-glucopyranosyl- 
amine . The amido-linkage between D-glucopyranosylamine and 
aspartlc 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-acetamldo-2-deoxy-D-glucopyranosylamine 
and asparagine or glutamine. 

A new procedure f o r  the synthesis o f  glycosyl lsothiocyanates 
involves the action o f  potassium thiocyanate and a tetrabutyl- 
ammonium salt as catalyst on per-2-acetylated, -benzoylated or 
-benzylated glycosyl halides in acetonitrile, e.g., 2,3,4-tri-C- 
acetyl-B-D- ribofuranosyl isothiocyanate (55% yield) .I2 

- N-Lactosyl-urea and -thiourea derivatives have been obtained by 
condensation of lactosylamine with long chain isocyanates and l s o -  

thiocyanates respectively. l3 

(3) In which the sugar is joined to the peptlde by a glycosylamine 

11 

Muramoyl dipeptide analogues ( 2 )  and 

S S n II 
a-L-Rhap-1-NHCXOH ~ - D - G ~ c ~ J A c ~ - ( ~ + ~ ) - C B - D - G ~ C ~ A C ~ ] ~ - ~ - N H C X O H  

n = 0-2 
X = Ala, L-Ala-D-Glu, L-Ala-D-iso-Gln, or D-Ala-L-Ala-D-iso-Gln 

linkage have been synthesized by coupling acetylated glycosyl iso- 
thiocyanates with alanine or unprotected peptides and shown to have 
immunoadjuvant activity. l4 
(propanal-3-yl)-thioureas ( 4 ) ,  which exist as equilibrium mixtures 
of ring-chain tautomers, have similarly been synthesized from 
a c e t y 1 a t e d g 1 y c o s y 1 i s o t h i o c y ana t e s . 
or a-D-arabino-pyranosyl isothlocyanates have been used as chiral 
reagents for the preparation of diastereoisomeric thiourea deriva- 

- N-B-D-Galactosyl- and glucosyl-3'- 

Per -2-a c e t y 1 ate d B -D- g lu c o - 
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Ph 

s 
R- NHC NH CHZCHZCHO + R-N 

S 
HO 

(4) R=p-D-GLc-p or s k-NH 
p - D - GaL,p % P CH20H OH (5) 

tives of enantiomeric amino acids (c.f. Vo1.15, ~ . 1 0 8 ) ~ ~  and 
amphetamines ( l-phenyl-2-aminopropane derivatives )I7 
separable by h.p.1.c. 

Glycofurano-imidazolidine-2-thiones such as the D-glycero-L- 
gluco-derivative ( 5 )  have been obtained by reactions of aryl iso- 
thiocyanates with 2-deoxy-2-ethylamino-hexoses and -heptoses, whose 
synthesis is referred to in Chapter 9.19'20 

thesized by reaction of ~-methyl-2,4,6-tri-~-methyl-D-glucofuranosyl- 

that are 

The 1,2-~,~-cycloglycosylarnidophosphites ( 6 )  have been syn- 

CH20Me 
I 

o - 'P - N R* 
( 6 )  R- Me or E t  

amine with tris(d1alkylamino)phosphines; subsequent oxidation with 
nitric oxide or sulphur furnished the corresponding amidophosphates 
and arnidothiophosphates 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-g-benzyl-a- and B-D-glucopyranosyl 
azides In the ratio 1O:l 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. 

introducing azide substltuents, but in the case of the a-D- 
mannosides (7) and (8) displacement (LiN3-DMF) of the 2-2-trlflate 
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 

2 

Sulphonate displacement reactions are frequently used for 
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CH200n CH20- CH20Bn 

BnO &ZhR ;;:MeQ*Bn (<> 
(9) 

O0n 0 

2-azido-glucoside in 90% yield, presumably because in this case the 
22 anomeric substituent does not hinder the approaching nucleophile. 

A new synthesis of methyl 3-aeido-2,3-dideoxy-4-O-(E-methylbenzoyl) 
-a,B-D-rlbofuranose in 9 steps from 1,2:3,5-di-g-isopropylidene-a- 
D-xylofuranose involved displacement of a trlflate group by azide; 
the product is 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 synthesis of chain-extended 
sugar derivatives using both photoinduced free radical coupling 
reactions [to give (11)l or displacement of halide by a weakly 
basic carbanion [to give ( 1 2 )  1 (Scheme 1). 25 The a-chloronitro- 

T".- c 

Scheme 1 

derivative (10) is presumed to be formed by oxidation of the 
cyclized form of the oxime 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-Dlels-Alder adduct (15) 
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(Scheme 2 ) .  26 

d e r i v e d  from t h e  bromo-analogue of  ( 1 0 )  l e d  t o  d i n i t r o - d e r i v a t i v e  
(17) i n  h i g h  y i e l d  (Scheme 3)  .25 

Photo-induced d i m e r i z a t i o n  of t he  c a r b a n i o n  ( 1 6 )  

p 
‘0- 0 

i 

- 

O x 0  
- 

(‘7) 

O x  0 

Scheme 3 

S a k a k i b a r a  and  co-workers have  r e p o r t e d  i n  f u l l  ( c . f .  Vo1.16, 
p .112)  on t h e  s y n t h e s i s  o f ,  and Michae l  a d d i t i o n  of n u c l e o p h i l e s  
t o ,  t h e  anomerlc  m e t h y l  2,3-dideoxy-2-nitro-f3-D-erythro-hex-2-eno- 
p y r a n o s i d e s  ( 1 8 )  and (19). I n  t h e  c a s e  o f  t h e  B-anomer (18), 
n u c l e o p h i l e s  added p redominan t ly  i n  a n  e q u a t o r i a l  f a s h i o n  a t  C-3, 

Reaqeds:  L,  Ac2CHNa,MeOH, NaBH,, or HCN 

n02 
(20) R =  CHAc2, OMc,H,  or C N  

Scheme 4 

l e a d i n g  ma in ly  t o  p r o d u c t s  w i t h  a f3-D-gluco-configuration, e . g .  
( 2 0 ) ,  (Scheme 4 )  .27 

were dependen t  upon t h e  n a t u r e  o f  t h e  n u c l e o p h i l e  (Scheme 5 ) .  The 
I n  t h e  c a s e  of  t h e  a-anomer (191, p r o d u c t s  

Ph 

0 7  

c 
j 3  2/’ 

(21) No2 

TY 
(22) 

R NO2 
(23) R- 0, CN ,or OMe (24) 

Reage& : i , But202 ; u,  NaOMc ; iii , NaBDg, HCN ,or MeOH ;iv, H202-NaOH ; 
v, CF3C03H- NaHC03- CO(NH& 

Scheme 5 



110 Carbohydrate Chemistry 

bulky di-tert-butyl peroxide and the- charged sodium methoxide led 
to products of equatorial C-3 attack, i.e., the 2-nitro-manno- 
epoxide (21) and the 3-~-methyl-a-D-~luco-derlvative ( 2 2 ) ,  

respectively. Other reagents, however, added predominantly by 
axial C-3 attack to give a-D-allo-derivatives (23) accompanied by 
lesser amounts of their C-2 epimeric a-D-altro-isomers or,in the 
case of alkaline hydrogen peroxide, the 2-nitro-allo-epoxide ( 2 4 ) .  
The 3-~-methyl-a-D-~luco-derivatlve (22) was also obtained by 
oxidation of the oxime (25). 

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

28 

L -i& W-vi? q0>w 
Me0 

Me0 $37 (27) $1 Me (26) 

R e a g d s :  L ,  HCN-Py;U,MsCL , 'u,LAH , LV,H~-NL;V,MCPOA;VL,H~O+ 

Scheme 6 
The 3-nitro-nucleoside analogue (28) has been synthesized from 

the corresponding D-glucosyl nucleoside by conventional periodate 
oxidation - nitromethaqe condensation procedures. 30 
1-nitro-heptltols (29) have been synthesized by addition of ethyl- 
amine or n-propylamlne to 1,2-dideoxy-l-nitro-hept-l-enitol tetra- 

2-Alkylamino- 

acetates with D-gluco-, D-manno, nd D-galacto-configurations . 31 

4 Nitrlles, Isonitriles, Oximes and Hydroxylamines 

2,~,5,6-Tetra-~-benzoyl-D-glucononitrile has been identified as a 
byproduct frequently encountered in the synthesis of t h e  perbenzoyl- 
ated D-glucononitrile . 32 Reaction of the per-0-acetylated D- 
Ralacto-, D-xylo- and D-arabino-pyranosyl bromides of hept- and hex- 
ulononitriles,e.g.,(30), with silver or mercury(I1) acetate in 
acetic acid-acetic anhydride solution has provided the correspond- 
ing inverted pyranosyl acetates, e .g., (311, in good yields .33 
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C H ~ O A C  CH OH C6zGH4 OH 
A c @ < Y  OAc cytdxRo OH OH 

R2 HO HO 
OAc OH OH 

(32) R= H OT Y C O ~ H  (33) 
(30) R ~ N ,  R ~ =  B~ 
(31) R'=oA~,  R ~ =  CN 

NH2 

The synthesis, reactions and spectroscopic properties of carbo- 
hydrate isonitriles, including both glycosyl and ring-substituted 
derivatives , have been reviewed. 34 

chlorosuccinimide in pyridine gave the l-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 (321, present in the plant Lathyrus odoratus at various 
stages of development have been determined. 36 The N_-glucuronides 
of the carcinogenic 3-hydroxyarylamines, ~-hydroxy-4-amlnobiphenyl, 
- N-hydroxy-2-aminofluorene, and E-hydroxy-2-aminonaphthalene, e . ~ . ,  
( 3 3 ) ,  have been prepared in good yields by direct condensation of 
glucuronic acid with the appropriate hydroxylamine . 37 

D-Ribose and Its 2,3-~-1sopropylidene derivative condense with 
hydroxylamine to give primarily the acyclic oxlmes, as shown by 'H- 
and l3C-n.m.r. ~ t u d i e s ; ~  e . g .  , 2,3-~-isopropylidene-D-ribose gave an 
8:l:l-mixture of the E- and Z-acyclic isomers and the 8-furanose 
form respectively. 

Reaction of 2,3:5,6-di-~-isopropylidene-D-mannose oxime with E- 

5 Hydrazones, Osazones and Derived Heterocycles 

The products formed on reaction of D-ribose and Its 2,3-g-Iso- 

propylidene derivative with secondary amines (see Section l), 
hydroxylamine (see Section 41, hydrazine and thlosemicarbazide have 
been determined by 'H- and l3C-n.m.r. studies. 
primarily the acyclic hydrazones, whereas thiosemicarbazide afforded 
mainly cyclic derivatives. Thus D-ribose and thlosemlcarbazide 
gave the pyranose derivatives (34) along with its B-furanose, and 
E-acyclic isomers in the ratio 54:9 : 37 respectively. 
- N-methylpyrimldlnium methyl sulphate-with the hydrazone of 2,3-0- 

Hydrazlne gave 

Reaction of 
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isopropylidene-D-ribose led to the 1-N-ribofuranosyl-pyrazole and 

-(1,2,4-triazole) derivatives, ( 3 5 )  and ( 3 6 ) ,  in 10 and 17% yield 
respectively. 38 

(34) 

(35) R = , R  

Ph 

C H ~ O A C  

(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 
conformat ions. 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 .  Vo1.15, p.113). 40 
benzoylhydrazones of galactose, arabinose, and 6-deoxygalactose to 

oxadiazole derivatives, e.g., (37), has been described. 41 
gluconoylhydrazones of 5-nitrofurfural and 3-(5-nitro-2-furyl)- 
propenal have been synthesized by condensation of D-gluconic acid 
hydrazide with the corresponding aldehydes. 

The cyclization of the g- 

The D- 

42 

6 Other Heterocyclic Derivatives 

Several tetritol-1-yl- and pentitol-1-yl-pyrrole derivatives (38) 
have been prepared by condensation of 2-deoxy-2-ethylamlno-hexoses 
or -heptoses with 2,4-pentanedione or ethyl 3-oxobutyrate ,43 while 
the 4-(D-threo-trihydroxypropyl)pyrrole (39) has been synthesized by 
addition of dimethyl acetylenedlcarboxylate to 1-benzylamlno-1- 
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44 deoxy-D-threo-pentulose. 

enediamlne under acidic conditions (c.f. Vo1.17, p.112), D-ribose, 
D-xylose ,45 L-rhamnose and L-fucose46ve been shown to give 
mixtures of 2-(aldltol-l-yl)-quinoxaline derivatives, accompanied 
In the case of the latter two sugars by benzimidazole derivatives 
(40). The quinoxaline derivative (41) has similarly been obtained 
by reaction of dehydro-D-arabino-ascorbic acid with g-phenylene- 
diamine 

In a continuing study of the reaction of sugars with 2-phenyl- 

and subjected to further conversions. 47 
Five 1,l-di-5-substituted 1-deoxy-D-rlbltol derivatives, 

including compounds (42) and (431, and two 1-deoxy-D-glucitol 
analogues have been Synthesized by condensation of aldehydo-sugar 
derivatives with 3-methyl-1-phenyl-5-pyrazolone and shown to have 
high antiviral activity with relatively low cytotoxiclty. 48 

CH20H 

(44) R -  C6,C, .... C,, 

n-2 or 3 

4- (Polyhydroxyalkyl )-l-E-alkyl-l, 3-dihydro-2€J-imidazole-2- 
thiones (44) have been synthesized by condensation of l-alkylamino- 
1-deoxy-pent- or hex-2-uloses with potassium thiocyanate, while 
several 3-Ij-alkyl isomers were obtained from 2-alkylamino-2-deoxy- 
D-glucose by the same procedure. 49 

(see Section 1) has been converted into the 4-(D-galacto-pentl.t01- 
1-y1)imldazole derivatives ( 4 5 ) ,  which are acyclic C-nucleoside 
analogues as shown In Scheme 7. 50 51 Analogous 1-deoxy-1-(=- 

(dkyl) 

The (D-glycero-L-gluco-heptofuran0)-imldazoline derivative (5) 

Ph 

CH20H 

(45)R=H or 5Bn 

S c h e m e  7 
4 (substituted A -thiazolinylldene)-D-galactltols, e.g.,(46), have 

been Synthesized by condensation of the 1-bromo-1-deoxy-heptulose 
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derivative ( 4 7 )  with thiourea derivatives, followed by dehydration 
of the initial adducts (Scheme 8 ) . 5 2  

Other heterocyclic derivatives are referred to in Chapter 9 .  

ii, iu. AcO AcO L 

AcO AcO 
OPC OAc OH 

C H 20Ac C H ~ O A C  C n p H  

(47) (46) 
Reagents: i, PhsO2NHCSNHPh; ii, P0CL3 ;'&, dcacehjlation 

1 
2 

3 
4 

5 

6 
7 
8 

9 

10 
11 

12 

13 
14 

15 

16 
17 
18 
19 

20 

21 

22 

23 
24 

Scheme 8 
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T h i 0-s u gars 

Theoretical studies have been applied to the stereochemistry of 
methoxy(methy1thio)methane and di(methy1thio)methane as models of 
of the thioacetal segment in thioglycosides. The MNDO technique was 
used in each case, and the results used to 888888 the magnitude of 
the anomeric and exo-anomeric effects in 1-thio- and 5-thio- 
pyranosides. By considering the torsion angles shown in (1 1 ,  the 
calculations for the oxythio compound gave the thermodynamic ratios 
92:5:2:1:0 for the ( s c , a c ) ,  the (as,=), the (e_c,am), the 
and the ( 2 , ~ )  conformers respectively in the absence of solvent, 
while the dithlo model gave 78:21:1 for the corresponding (=,=I, 

2 
(=c,aq), and ( g , g )  conformers. Increasing the solvent polarity 
was shown to increase the proportion of(aq) conformation for the 
methyl groups. 

1 2 

A stereoselective synthesis of 1,2-trans-related 1-thioglycoses 
utilized the reaction of thioacetic acid with peracetylated sugars 
in the presence of zirconium chloride. Application to standard per- 
acetylated aldopyranoses (b-D-xyl, ,U-D-glc, P-D-gal, d-D-man) gave 
excellent yields of the corresponding 1,2-trans-peracetyl 1-thio- 
sugars with no observable anomerization. 
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-Q-octadecanoyl 
derivatives of 1 -thiomuramoyl-L-alanyl-D-isoglutamine. The 
kinetics of the peptide-forming aminolyais 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 g-protecting group and with th 
configuration of the alanine (Scheme 1). 

Zirconium chloride - catalyzed condensation of 2,3,4,6-tetra-g- 
acetyl-1-thio-&-D-glucopyranose with 1,3,4,6-tetrabenzyl-,d-D-fructo 

The preparation of 

5 

116 
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furanose, followed by 1.c. separation of the deprotected disac- 
charide, led to 1-thiosucrose and d-D-fructofuranosyl 1-thio-d-D- 
glucopyranoside in 1 5  and 22% yields respectively. Condensation of 
the fructofuranose derivative with the corresponding P-glucose 
anomer gave, in 1:6 ratio, d-D-fructofuranosyl 1 -  ghio-fi-D-gluco- 
pyranoside (1-thioisosucrose) and its ,tY,b-anomer. The synthesis 
of 6-thiosucrose ( 3 )  has been achieved as shown in Scheme 2. The 

OAc 

(2) 
OAc 

Scheme 1 

Me Y Y  CONH $H2 

NHR C02H 

R = Ac, Cbz, 00c 
D o r  L 

002 OAc ORZ (4) R'=R2=R3=H 

Reage+-& : L, Krypbfir-21 ; ii, Ac20-AcOH -H2S04 ; iii , NaOMe-McOH 

Scheme 3 

route also provided 6-deoxysucrose in improved yields ( s e e  Chapter 
12). 3,3f,4f,6f-Tetra-~-acetylsucrose in DMF, on treatment with 
thioacetic acid, triphenylphosphine and DEAD followed by deacetyl- 
ation, also gave good yields of 6-thiosucrose. 61-Thiosucroee was 
similarly obtained from 4,6:2,1f-di-g-isopropylidenesucrose. 
The 2-nitrophenyl and pnitrophenyl L+-thio-+maltosides have been 
prepared by condensation of 2-acetyl-1-thio-d-D-glucopyranose with 

7 

8 
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the appropriate nitrophenyl 2,3,6-tri-Q-benzoyl-4-Q-triflyl-d-D- 
galactopyranoside followed by isolation as the tetraacetate and de- 
protection. The 2-linked maltosides were shown to be poorer sub- 
strates than their oxygen counterparts f o r  pig pancreatic d-amylase, 
with cleavage occurring exclusively at the chromogenic sites. 
Thiocellobiose ( 4 )  has been synthesized the intermediate ( 5 )  
as shown in Scheme 3;  a similar reaction of the sodium thiolate with 

10 
1,3,4,6-tetra-~-acetyl-d-D-mannopyranose yielded thiosophorose. 
The 3-thio-MDP-analogue, ~-[2-~-(2-acetamido-2,3-dideoxy-D-gluco- 
pyranose-3-yl)-2-thio-D-lactoyl]-L-alanyl-D-~~oglu~amine, has. been 
synthesized from ally1 2-acetamido-2-deoxy-~-D-glucopyranoeide, 
using a double inversion sequence to introduce sulphur at C - 3 .  The 
compound had less immunoadjuvant activity than the oxygen ana- 
logue. The same research group has also prepared several 6- 
thio-MDP analogues.' 
unpublished results, on the introduction of 7-2-alkylthio eubsti- 
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-!-acetylepimine intermediate. 

acetyl-2 3-g-phenylboronyl-4-thio-D-erythrose by standard pro- 
~edures.'~ The thionucleosides (6) and (7) have been obtained 
by enzymic cleavage of albomycin 6 
of ( 7 )  gave rise to the sulphoxide (8) which was characterized byz- 
ray crystallography. 

9 

1 1  

A review, which includes some previously 

13 

Various nucleoside analogues have been synthesized from 1-0- 

15 

and 6 ,and chemical reactions 
1 2 

16 
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12 
Deoxy-sugars 

Vimose, a tetrasaccharide composed of f3-(1+ Q)-linked L-diginose 
(i.e,, 2,6-dideoxy-3-~-methyl-L-lyxo-hexose) units, has been 
isolated from Orthenthera viminea twigs.' 
published for the determination of the absolute configuration of 
the potent prolyl hydroxylase inhibitor P-1894B, which has L- 
aculose (2,3,6-tr1deoxy-L-~1ycero-hex-2-enopyranose-4-u1ose) and L- 
rhodinose (2,3,6-trideoxy-L-threo-hexopyranose, 1) as constituent 
sugars (g. vol. 16, p. 199) . 2 A r e v i e w ,  in Japanese, has described 
work on the oligosaccharides released on hydrolysis of biologically 

Full details have been 

active Asclepiadaceous plant glycosldes (Lf. Vo1.16, p.232; 
Vo1.17, p.120). These oligosaccharides incorporate D- and L- 
cymarose, D-oleandrose, 6-deoxy-3-~-methyl-D-allose, and the 
unusual ether-linked glucosyl olivose wilforibiose (2) as con- 
stituent sugars, and their 'H- and 13C-n.m.r. characteristics have 
been tabulated. 

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 1 ,  while 

Super-hydride (LiBEt3H) has been shown to be more effective than 

C H ~ O T S  He& OH CJMe OH OH OH 

(31 (4) (5) (6) 

methyl 3,6-dideoxy-a-L-lyxo-hexopyranoside (5) was obtained on 
reduction of methyl 3,4-anhydro-6-deoxy-a-L-talopyranosIde. 

has been synthesized from methyl 3,6-di-g-plvaloyl-a-D-mannopyrano- 
side by sequential selective oxidation-reduction at C-2, followed 

4 

Another 3,6-dideoxy-sugar glycoside, methyl a-D-paratoside (6), 

120 
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by photolytic deoxygenation at C-3 and C76; selective oxidation 
of other partially esterified sugar derivatives was reported. 

Deoxy-sugar derivatives could also be obtained by reaction of 
triflates with sodium borohydride in acetonitrile. 1,2:3,4-Di-g- 
isopropylldene-6-~-triflyl-a-D-galactopyranose and 1,2:5,6-di-g- 
isopropylidene-3-~-triflyl-a-D-allofuranose gave the corresponding 
6- and 3-deoxy-derivatives, respectively, but the pluco-Isomer 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 ,6t-dideoxy-lactose,8 and a multi-step 
synthesis of methyl ~-acetyl-3-epi-sibirosaminide, a branched-chain 
4-amino-4,6-dideoxy-D-altropyranoside (see Chapter 14) ,' have each 
involved the synthesis and reductive dehalogenation (using H2-Pd/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) y& the 3,Q-ene ( 9 )  
(Scheme 1). lo Methyl 2-acetamido-2,3-dideoxy-a-D-ribo-hexo- 
pyranoside (10) was obtained from the D-allo mesylate (11) the 

6 

(8) (9) 
ReqMts: L,DBU ; u ,  H2-Pd/BaS04;iii, NaOMe-McOH; iV, TsCL-P~  

Scheme 1 

Methyl 2-acetamido-2,3,6-trldeoxy-~-L- 2,3-ene (12) (Scheme 2) .I1 
CHZOH 

u 

OMe - HO eh. 
P h q - 2  OMS NHAc + i; NHAc NHAc 

("1 (12) (10) 
Requctr : i, NaH-MeOCH2CH20Mc ; ii, Hz-Pd/C 

Scheme 2 

lyxo-hexopyranoside (13) was synthesized from the 3-deoxy-deri- 
vative (14) the 5,6-ene (15) (Scheme 3). l2 The 2,3,6- 



122 Carbohydrate Chemistry 

Me 
BzO 

NHAc NHAc 

('4) ('5) ('3) 

Reage& : i, NBS ; u,  Na1 ; iii, AgF-Py ; iv,  MeONa- McOH ; V, H2- R o n y  N i  

Scheme 3 

trideoxy-sugar L-rhodinose (1) has been obtained from the allylic 
mesylate (16) by sequential C-4 inversion (C032--form resin), 

('6) 

hydrogenation, and hydrolysis. l3 
available by hydrogenation-hydrolysis of a 2,6-diamino-3,4- 
unsaturated derivative described in Chapter 13. 

elimination or bromination procedures. 3-Deoxy-D-arabino-hexono- 
1,5-lactoneY readily available from D-glucono-lY5-lactone by 
sequential acetylation, B-ellmination, hydrogenation, and 
deprotection, has been converted to 2-deoxy-D-er thro pentose in 
92% yield by indirect electrochemical oxidation. +j-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-g-benzoyl derivative of 

Purpurosamine C is theoretically 

Deoxy-sugars can be synthesized from aldonolactones via B- 

CH2Br 
I 
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3-deoxy-D-arabino-hexono-l,5-lactone with disiamylborane . l5 
Digitoxose (17) has been synthesized from the 2,6-dibromo-2,6- 
dideoxy-D-mannono-l,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 bromlnation [to give (1911, and reduction. The 2-deoxy-D- 
arabino-hexono-1,4-lactone derivative ( 2 0 )  was similarly obtained 
from the 6-bromide (19) by inversion at C-4 and C-5. l6 
deoxy-lactones are covered In Chapter 16. 

L- 

Other 

The five-carbon chiral epoxlde (21) has been synthesized in 7 
HOCH2 m = , a U U  CHZCH (S Et)Z 

0 

(21) 
steps from L-arabinose via 2-deoxy-4,5-~-isopropylidene-L-threo- 
pentose . '7 

Both chemical and biochemical strategies have been described for 
synthesizing deoxy-sugars by sugar-chain extension. 
D-erythro-hexopyranose ( 2 2 ) ,  useful for the synthesis of mevinolin, 
has been prepared from D-glucose 3-deoxy-D-erythro-pentose (23) 
(Scheme 5 ) .  l8 

2,Q-DIdeoxy- 

Various 1-deoxy-ketoses have been obtained by an 

acyloin-type condensation induced by enzymes in 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 1-deoxy-D-fructose, 
1-deoxy-D-glycero-tetrulose, and 1-deoxy-D-or -L-threo-pentulose 
respectively. 

carbohydrates from non-carbohydrate starting materials,which covers 
both carbon-carbon bond forming reactions and stereoselective 
introduction of heteroatom functionality, has included deoxy-sugar 
examples. 21 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 

19,20 

An extensive review on the acyclic stereoselective synthesis of 



124 Carbohydrate Chemistry 

reduction and acid hydrolysis (Scheme 6). 

ester with sodium borohydride provided the 2,Q-syn-diol (27) as the 
predominant product, whereas direct reduction of adduct (26) with 
aluminium tri-lsopropoxlde yielded mainly the 2,btrans-diol 
(28).22 A further synthesis of rhodinose (1) (see ref.l3), in 
this instance as a racemate, utilized the dipolar cycloaddition 
shown in Scheme 7 to construct the six-carbon sugar chain.23 

Reduction of adduct (26) by treatment of its di-isobutylborinic 

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

been converted into deoxy-sugars. An epoxidatlon-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 
cis-isomer of alkene (291, however, yielded an %4:1 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. 24 
using the Sharpless asymmetric epoxidation procedure. 2-Deoxy-L- 

Several five- and six-carbon non-carbohydrate derivatives have 

Chiral products have been obtained 
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C H (OMeI2 C H 
I 

y 2  

$ H ( W  

CH CH II I t L,iL $[ 
Me Me 

(2 9) (30) R'=OH, R'=H 

(31) R'= H, R ~ = O H  

R e y c n t 6  : i, Bu44H-Vanadyl  pcntonc-2.4- dror~okc; 
ii, NaOH-H20 ' 

Scheme 8 

ribose (33) has been synthesized as shown in Scheme 9,25 while five 

Reage&: i,, (Me0)3CH ; ii, LAH ; %, Bwt02H- TL(OP.')4- ( + ) - d i k ~ p ~ p y L e a r t ~ ; ~ i ,  OH-;vii, H,O+ 

Scheme 9 

2,6-dideoxy-hexoses CD-olivose (341, D-dlgitoxose, D-ollose, D- 
cymarose, and DL-boivinosel have been obtained by synthesis and 
ring opening of acylated 2,3-epoxyalcohols with neighbouring-group 
participation, preferably involving a phenylurethane moiety, as 
exemplified by the synthesis of D-ollvose (34) In Scheme 10. 26 

PhNHCO 

Me 

... 
Lu. + 

Me (34) 

Ethyl amicetosides (35) have been synthesized by hydroboratlon of 
the dlhydropyran ( 3 6 )  using diisopinocampheylborane (Scheme 11); 
the use of lP,,5!-pInene (63% e.e.1 led to D-series sugars 
(45.5% e.e.1 27 Synthesis of a racemlc 1,6-anhydro-3,4-dldeoxy- 
hexose from acroleln I s  mentioned In Chapter 5, as I s  t h e  partial 
methylation of methyl 4,6-dideoxy-a- and B-L-rlbo-hexopyranosldes. 
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DL- (36) 

R q d S  : i, dikopinocarnpheylborane ; ii, owidatcon 

Scheme 11 
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13 
Unsaturated Derivatives 

1 Glycals 

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

CH2= 0 

OMe & 

TMSO M- X o x  
X = H,OAc I 7 OAc 

“t C H2= 0 

i 020 p = Bz*@!!*c Ozovo*c TMSO - 0 OAc O A C  

Rcagurts: i ,  ZnU2 ; ii, N&H9-CcCL3; &, Ac20-Py ; w, OSO4- ~-YeJ+morpho~inC N - O x b h  

Scheme 1 

Methyl 3,4-dl-~-acetyl-D-glucuronal and -galacturonal have been 
prepared conventionally and converted by base treatment Into 
mixtures with their C-5 eplmers; the conformational equilibria of 
the four glycuronals and a number of related glycals were determined 
by ’H n.m.r. spectroscopy. 

The major product obtained on treatment of the a-mannoslde 2- 

trlflate (1) with azide Ion was the enone ( 2 )  (Scheme 2 )  whereas 

2 

CH20Bn CHZOBn 

En0 &qMeLB*/) 
(1 ) 0 (2) 

R e o g u l t b  : i ,  Lit43 

S c h e m e  2 

similar treatment of the B-mannoside analogue gave the 2-azido-D- 
gluco-p~oduct.~ A related enone ( 3 1 ,  produced on oxidation of the 

127 
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hydroxy group of ( 4 )  and treatment of the product with DBU, is the 
Me Me 

methyl ether of a degradation product of the Calotro is cardenolide, 
which is thus configurationally characterized. 

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

7i--E- 

CH2OBn CH20Bn 

01-10 Ql 2 --L (Il ‘)? . .. b;5 0nO & r N .  

0 SPh 

2 \ / OM= 

(5) OBn (6) 
Reyultr : i, ~ h t h d d c ;  h ,  H C L ;  i i i ,  p-MeOC6M4CH0 

also by reductive lithiatl~n.~ 
of D-glucal is Illustrated in Scheme 4. 

Scheme 3 
A further novel addition reaction 

6 

Rearrangement reactions of glycal derivatives continue to be of 
interest, tri-0-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 
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glycoside ( 8 )  . 7  
the presence of the same catalyst gave the C-glycoside (10) and a 
small proportion of the B-anomer (Scheme 5)T8 
which proceeds via a slgmatropic rearrangement is Illustrated In 

The same glycal ester and the vinyl ether (9) In 

A related reaction 

CHZOAC 

h OTMS 
I i + PhC=CH2 ___+ 

AcO 6 AGO - CHZCOPh 
(9) 

('0) 
Scheme 5 

Reage&: ;,0F3 

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

..q-) 0 L, i i  ~ ..Q) - CH2 CONMe 2 ~ pheA2c02Eb 
p h < ~ y H 2 c n o  

+ -  OH 
Recsgcats : i ,  McC(OMq2NMe2 ; ii, 4 ; iii, E t 3 0  BF+ 

Scheme 6 

anomerization (11). A further means of making a-compounds of this 
series involves treatment of tri-0-acetyl-D-glucal with diethyl- 
aluminium cyanide,which g ives  the cyanide (12) in almost 
quantitative yield. 

C H ~ O A C  

ON AcO - 
(1 '1 ('2) 

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

,OTMS G H,C026ut 

+ CHz=C, 
AGO 0 But 

0 OAc AGO 

(1 3) (1 4) 

Scheme 7 

b 
Rea9vLts : i ,  Tic14 

boron trlfluoride gave the enones (15). When the reaction was 
carried out in toluene,the C-glycosides (16) were produced in 
competing reactions .ll 
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2 Other Unsaturated Derivatives 

Rearrangements of acylated glycals to 2,3-unsaturated pyranoid 
compounds are mentioned 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. l2 Reaction of tri-g-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. 12a Reaction of the branched-chain, unsaturated com- 
pound (18) occurs at -4OOC as shown in Scheme 8 via the glycosyl 
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-pBenzoylpyranose to 5-2- 

Q tjt- i,& FS/ OH -!%+ c r l)-occcL~ Y --j bYH co 

e>,. tp <>OM. 

820 020 - 620 - 
NHCOCCL3 Me Me CCL3 

('9) (1 3) 
Reagcds: i ,  NaH ; i i ,  CCl3CN Scheme 8 

benzoylfuranose isomerizations occur easily in this series .I3 
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,whlch were subjected to Cope 
 degradation^,'^ and the same group have examined the conforma- 
tional equilibria of racemic esters (221, finding that the half 

E t C O  E t C  ( O M C ~ ) ~  CO28ut 

(29 (21) OH (22) OR R-H,Ac 
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chairs with quasi-axial ester functions contribute significantly 
(see Chapter 21). 

derivative (25) (see Chapter 141, and the enol ether (26) was the 
product formed by treatment of the corresponding D-talose 
2-triflate with tetraethyl ammonium fluoride in acetonitrile .I5 
The analogous enol carbonate (27) was made from methyl 2,3:4,6-di- 
- 0-benzylldene-a-D-mannoside by treatment with butyllithium 

The alkenes (23) and (24) have been prepared from the D-altrose 

followed by methyl chloroformate. 
enol acylation can be effected by 

Me 
(23) 

0 7  

With related C-glycosides, such 
16 way of the 3-ulosides. hq-J Me p h J b H c  - 

OH 0 Bn 
0 5 )  (26) 

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). The closely related unsaturated aldono- 
lactones (29) and (30) are present In Osmunda japonica and are 
antifeedants for butterfly species .I8 
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 

Dlels-Alder additions to 

Me MC 

(30 

furanomycin (34). 19 A corrected structure for a trienonic acid 
lactone derived from a heptono-1,4-lactone is noted In Chapter 16. 
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Treatment of the mesylate ( 3 5 )  with sodium hydride gives the 
enamine (36) about quantitatively, and this hydrolyses with mild 
acid to the enone ( 3 7 )  (Scheme 9).20 Compound (381,  from which 
purpurosamine C can be obtained, was prepared in good yield as 
shown in Scheme 10. 21 

CHZOH 

-A+ t"fl&e i - 
k+' 0 

0 OMe 

OMS NHAc NHAc 

"qr> 

CH20H CH2N3 6) OBn i> ?) 0 Bn -4 (--O& 
HO 

NHCOZBn NH COZ6n NHC02Bn 
(39) 

Rcag& : i ,  Ph3P - I,- imidozole ; u , 8u4N P43 

Scheme I0 

Elimination reactions applied to the 4-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(I1) salts in aqueous media, but give acyclic 

I I I 

(4') 
O h  

Reagent5 : b,  Zn-Cu ; ii, DBU 
Scheme 11 

species. 22 
unsaturated furanoid compounds in the synthesis of cyclopentenes 

In Chapter 24 mention I s  made of the use of 3,4- 

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

1-2-nltroglycosyl halides (Scheme 12). 23 
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iii ,-CH (C0ZEt)i- h\, 
Scheme 12 

2,3,4,6-Tetra-g-benzyl-D-glucose is reported to react with the 
appropriate Wittig reagent to give the dienonate (421, whereas no 
elimination was noted for manno-, altro-, allo- o r  galacto-isomers. 
4,6-~-Benzylldene-2,3-di-~-benzyl-D-glucose and the 2,3-diacetate 
were reported to give C-glycosidic products. 24 In the present 

CH208n 

BnO ( o n ~ c ” c o 2 E b  - 

OBn 
(42) 

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 Wlttlg reagent used. 
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14 
Branc hed-chai n 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', 
obtained from 
identified as 

H O L  

HO 

Me OH 

a component of an O-specific side-chain polysaccharide 
Yersinia pseudotuberculosis VI serovar, has been 
3,6-dideoxy-4-~-(l-hydroxyethyl)-D-xylo-hexose (l).3 

Me S;H COH N 

OMe D O H  

OH OMc 
-OH OH 

A novel amino-sugar, N-acyl-kansosamine, a component of antigenic 
trehalose-containinglipopolysaccharides from M. kansasii, has been 
proposed to be 4,6-dideoxy-2-~-methyl-3-~-methyl-4-(2'-methoxy- 
propanmido)-L-mannopyranose (2).4 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.5 
derivatives have been isolated from Castanea crenata bark. 

S i x  mono- to tetra-Q-galloyl hamamelose 

2 Compounds with an R1-C-OR2 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 ( S ) ,  which served as a reference compound to 
establish the D-conf iguration of moenuronic acid in moenomycin. ' 
Sequential use of methyl and aryl Grignard reagents allowed the 
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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.8 A new syn- 
thesis of L-olivomycose (9) utilizes an organosilicon reagent, as 
shown in Scheme 1.9 
was employed in a synthesis of the 3-epimer of methyl N-acetyl- 

An alternative route to exocyclic methylene 

sibirosaminide (10) outlined in Scheme 2,1° whereas a standard 
Wittig procedure was used in a synthesis of methyl garosaminide (11) 

from the epoxy-glycosidulose (12) shown in Scheme 3." A cyanhyd- 
rin intermediate has been used to prepare the chloro derivative (13) 
of a branched-chain amino-sugar (Scheme 41, whose crystal structure 
was also determined.12 Enolizatlon (LDA) and C-methylation 
(MeI-HMPA) of the glycosidulose (14) furnished the branched-chain 
glycosidulose (15).13 

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-0-methylation were unsuccessful. 
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OQ 

= L +  

0 

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 5.15 

Ac 
I 

i,ii , N+ ili ~ 

Scheme 4 

M&J"' CH2NHAc 

u31 

MOM 0 MOM0 
OM 5 CL 

RecrgvLts : i, LAW ; u, Ac20-Py ; ii;, HCL-a? 

Thereactionof l i t h i u m m e t h y l c u p r a t e r e a g e n t s w i t h  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, %., (18)+(19), elimin- 
ation to unsaturated compounds also occurred, e.g., (20)+(21)+(22), 
(23)+(24), and (25)+(26) .16  

l-Deoxy-3-~-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 1-deoxy-3-g-methyl- 
D-psicose (31) by a standard oxidation-reduction inversion sequence 
at C-4.1e 2-~-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-~-hydroxymethyl-D-glycero-tetrose) . 
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OH 
\ / OH 

b Me Me 

OH Reogurts : i, 0r2-McOH ; ii, H+ ;b, Mst l ;  iv, Phf; v, MCPBA ivi ,  P(OHe)3-McOH; OH OH 
vii, oso, Scheme 5 

/ " L o  H 

r* Mc Me - ('9) 

9" < 
Me 

3 Compounds with an €2-C-N Branch 

Glycosidulose derivatives (32) have been converted to L-rubranitrose 
(33) 2 o  and the related amino-sugar (34) 2 1  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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RO OMe Me0 BzO 

Me 0 Me 

(32) R MC Bn (33) (34) 

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 (361,which could be ozonolysed to give 2,6-dldeoxy-2-g- 
methyl-L-mannose (37) (Scheme 7 ) ;  analogous reaction of the corres- 
ponding Grignard reagent, or of the chromium reagent with the 
corresponding ketose (381, 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 

(35) R - H  (36) R = H  
(38) R - M c  

ueagda : i, W c t p r  - CT+ ; ii, H ~ O +  ; u, o3 
Scheme 7 

Wittig reactions of glycosidulose derivatives have been used in 
the synthesis of the branched-chain amino-sugar (40) from the 
corresponding amino-glycosidulose24 and in syntheses of ally1 vinyl 
ethers used in a study of the stereochemistry of the Claisen re- 
arrangement route to gem dialkyl branched-chain sugars, %., 
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NHAc 
0 

(49 

phT&o phT&o 
\ \ -  

(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.25t26 Such 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 Wittlg 
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-~-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 all0 isomer was considered to be formed by initial 
oxiran opening by bromide ion with subsequent vinyl displacement. 
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-dideo~y-2-C-methyl-D-arabinose.~* Reaction of 
1,6;2,3-dianhydro-4-deoxy-4-~-methyl-8-D-mannopyranose with di- 
methyl magnesium gave a 68:12 mixture of the di-:-methyl branched- 
chain sugars (43) and (44), the latter of interest for macrolide 
synthesis. 

The readily prepared 2-deoxy-2-C-methyl-altroside (45) has been 
converted to the 4-ulose (46) and hence via Wittig methylenatlon to 
the 2,3,4-trideoxy-2,4-di-c-methyl pyranoside ( 4 7 ) ,  another useful 
chiral intermediate for macrolide synthesis.30 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. 

synthesizing the branched-chain sugars (48),31 and hence, using 
excess methoxide, to the dimeric derivative (49).32 Levoglucos- 

Michael additions to unsaturated sugars have been utilized for 

COMe 

$H COZR 
$ti C H2N 02 

(7HoAc)n R- Me,Et, But 

n- 3 QT 4, 
( 0 - e ;  D- S& 
D-&-) 

(4 9) (50) Me 
C H ~ O A C  

(481 

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 (-)-&-multistriatin and (+) 

Prelog-Djerami lactonic acid (see also Chapter 24).33 An intra- 
molecular Wadsworth-Emmons condensation followed by methyl cuprate 
Michael addition allowed the conversion of the dialdose (51) to the 
hepturonolactone ( 5 2 ) ,  while the C-6 epimeric lactone (53) was 
obtained from the corresponding keto-aldose (54) (Scheme 8).34 

The glycosidulose (55) derived from the corresponding 2,3;4,6- 
di-2-benzylidene-a-D-mannose C_-glycoside underwent C_-enolate alkyl- 

- .  
Reagents: i, No+( ; ;L, M e 2 L ( C ~ ) L i t  ;ik, TLCL.+- CH,Br,-Zn ; iv, H~(OAC)~:H~O; 

V, HaGO4 ; vi, Hz-PtOz 
Scheme 8 

ation on treatment with methyl magnesium carbonate to yield the 
2-C-methoxycarbonyl derivative (56); under other conditions 2- 
alkylation occurred.35 

with 8-dicarbonyl compounds to give 3-C-acylated branched-chain 
sugars (57). 36 

Periodate-oxidized gluco- and manno-pyranosides can be condensed 

Newer methods of preparing branched-chain sugars have 
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RCO 

OMe 
(57) R -Me or Me0 

utilized tri-n-butyl stannane; it catalyses the condensation of the 
xanthate ( 5 8 )  with acrylonitrile to give the cyanoethyl branched- 
chain sugar ( 5 9 )  3 7  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. * 

C H ~ O A C  

AcO &o. 

C2+21 Cycloaddition of !-toluene sulphonyl isocyanate with 
acetylated glycals under high pressure gives 8-lactam products 
stereoselectively such that bonding occurs trans to the 3-2-acetate 
group; thus, triacetyl-D-glucal yielded the gluco adduct ( 6 2 ) ,  which 
gave the corresponding 8-glycoside on alcoholysis.39 

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 
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trans isomers arising by epimerization of the initially formed cis 
compounds.40 The related glycosenone (63) yielded the bicyclic 
sugar adduct ( 6 4 )  with the bis-enol ether of 3-0x0-butanal, which 
was converted to further derivatives, e.g., ( 6 5 )  (Scheme 101, 
lithium aluminium hydride desilylating ( 6 4 )  with concurrent loss 

Me Me Me 

of 

(631 

RbgenLs : i, LAH ; li, MnO, 

the methoxy group.41 

R -SiMe2But 

(64) OR 
Scheme 10 

(65) '0 

An attempt to add propenal to triacetylglucal, 
by analogy with its reaction with vinyl ethyl ether under ytter- 
bium (fod), catalysis failed, perhaps because of the C-3 acetoxy 
substituent'.42 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.43 

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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I 5  
Aldosuloses and Dialdoses 

Pyridinium dichromate-acetic anhydride Is very simple and efficient 
f o r  use in the oxidation of carbohydrate alcohols. Examples 
illustrating the oxidation of secondary alcohols in pyranold and 
furanoid compounds in almost quantitative yield were provided 

In the field of 2-uloses,dimers of D-arabino-, D-lyxo- and 
L-xylo-hexosuloses were characterized by the m.s. of acetals and 

and m.s.-g.c. examinations o f  the monomer TMS ethers, acetates, 
lsopropylidene acetals, methyl glycosides and 1,l-dimethylacetals 
have been reported. Kinetics of the degradation of  D-arablno- 
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-nucleosldes by way of 3-keto derivatives have been 
reported. A naturally occurring branched-chain hexos-2-ulose 
derivative is referred to In Chapter 14. 

Reaction of methyl 2,3-anhydro-4,6-~-benzylidene-a-D-allo- 

TMS ethers as 1,21:2,11-dianhydrides of the 2,5-furanose forms, 2 

pyranoside with magnesium iodide in ether gives the 2-deoxy-2-iodo- 
altroslde in almost quantitative yield which, with tributyltin 
chloride and sodium borohydrlde, gave the 2-deoxy compound which 

R R Me 

145 



146 Carbohydrate Chemistry 

oxidized readily (PDC) to the 3-uloside (11, an important starting 
material for L-daunosamlne.6 
(maltol) have been made via 5-deoxy-1,2-~-isopropylIdene-D-erythro- 
pentos-3-ulose and methyl 6-deoxy-2,3-dl-~-methyl-a-D-xylo-hexosid- 
bulose, respectively. The racemic glycosldes ( 4 )  and ( 5) give 
mainly er thro products on LAH reduction, a-anomers showing greater 
selectivity. 

Hydrolysis of 6-deoxy-1,2-~-isopropylidene-a-D-xylo-hexofuranos- 
5-ulose gives the osulose which was shown by 'H and 13C n.m.r. 
spectroscopy to be a mixture of furanose and hydrated pyranose 
forms (6) and (71.' 

Whereas di-isopropyl sulphide-~-chlorosuccinlmlde oxidizes 
primary hydroxyl groups preferentially at Oo, at -78' secondary 
groups are oxidized selectively, which is illustrated in Scheme 1. 

The food flavours (2) and (3) 

+- 

10 

Reagents: i ,  P r i S - N C S ,  Oo ; u ,  P T ~ S - N C S , - ~ ~ ~  
Scheme 1 

Titanium tetrachloride-catalysed photo-oxidation of D-glucose 
and D-galactose affords the corresponding pentodialdoses. The 
hexodlaldose derivative (8) takes part in the hetero-Diels-Alder 

12 reaction indicated in Scheme 2. 
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16 
Sugar Acids and Lactones 

1 Aldonic Acids 

The kinetics and mechanism of the electrochemical oxidation of D- 
glucose to D-gluconlc acid at a platinum electrode have been 
reported . 

In the area of aldonlc acid derivatives, 6-amino-6-deoxy- 
2,3,4,5-tetra-~-methyl-D-gluconlc acid and related compounds have 
been made from 6-azido-6-deoxy-1,2-~-isopropylidene-a-D-gluco- 
furanose,2 and several members of the series have been reported 
following the reactlon between 1,2-~-isopropylidene-D-glycer- 
aldehyde and an anion derived electrochemically from methyl trl- 
chloroacetete (Scheme 1). The products were formed with good 
selectivity, and several related compounds, e.g., 3,5,6,7-tetra-E- 
acetyl-2,2-dichloro-2-deoxy-D-manno-heptono-y-lacto~ey were 
described. 

Re 

C L~ CC02 M e 

f 

CHO 

t:x 

C H  t20" 
t:>c 
C02 Me EK 

r r g m :  i, e- ; ii, H ~ O  ;iii, /+c20-py ; iv, OH- 

Scheme 1 

u'iii bo 
OAc OAc 

4,6-~-Ethylidene-D-glucose reacts with neutral Wlttig reagent to 

The 6-bromo-mixed orthoesters (2, R1,R2 = CH3 ,CD3 ,CH2CH3,CH2CD3) on 
treatment with zinc undergo ring-opening to give mixed unshturtited 
aldonates (3) and/or ( 4 ) ,  analysis of which allowed an understanding 

give mainly the (E) methyl 2,3-dideoxyoct-2-enoate derivative (1). 4 

148 
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of details of this reaction. 

149 

Alkaline treatment of 3-deoxy-D-erythro-hexos-2-ulose gives 3- 
deoxyhexonic acids by a mechanism analogous to benzillc 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 trlfluoroacetolysls (anhydride:acid, 50:1, 
l o o o ) ,  and therefore 4-linked ollgosaccharldes are selectively 
cleaved. The aldonic acids derived from isomaltotriose (1+6 link) 
and laminaritriose (1+3 link) are therefore stable on such treat- 
ment, whereas maltotriose aldonlc acid is converted into the sub- 
stituted trlfluoroacetylated enol of 3-deoxy-2-hexulosonic acid (5) 
and hence, with mild base, Into maltose (Scheme 2 ) . 7  

6 

f H  OH L . f R i L  __+ DLSCLCC-O- + ;)o- 
Oisacc - 0 D isacc -0 

-I~IOH -40 R -dOH 

HO HO 
R =  CF3CO- 

Reacpnts: L ,  CF3C02H - (CF3CO)20 ; ( 5 )  
Scheme 2 

D-Gluconylhydrazlde reacts with aldehydes, e.g., 5-nitrofurfural, 

80 MHz proton and 20 MHz proton coupled I3C n.m.r. examinations 

ii, MeO- 

8 to give D-gluconylhydrazones. 

of D-arabinono-1,4-lactone have been reported with *J  and 3J values 
derived by computer simulation methods. The unsaturated lactones 
(6) and ( 7 )  have been Identified In Osmunda japonlca and are 
butterfly antifeedants .lo Trlethylamlne treatment of 2,3,5,6,7- 
penta-0-benzoyl-D-plycero-D-pulo-heptono-l,4-lactone yields the 2,7- 
dibenzoate ( 8 )  rather than the 2,6-diester as previously claimed. 
Reduction with hydrogen on palladium-charcoal gave the DL-lactone 
derivative ( 9 ) .  

Two papers have illustrated some specific reactions of aldono- 
y-lactone derivatives. 2-Deoxy compounds, Including L-dlgitoxose 

11 
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(lo), are accessible from the 2,6-dibromo-lactone (ll),whlch is 
easily made from calcium D-gluconate (Scheme 3). Mechanisms for 

(1 

Reagents : L ,  N2H4 ; U, KOH ; k, Ht 

V, H2 - Pd ; vL, Di isoamyl 

vu, Ac,O- Py 

C H ~ O H  J U,k 

; iv, HBr-HOAc ; 
borane ’, 

Scheme 3 

. ,vu 

HO 

Me (10) 

the Inversions at C-4 and C-5 In both the alkali-catalysed steps 
are discussed In terms of epoxide 1ntermediates.l2 
work D-rlbono-y-lactone has been used as the base material for 

In related 

‘ ( O F o  Y i;i 

OH OH 

1 
0 1  Ph 

OBZ 

Me Me 

OH OH 
R e q d  : L ,  PPh3-CBr4 ; ii, PhCHO-ZnU2 ; &, N 0 S  ; Lv, Bu3SnH ; V, A ; v i ,  N o H ,  VL,Cs2 ; 

Scheme 4 
~‘iii, M e 1  ; i ~ ,  H+ ; Y ,  LDA ; xL, Mc(CH2)lpCH0 
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several lactone derivatives including natural products 
(Scheme 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 
lactone (13), prepared from the pyranoside (141, was shown not to 
be "L-factor'' associated with autoregu.lation of cytodifferentiation 
in Streptomyces growth and antibiotic production. 

The 

14 

2 Saccharinic Acids 

Hydroxylation of the unsaturated esters (15) and (16) with osmium 
tetraoxide led to routes to the saccharinic acid lactones (17) and 
(18) .I5 

R' R2 CHzOH CHZOH boHpo '("Po 
M e  OH OH 

\x 
(15) R'=Me, R 2 = C 0 , E t  

(16) R' = C 0 2 E t ,  R 2  = Me (17) (1 8) 

3 Ulosonic Acids 

A new, general synthesis of ulosonic acid derivatives involves the 

Reagents: i ,  L i c ( S f ~ e ) ~  ; U, M u O H - H ~ O - H ~ O - H ~ C ~ ~  

Scheme 5 
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use of trls(methylth1o)methyl lithium as an ester anion equivalent 
- see Scheme 5. l6 
arablno-heptulosonlc acid as the methyl glycoside methyl ester uses 
2-deoxy-D-arabino-hexose as the 3,4:5,6-dl-~-isopropylldene 
propylene dlthloacetal anion and methyl chloroformate whereas a 
less efficient but easier blosynthetic procedure starts from 
D-glucose. l7 
structurally analysed by 'H and 13C n.m.r. spectroscopy, 18 

diazoacetate gave the 4,5:6,7-diacetal of methyl 2-deoxy-D-xylo- 
hept-3-ulosonate from which polyhydroxyalkyl heterocycles, e.g., 
compounds (lg), can be made. 

A related chemical synthesis of 3-deoxy-D- 

The 7-phosphate of this ulosonic acid has been 

Reaction of 2,3:4,5-dI-~-isopropylldene-D-xylose with methyl 

19 

R' C H ~ O H  

(Z095eL') ( 1 9) R2 = SH , S Me , N H 2 

A new biomimetic synthesis of 3-deoxy-D-manno-2-octulosonic 
acid is Illustrated in Scheme 6. *' Spectroscopic studies of the 

CONHMe BnO CONHMe CH20H Onor PhS + 

~ q HO - L - i i i  o q o n  __.f ;oJ-R+=op---K 0 C02Na 
CHO 
A R R OH 

Reage&: L ,  A ; ii, B u 3 S n H - H 8 r ;  iii, H z - P d  OH 

Scheme 6 
glycosldlcally linked dlmer of the acid derived from a Salmonella 
llpopolysaccharide showed that it was a-2',4-linked. 

2-deoxy-D-glucose and -D-mannose mixture together with pyruvic acid 
and an immobllised enzyme has been described 22 and its 5-epimer 
prepared via a 4,5-oxazoline intermediate in a standard sequence. 
7,8-Epoxides were made and treated with trlmethylsilyl iodide to 
give 8-deoxy-8-iodo products. 23 

The 'H n.m.r. spectrum of the a-anomer of g-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. 24 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.25 

21 

A synthesis of E-acetyl neuramlnlc acid from a 2-~-acetylamlno- 

The hydrolysis of cytidine 
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5t-phosphate-~-acetyl-B-D-neuraminic acid gives cytidine phosphate 
and g-acetylneuraminic acid except at pH >7 when the 2,3- 
unsaturated acid and E-acetylneuraminlc acid 2-phosphate are 
produced. 26 

4 Uronic Acids 

Compounds ( 2 0 )  and (21) have been produced from 1,2-~-isopropyli- 
dene-a-D-glucof~ranose?~ and the following methyl ethers of methyl 
(methyl a-D-mannopyranos1d)uronate have been specifically prepared: 
the 2- 28 4-28 and 3-29 monoethers and the 2,3-29 and 3,4-*’ di-and 
2 , 3 , 4 -  ” triethers. 
series3’ have been reported, as have those of 1 , 2-~-isopropylidene- 
and 1,2-~-benzylldene-a-D-gluco- and B-L-ido-furanurono-3,6- 
lactones , these last being assigned using 2D-lH-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 

The l3C n.m.r. spectra of ethers of this 

(20) (2’) (22) (23) 

Reaction of D-glucuronic and D-galacturonlc 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 trlethylamlne 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 

The branched-chain uronlc acid (22) has been synthesized from 
D-galactose via a 4-uloside; on ethanolysis it gave the lactone 
(23) which was identical with a compound obtained from the anti- 
biotic moenomycln. Both the configurational and conformatlonal 
features of compounds such as (23) determine the observed 
chiroptical properties. 35 
glycoside loganin gave a uronic glycoslde which was coupled to 

to 2,5-di-~-acetyl-l-~-trifluoroacetyl-~-D-mannuronolactone. 34 

Oxidation at C-6 of the lridoid 
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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 its 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 
E-nitrophenyl acetate, and suggests that the ascorbate anion may be 
involved In biological acyl transfer reactions. 37 
report notes the pH dependence of 13C-13C spin-spin coupling 
constants of ascorbic acid and concludes that structure (24) best 
describes the monoanion, 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 

A related 

CH20H 

?OTo- HO?;O> 0 

0 OH OMc Me 

(24) (25) 

pH 10.5 gives 76% of the 2-ether rather than the 1-ether, together 
with 15% of a by-product believed to be the bicyclic acetal (251, 
which could be converted to the main product with methanolic 
hydrogen chloride. The 1-, 2- and 3-ethers were examined by l3C 
n.m.r. and U.V. spectroscopy.39 
prepared from the 6-bromo-derivative reacts with common nucleo- 
philes (e.g., PhO-, PhS-, N3-) to give 6-substituted compounds. 

Photochemical reaction of L-ascorbic acLd with tris(2,2'- 
bipyridyl)ruthenium(II) and hydridotris(triethylphosph1ne)- 
palladium(I1) produces hydrogen. Electron transfer occurs from 
photo-produced [R~(bpy)~]+ to [PdH(PEt3)3]+ to give a Pd(1) radical 
from which hydrogen. is produced. 41 L-Ascorbic acid scavenges 
phosphonyl radicals to yield a persistent complex radical, the 

Ascorbic acid reacts with amines in organic solvents and is thus 
solublliaed by way of the ascorbate radical anion. This redox 
reaction can be induced photochemically and examined by e.s.r. 
methods. 43 

Reaction of L-ascorbic acid with 3-(hydroxymethy1)indole 

5,6-Anhydro-L-ascorbic acid 

40 

structure of which was elucidated by e.s.r. spectrocopy. 42 L- 



16: Sugar Acids and Lactones 155 

derivatives,e.g., (261, gives ascorbigin,compounds (27) which with 
acetic anhydride, methanolic hydrogen chloride and ammonia in 
methanol give (281, ( 2 9 )  and (301, respectively. 44 
phenylhydrazone of dehydroascorbic acid has been prepared,as well 
as the 2,3-bis compound,which with base gave the pyrazole 
derivative (31). 

The 2-1pchlorc+ 

45 

(29) 

W p A r  
"0 H 

OH $0 

(30) NH2 

R = M e  

Further reports on ascorbic acid describe the laser-induced mass 
spectra of the acid and its sodium salt and that of potassium 
lsoascorbate, 46 the ascorbic acid content of 41 species of "woody" 
shrubs and trees,47 and a method for its quantitative determination 
using a molybdenum(V1) peroxoborate, iodide and H+ in a 

48 fluorimetric determination. 
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17 
I no rgan i c Derivatives 

1 Carbon-bonded Phosphorus Dertvatives 

Two reviews have appeared on the chemistry of carbohydrate 
derivatives having phosphorus as the hetero ring atom. ', 

y"2 

Reagents ' i , NaALH2(0CH2CH20Me)2 ; U, H202 ; G, H+ 

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 yielded four 
diastereoisomers on acetylation that were separated chromato- 
graphically and characterized. Starting from methyl 2,3-0- 

,OE t 
OsP-pri 

0 ?! /Et ;,OH I 0 .  
CH2 Jlr PrL 

* yMe H o O O H  HoHzc+-( '>OH Hoo*d 

OH OH OH OH OH 

(61 (71 (8 )  
O x 0  

(51 

isopropylidene-a-L-lyxopyranoside, the L-lyxo- and D-ribo-furanose 
compounds ( 7 )  were ~btained,~ and a similar sequence yielded the 
D-xylopyranose analogue ( 8 )  from 3-~-acetyl-5-deoxy-5-iodo-l,2-~- 
isopropyl idene-a-D-xylofuranase via the 5-phosphinyl derivative. 
Again, four derived tetra-acetates were characterized by n.m.r. 

157 
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6 methods. 
Two related routes from 5-deoxy-5-~-~ethyl(methoxy)phosphinyl~ 

compounds, e.g., ( 9 ) ,  have been used to prepare the epimeric 
D-glucose penta-acetat e analogues ( 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 
phosphlte (13) together with the acyclic product (14) (Scheme 2), 
the latter undergoing ring closure to (11) and (12) on treatment 

(13) (11) ('2) 

Scheme 2 

with triethylamine. Related compounds analogous to methyl 3,5-0- 
benzylidene-a- and B-D-lyxofuranoside are also described. 
Application of the Abramov reaction with 2,3:5,6-di-g-isopropylIdene 
-D-mannose led to a pyranose analogue (Scheme 3); 2,3,4,6-tetra-E- 

9 

Reagents : i, Basc ; ii, TsCL-Py Scheme 3 

benzyl-D-glucose, under these conditions, gave the novel 7-membered 
c-phostones (15). 10 
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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 "aglyconesfl. From these, 
phosphonates which are analogues of aldose 1-phosphates can be 
produced. The method has been used to obtain the a-D-ribofuranose 
1-phosphate ( 16) (Scheme 4 and also B-D-mannopyranose 1- 
phosphate analogues. The dimethyl ester analogue of compound 

uc 

0 

Reagerb: L ,  Ph3P-CH2 ; u.  H ~ ( O A C ) ~  ; iil, 12-CCL4 ; iv, P(OEg3 ('9 
Scheme 4 

(16) can also be made, together with its B-anomer, by direct treat- 
ment of 2,3-~-lsopropylidene-6-~-trityl-D-ribose with 
(MeO) 2POCH2PO(OMe) 2, l3  and the a-D-arabinofuranose diethyl compound 
(17) from the 2,5-anhydride (18) via the bromomethyl inter- 
mediat e . l4 Nucleosides containing phosphonomethyl groups at C-3 

('71 
are referred to In Chapter 20. Compounds (19) and (20) as 
eplmeric pairs have been synthesized by nucleophilic additions to 
appropriate carbonyl derivatives, I5*l6 and Michael addition reactions 
applied to the enones (21) have afforded the corresponding 2 4 -  
phosphonate sugars ( 22)  . l7 

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 

18- acids in 21-582 optical yields. 
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2 Other Carbon-bonded Derivatives 

A review has been published on the synthesis and antitumour 
activities of selenium derivatives of nucleosides .I9 
pyranosyl lithium (24) has been generated from both tri-0-benzyl-D- 
glucal by reductive lithiation and from phenyl 3,4,6-tri-E-benzyl- 
2-deoxy-1-thio-D-arabino-hexopyranoside by the same process. 
Reaction with aldehydes converts ( 2 4 )  into dlastereoisomeric 2- 
glycosidic pairs, and with D20 into the u-2H-labelled 1,5-anhydro 
glycitol derivative ( 2 5 ) .  

The glyco- 

20 

3 Oxygen-bonded Derivatives 

Cyclic phosphites (26, R=H, Me, CH20H) have been made from the 
corresponding 3-g-methyl sugars2’ and likewise the D-galactose 
esters (27, R = Me, Ph), which were oxidized to the analogous 
phosphates. 22 
also prepared from 6-deoxy-l,2-~-isopropylidene-a-D-glucofuranose .23 

A series of 3,5-cyclic phosphlte compounds were 

R 
P,- 0 

(27) 

Associations between D-glucose, D-fructose and sodium hydroxide 
in ethanol, acetone and dioxan have been examined in and 
a potassium ion lactose complex has been p~stulated.~~ 
interactions between calcium Ions and a range of monosaccharides 
have been studied using OH-lH n.m.r. spectra, and different 
strengths of bindings have been recognlsed. 26 
of a-L-arablnose CaC12 and CaBr2 complexes have been examined 

The 

The infrared spectra 
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in 
Photochemical reactions of monosaccharides with iron(II1) 

chloride have been reported in Chapter 2. L-Sorbose and tris- 
(ethylenediamine)nickel(II) chloride give a crystalline cationic 
adduct. 

Electron-nuclear relaxation rates have been used to determine 
interactions between methyl galactopyranoslde and Mn2+; 
associations are strongest with 0-6 and weaker with 0-2 and 0 - 3 . ~ ~  
Polarimetric studies suggest a 1:l complex forms between fructose 
and basic lead acetate.30 

dentate fashion31 and the absolute configurations of glycols have 
been determined by examination of the c.d. spectra of their 
molybdenum tetra-acetate complexes. 32 

borinate esters by use of the tributylstannyl enolate of acetyl- 
acetone (Scheme 5); 

2 8  

Molybdate complexes with tetroses and 5-deoxypentoses in tri- 

2-Stannyl derivatives of carbohydrates can be made by way of 

the reaction can be carried out ~electively.~~ 

OR2 0 R' 

S c h e m e  5 

A detailed I 3 C  and 'l9Sn n.m.r. study has examined the natures of 
the Interactions between tin(I1) chloride and vicinal diols In 
polar organic solvents. A mechanism for the monoalkylation of 
vicinal diols by diazomethane in the presence of tin(I1) chloride 
was established. 34 

-mannit01 with lanthanide chelates has been examined by 'H and I3C 
n.m.r. methods. 
O-C-6-C-5-OH site. 
mannitol complexes in the same way, but lditol associates only 
poorly. 35 

Complexing of 1,4:3,6-dianhydro-D-glucltol, -1dltol and 

Gd(dpml3 complexes with the first of these at the 
Eu( fod) 3-induced 'H shifts showed that 
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18 
Alditols and Cyclitols 

1 A l d l t o l s  

A l t r i t o l  ( i d e n t i c a l  t o  t a l i t o l )  h a s  been i s o l a t e d  f o r  t h e  f i r s t  
time from a b i o l o g i c a l  s o u r c e  as a major  c o n s t i t u e n t  o f  t h e  brown 
a l g a  Himantha l la  e l o n g a t a . '  6 - D e o x y a l l l t o l  and 6 - d e o x y g u l i t o l  
have been i d e n t i f i e d  as normal components o f  human u r i n e . *  
per(4-hydroxybenzoy1)ated d e r i v a t i v e s  o f  e r y t h r l t o l  and 2-deoxy-D- 
e r y t h r o - p e n t l t o l  have been i s o l a t e d  from a marine mol lusc .  

s o l u t i o n  have been r e p o r t e d ,  s p e c t r a l  ass ignments  b e i n g  o b t a i n e d  
u s i n g  s p e c i f i c a l l y  d e u t e r a t e d  compounds .4 Other  n .m.r .  s t u d i e s  
on a l d l t o l s  are covered i n  Chapter  2 1 .  A 3 : l  mix ture  of  D- 
manni to l  and D - g l u c i t o l  h a s  been o b t a i n e d  b y  hydrogenat ion  o f  D- 
a rab ino-hexosulose  ( l . e . ,  D-glucosone) o v e r  Raney n i c k e l ;  s i n c e  
D-glucosone can be produced b y  enzymic o x i d a t i o n  o f  D-glucose 
(Vo1.17, p.1411, t h i s  c o n s t i t u t e s  an e f f i c i e n t  method f o r  t h e  

p r e p a r a t i o n  o f  D-mannitol. A k i n e t i c  s t u d y  o f  t h e  h y d r o g e n o l y s i s  
o f  s o r b i t o l  over  Raney n i c k e l ,  f o r  g l y c e r o l  p r o d u c t i o n ,  has been 
r e p o r t e d .  

A l d i t o l  examples have been  i n c l u d e d  i n  a n  e x t e n s i v e  rev iew on 
t h e  a c y c l i c  s t e r e o s e l e c t i v e  s y n t h e s i s  of  c a r b o h y d r a t e s  from non- 
c a r b o h y d r a t e  s t a r t i n g  m a t e r i a l s .  The 2-deoxy-D-ribi tol  
d e r i v a t i v e  (1) h a s  been s y n t h e s i z e d  as shown i n  Scheme 1, a high- 

The 

The l3C-n.rn.r. s p e c t r a  and conformat ions  o f  h e p t i t o l s  i n  

6 

+ 
CHO 

Me 0 0 , i )  

t$ 

Mc OH lo" 
CH* 1 OBn 

t 

v. vi  - 

(2) 
Reagegchts: L, 20Kbmr ,55" ;u ,  NaH-BnBr;iii, PCC-NaOAc; Lv, BLL;ALH; v, 

vi, N d H 4  
Scheme 1 

oso, 

CH20H 
I 
CH 
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pressure coupling reaction providing a 4:l mixture of epimers from 
which adduct (2) was isolated as the major product.8 
of this cis-hydroxylation by osmium tetraoxide of 16 acyclic 
allylic alcohol systems, and a survey of published reports, Klshl 
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 olefinlc bond opposite to that containing the allylic 
hydroxy- or alkoxy-group. This I s  exemplified by the production 
of L-ribltol and D-arabinitol derivatives (3) and (4) in an 8:l 
ratio on cis-hydroxylation of alkene ( 5 )  (Scheme 2), the reagent 

From a study 

Bn 0 

HO 
HO 

&*OH 

BnO 

+ 

(5) (3) (4) 

Scheme 2 

having approached from the side opposite to the allylic benzyloxy 
substituent in the assumed eclipsed conformation shown. 

synthesized by carboxymethylatlon of 1,2:3,4-dl-~-isopropylldene-D- 
galactopyranose followed by hydrolysis and reduction, and has been 

1-0-(Carboxymethy1)-L-galactitol sodium salt (6) h a s  b e e n  

CH20CH2 C02 N a  

HO OH 0' "fOH OH "4.. CH20H HO 
(7) C"20H (6) 

shown to complex Fe2+, Co2+, Ni2+, Mn2+, Cu?', and A 1 3 +  at con- 
centrations down to 2.5-25 x mmol. Acidic treatment of 
compound ( 6 )  provided the lactone (7). 

(8) from L-tartaric acid (9) (Scheme 3 )  has been described, and 
Involves the intermediacy of the L-threitol derivative (10). 

10 

A practical synthesis of 1,2-~-isopropylidene-L-glyceraldehyde 

11 
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Three alternative procedures for the synthesis of 1,2:5,6-di-C- 
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 CMe2C(OMe)2-SnC12 or MeCH(OMe)=CH2-TsOHl gave more 
complex mixtures than claimed in recent literature (c.f. Vo1.14, 
p.44; Vo1.17, p.161). A new triacetal, 1,2:3,6:4,5-tri-g-iso- 
propylidene-D-mannitol, has also been isolated, and the graded 
hydrolysis of it and the isomeric 1,2:3,4:5,6-triaceta1 compared. 
The synthesis of 1,2:5,6-di-~-cyclohexylidene-D-mannitol and Its 
conversion to 2,3-~-cyclohexylidene-D-glyceraldehyde are covered in 
Chapter 6. 

- N-(1-Deoxy-D-mannltol- and -D-glucitol-1-yl) derivatives of L- 

12 

valine , L-alanine , L-threonine , and L- leucine have been isolated 
(51-55% yield) following reductive amination (NaBH3CN) of the 
appropriate hexose and amino acid. 
derivatives were prepared using the N'-tert-butoxy- or benzyloxy- 
carbonyl-protected amino acid. These compounds were required as 
standards in the analysis of non-enzymically glycosylated proteins 
and could be determined by 2-trimethylsilylation-g.c.-m.s. l3 The 
salt of 1,6-bis(2-chloroethylamlno)-l,6-dideoxy-D-mannitol with 
adenosine 5'-triphosphate has been prepared and shown to have 
antitumour activity. 

2-Amino-1,2-dldeoxy-l-nitroheptitol derivatives have been 
obtained on addition of ethylamine or propylamine to the 
corresponding nitro-olefins obtained by condensing nltromethane 
with D-glucose, D-mannose, or D-galactose .I5 
relating to the hydrazinolysis of glycoproteins and glycopeptides 
have been reported. Preparatively useful quantitites of 1,2- 
dideoxy-alditols have been isolated following hydrogenation of the 
mixture containing them, their corresponding 1-alkenes (i.e., 
1,2-dideoxy-l-hex- or pent-enitols), and 1-deoxyalditols obtained 
on reaction of D-glucose, L-arabinose, D-mannose, or D-xylose in 
anhydrous hydrazine under reflux. Under such conditions, diimide 
(HN=NH) I s  the reducing species. In a sealed tube in the absence 
of air, however, this species is not present, and D-galactose then 
gave its hydrazone, 1-deoxy-D-galactitol, and the 1-alkene, but no 
1,2-dideoxy-alditol; in the presence of hydrazinium sulphate 
(105', 10 h) 1-deoxy-D-tagatose hydrazone was formed in E. 24% 
yield.16 

formose reaction has been examined, and the activation of 

Related NE-substituted lysine 

14 

Model studies 

The mechanism of the autocatalytic primary reaction step in the 
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formaldehyde by calcium endlolate complexes in an autocatalytlc 
cycle proposed, with competition between Cannizzaro and oligo- 
merlzation reactions. 17 

Substituted naphthaldehydes,e.g., (11) (Inaccurately described 
as a model C-naphthyl glycosldes),have been obtained via cyclo- 
addition between sugar enol ethers such as glucal (12) and 
2-(2,4-dlnltrophenyl)isoquinolinium chloride (13) (Scheme 4). 
Several !-heterocycles bearing alditol chains are covered In 

18 

Chapter 10. 
1,2:3,4:5,6-TrIanhydro-D-idltol and -D-mannitol, (14) and (151, 

respectively, have been synthesized from D-mannitol via the 
dlepoxlde (16) (Scheme 5 ) .  The corresponding glucltol triepoxide 
was obtained similarly, as a racemate, from D-glucitol .I9 

0 / L o$' + 

The formation of anhydro-derivatives from aldltols under 
inethanolysis conditions has been Investigated, and xylitol, D- 
arablnltol, L-fucitol, D-glucltol, galactitol, 2-acetamldo-2-deoxy 
-D-galactitol, and the alditol of E-acetyl-neuramlnlc acid were 
prone to anhydride formation, whereas 2-amino-2-deoxy-D-galactitol 
and -glucltol, 2-acetamldo-2-deoxy-D-glucltol, and D-mannltol 
were not. 2o 

from 2,3:5,6-di-~-lsopropylidene-D-mannose In 55-65% overall yield 
has been described involving borohydrlde reduction and cyclizatlon 

A convenient preparation of 1,4-anhydro-D-mannitol 
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vra tosylation. 

synthesized by reduction of a-acetobromoglucose with lithium 
aluminium deuteride, while its (lR)-epimer (17) and the 1,l- 
dideuterated analogue (18) have been prepared from the glucono-1,5- 
lactone derivative ( 19 (Scheme 6 . 22 

21 
2 (lz)-[l- H1l-1,5-Anhydro-D-glucitol, with a 6-deuterium, has been 

The 2-deoxy-analogue of 

OBn 

(19) 

compound ( 1 7 )  has been obtained by reaction of 3,4,6-trI-g-benzyl- 
2-deoxy-a-D-arabino-hexopyranosyl lithium (see Chapter 13) with 
deuterium oxide. 23 

Gray and co-workers have continued to develop reductive 
glycosldic cleavage with triethylsllane ("ionic hydrogenation") as 
a general procedure for the analysis of polysaccharides following 
permethylation (~01.16, p.38). Trimethylsilyl triflate was found 
to be a more effective catalyst for this reaction than boron 
trlfluorlde diethyl etherate. 
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. 24 
added water, 1,4-anhydro-2,3,6-tri-~-methyl-D-glucltol (20) was 
formed from permethylated blinked 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 E. 2% by 
addition of calcium hydride to the reaction mixture. The 
synthesis of 1,banhydride (20) was effected through kinetically 

Reductive cleavage (using Et3SID) 

In the presence of adventitious or deliberately 

CH20Me CH2NH2 CHzOMe &PO" i , -.p' OH p y> OMc 

OH HO 

OMc CHzOMe OMc 

(21) 
R C L Q 9 A  : L, NH+OAC-N&H~CN ; U, HN02 

Scheme 7 
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controlled ring closure on deamination of compound (21) 
(Scheme 7).25 
anhydro-D-mannltol acetates expected from reductive cleavage- 
acetylation of permethylated or perethylated D-mannans have been 
synthesized by standard procedures and their mass spectra 
recorded. 26 
1,2-linked D-fructofuranosyl units gave mainly a 2,5-anhydro-D- 
mannitol derivative, while 2,6- and 1,2,6-linked units gave mainly 
2,5-anhydro-D-glucitol derivatives all of which were independently 
synthesized. The fructose moiety in permethylated sucrose gave 
2,5-anhydro-1,3,4,6-tetra-g-methyl-D-mannitol and -glucitol In a 
5:l ratio.27 
enopyranoside (23) provided the same reduction product, 4,6-di-Q- 
acetyl-1,5-anhydro-2,3-dideoxy-D-erythro-hex-2-enitol (24) in 9 5 %  
yield (Scheme 8). 

All the partially methylated and ethylated 1,5- 

Application of the method to fructans revealed that 

Ionic hydrogenation of the glucal (22) or the hex-2- 

28 

CH~OAC 2x5 . pp c> 
OAc 4 

Ac 0 AcO - AcO - OEt 

(22) (24) (23) 
Reagcnts : i, EtjSiH - BF,.Et,o 

Scheme 8 
A review (in French) on the preparation and application of 

A new synthesis of 2,5-anhydro-D-altritol (25) and the first 
synthesis of 2,5-anhydro-D-iditol (26) have been repgrted, both 
from 2,5-anhydro-D-mannitol (27), by conventional routes outlined 
in Scheme 9 

isosorbide (1,4:3,6-dianhydro-D-glucitol) has appeared. 29 

30 

CH20H C H20R CH20H - i -k .  

OH (R-BZ) 

% k O >  OH HO 
CHZOR ‘w’ CH 20H 

(25) 

vi’i b b:) r&4 
vii,v 

CH20H 4 3 

OH ( R I B = )  

(26) (27) R - H 

Reage& : i ,  BzCL-Py ;ii,MsCL-EtJN;iii,Zn/Crc-KI-OMF; Lv, 010,- c2:: ;v,  HCONa- MeOY; 

Scheme 9 vL, DEAD-TPP ;v&, H+-EtOH 

1,4-Dideoxy-l,~-imino-D-mannitol (28), a potent a-mannosldase 
inhibitor, has been Synthesized from benzyl a-D-mannopyranoside 
the 4-azldo-derivative (29) (Scheme 10). The presence of the 
isopropylidene ring assisted formation of the second five-membered 
ring during reductive amination. 31 
1,5-dideoxy-1,5-imino-D-mannltol is covered in Chapter 9. 

A related synthesis of 
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2 Cyclitols 

D-Pinltol has been shown to be biosyntheslzed In jojoba leaves by 
epimerlzatlon of D-ononltol, whereas In gymnosperms and other 
plants It results from eplmerlzation of sequoyitol .32 
accumulation of ~-methyl-inosltols In tropical legumes subjected to 
water stress has been further investigated. 33 
inositol and E-lnosltol have been identified as components of 
Croton celtidifollus, the latter compound for the first time In 
plants. 34 
identified by trimethylsilylation-g.c.-m.s. analysis, and several 
have been synthesized (e.g. the 2-c-methyl ether by partial 
methylation) or isolated from plant sources (e.g. IL-1-g-methyl- 
c h I r o - In o s I t o 1). 

Eight new dl- to penta-0-galloyl derivatives of proto-quercitol 
(a deoxyinositol) and two related ellagltannlns have been Isolated 
from Quercus stenophylla bark. 36 
glucosidase Inhibitor from Streptomyces hygroscopicus, has been 
found to be more potent than valienamlne, valldamine and 6-hydroxy- 

The 

1L-1-g-Methyl-myo- 

- 0-Methyl-lnositols In clover and peanut have been 

Valiolamine (301, a new a- 

CHzOH B z O C H ~  OH 

HO &!I>"* HoooBz 
(30) OH (31) 

valldamlne analogues Isolated from the same fermentation broth. 37 
1-Epizeylenol (31) has been Isolated from Ulvaria ze lanica roots; 
the C - 1  epimer zeylenol had been Isolated previously. 

Several syntheses of cyclitols from aldoses have appeared. 
Ferrler's carbocyclization of hex-5-enopyranosldes has been further 
extended. The 5,6-ene ( 3 2 )  provided the cyclohexanone (33) as 
expected, but Its C-3 epimer (34) underwent concomitant ellmlnatlon 

+a- 
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N3 
(34) 

(32) 
R e a g d  : i , HgC12- H20-Mc2C0 

Scheme 11 

of hydrazolc acid (Scheme 11) . 39 
proved to be effective for converting the D-arabino-5,6-ene (35) 
Into the corresponding cyclohexanone, reduction of which provided 
the epimeric azidocyclltols (36) and (37) In a 9:l ratio. 40 

Mercury (11) trif luoroacetate 

be" OBn 

(35) 
Klemer and Kohla have reported further remarkable transformations 

of sugar acetals on treatment with alkyl lithium reagents. 1,6- 
Anhydro-D-galactose derivative ( 3 8 )  gave the cyclitol (391, in 85% 
yield for R=Bu, while the 1,6-anhydro-D-rnannose derivative (40) 
gave mixtures of the epimers (41) and (42), in 52 and 12% yield 
respectively for R-Bu (Scheme 12). 41 $q0 i >  //JJ 4q0 L+ (k-J 

HO HO 

(41) X-OH,Y-H (40) OH OH 

(39' R -Me or BUI (42) X - H  ,Y=OH (3 a> 
ReagSds: i , R L i  Scheme 12 

Per-2-methylated scyllo-aminocyclitol-oligoglycosides such as 
the L-rhamnosyl-D-galactosyl-aminocyclltol (43) have been 
synthesized from per-2-methylated glucuronlde saponins by sequential yTKo;R CH20Me ( L y A c  

decarboxylative acetoxylation [P~(OAC)~] of the uronic acid moiety, 
nltromethane cyclizatlon, and reduction CH2-Raney Nil. lr2 

Acn N 
OMe OMe 

Me0 
OHe OMe - 

(43) 

The 
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synthesis of ribostamycln by a related procedure is mentioned In 
Chapter 19 (ref.13). 

Several pseudo-sugars have been synthesized. Pseudo-a-D- 
glucose (44) and pseudo-B-L-altrose (45) have been obtained from 
the L-arablnose-derived 6-iodo-pentose (46) (Scheme 13), the 
isomers being obtained In a 1:l ratio; the Initial condensation j". i , u  <-) COZMe 

Bn 0 
B nO O8n 

+ h?;2 p AcO C02Me 
O h  

OBn O h  
CO2Me & (4?)Oen CH20H 

CH*T 

(46) &--hBn ;.,V*;.IV) &-- f" H ? G h H  

OH 

OBn OH OH 
(44) (45) 

Reagents: i, (Me02C)2CH-;L,Ac20-P3; &,NaCl-DMSO;k, L A H ; v , B ~ H ~ , ~ ~ ~ H * ~ j v ~ , N a - N ~ ~  

Scheme 13 

with dlmethyl malonate produced both the required cyclohexane (47) 
and the tetrahydropyran (481, In 43 and 33% yields respe~tlvely.~~ 
Pseudo-a-D-galactose (49) and pseudo-B-D-mannose (50) have been 
Synthesized separately from quebrachitol via the L-chiro-lnosltol 
derivative (511, the required hydroxymethyl substituents being 
introduced by either a Wittig olefination-hydroboratlon sequence on 
ketone (52) or a Michael addition to enone (53) (Scheme 14). 44 

CHZOH 

A HoQo" 

(49) OH 

(50) 
Rcclgedx: i, DMSO-(COCl&- Pr;NEt ;u,PhgP CH2;&,82Hg; b,NaOM;v, MrO/OCW2CL; 

vi,HZ-PI;vii,NaH-CS2-Mc1; viU,BusLSSnc(;ir,Hf j x ,  I , -~~h,-~nrthdc;xi. ,LAW; 

Scheme 14 xt i ,  C S X C O ? E t  s LL 

Ogawa and co-workers have resolved the (-)-Isomer (54),as Its a- 
methylbenzylammonlum salt, from a racemlc Dlels-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 l5), using methodology previously developed for the racemlc 
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CHZOH 

(49) + HO OH 
(54) c o p  OAC C H ~ O A G  

ReaquLt. : i, HaOp- HCO# ; ii , LAH ; iii, Ac20 - Py ; Lv, AczO-AcOH- H2SO+; 
v, NoOMc - MeOH Scheme 15 

analogues (Vol.11, p.150). 45 

The racemic 7-oxabicycloC2.2.11 heptene (55) has been employed in 
the synthesis of racemic methyl shikimate (571, selective Cis- 
hydroxylation of the disubstituted double bond in diene (58) being 
effected with either osmium tetraoxide 46  or more effectively a 
Prgvost-type reaction under "wet" conditions ,47 as shown in 
Scheme 16. Methyl epishikirnate (59) was also prepared by Cis- 

C02Me Lo- 
DL - (55) 

Rcng& : L, B IAL- (M~+)~NH ; iL, BdMc,SlTf- 2,6-Lutidinc ; DL- (59) 
i i i ,12-AqOAc-HOAc-H20(I 9); W, dqrotcctwn; v,Oso+; 

Scheme 16 vL, MC~C(OM&-H+ ; vii, H ~ O +  

46 hydroxylation of the bicyclic derivative prior to ring cleavage. 
(-)-Shikimic acid ( 6 0 )  has been synthesized from D-mannose via the 
derivative (61) using an intramolecular Horner-Wittig reaction to 
produce the cyclohexane structure (Scheme 17). 48 

Scheme 17 

Ogawa and co-workers have also synthesized racemic validoxyl- 
amlne A (62) and B ( 6 3 )  by coupling the cyclitol epoxlde ( 6 4 )  and 
validamine derivative (65) (Scheme 18), both of which had been 
derived from the Dlels-Alder adduct ( 5 5 ) .  49 Work on their 
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syntheses of the racemlc amlnocyclitols validamlne, hydroxy- 
validamlne , and vallenamlne has been reviewed ( In Japanese) . 50 

Hetero-Dlels-Alder adducts (66) and ( 6 7 )  have been converted 
Into racemlc fortamine ( 6 8 )  (Scheme 19 1 ,51 DL-chiro-lnosadiamlne 
derivative ( 6 9 )  (Scheme 201, and various amino-deoxy-condurltols 
and streptamines. 5 2  

Me T? Me0 OH H2 

OAc 

R e a g e n t s :  i,Zn-HCL;~,Ac20-Py;iii, KMn04; DL- (67) 

.w, Ac20 Scheme 20 

OAC 

DL- (69) 

Attempts to phosphorylate myo-lnosltol 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-lnosltol with 
phosphoric acid under reduced pressure. 53 Racemlc SurUgatOxln, 
an esterified w-inosltol, has been synthesized using the racemlc 
myo-lnosltol derivative (70). 5 4  
lnositol has provided a mixture of the three dlacetalated 
derivatives (71)-(73), Isolated In 19, 38, and 26% yield, 
respectively. 
these derivatives, mono-2-benzyl-myo-lnosltols and penta-2-methyl- 
--lnosltols could be obtained. 55 
noyl, and n-nonanoyl derivatives of scyllo-fnosltol have been 

Cyclohexylidenation of m y o -  

By phase-transfer catalyzed monobenzylatlon of 

Hexa-2-n-pentanoyl, n-hepta- 
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O*OMe 

DL - (70) 

0 Q* 

Y O  Q& 0 

(7') 

bH (72) OH 

0 R 
HO 9" 

(73) 

c la imed  as t h e  f i r s t  a l i c y c l i c ,  s a t u r a t e d ,  d i s c o t i c  l i q u i d  
c r y s t a l s  .56 
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Anti biot i cs 

1 Aminoqlycoside and Aminocyclitol Antibiotics 

Newer synthetic methods for aminoglycoside antibiotics have been 
reviewed. 1 

The new aminoglycoside antibiotic lysinomycin (previously 
AX-127B-1) has been characterized as 3-ep i -2 ' -~ - (L-B- lysy1) -4 ' ,5 ' -  
didehydro-6 ' -de-C-methyl-fortimicin B (1) . The degradation of 

"woH HO OH 

(2) 

"Q HO 

OR (3) R-Me 
(4) R=H 

(1 

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 reported for 
3-de-2-methylfortamine (2) from 1,2:4,5-dianhydro-e&-inositol 
and of (-)-2-deoxyfortamine ( 3 )  and its 3-de-2-methyl derivative 
( 4 )  from a racemic 1,2:4,5-dianhydro-6-deoxy-inositol derived from 
benzene, involving classical resolution of the enantiomers. The 
derivative ( 5 )  of the aminocyclitol unit in S-de-g-methyl-spor- 
aricin A has also been prepared from the diaminocyclitol precursor 
( 6 )  =6 

4 

C H20H HO OH '""a NH Z +--f z t ! a N H z  
"&-&"2 

OAc OH '%' (6) Z=BnO.CO+ D L - ( ~ )  (7) R-OH 

(8) R=H 

176 
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Valiolamine, a new a-glucosidase inhibiting aminocyclitol prod- 
uced by s. hygroscopicus, has the structure ( 7 1 ,  being a more potent 
analogue of validamine (8) and its relatives which occur in the 
same fermentation broth.' 
amine (ref. 49) and fortamine (ref. 51) are referred to in Chapter 
18. The valienamine-containing trestatins are referred to below 
(ref. 83). 

Syntheses of validoxylamine and valid- 

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-g-benzoylation using hydrazine- 
pyridine to allow 2'-triflylation, thereby providing an efficient 
route to 2 '-substituted kanamycins, and double inversion at C-4" 
via trif lates has allowed access to 4"-amin0-,4"-bromo-, and 4"- 
f luoro-kanamycins. A 4", 6'I-di-trif late 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 
derivatives of amikacin and the 6'-Xpformimidoyl derivative of 
dibekacin have been prepared and shown to be more active against 
resistant organisms than the parent antibiotics. l1 Likewise E- 
guanyl derivatives of kanamycin A and gentamicins C1, Cla and C 
(N-6',2' and 3'-substitutions) have been synthesized and tested. 

6 '-N-formimidoyl and 6 I -N-acetimidoyl 

21 2 

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 d3 (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-B-D- 

AcO 

NHZ 1 
HO 

Q- 
NHZ 

iii / 

.OH 

Reagents: L, Pb(OAc)4-C&,-Ps ; u ,  MeN02- NaOMe ; iii, NaBW4-EtOH 

Scheme 1 
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ribose, 3-deoxy-3-~-methyl-8-D-xylose, and a-D- and a-L-arabinose, 
but these only showed weak antibiotic activity.14 A synthesis of 
apramycin (11) and saccharosin (KA 5685) (12) has been described, 
in which neamine was converted to the aminooctadiose 
(13) and then glycosylated with 4-amino-4-deoxy-D-glucose or D- 
glucose, respectively. l5 

aprosamine 

A conversion of sisomycin to its l-!-ethyl 

(1 1) R =p- D- Gk-p (4- NH2) 

derivative (netilmicin) has been described. l6 
m i n e  (14) to the actodiose-containing pseudodisaccharide (15) 
present in (0xy)apramycin has been investigated; chain extension 

A route from parom- 

NH2 
OH 

NH2 
(16) R2- H or Me 

R3= H o r  OH 

was by Wittig reaction of a dialdose derivative with subsequent 
osmium tetraoxide hydroxylation. l7 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. l8 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. 

matrix-assisted molecular SIMS. *’ 
19 

Underivatized aminoglycosides can be characterized by glycerol 

2 Macrolide Antibiotics 

A method has been described for the semi-automated synthesis of 
radiolabelled erythrumycin A using C llClfonnaldehyde to remethylate 
the amino sugar in N-demethyl-erythromycin A. *’ The mycarose unit 
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in spiramycin I has been substituted to give 4"-sulphonates and 
4"-alkyl ethers22 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. 

Kijanimicin has been studied using special techniques of fast 
atom bombardment m.s.; the method was particularly useful for 
characterizing the nitro-sugar component. 

25 

26 

3 Anthracycline Antibiotics 

Further details of the structural analysis of a r u g ~ m y c i n ~ ~  and the 
related antibiotic decilorubicin28 have been published (see Vol. 17, 
p.176, refs. 59,601. The macrolide-containing sporaviridin complex 
is mentioned below (ref. 8 2 ) .  Akrobomycin, produced by Actinom- 
adura roseoviolacea, contains daunosamine attached to 9,lO-anhydro- 
13-deoxocarminomycin, 29 and cosmocarcin A (171, obtained from 2. 
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 0-7 of the aglycone a-cltro- 
mycinone. 30 

The synthesis of the anthracycline antibiotics adriamycin, 
daunorubicin, and carminomycin has been reviewed (In Korean). 31 
series of highly potent cytotoxic morpholinyl anthracyclines have 
been synthesized from daunorubicin or doxorubicin by pcondensation 
with 2,2'-0xy - bis-ethanal derivatives in presence of sodium 
cyanoborohydrider the most potent antileukemic agent yet known is 
the 2-cyanomorpholinyl derivative of doxorubicin (18) . 32 
ar ation of (+ ) -4-de~nethoxy-daunorubicin~ 
adriamycin has been reported , 34 using trimethylsilyl trif late as a 

A 

The prep- 
and (+ ) - 4-demethoxy- 
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Carbohydrate 

A 

glycosidation reagent for the aglycone in conjunction with 

Chemistry 

a dauno- 
samine l-2-E-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,lO-dimethyldaunomycin from 5,8-dimethoxy-2-tetralone, 
which proved to be inactive as an anti-leukemic agent,36 and 
daunosaminyl and rhodosaminyl derivatives of 4,11-dideoxy-lO-oxy- 
rhodomycinone. 37 
using a saccharino-lactone as chiral source is referred to in 
Chapter 2 4 .  

direct condensation of the free sugar with the antibiotic; these 
are less effective antileukemic agents than daunorubicin itself. 

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. 40 
ezawa's group have also reported new anthracycline derivatives 
prepared from betaclamycin A by mutant biosynthesis from 8-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. 

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 ) .  

have been prepared, using dry acetone with molecular sieves, 
allowing subsequent selective N-3' acylation. 

The synthesis of 4-demethoxy-anthracyclinone 

N-Glycosyl derivatives of daunorubicin have been prepared by 

38 

In an alternative approach, a wide range of agly~ones,~' and 

Um- 

41 

42 

- N-3',g-4'-Isopropylidene derivatives of daunorubicin-doxorubicln 

43 
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NH COCF3 
(1 9)  

The absolute configuration of rubeomycins A, A ~ ,  B, and B1, 
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 
structure of 4'-g-tetrahydropyranyl-adriamycin has been determined 
from an X-ray crystal study. 

referred to in Chapter 14 (refs. 8, 15). 

The absolute 

45 

The synthesis of the branched-chain sugar of nogalamycin is 

4 Nucleoside Antibiotics 

An extensive review on the C-nucleoside antibiotics has been pub- 
l i ~ h e d , ~ ~  and the synthesis of antibiotic nucleosides by enzymic 
reactions coupled with chemical methods has been discussed (in 
Japanese). 

biotic chryscandin ( 2 0 1 ,  produced by Chrysosporium pannorum, have 
been reported; it contains 3-amino-B-D-arabinofuranuronic acid y- 
linked to g-methyltyrosine. 48 

4 1  

The structure and synthesis of the new peptidyl nucleoside anti- 

A new antibiotic elaborated by a 

NCCH2 OMe 

C02Me 0 
O H  OH 

(22) R s  eCOCHNH2 
he 

(23) R -  H 

strain of Actinomadura has the structure (211, containing a lyxo- 
hexuronic acid linked to an ind01e.~' 
ascamycin (23), antibiotics obtained from S. sp., have been shown 
by spectral analysis (principally FAB rn.s.1 to be 2-chloro- 

Ascamycin (22) and dealanyl- 
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adenosine sulphonamide derivatives; the latter compound is ident- 
ical with antibiotic AT 265 (E. Takahashi and T. Beppu, J. Anti- 
biot., 1982, s, 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.’l 
6 2  has yielded the thio-nucleosides (24) , 5 2  some reactions of which 
were studied and a crystalline derivative characterized by X-ray 
analysis. A minor component of the mildiomycln complex mildio- 
mycin D has been identified as the 8’-deoxy analogue of mildio- 

Enzymic cleavage of albomycin h 1  and 

X 0 

OH OH OH 

(24) X = O o r  NCONH2 (251 

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 ( 2 5 )  has been isolated 
from a bacterial culture for the first time (previously from 
Streptomyces strains). 

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 

synthesis of polyoxin J (29), converting 4-g-benzyl-2,3-g-isopropy- 
lidene-L-threose to deoxypolyoxin C (30) on the one hand and to the 
5-~-carbamoyl-polyoxamic acidderivative (31) on the other, these 

55 

Another communication reports a ‘total‘ 
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leading to (29) on condensation. 57 A ,  readily obtainable Diels- 
Alder adduct (32 has been employed in syntheses 

CHZOBn 
OH OH 
(30) (31) 

of analogues of 

CO2H 

aristeromycin and neplanocin A, e.g., (33) and (34). Coformycin 
and 3'-deoxy-coformycin have been conventionally synthesized using 

C H20 Me 
I 

ox0 OH OH 

"oc"*flcy 
OH OH 

(34) 

(331 

the corresponding sugars and base with Lewis acid catalyst. Red- 
uction of the 8-keto group to the (8R)-hydroxy analogue gave a 

59 product which was a potent inhibitor of adenosine deaminase. 

mannose via the D-manno-pentahydroxypentyl pyrazole derivative (361, 
which was made by an improved procedure.60 

61 triazolo-pyrazine isomer (37) of formycin has also been improved. 

The arabino-analogue (35) of formycin has been prepared from D- 

The synthesis of the 

I 
OH 

(35) 

Tubercidin has been converted to its S'-deoxy-S-iodo analogue (38) 
which has recently been isolated from a marine alga; it is a power- 
ful inhibitor of adenosine kinaae.62 
domycin (39) follows from the condensation of 2,3-g-isopropylidene- 

A simple synthesis of show- 
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5-2-trityl-D-ribose with a Wittig reagent (Ph3P=CC1C02Me) to give 
the C_-glycoside ( 4 0 )  .63 Tracer evidence (l3C, 2H, 15N) on the 

FH20Tr 

O X 0  
(40) 

0 

-P r$ 0 
p - D -Rib-€ 

(39) 

biosynthesis of showdomycin by S .  showdoensis indicates that D- 
ribose and L-glutamic acid are incorporated, the latter providing 
the entire maleimide ring. 6 4 '  5-Alkenyl-1- (2-deoxy-2-f 1uoro-B- 
D-arabinofuranosyl) uracils havebeen synthesized (glycosyl bromide 
+ trisilylated base without catalyst); some showed good antiviral 
activity with little cytotoxicity. 66 
employed to prepare a number of 3-deaza-guanine nucleosides, some 
showing moderate antiviral or antitumour activity. 67 
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 
fungin (41) utilized the Wadsworth Emmons reagent (42) as outlined 
in Scheme 3. 

Standard methods have been 

2' -Deoxy- 

A synthesis of sine- 

69 

A series of 2l-g-acyl derivatives (C1+C4 acids) ofara-adenosine 
have been prepared and evaluated as antiherpes agents. 'O 
ences to antibiotic nucleosides are also made in Chapter 20. 

Refer- 

5 G lyco-Pept Fde 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 rhamno~e.'~ 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 ~enta-peptide.~~ 
of epimers derived by isomerization in the cyclic peptide core of 
teichoplanin (which contains glucosamine and mannose) have been 
characterized. 73 
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 g-undecanoyl groups on this sugar. 

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, 

The structure and conformation 

Controlled hydrolysis of teichoplanin has yielded 

74 

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 ( 4 3 ) ,  containing a branched- 
chain sugar related to quinocyclinose; configurations were not 
established. 76 

MeCH =$ -CO-O 
N=C=S 

(43) R-MC (A) or R - H  (0) 
Me 

Norjirimycin B (5-amino-5-deoxy-D-mannopyranose) ( 4 4 ) ,  the 2- 
epimer of norjirimycin with which it can be isolated from S. laven- 
dulae, can be oxidized microbiologically (Gluconobacter auboxydans) 
to the corresponding D-mannono-6-lactam ( 4 5 ) ;  both of these com- 
pounds, characterized by n.m.r. and X-ray analysis, are powerful 
glycosidase inhibitors. 7 7  The synthesis of norjirimycin is also 
mentioned in Chapter 24. The introduction of 7s-alkylthlo- 

HO 

FL 
R H N  

(46) R 9 

(45) 

B 

SMe 
I 
OH 

MC 
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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 
pirlimycin (461, is a more potent antibacterial agent than clin- 
damycin (47) itself. 

removal of successive sugar units. 8o Hydrolysis of acarbose ( 4 8 ) ,  
a potent inhibitor of intestinal a-D-glucosidases, yielded glucose 
and the tricyclic pseudo-disaccharide (49); methanolysis yielded 
an equivalent disaccharide methyl glycoside. Further studies 

A synthetic clindamycin analogue, 

79 

Moenomycin A (see Vol. 15, p. 191) has been degraded by stepwise 

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 N-acetyl-L-vancosamine. 
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. 

82 

83 

Antibiotics 1072A and 1072B have been identified as gilvocarcin 
M and toromycin (gilvocarcin V), respectively (see Vol. 15, p. 4 5 ;  

Vol. 17, p. 182) . 
The biosynthesis of the trisaccharide antibiotic complex cln- 

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. 

84 

85 
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20 
Nucleosides 

1 General 

The cytokinin metabolites isolated from derooted radish seedlings to 
which had been administered (2 )  C 8-l4CI-dihydrozeatine (1) have been 
isolated and shown to be the known 7-D-glucopyranoside and also 
unexpectedly the 3- and 9- substituted isomers. 1 

The use of cyano compounds in the synthesis of nucleosides has 
been discussed in a review on hydrogen cyanide and chemical 
evolution. Reviews have also appeared on selenium-containing 
nucleosides, including the use of selenium-containing intermediates 
in the synthesis of unsaturated and deoxynucle~sides,~ on the 
synthesis of antibiotic nucleosides by combined chemical and 
enzymic  method^,^ and, in Chinese, on the preparation of nucleo- 
sides by chemical degradation of polynucleosides. 5 

2 Synthesis 

Standard procedures have been employed to synthesize B-P-ribo- 
furanosyl derivatives of the triazine (2) ,6 thiazolidinones ( 3 )  , 
3-hydroxy-2- and 4-pyridonesI 2-methyl and -bromcnnethylimidazoles, 
the triazolotriazole (4) , lo imidazo C 1,2-b] pyrazoles , l1 the tria- 
zolothiadiazine dioxide (5) and thladiazolothiadiazine ( 6 )  together 

13,14 I 15 with their B-D-glucosides, l2 pyrazolo C 3,4-d] pyrimidines, 
pyrazolo C4,3-dl pyrimidin-7-0nes~ 2-alkylthio-8-azaadenine (and 
the corresponding rhamnoside) ,17 imidazo C4,S-dI pyridazine (7) I 
its 4-thio- and 4-amino-derivatives and the corresponding N-3 
ribosylated compounds. The imidazotriazinone (8) was prepared 
by nitrous acid cyclization of the aminoimidazolecarboxamido- 

7 
9 

190 
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nucleoside, whilst glycosylation of the preformed bicycle gave 
the N - 5  regioisomer. 19 

Y 2  N" 

(4) 
u 

0 

R R 
(7) ( 8 )  

Ribofuranosylation of silylated pyridazinone ( 9 )  gave either 
a normal nucleoside or the mesoionic system (lo), depending on the 
reaction conditions (Scheme 1). The nucleoside formed on deacety- 
lation of (10) had pronounced antibiotic activity. 20'21 A number 

C H Z b A c  CN 

&T"'+ b0*. ii ~ 0 0 -  
' /N 

N' +N 

(9) 

\ 

AcO O A c  A L b F  (OAC)~  
I 

('0) 

N L N  T" 0 2 
P-D-R1b.F (OA.)3 

Reaged6: i ,  SnCL&H& (reFLuw) ; u,  SnCL4-@H2CA- 0-5' 

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-2-benzoyl ribofuranosyl 
bromide, this method being superior to other procedures. 23 
Dichloro-9-B-D-ribofuranosyl-l-deazapurine has been prepared in a 
new way involving 'deoxygenative chlorination' of !-oxides to 
introduce both chlorine atoms, followed by transglycosylation; 
the product was converted to 2-chloro-l-deazadenosine, and 2-chloro 
-1-deazainosine by nucleophilic substitution. 24 
system (11) has been prepared by reaction of tri-O-acetylribo- 
furanosyl imidazole 2-thione with carbon suboxide. 

22 

2,7- 

The mesoionic 

25 
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Carbohydrate Chemistry 

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 ;  isopropylarnine 
selectively cleaves the octylthio group, whilst ammonia in methanol 
gives fully deprotected systems. 27 

0 

Reagchts : i, Pr 'NEt2 -  OMF (rt., 18hr) 

Scheme 2 

Two reduced pyrimidine-2-thione derivatives were obtained in 
low yield by reaction of 2,3-~-isopropylidene-B-D-ribofuranosy- 
lamine with 4-methyl-4-isothiocyanato-2-pentanone. 28 Leonard's 
group has reported the synthesis of the =-naphthoadenosine (12); 
this was not a substrate for adenosine deaminase, unlike the benzo 
analogue. 29 

('2) 
p-D -Rib.! 

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. 30 A 

derivative of a-ribazole has been synthesized as in Scheme 3 ,  in 
a procedure that was applied to a number of other silylated 
bases. 31 
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l-f3-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-desazaxanthosine 
and its 2,4-dichloro-derivative. 34 
converted to their arabino-analogues by oxidation of suitably 3', 
5I-protected derivatives and subsequent borohydride reduct- 
ion; 35 36 similar operations on 2 , 5 '-diprotected ribonucleosides 
and on 5I-protected 2'- or 3'-deoxy-8-D-erythropentofuranosyl 
nucleosides gave inverted xylo or deoxy-threo-isomers as major 
products . 35 
nucleosides, followed by borohydride reduction, also gave arabino- 
systems; in these cases, base-catalysed epimerlzation at C-3' in 
the intermediate 2l-0~0- system is presumably occurring.37 
model for its interaction with proteins, 2,2'-anhydro-l-(B-D- 
arabinofuranosyl)-6-azauracil reacted with aminoacids to give 
systems of type (13) . 

33 

Ribonucleosides have been 

Oxidation of 3 , 5 I-di-2-benzoyl-8-D-xylofuranosyl 

As a 

38 

F. 
N A R  I 

p -0 -Ara-F 

(1 3) 

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-a-DL-ribofuranosyl nucleosides. 39 

CHZOH 

N 3  X,Y= H,OR h ' 4 H  + Br.Sn-N3 1 
y o  

Recrged  : i , SnBr2 Y X 

Scheme 4 
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A variety of Q-benzoyl N-glycosylimidazoles and -pyrazoles 
have been prepared, 40 and l-~-D-glucopyranosyl-3- and 5-nitrotria- 
zoles, with the 5-nitro-isomer predominating, were synthesized 
conventionally. 41 
derivative, and 1-B-D-altrofuranosyluracil have been reported. 42 

The ribopyranosyl nucleoside (141, and its arabino counterpart, 
have been prepared by cyclization of acyclic precursors, 43 and 
pyrimidine nucleosides of type (151, with gluco, manno- and 9alacto- 
configurations, were prepared from the corresponding D-glycosyl 
ureas; 4 4  an a-D-arabinopyranosyl analogue of (15) was also reported 

45 and its conformation discussed. 

1-B-D-Allofuranosyluracil, its 6 '-deoxy- 

High-yielding stereoselective syntheses have been reported 
for psicofuranine and 9-a-D-fructofuranosyladenine; 1-B-D-psico- 
furanosyluracil (16) was also prepared in an improved procedure, 
and converted, via a cyclonucleoside, to the fructofuranosyl 

4 6  nucleoslde (17) as in Scheme 5. 
CH20H 

OH 
R c c z g M a :  i, T.rcL-Py ; u,(PhO) CO-NaHC03-DMF (So') ;h, NaOH-MeOH-H20 ; Lv, H C 0 2 H - H 2 0  

S c h e m e  5 

3 Anhydro- and Cyclonucleosides 

Various 5-substituted 21,51-anhydro-l-B-D-arabinofuranosylurac~ls 
(18,R=H,F,Br,Me) were obtained in high yield from the dichlorides 
(Scheme 61, presumably by way of the 2,2'-cyclonucleosides. 
Treatment of uridine with either diiminosuccinonitrile or cyanogen 
bromide gave as major product 2,2'-anhydrouridine-3'g-carbmate, 
probably via the 2',3'-cyclic imidocarbonate. 4 8  

47  

An imidazole 
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2,21-cyclonucleoside has been reported. 4 9  

0 

OH C L  OH 

195 

0 

I 
OH (18) 

R e a q e h t  : i, NaOH - MeOH Scheme 6 

Lead tetracetate oxidation of 21,3'-g-1sopropylidene adenosine 
2 gave the 51-_0,8-cyclonucleoside (191, and an N-benzoylguanosine 

analogue was prepared similarly, Isopropylidene uridine gave the 
cyclic derivative (20) as a single isomer of unknown stereo- 
chemistry, whilst oxidation of the y4-benzoyl cytidine derivative 
gave (20) as major product, plus some 5I-g, 6-cyclocytidine 
derivative. Improved procedures for the synthesis of 5l-0, 

oxo (19) xo (20) 0 (2') 
OH OH 

8-cycloadenosine and its N- and 2- bridged analogues have been 
given, along with a preparation of 8,S1-anhydroadenosine (21) 
involving photochemic.al cyclization. 51 
given of earlier reports ( V o l .  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. 

A full account has been 

5 2  

0 0 
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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 5-bromouracil ring. 54 

4 Deoxynucleosides 

Chloro- and methylthio-substituted purines and deazapurines can, 
after conversion to their sodium salts, be condensed with 2-deoxy- 
3,5-di-~-~-toluoyl-a-D-ribofuranosyl chloride to give good yields 
of protected 8-D-nucleosides, e.g., 2'-deoxytubercidin 
Alternatively, phase transfer glycosylation has been employed for 
various pyrroloC4,3-23 pyrimidines, 56'57 a method which has also 
been used to prepare 2'-deoxyribonucleosides of allopurinol, with 
the 6-D-isomer predominating. 

Syntheses of coformyciri and its 3'-deoxyderivative have been 
described; the 8pisomer (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. 60 

55 
(23). 

58 

I 
OH (24,) 

A number of 2'-deoxy-u-D-ribofuranosyl nucleosides have been 
prepared either by anomerization or transglycosylation of pera- 
cylated derivatives, catalysed by trimethylsilyl triflate, followed 
by separation of anorners. 61 
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5 Halogenosugar and Aminosugar Nucleosides 

A n  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.62 The synthesis of 2 *-fluoro-5-iodo- 
1-6-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. 6 4  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 

2 ' , 3  -dideoxy-3 ,5-dif luorouridine 66 and the 5 ' -2-mesylate of 
3'-deoxy-3'-fluorothymidine. 

A series of di-~-acyl-2'-deoxy-2'-bromo-5-fluorouridines has 
been synthesized as in Scheme 9. This conversion can be used to 
give a route from uridine to 2'-deoxy-5-fluorouridine in four 

67 

0 0 

Reagent : i ,  RCOBr 
Scheme 9 

8 teps . 6 8  Similarly, 3 ' ,  5'-di-2-acetyl-2 '-deoxy-2 '-halouridines 
can be prepared by treatment of uridine with 2-acetoxybenzoyl 
halides; known chemistry then gives a route to 2'-deoxyuridine. 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. 

azide in refluxing ethanol, the D-arabino-product of ring opening 
predominated over the D-xylo isomer by a factor of 3:l; hydrolysis 
and reduction gave 3'-amino-3~deoxyarabinouridine. 71 
of 3'-amino-2',3'-dideoxynucleoside 5'-mono- and triphosphates 
have been prepared by a sequence involving azide ion opening of 
2,3'-anhydro-2'-deoxynucleosides. 

70 

When the 5'-pbenzoate of (26) was treated with ammonium 

A number 

72 

OH X 

(29) X=CL,Br  

b R  (31) 

6 Thionucleosides 

The racemic thionucleoside (30) and a range of related compounds 
have been reported. 73 
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 ( S A H )  and base-modified analogues, involv- 
ing reaction of the 5'-chloro-5'-deoxynucleoside with the sodium 
salt of homocysteine in aqueous medium. " Reaction of formycin 
and g -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-S'-thiomethyl nucleosides, the formycin analogue being 
an effective inhibitor of rat liver S'-methythioadenosine phos- 
phorylase. 76 
been isolated from human urine; elevated levels are present in 
children with severe combined immunodeficiency. 77 
references to thionucleosides can be found in Chapter 11. 

Either of the two diastereomers of the 

7 4  

6 

5 I -Deoxy-5 '-methylthioadenosine sulphoxide has 

Some other 

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. 
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 
degradation of DNA by bleomycins, treatment of 3'-benzoyl-4',5'- 
dehydro-5'-deoxy-thymidine with hydrogen peroxide-TFA gave the 
isomeric hydroperoxides (34). 

78 

As a model for the oxidative 

80 

be 
A review on ketonucleosides has appeared. Adenosine can 
converted to a mixture of 2',5'- and 3',5'-di(monomethoxytrityl) 

CH-OH 3 - deaza-Ad 

. Thy 

..7rCL I 

oxo 

(35) 

OH 

(36) 

I J  

OH 

(37) 

ethers; these on oxidation and deblocking with anhydrous acid in 
chloroform gave the 2 ' -  and 3'-ketoanalogues of adenosine, which 
had half-lives of 
6.86. 82 
prepared. 

The D-glucofuranuronoside (36) and its 2-methyl derivative 
and 1- B-D-glucopyranosiduronamidocytosine85 have been prepared by 
standard procedures, and the unsaturated uronlc ester nucleoside 
(37) was synthesized by coupling silylated uracil with a derivative 
of D-galacturonic acid, followed by B-elimination. 

11 and 84 hours, respectively, at 25O and pH 
The ketorhamnopyranosyl nucleoside (35) has been 
83 

04 

86 

8 C-Nucleosides 

A review has appeared on n.m.r. methods for the determination of 
the anomeric configuration of s-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.441, 6-azapseudouridine, and 
cordycepin, by a chemicoenzymatic approach from the furan-dimethyl- 
acetylenedicarboxylate adduct. 89 A good synthesis of $-cytidine 
(38) from $-uridine proceeds in its later stages as indicated in 
Scheme 10. The 1-g-, 3-g-, and 4-g-methyl-$-isocytidines and 
their 2'-deoxyderivatives have been prepared. 91 

0 

TsOCH2 
I 

R e ~ 9 - b . .  i ,  HOAc-H20 , i i ,  NpN CO ; iii, DBU-DMF ; iv, Py-H20; v, NH3-McOH ( u), 
Scheme 10 

An intermediate nitrile sulphide is presumed to be implicated 
in the synthesis of the thiadiazole and thiazole C_-nucleosides 
outlined in Scheme 11; these compounds are related structurally 
to ribavirin, but they did not show antiviral activity. 92 

OBz OBz 

P-0-Rib.L 

Recrgehts: i ,  HC02H-HCL ; u ,  C L S < O ~ - C g H g - h  ; L, N C - t 0 2 E t -  220O; iv,NHs-MeOH; 

Scheme 11 

The antitumour activity of tiazofurin has led to the preparation 
of analogues withmodifiedsugars; the D-arabino analogue (39) 
and D-xylo compound were prepared from the ribofuranosyl compound 
by specific displacements, 93 and both a- and 6-D-arabino analogues 
were synthesized from protected arabinofuranosyl nltriles. 
The 3'-deoxyanalogue was also made from tiazofurin itself. 
The thiophene (40) and the corresponding diamide, analogues of 
pyrazofurin, have been reported. 96 A number of c-glycosyl 
tetrazoles have been converted into 2-13-D-glycosyl-5-halogenomethyl- 
1,3,4-oxadiazoles by reaction with chloroacetyl chloride. 

V, HCSC C02Et - 220- 

94 
95 

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 
the thioguanosine-type analogue of formycin (42) and the corres- 
ponding B-D-arabinofuranosyl- and 2 ’  -deoxycompounds, 99 and the 
strongly fluorescent isoguanosine analogue ( 4 3 )  made from formycin 

include the 4-deoxyderivative of pyrazofurin (41) ?8 

B-D -Am-! p-0 -Rib-! 

P - D - R i b - f  -0 -Rib.f 

(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, and the somewhat similar pyrazolotriazine (45) shows 
good anti leukaemic activity ; lo2 the corresponding 4 - thiocompound 
has also been reported. lo3 
(tri-2-benzoyl-8-D-ribofuranosy1)furan and deprotection give 
rise to 3- ( B-D-ribofuranosyl) phthalimide. lo4 Some pyrazolo 
C3,4-b]quinoxaline C-nucleoside analogues have been synthesized, 

Cycloaddition of maleimide to 2- 

105 

and a correlation has been 
anomeric configuration for 

,~3 - D - k i b - f  

noted between circular dichroism and 
- C-nucleoside 1,2,3-ozotriazoles. 106 

9 Carbocyclic Nucleoside Analogues 

The l-deaza analogue (46) of aristeromycin is a potent irreversible 
inhibitor of SAH-hydrolase. lo’ 
of 2-amino-6-substituted-purine and 2-amino-6-substituted-8-aza- 
purine ribonucleosides had significant activity against type 1 
herpes and vaccinia viruses, lo8 and analogous 2 ‘-deoxyribonucleo- 

A number of carbocyclic analogues 
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sides also had activity against herpes virus. log 
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. 'lo 

intermediate. Conformational studies on carbocyclic nucleoside 
analogues are mentioned in Chapter 21. 

The carbocyclic 

The adeninyl inositol (47) has been prepared via an epoxide 

OMs OH 

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. 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 

113 mixture of enantiomers in template-directed oligomerization. 

Bis-(pyrrolidino)methoxyphosphine, activated by 4,5-dichloro- 
imldazole, has been developed for the preparation of deoxynucleo- 
side 3'-phosphoramidites. 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. 
phorylating agent ( 4 8 )  was used to prepare nucleoside 3'-phospho- 
diester Intermediates, '16 whilst the g-nitrophenylethyl protecting 
group has been introduced in phosphotriester syntheses, where it 

The new phos- 

can also be used for protection of aglycones. 11' t118 Cyclic 
phosphorodianilidates of type ( 4 9 )  have been introduced for the 
protection of 5'-phosphates for coupling to oligodeoxyribonucleo- 
sides. 5-Aminoimidazole nucleosides can be converted to their 
5'-phosphates using a phosphotransferase from wheat. 

of nucleoside 2',3'-cyclic phosphates, but was unsuccessful for 
forming the 3',5'-isomers. Both stereoisomers at phosphorus 
of ribonucleoslde 3',5'-cyclic N,N-dimethylphosphoranldates can be 
made from the cyclic phosphate using TPS chloride activation; the 

120 

Phosphoryl tris(triazo1e) has been employed for the formation 
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S isomers predominate. 122 The 3'-aryl phosphoranilidates of -P 
5'-~-monomethoxytrityl-2'-deoxyribonucleosides can be separated 
into their diastereoisomers, and these can be used for the stereo- 
specific synthesis of cyclic 3'-5'-phosphorothioates, as outlined 
in Scheme 12 for the S -isomer. 
dinucleoside phosphate (50) was prepared by oxidation of a phos- 
phite triester in the presence of H2180, separation of diaster- 
eomers and deprotection. 

The chiral 180-labelled 
-P 

124 

Reagehts : i, rlaH-CS2; k ,  H+; iii, K08ut 

Scheme 12 

Deoxynucleoside 3'-methylphosphonamidites have been used to 
produce dideoxynucleoside methylphosphonates. 12' 
has been given of the preparation of isosteric phosphonate 
analogues of ribonucleoside 3 '-phosphates (51),126 and the cor- 

12 7 responding 2'-deoxyadenosine phosphonate has been reported. 

A full account 

/ 0 bd 
OH 

e;' CH2 OH 
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A number of phosphonate analogues of diadenosine tetraphosphate 
have been prepared. 

5'-Arsenates of adenosine, inosine and their deoxyanalogues 
have been shown to be produced by interaction of the nucleosides 
with inorganic arsenate. 

128 

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 5-acylation of the base is required. 

by reaction with triethylorthoformate. Neither these acetals nor 
the products of methylating 2',3'-9-(dimethylamino)methylidene 
acetals gave 2',3'-unsaturated derivatives on pyrolysis. 

130 

2',3'-pEthoxymethylidene acetals of nucleosides were prepared 

131 

- N6- (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 
by reducing enzymes. 132 

H 

-S  
H 
N 

N,"-Thiocarbonyldiimidazole has been employed as a condens- 
133 ing agent for the formation of 2'(3')-~-aminoacylnucleotides. 

The antiviral agent 5-ethyl-2'-deoxyuridine was acylated at 0 - 5 '  

to give useful prodrugs. 134 
aspirin has been investigated; in pyridine, fully acetylated 
products were formed, and this process may have relevance to the 
teratogenic behaviour of aspirin. 

The acetylation of nucleosides by 

135 



20: Nucleosides 205 

12 Miscellaneous Nucleoside AnalQques 

Halomethyl ketone derivatives of deoxypyrimidine nucleosides, e.g., 
(53, X=halogen), have been prepared and shown to be cytotoxic as 
predicted. 13' 
and CD evidence to exist in conformations with significant base- 
stacking. 13' 
7-xanthinyl)-D-xylose has been prepared. 13* 
of 2',3'-~-isopropylidene-5'-aldehydo-uridine was the key step in 
the formation of (551, the base residue of which could be exchanged 
by transglycosylation to give analogues of SAH and the antibiotic 
sinefungin. 13' 
have been reported,14' as have a number of sulphonamide analogues 
of pyrimidine nucleoside S'-tripkosphates of general structure 
(57, A=p-C6H4NH- or -(CH213-). 14 1 

The oligonucleotide analogue (54) appears on W 

The homonucleoside analogue 5-deoxy-5- (1,3-dimethyl- 
A nitroaldol reaction 

5'-Homologues of adenosine (56, R=-OH and -CH20H) 

13 Reactions 

The trio1 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 N4-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 N-  and 
N -substituents. 
adenosine and the antitumour agent N-2-methyl-9-hydroxyelliptic- 
inium acetate in the presence of hydrogen peroxide and peroxidase 

3 

The structure of an adduct formed from 4 - 
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144 has been determined by n.m.r. methods. 
As a result of a study of the acid-catalysed hydrolysis of 

uridine, 6-hydroxy-5,6-dihydrouridine has been implicated as an 
intermediate. 145 In the hydrolysis of 9-B-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 
KBr solution by y-radiation has been investigated; the main 
degradation products were identified and proposals made as to 
the oxidizing species responsible. 

The degradation of deoxynucleosides in aqueous 

147 

14 Spectroscopic and Conformational Studies 

14 8 F.t.-i.r. and laser Raman spectra of adenine and adenosine 
and of thymine and thymidine 14' have been reported. 

indicate that under external cyclic constraints the ribose ring 
can assume a variety of unusual conformations. 

In a series of pyrimidine cyclonucleosides, the magnitude of 
' 5  - (Cl' ,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. 15' 
it has been observed that the magnitude of 3_Jc,H in systems of the 
type 13C-C-C(0)-H is much reduced if the oxygen atom is located 
trans to the observed carbon. 152 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. 
methods,153 and a detailed interpretation of the 13C n.m.r. of 

154 3',5~-di-~-acetyl-2'-deoxy-2'-fluorouridine has been given. 
High-field n.m.r. studies have been carried out on the trinucleo- 
side diphosphate 3 Id (A2 I-5LA2'-5'A) 155 and on various oligo- 
arabinonucleotides;lS6 in addition CD was used to study base 
stacking. 

The crystal structures of six isopropylidene nucleosides 

150 

In rigid cyclonucleosides of adenosine, 

A study has been made of the FAB mass spectra of a number of 
nucleosldes and nucleotides. 
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 derivatlz- 

Exhaustive methylation with CD3- 
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ation. lS8 
sides can be found in Chapter 22. 

Additional references to mass spectrometry of nucleo- 
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21 
N. M.R. Spectroscopy and Conformational 
Features 

1 Theoretical and General Considerations 

An attempt to derive the potential function for evaluation of the 
energy associated with the es-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 (22,3_R)-tetrahydro- 
furan-2,j-diol and (3g)-tetrahydrofuran-3-01 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 
weighting8 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-dimeneional 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-~-D-gluco- 
pyranoae and methyl 2-acetamido-2-deoxy-d-D-galactopyranoside have 
shown that restricted sets of angular variables could provide the 
energetically favoured conformations. 
shapes was used to test the torsional potential f~nctions.~ 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 rotamere about C-5 
and C-6 were predicted to be g 
the acetate. 

1 

-1 
-1 

2 

Comparison with the known 

+ t 
for the D-glucal and gg or g for - - - 4 

The Barfield modification of INDO SCF molecular orbital calcul- 
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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 T H F  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 ,J and 

was examined in two families of nucleoside. Variations in 521-3' 
these coupling constants, and also J , were explained by con- 
formational changes only, while _J 

with conformer population changes induced by the 21-substituents and 
changes in the base; the population changes were quantifiable with 
respect to substituents at C - 1 '  and C-2I, which enabled the develop- 
ment of a computer programme (called S E A R C H )  optimizing phase angle 
of pseudorotation a d the degree of pucker for a set of sugar ring 
coupling constants. Theoretical conformational analysis ha8 also 
been carried out on methyl P-cellobioside and methyl ,hnaltoeide. 
The average values of 3z 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 zo-anomeric effect 
and intramolecular h drogen 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 (Ap)  and 0.07 p.p.m. 
for those in a vicinal relationship (AS). 
vicinal diols, each carbon appears as a quartet arising from the 
HH, H D ,  DH, and DD species, and thus the central carbon atom of a 
contiguous trio1 displays eight components. T h e  A f  effects in 
vicinal diols have been correlated with their 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 m e t h ~ d . ~  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-xyl.an, and allow precise assignments of 

5 

11-21 

also varied 
3 I -4' 

31-,4Ad ,J 
11-21 

7 
Y3 

In partially deuterated 

8 

13 
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10 
3C chemical shifts. On the basis of variable-temperature 
'H n.m.r. of the methoxy 
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,ae has been eyegested earlier 

groups in 1,l-dimethoxyoxane ( 1 )  relative 

I I  
(Deslongchamps et al, Can. J. Chem. , 1975, 2,  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-fructoee.' 
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 
eize. l 3  

Previously published ' 3C 

Measurements of self-diffusion coefficients of carbo- 

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 13C n.m.r. (CPMAS) solid-state spectra of 
crystalline OLD-glucose hydrate, d-D- lucose, and P-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 
eolution have been demonstrated, and an erroneous earlier assignment 
(F.Horii, A.Hirai, and R.Kamura, Polymer Bull. 1982, 8 ,  63) of the 
solid-state spectrum of P-D-glucose corrected. 

14 

4 5  

2 Acyclic Systems 

The structure of the tri-g-isopropylidene-D-glucitol hae been re- 
investigated by means of a Bruker AG interactive n.m.r. programme 
called PANIC applied to the 250 MHz spectrum: it was ehown that it ie 
1,3:2,4:5,6-tri-g-isopropyl dene-D-glucitol and not the 1,2:3,5:4,6- 
ieomer ae earlier claimed. The 400 MHz H n.m.r. of tetritole, 
pentitole , and hexitole have been reported. ' The predominant con- 
formation of heptitole in aqueous eolution hae been determined by 
complete aeaignment of their C n.m.r. epectra, using specifically 
deuterated compounde, and the reeulte were found to be in good agree. 

1$ 1 

13 
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ment with those predicted by J.A.Mills in 1974. Rotaaeric states 
in the acyclic forms of ketohexoses and deoxyketohexoeea determined 
by c.d. are referred to in Chapter 22. 

18 

3 Furanose Systems 

A series of benzoylated pentofuranosyl cyanides have been studied by 
1 H n.m.r. and the preferred ring conformations and the conformer 
opulations about C-5 - C-4 were determined.19 Proton coupled 
C n.m.r. spectra at 20 MHz and 80 MHz of D-arabino-l,4-lactone in Y3 

deuterium oxide have been measured and b means of computer simul- 
ation the 2 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 
14- H]-1,2:5,6-di-~-isopropylidene-D-allofuranose. An analysis 
of 2-ray-determined structures of five isomeric methyl 3,6-anhydro- 
hexofuranosides having the OC- and p-D-gluco, bc-L-1x0, d -  and p-D- 
- manno configurations showed that the anomeric effect determines the 
conforrnatioxi or’ tne furanoid ring, which results in the quasi-axial 
orientation of the aglycone in all cases. Thus methyl 3,6-anhydro- 
oc-L-idofuranoside adopts an almost ideal _E conformation, whereas 
the /l-D-gluco and 1-D-manno isomers, having the same ( g )  configur- 
ation at the anomeric centre, have conformations intermediate between 
E and T . The related E and T conformations were 
-2 -2 -1 
found in the oc-D-mannofuranoside which possesses (2) configuration at 
the anomeric centre, while the methyl 3,6-anhydro-o(-D-glucofuran- 
oside adopted a slightly distorted OT conformation. Except for 
the d-D-mannofuranoside in which the anhydro ring was C-6 8x0, 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.22 The major contributing 
forms of D-altro-heptulose 1,7-diphosphate ( Z ) ,  D-glycero-D-altro- 
octulose 1,8-diphosphate (3), and D-glycero-D-Eo-octulose 1,8-di- 
phoephate, all intermediates in the recent1 discovered L-pentose 
phosphate pathway, have been determined by C n.m.r. spectroscopy. 
The diphoaphate (2) was found to coneist of 74% 4-furanose, 13%d- 
furanoee, and 13% 4-pyranose, the diphoephate ( 3 )  74% p-furanose, 19% 
d-furanose, and 7% oC-pyranose, and the dl hoaphate ( 4 )  67% p-furan- 
0 8 8 ,  14% oc-furanose, and 19% &-pyranose. The relationship 

2 3 

1 2  

2 21 

2 

1 2 2 

-1 

1 

T3 

2 5  
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and the glycosidic bond conformation o f  a series 

(2) (3) (4) 

of pyrimidine cyclonucleosides has been established. 24 
assignment o f  the H n.m.r. spectrum at 500 MHz and 300 MHz of 
the (2I+i1)-linked trinucleoside diphosphate derived from 3I-deoxy- 
adenosine has been achieved. 

Complete 
1 

25 

4 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 pig.m. severe distortion was observed in ABCD 
and ABCDE spin spectra. It has been shown by 200 MHs H n.m.r. 
spectroscopy that oi-D-xylopyranosyl pyridinium bromide adopts the 
C conformation and cc-D-glucopyranosyl pyridinium bromide the S 

f i $ m .  27 
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.m.r. spectra, together with the expected displacements of 13 

C-1 and C-2 resonances. These results, in combination with coupling 
constant data, were taken to indicate an increase in the contrib- 
ution from the C conformer2Q5). Thep-anomer did not show this 
effect on C-2 glycosylation. 

1 

1 
-3 

A series of synthetic 2-9-glycosylated M-L-arabinopyrano- 

1 

-4 

OR 

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.Elie1 (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 4C (D) conformations make a greater contrib- 

-1  

- 

-1 
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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 angles in the 'gl (D) conformation. 

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 gl cosidation 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 Japane~e.~' A study by 13C n.m.r. 
spectroscopy of some ar 1 2,3,4,6-tetra-Q-acetyl-/-D-galactopyranos- 
ides has been reported. Conformational analysis of the C-6 group 
in 6-mono-deuterio derivatives of  methyl +D-glucopyranoside, methyl 
ocD-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 .33 

-2 

29 
13 The C n.m.r. spectra of several glucosides and acetylated 

38 

$2 

1 

Acetylation of 

(4) (7) 

both 0-4 and 0-6 of methyld- and fi-D-glucopyranoside causes a re- 
versal in the order of the chemical shifts of the 6 and 6' protons 
and may be used to detect when these positions are free; 8.g.) the 
point of linkage may be determined in disaccharides. 
effects are found in mannosides but not in galacto~ides.~~ 
conformations adopted by cyclohexyl and (t)- and (-)-menthy1 6-0- 
trityl-D-glucopyranosides and their peracetylated derivatives have 
been examined by H and 13C n.m.r. spectroso~py.~~ Lanthanide 
shift and relaxation studies have been carried out on methyl 4,6-0- 
benxylidene-2,3-di-~-methyl-~-D-glucopyranoside using Eu(fod) 
Pr(fod) , and Yb(fod) for the former and Cd(fod) for the 
latter: 3the coordinatlon geomctry was inferred. 
ature experiment showed that Yb(fod) 

Analogous 
The 

1 

3' 
3 

A variable-temper- 
was not undergoing fast 

3 
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exchange at room temperature. 36 
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. 
spectr~acopy.~~ 
DL-hex-3-enopyranoside)uronates and their 2-Q-acetyl derivatives has 
shown that the unusual half-chair forms H and H are in 
equilibrium with substantial participation by those having pseudo- 
axial 2-butoxycarbonyl groups (9). The dependence of the equilibriu 
on solvent polarity suggests that the so called Ilallylic effectff of 
the ester group is polar in nature and caused by a double bond - nc 
bond resonance (see Saunders et al., m. J. Chem., 1977, 2, 
1015) rathor than by steric hindrance between the pseudo-equatorial 
groupo and the hydrogen of the alkene.40 

13C N.m.r. studies of the 

37 , 38 

1 

An n.m.r. study of t-butyl(methy1 3,4-dideoxy- 

0 1 
-1 -0 

The solution and CPMAS 

( 1  0) 

solid-state 13C n.m.r. spectra of ethyl 2,3-dideoxy-oc-D-erythro- 
hex-2-enopyidnoside have been determined and compared with the X-raj 
cryrtal sttdCture,which revealed that there were two symmetry- 
independent molecules present in the solid. 41 Methyl 2,3,4 -tri- 
deoxy-2,~-di-~-methyl-6-Q-trityl-d-D-lyx-hexopyranoside (10) has 
the C conformation in the solid state as determined by X-ray 
crystallography, but n.m.r. measurements suggest that the C 
conformation is present in chloroform solution. 

studied by 13C n.m.r., for which complete assignments were 
achieved, and by H n.m.r., for which partial assignments were 

4 
-1 -1 

42 -4 

A large range of glucosinolates of general formula (11) have bee1 

1 



22: N.M.R. Spectroscopy and Conformational Features 219 

made. 43 A detailed s tructural analysis of 3 - d e o x y - D - m -  
1 

heptulosonate 7-phosphate has been carried out by means of H 
13 and C n.m.r. spectroscopy. 

5 Oligosaccharides 

45 The 13C n.m.r. data of oligosaccharides has been tabulated. 

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 pyranoee 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 l i n k -  
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 01 go- 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. 

and H-19F ,J values of a series of fluorinated oligoeaccharides 
have been determined. Selective spin fli pulse techniques were used 
to achieve homonuclear decoupling in the H dimension as well as 
improved resolution and signal-to-noise ratios. 

(2,3, ,!+-tri-~-acetyl-~-D-xylopyranosyl) -D-xylopyranoee has been 
achieved by means of acetylation with [ H$acetic acid in the 
reducing residue. Differentiation of acetyl resonances in the reduc- 
ing and non-reducing groups was thus permitted.49 Methyl o(- and p- 
D-glucopyranoside, methyl 6-D-cellobioside, and methyl/-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. 
ing was also obeerved through temperature dependence and dipolar 
phenomena. 50 
relaxation rates, n.0.e. enhancements and 13C-lH 
been assessed as a means of determining such stereochemical features 

Regularitiee in the variation of chemical shifts and the glycosid- 
13 

13 4k 

47 
1 

B means of 2D n.m.r. techniques, the H, 13C chemical shifts JF 

Y 
48 

1 
The assignment of acetyl resonance8 in H n.m.r. spectra of 3-0- 

2 

1 

B-Bond- 

Non-selective mono- and bi-selective spin-lattice 
values have 
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as the conformation about the glucosidic bond of 2,3,4,6,21,31-hexa- 
O-acetyl-4-~-~-D-glucopyrano8y~-~ - 1,6'-anhydro-P-D-glucopyranoee. 
Methods were determined for the calculation of inter roton diatancee 
which agree with result8 from X-ray crystallography. The 13C- 
chemical shift8 of the non-reducing units and of the substituted 
units of several d-linked D-mannosyl-D-mannoses have been found to 
depend upon the position of linkage. A method for calculating shifts 
in any d-D-mannopyranosyl oligosaccharide is presented. Supercon- 
ducting n.m.r. spectrometers were shown to give enough resolution to 
afford mean8 of analyzing large oligoeaccharides. 

A thorough literature survey of the 13C n.m.r. data for aqueous 
solutions of mono-, di-, and oligosaccharides and their methyl deriv- 
atives ha8 appeared. Analysis of the data gives a set of  empirical 
rules for use In the structure determination of trisaccharides of 
known sugar composition. 53 
from echidna milk and of ,21-difucosyllactose from platypus milk 
have been determined by C n.m.r. spectro~copy.~~ 2D-N.m.r. 
spectroscopy of an acidic trisaccharide obtained from birchwood usin6 
COSY homonuclear and heteronuclear shift-correlated techniques has 
shown the main component to be the aldotriuronic acid (13). 

31 

52 

The structures of 21-fucosyllactose 

1 3  

55 

HO 0 OH OH HopJ:go$@oH 
HO 

OH OH OH 
HO 

OH 
(1 3) 

The trigalactos 1-pinetol (l4), isolate from chick pea, has been 
1 3  5% characterized by C n.m.r. spectroscopy. A 13C n.m.r. study 

of aialyl-oligosaccharides has shown that the exact conformation of 
the sialic acid residue depends upon the type of anomeric linkage to 
the 6-D-galactose component, i.e., whether it is 0(-(2+3) or d- 

57 ("$9 
C-Spin-lattice relaxation rates have been determined for 

1 
ganglioaide micelles containing oligosaccharide units. 58 The H 
and 13C n.m.r. spectra of fi-D-Gal(1-.4)-#-D-GlcO(CH ) CO H, 2 
FD-GalNAc ( 1 4 )  -/-D-GalO (CH ) CO H , and /-D-Gal( 1 -037-j-D- 
GalNAcO(CH ) CO H have been used a8 a baaia for signal aeeign- 
mente in the spectra of p - D - G a l N A c ( l 4 ) - p - D - G a l ( l 4 + ) - ~ - D - G l c O ( C H  ) - 
CO H and p-D-Gal( 1-3 ) -p-D-GalNAc ( 1 4 )  -p-D-Gal( 1 - 4 )  -GlcO ( C H  

2 8  2 
2 8  2 

2 8  - 
2 2 8  
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CO H,which are asialo-G and asialo-G .related synthetic 
haptena. Conformations of all compounds were determined by H n.0.e. 
methods and were found to be those predicted by HSEA calculations; 
these geometric features were discussed in relation to the biological 

2 M2 M1 1 

6 0  

frame has been used to characterize the tetrasaccharide 
properties of the gangliosides." Transient n.0.e. in the ro ating 

80 
( 1 5 ) .  

13C-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.61 
determined by 'H and n.0.e. n.m.r. techniques and compared with that 
predicted by hard-sphere exo-anomeric effect calculations. 

The solution conformation of acarbose (16) has been 

62 

6 Nucleosides 

13 The C n.m.r. spectra 09 rigid cyclonucleosides of adenosine have 
been analyzed to obtain 'J 
with the presence of oxygen atoms at the carbon atoms involved. 
The protonation of a enosine in strong acid has been studied bi 13C 
n.m.r. spectro~copy.'~ Complete assignment of the 500 MHz and 300 
MHa H n.m.r. spectra of various oligoarabinonucl otides has been 
achieved and their conformations thus determined. The conform- 
ations adopted by some carbocyclic nucleoside analogues of tubercidin 
in DMSO-d have been analyzed by H n.m.r. spectroscopy, and eyn- 
conformations were found to be preferred when an intramolecular bond 

values which may be correlated 
-C1 H 63 

1 
8 5  

1 
6 
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between the base and a C-gi or C-3’ hydroxy group could form, eA., 
as shown in formula (17). 

(‘7) 
OH 

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 b 

(oc-Man) -Man-b-(1+4)-GlcNAc-p-(l -GlcNAc-p-1-Asn, where n = 0,2,3, 
4 ,5  andn6, 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, ca bon-hydrogen coupling constants, and comparison with known 
structures. 

modifications to the aglycone), using 
87 H n.m.r. and X-ray data. Seven glycopeptides of the series 

‘ 41  

88 

1 
8 N.m.r. of Nuclei Other Than H or 13C 

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 170 n.m.r. spectroscopy. 
Chemical shifts induced in C n m.r. spectra by the introduction of 
oxygen-18 at C-1 were also used. 

13 
69 

OBr 

(’9) 

Data from 29Si and 1 3 C  n.m.r. spectra of several 2-carba-3-0x8- 
homoeilatranyl (20) and silatranyl (21 ) derivatives of monosaccharide 
and other alcohols have been reported. 
vantages over standard TMS derivatives. 

The results showed no ad- 
70 
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1 1.r. S p e c t r o s c o p y  

Raman and i . r .  s p e c t r a  o f  c r y s t a l l i n e  D - f r u c t o s e ,  L-sorbose,  5- 
deoxy-D-threo-hexulose ( i . e . ,  5-deoxy-D-fructose) ,  and  D-a rab inose  
i n  t h e  3100-3650, 2800-3000,  and 200-1600 em’’ r e g i o n s  
Raman s p e c t r a  i n  t h e  10-200 cm-l r e g i o n  
due t o  OH s t r e t c h i n g  were c o r r e l a t e d  w i t h  OH....H d i s t a n c e s  and 
r e s u l t s  d i s c u s s e d  i n  r e l a t i o n s h i p  t o  r e l a t i v e  s w e e t n e s s  .’ The 
hydrogen-bond s y s t e m  i n  c r y s t a l l i n e  a-D-glucopyranose has been  
a n a l y s e d  by i . r .  s p e c t r o s c o p y  a t  1 8  and 300 K u s i n g  t h e  f i n e  
s t r u c t u r e  o f  t h e  OH v i b r a t i o n a l  b a n d s . 2  
ca l c ium c h l o r i d e -  and c a l c i u m  bromide-a-L-arabinose t e t r a h y d r a t e  
c r y s t a l l i n e  complexes,  which have o c t a c o o r d i n a t e  c a l c i u m ( I 1 )  I o n s ,  

and  t h e  

have been  r e p o r t e d .  Bands 

The i . r .  s p e c t r a  o f  t h e  

have been  s t u d i e d . ’  
F . t . i . r .  has b e e n  d e s c r i b e d  as a p o w e r f u l  t o o l  f o r  t h e  s t u d y  o f  

c a r b o h y d r a t e s  i n  s o l u t i o n ,  and  bands  c h a r a c t e r i s t i c  o f  t h e  

anomer ic  forms o f  g l u c o s e  and  l y x o s e  have been  r e v e a l e d  by mon i to r -  
i n g  t h e  m u t a r o t a t i o n  o f  p u r e  a n o m e r s . 4 3 5  There  i s  l i t t l e  
d i f f e r e n c e ,  however,  between s p e c t r a  ( i . r . ,  and  Raman s c a t t e r i n g  
and a b s o r p t i o n )  o f  t h e  f u r a n o s e  and p y r a n o s e  forms o f  a g i v e n  
c a r b o h y d r a t e ,  s o  t h a t  v i b r a t i o n a l  s p e c t r o s c o p y  has l i m i t e d  p o t e n t i a l  
f o r  s t u d y i n g  e q u i l i b r i a  o f  t h e s e  forms i n  s o l u t i o n ,  as i n  t h e  c a s e  
of  D- f ruc tose .  y 6  

P r e v i o u s  a s s i g n m e n t s  o f  bands  c h a r a c t e r i s t i c  o f  f u r a n o s e  and 
p y r a n o s e  forms ( M a t h l o u t h i ,  Carbohydr .  Res . ,  1980,  78, 225)  were 
shown t o  b e  i n c o r r e c t  s i n c e  t h e s e  bands  co-occur  i n  t h e  s p e c t r a  o f  
c r y s t a l l i n e  8-D-fructopyranose.  From t h e  i n t e n s i t y  o f  t h e  
c a r b o n y l  a b s o r p t i o n  i n  f r u c t o s e  s o l u t i o n s ( t h e  2 - d e u t e r a t e d  form i n  
D20) r e l a t i v e  t o  t h a t  o f  d i e t h y l  k e t o n e ,  i t  was conc luded  t h a t  0 . 9 %  
o f  f r u c t o s e  was p r e s e n t  as t h e  open-chain form.6 From a s t u d y  of 
t h e  1.r. s p e c t r a  o f  p e r a c e t y l a t e d  a r y l  g l y c o s i d e s ,  t h e  v a l u e  o f  
bands  i n  t h e  800-1000 cm” r e g i o n  f o r  d i f f e r e n t i a t i n g  a- and  8- 
anomers h a s  been  r e a s s e s s e d .  The r e l a t i v e  i n t e n s i t i e s  o f  C-0-C 
s t r e t c h i n g  v i b r a t i o n s  i n  t h e  1000-1100 crn” r e g i o n  and a band  n e a r  
300 cm-’ f o r  8-anomers o n l y  
d i f f e r e n t i a t i n g  anomer ic  p e r a c e t y l a t e d  a l k y l  and  a r y l  g l y c o s i d e s .  

were s u g g e s t e d  as c r i t e r i a  f o r  
7 

The 1.r. s p e c t r a  o f  s e v e r a l  a m i n o g l y c o s i d e  a n t i b i o t i c s ,  as wel l  

225 
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as maltose and cellobiose, have been shown to be more sensitive, 
detailed, and characteristic at 7 8  K than at ambient temperature. 
The f. t .-far - i .r. spectra (30-650 cm'l) of polysaccharides and 
their constituent mono- and di-saccharides have been reported .' 
Raman spectra of carbohydrates have been recorded and configu- 
rationally specific signals reported; a-linked sugars gave bands 
at 850-860 and 920-940 cm-', while 8-linked sugars gave bands at 
885-900 and 950-965 cxn'l. lo 

A detailed i.r. study of D-glucuronic acid and its dehydrated 
Na', K', and Rb' salts, in which the cation is in six-fold co-ordi- 
nation, has been reported. The vibrational spectra of seven 
inositols and their 2-deuterated counterparts have been correlated 
with force field calculations, and the spectra of other inositols 
not used in the study were predicted. l2 F.t.i.r. and laser Raman 
spectra of adenine, adenosine, thymine, and thymidine in the solid 
state have been subjected to detailed analysis 

F.t.1.r.-vibrational circular dichroism of sugars is covered in 
Section 5. 

8 

2 Mass Spectrometry 

A number of papers on fast atom bombardment (FAB) m.s. of carbo- 
hydrates have appeared. Matrix effects in the protonation of 
trehalose have been investigated. With matrices such as glycerol, 
and di- and tri-ethanolamine, protonated and solvated protonated 
ions were detected; mass analyzed kinetic ion (MIKE) spectra 
showed that desolvation contributes to the formation of protonated 
molecular ions .15 
and malto-oligosaccharides and their corresponding alditols ,16 for 
sequencing and determining the site of sulphation in polysulphated 
oligosaccharides (D.P. 2,4,6, and 8 )  from enzymic digestion of 
chondroitin sulphate,17 and for characterizing synthetic N-acetyl- 
muramoyl-L-alanyl-D-isoglutamine18 and the antibiotic ki janimicin 
and other nitro-sugar-containing compounds [which give both 
(M+Na-N02)+ and (M+Na-16)+ ions 1 .I9 Negatively charged boronate 
cage compounds formed on the m.s. probe tip between boronlc acids 
and trifunctional compounds such as sugars and nucleotides have 
been examined by FAB-m.s., the method proving useful for the 
analysis of such polyhydroxy compounds and for determining the 
affinity constants for their complexes. 2o 

and some related antibiotic analogues such as tubericidin have been 

FAB-m.s. has been useful for identifying cello- 

Standard nucleosldes 
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examined by a combination of FAB-m.s. with tandem m.s., with 
positive ion, negative ion, and collisionally activated decomposi- 
tion spectra being recorded. 21 
procedure has been developed for the rapid analysis of polar, high 
molecular weight, thermally unstable compounds and demonstrated 
on the glycopeptide bleomycin complex. 22 

underivatized nucleotides have been obtained by MBSA-FAB m.s . 23 
Field desorptlon (f.d.)-m.s. of sucrose has been studied in 

combination with optical microscopy. Emission occurs from nearly 
solid amorphous or glassy structures with many cavities. 2 4  

f.d.-m.s. of 38 anthracycline derivatives have been compared with 
those obtained using other soft ionization techniques; M+ or MH' 
ions were always present, usually as the base peak.25 

been shown to correspond to flash desorption c.i.-m.s. It gave 
not only the quasi-molecular ion of stachyose but also cluster 
ions of glucose and sucrose; accurate mass measurement was 
achieved for maltotriose. 26 

and penta-saccharides have been detected by in-beam e.i.-m.s. 

neutral oligosaccharides in glycerol or a variety of amides (e.g., 
- N-2-hydroxyethylformamide, a-pyrrolidone, or a-piperidone) has 
been reported; molecular ions and fragment ions were observed. 

E.i.-m.s. data on the following types of compounds have been 
detailed: perbenzoylated aldoses ,31 per(tr1fluoroacetylated) 
methyl glycosides of D-glycero-D-manno-heptose and L-glycero-D- 
manno-heptose in connection with methanolysis-g.c. analysis of 
lipopolysaccharides from Gram-negative bacterial cell outer 
membranes, 3 2  peracetylated methyl and acetyl glycofuranosides , 33 
17 partially methylated D-Rlycero-D-gluco-heptononitrile acetate 
derivatives, 34 benzoylated and/or acetylated aldosylamines (the 
presence of 2-benzoyl groups increased the stability of high weight 
fragments), 35 permethylated IJ-methyl-E-phenyl-( 3- and 4-2-a-D- 
glucopyranosyl-l-deoxy-D-glucitol-l-yl) amines derived from 
laminaran and maltose, 36 11 2-isopropylidene and 2-acetyl-2-iso- 
propylidene derivatives produced by acetonation of D-glucitol, 
using zinc chloride as catalyst, and separated by capillary g . ~ . , ~ ~  
and per(trimethylsily1)ated natural 2-methyl inositols, separated 
by g.c. 38 

A combined t .l. c . -FAB-m. s . 

Molecular ions of 

The 

Negative ion in-beam c.1.-m.s. of several oligosaccharides has 

Pseudomolecular ions, MH', of tetra- 
27 

Matrix-assisted SIMS (secondary-ion m.s.1 of aminoglycosides and 

2&30 

A new fragment ion (1) has been found In the e.1.-m.s. 

H b=C H -0 - ALditol  

('1 
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of per-2-alkylated, linear di- and tri-6-D-glucopyranosyl alditols 
containing 3-linked D-glucopyranosyl units but is not found when 
only 2-, 4-, or 6-linked units are present.39 

The position of "native" Q-methylation can be determined by m.s. 
following on-column per(trideuteromethy1)ation using tris(tr-1- 
deuteromethy1)anilinium hydroxide, the method being demonstrated 
for adenosine and 2'-g-methyladenosine. 40 
has been used to identify nucleoside phosphites commonly used in 
the synthesis o f  oligonucleotides, with the separate thermal 
elimination of phosphite, protecting dimethoxytrityl, and hetero- 
cyclic base units allowing structure determination. 

following capillary g.c. separation have been reported in 
connection with the analysis of the carbohydrate components of 
bacteria; data f o r  muramic acid, an unspecified heptose, and two 
amino-dideoxy-hexose components were included. 42 Similarly the 
e.i.- and c.i. (CH4)-m.s. spectra of 2-di-N-methy1, 2-N-acetyl-, 
and 2-(g-acetyl)-E-methyl derivatives of 1,5-di-g-acetyl-7-g-(2- 
amino-2-deoxy-3,4,6-tri-~-methyl-a-D-glucopyranosyl)-2,3,4,6- 
tetra-0-methyl-L-glycero-D-manno-heptitol have been reported in 
connection with the methylation analysis of bacterial lipopoly- 
saccharides. 43 

C.i.-m.s. (with i -C4H9,  NH3, or ND3 as reagent gases) of a 

Pyrolysis e .i .-m.s. 

4 1  

E.i.- and c.1. (CH4)-m.s. of alditol acetate derivatives 

series of underivatized mono- to tri-saccharide menthyl glycosides 
have provided useful information about molecular weight and 
structural units, but could not differentiate stereoisomers. 
The structures of  the branched trisaccharides viridotriose A ,  B, 
and C(1) have been determined by permethylation-c.i.-m.s. (with 
i-C H 
spectra of permethylated maltotriose, raffinose, melezltose, and 
stachyose as models. 4 5  
saccharides obtained from gangliosides could be sequenced by c.1.- 
m.s. (NH3). 46  
gas) of nucleosides has revealed only weak or non-existent (M-H)- 
peaks but observable fragment Ions from the base and sugar 
moieties. 4 7  

44 

or NH3 as reagent gases) following the analysis of the 4 9  

Similarly, permethylated sialo-oligo- 

Negative ion c.1.-m.s. (with a mixed H2-N20 reagent 

3 X-Ray Crystallography 

In an important analysis of stereoelectronic effects at the 
anornerlc centre, the structures of 22 tetrahydropyranyl acetals 
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and a- and B-glucopyranosides have been compared to obtain a 
correlation between acetal C-0 bond length and the electron demand 
of the aglycones. 
"leaving" groups were shown to be proportionate to the lengths of 
the C-0 bond "broken". 

The pKa ' s  of the conjugate acids of the 

48 

Specific crystal structures have been reported as follows: 
Free Sugars and Simple Derivatives Thereof .- 
2-deoxy-B-D-lyxo-hexose, 50 disodium a-D-glucopyranose 1-phosphate, 51 
and a refinement of dipotassium a-D-glucopyranose 1-phosphate . 5 2  
Glycosides and Derivatives Thereof.- g-a-D-Mannopyranosy1-(1+3)- 
L-threonine ,53 ptaquiloside tetraacetate (a 2,3,4,6-tetra-C-acetyl- 
B-D-glucopyranoside of a tertiary alcohol aglycone) ,54 methyl B-D- 
glucopyranoside tetranitrate , 5 5  tetraphyllin B [ ( lS-,4g)-l-cyano-4- 
hydroxy-cyclo-pent-2-enyl B-D-glucopyranosidel , 56 napoleogenin (a 
prosapogenin containing a 3,4-di-~-angeloyl-B-D-fucopyranosyl 
moiety) ,57 octyl 1-thio-B-D-xylopyranoside (for which a disordered 
average structure was obtained) ,58 and merosinigrin (2) (the 

B-D-Allopyranose , 49 

'duct from action of me thoxide on sinigrin) .59 
\/Ol 

Di- and Tri-saccharides and Derivatives Thereof.- a-D-(1+4)- 
mannoblose, 6o 6-~-fructofuranosy~-sucrose monohydrate, 61 and 
sucrose octa-acetate (at 173 K). 
Anhydro-sugars.- The 2,3-anhydro-4-deoxy-a-L-ribo-hexopyranosyl- 
D-glucose derivative (3) y63 1,6-anhydro-3,4-~-isopropylldene-B-D- 
galactopyranose , 64 and five isomeric methyl 3,6-anhydrohexofurano- 
sides with the B-D-gluco-, a - L - g - ,  B-D-manno-, a-D-gluco- and 
a-D-manno- configurations. 
Fluorine- and Nitrogen-containing Compounds.- 4-Deoxy-4-fluoro- 
B-D-fructopyranose,66 2,3-di-g-acetyl-1,6-anhydro-4-0-(3,4,6-trl-  
- O-acetyl-2-deoxy-2-fluoro-a-D-glucopyranosyl)-B-D-gluco- 
pyranose, 67 the 2-acetamido-2-deoxy-D-gulopyranoside ( 41, 6 8  the 
oxazoline (51 ,  69 isopropyl 2-azido-2-deoxy-B-D-galacto- 
pyranoside, 70 the t e t ra -az ido-d isacchar ide  (61, 71 5-amino-5-deoxy- 
D-gluconolactam , 7 2  the 5-amino-3 , 6-anhydro-5-deoxy-D-mannonolac tam 
derivative ( 71 ,  73 the 4-amino-4-deoxy-DL-lyxofuranosylam~ne derl- 
vatlve (8), 74 1 '-(pbromophenyl)-3 '-ethyl-l', 3 I ,  4' ,5 '-tetrahydro- 

62 
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-1,2-dideoxy-D-glycero-D-gulo-heptoruranoso-~l,2-~~imidazole-21- 
thione , 7 5  and !,"-dl ( 2,3,4,6-tetra-g-ace tyl-B-D-glucopyranosyl) 
phenylhydrazine. 76 

AcO 

Ph 

(6) N3 (7) (81 
Unsaturated Compounds,- Ethyl 2,3-dideoxy-a-D-erythro-hex-2- 
enopyranoside , 77 6-~-acetyl-2,3,4-trideoxy-a-DL-glycero-hex-2- 
enopyranose and the related chiral disaccharide, 3-0-(6-E-acetyl- 
2,3,4-trideoxy-a-L-~lycero-hex-2-enopyranosy1~-1,2:5,6-di-~-iso- 
propylidene-a-D-glucofuranose, 7 8  and the C-C linked disaccharide 

( 9 )  . 79  
n 

0 
0 fi -N 

PAC 0132 002 

Branched-Chain Sugars.- Methyl 3-~-acetamidomethyl-3-chloro- 
80 

2 , 3 , 6 - t r i d e o x y - ~ - ~ - m e t h o x y m e t h y l - a - l - a r a b i n o - h e x o p y r a n o s i d e ,  
methyl 2,3,4-trideoxy-2,4-di-~-methyl-6-~-trityl-a-D-lyxo-hexo- 
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pyranoside, 81,82 6-0-acetyl-2,3,4-trldeoxy-4-C-ethenyl-3-C- - 
(methyoxycarbonylmethy1)-a-D-lyxo-hexopyranose ,83 the 2-nonene 
derivative ( l o ) ,  84 the intramolecular Diels-Alder-derived tetra- 
cycle (111, 85 and the two levoglucosenone-derived polycyclic 
derivatives (12) 86 and (13) . 87 
Acid and Ulose Derivatives.- Lead(I1) and sodium D-gluconates, 
- N-cyclohexyl-D-gluconamide, 89 the spiro-ortho-ester (14) 
cardenolide glycoside gomphoside ( 15)  ," and the hexos-4-ulose 

92 orthoimide derivative (16). 
Alditols .- 1 , 2 :  3,4 :5,6-trianhydro-D-iditol 93 and 1,4: 3,6-di- 
anhydro-D-glucitol (at 100 K) .94 
Nucleosides, Nucleotides, and Derivatives.- A new form of 2'- 
deoxyadenosine ,95 5 '-g-acetyl-2', 3 ' - ~ - i s o p r o p y l i d e n e u r i d i n e  ,96 
3' ,5'-di-g-a~etylthymidine,'~ 2 ' ,  3 '  ,5'-tri-g-a~etyluridine,'~ 
5-bromo-2 ' ,3 '-2-isopropylideneurldine , 99 6- ( 4-nitrobenzyl) thio- 
inosine ,loo 5-(propyn-l-yl)-l-( 6-D-arabinofuranosyl)uracil, 
(g)-5-(2-brornovinyl)-2 ' -deoxyurldine ,Io2 3-amino-l-( 6-D-ribo- 
furanosy 1 -s-  t riazoloC 5,l-21-5- triazo le , lo 

adenosine ,Ic4 and 2', 3'-g-cyclohexylidene-4 '-C-(2-methylpropen-3- 
y1)uridine .Io5 

8,5'-Anhydro-8-hydroxy-g-(B-D-ribofuranosyl)adenine (a re- 

5,5'-anhydro-~-benzenesulphonamido-l-(21,31-~-isopropylidene-6-D- 
ribofuranosy 1 ) imidazole- 4-carboni trile , lo8 5,2 -anhydro-5- ( tosy 1- 
amido)-1-(~'-~-tosy1-B-D-arabinofuranosy1~imidazo1e-~-carbo- 
nitrile ,log 6,3'-anhydro-l-( 4 '-2-acetyl-2'-deoxy-6-D-xylopyranosyl)- 
6-methyluracil and 6,3' :6,5 '-dianhydr0-5,5-dibromo-5,6-dihydro- 
6,6-dihydroxy-l-(B-D-xylofuranosyl)uracil. 

The iron(I1) derivative of inosine-5'-monophosphate {[Fe(5'-IMP) 
(H 0 ) 1, 2H20 1 ,  'I2 calcium thymidine 5 -phosphate and calcium 2 - 
deoxyadenosine 5 '-phosphate and disodium uridine diphospho- 
glucose. 52 
Antibiotics.- 4"-(p-Iodobenzenesulphonamido)oleandomycin. 
Others .- 

88 

the 

101 

2 -deoxy-2 I -f luoro- 

deter*mination with a corrected crystal form and space group), 106,107 

111 

2 5  

114 

The anthraquinone derivatives (17) and (18) , l I5 and 
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5-deoxy-l-~-phenyl-D-threo-pentulose derivative ( 19 ) .'I6 

4 E . s . r .  SDectroscoDv 

Glycosyl radicals appear to adopt a conformation such that the 
half-occupied orbital at the radical centre is largely coplanar 
with the B-C-0 bond (u* orbital). The glucosyl radical thus 
adopts the boat conformation ( 2 0 )  whilst the mannosyl radical 

(20) OR 
remains in the 4C1 
partially delocalized unpaired electron has been produced by low- 
temperature X-irradiation of sucrose ,118 while similar treatment 
of methyl B-D-galactopyranoside produced the 'CH20R radical, both 
being characterized by e. s .r. techniques .'Ig 
hydrogen abstraction by *OH (T13+-H202) from positions C-1 TO C-5  

in D-glucuronic and D-galacturonic acids have all been identified 
by e.s.r., although the C-5 radical predominated In the case of 
a-D-galacturonic acid and the polymeric equivalent, a-D- 
galacturonan. 

An alkoxy radical with a 

Radicals due to 

120 

5 Polarimetry, Circular Dichrolsm, and Related Studies 

A new polarimetric method for studying reaction kinetics has been 
applied to sucrose inversion in the presence of acid, the results 
being in good agreement with those previously obtained by 
classical methods. Extended Bronsted plots and solvent iso- 
tope effects for the base-catalyzed mutarotation of glucopyranoses 
in water have been determined over a pK range of 1 7  using 
conventional polarimetry extended by a stopped flow polarimetric 
technique. The Pfeiffer effect, in which optical activity is 
induced by complexation of aldoses with a racemlc mixture tris- 
(pyridine-2,6-dicarboxylato)terbate(III), has been studied by 
circularly polarized luminescence spectroscopy. The inability of 
D-glyceraldehyde to induce optical activity was taken to mean that 
a hemiacetal ring-oxygen is necessary for the effect 

Correlations have been drawn between the sign and intensity of 
the c.d. band at 250-275 nm and the point of attachment, absolute 
and anomeric configuration, ring size, and ring and rotational 
conformation of the sugar moiety in 2-arabinofuranosyl 
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f l a v o n e s  . 124 
d e r i v a t i v e s  o f  f r u c t o s e ,  s o r b o s e ,  t a g a t o s e ,  and  f o u r  deoxy 
d e r i v a t i v e s  of f r u c t o s e  have  been  re la ted .125  
c l u d e d  t h a t  t h e  c . d .  p r o p e r t i e s  o f  a -hydroxy-y - l ac tones  are  
d e t e r m i n e d  by b o t h  t h e  c o n f i g u r a t i o n  and  t h e  c o n f o r m a t i o n  o f  t h e  
l a c t o n e .  126 
s i t u  complexes o f  g l y c o l s ,  i n c l u d i n g  1,2:5,6-di-g-isopropylidene- 
D-mannitol ,  w i t h  molybdenum(I1)  a c e t a t e  d i m e r  have  been  d e t e r m i n e d  
f r d m  t h e  C o t t o n  e f f e c t s  i n  t h e i r  300-400 nm c . d .  s p e c t r a . 1 2 7  
a-D- and  B-L-C-nucleosides have  b e e n  shown t o  d i s p l a y  p o s i t i v e  
C o t t o n  e f f e c t s ,  w h i l e  t h e  B-D- and a-L-isomers  d i s p l a y  n e g a t i v e  
C o t t o n  e f f e c t s  i n  t h e i r  c . d .  s p e c t r a .  

The c . d .  a n d  c o n f o r m a t i o n a l  p r o p e r t i e s  o f  a c y c l i c  

I t  has b e e n  con- 

The a b s o l u t e  c o n f i g u r a t i o n s  o f  s t e r e o i s o m e r i c  in 

128 

F . t . - i . r . ,  v i b r a t i o n a l  c . d . ,  a new t e c h n i q u e  u s i n g  new 
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s e q u e n t i a l  a r r a n g e m e n t  o f  hydroxy g r o u p s .  129 
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1 Chromatographic Methods 

Gas-Liquid Chromatography.- The permethylation - "ionic hydro- 
genation" procedure developed by Gray and co-workers for the 
analysis of o l i g o -  and poly-saccharides is covered extensively in 
Chapter 18. The procedure causes reductive cleavage of glycosidic 
bonds with the production of partially methylated anhydro- 
alditol derivatives, which are analysed by g.c. after acetylation. 

Rules have been formulated for predicting the g.c. retention of 
carbohydrate derivatives based on a concept of '"selective inter- 
molecular force". 1 

Capillary g.c. analysis of amino-sugars as their alditol 
acetate derivatives using a nitrogen-phosphorus-selective detector 
has permitted increased selectivity and sensitivity, G .  30-fold 
over flame-ionization detection. All eight possible 2-amino-2- 
deoxy-hexitol peracetate isomers have been separated by capillary 
g.c. on a polyamide stationary phase, permitting the analysis of 
bacterial heteroglycans containing rare 2-aminohexoses and 2-amino- 
uronic acids. Similarly, the carbohydrate components of other 
bacterial polymers have been determined by capillary g.c.-m.s. 
(both e.i. and c.i.), data for alditol acetates derived from 
muramic acid, an unspecified heptose, and two aminodideoxyhexoses 
being Included. Separations of partially methylated aldltol 
acetates on various SCOT columns * and on a high-polarity bonded- 
phase (OV-275) capillary column have been reported. 

Acetate and nitrate esters of isosorbide (1,4:3,6-dIanhydro-D- 
sorbitol) have been analysed by capillary g.c.; the nitrates are 
used as vasodilators and are synthesized via acetates.' 
of 16 partially methylated methyl (methyl a-D-galacto- and manno- 
pyranos1d)uronate peracetates and the g .  c . -m s . of partially 
methylated sugars as their aldononitrile peracetates have been 
reported. The glucuronlc acid conjugate of trichloroethanol has 
been assayed in biological samples as I t s  peracetylated or 

The g.c. 
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pertrifluoroacetylated methyl ester using electron capture 
detection. lo 
to tri-2-fsopropylidene derivatives of D-glucitolll and D- 
mannitol12 have been reported. 

reacetylation, trimethylsilylation, and g.c. for sugar analysis, 
the propensity of alditols for forming anhydro-derivatives has 
been investigated. Xylitol, arabinitol, fucitol, glucitol, 
galactitol, 2-acetamido-2-deoxy-galactitol, and the alditols of E- 
acetylneuraminic acid were all prone to form anhydrides, while 
2-amino-2-deoxy-galactitol and -glucitol, 2-acetamido-2-deoxy- 
glucitol, and mannitol were not,l3 The g.c.-m.s. of eight 
isomeric per(trimethylsily1)ated 6-deoxyhexitols has been 
reported ,14 while complex mixtures of hydroxy-mono- and di- 
carboxylic acids resulting from alkaline degradation of wood 
polysaccharides have been converted to their ammonium salt form 
(to avoid lactone formation) and analysed by trimethylsilylation- 
capillary g . c . '5 

analysed as their trimethylsilylated oxime derivatives; an 
effective procedure for obtaining single peaks from these reducing 
sugars consisted of dehydrating them by distillation of isopropanol 
prior to oxime formation. 

The capillary g. c . -m. s . analyses of acetylated mono- 

As a check on the reliability of sequential methanolysis, g- 

Mono- to penta-saccharides present in soy beans have been 

16 

Thin Layer Chromatography.- In connection with their work on the 
thermal-u.v. method for detecting sugars after t.1.c. or P.c., 
Alperin and co-workers have now described a reproducible solubili- 
zation of the fluorescent derivatives generated by heating glucose 
or glucosamine on silica gel absorbent and certain properties of 
these fluorescers . l7 A sulphosalicylic acid-sulphuric acid spray 
reagent has been evaluated for the detection of reducing sugars on 
silica t.1.c. plates. 

Aminopropyl-bonded silica t.1.c. plates have been prepared by 
treatment of commercial precoated silica gel h.p.t.1.c. plates 
with a 1% (3-aminopropyl)triethoxysilane solution. The resulting 
plates permit good separations of monosaccharides, simple deriva- 
tives thereof, and disaccharides ,I9 especially after impregnation 
with sodium dihydrogen phosphate to eliminate glycosylamine 
formation (c.f. analogous pH adjustment recommended for h.p.1.c. 
of reducing sugars on amino-bonded silica, Vol. 16, p.253) .20 

18 

The constituents of complex glycolipids have been determined 
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a f t e r  methanolys is  u s i n g  a s i l i c a  g e l  t . 1 . c .  - flame i o n i z a t i o n  
d e t e c t i o n  s y s t e m  (Chromarod SII), t h e  s u g a r  components t h u s  b e i n g  
p r e s e n t  as m e t h y l  g l y c o s i d e s  . 21 Ollgo(D-galac t  o s i d u r o n i c  a c i d s  ) 
of  DP = 1-9 have been separated on c e l l u l o s e  i n  c o n n e c t i o n  w i t h  a 
p o l y g a l a c t u r o n a s e  enzyme assay. 22 

High  P r e s s u r e  L i q u i d  Chromatography.- I n  c o n n e c t i o n  w i t h  t h e  
development of a post-column packed-bed r e a c t o r  f o r  use  i n  t h e  
a n a l y s i s  of  non-reducing s u g a r s  ( c . f .  Vo1.14, p . 2 1 1 ) ,  a poly-  
s tyrene-based  s t r o n g l y  a c i d i c  c a t i o n  exchanger  h a s  been found which 
can hydro lyze  s u c r o s e  and re la ted o l i g o s a c c h a r i d e s  a t  8OoC and can 
be coupled t o  a subsequent  f luorophore-  o r  chromophore-producing 
r e a c t o r  t o  e n a b l e  h i g h  s e n s i t i v i t y  i n  d e t e c t i o n .  23 

Post-column d e r i v a t i z a t i o n  of  r e d u c i n g  s u g a r s  w i t h  2-cyano- 
ace tamide ,  and e l e c t r o c h e m i c a l  d e t e c t i o n  o f  t h e  r e a d i l y  o x i d i z e d  
p r o d u c t s ,  has p e r m i t t e d  t h e i r  d e t e c t i o n  down t o  v e r y  low l e v e l s ,  
e .g . ,  20 pmol f o r  g l u c o s e .  

The anomers of twelve  a l d o s e s  have been s e p a r a t e d  on c a t i o n  
exchange r e s i n s  i n  t h e  sodium form ( a t  25OC) o r  t h e  ca lc ium form 
( a t  4 O C ) ,  and i n  some c a s e s  a peak c o r r e s p o n d i n g  t o  t h e  f u r a n o s e  
forms has a l s o  been observed .  Post-column d e r i v a t i z a t i o n  w i t h  

2-cyanoacetamide was used t o  r e n d e r  t h e  method s u f f i c i e n t l y  
s e n s i t i v e  for use  i n  b i o l o g i c a l  a n a l y s e s .  25 
s u g a r s  on s i l i c a  g e l  columns have been r e p o r t e d  u s i n g  e t h y l  
formate  - methanol  - w a t e r  e l u e n t s .  26 

c a r b o h y d r a t e s  on a polys tyrene-based  s t r o n g  c a t i o n  exchange r e s i n  
i n  t h e  H+-form has been i n c l u d e d  i n  a p a p e r  c o v e r i n g  a wide  range  
of a l c o h o l s ,  a l d e h y d e s ,  k e t o n e s ,  and a c i d s ;  a l l  24  e l u t e  i n  a 
narrow range  due t o  t h e  low s e l e c t i v i t y  of  t h i s  column f o r  t h i s  

compound c l a s s . 2 7  
e r y t h r o c y t e s ,  and plasma have been a n a l y s e d  as t h e i r  p e r - n i t r o -  

28 benzoate  d e r i v a t i v e s  on s i l i c a .  
S e v e r a l  s t u d i e s  on t h e  s e p a r a t i o n  of  o l i g o s a c c h a r i d e s  have 

24  

S e p a r a t i o n s  o f  f ree  

The h . p . 1 . c .  of  2 4  

Free s u g a r s  and p o l y o l s  p r e s e n t  i n  l e n s ,  

appeared .  The  r e t e n t i o n  o f  mal to-  and c e l l o - o l i g o s a c c h a r i d e s  
( f rom polymer h y d r o l y s i s )  on reversed-phase  columns h a s  been  
s t u d i e d  w i t h  r e s p e c t  t o  e l u e n t  composi t ion  ( i . e . ,  s a l t ,  methanol ,  
o r  pentan-1-01 i n  w a t e r ) ,  s i l i c a  p o r e  s i z e ,  and a l k y l  c h a i n  l e n g t h  
( c 8  E. c18) .29 S i m i l a r l y  t h e  e f f e c t  of a range  of  a d d i t i v e s  on 
t h e  e l u t i o n  o f  mal to-  and isomalto-oligosaccharides from a 
reversed-phase  column (Dextropak)  w i t h  a n  aqueous e l u e n t  has been 
examined. S u r f a c t a n t s  ( a n i o n i c ,  c a t i o n i c ,  o r  non-Ionic) ,  tetra- 
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methylurea, or organic solvents hastened,elution and permitted 
larger oligomers to be separated in acceptable times. Neutral 
inorganic salts considerably increased retention and permitted 
the separation of some compounds poorly resolved using water alone, 
e. g . ,  isomaltotetraose and the branched 33-a-D-glucosylisomaltose. 
The mechanism by which these changes in retention are induced was 
discussed. 30 Several columns have been examined for their ability 
to separate the mono- to oligo-saccharides and their degradation 
products formed on acidic, hydrothermal, or enzymatic hydrolysis of 
biomass. Toyo Soda's TSK PW column and an anion-exchange column 
were useful for oligomers of ~~1-ca.8, a cation-exchange column 
proved effective for separating monosaccharides and various 
aldehydic and ketonic degradation products, and a u-Spherogel- 
Carbohydrate column was useful for separating isomeric pentoses 
and hexoses . 31 Enzymatic hydrolysis products from lactose, i .e. 
glucose, galactose, and especially ollgosaccharides arising due to 
transgalactolytic activity, have been analyzed on a new Ca2+-form 
ion-exchange resin. 3 2  Fructose ollgosaccharides (DP 2-30) have 
been separated on a dynamically coated amine-modified silica gel 
column (i.e.,using 1,4-diaminobutane in the eluent) .33 

been analysed by h.p.1.c. Cyanogenic glucosides in complex plant 
extracts have been separated by reversed-phase h.p.1.c. and 
selectively detected (down to picomoles) using a post-column enzyme 
reactor (a glycosidase immobilized on glass or silica support), 
followed by alkaline release and electrochemical detection of 
cyanide.34 
determined by h.p.1.c. separation of the perbenzoylated derivatives 
using a U.V. diode-array detector, which provides a measure of the 
number of benzoate chromophoric groups. 35 
glycosides have been separated on a C8-reversed-phase column using 
gradient elution. 36 The reversed-phase separation of 2-glycosyl- 
flavone isomers of varying ring form, anomeric configuration, and 
glycosyl moiety has been reported. 37 
glycosides have been separated on both preparative and analytical 
scales, on a polyamide-6 column. 38 
derivatives of glucose, and their esters with quinic acid, have 
been separated into two groups by column chromatography on poly- 
amide , followed by reversed-phase h . p. 1. c . analysis. 39 Similarly, 
the reversed-phase separation ofeeleven hydroxycinnamic acid esters 

40 of quinic acid has been reported. 

A number of naturally occurring glycosides and sugar esters have 

The degree of glycosylation of flavonols has been 

Forty flavonol 

Caffeoylated phenylethyl 

Hydroxycinnamic acid 
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Ester and ether glucuronides of diflusinal (2',4'-difluoro-4- 
hydroxy-3-biphenylcarboxylic acid) have been separated by reversed- 
phase h.p.1.c. and their identities confirmed through acid, base, 
or enzymic prehydrolysis of samples. 41 

Free muramic acid in human serum has been determined, as an 
indicator of bacterial cell wall debris, by separation on a silica- 
based strong cation exchanger, post-column reaction with bis(1,lO- 
phenanthroline)copper(II), and amperometric detection of the 
derived copper(1) species. 42 
neuraminic acid and KDO (3-deoxy-D-manno-oct-2-ulosonic acid) as 
their p-ni trophenylhydrazone derivatives have been reported. 43 

acids in biological fluids have been determined on an anion- 
exchange resin in the formate form. " 
has been determined in blood by enzymic oxidation to dehydro-L- 
ascorbic acid, condensation with 2-phenylenediamine to form a 
quinoxaline derivative, and reversed-phase separation with 
f luor ime t ri c detect ion. Revers ed-phas e analyses of L-as corb 1 c 
acid46 and its Z-~ulphate'~ with electrochemical detection have 
been detailed. 

Sensitive reversed-phase analyses of 

D-Gluconic acid and 5-keto-, 2-keto-, and 2,5-diketo-D-gluconic 

L-Ascorbic acid (vitamin C) 

A wide range of aminoglycoside antibiotics has been analysed on 
reversed-phase columns. A general procedure using volatile 
perfluorocarboxyllc acids as ion-pairing reagents has permitted the 
preparative isolation of components by lyophilization. 48 Samples 
of gentamicin complex from different origins have been analysed by 
both h.p.1.c. and l3C-n.m.r. spectroscopy 
~ompared.~' 
nitropheny1)ated derivative .50 

aminoglycosides in blood employed pre-column derivatization with 
- o-phthaldehyde, 51 while another analysis of' four aminoglycosides 
employed ion-pair chromatography, post-column derivatization with 
- o-phthalaldehyde and fluorescence detection. 52 

Plrllmycin, an antibiotic in the lincosamlnide family, has been 
analysed (reversed-phase) as its fluorescent ~-(9-fluorenylmethyl- 
oxycarbony1)-derivative , 5 3  while the nikkomycins , a group of 
nucleoside-peptlde antibiotics, have been separated by h.p.1.c. 
and identified with the aid of a photodiode array detector.54 

reported, the majority using reversed-phase columns. Electro- 
chemical detection of adenosine and other purine nucleosides and 
bases has been shown to be more sensitive than u.v.-detection and 

and the results 
Amikacin has been determined as its !-(2,4,6-tri- 

An automated analysis of six 

Many separations of nucleosides and related materials have been 
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i n  many c a s e s  r i v a l s  f l u o r e s c e n c e  d e t e c t i o n  w i t h o u t  r e q u i r i n g  p o s t -  
column d e r i v a t i z a t i o n ;  minimum d e t e c t a b l e  l i m i t s  i n  t h e  O.O5-O.5O 
pmole range  were r e p o r t e d .  55 A n o v e l  e x p e r i m e n t a l  Cerenkov photon  
a b s o r p t i o n  d e t e c t o r ,  which monitored t h e  a b s o r p t i o n  o f  U . V .  photons  
g e n e r a t e d  b y  t h e  Cerenkov e f f e c t  (G. photons g i v e n  o f f  by t h e  
6 - p a r t i c l e s  from a "Sr s o u r c e ) ,  has been demonst ra ted  w i t h  
n u c l e o s i d e s ,  d e t e c t i o n  l i m i t s  b e i n g  3-30 ng a t  p r e s e n t .  56 
sides ,  i n  p a r t i c u l a r  p s e u d o u r i d i n e ,  r e l e a s e d  on enzymic h y d r o l y s i s  
o f  t R N A  have been p u r i f i e d  on a phenylboronate  g e l  column p r i o r  t o  
h . p . 1 . c .  a n a l y s i s . 5 7  
hypoxanthine i n  plasma,  s p e c i f i c  enzyme-induced peak s h i f t s ,  e . g . ,  
adenos ine  t o  i n o s i n e  w i t h  adenos ine  deaminase,  have been  used f o r  
peak ~ e r i f i c a t i o n . ~ ~  
used t o  ass i s t  i n  t h e  i d e n t i f i c a t i o n  of  p u r i n e s  and p y r i m i d i n e s  
and t h e i r  n u c l e o s i d e s ;  i t  i s  n o n - d e s t r u c t i v e  and r e s u l t s  i n  
d i s t i n c t i v e  changes i n  U . V .  and f l u o r e s c e n c e  ~ p e c t r a . ~ '  
d e t a i l e d  o p t i m i z a t i o n  of  t h e  q u a n t i t a t i v e  a n a l y s i s  of major  and 
modi f ied  n u c l e o s i d e s  ( b o t h  r i b o -  and deoxyr ibo- types)  from enzymic 
DNA h y d r o l y s i s  has been r e p o r t e d .  6o The remain ing  reversed-phase  
h . p . 1 . c .  a n a l y s e s  t h a t  have been r e p o r t e d  are as f o l l o w s :  5- 
adenosylmeth ionine  i n  ra t  t i s s u e ,  61 hypoxanth ine  a r a b i n o s i d e  i n  
plasma,62 t h e  p r o d u c t s  from a c t i o n  o f  formaldehyde on deoxynucleo- 
s ides ,  w i t h  r a p i d  i s o l a t i o n  and 'H-n.m.r. a n a l y s i s  r e v e a l i n g  them 
t o  be  p r o d u c t s  o f  N-hydroxymethylation a t  t h e  e x o c y c l i c  amine of 
t h e  base  moiety ,63-and t h e  new a n t i c a n c e r  C-nucleoside 2-B-D-ribo- 
furanosylthiazole-4-carboxamide ( T i a z o f u r i n )  , i n  u r i n e 6 4  and 
plasma. 

Nucleo- 

I n  d e t e r m i n i n g  a d e n o s i n e ,  i n o s i n e ,  and 

Post-column e l u e n t  pH a d j u s t m e n t  h a s  been  

A 

65  

I o n - p a i r  h . p . 1 . c .  of  n u c l e o s i d e s  and bases h a s  been probed ,  t h e  
counter - ion ,  pH, t e m p e r a t u r e ,  o r g a n i c  m o d i f i e r s  i n  t h e  e l u e n t ,  and 
t h e  a l k y l  c h a i n  l e n g t h  o f  t h e  s t a t i o n a r y  phase b e i n g  v a r i e d  t o  
f i n d  optimum p a r a m e t e r s .  66 
h . p . 1 . c .  a n a l y s i s  on anion-exchange r e s i n  o f  adenos ine  and i t s  
mono- t o  t r i - p h o s p h a t e s  have been r e p o r t e d  .67 
c y t i d i n e ,  u r i d i n e ,  guanos ine  and a d e n o s i n e  have been n i c e l y  
s e p a r a t e d  by h . p . 1 . c .  on a "dihydroxyboryl-agarose" m a t r i x ,  i n  
which c r o s s - l i n k e d  a g a r o s e  beads have s p a c e r  arms b e a r i n g  g - l i n k e d  
m-aminophenylboronic a c i d  groups ;  r e t e n t i o n  was due t o  com- 
p l e x a t i o n  of t h e  c i s - d i o l  group i n  t h e  r i b o n u c l e o s i d e s  w i t h  t h e  
b o r o n a t e  l i g a n d .  68 S e p a r a t i o n s  o f  2 * , 3 ' -  and 3 ' , 5 ' - c y c l i c  mono- 
phosphates  o f  5 - f l u o r o c y t i d i n e  (on  a n  APS H y p e r s i l  column) 69  and 
a r s e n i c  mononucleot ides  and r e l a t e d  materials 70 have been 
r e p o r t e d .  

Improvements t o  t h e  c o n v e n t i o n a l  

Thymidine,  
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Column Chromatography.- Automated amino acid analyzers have been 
utilized for the following analyses: 1) sugars and amino acids 
released from glycoproteins, amino-sugars including E-acetyl- 
neuraminic acid being analyzed on a cation-exchange column, and 
neutral sugars being separated by anion-exchange chromatography 
with a borate buffer as eluent and with post-column detection 
using ninhydrin and copper bicinchoninate reagents ,71 11) 2-0-(a-D- 
glucopyranosy1)-6-D-galactopyranosyl and B-D-galactopyranosyl 
hydroxylysines (present in urine of patients with spinal cord 
injury and due to collagen degradation) using a Li+-form cation- 
exchange resin and ninhydrin colourimetric detection,72 
111) lactulose in the presence of a variety of sugars, especially 
a large excess of lactose as found in sterilized milk, by anion- 
exchange chromatography as outlined in I) above. 73 

In connection with the preparative separation o f  glucose and 
fructose on Ca2+-form cation-exchange resins, the effect of 
increasing on-column sugar concentrations on the bonding of these 
sugars has been determined. 

and 

7 4  

2 Electrophoresis 

Organic acids from alkaline degradation of D-glucose in the pre- 
sence and absence of oxidizing agents, including 5- and 6-carbon 
isosaccharlnic acids, have been analyzed by isotachophoresis . 7 5  

3 Other Analytical Methods 

An amplification method for the tltrimetric determination of L- 
rhamnose has been described, in which oxidation with periodate in 
aqueous acid yields six equivalents of 103-*, equivalent to 18 13-, 
that are titrated with 36 equivalents of S2032-.76 

EDTA and Ca2+ ions have been shown to interfere with the 3,5- 
dlnltrosallcylate reducing sugar assay, leading t o  lower and 
higher results, respectively. 77 
the aminoglycoside antibiotics neomycin and toburamycin has been 
effected using 2-hydroxyhydroqulnonephthalein-uranium(V1) complex 
as reagent. 

Colourimetric determination of 

78 
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24 
Synthesis of Enantiomerically Pure 
Non-carbohydrate Compounds 

The use of carbohydrates as chiral starting materials for the 
synthesis of chiral non-carbohydrate products has been reviewed,' 
and an article on chelation or non-chelation control in addition 
reactions of chiralol- andp-alkoxy-carbonyl compounds includes 
carbohydrate examples, particularly of organometallic additions 
extending the carbon chain stereoselectively. 3 

1 Antibiotics and their Components 
Syntheses have been reported for pseudomonic acid C (lI4 and the 
closely related methyl deoxypseudomonate B ( 2 )  ,' both starting from 
L-lyxose and using a variety of organometallic reagents to extend 
the sugar chain at C-1 and C-5 (Scheme 11, and L-arabinose has been 
used to prepare the intermediate ( 3 1 ,  a known precursor for pseudo- 
monic acid, utilizing a Claisen rearrangement of the arabinal 
derivative (4)(Scheme 2). 6 

Scheme 2 5 (3) 
247 
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The conversion of D-glucose to 1-deoxy-nojirimycin (5) has been 
described, an _N-benzyl-glucosylamine being converted to the amino- 
oxiran ( 6 )  which could be cyclized to the required piperidine 
derivative; alternatively, sequential Swern oxidation at C-6 and 
condensation with acetate lithium enolate led to the corresponding 
chain-extended imine (7) which could be de-N-protected by hydrogen- 
olysis and then cyclized to give (+)-castanospermine ( 8 1 ,  thus 
establishing the absolute configuration of this alkaloid (Scheme 3) .  7 

+ 
HO 

\ ( 5 )  OH_) 

Scheme 3 

Another paper describes the preparation of 1-deoxy-mannojirimycin 
(the C-2 epimer of (5)) either from D-mannose (with double inversion 
at C-5) or from D-glucose (with inversion at C-2). 8 

Further work has been reported on using sugars to elaborate 
chiral anthracyclines. The xylo-dialdose derivative ( 9 )  can be 
condensed with leuco-quinizarin leading to the derivative (101,which 
was then cyclized by the Marschlakprocedurcto the optically pure 
anthracyclinone (11 1 (Scheme 4). Full details of the Diels-Alder 

CHO 

(9) 6 OH 

synthesis of 4-demethoxy-daunomycinone (Vo1.17,p.247) have been 
published. lo 
has been obtained in optically active form by condensing the 
branched-chain sugar (13) prepared from isosaccharino-1.4-lactone 
(14)(from lactose) with leuco-quinizarin and cyclizing as for (11) 

11 (Scheme 5); other anthracyclinones were also prepared from (14). 
An alternative Diels-Alder procedure usingthe glycenosidulose (15) 
with 2-xylylene led to the tricyclic product (16). which was re- 
arranged by Ferrier's procedure to the chiral tricycle (17)(Scheme 6 ) .  

D-Glucose has been used as a source material for a synthesis of 

The closely related 4-demethoxy-anthracyclinone (12 1 

12 
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6-epithienamycin ( 18 1 via the dideoxyoxiran ( 19 1 (Scheme 7 1 .  l3 A 
synthesis of the carbapenem SQ 27860 (20) used the dideoxyamino- 
sugar acid (21) prepared from D-glucosamine. 14 

Icx 
OCH +O %* 

t$ 
(1 3) 

Me 

(12) ~ - 7 e p i m v  
S c h e m e  5 

0 

Scheme 6 

OH 
. .  

Scheme 7 

A number of fragments of macrolide rings have been synthesized 
from carbohydrates. D-Mannose has served as a source of the acyclic 
structure ( 2 2 )  via the glycosidulose derivative (23), and this was 

15 then incorporated into the ansa macrolactam precursor maytansinol. 

-+ OHC OMe 

OMe 
6Me 

(2') (22) (23) 

The diacetone-glucose derived intermediate (24) provides a route to 
the synthon ( 2 5 )  which can be used in the synthesis of amphotericin 
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B. l6 
L-glucose to a 3-aeoxy-ribo-hexitol, and hence to the deoxy-arabino- 
hexitol (261, which could then be condensed with a similar polyol 
derived from (S)-malic acid to furnish the C-1-C-12 unit in ampho- 
tericin B (27);l7 

Another laboratory has reported the conversion of diacetone- 

The dianhydro-sugar (28) has been developed as a 
I 

OH 

5 3 1 o;L+ - I w X0 
(26) (27) 

starting material for the preparation of the key intermediate (29) 
(Scheme 8) required for the ansa chain in rifamycin, and the use of 
carbohydrates for synthesizing such acyclic chains with many chiral 
centres was discussed generally, including the concept of pyranosid- 
ic homologation.18 Full details of the synthesis of the C-19-C-29 

OMe Me. 

Scheme 8 (29) 

19 fragment in rifamycin S have been published (see Vol. 16,p.270). 
5-Deoxy-1,2-cyclohexylidene-D-xylofuranose has been used to prepare 
the macrolide fragment (30)(sugar chain numbering) by 0-3 etherific- 
ation with subsequent 1,Z-periodate cleavage and Wittig condens- 
ation.20 
atives (32) and (33) which are respectively the protected forms of 
the C3-C8 and Cg-C13 sections of the oleandomycin macrocycle. 

Likewise the 2-C-methyl sugar (31) can furnish the deriv- 

21 

3 2  
OH Me Me MC 

(30) (39 (32) (33) 

A synthesis of the ionophore antibiotic A 23187 (calcimycin) has 
been completed, using D-glucose as a source of the enone (341, and 
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hence the 4-S-methyl sugar (35) and the iodohexanediol derivative 
(361, which could then be condensed with the previously reported 
fragment (see Vol. 15,p.257) .22 4,6-Dideoxy-D-arabino-hexopyranose 

C"20-(0Et CHZCHZOH I+ 

O O 0  

Q*:; 7 QOH d 

H 
(341 (3 5) (36) 

has provided the octenoic acid derivative (37) which was then 
esterified with 5-tetrahydropyranyloxy-hex-2-enoic acid and 
subsequently cyclized to give the plant pathogen metabolite 
colletodiol ( 3 8 )  . 2 3 9 2 4  

0 Me 
OH 

A fragment 
toxin okadaic 

25 (Scheme 9). 

(37) (38) oH 

(39)(sugar chain numbering) of the polyether marine 
acid has been synthesized from D-glucal triacetate 
D-Glucose also provides the chiral source for the 

fragment (401,which represents part of indanomycin, the dianhydro 
sugar ( 4 1 )  leading successively to the glycal (421, the dihydro- 
pyran (43), the aldehyde (441,  and hence to (40)(Scheme 10). 26 
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Studies towards the synthesis of a fragment of the antibiotic 
ionomycin involving branched-chain sugar intermediates are referred 
to in Chapter 14. 

The dioxaspiro [5,5] undecane (451, a building block for the anti- 
parasitic agents milbemycin and avermectin, has been constructed in 
enantiomerically pure form from the dideoxy-sugar anhydride ( 4 6 ) ,  
which yields the phosphonium salt (47) on treatment with triphenyl- 
phosphonium tetrafluoroborate; the ylide derived from (47) was 
condensed with the aldehyde (48) and cyclized stereospecifically to 
give ( 4 5 ) .  2 7  

The D-glucose derivative ( 4 9 )  serves as a convenient source for 
preparing both enantiomers of the precursor (50) for the antitumour 
compound sesbanimide. Scheme 11 outlines the synthesis of the D- 
enantiomer; the L-form was obtained by demasking the aldehyde at 
C-1, forming the imide ring as before, and finally generating the 

28 dithioacetal following periodate cleavage of the terminal diol. 

B”*j-- CH (S E t)2 i-uL 
vi_, Bi )2 - 7  - = + T  

5 tH 5 y .dH CH co M c (C H c 0, M c ) ~  
0 

0 0 
(49) Bn 

(50) 
R e q e h t s :  L, H ~ M c O H  ; U,NoIO4;i i i ,  Ph3P=CHCOZMc;Lv, NaCH(C02Mc)2 

v,NoCL-DMS0;vi. 0uNHl-i Scheme 11 

0 
H 

A very similar sequence to the closely related analogue (51) has 
been described, starting from D-sorbitol (a source of 2,4;3,5-di-g- 
methylene-L-xylose) .29 A possible stereostructure for lipoxin A 

( 5 2 )  has been synthesized from 2-deoxy-D-ribose and D-arabinose 
derivatives (sugar chain numbering)(Scheme 1 2 ) .  

A chiral synthesis of bicyclomycin (53) has been reported which 
utilizes the branched-chain threitol (541, derived from D-glucose, 
to provide the trihydroxy sidechain. 

both involving the keto-aldehyde (55) which cyclizes in aldol 

30 

31 

Two routes from D-glucose to (-1-pentenomycin have been explored, 
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CHO 

CH20H 

(54) 

fashion to the corresponding cyclopentenone derivative; one route 
utilized a novel palladium-catalysed rearrangement of alkenyloxiran 
to enal (Scheme 13). 32 

v(o) c y ) + * & H o - c & y ) *  
OMe Ov 

(55) OH 
0-f- 

Reogents: L ,  Pd(pph&, 

Scheme 13 

2 Enzyme Inhibitors 

A synthesis of the lactone part ( 5 6 )  of the coenzyme A reductase 
inhibitor compactin has been reported, starting from compound ( 5 7 )  
derived from triacetyl-D-glucal . 3 3  
derived also from triacetyl-D-glucal, has been converted to the 
corresponding lactone and incorporated ( via C-6 substitution) in a 

The chiral intermediate ( 5 8 ) ,  

synthesis of the compactin relative (+I-dihydromevinolin. 3 4  

I I 
(56)  OSiBdPh2 OH 

(58) 

Several syntheses of the cc-mannoside inhibitor (-)-swainsonine 
(59) have been recorded, using either D-mannose 35936 or 
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D-glucose 37'38 as the chiral starting material, the former being 
converted to a 4-amino-4-deoxy-D-mannose intermediate, the latter to 
a 3-amino-3-deoxy-D-mannose derivative. The adenosine deaminase 
inhibitor (+)-EHNA (60) has been prepared using L-ascorbic acid as 
the source of the chiral oxiran precursor (61). 3 9  

I 

(59) 

3 Prostanoids and Related Compounds 

The marine prostanoid clavulone has been synthesized enantio- 
specifically, D-rnannitol being used to supply the chiral C-4 allylic 
alcohol unit.40 1,6-Anhydro-D-glucose provides a source for the 
thromboxane precursor (62) via the branched-chain sugar (63) 
(Scheme 14) .41 Six 8,15-dihydroxy derivatives of arachidonic acid 
(8.15-LTB compounds) 

7 0  

Ts 0 0% 
OTs 

have been prepared, deriving chiral centres 

Rcqutk.s.. L,  M c O - ; L ,  C H 2 = C H C H 2 M p - C u Z  ;w,Et,BHLi; Lv, BzCL-Py ; v , 0 3  

Scheme 14 

from carbon-3 in 2-deoxy-4,5-~-isopropylidene-D- or -L-erythro- 
pentose obtained from arabinose. 42 
the use of 2-deoxy-D-erythro-pentose to prepare the 11S,12S-oxido 
derivative of 5Z,7E,9E,14Z-eicosatetraenoic acid (k.,llz,122,- 
LTA4) .43 Routes to functionalized cyclopentene derivatives from 
6-deoxy-hex-5-enopyranosides have been explored, e.g., (64)4(65) .44 

Another communication describes 
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4 Lactones 

The synthesis and resolution of the bicyclic lactone (66)(actually 
obtained from a non-carbohydrate precursor) has been described, and 
its use in the synthesis of s-nucleosides was also extensively 
surveyed. 45 
for the lactone (67) required for nonactic acid studies,46 and also 
provides a convenient entry to optically active pheromones and 
aromas possessing r-alkyl-Y-lact?ce structures, e.g., compounds (68) 

D-Ribonolactone serves as a convenient chiral source 

and their 2,3-dihydro analogues 4’ and the 48 valerolactones ( 6 9 ) .  

R 
(68) R = Me,Bu (69) R= H,OH 

D-Ribose has been used to synthesize the epimeric alkylated 
r-lactones (701, until recently thought to be anthracycline biosyn- 
thesis regulators .49 
5-(&)-epimer by alkylation of the 6-2-tosyl ester (71) with lithium 
dibutylcuprate; the author concludes that this approach to extending 
the carbon chain of carbohydrates compares very favourably with the 
more usual three-stage sequence of oxidation-Wittig reaction- 
reduction. 

Another paper describes the synthesis of the 

50 

Ho- ~ W ~ O T S  

bo 
2,3-~-Isopropylidene-D-glyceraldehyde (from D-mannitol) reacts 

stereoselectively with organometallic or Wittig reagents leading to 
either erythro- or threo-p-substituted glyconic acids and hence 
lactones (72). 51 

0- 

(74) (73) 
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Diacetyl-L-rhamnal has been used to synthesize (2)-parasorbic 

A standard Wittig 
acid (73) and other 5-2-hydroxy six-carbon synthons via the unsat- 
urated lactone (74) or the glycenoside (75).52 
reaction has been used to convert 
aureolic acid aglycone (76)(sugar 

a D-galactose derivative to the 
numbering) via the lactone (77). 53 

2,3-~-Isopropylidene-D-erythrose has been used to prepare the pre- 
cursor (781, previously used in synthesizing the pyrrolizidine 
alkaloid (+I-retronecine, via the intermediate enamino-glyconic 
acid (79) as outlined in Scheme 15. 54 

5 Miscellaneous Compounds 

A review on phospholipids in biomembranes includes a summary of 
synthetic routes from 3,4-Q-isopropylidene-D-mannitol. 

derivative (80) (sugar numbering) .56 

55 

D-Glucosamine serves as a source of the chiral pyrrolidine 
A new multistep synthesis of 

(80) C HZOH 

(+)-biotin has been described, using D-glucuronolactone as a chiral 
source for the precursor (8l)(glucose numbering) via the L-gulono- 
r-lactone. 57 Both enantiomers of the insect pheromone 1,7-dioxa- 
spiro [5,5]undecane (82) (R=H) have been synthesized from D-glucose 
via its 3,5-dideoxy analogue which was then converted to the 
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5 8  dithiane derivative (83)(glucose numbering)(Scheme 16). 

35 : 65 
(8 3) 

R q c n b  : L, C U C L ~ -  CUO , Me,co - ~ ~ o  (82) R = O H  Scheme 16 

Laevoglucosenone provides short, stereoselective routes to chiral 
synthons leading to (-1-6-multistriatin and (+)-Prelog-Djerassi 
lactonic acid (84)(see also Vo1.16, ~.265).~' 
(obtained from D-glucose) ha5 been used as the chiral con t ro l  in a 

synthesis of chrysanthemic acids (86)(Scheme 171, the cyclopropane 
ring being formed by Wadsworth-Emmons reaction. 

The allo-oxiran (85) 

60 

0 1  

CHO + 
cO2 H (+)or (-) 

Scheme 17 

A synthesis of shikimic acid ( 8 7 )  proceeds from D-ribose as out- 
lined in Scheme 18; use of diethyl phosphorochloridate in step (vii) 
1 ikewise yielded the diethyl phosphonate analogue (88 1. 61 
control in a synthesis of chiral acetic acid has been achievedusing 
the standard 3-osulose derived from D-glucose as the source of the 
diastereoisomeric oxirans (891, each of which was then sequentially 
reduced with lithium aluminium tritiide and oxidizedwithperiodate. 

D-Glucose has been used to prepare the geminally substituted 
branched-chain sugar derivatives (901, as shown in Scheme 19; the 
ethanal derivative was then used to prepare the bicycle (91) 
required for the synthesis of the trichothecane verrucarol .63 In 
another report, Fraser-Reid's group describe an approach to sesqui- 

Chiral 

62 
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(90) R = H (epim-,3:2) M e 0  
~ R = O E t ( c q i m u + ,  9 :  I) (91) 

Rcagultr : i, L+-c~.p~%ng&. 
Scheme 19 

terpene lactones utilizing "off-template"stereocontro1 in the 
reduction of the unsaturated branched-chain sugar (92) obtained from 
D-glucose to give the lactone (93), which was then elaborated to 
give the sesquiterpene (94) (Scheme 20) .  64 

Scheme 20 

D-Xylose has been used as a starting material for the synthesis 
of the macrocyclic loop of the anti-leukaemic trichothecanoids 
baccharin B5 and roridin E, which contains the C-6' and C-13' 
asymmetric centres. Standard transformations on crystalline 
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1,2;3,5-di-~-cyclopentylidene-a-D-xylofuranose led to the derivative 
(95) and hence to the named compounds which contain the fragment 
(96)(sugar numbering) attached via ester links to the terpene 
verrucarol or a deoxy analogue.65 The anhydro alloside ( 8 5 )  has 

CIO H21 

CtO"2, - 
__+ 

OH OMe 

(97) 

served to establish the stereochemistry of the fungal metabolite 
spiculisporic acid A (971,which was prepared by oxidative degrad- 
ation of the doubly branched-chain sugar (98) obtained from ( 8 5 )  
utilizing stereoselective organometallic reactions of the oxiran and 
subsequently derived 3-ulose. 

The structures and stereochemistry of citreodiol (99)(sugar 
numbering) and epicitreodiol, metabolites of Penicillium citreo- 
viride, have been determined by synthesis of their antipodes from 
L-rhamnose; two routes led to the epimeric branched-chain glycenonic 
esters (loo), which were converted to (99) and its epimer by a 
conventional Wittig sequence.67 An intramolecular Diels-Alder 

66 

reaction gave the tricyclic derivative (101) from the diene (102) 
derived from D-glucose; the double bond in (101) was exclusively 
hydrogenated on the face anti to the dioxalan ring.68 
serves as a source of the chiral epoxide (103),69 and the chiral 

L-Arabinose 

synthons (104) and (105) and their enantiomers have been obtained 
from L- and D- arabinose.70 
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