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Preface 

This report covers the literature for 1983 available to us by 
February 1984. 

I regret that it has not yet proved possible to capitalize on 
the faster publication rate that the camera-ready format makes 
possible; several factors have contributed to this unfortunate 
situation, the most serious being a postal error between authors 
which should not be repeated. We are well aware of the need to 
hasten the process. 

We are also aware that the publication is being made against a 
background of declining sales and profitability for the general 
series of Specialist Periodical Reports, although at the present 
time this particular title is still viable. We depend on our 
readers, and especially purchasers, to keep it so. I refer in the 
introduction to the value of readers'comments, and would like to 
encourage further constructive suggestions. It is evident that the 
camera-ready format, and perhaps even more the home-spun 'amateurish' 
diagrams, do not meet with universal approval, but there is no 
longer any realistic alternative to the former, and more elegant 
structures would undoubtedly cost more in time and money to produce. 
I hope that I am right in assuming that most readers are prepared 
to concur with my decision in this matter. 

in helping to produce this volume, and we are again indebted to 
Mrs. A.Beattie, Ms. W.F.James, and Ms. S.J.Wharton for producing 
the typescript. I would also like to thank Dr. P.Gardam and 
Mrs. H.Pape at the Royal Society of Chemistry, who have been 
instrumental in producing the improved author index, which now 
supplies chapter-reference rather than simple page indicators. 

As usual, I wish to thank my colleagues for all their hard work 

May 1985 Neil R. Williams 
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Abbreviations 

The following abbreviations have been used: 

Ac 
Ad 
Bn 
Bz 
c.d. 
DBU 
DCC 
DMF 
DMSO 
DNA 
dPm 
e.s.r. 
f od 

g.1.c. 
HMPT 
i.r. 
LAH 
MCPBA 
Ms 
NBS 
n.m. r. 
0. r. d. 
PY 
FWA 
THF 
ThP 
TMS 
Ts 
U 

acetyl 
adenin-9-yl 
benzyl 
benzoyl 
c i rcu lar di ch ro i sm 
1,5-diazobicyclo[5,4,O]undec-5-ene 
dicyclohexylcarbodi-imide 
N,N-dimethylformamide 
dimethyl sulphoxide 
deoxyribonucleic acid 
dipivaloylmethanato 
electron spin resonance 
2,2-dimethyl-6,6,7,7,8,8,8-heptafluoro- 

gas-liquid chromatography 
hexamethylphosphotriamide 
infrared 
lithium aluminium hydride 
m-chloroperbenzoic acid 
methanesulphonyl 
N-bromosuccinimide 
nuclear magnetic resonance 
optical rotatory dispersion 
pyridine 
ribonucleic acid 
tetrahydrofuran 
tetrahydropyranyl 
trim thylsi ly 1 
toluene p-sulphonyl 
uracil-1-yl 

3,5-octanedionato 





1 
Introduction 

We have abstracted over 1400 references in carbohydrate chemistry 
for 1983. The areas of interest reflected in these references have 
confirmed the trends apparent in recent years. Besides the well- 
established fields of glycoside, nucleoside, and antibiotic 
chemistry, there has been a rapid increase in papers reporting the 
synthesis of chiral natural products from carbohydrate precursors, 
and a separate chapter on oligosaccharides has clearly justified 
its inclusion. Incidentally, these last two chapters have both 
resulted from suggestions made to us by interested readers, and we 
would like to encourage further participation of this kind. The 
emphasis in these areas should not obscure the fact that many other 
aspects of monosaccharide and oligosaccharide chemistry continue to 
attract much interest, as is demonstrated by the fact that only 
six of the twenty-four chapters in this volume contain fewer than 
thirty references. 

An appreciation of the life and work of J.K.N.Jones has been 
1 published. 

Reviews covering general aspects of carbohydrate chemistry have 
included a survey of nucleophilic substitution reactions in carbo- 
hydrate derivatives,2 discussions of the role of lone-pair inter- 
actions in the selective functionalization of hexopyranosides in 
esterification and etherification reactions , 3  " and a review of 
some studies in asymmetric synthesis, Diels-Alder reactions, and 

5 stereospecific sugar synthesis. 

References 
1 W .A.Szarek,M.Stacey, and G.Cv'.Hay, g. Carbohydr. Chem. Biochem., 1983, 5 , l .  
2 Z.Smiatacz and A.Moczulska, Wiad. Chem., 1982, 36, 595 (Chem. Abstr., 1983, 

3 V.G.S.Box, Heterocycles, 1983, 20, 677. 
4 V.G.S.Box, Heterocycles, 1983, 20, 1641. 
5 T.Mukaiyama, Pure Appl. Chem., 1982, 54, 2455. 

- 99, 105 588). 

1 



2 
Free Sugars 

A review of the structures and nomenclature of the sugars of honey 
has appeared. 

I 

1 Synthesis 

Two reviews on the synthesis and utilization of sugars produced by 
the formose reaction have appeared. 2 9 3  

ization - m.s. to characterize the products of the formose reaction 
has been de~cribed.~ A report of a study on the catalytic activity 
of rare earth element hydroxides, M ( O H ) ? ,  where M is Er, Pr, Sm, H o  
or Ce, together with calcium hydroxide on the formose reaction, 
includes measurements of the ratios of three- and four-carbon 
products to those containing five- and seven-carbon atoms, when 
glucose was used as co-catalyst. The factors affecting formation 
of 2,.4-bis(hydroxymethyl)-3-pentulose in the formose reaction when 
carried out in methanol or water in the presence of various alkaline 
earth salts and potassium hydroxide have been investigated: the 
optimum yields were obtained with strontium salts in methanol.6 
the formose reaction catalyzed by !J,N-diethylethanolamine, it was 
shown that addition of monosaccharides and of organic bases such as 
quinuclidine and 3-quinuclidinol increased the amount of conversion, 
whereas a decrease in pH caused a decrease in conversion. It was 
suggested that the bases inhibited the competing Cannizzaro re- 
action.' 
condensation of formaldehyde catalyzed by the thiazolium salt (I)  and 
a tertiary amine in an aprotic solvent such as DMF occurs, the effect 
on the yields of the resultant glucose, galactose xylose, and arab- 
inose of varying the conditions has been studied. 

The use of chemical ion- 

In 

In the related formoin reaction, in which the auto- 

2 



Free Sugars 3 

Reaction of 2,3-~-isopropylidene-D-glyceraldehyde with carboxyl- 
containing active methylene compounds gave products of type (2)' 
which were decarboxylated to triols (3) and then dehydrated to yield 
the unsaturated derivatives (4). Dihydroxylation of the appropriate 
derivatives of (4) was carried out to give I-deoxy-D-sorbose and 
-fructose. 2,3-~-Isopropylidene-D-glyceraldehyde ( 5 )  has been 
converted into 2-deoxy-D-erythro-pentose (6) using the route shown in 
Scheme 1. When reagent (7) was used the ratio of ( 9 )  to (10) was 
l:4, whereas when chiral reagent (8) was employed this ratio in- 
creased to l:24. Chain extension using the cis and trans-2-buten-I- 
yl reagents ( 1 1 )  and (12) corresponding to the ally1 reagent (8) gave 
the diastereomeric products (13) and (14)' ( 1 5 )  and (16) in the 
ratios shown in Scheme 2. 

10' 

\ \ 

(15) 2 8 %  (16) 72% 

S c h e m e  2 

Aldol-type condensation of 4-~-benzyl-2,3-~-isopropylidene-L- 
threose (17) with the tin(I1) enediolate (18), derived from methyl- 
glyoxal, gave the C - 3  epimers (19) in high yield. Boih of these 
epimers, upon reaction with J,l-carbonyldiimidazole gave the same 
cyclic carbonate (20), probably due to imidazole-catalyzed isom,er- 
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ization at the d-position (Scheme 3). The carbonate (20) is a new 
11 

precursor for L-sugar synthesis. Base-catalyzed condensation of 
formaldehyde with D-threo-pentulose gave rise to the epimeric 3-  

0 A* 

uloses (21) which were converted as a mixture to the di-)-isopro- 
pylidene derivatives (22) and (23). Separation by column chromat- 
ography allowed examination of the products by mass spectrometry and 
i.r. spectroscopy. Condensation of ethyl acetoacetate with 

12 

HO 

CH2OH 

OH 

0 'F OH 
CH2OH 

(2 1) 

$ 0 1  

"x 0 

Eto2cco 
either D-ribose or D-arabinose has been shown to yield the erythro- 
trio1 (2.4) while the epimeric threo-product (25) was obtained from 
D-xylose. 13 

A procedure f o r  the synthesis of L-hexoses by a reiterative two- 
carbon extension cycle of four steps has been described, traced in 
Scheme 4 .  The products were enantiomerically pure. The cycle can 
be repeated, leading to higher sugars. 14 

0 OR' OR' OR' OR' 
/ \  I I  

RCHO _3 RCH=CHCH20H -+ R C H - C H C H 2 0 H  __f RCH-CHCH2SPh -+ R k H - k H C H O  

Scheme 4 



Free Sugars 5 

Indirect electrochemical oxidation of D-glucono-(1-+5)-lactone to 
yield D-arabinose with 6 5 %  yield has been achieved at low temperature 
and low current densities by using cerium sulphate as mediator in 
aqueous sulphuric acid and platinum electrodes. 15 

Conventional means have been employed to synthesize some L-idose 
derivatives (26) from 1,2:5,6-di-~-isopropylidene-~-D-glucofuranose 
via the 5,6-epoxide. Several routes leading to 3,5,6-tri-c- 
acetyl-1,2-G-isopropylidene-/3-L-idofuranose required on 1OOg scale, 
have been evaluated. A successful synthesis is shown in Scheme 
5. 

16 

17 

(26) R =Bn ; RZ R2= H ; 
R =MeS02 ; R‘, R2= H or Ac 

0 CH20Ac 

TsoQ,o> TsoG> ~~ 

__t - OAc - OAc 

0 4 -  0 4 -  4- o+- 
Reagents I,, N a B H 4 ,  LL, Ac,O- Py I iL, R u ~ ( O A C ~ - A C ~ O  

Scheme 5 
~~ 

D-Fructose has been produced in over 90% selectivity by catalytic 
hydrogenation of D-glucosone using 5% Pd/C. In conjunction with 
enzymic oxidation of D-glucose to D-glucosone this represents a 
patented conversion of D-glucose to D-fructose. A procedure for 
raising the efficiency of enzymic conversion of lactose into glucose 
and galactose has been described. The overall conversion was raised 
to 80-90% by separating unreacted lactose by crystallization after 
passage over the /-galactosidase used; since galactose inhibits this 
enzyme the conversion is limited per pass so that re-passage is 
required. The solubilities of lactose, glucose and galactose were 
determined at various temperatures and sugar ratios, as were the 
effects of rates of cooling, thus leading to convenient and simple 
processes for the isolation of lactose from the. hydrolysis pro- 

18  
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ducts. The reduction of methyl (methyl-3-deoxy-2-aldulosid) - 
onates with sodium borohydride to yield methyl 3-deoxy-2-ketosides, 
followed by resin-H catalyzed hydrolysis of the glycoside, has 
been used to synthesize free 3-deoxy-2-ketoses. 

+ 
20 

Sugars enriched with carbon isotopes have been prepared by re- 
action of aldoses with labelled potassium cyanide, the epimeric 
aldononitriles being hydrogenated over palladium-barium sulphate to 
yield the epimeric alditolylimines. The latter spontaneously 
hydrolyse to yield the requisite labelled aldose with one more carbon 
atom. The epimers were separated on Dowex 50(Ba or Ca ) 

columns. By using deuterium gas in the hydrogenation step these 
same authors prepared doubly labelled sugars. Carrying out the 

18 
Kiliani-Fischer reaction in H 0 led to the oxygen labelled 

2 
products. Using these methods variously labelled D-er throse and D- 
threose were prepared from D-glyceraldehyde and D-[2-”0]arabinose 
and D- [2-180]ribose were prepared from D-erythrose. 
semiautomated synthesis for routine production of 1 -p C1-2-deoxy- 
D-glucose by reaction of H CN with I-Q-triflyl-2,3:4,5-di-g-iso- 
propylidene-D-arabinitol has been described. The purity was better 
than 98% and the sield 24 - 
(6S)-D-glucose-6- H via Ferrier photobromination of  1,6-anhydro- 
2,3,4-tri-Q-benzoyl-~-D-glucopyranose has been reported (Scheme 6). 

2t 2+ 

21 

22 A remote 

1 1  

A stereospecific synthesis of 

v A ‘  Ui,LV,iii 

Reagents : i, 0r2- CCL+-hQ ; i i ,  B u ~ S n 2 H  ; iii, NaOMe ; Iv, AcpO-AcOH 

Scheme 6 

A similar sequence was used to prepare the (6E) isomer by starting 
with the [6,6-2H2]isomer of (27) and carrying out the reduction 
with unlabelled tri-n-butyltin hydride. 24 

Reference t o  conversion of 2-methoxyethyl glycosides of benayl- 
protected sugars to free sugars by means of titanium tetrachloride 
will be found in chapter 3. 

2 Physical measurements 

Calorimetric methods have been used to determine the integral enthal- 
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pies, partial molal heat capacities, and apparent molal volumes of 
sugars and polyols in water at low concentrations.25 
ure-forming abilities of sugars, as evidenced by their activity co- 
efficients, viscosities, and apparent molal volumes have been 
determined, and shown to be in the order glucose > mannose - galact- 
ose, and maltobiose > maltose > glucose.27 The data obtained 
from measurements of excess enthalpies of aqueous solutions of mono- 
saccharides at 298.15 K suggest that the behaviour is governed 
primarily by solute-solvent interactions. The solubilities of 
several mono- and disaccharides in 2-methoxyethanol has been shown to 
be great1 enhanced in the presence of 5 - 20% w/w of lithium 
chloride. The dissociation of ammonium hydroxide in water was 
increased by the presence of amylose, D-glucose, and poly(ethy1ene 
glycol) .30 
determining hydration numbers of solutes in aqueous solution has been 
applied to eight different sugars; the effect of concentration and 
temperature were examined. 

xylose between pH 1.2 and 1.7 and 3.6 - 4.4 at 25O, 160’ or 
180 C. It was shown that increasing the pH decreased the rate at 
25’ but increased it at 180°C.32 
mutarotation of 2,3,4,6-tetra-Q-methyl-D-glucose in benzene catalyzed 
by 2- yridinone has been carried out using 0- H, N- H, and 

The struct- 

26 

28 

39 

A near i.r. differential spectrophotometric method of 

31 

Kinetic parameters have been determined for the mutarotation of D- 

0 

A detailed further study of 

2 2 
3 - H labelled compounds. A mechanism involving hydrogen 7 l J  bon ing of the sugar hydroxy group to the carbonyl of the catalyst 

with the 0-5 forming a hydrogen bond with the NH and simultaneous 
transfer of the two hydrogens was envisaged.” 
pressure on the mutarotation of ~- and P-D-glucopyranose have been 
studied; rate constants and activation volumes were determined for 
the uncatalyzed reaction and for the reaction catalyzed by copper 
perchlorate. The mechanism was discussed. 34 Hydroxide ion-catal- 
yzed mutarotation of a series of glucopyranoses in water has been 
studied by stopped-flow polarimetry. Glucose was shown to differ 
remarkably from its substituted analogues, probably due to dissoc- 
iation of two hydroxy groups as the hydroxide ion concentration was 
increased. The data suggested coupled proton transfer in water 
alone, whereas f o r  the hydroxide ion a stepwise mechanism, involving 
formation of a sugar anion (or dianion for glucose), was more likely. 
The kinetic data were best explained by assuming a second dissocia- 
tion constant of glucose to be no larger than 10  and those for 
the substituted compounds to be considerably smaller. 

The effects of 

-14.6 

35 
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A study of the vacuum thermal dehydration of sucrose and cello- 
0 0 

biose between 150 C and 250 C showed that water is the major 
decomposition product together with small amounts of one- and two- 
carbon fragments. The so-called melting with decomposition of 
sugars is in reality a high temperature dissolution in the water or 
alcohol produced. 36 
In A and orders of reaction for the thermal decomposition of D- 

xylose have been obtained. The thermal stabilities of D-xylose, 
D-glucose, D-galactose and D-fructose in the presence of zinc 
chloride, with which they form unstable complexes, was shown to be 
decreased: the temperatures for the onset of decomposition and for 
the maximum gas evolution were decreased. 

Values for Arrhenius activation energies , 

37 

38 

A study of X-irradiated single crystals of L-rhamnose has shown 
that an electron is trapped in an interstitial site formed by two 
hydroxy groups of the sugar and one hydroxy group of the water 
molecule. The trapped electron decays by cleavage of an oxygen - 
hydrogen bond to yield a hydrogen atom, which in turn abstracts a 
hydrogen atom from carbon to which the hydroxy group was attached; 
this produces a hydroxyalkyl radical. The electron trap pre-exists 
in the crystal and no dipole reorientation is necessary to stabilize 
the electron. 39 
by x-rays were trapped in aqueous ethanol solution of 2-nitroso-2- 
methylpropane. By means of specific labelling of the D-glucose and 
by e.s.r. five long-lived nitroxide spin-adducts were tentatively 
assigned. E.s.r. measurements in the free radicals generated by 
irradiation of lactose confirmed a lyoluminescent reaction of singlet 
oxygen, involving a ring-cleaved intermediate and the formation of a 
carboxyl grou with a localized electron. The luminescence occurs at 

Amax 
radicals gave radicals which were examined by e.s.r.; the spectra 
were interpreted in terms of non-selective hydrogen abstraction from 
the ring carbon atoms. A range of other carbohydrates including 
sucrose were also examined, and it was concluded that hydrogen ab- 
straction from positions adjacent to the ring oxygen were facilitated 
in furanose derivatives. 

Radicals induced in polycrystalline M-D-glucose 

t o  

4? 630 nm. Reaction of D-xylose and D-ribose with hydroxy 

42 
0 

The fluorescence observed in 0.1 M glucose at pH 10 and 70 has 
been ascribed to fluorescent substances derived from the sugars 
themselves, whether or not air or asparagine are present.'? 
further paper from the same authors reports the separation of the 
fluorescent compounds and their U.V. and fluorescence spectra, but 
structures were not assigned . 

A 
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3 Isomerization 

9 

Lactulose has been prepared in 25 - 30% yield by isomerization of 
lactose with alkaline sodium sulphite .45 
ulose have been prepared in about 90% yield by the alkaline isomer- 
ization of maltose or cellobiose in the presence of an equivalent of 
boric acid. Using aqueous sodium hydroxide, high concentrations, up 
to L O X  w/v, of disaccharides could be efficiently transformed. The 
high yields result from the specific complexation of the products 
while only weak complexation occurs with the starting materials, 
whose reducing moieties cannot exist in furanose forms due to the 4- 
- 0-substituent. The product mixtures were analyzed by h.p.1.c. on 
primary amine-bound silica columns usin amine modifier in the 
eluant; semi-preparative h.p.1.c. on Ca res'n columns were used 
for isolation of the pure ketodisaccharides. Epimerizations of 
aldoses at C-2 and C-3 catalyzed by molybdic acid have been re- 
viewed. 47 
epimerization of D-glucose; after crystallization of the excess D- 
glucose, the D-mannose was isolated as either N-phenyl-D-mannosyl- 
amine or as methyl oi-D-mannopyranoside. Although the yield from one 
cycle is only lo%, the glucose recovered materials may be re- 
cycled.48 
fructose from D-glucose, it has been shown that 3-, 5-, and 6-deoxy- 
D-glucose and 3-2-methyl- and 6-2-methyl-D-glucose are also sub- 
strates, whereas 4-c-methyl and 4-deoxy-D-glucose are not. Specific- 
ally deuterated D-glucoses (28) and (29) on treatment with D-glucose 
isomerase gave the 

Maltulose and cellobi- 

5 t  

4k 

D-Mannose has been prepared by molybdate-catalyzed 

In a study of D-glucose isomerase which produces D- 

2 49 b -  Hlfructoses (30) and (31) respectively. 
CH20H S;H20H 

The results of an optical rotation study of the complexation of D- 
glucose and D-fructose with germanate ion have been used to predict 
suitable conditions for improving the yield of D-fructose from D- 
glucose by means of D-glucose isomerase. 50 The autohydrolysis of 
1,2-~-isopropylidene-o(-D-glucofuranose 5-(hydrogen sulphate) led not 
to the expected D-glucofuranose 5-sulphate, but to D-fructopyranose 
5-sulphate in high yields.51 
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4 Oxidation 

Carbohydrate Chemistry 

In the oxidation of maltose by cupric ions in ammoniacal solution in 
which the tetra-ammine copper(I1) ion is formed, the rate was found 
to be independent of the concentration of copper(I1) ion, to be pro- 
portional to that of maltose and to have a dependence on the square 
root of the concentration of ammonia. A common ion effect was 
observed by retardation of rate on addition of ammonium chloride. 
The mechanism proposed included the rate determining formation of an 
intermediate enediol. 5 2  

oxidation of D-glucose by hexacyanoferrate(II1) in the presence of 
ethylenadiamine was supported by a zero order dependence on the 
transition metal ion concentration and measurements showed that the 
rate of enolization to yield the intermediate enediolate ion was the 
rate of oxidation. 53 
order oxidation of pentoses and hexoses using Cu have been re 
orted; Arrhenius energies fell in the range 136 - 1 4 3  k J  mol . 
The kinetics and mechanism of the oxidation of D-galactose by 
manganese( 111) sulphate have been reported. 5 5  
ation of the oxidation of D-glucose to D-gluconic acid by hexachloro- 
iridate(1V) and by tetrachloroaurate(II1) has led to the proposal 
that the rate determining step is the reaction of -D-glucopyranose 
with oxidant to produce a free radical and an Ir(II1) or Au(I1) 
species. This free radical then rapid y reacts with a further mole- 
cule of oxidant to give the products. For the oxidation of L- 
sorbose by cerium(1V) in aqueous perchloric acid, in which the re- 
active species is the hydrated cerium(1V) ion, the reaction is first 
order in the oxidant and in the sugar but the pseudo-first order 
constants decrease with an increase in the initial concentration of 
cerium(1V) ion. The enthalpy and entropy of activation were deter- 
mined and a mechanism, involving no complexation between cerium(1V) 
and the sugar, was proposed. The conversion of D-gluconic acid, 
or its lactone into D-arabinose by electrochemical oxidation in 
aqueous sul huric acid in the presence of ceric sulphate has been 
described. 

A similar conclusion on the mechanism of 

The kinetic parameters for the pseudo-first 
2t 

-1 !G 

A further investig- 

5 k  

57 

5F; 

D-Fructose has been oxidatively degraded to D-erythrose, which 
comprised more than 80% of the total products, by photolysis in the 
presence of iron(II1) chloride in aqueous solution in presence or 
absence of air. An iron(II1)-D-fructose complex was implicated as 

59 being the photoreactive species. 
A new type of reactor for gas-liquid two-phase enzyme reactions 
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has been described and applied to the oxidation of D-glucose to D- 
gluconic acid. The membrane reactor consisted of a solution o f  

glucose oxidase and catalase enclosed in a semi-permeable membrane 
surrounded by a compartment w ich was fed D-glucose and oxygen. 
The kinetics were determined, and the system was adapted f o r  

continuous flow using a trickle-bed reactor. 

60 
81 

62 

The kinetics for the alkali-catalyzed oxidation of D-glucose with 
sodium 2-anthraquinone sulphonate in water and aqueous ethanol have 
been investigated. At high quinone concentrations, enolization of 
D-glucose was the rate determining step for oxidation, D-glucosone 
being the only primary oxidation product.63 
hexoses by bromamine-T f o l l o w s  zero order kinetics in the oxidant and 
is first order with respect to sugar and hydroxide ion concentr- 
ations. The reaction is independent of ionic strength. A mechanism 
has been suggested. 

The oxidation of 

64 

Aldohexoses have been prepared by the manganese(II1) pyrophosphate 
65 oxidation of the hexitols. 

5 Other aspects 

The 3 to 6-fold increase in free D-galactose, but not other sugars or 
myo-inositol, in ripening tomato fruit has beenreonfirmed 
capillary g.1.c. of the aldononitrile acetate derivatives. 

& 
A study of the acid-catalyzed reversion of the aldopentoses has 

identified 17 pentosyl-pentoses in the product mixture using g.l.c., 
m. s. and p ~ l a r i m e t r y . ~ ~  The oligomerization of D-glucose by treat- 
ment with hydrogen chloride in DMF for between 7 and 4 8  hours gave, 
among other products, 1,6-anhydroglucopyranose, 1,6-anhydrogluco- 
furanose, 6-0-0(- and -P-D-glucopyranosyl, 1,2-anhydro-t%-D-gluco- 
pyranose, kojibiose, sophorose, isomaltose, and gentiobiose. 
Similar acid-catalyzed oligomerization of methyl g-D-glucopyranoside 
lead to the methyl glycosides of isomaltose, gentiobiose, cellobiose, 
and maltose. 

The hydrothermal degradation of D-[U-"C] glucose and D-[U-"C] 
fructose gave glyceraldehyde, dihydroxyacetone, methyl glyoxal, gly- 
colaldehyde, 5-hydroxymethylfurfural, and furfural, identified by 
t.1.c. Repetitive laser irradiation of sugars induces thermal 
degradation effects within the sample layer to yield higher oligo- 
saccharides. The generated species are well suited for use as a 
probe for thermal effects with desorption techniques. 

68 

69 

70 

71 

The enzymic conversion of L-arabinose to L-arabinono-l,4-lactone 
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using F-D-galactose dehydrogenase from Pseudomonas fluorescens has 
been used as an assay for this monosaccharide. A new mono- 
saccharide, 1-deoxy-D-altro-heptulose phosphate, has been synthesized 
enzymatically from DL-acetoin and D-ribose 5-phosphate using a trans- 
ketolase mutant of g. penicillus .73 
Polyporus obtusus, purified and immobilized, has been used to pre- 
pare D-arabino-hexos-2-ulose from D-glucose. 

T 

A pyranose-2-oxidase from 

7 4  
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3 
Glycosides a.nd Disaccharides 

1 0-Glycosides 

1.1 Synthesis of Monosaccharide G1ycosides.- A review with 168 
references has appeared (in Japanese) of recent developments in the 
synthesis of g-glycosides The acid-catalyzed formation of D- 
fructosides and 2-thio-D-fructosides in DMSO is believed to proceed 
by way of the cyclic carbonium ions, and furanoside-pyranoside iso- 
merization by way of the bicyclic 2,6-anhydro-B-D-fructofuranose 
(which is also 2,5-anhydro-a-D-fructopyranose). Sucrose can be 
selectively converted into fructosides and 2-thiofructosides . 
Kinetic methanolysis of arabinose to give the furanosides has been 
used to obtain the furanosyl acetates which were subsequently pro- 
duced by acetolysis reactions. It was claimed that in the initial 
reaction substantial proportions of hemiacetals were produced; 
this is not in accord with previous observations, and the conclusion 
may have followed from an irregularity in the analytical procedures 
used. Acid resin-catalysed reaction of D-glucose with benzyl 
alcohol was used to give the mixed furanosides and pyranosides 
which were separated (3 g/24 h) by means of an analytical h.p.1.c. 
unit adapted for automated preparative use. 4 

1-Thioglycosides have received further attention as precursors 
of 2-glycosides. Phenyl 1-thioglycosides, activated by use of NBS 
(in the presence of molecular sieve to remove water) and treated 
with alcohols, yield glycosides in a mild procedure which is 
applicable with complex alcohols. Yields were in the 60-80% range 
and anomeric ratios varied from 1:l to 9 : 1 . 5  
phenylmercury triflate was used as activating agent with benzylated 
or acylated phenyl I-thio-B-D-gluco- or galactopyranosides; 
acylated precursors gave B-glycosides exclusively, while a-products 
predominated when the benzyl ethers were used.6 
use of the phosphorodithioate group as leaving group in 2-deoxy- 
glycoside synthesis is illu~trated,~ and glycals have also been 
used to prepare 2-deoxy-glycosides of 2-hydroxycyclohexanone for 

In parallel work, 

In Scheme 1 the 

15 
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CHZOAC CHZOH r) () iL ( Y R  

OAc ___j OAc ----+ OH 

AcO aco s - P e ) *  HO 
S 

Reagents : i, (Me0)2P(S}SH ; Li, ROH-RONa 
Scheme 1 

a C . D .  study. 
Further work has been reported on the use of glycosyl fluorides 

as glycosylating agents. 2,3,5-Tri-~-benzyl-B-D-ribofuranosyl and 
a-D-arabinofuranosyl fluoride were prepared from the corresponding 
free sugars by use of 2-fluoro-1-methylpyridinium tosylate and, on 
treatment with alcohols, including sugar derivatives, in the 
presence of tin(I1) chloride and trityl perchlorate, gave good 
yields of the pentofuranosides with ly2-cis:1,2-trans ratios of 
4-7: 1. The same two pentose triethers have also been used as 
their iminium tosylates, e.g. (11, produced by treatment first with 
DMF-phosgene complex to give the halides and then with silver 
tosylate; on reactions with alcohols, a,B-glycoside mixtures were 
produced in 60-90% yields. 10 

BnouMe OBn OAc 

(4) 

An interesting procedure which gave B-D-xylofuranosides almost 
specifically involves treatment of the lY2-thiocarbonate (2) with 
alcohols (including carbohydrate derivatives ) in the presence of 
methyl fluorosulphonate as activating agent (5-methylation) and 
caesium fluoride as acid captor and nucleophile activator. This 
is somewhat like the well known 1,2-orthoester method which has 
received further study: thus rearrangement of compounds (3) to the 
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a-glycoside (4), which occurs in the presence of catalytic 1,1,3,3- 
tetramethylurea-triflic acid, has been shown to be a first order 
and intramolecular process ,12 and the silylated orthoester (5) has 
been converted into the glycosyl chlorides (6) for use in oligo- 
saccharide synthesis .13 
acetate derivatives during the Koenigs Knorr glycosidation of 
various alcohols with 2,3,4-tri-~-acetyl-B-L-arabinopyranosyl 
bromide has been studied ,' 
procedure has been employed in efficient syntheses of 2-hydroxy-3- 
alkyl-1,4-naphthoquinone glucosides. 15 

Glycosyl acetates continue as useful glycosylating agents and 
a l k y l  and 1-thioglycosides of 2-deoxy-2-phthalimido-D-glucose were 
produced in high yields, with the B-isomers predominating, by use 
of the peracetate and boron trifluoride as catalyst. l6 
analogous fashion thirteen peracetylated 1,2-trans-related 2-bromo- 
ethyl glycosides have been prepared17 as well as a B-D-ribofurano- 
side of carbazole derivative (7). 

The competitive formation of 1,2-ortho- 

and the orthoester-based B-glucoside 

In 

18 

Me Me 

(7) 

Glycosyl halides remain the most used glycosylating reagents, and 
amongst new reports are those on the application of 2-azido-3,4,6- 
t r i -~ -benzy l -2 -deoxy-B-D-ga lac t ,opyranosy l  chloride in the synthesis 
of 2-amino-2-deoxy-a-D-glycopyranos ides  and of appropriate gly- 
cosy1 bromide derivatives in the preparation of mono- and di- 
saccharide glycosides of benzyl and 2-phenylethyl alcohols ,Ig and 
of the diene derivative ( 8 ) ,  which was converted into the anthra- 
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cycline analogue (9). 2o Seven 1-2-glycosides of the anthraquinone 
(10) have been tested as possible antineoplastic agents .21 

Interest in glycosides of glycerol and related compounds has 
remained high: 1 , 2 - d i - ~ - a l k y l - 3 - C ) - g l y c o s y l - ~ - g l y c e r o l s  have been 
made from the peracetates of D-glucose and maltose,22 and closely 
related 6-glucosides and a-mannosides have been prepared from 
racemic lY2-di-g-benzyl- and l-~-benzyl-2-~-stearyl-glycerol. 
Resulting diastereoisomers were separated23 and the fluorescent 
mannosyl diglyceride (11) has also been reported by the same 
Russian group. *' For use in affinity chromatography work, ally1 
2-acetamido-3,4,6-tri-~-benzoyl-2-deoxy-a-D-galactopyranoside has 
been converted into the corresponding 3-amino-2-hydroxy- and the 2- 
hydroxy-3-mercapto-glycosides . 25 Several aliphatic polyamines and 
polyamine alcohols show antibacterial activity in the form of their 

26 a-D-glucosides and 2-amino-2-deoxy-a-D-glucosides. 

$H,OAG 

AcO 

Several papers have dealt with amino acid glycosides: these 
refer to the serine glycoside (12) and its conversion into the 
corresponding asparagine-leucine-serine compound, 27 and correspond- 
ing g-glycopeptides built from 2-D-galactopyranosyl-L-threonine, 
-D-threonine, -L-allothreonine and -D-allothreonine. These last 
compounds were studied by l 3 C  spectroscopy which affords means of 
determining the enantiomeric nature of the glycopeptides and of 
assaying the racemization of amino acids.29 
Gd3+ and Mn2+ to peptide units of glycopeptides have also been 
examined by use of this As well as producing 
glycosylated peptides by chain extensions from the amino ends, it is 
possible to extend from the carboxylic acid end if the 2-bromoethyl 
ester protecting group is used.32 
serine, threonine and hydroxyproline involves the use of alkyl 
glycosides and triflic anhydride as catalyst. 33 

28 

The bindings of 

A new way of glycosylating 

Steroidal glycosides continue to attract attention; the follow- 
ing have been reported: a 2,6-dideoxy-6-D-ribo-hexopyranosyl- 
digitoxigenin, 34 a 3-B-C)-a-L-arabinofuranosyldigitoxigenin,  35 a 
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B-D-glucopyranoside of fucosterol , 36 and several L-rhamnosyl-D- 
glucosylpennogenins .37 

pyranosiduronic acid derivatives; 38 
been used f o r  the following glucuronides: 17B-linked derivatives 
of ethynyl estradiol, 39 3- and 21-derivatives of tetrahydro-11- 
deoxycorti~ol~~ and 2-substituted derivatives of (R) and (S) 
propanolol. 

arabinopyrano s ides * and p he ny 1 a-L-arab inof urano s ide have been 
reported, and 9 glycosides of some flavanones and dihydrochalones 
have been examined f o r  their sweetness; some were 400 times 
sweeter than sucrose. 44 
pyranoside was based on oxidation of the 3,4,6-triacetate of the 
6-D-gluco-isomer followed by reduction. Oxidation of the alcohol 
with DMSO-phosphorus pentaoxide in DMF was successful; use of DMSO 
in acetic anhydride led to the pyrone (13). 

Pivaloyl protecting groups allow improved syntheses of B-D-gluco- 
more traditional methods have 

41 

In the area of aryl glycosides, phenyl a- and 13-, D- and L- 

A synthesis of p-nitrophenyl 8-D-manno- 

45 

C Ha OAC r) <*?COMe (15) R =  p-D-GaLactopyranosyL 

0 OAc OR 

(14) R =  f i -D -G lwopy ranosyL  

(16) R =  H 

(13) 

Heating maltose or lactose with secondary amino acids in 
ethanolic triethylamine gave the furan glycosides (14) and (15). 
DPy distillation of the former gave isomaltol (16) which may account 
for the production of this compound during bread making. 46 

1.2 Synthesis of Disaccharides and Their Derivatives.- Several 
syntheses of disaccharide derivatives have been described in papers 
noted in the previous section - particularly in those which refer to 
new methods of glycoside bond formation; other related work appears 
in papers covered in Chapter 4. In the following section compounds 
are dealt with according to the natures of their non-reducing 
port ions. 

Reviews have appeared on the chemistry of sucrose and its con- 
version into a range of selectively substituted derivatives47 and 
on the relative reactivity of the hydroxy groups of  lactose. 48 

Self condensation of 2,3,4,6-tetra-~-benzyl-l-~-trimethylsilyl- 
a,@-D-glucose with trimethylsilyl triflate as catalyst gave a 
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mixture of perbenzylated a,a- and a,B-trehalose in high yield. 
Analogous reaction of  the D-galacto- and D-manno-isomers gave only 
a ,a-linked products. 49 a-D-Mannopyranosyl a-D-mannopyranoside has 
also been prepared from a,a-trehalose by way of the 4,6-, 4',6'-di- 
- 0-benzylidene acetal 2,2'-ditriflate. l r g A  
has been obtained in 37% yield from tetra-g-benzyl-D- (l-13C)gluco- 
pyranose and was used in the investigation of mode of action of an 
insect trehalase. It was proposed that the enzyme activated the 
hydroxy group at C-2 and this oxygen atom nucleophilically opened 
the pyranose ring with the assistance of an acid group which caused 
protonation of the ring oxygen (Scheme 2) . 5 0  

(l,l-13C)a,a-Trehalose 

Sucrose can be 

P- f 
CH20H H 0-C, 

&OH ,$;-u-:-GLc + 
HO 

OH P A  
H-N + N-H 

7 S c h e m e  2 

easily converted into a-D-glucopyranosyl 3,4-anhydro-B-D-tagato- 
furanoside (stereochemical inversion at C-4) by reaction of 
partially substituted isopropylidene or benzoate derivatives with 
the DEAD-TPP reagent. In the course of the work the new l f , 4 l -  
anhydride of sucrose was encountered. 51 

Five disaccharides and two trisaccharides were isolated follow- 
ing treatment o f  methyl 4,6-~-benzylidene-a-D-glucoside with tetra- 
- 0-acetyl-a-D-glucopyranosyl bromide; the main products were 2- and 
3-linked compounds but some reaction involved substitution at 
0-6. 52 
gave several disaccharides as well as 1,6-anhydro-B-D-gluco- 
furanose and -pyranose and 1,2-anhydro-6-g-a- and -6-D-gluco- 
pyranosyl-a-D-glucopyranose. 53 
glucopyranoside gave several disaccharide glycosides . 5 4  
expected monosaccharide acetals, 1,3- ,  1,4- and 1,6-linked 
disaccharide acetals have been isolated from the products of  treat- 
ment of D-glucose and D-mannose with acetone-sulphuric acid. 55 

Hydrothermolysis of cellobiose between 180 and 2 5 O o C  is 

Reaction o f  D-glucose in DMF containing hydrogen chloride 

Similar treatment of methyl a-D- 
Besides 

independent of pH in the range 3-7; the disaccharide is destroyed 
8 times faster than is D-glucose, therefore the latter sugar is the 
main reaction product .56 The phytotoxic compound rhynchosporoside 
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is the 1-0-a-cellobioside of propane-lY2-diol and not the 2-linked 
compound as previously proposed. Both compounds were made by dis- 
placements from the corresponding benzylated B-phenyl l-thio- 
glycoside. 57 
octa-acetate has been reported. 58 
been carried out on methyl 2-I)-glucopyranosyl-B-D-glucopyranoside,  
including its conversion to the corresponding glucosyl-6-D-allo- 
pyranoside. A range of 6,6'-disubstituted and 6- and 6'-mono- 
substituted compounds were described. 59 

Among disaccharides having D-glucose bonded to another hexose 
derivative, 2-acetamido-2-deoxy-3- and 6-)-B-D-glucopyranosyl-D- 
glucose, 6o 4-0- and 6-~-a-D-glucopyranosyl-a-D-galactose [as 32- 
(trif 1uoroacetamido)phenyl glycosidesl ,61 6-~-B-D-glucopyranosyl-D- 
galactose, 62 4-g-a-D-glucopyranosyl-a-L-rhamnose [as the p- (tri- 
f1uoroacetamido)phenyl g l y c ~ s i d e l ~ ~  and 2,3-di-Q-methyl-4-g-(3,6- 
di-2-methyl- B-D-glucopyranosyl )-L-~hamnose~~ have been prepared - 
mostly for biological studies. Various 1,2-glucopyranosylidene 
disaccharide analogues are referred to in Chapter 16. 

A full 2D-n.m.r. investigation of cellobionitrile 
Several specific reactions have 

Several B-linked D-mannopyranosyl disaccharides have been pro- 
duced using a benzylated a-D-mannopyranosyl bromide and a silver 
zeolite. Good yields were afforded with primary alcohols and a : B  

ratios were s. 1:6; with secondary alcohols yields were more 
moderate and the ratios were not so f a v o ~ r a b l e.~~ 
pyranosy1)-D-mannose has been synthesized by way of a substituted 
a-D-mannopyranosyl tosylate which was more effective than the 
corresponding halides and gave a yield of 87% in the condensation 
step. The disaccharide was conjugated to bovine serum albumin for 
immunological work. 

afforded access to 2- and 3-~-B-D-galactopyranosyl-D-galac t ~ s e ~ ~  
and the 4-0-a-linked disaccharide has been made from "polygalact- 
uronic acid" which is a commercially available, enzymically de- 
esterified pectin. Pectinase gave di- and trimers, the former 
giving the required product directly, while the latter was treated 
as indicated in Scheme 3. 68 The peracetylated 2-bromoethyl 4-0-12- 
and B-D-galactopyranosyl-B-D-galactopyranosides and the correspond- 
ing 2-deoxy-4-~-B-D-galactopyranosyl-2-phthalimido-B-D-gluco- 
pyranoside ester have been treated with various difunctional 
compounds such as hexane-1,6-dithiol to give products containing 
suitable 'spacer arms l for coupling to proteins. 6 9  

3-g-(a-D-Manno- 

66 

Glycosylation of benzyl 4,6-2-benzylidene-B-D-galactopyranoside 

Three papers have reported on galactosyl-substituted 2-amino-2- 
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OH 

th20H 

i,ii 'OQ 

OH 
F02H 

CH20H 

"OQ 

OH 
iii , LV 

CH20H 
I 

OH 

OH 

OH 

Reagents: L ,  A- H20 ; ii, NaBHq; &,Ac20-H2S04, LV, NaOMe-MeOH 

Scheme 3 

deoxy-D-glucose derivatives: the acetates of the a- and B-1 ,4  
linked compounds have been made from 2-acetamido-lY6-anhydro-3-g- 
benzyl-2-deoxy-B-D-glucopyranose, 7 0  and N-acetyl-lactosamine, 
obtained from the commercially available 3-9-6-D-galactopyranosyl- 
D-arabinose, has been used to prepare compound (17) which is a 
potential intermediate f o r  the synthesis of a blood group substance 

CH20Ac CH20Ac CH20Ac C H ~ O B Z  

y& *p o& yOn ) Br 
N3 OH NHAc OAc 

(1 7) (1 6) 

t e t r a s a c c ha r i d e . 
galactopyranosyl-a-D-glucose units have been prepared by amide 
condensation procedures. 7 2  
agent (18) has been developed. 7 3  
afforded access to 2,5-anhydro-4-~-B-D-galactopyranosyl-[ 1-3H1 
mannitol 6-sulphate and 6,6'-disulphate, which were required for use 
as B-D-galac t 0 s  idase and 6-2- sulphogalac t ose sulphat ase sub st rates .74 

Many disaccharides with amino-sugars as non-reducing moieties 
have been reported. 2-2- And 3-9-(2-deoxy-2-phthalimido-B-D- 

glucopyranos y 1 ) -D-galac t ose the B-p-ni trophenyl glyc 0 s  ide of the 
- N-acetyl analogue of the latterr16 have been made by conventional 
methods, and maltose has been used to prepare 2-acetamido-2-deoxy- 
a-D-glucosyl and a-D-mannosyl disaccharide derivatives by way of the 
unusual carbonyl derivative (19) and the derived oxime. Related 
L-idose compounds were also described in this study, which was 

P e p t id e s b ear i n g 2 - a c e t amid o - 2 - d e ox y - 3 - 0- 6 - D - 

For related work the a-glycosylating 
Degradation of keratan sulphate 
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{g > 0 F2 ~~o)2  ~ F<g )lo (o)(* H>z 

0 N H R  NHR Ex (20) R = (_R)-3-hydroxytetradecbr~oyL 

0 

R =  SLPh,8bt (19) 

aimed at the preparation of heparin model compounds. 77 
of the disaccharides which have been synthesized have amino-sugars 
in both components, notably the B-lY6-linked D-glucosamine dimer. 
The 6'-phosphate was prepared using a 6-phosphonylated oxazoline 
derivative,78 and the 1,4' diphosphate (20), which is a lipophilic 
part of bacterial cell surface lipopolysaccharides (lipid "A"), has 
been made , 79 as has the 4 -monophosphate. 8 o y  81 
and -6-~-(2-acetamido-2-deoxy-~-D-glucopyranosy1)-2-deoxy-a-D- 
galactose have been synthesized as benzyl glycosides by standard 
procedures. 

negative bacteria, has been made by the "azido procedure" y83 and 
compound (22) has been prepared from maltose as a potential 

84 inhibitor of a-glucosidases. 

Several 

2-Acetamido-3-2- 

82 

The tetra-amino compound (211, which is active against Gram- 

Various specifically labelled uronic acid derivatives of 2,5- 
anhydro-D-mannitol sulphates , e. g . ,  (23) and (24), were made frm dermatan 
sulphate as substrates f o r  a-L-iduronidase, B-D-glucuronidase and 

C H 2 0 S 0; 

C H T O Y  

P3) OH oH (24) 

sulphoiduronate sulphatase, 85 and in related work the methyl ester 
of 4-g-(a-L-idopyranosyluronic acid)-B-D-glucose was made from 
cellobiose by way of 6'-deoxy-5'-enose derivative. Hydroboration 
gave a mixture of the D-gluco- and L-*-disaccharides, the latter 
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being oxidized to the required uronic acid. 86 
procedure was used to prepare the D-manno-2-octulopyranosylonfc 
acid disaccharide (25) derivative in high yield. With secondary 
alcohols elimination occurred, but with mercury(I1) catalysts it 
was still possible to obtain reasonable (60%) yields of 
disaccharide derivatives. 87 

The glycosyl bromide 

In the study of the acid-catalysed reversion of aldopentoses, 
17 disaccharides have been identified. 2 -0- a- L-L y x op yr ano s y 1 -D - 
galactose has been made and coupled to naringenin. Since the 
product was less bitter than the natural L-rhamnose analogue It was 
concluded that the taste of the latter was related to the presence 
of the methyl group at C-5’. 89 
have been made by use of the 3,4-di-g-acetyl-1,2-2-(l-cyano- 
ethylidene) derivative. 90 

Various xylopyranosyl disaccharides 

L-Rhamnose-containing disaccharides continue to attract interest: 
the 1,2-)-cyanoethylidene procedure has been used to link the sugar 
to - 0 - 3 ~ ~ 9 ~ ~  and 0_492 of D-glucose, g-293 and 0-3’’ of D-galactose, 
- 0-2 of D - m a n n ~ s e ~ ~  and 0-6 of 2-amino-2-deoxy-D-glucose. 94 

Disaccharides comprising L-rhamnose attached to 0-3 and 0-4 of 
D-glucuronic acid derivatives have also been reported95 as have 
6-deoxy-2-c- (a-L-rhamnopyranosy1)-L-talose, 96 p-aminophenyl 2-2- 
acetyl-3-C)-a-L-rhamnopyranosyl-a-L-1-hamnosi~e~~ and 2-2- (a-L- 
rhamnopyranosy1)-D-xylose and -6-deoxy-L-glucose . 98 
2-0-a- and 6-L-fucopyranosyl-B-D-fucopyranoside were prepared as 
fucosidase substrates, 99 and further structure-taste studies have 
been carried out on flavanones containing D- or L-fucosyl-D- 
galactose disaccharides . loo 

derivative (26) has also been reported. 

- p-Nitrophenyl 

The 6-deoxy-D-galactose disaccharide 
101 

Thiem and coworkers have continued their studies of disaccharides 
of dideoxy-hexoses and have reported on the preparation of the D-C 
component of aureolic acid (Scheme 4 ) . Similarly they 
have made the B-A unit (27) of mithramycin together with the a- 
linked isomer and both the 1,q-linked analogues. Compounds 
(28) and (29) which occur in the trisaccharides of anthracyclinones 
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Br B r  
Scheme 4 

were prepared by a "glycal addition" procedure as indicated in 
Scheme 5.1°5 

Me Me 

(28) R ' =  H ,  R2=OH 

(29) R',R2= 
R4agen.k.: i ,  N I S  , i b ,H2-Pd /C  ;ui ,MeONa-MeOH; 

i v ,  PDC- CCI2CL2. for (2S) ,  i-Lti,ii ; b-r(29),i-iv,ii 

Scheme 5 

1 . 3  0-Glycosides Isolated from Natural Products.- As usual, this 
section is highly selective; many examples of simple and complex 
glycosides have been reported. 

have been elucidated,lo6 and epoxide ring opening reactions of 
epoxyiridoid B-D-glucosides have been investigated .Io7 

2- And 3-0-B-D-glucopyranosides of 1-2-p-hydroxyphenylglycerol 
and related compounds have been isolated from pine needles; both 
enantiomers of the aglycones occurred in the plant. lo8 
glucopyranosides to have been isolated from botanical sources are 
those of 2-methylpropane-l,2-di01,~~~ 3- (hydroxymethy1)furan 
(structure confirmed by synthesis) ,I1' and (R)-dihydromaleimide. 
This last glycoside had plant growth inhibitory properties - 
apparently, however, only on liberation of the aglycone. 

feruloy1)-6-L-arabinofuranosyll-D-xylose (30) was formed by enzymic 

Some further features of the biosynthesis of iridoid glycosides 

Other B-D- 

In the area of disaccharide natural products, 2-2-[5-g-(trans- 
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hydrolysis of the cell walls of wheat bran and other plants.''* 

'OH 

Cell suspension cultures of Syringa vulgaris accumulate up to 16% 
of their dry weight as a mixture of hydroxyphenylethyl glycosides 
of which verbascoside (31) is the major.113 
apiosylglucose glycoside ( 3 2 )  is a bitter monoterpene derivative 
found in a Japanese shrub. 

The interesting cyclic 

114 

1.4 Hydrolysis and Other Reactions and Features.- The rate limiting 
step in the acid-catalysed hydrolysis of alkyl a- and 6-D-fructo- 
furanosides has been shown to be the unimolecular heterolysis of 
the C-2-0-2 bond following protonation of the latter atom.'l5 
technical report has described the successful use of perfluorinated 
resin sulphonic acids for the hydrolysis of cellobiose, sucrose or 
starch in either batch or continuous flow processes 

A 

A new procedure for obtaining 1-hydroxy aldose derivatives con- 
taining such acid-labile substituents as ally1 or acetyl involves 

CL4 
T' 
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the use of 2-methoxyethyl glycosides which, with titanium tetra- 
chloride, give complexes which hydrolyse readily with water (Scheme 
6).ll7 An examination of the rates and mechanisms of the 
acetolyses of permethylated a- and B-D-glucose, -D-galactose and 
-D-mannose has indicated that the relative reaction rates differ 
markedly from the corresponding rates of hydrolysis of glycosides?18 
Trimethylsilyliodide in carbon tetrachloride causes rapid cleavage 
of the glycosidic bonds of permethylated mono- and di-saccharides. 
With pertrimethylsilylated analogues 1,6-linkages cleaved fastest 
and other reactions were slower. Since the iodinolysis products 
are readily hydrolysed to free sugars, the method constitutes an 
alternative to acid hydrolysis of glycosidic bonds .'Ig 

Rates of the acidic hydrolysis of substituted phenyl a- and 6- 
mannopyranosides showed that the a-anomers hydrolysed up to 2 . 7  
times faster than did the B-compounds, and up to 1 . 7  times faster 
than did the corresponding a-glucopyranosides. The work was 
extended to a study of the alkaline hydrolysis of these compounds 
and, as was to be expected, electron withdrawing groups in the 
aromatic rings facilitated reactions and a-compounds reacted 100- 
1000 faster than their anomers - presumably because the C-2 oxyanion 
can participate in the reactions of the forrner.l2' A related study 
of substituted phenyl B-D-glucopyranosides was carried out over the 
temperature range 40-100°C,121 and it has been found that the rate 
of the alkaline hydrolysis of the 2-nitrophenyl compound is in- 
creased 16 times by added phenylboronic acid and hexadecyltrimethyl- 
ammonium chloride. Apparently hydrophobic boronate esters are 
formed and are incorporated into a cationic micelle. Strangely, 
the hydrolysis of the 6-D-galactoside analogue is enhanced by a 
factor of only 2.5.122 

isolated by preparative h.p.1.c. from partially methylated sucrose, 
and their rates of alkaline degradation were determined in 
connection with mechanistic studies on the alkaline break-down of 
sucrose. The former ether was relatively stable, which is con- 
sistent with the proposal that the degradation involves ionization 
at 0-3  . 

3'- And 4'-~-methylsucrose have been 

In acetonitrile, and in the presence of 1,4-dicyanonaphthalene as 
sensitiser, phenyl a- and 6-D-galacto- and D-glucopyranosides on 
photolysis at 350 nm give radical cations which lose phenoxy 
radicals to afford the glycosyl carbonium ions. These hydrolyse 
to give the free hexoses which are then slowly degraded further; 
in the presence of methanol they are converted into the anomeric 
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124 methyl glycosides. 

3-oxoalkyl glycosides illustrated in Scheme 7,12* and with G. Remy 
Descotes has discussed general aspects of the photoreactivity of 

CH20Ac $ $  i F@ R’ 

AcO &o>ocHcHp2 0 + AcO R’ 

0 Ac OAc 

Reageat : i ,  hu R’ = H,Ph; R 2 =  Me, Ph 

Scheme 7 

has specifically reported on the reaction of the 3-oxobutyl L- 
arabinopyranoside triacetates. 3-Oxobutyl glycosides of 2-deoxy- 
and 2,3-dideoxy-8-D-glucose were then made from the 2-deoxg-2- 
mercuri analogue and photocyclised to give mixed spiro-products 
which then afforded the a-anomers predominantly with acid .125a 
As anticipated from earlier work, the a-anomer with an axial H-1 
atom reacted faster than did the Parallel work on 
the eforrnyl- and 2-acetyl-phenyl B-D-glucopyranoside tetra-acetates 
gave compounds (33) and (34) which, with acid, readily isomerized 
into the latter a-forms.127 

C H ~ O A C  

/ AcO 

O A c R  OH OAc 

( 3 3 )  R = H , M e  (34) 

The equilibrium constants for the ionization of several methyl 
glycofuranosides in aqueous alkali metal hydroxide solutions were 
determined and related to the relative retentions of the compounds 
on anion exchange columns. 

A very interesting report has appeared on the deuteration of 
methyl tetro- and pento-furanosides in the presence of Raney nickel 
as is illustrated in Scheme 8. Exchange at C-4 did not occur with 
other pentofuranosides. Several aspects of the reactions were 
discussed in detail: the synthesis of specifically labelled 
compounds, the specificities of the reactions and conformational 
aspects. 129 

128 

Some long chain alkyl (C7-C10) glycosides and 1-thioglycosides 
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coyMe- GoyM' ( O $  OMe - 
OH OH OD OD OH OD D 

have thermotropic liquid-crystal phases between room temperature 
and their melting points, and such properties may be expected for 
glycosides which have heptyl or longer aglycone chains .I3' 

Heats of dilution in water of some methyl glycosides have been 
determined by microcalorimetry, and it has been concluded that no 
favourable 3olute-solute interactions relative to solute-solvent 
interactions occur.131 
competitive inhibitors of yeast a-glucosidase .I3* 

The diastereoisomers (35) and ( 3 6 )  are 

2 S-Glycosides 

The uses of 5-glycosides in several syntheses of 2-glycosides are 
noted in the preceding section. 

Glycosyl trichloroacetimidate acetates can be used in the pre- 

YHzOAc ~ H ~ O A C  

OAc OAc 
Reagent-s : L ,  RSH-BF3 

Scheme 9 
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paration of 1-thio-6-D-glucopyranosides (Scheme 9 ) ;  the use of the 
corresponding benzyl ethers gaverise to the a-anomers. 133 
conventional synthesis involves the use of peracetylglycosyl 
bromides and aromatic thiols in acetonitrile in the presence of 
triethylamine. In the D-mannose series 1,2-thio-orthoesters were 
formed together with 1-thio-B-glycosides and attempts to use these 
procedures with aliphatic thiols led mainly to the elimination 
product . 134 Long chain alkyl 1-thio-6-D-glucopyranosides were p r e -  
pared by use of the 1-thio-sugar and alkyl iodides, and it was 
observed that the cytotoxicity of the products was optimal with the 
octyl compound.135 

More 

The 'H, 13C and 31P n.m.r. spectra136 of 

C H ~ O A C  

Ac 0 0 AuPEt3 

OAc d 

(37) 

auranofin (371,  an antiarthritic drug, as well as syntheses of 
"'Au-, 32P- and 35S-labelled samples137 have been described. 
synthesis of progoitrin, which is a plant glucosinolate, together 
with a diastereoisomer is outlined in Scheme 

The 

:H~CH(OA=)CH=CH~ 

?Ac + - 
+ CHZ=CHCH CHZCZN-0 + 

OAc 

!?eaqents. i ,  P3-$03 ;ii, NH3-MeOH 

Scheme 10 
OH 

3 C-Glycosides 

These compounds are currently attracting extremely wide interest, 
especially since members of the class are related to many components 
of other natural products. 

3.1 Pyranoid Compounds.- The main routes to these compounds depend 
upon nucleophilic attacks at the anomeric centres of a wide range 



Glycosides and Disaccharides 31 

of pyranose derivatives, but, for the first time, reports have 
appeared on additions of glycosyl radicals to unsaturated compounds 
as an alternative approach. Also,  reactions of glycosyl cyanides 
can be used to elaborate some members of the class. These 
approaches will be dealt with in turn. 

Displacement of the trichloroacetimidate group is illustrated in 
Scheme 11, the first two nucleophiles listed giving mainly blinked 
products, the third a mixture of anomers and the others primarily 
a-pr oduc t s . 13' Similarly , the corresponding 2 '  -pyridyl l-thio-6- 

D-glucoside derivative, treated with trimethylsilylated enol ethers 
or with aromatic hydrocarbons, gave a-linked products with C-bonded 
ketonic (e.g. PhCOCH2-) or aryl substituents. l4O Further work has 
been reported on C-ally1 glycosides produced from glycosyl acetates 
using allyltrimethylsilane and boron trifluoride; good selectivi- 
ties were recorded for the production of compounds (38) and ( 3 9 ) ,  
the latter being an unexpected observation. 141 

Anhydro-sugar derivatives can also be used to produce c- 
glycosides, the corresponding 1,2- and 1,6-anhydrides having been 
employed together with nucleophilic carbon species to obtain com- 
pounds (40)'~~ and (41) ,143 which were required during synthetic 
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studies of palytoxin (see also Chapter 24). 
Free sugars themselves can undergo nucleophilic attack at the 

anomeric centre as in the synthesis of the ester (42) from the 
corresponding free sugar by means of a Wittig reagent,144 and 
related procedures must have been involved in the generation of 
compounds such as (43),145 (44)146 and (45)147 by reactions of 

NYo 
HO copoH HO gigNR 0 HO ( 4 ~  N Me Me 

Bn 
OH OH 

(431 (44) R = H , M e  (45) 

appropriate free sugars with polyhydric phenols, barbituric acid or 
its 1,3-dimethyl derivative and 5,5-dirnethyl-l,3-~yclohexanedione, 
respectively. In each of these cases acyclic products were formed 
in association with the C-glycosides, and in the last case the 
cyclization had to be induced by a specific acid-catalysed reaction, 
and while the a- and 6-pyranosyl compounds were obtained under 
thermodynamic control, a furanoid intermediate was involved. 

Complex ketose derivatives can be formed by carbanion attack at 
the carbonyl group of aldonolactones, deoxygenation at the anomeric 
centre thus giving C--glycosidic products. In this way the isomeric 
alkenes (46) and (47) were made by use of an acetylinic nucleophile 

CH205n -0Bn p O B *  { p y n  

-% if”\””” 
($7). -L{x; L b  {Y (46) 

BnO 

0 Bn 

(47) 
Reagents L ,  z J o B ” - B ~ L ~ ,  LL, Et3SLH-BF3, w ,  H 2 - L t d L a r  ~ w,  L A H  

Scheme I2 

(Scheme 12) and, with 1,l-dibromo-1-alkenes, compounds (48) and (49) 
were made. 148 The first 2-linked disaccharide derivative has been 

0 Bn 
(49 (49) OH 
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prepared using this approach, the alkyne anion having been produced 
from the corresponding 7,7-dibromo-6,7-dideoxyheptose derivative 
(Scheme 13).14' 

CZCLL 
Conjugate addition of an organo copper reagent to 

BnO Bn0 

OUn 00n 

Reagents. .L, E t j S i H  -BF3 ; u, H2-Pd 

O6n \ 

O H  OH 
Scheme 13 

an enone (Scheme 14) has given a-linked products with high 
selectivity .'5O 

C ~~0 S t B u t ~ e 2  

Me 

Reagents. i, R (PhS)CuLt Scheme 14 

Two significant communications have described the generation of 
glycosyl radicals by treatment of glycosyl bromides or phenyl 1- 
selenoglycosides with tributyltin hydride, and their trapping with 
acrylic esters or acrylonitrile. Good a-selectivity was observed 
with yields of specific adducts of up to 70% (Scheme 15). 151,152 

To some extent reduction products are formed together with some 
compounds derived by radical addition to a second acrylic acid 
derivative. A somewhat related procedure which also depends on 
the use of trialkyltin hydride involves the use of 1-nitroglycosyl 
compounds as illustrated in Scheme 16. The procedure was also 
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O6n 
Reagents: L,  N c d M e ;  LL, CHzO; ir;, Ac20-Py I V ,  BuJSnH 

S c h e m e  16 

0 nO OHzoAC 
OBn 

15 3 applied in the furanose series. 
Additional reports have appeared on the direct derivation of 

- C-glycosides from glycal esters. B-Dicarbonyl compounds, e.g., 
methyl acetoacetate, in the presence of boron trifluoride or 
bis(benzonitrile)dichloropalladium, react as illustrated in 
Scheme and, in like fashion, 2,3-unsaturated C-glycosyl- 

L 
M P . 7 '  

ReagexLts L ,  CH,(COMe)2-EF3 ov Pd(PhCN)2CL2 

s c h e m e  17 

cyanides, are formed by reaction of glycal oy 2-hydroxyglycal esters 
with trimethylsilyl cyanide and boron trifluoride (or tin(1V) 
chloride).155 A reaction related to these is noted in Chapter 24. 

Dehydration of 2,6-anhydro-D-heptonamide peracetates with g- 
(chloromethy1ene)-3-methylmethanaminium chloride affords an alter- 
native synthesis of glycosyl cyanides as exemplified in Scheme 

CH20Ac C H ~ O A C  
I I 

0 Ac OAc 

Reaqents: L ,  D M F -  (COCL)z (qiuwy M e 2 i b H C I  Ct) 

Scheme 18 

18,156 and the anomeric configurations of such products have been 
shown to be assignable from the CZN stretching frequency in the 
laser-Raman spectrum,axial nitriles giving absorptions at least 
12 cm'l lower than their equatorial anomers. 
were not observable in the i.r. spectra. 157 
cyanide (50), the enolic derivatives (51) - (53)  have been prepared 

These frequencies 
From the B-D-galacto- 
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- CH20H 

- 

(51) OH YMe 9 H  L . p  uoo 
Go?& 

(52) OH 

L - LLL 

OAc (J”’H LV-VL ~ {$OM‘ vu ~ {y H 
(5-9 CH2OH 7 HO 

AcoQN ’ 

Reagents L, Ph,PBr,, u., AgF-Py , CiL, NaLlMe;  LV, P C l s ,  

v, - Py , VL, HOAc , v u ,  NaBH3CN, vur,TsCL-Py ,cx,NaOBz-DNF 
(53) OH 

0 Scheme 19 

as shown in Scheme 19, the first two, but not the third, are 
susceptible to 6-galactosidase-catalysed hydration.15* Such 
hydration of the deuterated compound ( 5 2 1 ,  C - 2 (  H), occurred to 
give the isomer (54).159 Other references to C-glycosides are 
made in Chapter 2 4 .  

2 

H 

1’0 

@)OH Me 

3 . 2  Furanoid Compounds.- As with the pyranoid compounds several 
routes to furanoid C-glycosides have been employed. Under phase 
transfer conditions sodiomalononitrile and related salts give such 
products from furanoid free sugar derivatives. Intermediate 
alkenes may be involved, ring closure reactions giving large pro- 
portions of thermodynamically less favoured 1,2-&-related isomers 

Scheme 20  
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(e.g., Scheme 20; the illustrated product was isolated in 80% 
yield). l6O 
gave, under Wittig conditions, the diene (55) which cyclized to the 
B-anomer (56) exclusively (Scheme 2 1 )  and in parallel manner, 

In contrary fashion, 2 , 3-~-isopropylidene-D-ribose 

C0,Me 

O X 0  

(56) 

compound (57) was prepared and from it the 2-nucleosides ( 5 8 ) -  

0 C02Et 

O x 0  

(57) 

CH2OH 
I 

OH OH 

P O )  

(60 1. 16’ 
the glycosyl 1-phosphates, have been made using a Wittig reagent 
with 2,3-~-isopropylidene-5-O-trityl-D-rityl-D-ribose. 162 

The anomeric phosphonates (61), which are analogues of 

C H20Tr 

)-cH2!(oph)2 Y”pR (62) R =  CH2CH=CI-!2 

020 OBz 

(63) R =  . C H ~ C H = C H C ~ H T  

Ox0 

( 6 ’ )  
Direct condensation of 1 - ~ - a c e t y l - 2 , 3 , 5 - t r i - O - b e n z o y l - B - D - r i b o -  

furanose and allyltrimethylsilane in the presence of zinc bromide 
or boron trifluoride gives the anomers (62) in the a : B  ratios of 
4: 1 and 7: 1,14’ respectively, and analogous reaction of 1-hexene in 
the presence of tin(1V) chloride gave not just the C-glycosides (63) 
but also chlorinated adducts. The use of trimethylsilyl triflate 
avoids this problem, but only 20% yields are obtained. On 
ozonolysis, the alkenes (63) gave glycosylethanals from which other 
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extended chain compounds were derived. 163 
Silylated enol ethers can be used to prepared functionalized c- 

glycosides from glycosyl bromides (e.g., Scheme 22) the a : B  ratios 
being g. 1:9.164 In related fashion, acetates such as 1,2,3,5- 

FHzOBn 

Reagents ’ i, ,ti2=C:OTMS - TMS 6r - ZnBr2 
D U t  

Scheme 22 

tetra-2-acetyl-B-D-ribofuranose together with trimethylsilyl 
cyanide and tin(1V) chloride give the corresponding glycosyl 
cyanides, e. g., 2 3,5-tri-2-acetyl-B-D-ribofuranosyl cyanide;165 
however, an examination of an extensive set of esters indicated 
that 1-~-ace ty l -2 ,3 ,5- t r i -O- to luyl -8-D-r ibose ,  and hence the 
1-bromide which was treated with mercury(I1) cyanide, proved to be 
the best source of the ribofuranosyl cyanide.166 
trimethylsilyl cyanide and boron trifluoride, tetra-0-acetyl-B-D- 
ribofuranose gives the B-cyanide by way of the 1,2-2-cyanoethylidene 
intermediate; under similar conditions penta-g-acetyl-8-D-gluco- 
pyranose gave only the corresponding intermediate (64), which 
resisted further reaction. On the other hand, methyl 2,3,5-tri-Q- 
acetyl-6-D-ribofuranoside underwent reaction with ring opening to 
give the acyclic product (65) 

Treated with 

C H ~ O A C  
I 

( 6 4 )  Me 

I 

OSiMc, 

CH20Ac 

(65) (66) ( 6 7 )  

Several simple anomerio substituents in C-glycosides have been 
elaborated: e.g., the cyano group, via formyl, to the (R)- and 
(S 1-glycinyl group ,168 chlorocarbonyl to cyanomethylcarbonyl , which 
can be further transformed into heterocyclic groups for C-nucleoside 
synthesis ,I6’ and the -C5CC02Et group into a pyrazoloC1,5-dl-1,2,4- 
triazin-4 (3g)-on-8yi residue. l7O 

Synthesis of 3,6-anhydro-2-deoxy-4,5-~-isopropylidene-D-a110- 
heptonic acid lactone (66) from D-ribose has been achieved in 31% 
overall yield y& the Wittig-derived intermediate (67) .I7’ 
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Whereas methyl 2-amino-2-deoxy-a-D-glucopyranoside with sodium 
nitrite in anhydrous acetic acid gave mainly the 2,5-anhydro-D- 
mannose derivative (681, the B-tetra-2-acetate of the same sugar 
and 2,3,4,6-tetra-~-acetyl-B-D-glucopyranosylamine gave mainly the 
penta-acetates of D-glucopyranose and D-mannopyranose and of D- 
glucopyranose, respectively. 172 

3 .3 .  Glycosides Isolated from Natural Sources.- The third report of 
a naturally occurring ~-galactoside-8-~-galactopyranosylapigenin 
the first from a member of the Compositae, has been reported,173 as 
has the first example of a C-allosylated compound (2-C-6-D-allo- 
pyranosyl-1,3,6,7-tetrahydroxyxanthone) from a fern. In 
association with this work, compound (69) was prepared by zinc oxide- 
promoted coupling of the acetylglycosyl bromide with tri-2-methyl- 
phloroglucinol. 

published175 and an antibiotic from a Streptomyces has been shown 
to be the analogous a-L-fucofuranosyl glycoside. On treatment 
with acid, it isomerized partly into the a-furanoside and B- 
pyranoside . 176 
flavones have been synthesized by use of acetylated glycosyl 
bromides. 

174 

Full structural details of ravidomycin (70) have been 

Various C-bonded glycosides and diglycosides of 

Some isomerized substantially in mild acid .177 
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01 i g osacc hari des 

1 General 

This Chapter deals with specific tri- and higher saccharides; most 
references relate to their syntheses by specific chemicxl methods. 
It does not cover higher, non-specific compounds made by the oligo- 
merisation of monosaccharide derivatives nor does it deal with 
aspects of the chemistry of the cyclodextrins. Synthetic targets, 
in the main, are used to classify the compounds covered, but of 
course in papers dealing with the specific synthesis of,%., a 
pentasaccharide, reference will be made to lower saccharides. The 
latter are generally not dealt with separately here. 

A review has appeared on the synthesis of oligosaccharides which 
contain 3-deoxy-D-manno- 2-oc t ulopyranosy 1 (KDO ) residue and another 
on the syntheses of oligosaccharides which contain an a-D-galacto- 
pyranosyl groups. 2 

An interesting development has applied enzymic transfer of 
glycosyl moieties to oligosaccharides bound on polymer supports. 
Thus, f o r  example, by use of glycosyl transferases or trans- 
glycosylases, monosaccharide units have been linked to 4-carboxy-2- 
nitrobenzyl 4-g-B-D-glucopyranosyl-B-D-glucopyranoside which was 
bonded by an amide link to aminoethyl-substituted polyacylamide gel 
beads and the resulting trisaccharides were released by photo- 
irradiation. 

New methods for sequencing oligosaccharides are based upon i) the 
total or partial hydrogenolytic cleavage ( E t  SiH-BF ) of the 
permethylated derivatives, ii) conversion of liberated hydroxy 
grcups into naphthoyl esters and iii) the conversion of reducing 
moieties into 1-deoxy-1 -pyr id iny la rn inoa ld i to l  units. The last two 
steps generate entities which are suitable for fluorescence 
detection; mass spectrometric methods were used f o r  product 
analysis. Maltotriose gave compounds (1)-(3) which were separated 
by h.p.1.c. and analysed directly by chemical ionization mass 
spectrometry. The rates of hydrogenolysis of inter-unit glycosidic 

44 

3 3 
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OMe 
(1 1 

OMe 
(2) OMe 

4 bonds fall in the order a ( 1 - + 4 )  > a ( 1  -+ 6) > a ( l  -+ 2 )  > B ( 1  -+ 2). 
In a related study, the reducing terminus of maltotriose was 
released from the derived methylation-reduction product (4) as the 
mixed alditol acetals ( 5 )  and (6) together with the maltose ether 
(7) on acid-cataly'sed acetonation (Scheme 1). 

CH20Me CH20Me CH20Me 

Me0 & o & o & o ~ f o M e  A , M e 0  h/-&oF)--OH 
OMe OMe OMe OMe OMe 

Me0 (7) 
C H 2 0 H  

(4) 

Me0 

CH20H 
R e c x p ~ t s  . i, Me, CO - OF3 

(5) t 4) S c h e m e  1 

An important paper on the determination of the solution con- 
formations of oligosaccharides by 'H n.m.r. and theoretical methods 
is referred to in Chapter 21, as is a report on the use of 13C 
n.m.r. spectroscopy in the structural analysis of oligosaccharides. 
Oligosaccharides from human milk have been examined by 'H n.m.r. 
spectroscopic analysis (360 MHz) of the derived peracetates. A l l  

signals can be recognized and assigned, sites of glycosidic bonding 
can be recognized by the shieldings of the protons at these 
positions [e.g., Galf3(1 + 3)GlcNAc and GalB(1 + 4)GlcNAc can be 
distinguished] and n.0.e. experiments on the protons at the inter- 
unit linking positions can be used to determine sugar sequences. 6 
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The sequncing of oligosaccharides by chemical ionization m.s. 
methods is mentioned in Chapter 22. 

2 Trisaccharides 

In the group of D-glucotrioses, cellotriose and homologues have 
been synthesized by successive glycosylations using benzyl 2,3,6- 
tri-0-benzyl-B-D-glucopyranoside ,' and benzyl 2,3 , 4-tri-2-benzyl-a- 
D-glucopyranoside has been condensed with cellobiose and lamin- 
aribiose derivatives having free anomeric positions (p-nitro- 
benzenesulphonyl chloride, silver triflate, and triethylamine used 
for condensing) to give 1 +. 4, 1 + 6- and 1 -+ 3, 1 -P 6-linked 
products. In related work on nephritogenic glycosides , the 
B - ( 1  +. 6 ) - B - ( 1  + 6 ) - 9  and the 8-(1 + 6)-a-(1 +. 6)-linked trirnersl' 
were made as their 1-a-azides and converted into aspartic acid 
amides by reduction and amide linking to a partially protected 
aspartic acid derivative. The same Japanese group have also des- 
cribed syntheses of the a-(1 + 6)-a-(l +. 6) trisaccharide as a 1- 
glyceryl glycoside which has the structure (8) which has been pro- 
posed for the glycero-glucolipid of human gastric secretion. 11 

0 CO Ci2H 2 I 

HO gjf&y OH c H P C  H2 0 c 16 H 33 

OH 

(81 

Related @-(1 + 6)-8-(1 + 4) glycosides with 2-hydroxypropyl 
aglycones, which are related to rhynchosporoside, have also been 
described. 12 

Controlled acetolysis of a glucan from fungal fruit bodies 
followed by chromatographic separations gave the peracetates of 
nigerose (3-~-a-D-glucopyranosyl-D-glucose) and nigerotriose and in 
the course of the work conventional syntheses of specific glycosides 
of these oligosaccharides were described .I3 Some bacterial glucan- 
sucrases were found to utilize a number of D-glucose oliga- 
saccharides as D-glucose donors and acceptors. When donors also 
acted as acceptors, disproportionation reactions occurred, e.g.~ 
isomaltotriose gave initially isomaltose and the tetraose .I4 

In the D-mannose series, a-D-Man(1 + 2)a-D-Man(l -+ 2)-D-Man, 
the repeating unit of the 08-antigen of E. coli, has been syn,- 
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thesized by stepwise procedures involving 2,3:4,6-di-g-benzylidene- 
D-mannosyl glycosylating reagents. In the products, the 2,3-  
acetals can be selectively converted to the 3-benzyl ethers with 
lithium aluminium hydride-aluminium chloride. 

In the deoxy series of homotrisaccharides, a-L-Cym-(1 + 4)-a-L- 
Cym(1 -+ q)-B-L-Cyrn (Cym = cymerose = 2,6-dideoxy-3-g-methyl-D-ribo- 
hexose) has been isolated from dried twigs ,I6 and phenyl 4"-amino- 
4~',6"-dideoxymaltotrioside octabenzyl ether (a derivative of the 
acarbose terminal trisaccharide) has been made in connection with 
studies on a-glucosidase inhibitors .17 

saccharide glycoside (9) was made by use of the appropriate aceto- 
bromo derivative of the 3-fluorinated sugar. 

The fluorinated tri- 

18 

OH OH OH 

(9) 

The following heterotrisaccharides are subdivided into linear 
and branched compounds and each set is categorized by the nature of 
the reducing moiety. One non-reducing compound, a-lactosyl f3-D- 

fructofuranoside, has however been described as the product of 
action of levansucrase on lactose and sucrose and, in the course of 
the work, B-D-fructofuranosyl a-D-galactopyranoside was made 'by 
similar enzymic means .I9 
2.1 Linear Heter0trisaccharides.- A bacterial endo-(1 + 4)-f3-D- 
xylanase caused transfer of xylosyl units from phenyl f3-D-xylo- 
pyranoside to cellobiose and gave 6'-~-f3-D-xylopyranosylcellobiose 
as well as the corresponding xylobiosyl- and xylotriosyl-cello- 
biose. *' 
pare a- and B-L-Fuc(1 + Q)B-D-Gal(l + 4)D-Glc and a-L-Fuc(1 + 6)f3-D- 
Gal(1 + o)D-Glc, and the isomeric 4'- and 6'-g-fucopyranosyl- 
lactose were prepared in the same study. 21 
compound to have been reported is B-D-Gal(l + 3)-a-D-GalNAc(l + 6) 
D-Glc and the D-galactose isomer was also prepared. 22 
thesis of B-D-Man(1 + 4)a-L-Rha(l -+ 3)D-Gal as the p-trifluoro- 
acetamidophenyl glycoside has a lso  been described. 23 
mannose-containing linear trisaccharides to have been described are 
derivatives of B-D-Gal(1 + 4) 6-D-GlcNAc (1 -+ 2)D-Man24 (for related 
pentasaccharides; see below), B-D-GalNAc(1 + 3)f3-D-Glc(l + 6)D-Man 

Conventional Koenigs Knorr procedures were used to pre- 

Another D-glucose 

The syn- 

The D- 
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and B-D-GalNAc(1 -f 4)B-D-Glc(l + 6)D-Man.25 
series 6-D-Gal(1 -+ 6)B-D-Man(l * 4)L-Rha has been made as a p-tri- 
fluoroacetamidophenyl glycoside. 23 

In the L-rhamnose 

The following 2-acetamido-2-deoxy-D-glucose derivatives have 
been reported: 
B-D-Man(1 + ~ ) G ~ c N A c , ~ ~  a-D-Man(1 -+ 3)B-D-Man(l + ~ ) G ~ c N A c , ~ ~ ’ * *  
a-D-Man(1 + 2)B-D-Man(l -+ ~ ) G ~ c N A c , ~ ~  a-L-Fuc(1 + 2)B-D-Gal(l -f 4) 
GlcNAc , 29 6-D-Man (1 + 4 ) 6-D-GlcNAc ( 1 -t 4)GlcNAc3’ and a-L-Fuc 
(1 * 2)@-D-Gal(l -+ ~ ) G ~ ~ N A c . ~ ~  
saccharide (lo), which is related to that found in the antitumour 

a-D-Gal(1 -+ h)B-D-Gal(l + ~ ) G ~ C N A C , ~ ~  a-D-Man(1 + 6) 

The 3-amino-3-deoxy sugar tri- 

antibiotic aclacinomycin, was prepared by procedures which 
included a final alcohol oxidation step. 32 

2.2 Branched Heterotrisaccharides.- The following have been 
reported (often as derivatives): 3-O-(B-D-glucopyranosyl)-2-2-(a- 
L-rhamnopyranosy1)-D-galactose, 33 2 3-di-9- (€3-D-galactosy1)-D- 
galactose and the 3-g-a-2-g-B-isorner, 34 3,4-di-G-( 6-D-gluco- 
pyranosy1)-L-rhamnose, 35 2 3-di-2- ( 6-D-glucopyranosyl) -L-fucose, 
and 2,3-di-g- (B-D-galactopyranosy1)-L-fucose, 36 the last four 
compounds being obtained by use of the photolabile g-nitrobenzyli- 
dene acetal. Derivatives o f  2-amino-2-deoxyhexoses have attracted 
appreciable attention and the following trisaccharides have been 
synthesized (usually as glycosides): 2-acetamido-2-deoxy-4-0-(a- 
L-fucopyranosyl)-3-~- ( B-D-galactopyranosyl )-D-glucose, 37y 38 2- 
acetamido-2-deoxy-3,4-di-g- ( B-D-galactopyranosyl)-D-galactose39 and 
2-acetamido-3,6-di-0-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-2- 
deoxy-D-galactose. 

36 

45 

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 reducing sugars present. 

3.1 Linear Tetrasaccharides.- From the partial hydrolysate of 
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levan, the component fructotetraose (and the pentaose and hexaose) 
have been isolated by combined chromatographic methods. " The 
following isomers have been isolated from human milk and 
characterized: B-D-Gal(1 -+ 4)6-D-GlcNAc(l -+ 3)B-D-Gal(l -+ 4)D- 
6 1 ~ ' ~  and 6-D-Gal(l * 3)B-D-GlcNAc(l + 3)B-D-Gal(l -+ ~ ) D - G ~ c . ~ ~  
The latter was characterized by 2D n.m.r. studies carried out on 
the peracetylated, reduced tetrasaccharide. The a- and B-L-fucose- 
containing compounds B-D-Gal(1 + 4)a-  and B-L-Fuc(1 -t 4)a-L-Fuc 
(1 + 3)D-Glc have been made by Koenigs Knorr procedures modified to 
favour each isomer44 and the repeating unit of the polysaccharide 
from Shigella flexneri variant 7 has been synthesized. It is 
a-L-Rha(1 -f 3)a-L-Rha(l -+ 3)B-D-GlcNAc(l + 21L-Rl1a.~~ 

3.2 Branched Tetrasaccharides.- Syntheses of the following have 
been reported : 

a-D-Man ( 1 -+ 3 B-D-Man ( 1 -+ 4 )D-G~CNAC*~ 
6 
f 
1 

a-D-Man 

46 a-L-Fuc(l -+ 2)B-D-Gal(l -+ 3)D-GlcNAc 
3 + 
1 

a-D-GalNAc 

a-L-Fuc ( 1 -+ 2 ) B-D-Gal ( 1 -+ 4 )D-GlcNAc 4 7  
4 
1. 
1 

a-D-Gal 

48 a-L-Fuc(1 -+ 2)B-D-Gal(l + 3)GlcNAc 
4 + 
1 

a-D-Gal 

B-D-Gal( 1 -+ 4 ) B-D-GlcNAc (1 -+ 6 )D-GalNAc4' 
3 + 
1 

B-D-GlcNAc 
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6-D-GalNAc ( 1 -+ 2 ) B-L-Rha ( 1 -+ 4 )L-Rha5' 
4 + 
1 

B-L-Rha 

B-D-GalNAc (1 -+ 2) B-L-Rha (1 -+ 2 )L-Rha5' 
4 + 
1 

B-L-Rha 

4 Higher Olinosaccharides 

4.1 Pentasaccharides.- T h e  following compounds have either been 
isolated from natural sources or have been synthesized: 

a-L-Fuc(1 -+ 2)B-D-Gal(l + 3)B-D-GlcNAc(l -+ 3)O-D- 
Gal(1 + ~ ) - D - G ~ c ~ ~  

B-D-GlC(l + Q)B-D-GlC(l -+ 3)f3-D-Glc(l -+ Q)B-D-Glc(l + 4) 
D-Gl c ** 
B-D-Glc(1 -+ 2)B-D-Glc(l 
B - D - G ~ c ~ ~  

-+ -+ 2) B-D-Glc( 1 -+ 2) 

B-D-Gal(1 -+ 4)B-D-GlcNAc(l -+ 2)fi-D-Gl~~~ 
4 + 
1 

B-D-Gal(1 -+ 4)B-D-GlcNAc 

An antibiotic-derived pentasaccharide is noted in Chapter 19. 

4.2 Hexasaccharides.- 

a-D-Glc(1 -+ 2)a-D-Glc(l -+ 3)a-D-Glc(l -+ 3)a-D-Man(l -+ 2 )  

a-D-Man ( 1 -+ 2 ) D-Man5 

6-D-Gal(1 -+ 4)E-D-GlcNAc(l + 3)B-D-Gal(l + 4)B-D-GlcNAc 
(1 + 3)B-D-Gal(l -+ ~ ) D - G ~ c N A c * ~  

B-D-Gal(l + 3)B-D-GlcNAc(l -+ 3)B-D-Gal(l -+ ~ ) D - G ~ c ~ ~  
6 + 
1 

B-D-Gal(l+ 4)R-R-GlcNAc 
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B-D-Gal(l + Q)B-D-Glc(l + 6)a-D-Man(l + 2)D-Man 56 

3 
f 
1 

B-D-Gal(1 + 4)B-D-Glc 

B-D-GlcNAc (1 + 4) a-D-Man (1 + 6 1D-Mar1~~ 

i 2 
f 
1 

6-D-GlcNAC 
1 

B-D-GlcNAc(1-t 2)a-D-Man 

4.3 Higher  Saccharides.- 

B-D-Glc(l + G)B-D-Glc(l + 6)B-D-Glc(l + 6)B-D-Glc(l + 6) 
3 3 
f f D-G1 c 
1 

B-D-GlC 
1 

B-D-GlC 

B-D-GlC(1 + 6)B-D-Glc(l + 6)@-D-Gl~(l + 6)B-D-Glc(l + 6) 
3 3 

D - G ~ c ~ ~  4 f 
1 1 

B-D-GlC B-D-Glc(l + 3)B-D-Glc 

B-D-Gal(1 + b)B-D-GlcNAc(l + 2)a-D-Man(l + 6)B-D-Man 
3 
1. 
1 

(1 + 4) B-D-GlcNAc ( 1 + 4 )D-GlcNAc5’ 

B-D-Gal(1 + 4)B-D-GlcNAc(l + 2)a-D-Man 

.f 
1 

6 
f 
1 

B-D-Gal(1 + 4)B-D-GlcNAc(l + 2)a-D-Man 

B-D-Gal(1 -+ 4)GlcNAc 
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60 B-D-Gal( 1 + 4) 8-D-G-lcNAc 
1 + 
4 

6 
1. 
1 

6 
1. 
1 

B-D-Gal(1 + 4)B-D-GlcNAc(l + 2)a-D-Man(l + 3)D-Man 

B-D-Gal(1 + b)B-D-GlcNAc(l + 2)a-D-Man 

B-D-Gal(1 + 416-D-GlcNAc 
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Ethers and Anhydro-sugars 

1 Ethers -- 

Methyl Ethers .- Techniques used in the preparation of 3-2- ["CI - 
me thyl-D-glucose from di-2-isopropylidene-D-glucose and [ llC I methyl 
iodide have been described All the partially methylated deriva- 
tives of methyl a-D-manno- and -gluco-pyranoside have been synthe- 
sized by partial methylation of the corresponding 6-Q-methyl and 
6-e-trityl ethers, the products being separated by h.p.l.c.2 
And 4'-~-methylsucrose have been isolated by preparative h.p.1.c. 
from partially methylated sucrose, and their rates of alkaline 

3'- 

degradation determined. ' 
pyranoside (of unspecified configuration atc-6) has yielded a total 
of 29 mono- to tetra-2-methyl ether derivatives isolated as their 
peracetates and identified by g.l.c.-m.~.~'~ 
of monomethyl ethers were obtained on partial methylation of methyl 
2,6-dideoxy-a-D-hexopyranoside and lY6-anhydro-2-deoxy-B-D-arabino- 
hexopyranose . The 2-isopropylidene derivatives of the naturally 
occurring 2-g-methyl-D-arabinosey 2- and 3-g-methyl-D-xyloseY 3- 
and 6-g-methyl-D-galactoseY 3-~-methyl-D-glucose, and 2-g-methyl-L- 
fucose have been characterized by g.l.~.-m.s.~ 
version of 2,3-di-Q-methyl-D-glyceraldehyde into 2-methoxypropenal, 
as a model for alkaline degradation of sugars, and the acid- 
catalyzed hydrolysis of 2-methoxypropenal to 2-oxopropanal , as a 
model for related unsaturated sugar reactions, have been the 
subjects of kinetic and mechanistic investigations. Methyl, ethyl, 
and benzyl ethers of isopropylidene derivatives of D-galactose, D- 
glucose, and D-fructose and of methyl 4,6-Q-benzylidene-D-gluco- 
and galacto-pyranoside anomers, can be prepared in high yield by 
phase transfer procedures. 

Partial methylation of B-D-gluco-hepto- 

The expected mixtures 

The alkaline con- a 

10 

Other Alkyl and Aryl Ethers.- 3'-?-Allyl ethers of methyl 6-lacto- 
side and two F-acylated 2-amino-2-deoxy-lactose 0-glycosides were 
obtained by reaction of the dibutylstannylene complexes of these 

54 



Ethers and Anhydro-sugars 55 

d i s ac char i de s with a1 1 y 1 bromide - t e t rabu t y lammoni urn b r omide . 

have been determined by l3C-n.m.r. spectroscopy. 
graphic removal of dibenzyl ether, the B-pyranoside could be 
isolated in 260% yield from D-xylose, D-glucose, and D-mannose; 
D-galactose yielded an inseparable mixture of a-furanoside and B- 
pyranoside (present in 53 and 8% yields respectively), while L- 
arabinose and D-ribose gave more complex anomeric and ring size 
isomeric mixtures. l2 Partial benzylation (BnC1-LiOH) of methyl 
a-D-glactopyranoside gave the 2,3,6-triether, but the use of other 
bases (KOH, RbOH) led to the 2,4,6-isomer. Methyl B-D-galacto- 
pyranoside gave mainly the 3,4,6-triether3 irrespective of the 
alkali used.13 
methyl 4,6-~-benzylidene-a-D-glucopyranoside, it was shown that the 
production of either the 2- or 3-monoether could be optimized, 
depending upon the conditions used (BnBr-DMF-Ag20 or BaO 
respectively). 

Reductive cleavage of benzylidene acetals has been further 
examined. Phenyl 2,3-di-0-benzy1-4,6-2-benzylidene-l-thio-B-D- 
gluco- and galacto-pyranosides were converted to the corresponding 
2,3,4-tri-g-benzylated derivatives with a free 6-hydroxy group 
through the action of lithium aluminium hydride-aluminium chloride; 
analogous conversions of 1-thio-cellobiose and -lactose derivatives 
were also reported .I5 

denated disaccharide (1) underwent stepwise cleavage of the e- 

The products from perbenzylation (BnBr-KOH-DMSO) of six aldoses 
After chromato- 

In a re-examination of the partial benzylation of 

14 

With the same reagent, the tri-c-benzyli- 

2',3'-acetal at room temperature (to give a 3'-g-benzyl ether), and 
then the 4',6'-acetal on heating (to give a 3',4'-diether). l6 The 
configuration of the 1,2-acetal moiety in 1,2:4,6-di-c-benzylidene- 
a-D-glucopyranose (2) determined the course of its selective hydro- 
genolysis (LiA1H4-A1C1 ) as shown on Scheme l.I7 
selectivity of the borane-trimethylamine-aluminium chloride induced 

The regio- 3 
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P l  (- 0, 

'0 u 0 OBn 

OH 

Scheme 1 

reductive cleavage of 4,6-?-benzylidene acetals in D-galacto- and 
gluco-pyranoside derivatives was strongly solvent dependent; in 
toluene, moderate yields of 4-2-benzylated derivatives with a free 
6-hydroxy group were obtained, while in tetrahydrofuran, good yields 
of 6-2-benzylated derivatives with a free 4-hydroxy group 
resulted. 18 

Four alternative procedures for synthesizing benzyl 2-acetamido- 
3 ,6 -d i -~ -benzy l -2 -deoxy-B-D-g lucopyranos ide ,  each involving 
selective 6- over 4-g-benzylation as the overall result, were 
detailed and compared .19 
effected by heating them in propan-2-01 with palladium catalysts, 
the solvent providing the required hydrogen. Considerable 
selectivity was observed, with benzyl ether groups cleaving faster 
than benzylidene acetals. Partial removal of ethers was demon- 
strated by the conversion of methyl 2,3-di-g-benzyl-a- and B-D- 
glucopyranoside to mixtures of the 2- and 3-monoethers. A possible 
relationship between the orientation of a benzyl group and the 'H- 
n.m.r. chemical shifts of its diastereotropic benzylic protons was 
also discussed. 

Slow hydrogenolysis of benzyl ethers was 

20 

Muramyl dipeptide analogues which have 2-g-(l-carboxyethyl)-sub- 

The g-hydroxyethyl-D-glucoses released on acid hydrolysis of 
stituents on an amino-sugar ring are covered in Chapter 9 .  

hydroxyethylstarch have been characterized, and the presence of 2-0- 
(2'-hydroxyethoxy)ethyl-D-glucose amongst the products was confirmed 
following its synthesis by conventional procedures. 21 
n.m.r. spectra of the 2-, 3-, and 6-mono-, 2,3-, 2,6-, and 3,6-di-, 
and 2,3,6-tri-G- (carboxymethy1)-D-glucoses were reported in 
connection with the analysis of carboxymethylcellulose by a 
hydroly~is-'~C-n.m.r. procedure. 22 
ribonucleosides are covered in Chapter 20. 

The l3C- 

Phosphonylmethyl derivatives of 
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Crown ether compounds of general structure (3, n=l) were synthe- 
sized from methyl 4,6-g-benzylidene-a- and B-D-galactopyranoside 
and diethylene glycol di-p-toluenesulphonate, while a-D-gluco- 
analogues (3, n=2) were obtained using triethylene glycol di-p- 
toluenesulphonate; their association with. metal ions was 
examined. 23 Crown ether derivatives and accompanying uncyclized 

products were obtained similarly from the condensatron of 1,2-g- 
cyclohexylidene-3-~-methyl-a-D-glucofuranose with mono- to tetra- 
ethyleneglycol di-p-toluenesulphonate. 24 Heteromacrocyclic com- 
pounds of general structure (4) were constructed from methyl 4,6-0- 
benzylidene-a-D-mannopyranoside after initial phase-transfer 

reduction to the corresponding 2,3-di-2-(2-hydroxyethyl) 
derivative. 

have been obtained following partial tritylation. 27 
of methyl and benzyl a-D-hexopyranosides yielded the following major 
products: the 2,6-diethers from the glucosides, 3,6-diethers from 
the mannosides, and both the 2,6- and 3,6-diethers from the galacto- 
sides. '* 
maltose has detected, in addition to the previously reported 6- and 
6'-mono- and 6,6'-ditrityl ethers (.see Vo1.8, p.31), small amounts 
of trityl 6'-mono- and 6,6'-di-2-trityl-B-maltoside and 2,6'-di-g- 
trityl-a-maltose. 29 
5'-g-(dimethoxytrityl)ethers from protected 2'-deoxyadenosine deri- 
vatives was achieved without detectable E-glycoside cleavage. 3 0  

catalyzed alkylation using t-butyl bromoacetate (BrCH2C02Bu t ) ,  and 

25,26 

All the monotrityl ethers of methyl a- and 6-D-xylopyranoside 
Ditritylation 

Further investigation of the dimolar tritylation of 6- 

The selective removal (Cl3CCO2H-MeOK-MeNO2) of 

Silyl Ethers.- Carbohydrate trityl and benzyl ethers can be convert- 
ed into trimethylsilyl ethers using trimethylsilyl iodide, with 
primary benzyl ethers reacting preferentially. Since the products 
can be readily desilylated, this constitutes a good detritylation 
and debenzylation method. 31 The 2-trimethylsilylation of partially 
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protected monosaccharides using phase transfer procedures has been 
reported. 32 
reagent ( tBuMe2SiC1-AgN03-THF), reacting with primary in preference 
to secondary hydroxy groups, has been demonstrated in the deriv- 
atization of glycerol, and 1,2-~-isopropylidene-a-D-gluco- and 
xylo-furanose; in presence of pyridine, however, quantitative per- 
silylation resulted, 33 
reagents, were effective for the selective 6-0-tert-butyldimethyl- 
silylation ( tBuMe2SiC1 - polyvinylpyridine) and then desilylation 
(Amberlite A26 resin, F--form) of methyl 2,3-dideoxy-a-D-erythro- 
hex-2-enopyranoside. 34 The preparation and h .p. 1. c. analysis of 
per(dimethylphenylsily1)ated alditols, and mono- and di-saccharides 
have been described. 35 
1,3-diyl group in oligonucleotide synthesis has been reviewed. 36 

A highly selective tert-butyldimethylsilylation 

Other procedures, employing polymeric 

The use of the tetraisopropyldisiloxane- 

- 2 Intramolecular Ethers (Anhydro-sugars) 

0xirans.- Methyl 2,3-anhydro-a-D-lyxofuranoside has been synthesized 
from methyl a-D-arabinofuranoside using triphenylphosphine-diethyl 
azodicarboxylate, mercury(I1) ion mediated methanolysis of D- 
arabinose diethyl dithioacetal being used to prepare the starting 
glycoside. 37 1,6:3,4-Dianhydro-B-D-altropyranose (5) was 
obtained from the D-galacto-dianhydride (6) by sequential acetolysis 
and base treatment (Scheme 2); the 1,6-anhydro-ring in the inter- 
mediate (7) could be cleaved to provide 2-~-tosyl-D-glucopyranose 
derivatives (8). 38 
9, 13, 14, and 20. 

Other oxirans are referred to in Chapters 

L 
__j 

OTs 

AcO gj 
I 

0 Ts 

(7) 
AcO VX 

OTs 

Reagents: i, Ac,O ; u ,  N a O M c - M e O H  ; iii, HBr-HOAc (8) X =  OAc or Br 

Scheme 2 
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Other Anhydrides.- Improvements to the synthesis of the 2,4,6-tri- 
- 0-benzyl and p-bromobenzyl ethers of 1,3-anhydro-B-D-mannopyranose 
have been described. 3g 

The titanium tetrachloride induced conversion of 1,2,3,4-tetra- 
(See Vol .15 , p .55 1. 

- 0-ace ty l -6 -0 - t r i t y l -B-D-g lucopyranose  - to 1,6-anhydro-B-D-gluco- 
pyranose triacetate has been shown to involve rapid detritylation 
followed by a slower cyclization reaction. 40 The mechanism of the 
analogous stannic chloride catalyzed conversion of lY2,3,4-tetra-~- 
acetyl-6-D-glucopyranose has also been studied. 41 
cellobiose, D-glucose and their lY6-anhydrides (G., cellotriosan, 
cellobiosan, and 1,6-anhydro-B-D-gluco-furanose and -pyranose) have 
been identified as the water soluble pyrolysis products from 
cellulose resulting from infra-red absorption on irradiation with a 
C02-laser. 42 
pyranose tritosylate (which exists preferentially in the boat con- 
formation) yielded a mixture containing the D-erythro-2,3- and 
3,4-unsaturated derivatives ( 9 )  and (10) respectively; reduction 

Cellotriose , 

Reaction (NaOAc-DMF) of 1,6-anhydro-B-D-gluco- 

(9) R -  H o r A c  (10) R = H o r A c  ( 1  1) 
43 of the latter (10, R=H) led to the 3,4-dideoxy-derivative (11). 

Improved syntheses of the 2,Q-ditosylate and the 4-deoxy derivative 
of lY6-anhydro-B-D-glucopyranose, and of lY6:3,4-dianhydro-2-g- 
tosyl-6-D-galactopyranose were reported in a paper concerning the 
preference of lY6-anhydro-B-D-glucopyranose derivatives substituted 

44 on 0-3 with bulky groups for the boat or twisted-boat conformation. 
The reaction of sucrose with triethylboroxine [(EtBO)3-py-PhMe, 

130°, azeotropic removal of H201 resulted in a 67% conversion to 
1,2:3,5-diethylborandiyl-c1-D-glucofuranose (12) plus 2,6-anhydro-B- 
D-fructofuranose (13); a procedure was devised for the isolation of 
the latter as its triacetate without recourse to chromatography .45 

CH20H 
I 

I \  
0--8-Et OH 
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Methyl 2,6-anhydro-a-D-mannofuranoside (14) was obtained in >3O% 
yield by intramolecular cyclization of the dimethyl acetal (15) 
(Scheme 3). 46 

Reagents: L ,  TsOH-xyLene, A 

Scheme 3 

Hexopyranosides (D-gluco, D-manno, D-galacto, 2-acetamido-2- 
deoxy-D-gluco, and a,a-trehalose) were converted into their 3,6- 
anhydrides by treatment o f  their previously reported stable 
crystalline 6-oxytris(dimethylamino)phosphonium hexafluorophosphate 
salts with alkali (MeOH-MeONa) . 47 The four possible 3,6-anhydro- 
hexofuranoses, together with their triacetates, methyl glycosides, 
and glycoside diacetates, have been synthesized, mainly from the 
known 3,6-anhydrohexopyranoses, and equilibria between the anomeric 
forms of the free sugars and of the methyl glycosides were 
examined. l r 8  The selective tosylation of the methyl 3,6-anhydro-D- 
gluco-, -manno-, and -gulo-furanosides has been investigated. For 
example, the a-mannoside gave the 5-tosylate, which reacted with 
nucleophiles to provide !+substituted 6-L-gulo-compounds, while the 
B-mannoside gave the 2-tosylate, which similarly provided 2-sub- 
stituted B-D-gluco-compounds. 49 
furanoside gave the 2-tosylate (16) as a minor product, and this 
gave the 2,5:3,6-dianhydride (17) on treatment with base. The 
a-anomer (18) was obtained from similar treatment of methyl 3,6- 
anhydro-5-~-tosyl-B-L-gulofuranoside. 50 

Monotosylation of the B-D-gluco- 

The 3,6 : 3 I ,  6 '-dianhydride 

CH20Bz '?N/) y$ye gp..*oNe i;"3-"\ Ph 

ti 
O X 0  

0 Ts 
(16) ( I  7) a - anomec 

(18) g-anomer 
(1 9) 

of methyl B-sophoroside (i.e.,methyl 2-~-B-D-glucopyranosyl-~-D- 
glucopyranoside) was obtained by conventional synthesis and alkaline 
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treatment of the 6,6' -ditosylate. 51 
2,5-Anhydro-D-allose, a useful substrate f o r  C-nucleoside 

synthesis, has been prepared from D-ribose via the intermediate 
(19) .52 

A reaction of sedoheptulosan is covered in Chapter 24. 
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6 
Acetals 

1 Isopropylidene acetals 

The products of reaction of glycerol with 2,2-dimethoxypropane in the 
presence of 1,2-dimethoxy-ethane have been characterized in H 
n.m.r. Besides the 1,2- and 1,3-acetals, dimers of the 1,2-acetal 
were obtained, linked through isopropylidene groups, together with a 
mixed acetal of glycerol and methanol. The kinetic product of 
isopropylidenation of the I-C-substituted L-threo-glycerol ( I )  
under Ohlah conditions was found to be the terminal acetal (2 which 
is transformed under thermodynamic control to the acetal (3). 

1 

1 

4 
OH R NH Ph 

Acid-catalyzed acetonation of L-sorbose gave a mixture of di-Q-iso- 
propylidene and mono-2-isopropylidene derivatives, easily separated 
by the solubility of the former in b e n ~ e n e . ~  Isopropylidenation of 
2-acetamido-2-deoxy-D-xylose diethyl dithioacetal gave the 4,5-2-iso- 
propylidene derivative accompanied by some 3-2-(l-methoxy-l-methyl- 
ethyl)-derivative (4) when copper(I1) sulphate was used as catalyst 
with either propanone - 2,2-dimethoxypropane or propanone - 2-meth- 
oxypropene. The 3,4-Q-isopropylidene derivative was obtained when 
sulphuric acid was used as catalyst in propanone - 2,2-dimethoxy- 
propane. The former was considered the kinetic, and the latter the 
thermodynamic product. 3,4-Q-Isopropylidene-L-fucopyranose 

63 



64 Carbohydrate Chemistry 

(mainly&), 2,3-g-isopropylidene- -L-rhamnofuranose, and 2-deoxy-3,4- 
- 0-isopropylidene-D-erythro-pentopyranose (mainly&) were obtained in 
good yield by isopropylidenation of the corresponding free sugars 
using 2-methoxypropene - DMF - tosic acid at 0 C. Under these 
conditions, the kinetic products are obtained. Reaction of benzyl 
&D-galactopyranoside with 2,2-dimethoxypropane under tosic acid 
catalysis gave the 6-Q-(methoxydimethyl)methyl derivative (5) along 
with the more usual 3,4-0- and 4,6-Q-isopropylidene products in a 
4:5:1 ratio. Similar reactions of 2,2-dimethoxypropane or aceto- 
phenone dimethyl acetal with 2,3-disubstituted (and hence 4,6- 
unsubstituted) D-galacto- and -glucopyranosides gave 6-Q-(methoxydi- 
methy1)methyl and 6-Q-(methoxymethylphenyl)methyl derivatives 
selectively as kinetic products, demonstrating that mixed acetals, 
formed as intermediates in transacetalation reactions, can be iso- 
lated. The 5,6-isopropylidene acetal of l,4-anhydro-D-mannitol 
may be obtained by kinetically controlled acetonation of the parent 
compound. 

0 

6 

7 

2 Benzylidene acetals 

The 2,3-, 3,5- and 5,6-benzylidene acetals of ?,L+-anhydro-D-rnannitol  
with the (&)- and (S)-acetal configurations have all been ob-  

tained. Interconversion of the z- and endo-2,j-Q-benzylidene 
acetal in methyl 2,3:4,,6-di-Q-benzylidene-o(-D-mannopyranoside using 
catalytic aluminium(II1) chloride has been described. The exo- 
isomer is capable of separation from an equilibrating mixture by 
crystallization. 

7 

8 

References to reductive cleavage of benzylidene acetals using 
lithium aluminium hydride - aluminium(II1) chloride will be found in 
Chapters 4 and 5. Oxidative ring-opening to yield 8-hydroxy aroyl 
derivatives is described in Chapter 4. 

CH20H C H 2 0 B n  

N (en) C H 2 CH =C H2 

BnO ’ O 8 n  

N (8.) C H ~ C H = C H ~  k-) (7) Bnoi OH 

Ph<*&)Yn 

( 6 )  ~t1~0t- I  

(8) 

An unusual benzylidene acetal ring-opening using lithium aluminium 
hydride - aluminium(II1) chloride occurred in the glucosamine deriv- 
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ative (6), which after formation of the 4-g-benz 1-6-hydroxy compound 
(7) went on to yield the acyclic derivative (8). 6 

3 Other acetals 

Mixtures of 2,6-dideoxy-3-~-methyl-DL-lyxo-, -arabino-, -xylo-, 
and -ribo-hexose dimethyl acetals, obtained by addition of methyl 
vinyl ether to but-2-enal dimethyl acetal followed by oxidation with 
potassium permanganate or perbenzoic acid, were separated by prepar- 
ative g.1.c. of their diacetates. The parent dimethyl acetals were 
obtained by deacetylation. 1-Phenylethylidene acetals (9) - (14) 
have been prepared by reaction of acetophenone dimethyl acetal with 
the appropriate D-glucopyranoside. A similar reaction was carried 
out on the corresponding D-galactose derivatives. Reductive cleavage 
of the (_R)-gluco acetal (9) by means of lithium aluminium hydride - 
aluminium(II1) chloride gave the 4-g-phenylethyl derivative (15) 
whereas the (2)-isomer (12) yielded the 6-Q-ether (16). Trans- 
acetalation of D-glucitol with chloroacetaldehyde diethyl acetal in 
the presence of concentrated hydrochloric acid gave a 1,2- or 5,6- 
monoacetal initially, then the triacetal (17). The 1,2:5,6-diacetal 

10 

11 

Me 

(9) R = H  (12) 

(10) R = M e  (13) 

(11) R = B n  (14) 

YHZOH 

Ph-CHO , KhMe 
he O H  

('5) 

.ccg 

(qoH 

RO 

>CH*CL 

Of CH2CL 

CH2C1 

(' 7)  
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was produced from D-mannitol, while reaction o f  bromoacetaldehyde 
diethyl acetal gave the 1,3:4,6-diacetal with galactitol. 
Reaction of D-galactose with chloral in the presence of sulphuric 
acid gave 1,2-~-trichloroethylidene-o(-D-galactofuranose (1 8) .13 
intermediacy of  2-cyanoethylidene acetals in the preparation of 
glycosyl cyanides is mentioned in Chapter 3. 

acetals of type (19) utilizes 2,3,4,6-tetra-~-benzyl-D-glucono-1,5- 
lactone and the appropriate bis-~-(dimethylsilyl)-l,2-ethers in the 
presence of trimethylsilyl trifluoromethylsulphonate. When the 6-2- 
acetyl-2,3,4-tri-~-benzyl-D-glucono-l,5-lact,one was used 52% o f  the 
rearrangement product (20) was obtained. 

12 

The 

A new synthesis of 2,3,4,6-tetra-~-benzyl-D-glucopyranosylidene 

14 

The presence of di-D-fr~ctofuranose-2~,1:2,3~-dianhydride in the 
digest from treatment of inulin with a root homogenate of Lycoris 
radiata has been quoted as evidence for the existence of i n u l i n  
fructotransferase activity in this plant. 15 
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Esters 

A review on the role of lone pair interactions in the selective 
functionalization of some 4,6-g-benzylidene-hexopyranosides by phase- 
transfer esterification and tin-mediated esterification and alkyl- 
ation reactions has appeared. A further discussion of these 
interactions in the chemistry of monosaccharides included mechan- 
istic proposals to account for observed patterns of esterification, 
based on roles of p -  and x-effeets which determine the relative 
energies of the orbitals of oxygen containing the lone pairs. 
Three papers describing the two-phase esterification of glycosides 
using quaternary ammonium salts and sodium hydroxide o r  carbonate 
have been published; 3-5 ,/+,6-g-benzylidene-~-hexosides of allose, 
altrose, galactose, glucose and mannose gave primarily 2-g-mono- 
esters, whereas 3,6-anhydro-d-D-glucosides gave mainly 4-2-mOnO- 
esters. It was concluded that the reactivity of hydroxy groups was 
governed mainly by relative acidity and by hydrogen bonding rather 
than by steric  effect^.^ 
galactopyranosides gave predominantly the 2-ester on tosylation using 
this system, the p-analogue gave the 3-ester. Benzoylation gave a 
mixture of the 2- and 3-ester due to benzoyl migration in the 
product; addition of saturated sodium perchlorate solution to the 
two-phase reaction system prevented equilibration, the a-anomer then 
giving the 2-ester and the p-anomer the 3-ester. 

1 

2 

Whereas methyl 4,6-~-benzylidene-d-D- 

4 ,  5 

1 Acetates 

1 
The additivity of I 3 C -  and 
tri-g-acetyl-/-D-xylopyranosides has been critically evaluated. The 
conformer populations of the pyranoid rings are changed by such sub- 
stitution and deviations from acceptable additivity rules result. 
Transesterification using sodium hydride in ethyl acetate at 60 - 
6 5 O C  has been used on carbohydrates. 
pyranoside, which are poorly soluble in the reaction mixture, gave 
40% yields of the 6-O-acetate) while more soluble substrates under- 
went further acetylation at secondary hydroxy  group^.^ The stereo- 
isomeric composition of products of acetolysis and acetylation of 

H-n.m.r. shifts for mono-, di-, and 

6 

Methyl d- and P-D-gluco- 
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Iiiethyl arabino-furanosides and -pyranosides has been investigated. 
The latter with acetic acid-acetic anhydride and low concentrations 
of sulphuric acid gave acyclic semi-acetates as intermediates which 
then led to the acyclic diacetylacetal. The arabinofuranosides gave 
mainly 1,2,3,5-tetra-2-acetyl-b(-D-arabinofuranose. 1,3,6-Tri-g- 
acetyl- and 1,3,6-tri-Q-acetyl-4-~-mesyl derivatives of N-acetyl-D- 
mannosamine and the corresponding N-trifluoroacetyl derivative have 
been synthesized and used to test the effect on the proliferation o f  
cancer cells .9 
hydrofructofuranose ( 1 )  from sucrose has been effected by means of an 
intermediate boroxine derivative (see Chapter 5). Selective 
acetolysis of the 21,3,31,41,6,61-hexa-g-trimethylsilylated 
disaccharide (2) using acetic anhydride-acetic acid-pyridine resulted 

8 

The preparation of the 1 ,3,4-tri-2-acetyl-2,6-an- 

10 

in replacement of the primary silylether groups by acetates to yield 
the diacetate ( 3 ) .  Among many 6,6’-diesters of oL,o(-trehalose 
prepared for in vitro testing for antitumour activity and anti- 
leukaemic activity were the diacetates (see also section on other 
carboxylic esters). 

1 1  

12 

Acetyl migration from 0-4 to 0-6, induced by aqueous pyridine, has 
been shown to be a useful general method for regiospecific depro- 
tection of hydroxy groups at C-4 of hexopyranosides, particularly for 
2- and 3-aminodeoxyhexopyranosides (where the yields are generally 
higher). Aqueous pyridine was shown to possess greater selectivity 
than other alkalis, and a number of useful general conclusions 
regarding acetyl migrations in pyranosides were drawn. Selective 
removal of 2-acetyl groups in the presence of 2-benxoyl groups has 
been effected with methanolic hydrogen chloride prepared by addition 
at 0 of acetyl chloride to dry methanol. Many examples showed 
that most other groups do not interfere with the reaction although 
cyanoethylidene compounds gave the corresponding imidate and its 
subsequent hydrolysis product. 

0 

14 
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2 Benzoates 

Phase transfer benzoylation of methyl 4,6-g-benzylidene-o(-D-hexo- 
pyranosides using benzoyl chloride (1 mol) - dichloromethane - tetra- 
- n-butylammonium chloride in 40% aqueous sodium hydroxide in the 
presence of sodium iodide has been shown to proceed with benxoyl 
chloride as the acylating agent rather than benzoyl iodide as 
previously claimed. Selective benzoylation of methyl 4,6-0- 
benzylidene-Dt-D-glucopyranoside avoiding benzoyl migration, which 
generally accompanies phase-transfer methods, was achieved with 
sodium hydride in THF in the presence of tetra-n-butyl ammonium 
iodide and benzoyl chloride. A yield of 65% of the 2-benzoate was 
obtained with less than 5% of the 3-benzoyl derivative. The yields 
were improved by using potassium carbonate instead of sodium hydride, 
which was simply removing the hydrogen chloride produced, and by 
using benzene instead of THF. The reaction was extended to methyl 
4,6-Q-benzylidene derivatives of the d-alloside and d-galactoside and 
to the use of p-nitrobenzoyl chloride. It was shown that the lower 
the polarity of the medium used, the more selective was the re- 
action. 

1 5  

Monobenzoylations of a range of pento- and hexopyranosides by 
direct acylation, or after treatment with di- or tri-butyltin oxide, 
were compared by C-n.m.r. examination of the products. Acti- 
vation by dibutyltin oxide was considered to occur by preferential 
formation of a five membered stannylene of type ( 4 )  as found in 
arabino-, galacto-, and manno-pyranosides, with resultant activation 
of the equatorial hydroxy group. In the absence of such a cis-diol, 
a five membered co-ordination complex of type (5) was preferred, as 
found in bc-D-gluco- and -xylopyranosides. In contrast, tributyltin 
oxide first enhances the reactivity of the most reactive hydroxy 
group by forming a tin ether which can be stabilized by co-ordination 
to a neighbouring oxygen atom. Some 50 benzoate derivatives are 
detailed and some inconsistencies of the literature were cor- 

13 
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rected. The benzoylation of D-fructose with benzoyl chloride in 
pyridine and chloroform has been reinvestigated. In addition to ( 6 ) ,  
(7), and ( 8 ) ,  previously obtained, the perbenzoylated derivatives ( 9 )  
and (10) were isolated. When 1-Q-allyl-D-fructose was benzoylated in 
a similar way, the products were the tri- and tetra-benzoylated 
derivatives ( 1 1 )  and (12). During the work, the fully benzoylated 1 -  
0-allyl-D-fructopyranose (13) was obtained together with the elimin- 
ation product (14). 

16 

17 - 

Partial benzoylation of L-rhamnono-l,4-lactone gave mainly the 
2,5-dibenzoate ( 4 8 % ) ,  while similar treatment of D-mannono-l,4- 

0 Bz 

(6) R=R'= H,  R2= Br 0 R2 ('4) 
(8) R= H , R1= R2= Bz 

(10) R = R ' = R 2 = B z  (1 1) R-H , R'=AL$L, R2=Bz (7) R =R1= Bz 

(13) R = R 2 = 0 z , R ' =  ALLY1 (12) R=ALt~L,R'=Bz 

lactone gave the 2,5,6-tribenzoate in 60% yield, accompanied by 
lesser amounts of the 3,6-dibenzoate (5%) and the 2,3,5,6-tetra- 
benzoate (25%). 

18 

Selective benzoylation of 1,5-anhydrogalactitol occurs with the 
hydroxy groups showing the following order of preference for ester- 
ification: OH-6>OH-3>OH-2>OH-&.1 All five possible benzoates from 
monomolar benzoylation of 1,5-anhydroxylitol, using benzoyl chloride 
in pyridine at -40 C, have been isolated. It was concluded that 
the C-2 (or 4 )  hydroxy groups have much the same reactivity as the 
C-3 hydroxy group. Treatment of the 5,6-dibenzoate of 1,A-anhyd- 
ro-D-mannitol with pyridine hydrochloride gave the 2,6-dibenzoate by 
ester migration. 

0 

20 

21 

3 Other Carboxylic Esters 

A detailed investigation of Q-acyl migration in D-glucose derivatives 
has been conducted by examining the products formed from treatment of 
all possible mono-2-myristoyl esters of methyl d- and P-D-gluco- 
pyranoside arid of D-glucopyranose under acidic, basic, thermal, and 
solvolytic conditions. In addition to the well known 0-14 + 0-2 and 
0-4 + (3-6 migrations, the 0-2 + 0-3 process involving trans-related 
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s u b s t i t u e n t s  was c o n f i r m e d ,  w h i l e  t h e  O-lb + 0-2 and  0-3 + 0-4 r e l a t -  

ed  m i g r a t i o n s  were  n o t  o b s e r v e d .  M i g r a t i o n s  i n v o l v i n g  a C (D) 
c o n f o r m a t i o n  i n c l u d e d  t h e  common 0-6 + 0-3 and  t h e  ra re r  0 - i  + 0-2 
p r o c e s s e s .  The r e v e r s i b i l i t y  o f  many o f  t h e s e  m i g r a t i o n s  was a l s o  

c o n f i r m e d .  I n  a r e l a t e d  s t u d y ,  i t  was shown t h a t  m i g r a t i o n  i n  1 -  
23 - O-myristoyl-,4-D-glucopyranose o c c u r s  by a n  0-lP + 0-3 + 0-6 p a t h .  

An e i g h t - s t e p  s y n t h e s i s  o f  t h e  monomer ( 1 5 )  f rom D-glucose  h a s  

been  d e s c r i b e d .  The d e r i v e d  l i p o p h i l i c  po lymer  was a model o f  N- 
ace ty imuramyl - l - a l any l -D- i sog lu tamine  . 24 

monomethac ry l i c  e s t e r  ( 1 6 )  o f  1-deoxy-1-C-allyl-D-xylose h a s  been  
a c h i e v e d  (Scheme 1 ) .  The p r o d u c t  was p o l y m e r i z e d  w i t h  a lumin ium 

b o r o n i t r i d e  t o  y i e l d  a s o l u b l e  l i n e a r  po lymer .  

1 

22  

The s y n t h e s i s  o f  t h e  

25  

c H ~ O  C O C ( M ~ ) = C H ~  

MeC H 
I 

CO,ALa.OBn 

OH 

A new method for p r e p a r i n g  1-g-acyl-p-D-glucopyranoses h a s  b e e n  

d e s c r i b e d  (Scheme 2 ) .  T u l i p o s i d e - A  ( 1 7 )  was p r e p a r e d  by t h i s  

method. S e l e c t i v e  s u b s t i t u t i o n  a t  t h e  a n o m e r i c  c e n t r e  o f  
26 ey) 4 , lEj O T F  -----+ li ; Y C O R  A iii ~ ~ H ~ U ) R  OH 

TFO Br HO T FO 
OTF OTF 0T.F OH 

R e a g e n t s  : L ,  lL0r,+- CF3C02H ; ii, RC02Ag- CbHb ; U, M ~ O H  or AL203 ; TF = CF3CO- 

Scheme 2 

l a c t o s e  t o  y i e l d  1 - e s t e r s  h a s  been  a c h i e v e d  by  means o f  a c y l  d e r i v -  

a t i v e s  o f  t y p e  ( 1 8 )  i n  ~ y r i d i n e . * ~  
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Selective esterification of 2-acetamido-2-deoxy-D-glucose in 
pyridine and of benzyl 2-acetamido-4,6-Q-benzylidene-2-deoxy-ot-D- 
glucopyranoside with long-chain fatty acid chlorides gave the ,6-Q- 
acyl and 3-e-acyl derivatives respectively. The products were used 
as surfactants (after removal of the benzylidene acetal from the 
latter). An improved procedure for preparing Span-80 (19) on a 

29 large scale has been described. 

and lauric acids with proteins has been carried out using measure- 
ments of critical micelle concentrations, micellar sizes and ellip- 
ticities. The esters were shown to bind in a similar fashion to 
Triton X-100, a widely used non-ionic detergent. It was suggested 
that the esters of caprylic and capric acids might be promising 
detergents for membrane protein resear~h.~' Many 6,6'-diesters 
of o<,d-trehalose with long-chain acids, some new to the literature, 
have been prepared and tested for antitumour or antileukaemic 
activity. All showed some activity in vitro, with the dilaurate 
having the lowest ID value in antileukaemia tests. Is v&o 
antitumour activity was shown by the derivatives with ester chains 
longer than decanoyl. The synthesis of deoxy-sugars by de- 
oxygenation of pivaloyl esters is referred to in Chapter 12. 

28 

A study of the binding of sucrose monoesters of caprylic, capric 

50 
12 

The synthesis of 6-Q-(o-aminoacyl)-derivatives of the methyl 
glycoside of N-acetyl-muramyl-L-alanyl-D-isoglutamine has been 
reported, and their coupling to the meningococcal group C poly- 
saccharide investigated. The w-aminocarboxylic acids selectively 
esterified the 6-hydroxy group when DCC and &-(dimethylamino)- 
pyridine in DMF were used, a benzoyl protecting group on the di- 
peptide fragment being removed by subsequent trimethylsilane - 
palladium(I1) chloride treatment. 31 

Mixed acetyl and toluoyl esters of D-ribofuranose have been 
32 prepared. 

The synthesis of l-~-(p-methoxycinnamoyl)-2,3,4,6-tetra-~- 
acetyl- ,&D-glucopyranose by a phase-transfer catalysed procedure 
has been described. The glycosyl ester was obtained in a 60% yield 
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from the acetobromogl~cose.~~ 
6-L-arabinosides (20) have been synthesised by selective 3f-G-coum- 
aroylation using a 3f,.41-g-stannylated intermediate followed by acyl 
migration to give an equilibrium mixture containin similar amounts 
of the 3'- (21) and ,!+f-~-substituted derivatives. The gallo- 
tannins in Paeoniae radix have been shown to be a homologous series 
of tetra- to undeca-galloylglucoses, based upon a 1,2,3,4,6-penta- 
-0-galloyl-4-D-glucose - core. The compounds were separated by re- 
verse-phase h.p.l.c.35 
of the sugar moieties of antibiotics will be found in Chapter 1 9 .  

The triterpenoid 4'-0-p-coumaroyl- 

32 

References to naturally-occurring esters 

R 3 0 q O ? O R '  R' = Cholester-3-yl or Serratanediol-3-yL 0 

(20) R' X O C H - C H . C ~ H + . O H - ~  , R ~ = H  

(21) R' t= H , R 2 =  COCH-cHCbH4.014-p 
OH 

\ 

(22) cocL 

Mixed monoesters prepared by esterification of methyl d-D-gluco- 
pyranoside with the nitroxide spin-label (22) have been examined by 
e.s.r. spectroscopy as part of a study on a simple method for spin- 
labelling polysaccharides. 

The synthesis of 2 ' -  and 3f-aminoacyl derivatives of adenosine by 
acylation of 5f-2-(4-methoxytrityl)adenosine with the appropriate N- 
benzyloxycarbonyl or N-t-but loxycarbonyl amino-acids with D C C -  

pyridine has been reported. Amino-acid residues have been used 
as protecting groups for sugars, being readily removed by saponific- 
ation 0.1" enzymic hydrolysis. No deaminoacylation occurs under acidic 
conditions. Carbox acyl groups can also serve as sugar hydroxy 
protecting groups. 

Four new dammarane-type triterpene oligoglycosides with 6-0- 
malonyl-~-D-glucopyranosyl-(l~2)-p-D-glucopyranosyl moieties have 

39 
been isolated from the root of Panax ginseng (White ginseng). 

36 

3T 

38 

Selective deprotection under mild conditions has been achieved by 
the use of hydrazine dithiocarbonate for removal of chloroacetyl and 
bromoacetyl groups. The halogenated groups were removable without 
affecting other ester groups including acetate, benzyl ethers and 
glycosides, methyl glycosides, or methyl esters of uronic acid 
groups. The removal of the haloacetates was accomplished within 2-10 
min. at room temperature and gave yields of 95-99% of the de- 
protected alcohol. 40 
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4 Sulphonates 

Carbohydrate Chemistry 

The danger of formation of sugar pyridinium salts when using tri- 
fluoroacetic anhydride in pyridine may be avoided by using 2,6-di-4- 
butyl-4-methylpyridine. 41 
cyanide ion allows inversion at the hydroxy carrying centre; either 
sodium cyanide or tetra-n-butylammonium cyanide were used in a one- 
pot reaction. 

Reaction of carbohydrate triflates with 

42 

Selective tosylation of 1,5-anhydro-D-galactitol showed that the 
order of reactivity of the hydroxy groups was OH-6>0H-370H-2>OH-4. 
Useful amounts of the 2,3,6-tritosylate or of the 3,6-ditosylate 

43 could be obtained on tri- and dimolar tosylation respectively. 
Contrary to an earlier report (G.G.S.Dutton and K.N.Slessor, &. 
L. Chem., 1966, &, 1069) benzyl 4',6'-2-benzylidene-,5-maltoside 
was successfully monotosylated at the 6-position with tosyl chloride 
(1.7 mole) in pyridine at -2OoC, in a fashion analogous to that 
reported for the methyl glycoside analogue. The peracetylated 6-0- 
tosylate was isolated in 72% yield by chromatography and converted 

the iodide into the 6-deoxy deri~ative.~' Selective tosylation 
patterns of methyl 3,6-anhydro-gluco-, -manno-, and -gulo-furanoside 
have been rationalized by steric and polar considerations .45 Phase 
transfer catalyzed tosylation of 1,6-anhydro-4',6'-~-benzylidene-fl- 
maltose (23) using 1.2 mol tosyl chloride gave 64% isolated yield of 
the 2'-O-tosyl derivative (24) .46 Methyl p-sophoroside was con- 
verted to its peracetylated 6,6'-ditosylate and thence to a variety 

0 7  

OR OH 

of 6,6'-disubstituted derivatives (Cl, Br, I, SAC, N NHAc, H) 
- via sulphonate displacement reactions, and the 3,6: 3?:6'-dianhydride 
was obtained using methoxide. Several 6- and 6r-monosubstituted 
derivatives were prepared via the 4,6-Q-benzylidene derivative, and 
methyl 2-Q-~-D-glucopyranosyl- ,%-D-al lopyranoside was obtained by a 
standard C-3 sulphonate inversion procedure .47 
phase transfer catalysis are mentioned in the introduction to this 
chapter (Ref. 3-5). 

Tosylations under 

Selective demesylation of 2-~-mesyl-D-mannopyranoside derivatives 
has been achieved by means of sodium amalgam and 2-propanol. Most 
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48 other protecting groups are stable to these conditions. 

5 Sulphates, Sulphites and Related Esters 

Autohydrolysis of 1,2-~-isopropylidene-o(-D-glucofuranose 5-(hydrogen 
sulphate) led to D-fructopyranose 5-sulphate in high yield in 30 min. 

0 49 
at 70 C, rather than to the expected D-glucofuranose 5-sulphate. 
2,5-Anhydro-4-~-/3-D-galactopyranosyl-[l- Hlmannitol 6-sulphate and 
its 6,6Ldisulphate were prepared from keratan sulphate b y a  sequence 
of J-deacetylation with hydrazine, deamination with nitrous acid, 
followed by sodium borotritiide treatment. The products were used as 
substrates for P-D-galactosidases and 6-~-sulphogalactose sulphat- 
ase . 50 Two steroidal oligoglycosides bearing d-L-rhamnopyranosyl- 
(1~2)-4-~-sulpho-~-L-arabinopyranosyl moieties have been isolated 
from the roots of Ophiopogon planiscapus, the first report of a 
steroidal glycoside bearing a sulphate group on the sugar portion. 

Reactions of cyclic sulphites and sulphates with tetramethyl- 
ammonium fluoride have been studied. The cyclic sulphites (25) gave 
the corresponding de-esterified mannoside, whereas the d-glycoside 
cyclic sulphate (26) yielded the enone (27). The p-anomer .of the 
cyclic sulphate (26) gave, after acid hydrolysis of the benzylidene 
acetal, the 2-deoxy-2 - f luo ro -g lycos ide  (28) which was converted into 
the free 2-fluoro-sugar. 

3 

51 

52 

Ph {&- o,s, *Me p h { - )  p q >  

OMe O/ 
0 

0 

(25) 126) (27) 

CHZOH CH20H 

OH 

(291 

The rates of desulphation of many monosaccharide and glycoside 
sulphates by 0.25 M hydrochloric acid at 100 C and by 0.25 M sodium 
hydroxide at 6 O o C  have been determined. 
desulphation in alkali will occur only when an adjacent trans-hydroxy 
group is present was shown to hold for methyl d-D-galactopyranoside 

0 

The generalization, that 
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4-sulphate which is stable in contrast, the corresponding glucoside 
had a half-life of 50 min. Anhydrous propanone-hydrogen chloride 
is a mild reagent for desulphation without deacylation or degrad- 
ation. The method was applied to sulpholipids and cerebrosides: 
e.g., the time to desulphate the lipid ( 2 9 )  was found5' to be 
l.5h. Intermediate chlorosulphates in the synthesis of chlorodeoxy 
sugars are mentioned in Chapter 8. 

43 

6 Phosphates, Phosphites, and Related Esters 

D-[ 1 -'I 3C]Ribose 5-phosphate and D-[ 1 -I 'Clarabinose 5-phosphate 
have been synthesized by condensation of D-erythrose 4-phosphate with 
labelled potassium cyanide and the consequent epimeric aldononitrile 
phosphates hydrogenated over palladium on barium sulphate after 
chromatographic separation. Various mono-, di-, and cyclic phos- 
phate esters of 1,2-Q-isoprop lidene-d-D-ribo- and -xylo-furanoses 
have been prepared and their 
characteristics determined. 

55 

s 31 H, I3C, and P n.m.r. spectral 
56 

A one-step procedure for the isolation of A-D-glucose I-phosphate 
has been described: using an anion exchange resin and potassium 
acetate as eluting buffer, the carbohydrate, inorganic phosphate and 
the required phosphate from a reaction mixture were separated, 
final$$ precipitating the latter from the eluant by addition of eth- 
anol. The synthesis of D-galactose 6-phosphate has been achieved 
by direct phosphorylation using polyphosphoric acid, partial acid 
hydrolysis, and purification by ion-exchange chromatography. D- 
Tagatose 6-phosphate was prepared from D-galacturonic acid in six 
steps, the key steps being isomerization to D-tagaturonic acid and 
phosphorylation of 1,2:3,L+-di-O-isopropylidene-D-tagatose with di- 
phenyl phosphoryl chloride. 58 -Treatment of pyridinium D-fructose 
1,6-diphosphate with DCC-triethylamine in pyridine gave 30-50W yields 
of D-fructose 1,2-cyclophosphate 6-phosphate which was isolated by 
column chromatography and sa onified with sodium hydroxide to yield 
D-fructose 2,6-bisphosphate 
have been used to prepare "C-labelled ketose phosphates from 

Enzymes of the glycolytic pathway F9 

'C-enriched pyruvate. Three primary steps were used: phospho- 
creatine kinase, adenylate kinase, and enolpyruvate synthetase on the 
three-carbon precursor yielded enolpyruvate phosphate; yeast enolase, 
phosphoglycerate mutase and phosphoglycerate kinase caused conversion 
to glycerate 3-phosphate and glycerate itself; finally, 1-NADH, D- 
glyceraldehyde 3-phosphate dehydrogenase gave 1,3-dihydroxy-2-propan- 
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one phosphate which was converted to D-fructose 1,6-diphosphate on 
addition of aldolase. Throughout the synthesis the ATP to ADP ratio 
was kept high by enzymic rephosphorylation of the latter by phospho- 
creatine. A new monosaccharide, 1-deoxy-D-altro-heptulose phos- 
phate, has been synthesized from DL-acetoin and D-ribose 5-phosphate 
using a transketolase mutant of g .  pumilus, the other product being 
ethanal. 

60 

61 

Phosphorylation of galactitol with tris(diethylamino)phosphine, 
followed by treatment with sulphur, gave a mixture of diastereo- 
isomeric phosphorus(V) esters including the cyclic phosphoryl deriv- 
atives (30) and (31 ) 'and the 1,6-di-Q-phosphoryl derivative (32). 62 

The phospholipid ( 3 3 )  has been synthesized by condensation of 1,2- 
dipalmitoyl-=-glycerol and 2,3,4-tri-Q-benzyl-D-glucose with the 
cyclic enediol reagent (34). The product was used for studies of bi- 
layer formation and associated phase-transition properties of aqueous 
dispersions of phosphatidylglucoses .63 A novel platelet activating 

P +  
D-Glucose + 

CH20H CH20-P (CH,),NMe3 

0- 
(351 

~ = t j - - , R = B n  

Scheme 3 

factor congener ( 3 5 )  has been synthesized from D-glucose via the 
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intermediates indicated in Scheme 3.64 The synthesis of the 2- and 
- Se-glycosyl thio- and selenophosphates (36) by reaction of 2,3,4,6- 
te t ra-Q-acetyl-D(-D-glucopyranosyl  bromide with dicyclohexylammonium 
Q,g-di-t-butylphosphoro-thioate or -selenoate and their conversion by 
trifluoroacetic acid to the free phosphoro-thioic and -selenoic acids 
(37) have been accomplished in good yield. 

Palladium complexes with alkylglycophosphite ligands (38) and with 

65 

bisglycophosphite ligands (39) have been synthesized and shown to 
impart asymmetry in the hydrogenation of certain unsaturated 
acids. 

66 

By using oxygen isotope labels, the barium hydroxide catalyzed 
hydrolysis of the nucleotide cyclophosphate (40) to yield a 4:l 
mixture of 3 ' -  and 5'-monophosphates was shown by P-n.m.r. to 
occur with inversion at phosphorus. 

31 

67 

Investigation of the biosynthesis of a D-glucosyl polyisoprenyl 
diphosphate by Micrococcus lysodeikticus has been carried out using 
UDP-D-[ Clglucose. 

14 T 

$0, ,OR2 R'O OR2 

0 - P  " I  P-0 

7 Other Esters 

The competitive formation of 1,3-orthoacetate derivatives in the 
Koenigs-Knorr glycosidation of various alcohols with 2,3,4-tri-g- 
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acetyl-P-L-arabinopyranosyl bromide sing silver oxide in dichloro- 
methane-ether has been investigated. 

Sucrose has been shown to yield sucrose 4,6-ethylboronate with 
1,3-bis(2,2-dimethylpropanoyloxy)-l,~-diethyldiborane. The product 
is a useful intermediate for the synthesis of 2,3,11,31,41,61-hexa- 
- 0-derivatives. 

89 
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H a I o g e n 0-s u g a rs 

The synthesis of 2,3,5-tri-2-benzyl-,4-D-ribofuranosyl fluoride and 
its A-D-arabinofuranosyl analogue, has been accomplished by the re- 
action of the tri-)-benzylated sugar with 2-fluoro-I-methylpyridin- 
ium tosylate - triethylamine. I 

Addition of acetyl hypofluorite to unsaturated sugar derivatives 
which contain a vinyl ether substructure has formed the basis for 
syntheses of 2-deoxy-2-fluoro-sugars. 2-5 Thus the conversions of 
3,4,6-tri-C-acetyl-D-arabino- and -1yxo-hex-I-enoses to the corr- 
esponding 2-deoxy-2-fluoro-glycosyl acetates were accomplished in 
high yield. 
products are isomerically pure; the mode of addition is exclusively 
cis with preferential stereo-facial attack. Other conversions and 
isolated yields are shown in Scheme 1. The same addition has 

The reaction is rapid (45 min at -78OC) and the 

2 

OAC 

Reagent: L ,  AcOF 
Scheme 1 

been used to prepare fluorine-I8 labelled 2-deoxy-2-fluoro-D-glucose 
( 1 )  from FOAc, prepared by fluorine-I8 on sodium acetate - acetic 
acid, and 3,4,6-tri-~-acetyl-D-arabino-he~-l-enose. The yields of 
98% radiochemically pure product after deacetylation were about 
20%. 3-5 High yields of the labelled fluoro-sugar (1 ) have also 
been obtained by reaction of labelled xenon difluoride with tri- 
acetyl-D-glucal in the presence of boron trifluoride etherate, 
followed by hydrolysis of the acetyl groups and the glycosyl fluoride 
by 1M hydrochloric acid. The reaction, which was accomplishe 
45 min, gave a yield of 75% and a radiochemical yield of 2 0 % .  The 

18 

t in 
81 



8 2  Carbohydrate Chemistry 

identical reaction was also described as taking Ih and giving 50% 
yields. 2-Deoxy-2-fluoro-D-glucose ( 1 )  has been prepared from 
methyl 4 , 6 - ~ - b e n z y l i d e n e - 3 - ~ - m e t h y l - 2 - O - ( t r i f l u o r o m e t h y 1 ) s u 1 p h o n y 1 -  
1-D-glucopyranoside using cyclotron-produced F at 130 C for 
25 min, followed by hydrolysis. 8 ’  

glucopyranosyl fluoride has been prepared from triacetyl-D-glucal by 
reaction with fluorine-18 in fluorotrichloromethane at -78 C, 
followed by separation and partial hydrolysis with methanolic sodium 
methoxide. The radiochemical yield was 28%. 2-2-Triflate dis- 
placement by fluoride ion derived from tetra-n-butylammonium fluoride 
has been shown to proceed stereoselectively according to anomeric 
configuration and neighbouring group on C-3. Thus the oc-gluco or 
manno-3-)-benzoyl compounds (2) gave the 2-deoxy-2-fluoro-mannoside 
(3), as did the /-anomer (4), while the ,8-3-0-benzyl-gluco- or 
manno-glycosides (5) gave the glucoside (6). The cyclic sulphate 
(7) on reaction with tetramethylammonium fluoride, followed by acid 
hydrolysis yields 2-deoxy-2-fluoro-D-glucose in 40% yield. 

7 

18  - 0 

[I 8F]-2-Deoxy-2-fluoro-~-D- 

0 

10 

TI 

12 

(4) R =  Bz 

(5) R= Bq 

F 

(6) (7) 

18 
The synthesis of [ -3-deoxy-3-f luoro-D-glucose has been 

carried out by treatment of 1,2:5,6-di-~-isopropylidene-3-~-triflyl- 
d-D-glucofuranose with fluoride-18 ion in an acetamide melt at 
150 C, followed by acid hydrolysis. The yield of 3035% was 
obtained in less time than the half-life for fluorine-18.13 
ventional epoxide ring-opening of 1,6:3,k-dianhydro-D-altropyranose 
using potassium hydrogen difluoride in glycol has led to synthesis of 
3-deoxy-3-fluoro-D-mannose. Reduction of the product to the corr- 
esponding fluoro-hexitol was carried out with sodium borohydride. 
An improved preparation of methyl 3-deoxy-3-fluoro-p-D-galactopyran- 
oside using diethylaminosulphur trifluoride (DAST) and 4-(dimethyl- 
amino)pyridine has been described. 5 

0 

Con- 

I4 
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Using a modified Kiliani-Fischer cyanohydrin synthesis, 2-deoxy-2- 
fluoro-D-arabinose has been converted to 3-fluoro-3-deoxy-D-glucose 
and -D-mannose, and 3-fluoro-3-deoxy-D-arabinose similarly yielded 
~-deoxy-4-fluoro-D-glucose and -D-mannose by chain extension; 
analogues containing fi-I34 and E-' 4c3 labels were similarly 
prepared using labelled cyanide. 

16 

The DAST procedure has been used and investigated for its stereo- 
17-21 

and regio-selectivity in glycoside fluorinations. 
Methyl w-D-gluco- and manno-pyranosides gave a mixture of 6-deoxy- 

6-fluoro- and 4,6-dideoxy-4,6'-difluoro derivatives with inversion at 
C - l ,  in the latter, whereas methyl B-D-glucopyranoside gave a mixture 
of the 6-fluoro, 4,6-difluoro-galactoside, and 3,6-difluoro-alloside 
derivatives. Methyl 6 - g - t r i t y l - ( t - D - g l u c o p y r a n o s i d e  gave methyl 4-  
deoxy-6-Q-trityl-~-fluoro-u-D-galactopyranoside. The 19F n.m.r. 
spectra of the products were given.'? At low temperatures (-30') 
the fluorination of methyl M-D-glucopyranoside by DAST may be re- 
stricted to C-6 giving the 6-fluoro product in 80% yield. Methyl 
2,3,6-tri-~-benzoyl-~-deoxy-~-fluoro-~-D-glucopyranoside was a l s o  
synthesized using the DAST procedure on methyl 2,3,6-tri-g-benzoyl-d- 
D-galactopyranoside. Further extensions of the reaction to yield 
4,6- and 3,6-difluoro-sugars have been reported. Use of phenyl 
glycosides in place of methyl analogues improved yields in some 
cases. Methyl 6-deoxy-6-fluoro-p-D-galactopyranoside has been 
isolated in 1 5 %  yield by direct fluorination of methyl ,8-galacto- 
pyranoside with DAST. The C n.m.r. spectra of methyl 2-,3-,4-, 
and 6-deoxyfluoro-p-D-galacto yranosides and their peracetates were 
detailed and fully assigned. ~-Acetyl-9-deoxy-9-fluoroneuraminic 
acid (8) has been synthesized by the action of DAST on the 9-unpro- 
tected 2-acetylneuraminic acid derivative(9). 
could be obtained in 21% yield by alkaline epimerization - chain ex- 
tension of 2-acetamido-2,6-dideoxy-6-fluoro-D-glucopyranose (10) as 
shown in Scheme 2. 

18 

13 

2E 

Alternatively (8) 

21 AcHNv CH2F C02H 

OH 

(9 
O0n 

(9) 

Specifically-fluorinated methyl p-glycosides of (1+6)-,&D-galacto- 
oligosaccharides have been synthesized by use of 3-fluoro sugar units 
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22 
in Koenigs-Knorr-type reactions. (See also Chapter 3). 

i l u  t -+ (8) 

HO HO 
N HAc 

(1 0) 
Reag&s ’ L ,  OH- , LL,[Bu,~O~C CHCOC02B~t ]  K’; U i ,  H30’ 

S c h e m e  2 

Synthesis of sporaricin antibiotics fluorinated in the non- 
carbohydrate rings is referred to in Chapter 19. 

Efficient syntheses of glycosyl chlorides have been achieved by 
treating aldoses protected at all positions except the anomeric 
centre with ~-d ich lo romethy lene -N,N-d ime thy lammonium chloride 
(Viehe’s salt). Compounds which have both C-1 and C-2 hydroxy 
groups free gave 2-~-(~,PJ-dimethylcarbamoyl)glycosyl chlorides. 
Chlorination of the 3-nitro-glycal ( 1 1 )  gave the expected dichloride 
(12) when the reaction was carried out in carbon tetrachloride or 
dioxane, but with THF, THP, and oxetane the solvent participated in 
the reaction to yield the a-chloroalkyl p-glycosides (13), while di- 
ethyl ether gave ethyl p-glycosides. Separations of (13) on silica 
gel caused partial elimination giving the nitroenes (14). 

23 

24 

The products of treatment of aldopyranoside 2,3-epoxides with di- 
chlorobis(benzonitrile)palladium(II) are the 3-chloro-3-deoxypyrano- 
sides,with trans diaxial ring-opening being predominant. 
Viehe’s salt reacts with secondary hydroxy groups to yield the in- 
verted chloro-deoxy compounds. Thus the 3-hydroxy-glucoside (15) 
gives rise to the 3-chloro-3-deoxy-alloside (16). With methyl d - D -  
lyxofuranoside the 2-~-carbamoyl-3,5-dichloro-derivative (17) was 
produced. 
amino sugars using conventional methods. The full paper on the 
reaction of 1,2-~-isopropylidene-o<-D-glucofuranose with sulphuryl 
chloride-pyridine at 0’ has been published (see Vol 9, Ref. 271, 

25 

The products were used in the2gynthesis of deoxy and 
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p. 56). The product is the 6-chloro-3,5-bis(chlorosulphate) (18), 
which was dechlorosulphated with sodium iodide-sodium hydrogen 
carbonate in methanol to yield the diol ( 1 9 ) .  Treatment of the bis- 
(chlorosulphate) (18) with pyridine afforded the 3,5-cyclic sulphate 
( 2 0 ) .  Raising the temperature of the sulphuryl chloride reaction to 
50 led to the 5,6-dichloro-L-ido-derivative (21), which on de- 
chlorosulphation to the alcohol (22) and acid hydrolysis gave the 
3,6-anhydride (23). Similar treatment of D-glucofuranurono-6,3- 
lactone derivatives led to 5-chloro-5-deoxy-L-idofuranurono-6,3- 
lactone derivatives, e.g., (24). 

0 

27 

(1s) R=SO,CL (21) R = S02C1 (23) 
(19) R = H  (22) R=H 

(20) R,R= :SO, 

OH 

(241 

2',5'-Dibromo- and dichlor0-2~,5~-dideoxyuridines (25) have been 
obtained by treatment of the parent nucleoside with Vilsmeier re- 
agent. 

28 

CH2X CH20Ac 
I 

OH X OTs 

(25) X=CL,Br (26) 

Treatment of 1 , 6 - a n h y d r o - ~ , 4 - d i - ~ - a c e t y l - 2 - ~ - t o s y l - - , - D - g l u c o -  
pyranose with hydrogen bromide in acetic acid yields the glycosyl 
bromide (26) .29 Photobromination at the "pro-anomeric centre" of 
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such ketones as (27) gave rise to glycosulosyl bromides,e.g. (28). 
Photobromination of 4-uloses resulted in bromination at the c y -  

position giving 5-bromo-products. Thus the ketone (29) yielded the 
bromosugar (301, which with methanol-silver carbonate gave the enone 
(31) 

30 

C H ~ O B Z  

020 (QR * < 7 B z  .?'"a.. 
020 (27) R=Y OBz OBz 

(28) R=Bv 
(30) R = B r  
(29) R - H  (3')  

The reactions of acetylated C-(D-glycosyl) heterocycles and of D- 
glycosyl cyanides with NBS in hot carbon tetrachloride or with 
bromine in the presence of U.V. light gave axial bromination at the 
anomeric centre. Both methods gave the same results, with a wide 
range of heterocycles. Scheme 3 shows some examples of reactions 
carried out. 31 

f+ 

5r N-N 

GI cv P -  Linked. CN 

A C 0 P C N  L > A c o r n c N +  NCN 
OAc 

AcO Br AcO OAc 
OAc 

AcO 

Reageds : NBS-CC14 or 6r2-hv 
Scheme 3 

2-Bromo-2-deoxy-3-Q-formyl-~-D-quinovosyl bromide (32) has been ob- 
tained by the reaction of dibromomethyl methyl ether (DBE) with the 
blocked rhamnose derivative (33). Reaction of the 4-hydroxy 
analogue of (33) with DBE-zinc bromide gave the pyranosyl and 
furanosyl bromides (34) and ( 3 5 1 ,  whereas the 4-Q-benzyl analogue 
underwent stepwise reactions via the or-glycosyl bromide, the 4-g- 
formyl ester, and cleavage of the isopropylidene acetal to yield 
finally the dibromide (34). Treatment of the digitoxose tri- 3 2  
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acetates (36), o r  the olivose triacetates (37) with trimethylsilyl 
halide led to the glycosyl halides (38) and (391,  and, on further 
reaction with these reagents, to the 3-halo-D-arabino-halides (40) 
and (41) apparently by way of the 3,4-acetoxonium ion inter- 
mediate.j3 Reaction of glycal esters with NBS or NIS in the 
presence of alcohols has been shown to yield 2-haloglycosides, e.g., 
(42) gave (43), whereas with the peracetylated 2-hydroxy glycals 
the bromouloses are formed, e.g.,(44) yielded (45). The method was 
also applied to cellobiose- and lactose-derived hydroxyglycal esters. 
Several reactions were carried out on the products. 34 

I 

(32) By (33) 
I 

(34) Br 
v 

(35) Br 

OAc 

(36 )  
( 3 7 )  

(30) X = B r , I  

(42) 
I x 

(43) X-Br, I 
R=C,H,, , Pr', Bz 

OAc 
(44) 

(40) X-Br 

(41) X = I  

(-0 Br 

41 
(45) 

D-Glucose derivatives labelled with bromine-75, bromine-77 and 
iodine-123 have been prepared by standard procedures from 1,2:5,6-di- 
0-isopropyl idene-td-D-glucofuranose to yield the 3-halo-compounds and 
from tri-2-acetyl-D-glucal to give the 2-halo compounds. 

deoxy-~,4,5,6,7-penta-~-acetyl-D-galacto-heptulose by reaction with 
cyclohexane-1,3-diones has been reported. 

35 - 

The synthesis of the heterocyclic derivatives (46) from l-bromo-l- 

36 

The stereospecific photobromination at C-6 of 1,6-anhydrosugars as 
intermediates f o r  isotopic labelling at this centre by hydrogen iso- 
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tope:; is covered in Chapter 2. 

Carbohydrate Chemistry 

AcO 0 OH 1 OAc 

CH2OAc 

(46) R=Me,  S u b s t & d d  ph%L 

(47) (49  

ME 

I 
OH 

(49) 

Opening of the epoxide ring in the 4,6-dideoxy sugar (47) with 
magnesium iodide in THF gave 80% trans-3-deoxy-3-iodo-2-hydroxy pro- 
duct (48), whereas with sodium iodide the product was the correspond- 
ing trans-2-iodo compound ( 4 9 ) .  Tetra-n-butylammonium iodide gave no 
reaction. 37 

Xylitol has been converted to its 1,5-dideoxy-1,5-diiodo deriv- 
ative via the intermediate 1 2:5,6-anhydro-xylitoIs and epoxide ring 
opening with hydriodic acid. 

38 

Iodinolysis by means of iodotrimethylsilane in carbon tetra- 
chloride as an alternative to acid hydrolysis of glycosidic linkages 
is mentioned in Chapter 3. 
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9 
Ami no-sugars 

1 Natural Products 

3-C(~-Acetyl-L-seryl)aminol-3,6-dideoxy-D-glucose has been 
identified as a component sugar of the 0-specific polysaccharide of 
an Escherichia coli strain, and a related aminosugar reported 
previously to be 3,6-dideoxy-3-(L-glyceroylamino)-D-glucose (W. 
Kondo et &, Carbohydr. Res., 1980, 83, 129) has been shown 
instead to have the galacto-configuration.' 
sugar, 2,3-dia,cetamido-2,3-dideoxy-L-guluronic acid, has been 
identified as a component of the 0-specific polysaccharide of a 
Pseudomonas aeruginosa strain; this polysaccharide, on solvolysis 
with hydrogen flupride, released the trisaccharide repeating unit 
(1) in almost quantitative yield. 1,5-Dideoxy-1,5-imino-D- 
mannitol, a recently isolated plant natural product (Vo l .  13, p.78), 
has been shown to be a potent inhibitor of various glucosidase 
enzymes. 
used to show that binding of 2-acetamido-2-deoxy-D-glucose to 
lysozyme dramatically reduces the conformational flexibility of the 
protein. 

A new acidic amino- 

Temperature dependent l3C-n.m.r. spectroscopy has been 

4 

p & f F O R o  H O P  0 pH ofppq 
N A l  YHAc AcNH 

D-MO.WI,o L- G& D-% NHAc Y C O  

HO C H ~ N H  C H C O ~ R ~  

('1 (2) R: = H , Me, Pr', SU!, Bas 
R = M e , E t  

2 Synthesis 

The protected Amadori compounds (21, from which the free E- 
substituted l-amino-l-deoxy-D-fructoses can be released for bio- 
chemical studies, have been synthesized by displacement of a 1- 

90 
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triflate group by an amino-acid ester. E-!-( l-Deoxylactulos-1- 
y1)-L-lysine has been isolated from the reaction of lactose and 
lysine in low yield, by h.p.1.c. on a cation-exchange resin, and 
then used as a substrate for monitoring 6-galactosidase activity. 
Fourteen mutarotated g-(1-deoxy-D-fructos-1-y1)-L-amino-acids have 
been examined by high field 'H- and 13C-n.m.r, spectroscopy in D20 
solution, and shown to be mixtures of a- and 6-pyranose, and a- and 
f3-furanose forms in the ratio g. 6:64:15:15 respectively, 
independent of pH, although the L-alanine derivative was shown to 
contain 2% of the keto-form; on prolonged storage, H-1 in these 
compounds underwent H/D-exchange, presumably via enamine inter- 
mediates. 

6 

Me thy1 ( 6s ) - C 6-'H1 I-6-amino-6-deoxy-a-D-glucopyranoside ( 3 ) has 
been synthesized from the deuterated acetylene derivative ( 4 )  as 
shown in Scheme 1, involving selective epoxidation of alkene ( 5 )  
and azide opening of the resulting epoxide to give (6). The 

epoxide rings in the anomeric 2,6-dideoxy-L-lyxo-derivatives ( 7 )  
undergo preferential attack at C-3 with a variety of nucleophilic 
reagents (MeONa, NaN3, Me2NH, MeNH2, NH ),  as does that in the a- 
anomer of the 2,6-dideoxy-L-ribo-derivative (8) with the first 
three reagents. A mixture of products resulting from attack at 

3 

(7) (8) 

both C-3 and C-4 ,  however, was obtained in other cases.' 
6-piperazino-D-glucose, and various N-substituted derivatives 
therefrom, have been synthesized in a search for cytostatic 
activity. 9a 

6-Deoxy- 

Introduction of nitrogen functionality by sulphonate displacement 
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continues to be a popular 
(9) have been synthesized 

strategy. Eight nitrosourea derivatives 
by displacement of a 6-sulphonate by 

k' ti' 
(91 (1 0) 

Reagent. i, NaHC03-H20 
Scheme 2 

alkylamine, and shown to form cyclic carbamates [i.e. (10) in 
Scheme 21 more slowly than their C - 1  and C - 3  positional isomers, 
consistent with their lower antitumour activity .lo 

of the synthesis of the 4'-aminodisaccharide (11) have been 
published (Vol. 16, p. 72) .I1 
acids (12) have been synthesized from D-ribose 2 cyanohydrin 
chain extension of a 2,5-anhydro-hexose derivative, the 2-amino- 
functionality being introduced by displacement of sulphonate by 
azide. l2 

Full details 

The 2-amin0-3~6-anhydro-heptonic 

Various 4-amino- and 4 , 6-diamino-hexosides including the 

OBn 0 Bn 

('1) 

aminodeoxysugar (13) have been synthesized from ethyl a-D-erythro- 
hex-2-enopyranoside, again using azide displacement of sulphonate ?3 
4-Deoxy-D-mannosamine (14) has been synthesized from 1,6-anhydro-B- 
D-glucopyranose utilizing the intramolecular sulphonate displacement 
strategy shown in Scheme 3. The conditions frequently used to 

0 

3 1  
OTs (1 4) 

prepare triflate esters (Tf20-CH2C12-py) can lead to the formation 
of pyridinium salts such as (15) when applied to primary alcohols?* 
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(15) OAc 

Syntheses of carminomycine analogues with 3-amino- and 3,5-diamino- 
hexofuranosyl moieties, and of 3'-amino-nucleoside and -deoxy- 
nucleoside analogues, which involve displacement of sulphonate with 
azide, are covered in Chapters 1 9  and 20 respectively. 

Guided addition of the elements of ammonia to an allylic alcohol 
has been demonstrated in syntheses of 3-amino-2,3-dideoxy-sugars. 
Thus, two groups employed the halocyclization of the 4-g-trichloro- 
acetimido-derivative (16) in the synthesis of methyl a-L- 
ristosaminide (17) (Scheme 4) ,16y17 while a daunosamine derivative, 

I 

Reageah:  L, CCL3CN-NaH;i ,  NISorI(Collicl;ne)2C10q; LU, H30+; iv, Bu3SnH 

Scheme 4 

related to (17) by inversion at C-3 and -4, was obtained by apply- 
ing the same strategy after first inverting the configuration at 
C-4 in the starting material (18) using the Mitsunobo reaction. 
p T r i f l u o r o a c e t a m i d o p h e n y 1  2-acetamido-2-deoxy-4-~-a-D-gluco- 
pyranosyl-6-D-glucopyranoside has been synthesized from maltose 
azidonitration of maltal hexaacetate, while the (1 -+ 6)-linked 
isomer was synthesized by conventional bromide-ion catalyzed 
glycos idat ion procedures. l9 

Amino-functionality has also been introduced via ulose deriva- 
tives. 4-~-(2-Acetamido-2-deoxy-~-D-glucopyranosyl)-D-gluco- 
pyranose was synthesized from a protected 1,6-anhydr0-2'-g-tosyl-B- 
maltose derivative. Removal of the 2'-g-tosyl group by alkaline 
hydrolysis, oxidation of the resulting alcohol, oximation, and 
reduction (LAH) provided a 6 : 1  mixture of disaccharides having the 
gluco- and manno-configuration in the non-reducing terminal 
respectively. 2o 

1 8  

The 4-amino-4-deoxy-B-L-arabinoside (19) was 
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synthesized as shown in Scheme 5, using the novel bromine oxidation 

OH OH 
(1 91 

of the stannylene derivative (20) in which the equatorial hydrogen 
was specifically abstracted, as shown in the postulated cyclic 
mechanism. 

The branched-chain amino-sugar (21) has been synthesized as 

21 

shown in Scheme 6, the amino-function being introduced in a stereo- 
0 1  Me 

(22) CH2N3 

R ~ L ~ ~ v I C S  L ,  NaN3 i U,  MsCL-Py , ~ 1 ,  H2-Pt02-MeOM 

Scheme 6 

controlled manner by conversion of spiro-oxiran (22) to spiro- 
aziridine (23). 22 
synthesized as shown in Scheme 7, with the presumed intermediacy of 
a spiro-aziridine in the reduction of the cyano-mesylate (25). 23 

The enantiomeric L-xylo-derivative (24) was 

“ e o n o ~ ~ M e ~ ~  

NH2 5 S t e p s  HO @ye 
0 OMS st) M e  Me 

(25) 
Reagents. L ,  KCN ; i i ,  MsCL-Py ;‘u, LAH 

Scheme 7 

In both syntheses, epimerization at C-4 was effected by an oxidation 
-reduction sequence. Details have been published on the syntheses 
of the four configurational isomers of 2,3,6-trideoxy-3-C-methyl-3- 
benzamido-L-hexose from a yeast-produced a-methylcinnamaldehyde- 
acetaldehyde adduct (see Vo1.15, p .97)  .24 

A number of amino-sugars have been elaborated from 3- and 4- 
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ca rbon  c h i r a l  compounds. The two i s o x a z o l i d i n e s  r e p o r t e d  l a s t  
y e a r  (Vo1.16 ,  p . 9 3 )  from t h e  c o n d e n s a t i o n  o f  2 , 3 - ~ - i s o p r o p y l i d e n e -  
D-glyceraldehyde w i t h  e t h y l  i s o c y a n a t e ,  have been i n d e p e n d e n t l y  
o b t a i n e d  i n  t he  same way and c o n v e r t e d  i n t o  l a c t o n e s  o f  2-amino-2- 
deoxy-D-arabinonic  and  -D-xylonic a c i d .  25 
examined t h e  b a s e - c a t a l y z e d  c o n d e n s a t i o n  of  t h e  same a ldehyde  w i t h  
t h e  h e t e r o c y c l e  (261 ,  b u t  found tha t  f o u r  i s o m e r i c  b ranched-cha in  

These worke r s  a l s o  

p h 3; J 
O2 Me 

(261 

amino-sugar a c i d  d e r i v a t i v e s  were o b t a i n e d ,  and t h a t  t h e y  were 
r acemic  due t o  p a r t i a l  e p i r n e r i z a t i o n  o f  t h e  s t a r t i n g  a l d e h y d e .  E- 
Acyl-L-daunosamines ( 2 7 )  have been  s y n t h e s i z e d  from t h e  4-deoxy-L- 
t h r e o s e  a c e t a l s  (281, a v a i l a b l e  from d i e t h y l  L - ( + ) - t a r t r a t e ,  by t h e  
t h r e e  a l t e r n a t i v e  r o u t e s  shown i n  Scheme 8 .  Thus c a r b o n  sub- 

CONNe2 

DL- (31) DL- (32) 

ReajeKts 
v ,  ( c H ~ - w c H ~ ) ~ Z ~  , V L ,  H+ , vu, 
KLL, AczO 

L ,  f3nNH2, ul L L C H ~ C O N M ~ ~ - Z ~ B ~ ~ ,  h, Bn02CCL-NaHC03,  LV, PhSSPh-hgN03-NY3, 
BzCL ~ VLU, 0, , ix, BnNHOH , x ,  EtOCH=CW2, X L , H ~ - P ~ ( O H ) ~ H C ~ , S O ~ ~ L  , 

S c h e m e  8 

s t i t u e n t s  were added t o  t h e  imine  (29)26 and t h e  s u l p h e n i m i n e  ( 3 0 ) ~ ~  
i n  a n  e r y t h r o - f a s h i o n ,  w h i l e  d i p o l a r  c y c l o a d d i t i o n  of  e t h y l  v i n y l  
e t h e r  t o  t h e  n i t r o n e  ( 3 1 )  l e d  t o  t h e  i s o x a z o l i d i n e  ( 3 2 ) .  28 T h i s  
l a t t e r  s y n t h e s i s  a c t u a l l y  employed r acemic  m a t e r i a l ,  b u t  i t  c o u l d  
e q u a l l y  w e l l  be a p p l i e d  t o  o p t i c a l l y  p u r e  compounds. N--Benzoyl-L- 
r i s t o s a m i n e  [ t h e  m e t h y l  a - g l y c o s i d e  ( 1 7 )  o f  L - r i s t o s a m i n e  i s  shown 
i n  Scheme 4 1  was s i m i l a r l y  o b t a i n e d  via a s u l p h e n i m i n e  d e r i v a t i v e  
of 4-deoxy-2,3-~-isopropylidene-L-threose. 27 
t h e  L - t h r e o s e  d e r i v a t i v e  ( 3 3 )  a l s o  y i e l d e d  a n  e r y t h r o - a d d u c t  ( 3 4 )  

The C - a l l y l a t i o n  o f  
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as the major product, from which the 3-amino-2,3-dideoxy-L-xylo- 
hexose derivative (35) was synthesized by employing a new procedure 
for amination with inversion (steps Ti-ivy Scheme 9 ) .  2 9  

C H C H-CH, 

u - v u p  (-OF CH206n & ; ~ $H NHC028n OH 
0 HO 

CH20Bn 

(33) (34) (35) 

R q e n t s  L ,  (CH2=CHCH2)2SnBr2, L L )  o + M e . o T s - E t 3 N ,  UL)LLN~ ,LV,  LAH , v ,  BnOCOCL, 
V L ,  OSO+-NCLIO+, \ILL, H a d  

Scheme 9 

The approach developed by Danishefsky and co-workers for the 
construction of sugar derivatives (see Vo1.16,p.126), which employs 
the initial synthesis of a dihydropyrone derivative by a Lewis acid- 
catalyzed hetero-Diels-Alder reaction, has been extended to the 
synthesis of the glycoside derivative (36) of DL-lincosamine 
(Scheme 10). Introduction of the amino-function at C - 6  required a 
circuitous approach involving 6,7-bromohydrin, 6,7-epoxide, and E- 
substituted 6 , 7-aziridine intermediates. 30 

A further synthesis of ristosamine (c.f. refs.16, 17, and 261, 

CHO 

BnO 1 
Me 

DL-(39) 

0 'i 
' B n O l  Me 

DL-(41) 

Me DL- (42) 
DL- (40) 

R e y e n t s :  L, LDA;ii,HlO+-THF j iii, N3PO(OPh)2-Et3N-B~tOH; Lv,NaI04- O S 0 4 ; V ,  H+- 
vii, Ba(OH),-HzO; v&, H 3 0 +  

Scheme 11 

. M e O H ;  v i ,  HZ-Pd/C 
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this time of the racemic material (37), is shown in Scheme 11, 
involving the stereoselective aldol condensation of ketone (38) 
with 2-benzyl-DL-lactaldehyde (39) to give adduct (40) as the major 
product, and the introduction of the amino-function through a 
modified Curtius degradation C ( 41) + (42) 1. 31 

Other non-carbohydrate starting materials have been converted 
into amino-sugars. Addition-oxidative elimination of a phenyl- 
selenium reagent has been used to convert the racemic dihydropyran 
(43) into the 2,3-unsaturated glycoside (44), which yielded a-lyxo, 
and a- and B-ribo-epoxides in the ratio 61:26:13; the minor 
epoxide was converted into methyl DL-desosaminide (45) 
(Scheme 12). 3 2  The racemic C,g-fused amino-sugar-aromati c 

Me Me 

DL- (43) D L  (44) NMe2 

D L - (45) 
R o ~ ~ ~ g e d s .  L ,  P h S e B r -  MeOH , L L ~  H2O2 ; tu , MCPBA , L V ,  Me2NH 

S c h e m e  12 

derivative (46) has been synthesized from a 5-2-substituted hex-2- 
enos-4-uloseY available by oxidative ring expansion of an 
appropriately substituted furan derivative. 33 

Br 

(46) 

Syntheses of amino-alditol derivatives are covered in Chapters 
18 and 19, and the introduction of a 2-acetamido-function into a 
sugar formazan derivative is covered in Chapter 10. 

3 Reactions 

N-Acetyl-muramoyl-L-alanyl-D-isoglutamine (MDP) analogues continue 
to be popular synthetic targets. Thus a Japanese group have used 
conventional procedures to convert amino-sugar derivatives into 
MDP-analogues bearing various 1-2-acyl , 34 1-thio- and 1-2-acyl-1- 



98 Carbohydrate Chemisiry 

thio, 35y36 and C-6 substituents (OMe, halogen, N3, and O M S ) , ~ ~  and 
have tested the immunoadjuvant activity of their products. Others 
have synthesized 1- and 6-~-(w-aminoacyl)-MDP-analogues, for sub- 
sequent coupling to meningococcal group C polysaccharide ,38 939 and 

40 a 4-g-(2-acetamid0-2-deoxy-B-D-glucopyranosyl)-MDP disaccharide. 
The nature of MDP and its D-manno-, D-allo-, and D-gulo-analogues 
in solution has been studied by 'H-n.m.r. spectroscopy at 
400 while the mutarotation rate constant of MDP has been 
determined from h.p.1.c. data.43 

Nitrous acid deamination of methyl 2-amino-2-deoxy-a-D-gluco- 
pyranoside in anhydrous acetic acid has been shown to yield the 
ring-contracted acetal (47) in 76% yield, accompanied by the 
corresponding free aldehyde. The same treatment of tetra-g-acetyl- 

CH20H 

,OMe 

OH 

(47) 

2-amino-2-deoxy-B-D-glucopyranose gave mainly the pentaacetates of 
D-gluco- and D-manno-pyranose, while tetra-2-acetyl-B-D-gluco- 
pyranosylamine gave mainly the pentaacetates of D-glucose. 44 

A new method for N_-demethylation involved air oxidation over a 
palladium catalyst in aqueous 1,b-dioxan at alkatine pH; the 
dioxan was considered to form an unstable peroxide reagent. Methyl 
2-amino-2-deoxy-~-methyl-6-~-(tert-butyldimethylsilyl)-a-D-gluco- 
pyranoside was thus N-demethylated in 94% yield.45 
debenzylation of N-benzylacetamido groups with potassium tert- 
butoxide in DMSO has been shown to be an autoxidation requiring 
molecular oxygen. 46 The E-allylbenzylamino group has proved useful 
for protection of amino-sugars where vigorous 2-alkylation without 
further N-alkylation is desired; the N-ally1 group is readily 
removed by isomerization to E-prop-1-enyl, which spontaneously 
hydrolyses in moist air. 47 

The 3,6-N-alkylimino-derivatives (48) were formed along with the 
expected 3-alkylamino-derivatives (49) on reduction of 3-acylamido- 
and 3-alkylimino-derivatives (50) (Scheme 1 3 ) ,  and predominated 
under forcing conditions. 

The photoaffinity labelling compound 6-(4-azido-2-hydroxy- 
benzamido)-6-deoxy-D-glucopyranose, and its D-galacto-isomer, have 
been synthesized both by acylation of suitable ?-protected amino- 

The N- 

48 
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(50) 
R' = -NH CO R20r -N=CHR2 

where R2= Pr,  Ph,etc. 

Scheme 13 Reage&: i, LAH 

sugar derivatives, and by carbodiimide-induced coupling of the 
aromatic acid with the free amino-sugar; analogues with radio- 
active iodine in the aromatic residue were also synthesized. 49 
Methyl 3,6-dideoxy-3-(L-glyceroylamido)-a-D-glucopyranoside has 
been synthesized by acylation of the 3-amino-glycoside, and its 
anti-Gram positive-bacterial activity recorded. 50 

and 4-nitrobenzaldehyde has been the subject of a kinetic studyY5' 
while N-(N',g'-dimethylformamidine) derivatives were formed on 
reaction of glucosamine or mycosamine with N,g-dimethylformamide 
dimethylacetal. 52 

The oxazoline derivative (51) was formed in good yield upon 
attempted C-4 deoxygenation of a 3 - a z i d o - b g - ( m e t h y l t h i o ) t h i o -  
carbonyl derivative with tributyltin hydride .53 

The Schiff base formation between 2-amino-2-deoxy-D-glucopyranose 

The migration of the dimethylamino-group in the methyl pyranoside 
(52) (see Vol.11, p.81) has been investigated in detail. In polar 
solvents such as water, the aziridonium salt (53) is formed rapidly, 
and is then opened by a nucleophile to give derivatives (541, but 
in non-polar solvents the migration appears to be concerted, and an 
equilibrium mixture of compounds (52) and (55), in the ratio 1:2, 
is formed (Scheme 14).54 

The O,N,P-heterocycles (56) and their 1,2-trans-isomers have 
been synthesized from 2-~-methyl-3,4,6-tri-~-methyl-D-glucopyranose 
and methylthiophosphonic dichloride (MePSC12) and their cleavage to 
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OMe 
OMs 

(521 

/ Me Me 
‘N’ X 

(54) X = OH,0Bz,N3, C N - i  

I 

(55) X = O M s  O\ / O  
4 s  \ 

0 Me. 
Reagents : L, H 2 0  ; u, CbHL (reflux,9h) 

Scheme 14 

release chiral compounds [such as Me(MeS)(EtO)PO] has been 
studied.55 
sugar led to the substituted pyrrole (571, but the N-phosphorylated 
derivative (58) provided the aldulosylamine derivative (59) by way 
of an 

The action of sodium alkoxides on the same starting 

+- 0 phosphonate migration. 56 
CH2OMe CH20Me 

M e O C H 2 C N >  CHO Me0 gocH 
Me0 &py H 

Me N - P,- 0 E t 
(57) Ph 

MeN-P-OMe 

( 5 9  
; 

(56) 

OMe 

(53) 

NHAc 

(60)  

2-Amino-2-deoxy-3-thio-D-glucose has been synthesized 
conventionally by a route involving the opening of a D-altro-2,3- 
aziridine derivative with a thiol. 57 

The products formed on treatment of various 2-acetamino-2-deoxy- 
furanoses with alkaline ion-exchange resin have been shown to be the 
2,3-unsaturated furanoses ( 6 0 ) ,  formed through @-elimination of C-3 
hydroxy, alkoxy, or tetrahydropyranyloxy substituents, rather than 
the 1,2-unsaturated isomers reported previously (Vol .13, p. 114). 58 
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Modifications of amino-sugars covered in other chapters include 
6-deoxygenation of 2-amino-2-deoxy-D-galactose and -glucose, and 
synthesis of methyl 2-acetamido-2,3,6-trideoxy-~-L-lyxo-hexo- 
pyranoside (Chapter 12), syntheses of six 2-amino-2-deoxyheptonic 
acids (Chapter 16) and of pseudonucleosides (Chapter 201, and the 
tritiation of aminoglycoside antibiotics (Chapter 19). 

4 Di- and Tri-amino-sugars 

The glycosyl phosphate (61) has been synthesized from 2-amino-2- 
deoxy-D-glucose by standard methods, and condensed with appropriate 
nucleoside 5'-phosphate derivatives to give cytidine, uridine, and 
adenosine 5~-(2,6-diamino-2,6-dideoxy-a-D-glucopyranosyl di- 
phosphates) which are potential biosynthetic intermediates for 
aminocyclitol antibiotics. 59 Conventional syntheses of methyl 
2,3-diacetamido-2,3-dideoxy-a-D-hexopyranosides with the gulo-, c y n  g:d2l&C#yMc 

HO 0 p 

NH C02Bn NH2 NH2 
( 6 ' )  (62) 

allo-, galacto-, e-, and altro-configuration, and of 2,3-di- 
acetamido-2,3-dideoxy-D-galactose, have been reported, along with 
comprehensive l3C-n.m.r. data for all the eight possible glycosides 
in the D-series, and three of their corresponding free sugars. 
Certain 4,6-diamino-sugars have been synthesized from glycals via 
hex-2-enosides, using sulphonate displacement with azide .13 361 
The tetra-amino-disaccharide (62) has been constructed by coupling 
known monosaccharides using the "azido method" (Vol.13, p.32, 
ref.122) and introducing the 6'-amino-functionality by sulphonate 
displacement with azide, and its activity against gram-negative 
organisms has been recorded. 

pyranoside has been synthesized from the corresponding 3,4,6-tri-g- 
mesyl-allopyranoside by selective reduction at C-6 (NaBH4-DMSO), 
followed by azide-displacement of the sulphonates at 3 and 4 with 
inversion; mass spectral fragmentation of its derived alditol 
acetate was also recorded. 63 

60 

62 

Benzyl 2,3,4-triacetamido-2,3,4,~-tetradeoxy-a-D-galacto- 
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10 
Miscellaneous Nitrogen Derivatives 

1 Glycosylamines 

- N-(Substituted-pheny1)-D-glycopyranosylamines and their g-acetyl 
derivatives have been synthesized conventionally for a study of 
their potential as modifiers of glycosaminoglycan formation; the 
- p-methoxyphenyl D-xylo-derivative was found to be the most 
cytotoxic .Iy2 
primary amines with D-ribose have been shown by 'H- and l3C-n.m.r. 

D-Ribosylamines formed on condensation of nine 

spectroscopy to be mainly the a-pyranose isomers in the 'C4 con- 
formation, the 6-pyranose isomers assuming the 4C1 conformation. 
Condensation of 2 , 3 - ~ - i s o p r o p y l i d e n e - a - r i b o s e  with these same 
amines gave furanosylamines, and it was found that the A 6  value for 
the 13C-n.m.r. signals of the isopropylidene methyl groups was a 
useful criterion of the anomeric configuration.' 
stituted D-galactosylamines have been used to probe the active site 
of B-D-galactosidase from Escherichia coli. The e .i .-m. s. 
fragmentation patterns of acylated glycopyranosylamine derivatives 
have been investigated in detail. 

The stereoselective synthesis of N-(6-L-asparty1)-a-D-gluco- 
pyranosylamine from 2,3,4,6-tetra-~-benzyl-a-D-glycopyranosyl azide 
has been detailedY6 as has the synthesis of the protected glycosyl 
tripeptide (l), representing the partial unit of bovine deoxyribo- 

Various !-sub- 

CH2 OAC 

( 1 )  
NHAc 

nuclease A, from the corresponding protected glycosylarnine. 5- 
(a-Lactosy1)-urea has been prepared by heating lactose with urea 
(2 h, 60'); 
glucosyl ureas . Condensations of B-D- glucopyranosyl and a-L- 
arabinopyranosyl thiosemicarbazides with furfuraldehyde and 

on hydrolysis it gave a mixture of galactosyl and 

104 
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5-nitrofurfuraldehyde to give the corresponding semicarbazones, and 
of glycosyl isothiocyanates with furoyl hydrazides, have been 
reported. E-Glycosylamidophosphites such as ( 2 )  have been 
synthesized through the phosphorylation of IJ-methyl-glycosylamines,  
and were readily oxidized to the corresponding phosphates and thio- 
phosphates ( 3 ) .  lo Mercury (I1 ) oxide-induced desulphurization of 

- N-aroyl "-glycosyl thiosemicarbazides yielded 5-glycosylamino-2- 
aryl-1,3,4-oxadiazole derivatives such as the arabinosylamine 
derivative (4) .l1,l2 

2-Amino-(1,2-dideoxy-~-D-arabinofurano)~l,2-~~-2-oxazol~ne (5) 
has been obtained by reaction of a-D-arabinopyranosylamine with 
cyanamide in methanol for 1-2 days; analogous products were 
obtained in the D-ribose, D-xylose, D-glucose and L-sorbose series, 

OH /A\ k-J 
HO \-= \ /  OH 

and both labelled nitrogen atoms were incorporated when doubly 
l5N-labelled cyanamide was employed .13 ,14 The E-glucosylimidazoline 
(6) has been obtained on acetylation of Tj-B-D-glucopyranosyl-IJ'- 
carboxymethylguanidine, and its conformation investigated by 'H- 
n .m .r . spectroscopy. '5 

The proceedings of a symposium devoted to the Maillard reaction 
in food and nutrition have been published,16 and reports made of a 
kinetic and mechanistic study on the Amadori rearrangement of IJ- 
(4,6-~-benzylidene-D-glucopyranosyl)glycine esters ,I7 and a g.c . -m . s .  
study of the pentane soluble products from the Maillard reaction 
between glucose and phenylalanine. 18 
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2 Azido-sugars 

Carbohydrate Chemistry 

- 0-Protected D-ribofuranosyl azides have been synthesized from the 
Lewis acid catalyzed reaction of azidotrimethylsilane with the 
corresponding 1-)-acetates . l9 
pyranosyl azides have been synthesized in the same way, while their 
@-analogues have been obtained from 2-~-levulinoyl-a-glycosyl 
bromides by displacement with azide and subsequent introduction of 
the 2-g-methyl substituent . *’ 
substituents in D-glucal and D-galactal derivatives upon addition 
reactions of these sugars with chloroazide, yielding 2-azido- 
glycosyl chlorides, 2-chloro-glycosyl azides, and other products, 
has been examined both experimentally and by quantum chemical 
calculations. For g-acetyl and 2-benzyl substituents, only that 
on 0-3 influences the reaction rate, a 3-g-acetyl substituent 
markedly lowering reactivity by an inductive effect .21 

A set of 2-~-methyl-a-glyco- 

The influence of 0-3,-4, and -6 

The sulphonate groups in the 5,6-~-isopropylidene-3-~-tosyl- 
1,2-~-trichloroethylidene-a-D-galacto- and gluco-furanose isomers 
with =-CC13 substituents were readily displaced by azide, the 
repulsion between the approaching charged nucleophile and the 
acetal oxygen atoms being diminished by the strong inductive e f f e c t .  
of the C1 C-substituent. 
stituent, as would be expected, failed to react.22 

The gluco-isomer with an endo-CC13 sub- 3 

3 Nitro-sugars 

1-Deoxy-1-nitroaldoses in the furanose or pyranose form have been 
synthesized from various oximes by the strategy shown in Scheme 1 

Scheme 1 .- 

for the synthesis of the mannofuranosyl nitrate ( 7 ) . 2 3  
equilibration with base, the glycosyl nitrates (8) and (9) formed 
mixtures of anomers in the a:B-ratio 93:7 and 92:8 respectively, 

On 
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from which the anomeric effect of the nitro-group in these molecules 
was calculated to be 3.4 and 2.4 kcal. mol-I respectively. 
1,5-Anhydro-3-nitrohexitol derivatives with the D-gluco-Ci.e. (lo)], 
D-manno-, and D-galacto-configuration have been synthesized by 
periodate oxidation of 1,5-anhydro-D-mannitol followed by con- 
densation with nitromethane and benzylidenation, and their 
conversion into nitroalkenes has been studied. Sulphonylation 
(MsC1-py) of nitroalcohol (10) yielded both the 2,3-alkene (11) and 
the glycal (12) through double-bond migration. The glycal (12) 

24 

(lo) R=H 
(13) R = A c  (‘2) 

R e ~ g e n t s :  i , Na0H4- DMSO ; ii, BULL ; iii, PhSeBr  ; Lv, H202 ; v, N a H C 0 3  

Scheme 2 

was the sole product from base treatment of the acetate (131, 
while a synthesis of the 2,3-alkene (11) from this acetate in 72% 
overall yield involved deoxygenation at C-2, phenylselenylation at 
C-3, and oxidative elimination (Scheme 2). 

sides (15) have been achieved by employing strictly anhydrous 
conditions for the condensation of nitroalkanes with 5-aldehydo-D- 
ribose derivatives. 

25 

Improved yields of the chain-extended glycosides(l4) and nucleo- 

26 

(14) R‘ = OMe ; R2= H,Me,€t,6u 

(15) $ = N6- B e n q l a d e n i n e  ; R 2 =  H,Bm 

0x0 
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2,3,4,6-Tetradeoxy-~-methoxycarbonylamino-3-~-methy1-3-nitro-B- 
D-xylo-hexopyranose has been identified as a constituent sugar unit 
in the antibiotic kijanimicin. 27 
( 1 6 ) ,  the enantiomer of a naturally occurring antibiotic component, 

The synthesis of L-rubranitrose 

L - iv 

Me Me 

(1 6) 
Reagents : i ,  Methymion ; u, La- NH3(1) ; %L, MCPBA ; iv, H30' 

Scheme 3 

has now been completed as shown in Scheme 3, the key step being g- 
deacetylation using calcium in liquid ammonia. 2 8  

studies including branched-chain nitro-sugars are mentioned in 
Chapter 14. 

13C-N.m.r. 

4 Nitriles and Hydroxylamines 

The procedure commonly employed f o r  preparing the peracetylated 
aldononitrile derivatives from D-galactose and D-glucose for 
analysis by g.c., involving oximation (py-NH20H.HC1) then 
acetylation (py-Ac20), has been shown to yield substantial amounts 
of isomeric E-hexosylhydroxylamine hexaacetates. Thus the B-D- 
galactofuranose derivative (17) was isolated in 16% yield, along 
with its a-furanose (1%) and B-pyranose ( 2 % )  isomers.29 The e.i.- 

Ac 
I 

C H ~ O A C  

( '7 )  

m.s. fragmentation patterns of some benzoylated aldononitriles have 
been investigated. 30 
carbohydrate nitrile oxide are covered in Section 6. 

The dipolar cycloadducts formed from a 

5 Hydrazones, Osazones, and Derived Heterocycles 

Following earlier analogous work, 2,3-dideoxy-D-threo-hex-2- 
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enopyranosides with 2- and 3-phenylazo-substituents have been 
synthesized from monoesters of the corresponding glycosiduloses, 
followed by treatment with base, e.g.,to give (18) (Scheme 4); 

11 y 2< 
- phq7$Me 2 5-y 

N-NHPh N=NPh MeN H “ - NHPh 
(181 (1 9) 

Reagents: i, K O E L L ~  ; u ,  MeNH2 
S c h e m e  4 

nucleophiles added in the 1,4-sense, but the adducts were unstable 
and tended to revert, but some amine adducts (e.g.,19) were 
i~olated.~’ 
D-fructose 2,4-dinitrophenylhydrazone have been separated chromato- 
graphically and characterized. 32 

Hydrazones of eight aldoses have been investigated by ’H- and 
l3C-n.m.r. spectroscopy. In hydrazine solution they exist mainly 
in the syn-acyclic form, but in D20 they slowly tautomerize to the 
cyclic glycosylhydrazines. At pH 6 this process is rapid and the 
cyclic modifications preponderate for all but D-ribose and L- 
arabinose derivatives, which are %l:l mixtures of cyclic and acylic 
forms. 
glucopyranosyl azide and D-glucose, presumably by reaction of the 
cyclic and acyclic forms of the hydrazone respectively. ” Hydra- 
zinolysis (at 105’ for 10 h) of 2-acetamido-l-~-acetyl-2-deoxy-B-D- 
glucopyranosylamine, studied as a model for the hydrazinolysis of 
glycopeptides, led to 1-deoxy-D-fructose hydrazone (22%), possibly 
- via a Wolf-Kishner-type reaction of a 1,2-bishydrazone inter- 
mediate. 34 Milder conditions were inefficient. 35 Hydrazinolysis 
of the l-y-(L-B-aspartyl)-analogue proceeded much more rapidly, 
presumably due to an initial intramolecular carboxylate-assisted 
cleavage of the amide bond. 34 Hydrazinolysis of 2-amino-2-deoxy- 
D-glucose hydrazone also gave 1-deoxy-D-fructose hydrazone, the use 
of hydrazinium sulphate as catalyst providing this compound in 44% 
yield. 35 

The E- and ?-isomers of 1,3,4,5,6-penta-Q-acetgl-keto- 

Nitrosation (NaN02-HOAc) of D-glucose hydrazone gave B-D- 

The photochemical and thermal isomerization of D-arabino-hexulose 
phenylosazone in solution between the E- and Q-chelate forms (20) 
and (21) respectively, has been studied in detail, the photo- 
reaction being a fast efficient method for the synthesis of the 0- 
chelate. 36 , 37 
the photochemical singlet to triplet intersystem crossing in D- 

Lifetimes and quantum yields have been reported for 



110 Carbohydrate Chemistry 

glucose phenylosazone. 38 Reduction of the azomethine group in 
sugar hydrazones and osazones in aqueous and 
been the subject of a polarographic study. 
taken up, and it was concluded that chelated 
cleaved prior to reduction. 39 

HNPh 

CH2OH 
I 

PhNH 

'N 

Ph 

non-aqueous media has 
Four electrons were 
structures were 

NHAc 

HO Hoi CHZOH OH 

(2 4 

Ammonia-catalyzed 2-deacetylation of sugar formazans 
unexpectedly gave 2-acetamido-2-deoxy-derivatives. The 2- 
acetamido-2-deoxy-D-glucose derivative (22) was thus obtained in 
high yield from both per-0-acetylated glucose and mannose formazans, 
presumably by way of a 1,4-elimination/addition process, 4 0  The 
2,5-anhydride structure of the product (231, formed on irregular 
Zemplen deacetylation of both penta- and hexa-acetyl-D-galactose 
diphenyl formazans, has been confirmed by a l3C-n.m.r. spin-lattice 
relaxation-time study. 

glucose derived product (24), were obtained by condensation of' D- 
ribose, D-galactose, D-mannose, D-arabinose and D-glucose with 1- 
hydrazino-4-phenylphthalazine and subsequent dehydrogenation, which 
occurred spontaneously in the case of the last two sugars. D- 
Glucono-lY5-lactone gave the same product (24) by autodehydration 

41 

3-(Alditol-l-yl)-1,2,~-triazolo~3,~-~~phthalazinesy such as the 
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of the acyl hydrazide derivative. 42 5-Aryl-2-ethoxy- 3-D-glucony 1- 
2,3-dihydro-1,3,4-oxadiazoles, such as the 5-phenyl derivative (25), 
have been prepared by condensative cyclization of the l-aroyl-2-D- 
gluconylhydrazines (obtained from aroyl hydrazines and D-glucono- 
1,5-lactone) with triethyl orthoformate. 43 Similar condensation 
of 2,3,4,5-tetra-~-acetyl-galactaric bis(aroy1hydrazides) with 
triethyl orthoformate yielded double-headed analogues of (25), 
while treatment of the bishydrazides with phosphorus oxychloride 
( P O C 1  ) gave compounds such as (26). 44 
(2,4-dichlorophenoxy)acetyl hydrazones of a number of monosaccharides 
has been reported, and the cyclized product (27) has been obtained 
from the D-galactose derivative along with the expected penta-0- 
acetate upon acetylation. 45 

The synthesis of the 3 

(26) R =  
AcO 

OAc 

R 

OAc 

AcO Acof CH20Ac OAc 

(27) 

0 

Ph NH.N 

HO1 

Dehydro-L-ascorbic acid 2-phenylhydrazone 3-semicarbazone has 
been found to rearrange on alkaline treatment to the 4,5-(1g)- 
pyrazoledione derivative (28), from which a variety of pyrazole 
derivatives were synthesized. 46 
derivatives from dehydro-D-arabino-ascorbic acid, analogous to 
those reported last year (Vo1.16, p.113j from dehydro-L-ascorbic 
acid, and their conversion to non-carbohydrate compounds has been 
described. 4 7  
glycofuranosylhydrazine derivatives is covered in Chapter 20. 

The synthesis of 1,2,3-triazole 

The synthesis of nucleoside analogues from E- 

6 Other Heterocyclic Derivatives 

The 5-g-aryl derivatives (29) and (30) of xylose have been obtained 
in a 1:l ratio by condensation of the xylodialdose (31) with the 
quinoline carbonitrile (32) (Scheme 5). 

tetrononitrile oxide (33) , generated in situ from nitroalcohol (341, 

48 

Dipolar cycloaddition of an alkene such as (Z)-but-2-ene to the 
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CHO 

I 

BZ 

(32) . ,  
Scheme 5 

led to diastereoisomeric isoxazolines, e.g., (35) and ( 3 6 ) ,  in the 
ratio 1:2.9 (Scheme 6). Separation and cleavage of the major 
isomer (36) yielded optically pure B-hydroxyacid (37). 49 

CHO 

i 

Scheme 6 

Included amongst the products f rom the reaction of  D-xylose5' and 
D-galactose5' with 2-phenylenediamine under acidic conditions were, 
after acetylation, 2-substituted quinoxalines such as (38)  and (39). 
The pteridines (40) have been obtained from the condensation of D- 

0 

OAc OAc 

(39) R' = +OAc ( D -  1 ~ x 0  amd D-arabino) , R2= H 

OAc 

CHZOH 

(40) X=O or S 

glucose with arninopyrimidines. 52 
isopropylidene-aldehydo-D-arabinose with methyl diazoacetate 
(BF3.Et20 catalysis) led to the chain-extended derivative (41) which 

Condensation of  2,3 : 4,5-di-g- 
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reacted separately with 5-methylthiourea, thiourea, and guanidine 
to give, after deacetalation, the alditolyl heterocycles (42) . 53  

C 0 2 M e  *k xT; 
OH 

C H 2 0 H  

(4') (42) X J  SMe,SH,or NH2 

The e.i.-m.s. fragmentation patterns of some benzoylated 5- 
cpoly (benzoy1oxy)alkyll tetrazoles have been reported. 30 

Pictet-Spengler condensation of dopamine with D-glucose gave a 
4 : l  mixture of 1-substituted tetrahydroisoquinoline diastereomers 
(43). Analogous reactions of dopamine and tryptamine with 2,5- 
anhydro-D-mannose were also studied, the latter combination giving 
the diastereomeric 8-carbolines (44). 54 Acid-catalyzed dehydration 

HO \ ayTob 
HO 

CH20H 

OH OH 

OH (44) 
CH20H 

(43) 
of the D-galacto-pentitol-1-ylated heterocyclic derivative (45), 
obtained from the condensation of 2-(benzylamino)-2-deoxy-D- 
glycero-L-gluco-heptose with 5,5-dimethyl-1,3-cyclohexanedione, 
led to the D-lyxofuranosyl derivative ( 4 6 )  with a presumed a-con- 
figuration as the kinetic product, and thence to a 1:l mixture of 
a-'and 8-D-lyxopyranosyl derivatives (47) under thermodynamic 

Ho{oH-h HO 

OH 

CH,OH 

ko$R + HO FFl? R=& N 
8n 

C H 2 O H  (46) (47) 

S c h e m e  7 
(45) 
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control (Scheme 7 ) . 5 5  
observations by the same authors (Vo1.16, p.113) that pyranose 
derivatives were formed directly from related D-galacto-pentitol-l- 
ylated heterocycles, the formation of furanose rings being presumed 
to be disfavoured by steric congestion in the required transition 
stage. 

Chapter 9. 

These results are in contrast to earlier 

Several pyranose-fused heterocyclic derivatives are covered in 
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11 
T h i 0-s u gars 

A review of the synthetic methods which have been developed for the 
preparation of monosaccharide thiocyanates and their transformations 
to deoxy sugars and thio sugars has appeared. A table of carbo- 
hydrate thiocyanates is included. 

1 

Condensation of 2,3,,!+,6-tetra-2-acetyl-l-thio-/-D-glucopyranose 
with - p-(2-bromoethyl)aniline hydrobromide followed by treatment with 
methanolic sodium methoxide led to the corresponding substituted 
ethyl ,4-thioglycoside. 1 -Thioglucosyl aminoacid esters3 trans- 
fer their acyl moiety with high efficiency upon ammonolysis with an 

2 

amino acid ester, thereby constituting a peptide synthesis; thus the 
peptide ( 1 )  was formed in 90% yield on reacting the thioglucosyl 
derivative ( 2 )  with methyl glycinate, the other product being 
2,~,l+,6-tetra-~-a~etyl-l-thio-~-D-glucose.~ Analogues of ( 2 )  have 
been prepared from peracetylated I-thio-L- and -D-arabinopyranosyl and 
methyl I - t h i o - - - D - g l u c o p y r a n o s y l u r o n a t e  esters of N-acylamino acids 
by coupling of the thiols to pentachlorophenyl esters of the N-acyl- 
amino acids in the presence of i m i d a ~ o l e ; ~  (see also reference 2 
above). 

I-Thio-1-acetylmuramoyl-L-alanyl-D-isoglutamine and its lipophilic 

116 
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derivatives (3) have been synthesized conventionally. Some of these 
and other analogues showed potent biological activity. 'j7 
crystal structure of merosinigrin ( 4 1 ,  an ap,ap-monothioacetal re- 
arrangement product of allylglycosinolate, has been determined by 
direct methods. 

The 

_ -  
8 

CW20H P l  I 

- I  

S c h e m e  1 

Amination of epithiosorbitol by isobutylamine o r  diethylamine in 

2-Amino-2-deoxy-3-thio-D-glucose (6) has been synthesized as shown 

The extent to which the sulphur atom in the ring of the anomers of 

9 
dry benzene gave low yields of the I-amino-2-thio-derivative ( 5 ) .  

in Scheme 1. 10 

5-thio-D-xylopyranose and 6-thio-D-fructopyranose distorts the con- 
ventional chair conformation of their oxygenated counterparts has 
been determined by H- and C-n.m.r. spectroscopy. The dis- 
tortion was found t o  be more pronounced in the d-anomers. 

pyranose (8),13 have been synthesized 

1 13 
1 1  

12 
2-Acetamido-2-deoxy-5-thio-D-glucopyranose (7), and -D-manno- 

as shown in Schemes 2 and 3. 

CH (OMe)2 CHZOH 

LV V , V i , i i  + &i->on - 5bs HO 

oEc i - 2 )  .3 
5 6 6 

6 C H 2 0 H  (7) NHAc 

Reageats: i,, BzCL- Py ; u ,  MsCL-Py j iil, MeONa-MeOH; LV, CS(NH2)z ; v, KOAc-AcpO-AcOH; 
Vi, H30+ 

Scheme. 2 

The corresponding D-galactopyranose ( 9 )  has been prepared from the 
5,6-Q-isopropylidene derivative (10) %a the 5,6-epithio-galacto- 
furanoside (1 1 ) with acetate ion (Scheme 4 )  . 1 4  

glucose (7) has been converted by conventional methodology to the 3- 
The acetamidothio- 
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0-(L-1actate)ether (12) and thence to its L-alanyl-D-isoglutamine 
peptldyl derivative, corresponding to ( 3 ) .  

1 5  - 

R e c ~ g d :  i, CS(NH& ; ii, KOAC-AC~O-ACOH; iii, HCL ;iv, N ~ O M C  
(8) 

Scheme 3 

- +/ - 
S 

6 

(1 1) 

Scheme 4 

$H,OH 

N HAG 
(9) 

5-Thio-D-glucal ( 1 3 ) ,  a competitive inhibitor of glycosidases, has 
been synthesized by the zinc-acetic acid method on the corresponding 
glycosyl bromide, followed by Zemplen deacetylation. 

16 

P l  CH20H 

R % Bn-CH-SMe MeS-CH-CH-SMe 

(14) 

y \  R R  

Ph 
( ' 6 )  (171 
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The sulphylid (l4), prepared as shown in Scheme 5, underwent 
acylation to (15), facile Stevens rearrangement to (16) and the 
dimers (17), initial loss of benzyl radical, and reaction with 
Michael acceptors to give cyclopropane derivatives, e . p . ,  ( 1 8 ) ,  with 
acrolein. With benzene carbothioaldehyde-S,s-dioxide, generated 
situ, however, the unex ected oxathiolenedioxide (19) was formed and 
isolated in 40% yield. 

17 
Reference to S-3-indolemethyl derivatives of 5'-deoxy-5'-thio- 

adenosine is to be found in Chapter 20, and to thio- and seleno-phos- 
phates in Chapter 7. 
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Deoxy-sugars 

A branched-chain tetrasaccharide consisting of three units of 2,6- 
dideoxy-a-L-ribo-hexopyranose (e., L-digitoxose) and one of 2,6- 
dideoxy-4-g-methyl-f3-L-ribo-hexopyranose (k., L-cymarose), is 
part of the antibiotic kijanimicin.’ New antitumour-active poly- 
oxypregnane oligoglycosides isolated from Drega volubilis contained 
mainly the 3-~-methyl-2,6-dideoxy-sugars cymarose and oleandrose, 
and 3-~-methyl-6-deoxy-B-D-allopyranose. 6-Deoxy- and 4,6- 
dideoxy-gulopyranose units with an assumed D-configuration have 
been found in affinosides S-I11 and S-VIII, terpenoid glycosides 
isolated from Anodendron affine. 2,3,6-Trideoxy-a-D-threo- 
hexopyranose, the enantiomer of L-rhodinose, has been found for the 
first time in sakyomicin, an anthracyclinone-type antibiotic 
metabolite from a Norcardia species. 4 

3-Deoxy-D-ribo- and -D-arabino-hexoses have been synthesized 
from 2-deoxy-D-ribose by a modification of the Kiliani-Fischer 
method, as a chromatographically separable 1:l mixture; 
Cl-13Cl-enriched analogues were also obtained, and from their l3C- 
n.m.r. spectra it was deduced that significant amounts of the 
furanose forms were present in aqueous solution. 5 

2-Deoxy-D-C l-llC]-glucose, required as a radiopharmaceutical , 
has been conveniently prepared from 2,3:4,5-di-g-isopropylidene-l- 
- 0- tri f ly 1-D-arabini t o 1 using K’lCN. 

Methyl 2,6-dideoxy- and 3,6-dideoxy-a-D-arabino-hexopyranosides 
have been synthesized by photochemical deoxygenation of the 2,6- 
dipivaloate of methyl a-D-glucopyranoside, and of the 3,6- 
dipivaloate of methyl a-D-mannopyranoside respectively. While 
products resulting from incomplete ester removal and from ester 
migration were also present in the photolysis products, 20-25% 
yields of these dideoxy-sugars were isolated, and these syntheses 
were much shorter than alternatives. The required dipivaloates 
were readily obtained by selective diacylation of the methyl 
glycosides . 

6 

Syntheses of a number of deoxy-sugars are covered in a review on 

120 
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modern methods of radical deoxygenation of alcohols. A modified 
procedure for deoxygenating secondary alcohols, which involves the 
synthesis and radical-initiated tributyltin hydride reduction of 0- 
phenoxythiocarbonyl derivatives, and apparently resulting in less 
byproduct and higher yields, has been used to prepare 3-deoxy-1,2: 
5,6-di-~-isopropylidene-a-D-glucofuranose in 85% yield. Seven 
ribonucleosides were also deoxygenated at C-2' using this procedure 
on their 3',5'-~-(1,1,3,3-tetraisopropyldisilox-l,3-diyl) 
derivatives, thereby mimicking a biosynthetic radical deoxygenation 
path. Related radical deoxygenation and dehalogenations of 
nucleoside antibiotics are covered in Chapter 19. 

B-maltosidell have been synthesized conventionally by displacement 
of primary tosyloxy groups with iodide and reductive dehalogenation. 
6,6'-Dideoxysucrose was readily synthesized by radical dehalo- 
genation (Bu SnH) of the peracetate of the known 6,6'-dichloro-6,6'- 
dideoxysucrose (available from reaction of sucrose with Ph P- 
CC14-py) .I2 
2-acetamido-2,6-dideoxy-a-D-glucopyranoside from 2-acetamido-2- 
deoxy-D-glucose have been reported, involving catalytic reduction 
of 6-bromo-derivatives, the halogen having been introduced either 
by the action of g-bromosuccinimide on a 4,6-g-benzylidene 
derivative, or by the selective replacement of a primary hydroxy- 
group using triphenylphosphine-carbon tetrabromide. l3 

dideoxy-B-D-xylo-hexopyranoside (k. benzyl abequoside) has been 
synthesized by radical dehalogenation of chloro-sugar derivatives 
mentioned in Chapter 8 ,14 while certain amino-deoxy-sugar syntheses 
are covered in Chapter 9 .  

Methyl 2-acetamido-2,3,6-trideoxy-B-L-lyxo-hexopyranoside (l), a 

6- And 6 -deoxylactose" and benzyl 4 ' ,6 '-g-benzylidene-6-deoxy- 

3 
3 

Three preparatively useful routes to methyl 

Benzyl 3,6- 

regioisomer of daunosamine having the 2-deoxy- and 3-amino-groups 

ph(o& L i V )  

OMe 020 
NHAc ' SPh NHAc 

(3) 

R e a g e d  : i, PhSNa; ii, N 8 S  ; iii, N a I  ; iv, OBU ; v, MeONa; 
vi,H2-Rnney Ni. 

Scheme 1 

NHAL 

Me 

(4) NHAc 
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interchanged, has been synthesized in nine steps from 2-acetamido- 
2-deoxy-D-glucose by way of the sulphonate derivative (2) (Schemel) 
which underwent displacement at C-3  without neighbouring-group 
participation. Direct treatment of the alkene (3) with Raney 
nickel led to the endo-alkene ( 4 ) ,  but after debenzoylation, 
simultaneous stereoselective reduction of the 5,6-double bond and 
reductive desulphurization could be effected .I5 

A number of deoxy-sugars have been synthesized from non- 
carbohydrate starting materials. A l l  possible isomers of the 3- 
deoxy-DL-pentose derivatives (5) and (6) were obtained on oxidation 
of the cyclic ether (7) with iodine(II1) tris(trif1uoroacetate) 
(Scheme 2), and these were separated by preparative g . c .  l6 Treat- 

RO<--) i Ro-(-o>oR e $o>cH(*r?) 2 

OR 
(7) (5) 

R e a g e d  : i, I(02CC%)3 
Scheme 2 

ment of the alkene (8) with potassium permanganate led to dimethyl 
Me-C H=C H- C H (OH) CH2 C H (OMe) 2 

(8) 
derivatives of 2,6-dideoxy-DL-hexoses whose stereochemistry and 
separation were examined .17 

High-pressure cycloaddition of 2,3-g-isopropylidene-D-glycer- 
aldehyde ( 9 )  and diene (10) gave the unsaturated derivatives (11) 
as the major products (65%), accompanied by their C-5  epimers (15%); 

('0) (1') (12) 

R e a g e n t s :  L,  22Kbar, 5 0 ' ~  ; u ,  H 2 - P t ;  iii, MeOH-HCl ; iV, N a I 0 4  ; v, LAH 

Scheme 3 

these major products (11) were converted into the 2,3,4-trideoxy-D- 
glycero-hexoside (12) (Scheme 3). l8 
L-galactose (13) and L-diginose (141, have been synthesized from 
the L-threose derivative (15) via the common homoallyl alcohol 
intermediate (16) (Scheme 4); the synthesis of (14) involved 
conventional methylation and reductive detosylation reactions prior 

The 2-deoxy-L-sugars, 2-deoxy- 
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C H, C H'CH2 

CH OH 

0 bL>o& u - w b  Ho&%-o>oH ONQ 

(141 CH20Bn \ OH 
(13) 

C H 2 0 B n  

(1 5) ('61 
ReagenLs I,, (CH2=CHCH&snBr2 , U ,  OSO,+-NaIO4; u, HsO', LV, H~-P~/C-HCOZH 

Scheme 4 

to applying steps ii-iv.19 L-Rhodinose (17) 2 o  and L-oleandrose 
(18)21 have been synthesized as shown in Scheme 5, starting from 

___f LL C0>w 
HO 

mJHO R =  f i 0 % O y q e  RO F(I' Me (1 71 

CH=CH2 

OMe 
LV -vir 

___) 
( '9)  

BnO 
Me -T!L Hof Me OMe 

Reagents L, C>CH2CH2MgBr9 u, H30+,  tu, M ~ O ~ B : ~ ~ ,  LV, 9-BBN ; v, H202, (I8) 

VG, PCC , v k ,  H2-Pd/C 
Scheme 5 

the chiral three-carbon aldehydes (191, derived from ethyl (g)- 
lactate. A 3:l mixture of a- and B-(1+4)-linked L-oleandrose 
disaccharides, the major anomer of which is the disaccharide unit 
of avermectin, was synthesized by lead(I1) Ion-induced coupling of 
benzyl a-L-oleandropyranoside with 2-pyridyl 4-g-acetyl-l-thio-a- 
L-oleandropyranoside. 21 An eight step synthesis of 2-deoxy-D- 
glycero-tetrose from 4,6-~-isopropylidene-D-glucitol via 2,4-0- 

A further synthesis of L-rhodinose (171, as well as of D- 
amicetose (201, has been achieved through the deamination of L- 
glutamic acid (21) (Scheme 6 ) .  The 5-carboxylate ( 2 2 )  was con- 
verted to the chain-extended ketone (231, reduced with diborane, 
and the resulting C-5 epimeric lactones separated chromato- 
graphically and reduced. 2 3  

isopropylldene-D-erythrose has been reported. 22 
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Me 
I ,  
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Unsaturated Derivatives 

1 Glycals 

Treatment of the epoxide (1) with Grignard reagents in the presence 
of copper(1) iodide gives 4,6-g-benzylidene-D-allal ( 2 )  in high 
yield (Scheme 1); C - 4  epimers underwent the same reaction.' 

Orthodox reaction of the 5-thiopyranosyl bromide (3) with zinc- 
acetic acid followed by deacetylation gave 5-thio-D-glucal (4) 
which is a competitive inhibitor of glycosidases . 

CH20Ac &>& 
I 
OAG 

AGO 

(3) 

C;H20H 

HO 6) 
(4) 

The three possible D-galactal monoacetate dibenzyl ethers have 
been prepared, and their rates of reaction with chloroazide to give 
2-azido-2-deoxyglycosyl chlorides were examined. When the ester 
group is at 0-3, the glycal reactivity is markedly r e d ~ c e d . ~  When 
chlorination of the nitroglycal (5) is carried out in, f o r  example, 
carbon tetrachloride, standard addition occurs, but when ethers, 
e.g., THF, tetrahydropyran, oxetane or diethyl ether are used as 
solvents, 2-glycosides are formed, e.g., (6) following participation 
of the solvent. From such compounds eliminations occur readily, 

125 
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as f o r  example on column chromatography, and n i t r o a l k e n e s ,  e . g . ,  
4 ( 7 ) ,  r e s u l t .  

X 
(8) X = H or Ohc 

The c o n v e r s i o n  o f  g l y c a l  d e r i v a t i v e s  i n t o  2 ,3-unsa tura ted  com- 
pounds c o n t i n u e s  t o  a t t r a c t  a t t e n t i o n  and i s  r e f e r r e d  t o  i n  Chapter  
3 as a means of making C-glycos ides .  Four approaches  t o  t h e  pre-  
p a r a t i o n  o f  methyl  2,3,6-trideoxy-ct-D-erythro-hex-2-enopyranoside 
have been compared; t h e  favoured  r o u t e  i n v o l v e s  t r e a t m e n t  o f  tri- 
- 0-acetyl-D-glucal  w i t h  methanol  i n  t h e  p r e s e n c e  o f  boron t r i f l u o r -  
i d e , d e a c e t y l a t i o n  of  t h e  2 , 3 - u n s a t u r a t e d  product  and deoxygenat ion  
a t  C - 6  by way o f  t h e  t o s y l a t e . *  
p r o c e s s  has  a f f o r d e d  s e v e r a l  u n s a t u r a t e d  C-glycos ides .  G l y c a l  o r  
2-hydroxyglycal  a c e t a t e s  r e a c t  w i t h  t r i m e t h y l s i l y l  cyanide  t o  g i v e  
such compounds ( e . g . ,  8 )  and cannot  be  induced t o  g i v e  3-cyano- 
d e r i v a t i v e s  .6 
l i t h i u m  fo l lowed b y  a s u l p h o n y l  c h l o r i d e  and t h e  product  t h e n  
t r e a t e d  w i t h  l i t h i u m  d i m e t h y l  copper ,  p r o d u c t s  o f  d i r e c t  ( 9 )  and 
r e a r r a n g e d  (10) s u b s t i t u t i o n  were i s o l a t e d .  Grignard r e a g e n t s  w e r e  
used t o  i n t r o d u c e  complex a l i p h a t i c  groups  a t  p o s i t i o n s  1 and 3 .7  
When t r i -0-ace ty l -D-gluca l  (tri-2-acetyl-D-galactal behaves 
s i m i l a r l y )  i s  t r e a t e d  w i t h  benzene or methoxy-subs t i tu ted  benzenes  
i n  t h e  p r e s e n c e  of  pa l lad ium a c e t a t e r t h e  r e a r r a n g e d  product  (11) i s  
o b t a i n e d  b u t  on ly  i n  1 0 %  y i e l d ,  t h e  main product  b e i n g  t h e  t r i-  

The same t y p e  o f  rear rangement  

When compound (2), however,  was t r e a t e d  w i t h  b u t y l -  

AcO 
I 

Reagents .. I, Pd(OAc)2 ('9 
Scheme 2 

OAc (12) 
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acetate (12) (Scheme 2). The reaction is believed to involve cis- 
addition of Ph, PdOAc followed by *-elimination of Pd(OAc)2 and 
HPdOAc. Furanoid glycals in the presence of palladium acetate 
react with pyrimidine-mercury derivatives to give analogous pro- 
ducts depending upon the specific compounds taken (Scheme 3 ) .  9 

C H 0 CH, 0 M e  

c--- ___) 

R = H  

0 
\$ -NM~ 

OR O C H ~ O M C  

R e a q e n b  : i, A c O H g - 0  P ~ ( O A C ) ~  

Scheme 3 
cc = kNkO 

In connection with the investigation of the 2,3-diketopyranose 
unit in spectinomycin, Lichtenthaler et al. have made the enolones 
(13) and (14) (Scheme 4) and have examined their chiropticality." 
Oxidation of 1,2,4,6-tetra-~-acyl-B-D-glucopyranoses give analogous 
enones to the latter by oxidation at C - 3  followed by elimination. 
Bromo-adducts of the enones were reported .Ioa 

Me 

OBz 

Me 

LV,V  

QB= ' 

OBZ Me O Vb. x 
z o  K>& 0 

Me 

0 0 

(14) OD' 

2 Other Unsaturated Derivatives 

Several other chapters refer to the use of 2,3-unsaturated pyranoid 
substances in synthesis: in Chapter 3,and in the earlier part of 
this Chapter,2,3-unsaturated C-glycosides are noted and further 
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r e f e r e n c e s  are  g i v e n  t o  t h e  use of 2 , 3 - u n s a t u r a t e d  compounds as 
f o l l o w s :  C h a p t e r  9 ( s y n t h e s i s  of 3-amino-3-deoxy compounds) ,  
C h a p t e r  12(2,3,4,-trideoxy-sugars), C h a p t e r  1 4  (3- and  2 ,3 -b ranched-  
c h a i n  s u g a r s ) ,  and C h a p t e r  20 ( n u c l e o s i d e s ) .  R e f e r e n c e s  t o  4',5'- 
u n s a t u r a t e d  n u c l e o s i d e s  and  t o  5 , 6 - u n s a t u r a t e d  h e x o p y r a n o s y l  com- 
pounds appear i n  C h a p t e r s  20 and  18, r e s p e c t i v e l y .  

The 5 , 6 - u n s a t u r a t e d  f u r a n o i d  compound ( 1 5 )  and t h e  d i e n e  ( 1 6 )  

Reagents : L, TPP- DEAD ; u, 3-MethyG2-seLerzorobenroth~azo~e; TFA; iii,(T~o) 0 ; iv, DBU 

Scheme 5 

have  b e e n  p r e p a r e d  as i n d i c a t e d  i n  Scheme 5," and  t h e  6 , 7 - u n s a t u -  
r a t e d  p y r a n o i d  d e r i v a t i v e  (17 )  h a s  b e e n  u s e d  as p r e c u r s o r  of 
" b i p y r a n o s i d e s "  (18)  and (19 )  (Scheme 6 ) .  1 2  

&) -6) CTCH =CH Lo& 
OMe 

Bn 0 HO 0 Me HO 

Bn 0 OBn OBn 
OMe 

Me0  * (17) /.- 
Me0 9) v , v i , i v ,  'h BnO 

Reagents L, PhJP=CH-(] ~ u.,  P $ t i z f ~ - M e O H ,  
J 

OMe 
(1 91 

(1 9) 
EL, NBS-DME , LV ,NaH , v, KOH-DMSO, 

vr,NaH- &NTs 
S c h e m e  6 \-I 

M e r c u r y ( I 1 )  c a t a l y s e d  h y d r a t i o n  o f  t h e  c o r r e s p o n d i n g  6 - a l k y n e s  

B a s e - c a t a l y s e d  c o n d e n s a t i o n  of 2 ,3 -g - i sop ropy l idene -D-  

13 g a v e  access t o  t h e  e p i m e r i c  m e t h y l  k e t o n e s  ( 2 0 ) .  

g l y c e r a l d e h y d e  w i t h  monoe thy l  m e t h y l m a l o n a t e  o c c u r s  w i t h  racemi- 
z a t i o n  by  p r e - e q u i l i b r a t i o n ,  g i v i n g  t h e  DL-pentonic  a c i d ,  w h e r e a s  
t h e  faster r e a c t i o n  w i t h  a - m e t h y l a c e t o a c e t i c  a c i d  g i v e s  l a r g e l y  
un racemized  p r o d u c t .  l4 

w i t h  W i t t i g - H o r n e r  p h o s p h o n a t e  r e a g e n t s  i n  benzene-aqueous sodium 
h y d r o x i d e  i n  t h e  p r e s e n c e  of a p h a s e  t r a n s f e r  c a t a l y s t  g a v e  a b o u t  

R e a c t i o n  of 2 , 4  : 3,5-di-q-ethylidene-L-xylose 
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CHR 

CH 

AcoQMe 

O X 0  

40-509% y i e l d s  of t h e  u n s a t u r a t e d  a l d o n i c  a c i d  compounds ( 2 1 ) .  15 

A more n o v e l  r e a c t i o n  i n v o l v e s  c o n v e r s i o n  of t h e  acetal  ( 2 2 )  
i n t o  t h e  h e p t o s e  compound ( 2 4 )  by u s e  of t h e  a l l y l - b o r o n i c  ester 
( 2 3 ) .  The p r o d u c t  w a s  t h e n  e x t e n d e d  by  way of t h e  a ldehydo-hexose  
i n t o  t h e  o c t e n o i c  a c i d  d e r i v a t i v e  ( 2 5 )  for u s e  i n  t h e  s y n t h e s i s  of 
a u r e o l i c  a c i d  (Scheme 7).16 C o n t i n u a t i o n  of t h e  work r e v e a l e d  how 

I CHO 

Me 

v i n y l  c u p r a t e  r e a g e n t s  c a n  add w i t h  h i g h  s t e r e o s e l e c t i v i t y  t o  c a r b o -  
h y d r a t e  e n o n e s  (Scheme 8 ) .  S e v e r a l  r e l a t e d  r e a c t i o n s ,  c o n c e r n e d  
w i t h  t h e  s y n t h e s i s  of o l i v i n  were d i s c r i b e d .  17 

C o  Me 
I Bnot4 0 0 

Me 

R e o ~ g - z t  : L , (cH~=CH)~CU 

L 
___) 

8 6 %  O*O Me 

LL 
Scheme 8 



130 Carbohydrate Chemistry 

References 

1 
2 

3 

4 

5 

6 

7 
8 
9 
10 

10a 
11 

12 

13 
14 

15 

16 
17 

N.Tsuda, S.Yokota, T.Kudo, and O.Mitsunobu, Chem. Lett., 1983, 289. 
W-Korytnyk, N.Angelino, 0.Dodson-Smith, M.Hanchak, M.Madson and 
S.Va1entekovi.c-Horvath, Carbohydr. Res., 1983, 113, 166. 
N.V.Bovin, S.E.Zurabyan, and A.Ya.Khorlin, J. Carbohydr. Chem., 1983, 2, 
249. 
T.Sakakibara, Y.Nomura, K.Yoshino, and R.Sudoh, J. Chem. Soc., Chem. 
Commun., 1983, 449. 
B.Fraser-Reid, D.R.Kelly, D.B.Tulshian, and P.S.Ravi, J. Carbohydr. Chem., 
1983, 2, 105. 
F.G.Delas Heras, A.San Felix and P. Fernsndez-Resa, Tetrahedron, 1983, 2, 
1617. 
T.Ogihara and O.Mitsunobu, Tetrahedron Lett., 1983, 24, 3505. 
S.Czernecki and V.Dechavanne, Can J. Chem., 1983, 61, 533. 
U.Hacksel1 and G.D.Daves, J. Org. Chem., 1983, 9, 2870. 
F.W.Lichtenthaler, A.LZhe,-Justus Liebigs Ann. Chem., 1983, 
1973. 
H.Kunz and J.WeissmGller, Justus Liebigs Ann. Chem., 1983, 1561. 
S-Achab and B.C.Das, Synth. Commun., 1982, 12, 931 (Chem. Abstr., 1983, 98, 
107 629). 
B.F.Molino, L.Magdzinski, and B.Fraser-Reid, Tetrahedron Lett., 1983, 24, 
5 819. 
A.R.Moorman and R.T.Borchardt, Carbohydr. Res., 1983, 119, 269. 
F.J.Lopez Aparicio, 1.Izquierdo Cubero, and M.D.Porta1 Olea, Carbohydr. Res., 
1983, 115, 250. 
Yu.A.Zhdanov, L.A.Uzlova, and L.M.Maksimushkina, Zh. Obshch. Khim., 1983, 
- 53, 484 (Chem. Abstr., 1983, 99, 22 7 7 7 ) .  
W.R.Roush, D.J.Harris, and B.M.Lesur, Tetrahedron Lett., 1983, 24, 2227. 
W.R.Roush and B.M.Lesur, Tetrahedron Lett., 1983, 24, 2231. 



14 
Bran c hed-c h ai n Sugars 

1 Sugar s  C o n t a i n i n g  an R-C-OH Branch 

3-~-Carboxy-5-deoxy-L-xylose (1) h a s  been i d e n t i f i e d  for  t h e  f i r s t  

t i m e  a s  a p l a n t  c e l l - w a l l  component: t h e  x y l o - c o n f i g u r a t i o n  w a s  
con f i rmed  by X-ray c r y s t a l  a n a l y s i s  on t h e  d e r i v e d  l a c t o n e  ( 2 1 ,  
and t h e  L-series a s s ignmen t  by c o n v e r s i o n  t o  L - l a c t i c  a c i d .  1 

Some r e c e n t  advances  i n  t h e  c h e m i s t r y  of b ranched-cha in  s u g a r s  
2 have  been r ev iewed .  

Most s y n t h e s e s  have  used  wel l -documented p r o c e d u r e s  i n v o l v i n g  
n u c l e o p h i l i c  a d d i t i o n s  t o  g l y c o s u l o s e  d e r i v a t i v e s .  Methyl  a - t r i -  

o x a c a r c i n o s i d e  B ( 3 )  w a s  p r e p a r e d  by t h e  d i t h i a n e  r o u t e  u s i n g  a 
2,6-dideoxy-L-hexopyranosid-4-ulose i n t e r m e d i a t e .  3 

The 2,3-Di-C-methyl-hexose ( 4 )  h a s  been o b t a i n e d  from t h e  3 -u lose  

of t h e  c o r r e s p o n d i n g  2-C-methyl s u g a r  as i l l u s t r a t e d  i n  Scheme 1. 
The i n t e r m e d i a t e  (51, c h a r a c t e r i z e d  by X-ray a n a l y s i s ,  y i e l d e d  a 
m i x t u r e  of p r o d u c t s  (6) - ( 8 )  on t r e a t m e n t  w i t h  s u l p h u r y l  c h l o r i d e  

i n  p y r i d i n e .  Ref ormatsky r e a c t i o n  of t h e  2-deuter io-2-deoxy-3-  

u l o s e  ( 9 )  gave  an  isomeric m i x t u r e  o f  t h e  c o r r e s p o n d i n g  b ranched-  

c h a i n  s u g a r s  (10)  and (111, t h e  f o r m e r  t h e n  b e i n g  used  as a s o u r c e  
mater ia l  f o r  s t e r e o s p e c i f i c a l l y  l a b e l l e d  c i t r i c  a c i d ,  as shown i n  

Scheme 2 ;  i t  w a s  n o t e d  t h a t ,  u n d e r  b a s e  c a t a l y s i s ,  t h e  a x i a l  2-  

hydrogen i n  ( 9 )  ( L H  = H) i n e x p l i c a b l y  exchanges  1000 t i m e s  f a s t e r  

t h a n  t h e  a x i a l  2-hydrogen i n  4 - t -bu ty l cyc lohexanone .  
5 

A s t u d y  o f  t h e  r e a c t i o n  o f  d i azomethane  w i t h  t h e  s t a n d a r d  3- 

u l o s e  (12 )  d e r i v e d  from g l u c o s e  h a s  shown t h a t  b o t h  c y c l o - a d d i t i o n  

and me thy lene  i n s e r t i o n  o c c u r ,  g i v i n g  s p i r o - e p o x i d e s  h a v i n g  f i v e ,  
s i x ,  and  seven-membered s u g a r  r i n g s ,  as i n d i c a t e d  i n  Scheme 3 :  
t h i s  conforms w i t h  r e s u l t s  o b s e r v e d  p r e v i o u s l y  w i t h  o t h e r  g lyco -  

s u l o s e  d e r i v a t i v e s .  

6 

131 
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Ph??) 0 Me + o<) + J-$> 
OMe OMe O M e  

Me OCH2SMe ME Me MeSS02 OH 
( 6 )  (7)  ( 8) 

R e a g e n t s :  i ,  M e M g I  ; u ,  M e I - K Z C 0 3  ; iii, s 0 2 C L 2 - P ~  

Scheme 1 

0 
(9) 

R e a g e n t s :  L ,  Zn- BrCH2C02Et1 U ,  H O A c - H 2 0  ;Xi, KMn04-NaOH 

Scheme 2 
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React ion  of ( 1 2 )  w i t h  d i i s o p r o p y l  f luoromethylphosphonate  an ion  

gave t h e  cor responding  C-fluoromethylenephosphonate a l l o s e  d e r i v -  

a t i v e s  (13)  ( a  1:l mixture  of C - 1 '  ep imers)  , which underwent 

e l i m i n a t i o n  t o  g i v e  t h e  f luoromethylene  u n s a t u r a t e d  s u g a r  mixture  

( 1 4 )  .7 

analogue (15)  by s t a n d a r d  r e a c t i o n s  u s i n g  i t s  1,2:3,4-di-G-iso-  

propyl idene-d ia ldose  d e r i v a t i v e .  

D-Galactose h a s  been conver ted  t o  i t s  6,6-di-C-methyl 

8 

F- CH 
('4) 

HooMe 
OH 

('5) 

The s t e r e o c h e m i s t r y  of  t h e  r e a c t i o n  of methyl l i t h i u m  and methyl 

magnesium i o d i d e  w i t h  a range of glyco-4-ulose d e r i v a t i v e s  h a s  

been s t u d i e d  t o  t e s t  p r o p o s a l s  s a i d  t o  govern s t e r e o s e l e c t i v i t y  

(Mi l jhovic  e t  a l . :  see Vol. 8 ,  p.  1 0 6 ) .  D i f f e r e n c e s  can a r i s e  
where magnesium c o o r d i n a t i o n  t o  oxygen causes  a conformat iona l  

change; e q u a t o r i a l  a t t a c k  predominates ,  modi f ied  by a x i a l  groups 

a- t o  t h e  carbonyl  group. 9 

Convent ional  Gr ignard  r e a c t i o n  of levoglucosenone fo l lowed by 

h y d r o x y l a t i o n  has  been used t o  p r e p a r e  l16-anhydro-2-C-tetradecyl 
a l t r o p y r a n o s e .  10 

React ion  of  Gr ignard  r e a g e n t s  w i t h  su lphonate  d e r i v a t i v e s  of 
methyl  D-r ibofuranos ide  l e a d s  t o  r e a r r a n g e d ,  branched-chain s u g a r s  

a s  o u t l i n e d  i n  Scheme 4 ;  anomer iza t ion  of t h e s e  compounds by a c i d i c  

methanolys is  o r  w i t h  Gr ignard  r e a g e n t s  was a l s o  s t u d i e d ,  t h e  l a t t e r  
f a v o u r i n g  t h e  thermodynamically l e s s - s t a b l e  anomers. 

DL-Hamamelose has  been s y n t h e s i z e d  by a l k a l i n e  t r e a t m e n t  of a 

2 ,2 ' -g-methylene dimer of D-glyeraldehyde,  t h e  D-form c r y s t a l l i z i n g  
p r e f e r e n t i a l l y  from t h e  mixture .  A t  e q u i l i b r i u m  i n  w a t e r ,  t h e  f r e e  

s u g a r  c o n s i s t e d  of 39% a- furanose ,  28% B-furanose,  13% a- furanose  

and 20% B-pyranose. 1 2  

E thyl  2-~-methyl-DL-lyxofuranoside (16)  has  been o b t a i n e d  u s i n g  
a d i r e c t e d  c r o s s - a l d o l  r e a c t i o n  between dihydroxyacetone and 

p y r u v i c  a c i d  d e r i v a t i v e s ,  a s  o u t l i n e d  i n  Scheme 5. Cis-hydroxyl-  

a t i o n  of 4-benzyloxy-methyl-2-methyl-y-butenolide gave mainly t h e  

s t e r e o c h e m i c a l l y  expec ted  DL-ribo-lactone (37%) t o g e t h e r  wi th  

DL-lyxo-lactone ( 9 % ) ,  t h e  l a t t e r  b e i n g  c o r r e l a t e d  w i t h  ( 1 6 ) .  13 
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CH20Bn CH20Bn 

OTs OH 81% M e  6%OH 

Scheme 4 

Me 
OMe 

OH IS% OH 5% 

C02Me CH20Bn 

CHZOBn C 0 2 M e  

I I 
CH20Bn Me 

co I + co 1 ___f ::I; ___f k2po __9 

DL { 2 6 70 T-0 
Me @pEk CH208n 

D L  74% E _ r y t k o -  

Me Rocrgent~ i, Sn(0Tf) - CN-N-Et , LL. LiBH(BuY3, UL,  BuiALH; LV, KOBu’-Et I .  

V, H p -  P d  DL- ( I  6 )  S c h e m e  5 

Swern o x i d a t i o n  of t h e  u n s a t u r a t e d  branched-chain s u g a r  ( 1 7 )  

gave t h e  cor responding  enone (181, which on enzymat ic  e p o x i d a t i o n  
gave t h e  t h r e o - o x i r a n  (19)  e x c l u s i v e l y :  chemical  methods y i e l d e d  

some of t h e  i s o m e r i c  e r y t h r o - o x i r a n  ( 2 0 )  a s  w e l l  (Scheme 6 ) .  14 

The 4-ulose ( 2 1  1 underwent a q t i c i p a t e d  s t e r e o s e l e c t i v e  r e d u c t i o n  

w i t h  L - s e l e c t r i d e  t o  y i e l d  t h e  a x i a l  a l c o h o l  (methyl  a -v i renos ide) .  15 
The branched-chain a l d o n i c  a c i d  ( 2 2 )  , r e l a t e d  to orthosomycin 
components, h a s  been p r e p a r e d  from t h e  cor respondlng  benzyl  a ldo-  

pyranos i de  . 15 
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OH 

Me 

a-D-Apiofuranosyl 1 -phospha te  and  1 , 2 - c y c l i c  p h o s p h a t e  have  been 
X-Ray a n a l y s i s  on t h e  b ranched-cha in  s u g a r  ( 2 3 )  h a s  s y n t h e s i z e d .  l7 

e s t a b l i s h e d  t h a t  b o t h  (23 )  and t h e  h y d r o x y e t h y l  a n a l o g u e  ( 2 4 )  have  
t h e  ( E ) - c o n f i g u r a t i o n  a t  C - l ' ,  s i n c e  t h e y  are b o t h  o b t a i n e d  f rom 
t h e  same o x i r a n y l  p r e c u r s o r .  18  

L-Ascorbic  a c i d  unde rgoes  Michae l  a d d i t i o n  t o  a c r o l e i n  a n d  b u t -  

enone t o  y i e l d  2 - s - s u b s t i t u t e d  u l o s o n i c  a c i d  d e r i v a t i v e s  as i n d i c -  

a t e d  i n  Scheme 7 ,  t h e  s t r u c t u r e  of t h e  t r i c y c l e  ( 2 5 )  ( R  = HI b e i n g  

e s t a b l i s h e d  by X-ray a n a l y s i s .  19 

CH20H 

I-OH 

HO OH 

R 

Reagents L ,  H20, pH 4 

R 

R =  H or Me 

R 

S c h e m e  7 

A C-aryl  s u b s t i t u t e d  amino s u g a r  i s  mentioned i n  C h a p t e r  9 ,  and 

b ranched-cha in  a l d i t o l s  are  c o v e r e d  i n  C h a p t e r  18. 

2 Compounds C o n t a i n i n g  a n  R-C-H o r  R1-C-R2 Branch 

Copper s a l t s  promote t h e  Michae l  a d d i t i o n  of G r i g n a r d  r e a g e n t s  t o  
a B - u n s a t u r a t e d  esters d e r i v e d  from L-a rab inose ,  l e a d i n g  t o  t h e  



136 Carbohydrate Chemistry 

3-C-substituted sugar derivatives (261, the stereoselectivity 
varying with the reagent. 2o Likewise vinyl cuprate reagents add 
with high stereoselectivity to carbohydrate enones, leading, for 
example, to the tetradeoxy C-vinyl ketone (27). 21 

The unsaturated nitro-sugar (28) reacted with alkaline benzyl 
cyanide to yield a mixture of branched-chain sugar derivatives as 
shown in Scheme 8: a mechanism is proposed to account for the 
oxazole (29). The 6-anomer of (28) behaved similarly.22 The 
reaction of glycals with organometallic reagents leading, inter 

alia, to branched-chain sugars, is mentioned in Chapter 1 3 ,  which 
includes other references to unsaturated, branched-chain sugars. 

N O 2  

(2 8) 

Reagents. L, BnCN-NaOH 

(29) 
$H--CN 

P h  
NO HO 

fl.Ll/-' 
3 1  

OH 
3 2  

Scheme 8 

An interesting synthesis of 3-deoxy-DL-streptose utilized the 
dioxabicycloheptene (30) obtained by cycloaddition of furan and 
ethanal; stereospecific exo-cis-hydroxylation was accompanied by 
C-3 epimerization, giving a mixture resolved into the deoxy- 
streptose derivatives (31) and its 3-lyxo-epimer (32) by acetonation 
(Scheme 9 )  .23 

hydroxylation procedure using MCPBA only gave lyxo-product, 
epimerization being discouraged by hemiacetal formation between 
the C-3' formyl and C-5-hydroxy groups. 

The acetoxymethyl analogue (33) in an alternative 



Branched-chain Sugars 137 

(30) R =Me 

(33) R = C H 2 0 A c  ( A I L  compounds DL ) 

Reagents. L ,  KWnO, , u, Me2CO-  ti2504 

Scheme 9 

$,H 0 

, 

HO 
Me 

(32) 0 7  

Methyl 4,6-~-benzylidene-2,3-anhydro-a-D-allopyranoside reacts 
with 2-propenylmagnesium chloride to afford the 2-deoxy-2-C-(2- 
propeny1)altroside exclusively, and diethylmagnesium gives mainly 
the 2-deoxy-2-C-ethyl analogue. The C-4-epimeric 2,3-anhydro- 
guloside reacts similarly with the propenyl reagent to give 2-C- 
substituted (idol product, but fails to react with diethylmagnesium. 
Regioselectivity is lost with flexible anhydro sugar analogues. 
1,6:3,4-Dianhydro-D-galactopyranose has been used as a precursor 
for the preparation of the double-branched-chain sugar (34) by the 
sequence traced in Scheme 10. A related sequence likewise yielded 
the novel dianhydro-branched-chain sugars (35), the stereochemistry 
of epoxidation,using the Sharpless reagent,depending on whether 
the C-3 hydroxy group is free or acetylated. 

24 

25 

C H 2 0 H  

Qo+4 Me Q0 ++ Me o-;." BnO /-+ 
0 Ts ROCHZCZC HO / 

R =  S L B L L ~ M ~ ~  (34) (35) O 

Scheme 10 

Reaction of methyl 2,3;4,6-di-~-benzylidene-a-D-mannopyranoside 
with butyllithium generated the enolate anion of the corresponding 
2-deoxy-glycosid-3-ulose, which reacted with alkylating reagents 
to give a series of 2-deoxy-2-C-alkylated D-ribo-hexopyranosid-3- 
uloses (36). These could be further alkylated,via an enolate anion, 
to the gem-dialkyl sugars ( 3 7 ) .  Attempted alkylation using 
2-bromoethyl acetate only gave the ethylene acetal of the glyco- 
sidulose (38) . 26 
have included the 3-deoxy-3-carbamoyl-3-cyanopyranosides (39) 

Other gem-disubstituted derivatives prepared 
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Ph {b OMe F ’ h < b  0 OMe p h { b  0 0 Me 

O R  O R  0 

( 36) (37) uo (30)  

R;R’ = Me, Bn,AUyL, Ptop-2-ynyL;CHzCO2Et 

obtained by c y c l i z a t i o n  of a dialdehyde w i t h  cyanoacetamide, 2 7  

and t h e  3-deoxy-3,3-di- (hydroxymethyl) - lac tone  ( 4 0 )  which was 

formed s e l e c t i v e l y  i n  a formose r e a c t i o n  us ing  D-fructose i n  

CH20H OH 

(40) 
(39) R’ = ~ e ,  Bn 

R2 = H ,  CH,OH 

2 8  
methanolic sodium hydroxide s o l u t i o n .  

Diels-Alder add i t ions  t o  conjugated unsa tu ra t ed  g lycosuloses  

have y i e lded  t h e  b i c y c l i c  pyranoside ( 4 1 ) ,  which was f u r t h e r  

transformed t o  t h e  d i e s t e r  ( 4 2 )  and t h e  pentanols  (43), and t h e  

C H ~ O A C  

(41) 

t e t r a c y c l i c  d e r i v a t i v e s  ( 4 4 )  and (45) , prepared from levoglucosen- 

one and cyclopentadiene.  10,30 

7 0  

&a 
OH 

(46) 

k. 
(47) 
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Borohydride r e d u c t i o n  of t h e s e  k e t o n e s  y i e l d e d  i s o m e r i c  

m i x t u r e s  of t h e  cor responding  a l c o h o l s ,  t h e  p a i r  from (45)  on 

MCPBA o x i d a t i o n  y i e l d i n g  t h e  f u r t h e r  d e r i v a t i v e s  (46)  and (47)  

r e s p e c t i v e l y .  30 

Deoxy-branched c h a i n  s u g a r s  are a l s o  r e f e r r e d  t o  as p r e c u r s o r s  

f o r  a l k a l o i d  and p o l y k e t i d e  s y n t h e s i s  i n  Chapter  24, and branched-  

c h a i n  s u g a r  n u c l e o s i d e s  are  mentioned i n  Chapter  20. 

3 Sugars  Conta in ing  an R-C-N Branch 

An improved s y n t h e s i s  of D-ki janose u t i l i z e s  t h e  t r i f l u o r o a c e t -  
amido branched-chain s u g a r  ( 4 8 )  t o  produce t h e  a z i r i d i n o - i n t e r -  

media te  (491 ,  which on a z i d o l y s i s  g i v e s  mainly t h e  r e q u i r e d  g- 
x y l o  d e r i v a t i v e  ( 5 0 ) ,  a known p r e c u r s o r  f o r  k i j a n o s e  (Scheme 11). 

Brimacombe's group have a l s o  r e p o r t e d  t h e  s y n t h e s i s  of t h e  a n t i -  
b i o t i c  s u g a r  3-amino-2,3,6-trideoxy-3-C-methyl-L-xylo-hexose u s i n g  

t h e  u lose-cyanhydr in  procedure .  32 

ana logues  i s  mentioned i n  Chapter  9 ,  which also i n c l u d e s  o t h e r  

s y n t h e s e s  of 2,3,6-trideoxy-3-~-methyl-3-amino-L-hexoses. 

31 

T h e i r  s y n t h e s i s  of r u b a n i t r o s e  

UL. 
Me 

NHCOCF3 OMe 'N' 
H 

y3 Me ME 

The o c c u r r e n c e  of 2,3,6-trideoxy-3-~-methyl-3-nitro-L-hexose 
i n  t h e  a n t h r a c y c l i n e  a n t i b i o t i c  d e c i l o r u b i c i n  i s  covered  i n  
Chapter  19. 

4 Genera l  

A I 3 C  n.m.r. s t u d y  of a v a r i e t y  of 3-C-methyl, -cyano, and - n i t r o -  
methyl  branched-chain s u g a r s  d e r i v e d  from 1 ,2-5 ,6-d i -g- i soprop-  
ylidene-D-gluco-furanose i s  mentioned i n  Chapter  2 1 .  
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15 
Aldosuloses, Dialdoses, and Diuloses 

1 Aldosuloses 

A simple and convenient enzymic conversion of D-glucose into D- 
arabino-hexos-2-ulose (D-glucosone) involves the use of a pyranose 
2-oxidase from Polyporus cbtusis which was purified and 
immobilized.’ 
extension of this reaction which leads via glucosone and with a D- 
glucose 1-oxidase, to D-arabino-2-hexulosonic acid. D-Glucosone 
is the only product derived by oxidation of D-glucose with sodium 
2-anthraquinone sulphonate in alkaline conditions. 

In related work the same group have described an 

3-Deoxy-D-~lycero-pentos-2-ulose has been produced enzymically 
from an (ADP-ribosy1)histone and also synthesized from D-ribono-y- 
lactone via the silyl ether (1). It was identified by mass 
spectral examination of labelled reduction products. 4 

0 S Leut M e 
(-1 

Catalytic hydrogenation of D-glucosone over palladium on charcoal 
gives D-fructose with over 90% selectivity. In conjunction with 
the above-mentioned enzymic oxidation of D-glucose to D-glucosone, 
this represents a practical conversion of D-glucose into D- 
fructose. 5 

CH (0Et)Z C H (0 Et)2 C H (OEt)2 

i,icor uioriv, L 0&% CH& 

Ex 
(4) 

1; Ex + 
(*) (3) 

Reagents ’ i, (COCL)2-DMSO-NEt3 ; u, H202 , w, ujtochrome P 4 5 0 - 0 2 - N A D P H ;  LV, But02H-VO(acae)2 

Scheme 1 

141 
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The epoxides (3) and (4) can be made by oxidation and epoxid- 

As always, several reports have appeared on the chemistry of 
aldosiduloses. The 2,6-dideoxy-L-erythro-hexopyranos-3-ulose (5) 
has been found for the first time in Nature as a component of a 
polyenic macrolide. 

6 ation (or the reverse) of the alkene (2) (Scheme 1). 

Reactions of methyl 2,3:4,6-di-g-benzylidene-a-D-mannoside (6) 
with butyl lithium gave the enolate (7) which, with alkylating re- 
agents, afforded firstly the 2-alkyl-3-ulosides (8) and thence the 
gem-dialkyl compounds (9). Reaction of the enolate with 2-bromo- 
ethyl acetate gave only the acetal (10) (Scheme 2). 8 

0 7  

R e a g e n t s .  i,, BuLL;U,R'B~; b, LDA , 

o v  
Lo (10) 

iii ,iv + 

17) 

R28r ;  v, k O C t 1 2 C H 2 B r  

y F  
0 R 

Scheme 2 

A further method of making ulosides involves brominolysis of 
stannylene derivatives. Thus the methyl B-L-arabinoside derivative 
(11) gave the ketone 
(12) (Scheme 3), the 

(13) by way of the illustrated intermediate 
axial oxy group being oxidized. 

on 
('3) 

Reageat : I ,  Bra 
Scheme 3 

The disaccharide ketone (14), which occurs in the trisaccharides 
of some anthracyclinones, has been synthesized from a glycal ,lo and 
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related procedures were used to obtain the trisaccharide derivative 

(15) .ll 

Photobromination reactions utilizing uloside derivatives are 
referred to in Chapter 8. 

The axial proton at C-2 in the glycosid-3-ulose (16) surprisingly 
undergoes deuterium exchange 1000 times faster than does the axial 
proton at C - 2  in 4-t-b~tylcyclohexanone;~~ 
deuterio derivative (17) f o r  the synthesis of labelled citric acid 
is mentioned in Chapter 14. 

the use of the 2- 

phTb 0 

0 OMe 

(16) R =  H 

(17) R = ~ H  

OH 

2 Dialdoses 

Photolysis of D-glucose in methanol containing titanium(1V) 
chloride gave the D-xylose dialdose glycoside acetal (18) in 60% 
yield; D-galactose behaved similarly .I3 

The D-galacto-dialdose derivative (19) has been used as a chiral 

C HU 

Me 
I 

H2N -C- C02Me 
I .  
R '  

(20-9 

Reagents : i ,  HZNCH Me C 0 2 M e  ; ii, LDA ; lii, R'Br ; iv ,  H30' 

Scheme 4- 
0 
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auxiliary to obtain (S)-a-methyl-a-aminoacid methyl esters (20) as 
illustrated in Scheme 4. 14 

3 Diuloses 

Attempted deisopropylidenation of the L-threo-hex-2,5-diulose (21) 
led to the tricyclic acetal (22) which was structurally character- 
ized by X-ray analysis .15 l-Deoxy-D-erythro-2,3-hexodiulose ( 2 3 ) ,  

Me 

i=O 
Me 

0 $:$ 
-0  

Me Me 

OH 

Me Me 

a postulated major intermediate in non-enzymic browning reactions, 
has been made as outlined in Scheme 5 .  The unusual rearrangement 
process occurring in the third step ( c . f .  A. Dmytraczenko, 
W.A.Szarek, and J.K.N.Jones, Carbohydr. Res., 1973, 3, 297) con- 
ceivably proceeded by way of the 4,5-enol and an allylic rearrange- 
ment process. The diulose (23), with piperidine acetate, gave 
several products, including compounds (24)-(26). 1 6  

OH 

(24) 

HO 
-(----JMe 0 OH 

+ 

Reagents: i ,  SsCL-Py ; ii, RuO~-K IO+;  iii, BnQH-TsOH-Et3N; Lv, H2-Pd/C ; v, H,O+; vi,  ( ~ N + H ~ ~ A c  
S c h e m e  5 

Enol derivatives of diuloses are referred to in Chapter 1 3 ,  and 
branched-chain diulose compounds having antiviral activity are noted 
in Chapter 19. 
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16 
Sugar Acids and Lactones 

1 Aldonic Acids 

Several studies have focussed on different methods of oxidizing D- 
glucose to D-gluconic acid or its lactone. These include observa- 
tions on the use of hexachloroiridate and tetrachloroaurate (radi- 
cal procedures ) , 
membrane reactor of a new type which depended on the use of these 

immobilized glucose oxidase-catalase ,* and a 
same two enzymes.’ 
use of tris(triphenylphosphiny1)ruthenium dichloride with cyclo- 
hexanone as hydrogen acceptor to give aldonolactones (in some cases 
with epimerizations) has been examined. 

Specific syntheses have been reported of (R)-y-hydroxymethyl-y- 
butyrolactone from the cheap (S)-enantiomer (Scheme 1) ,5  of (R)-B- 

The dehydrogenation of sugars and alditols by 

4 

CH2OH 

Reagents: L, TsCL-Py ; u, NaOMe, L, CF3C02H C H2 OH 
S c h e m e  1 

angelica lactone from D-ribono-y-lactone (Scheme 2)6 and of the 

OEL 
Reclgents. I,, PhS- ; LL, A ,iu, Raney N L  

Scheme 

latter compound (racemic) from y-butenolide (Scheme 3) . 7  Six 

146 
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CH20Tr 
I 

147 

OH OH 

R e a g c d s '  i ,  KMn04-Crown.Ether ; k, H30' 

Scheme 3 

2-amino-2-deoxyheptonic acids have been synthesized from the 2- 
(benzylamino)2-deoxyheptononitriles with the D-glycero-L-gulo-, D- 
glycero-D-ido-, and D-glycero-D-talo-configurations by hydrolysis 
(which caused partial epimerization at C-2) followed by 
hydrogenolysis. 8 

Reactions of aldonic acids described include electrochemical 
oxidation to D-arabinose in the presence of cerium sulphate,' and 
partial benzoylation of L-rhamnono-ly4-lactone (mainly to the 2 , 5 -  

dibenzoate) and D-mannono-l,4-lactone (mainly to the 2,5,6-triester; 
also 3,6-diester and tetraester)." 
various rhamnono-lactone benzoates and related compounds have been 
reported. Some acyclic heterocyclic aldonic acid derivatives 
are referred to in Chapter 10. 

The 13C n . m . r .  spectra of 

Knoevenagel-Doebner condensations of 2,4-g-ethylidene-D-erythrose 
and -D-threose with malonic acid or its mono-methyl ester furnishes 
the corresponding unsaturated acids, illustrated in Scheme 4 .'la 

Other unsaturated aldonic acid derivatives are noted in Chapter 13. 
Orthoesters derived from the lactone carbonyl groups of D-glucono- 
D-galactono- and L-glycero-D-gluco-heptono-lY5-lactones and the 
2,3-diol of methyl 4,6-substituted-a-D-mannopyranoside were made by 
way of the trimethylsilyl ethers and with trimethylsilyl trifluoro- 
methanesulphonate as catalyst. 12 
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2 Aldaric Acids 

Carbohydrate Chemistry 

Tetra-2-acetylgalactaric acid bis(aroy1hydrazides) have been con- 
verted into compounds (1)-(3)13 and bis (2-chloroethy1)amides of 
aldaric acids have been reported. 14 

R 

OAc "dR 
AcO (1) z = I 'YN ( 3 ) 2 =  

EtO+ 
(2) z = co Acoi z O A c  J. 

3 Ulosonic Acids 

Further reports on the oxidation of 2,3:4,6-di-g-isopropylidene-L- 
sorbose to the ulosonic acid acetal have dealt with the kinetics of 
the reaction carried out with palladium on charcoal in alkaline 
solution at elevated temperatures15 and with the electrochemical 
oxidation carried out in a "Swiss-roll" cell. 

A pyranose-2-oxidase has been used to make D-arabino-2-hex- 
ulosonic acid from D-glucose via D-glucosone ,I7 and similar oxi- 
dation of 3-deoxy-D-erythro-hexos-2-ulose gave the analogous 3- 
deoxy acid. l8 

produced (as were isomers) as its glycoside by reduction of methyl 
(methyl 3-deoxy-D-arabino-2-heptulosid )onate. l9 

3-Deoxy-D-manno-2-octulosonic acid (KDO) has been identified 
(m.s.-g.1.c. of the peracetylated methyl glycosides) from the 
lipopolysaccharides of the Vibrionaceae which previously have been 
believed not to contain this acid. 2 o  The KDO derivative (4) with 
catalytic trimethylsilyl triflate gives the alkene (5) in high 

16 

On the other hand, 3-deoxy-D-arabino-2-heptulose was 

C H ~ O A C  CH~OAC.  

AcO i A c O j  

A C O ~  O ~ C O ~ M ~  A C O ~  O? 
C02Me 

OAc 

yield, and a similar elimination was carried out on an analogous 
3-deoxynonulosonic acid derivative. The 3-deoxy-2-octulosonic 
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acid derivative (6) was obtained by treatment of 1,2-anhydro-3,5: 
4,6-di-~-ethylidene-L-gulitol with ethyl 1,3-dithiane-2- 
carboxylate,22 and KDO itself has been prepared from 1,2-anhydro- 
3,4:5,6-di-Q-isopropylidene-D-mannitol by treatment with malonate 
anion. 22a 

4 Uronic Acids 

Reviews have appeared on the conversion of D-glucose into D-gluc- 
uronic acid23 and of D-glucose derivatives into those of D- 
glucuronic acid. 24 

Application of the Ivanov reaction led to the production of 
compound (7) 25 and chain extension methods applied to 5 '-aldehydes 
have been used to produce modified uronic acid nucleosidic com- 
pounds (Chapter 20). 

Selective cleavage of 6-D-glucosiduronic acid or amide linkages 
in oligo- or poly-saccharides can be achieved by conversion to the 
5-isocyanates (acids treated with diphenylphosphoroazidate, amides 
with lead tetra-acetate) and hence, with benzyl alcohol, into 5- 
benzyloxycarbonylaminopentopyranosides which, on mild hydrolysis, 
cleave to give the pentodialdoses. 26 
used tp cleave selectively a glucose residue from a compound con- 
taining this sugar and D-xylose by initial tritylation, methylation, 
detritylation, oxidation to the uronic acid and finally cleavage 
with lead tetra-acetate. 27 The D-lyxo-5-hexulopyranuronic acid (8) 
has been identified as a component of Sphagnum moss holocellulose 
and forms a point of cross-linkage between cellulosic, hemicellu- 
losic and pectin like chains. It apparently is not formed during 
the chlorite delignification step. 

A related oxidation has been 

2 8  

On selective tosylation, D-glucurono-6,3-lactone gave the 5- 
tosylate and 2,5-ditosylate as main products; anomeric configura- 
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tions were not assigned to these crystalline compounds . 29  

Selective glycosylation, acylation and tritylation of methyl 1,2-0- 
cyanoethylidene-a-D-glucopyranuronate gave the 3- and 4-substituted 
products which were required as monomers for the preparation of 
polyuronides . 30 

(dimethy1amino)pyridine gave the unsaturated acid (9) in high yield, 
whereas reaction of' tetra-2-acetyl-D-galacturonic acid with acetic 
anhydride and triethylamine gave this same product together with 

Treatment of D-galacturonic acid with acetic anhydride and 

CH ( O A C ) ~  g )- *A c (- ) 0 

~ * c o ) 2 c H . c H < - - , o  ep OAc 
c H (0 AC) 

OAc 

(9) ( '0)  

OR 0 Ts 
(12) R=OAc (1 3) 
(14) R=OTS 

similar amounts of the enone (10) and the y-pyrone (11) .31 In 
related work it was shown that with potassium acetate in acetic 
anhydride in the presence of crown ether 5-~-tosyl-D-glucurono- 
lactone gives similar amounts of compounds (12) and (13) as main 
products, whereas the 2,5-ditosylate gives the y-lactone (14). 32 

5 Ascorbic Acids 

Oxidation reactions used in the preparation of vitamin C are 
mentioned in section 3 above. 

The oxidation of ascorbic acid still commands much attention. 
The kinetics of the oxidation with nickel(II1) tetraazamacrocycles 
have been examined33 and the rate of oxidation by oxygen in the 
presence of iron(I1) sulphate has been shown to be increased by the 
addition of amino acids such as glycine or h i ~ t i d i n e . ~ ~  
the oxidation by oxygen in the presence of Cu(I1) salts has been 
found to be accelerated by ligands which stabilise Cu(1) and 
decelerated by those which stabilise Cu(I1) . 35  
analysis deals with the physical properties (absorption spectra, 
pK1, pK2 and redox values at various pH values) of L-ascorbic acid, 

Likewise 

A more comprehensive 
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D-isoascorbic acid, D-gluco-ascorbic acid and D-galacto-ascorbic 
acid. Their oxidation by oxygen in the presence of heavy metals 
was also investigated. " The preparation of dehydro-L-ascorbic 
acid by use of oxygen and activated charcoal as catalyst has been 
modified to give a pure product by way of the methanol adduct.37 

E.s.r. spectra of a y-irradiated single crystal of L-ascorbic 
acid have been reported.38 The acid has been shown to act as a 
radical scavenger in the autoxidation of methyl linoleate, and to 
exert a synergistic effect when used with Vitamin E . 3 g  

The levels of vitamin C in leaves of 213 angiosperm species have 
40 been assayed. 

RP 0 

L - 

0 
R =  

0 

Reagents: L ,  H,O, pH 4 ; Li, MeOH-H+ S c h e m e  5 

L-Ascorbic acid reacts as a Michael donor with acrolein or 
methyl vinyl ketone; the products can be converted to cyclic 
acetals as shown in Scheme 5. 41 
acid has been made as indicated in Scheme 6; the halogen at C-3 
can be displaced by nucleophiles by addition, elimination pro- 
cedures. 

The analogue (15) of ascorbic 

4 2  

C02Me 

CO, Me CH2 0 Ho(070 __f i y)=. 
CL CL CL CL 

Reage-: L ,  MsthyC diehjlphosphonoacetatfi ; u,  A 

S c h e m e  6 

('5) 

0 

I 
R 

H or Me 

Treatment of dehydro-L-ascorbic acid with 2-phenylenediamine 
gives a product which shows 3 polarographic reduction waves. The 
reactions involved were discussed.43 
the same acid with a-aminoacids has shown that a complex set of 

44 species are formed (Scheme 7). 

A study of the reaction of 
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C H20H CHZOH 
I I 

CH OH c'.. 

2 
3 

4 

5 
6 

7 
8 

9 

10 

11 

lla 

12 

13 
14 

15 

16 

17 

18 
19 

I \ 
HO NH2 

Scheme 7 
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I no rg an i c Derivatives 

1 Carbon-bonded Phosphorus D e r i v a t i v e s  

C o n s i d e r a b l e  a t t e n t i o n  has a g a i n  been  p a i d  t o  compounds w i t h  
phosphorus as t h e  h e t e r o c y c l i c  atom, t h e  f i r s t  s u c h  D- r ibo fu ranose  
compounds h a v i n g  been  produced as i n d i c a t e d  i n  Scheme 1. 1 

___j 

OMe 

O x "  O X 0  
OAc OAc OAc OAc 

Reagents L,  DMSO-(COCL)FEt3N , u, EtPH(O]OMc, U L )  N a D H 4 ,  LV, NaALH2(0Me)oEt; v, H+, VL, Ac20-Py 

Scheme 1 

Most work has r e l a t e d  t o  six-membered c y c l i c  compounds s u c h  as 
t h e  p h o s p h i n y l  d e r i v a t i v e s  (1) which were s y n t h e s i z e d  from 1,2-g- 
i s o p r o p y l i d e n e - 3 - ~ - m e t h y l - 5 - 0 - t o s y l - a - D - x y l o f u r a n o s e  by a n  improved 
e s t a b l i s h e d  p r o c e d u r e .  * 
was p r e v i o u s l y  wrongly c h a r a c t e r i z e d ;  it i s  now f o r m u l a t e d  as t h e  
e n o l a c e t a t e  d e r i v a t i v e  ( 2 ) .  R e l a t e d  s t u d i e s  produced compounds 

A p e r a c e t a t e  d e r i v e d  from t h i s  p r o d u c t  

( 3 )  f rom ~ - 0 - a c e t y l - 5 - d e o x y - 5 - i o d o - l , 2 - ~ - i s o p r o p y l i d e n e - ~ - D - x y l o s e y  4 
- 

OH 
(1) 

OMe OH 
(5) (6) (7) R=POPhZ 

(8) R=PHPh 

OH 
(9) R = H  

(10) R =  Me 
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( 4 ) from 1,2-g-isopropylidene- 3-~-methyl-D-xylo-pentodialdose and 
the related D-ribo-compound (5) from the Isomeric D-ribo-pento- 
dialdose derivative. 6 

8 The nitroalkene (6) allowed access to compounds (7 ) 7  and ( 8 1 ,  
and from the latter and closely related compounds, the L - E -  
products (9)' and (10) were derived. Related studies have 
provided 6-deoxy analogues of compounds (9). 

8 
10 

Mass spectral studies have been reported on peracetylated 
derivatives of pyranoid and furanoid compounds with phosphorus in 
the ring. Molecular ions are more stable than those of analogues 
with oxygen in the ring. A new procedure has produced a 
septanose analogue (11) from the precursor (12) which was made from 

12 6-deoxy-6-iodo-1,2-~-isopropylidene-3-~-me~hyl-~-D-glucofuranose. 

I CH,OTr 
O=PH Pr' 

(1 1) (12) "-' 
Compounds (13) and (14), which are derivatives of phosphonate 

analogues of a- and B-D-ribofuranosyl phosphate, have been made by 
use of an appropriate Wittig reagent applied to 2,3-g-isopropyl- 
idene-5-~-trityl-D-ribof~ranose,~~ and the related phosphonate (15) 
has been prepared by the procedures outlined in Scheme 2. 

CHO 

14 

O=p(OLt)2 O=Y(OH), 
$H 0 CHOH CHOH 

o x 0  OH OH 

Reagents: i ,  ~ o c H ~ ~ P ~ , C C - B U L ~  ; ii, H' ; iii. (MeO)2PHO-MeONa;iv, Et3N-MejSiBr; (15) 
v, H20 ; vi , LLOH 

Scheme 2 

Two sets of branched-chain sugar phosphonates, having the 
phosphonate attached to the C - 3  branch carbon, have been synthesized, 
one such set being illustrated in Scheme 3,15 and a variety of com- 
pounds of this type and related phosphinates and phosphine oxides 
were studied by 'H, I3C and 31P n.m.r. spectroscopy, which allowed 
determination of configuration at (3-3 as well as at the 
asymmetric phosphorus atoms. 1 6  
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Reagents: L ,  (Et0)2PHO-NaH; L i ,  (Et0)3P-EtOH 

Scheme 3 

2 Other Carbon-bonded Compounds 

Reaction of tetra-g-methyl-a-D-glucopyranosyl bromide with sodium 
( ~ ~ ~ - c y c l o p e n t a d i e n y l ) d i c a r b o n y l f e r r a t e  gave compound (16) as a 
stable, crystalline solid together with minor proportions of the 

CH20Me CH2As (0)Me2 

o C H ~ C H ( O H ) C H ~ R  

R =  OH ,S03H,0503H, 

o P (o)~o c H,C H (OH) 
OMe Iry OH OH ~ H , O H  

& 7 F/, = ( J5-CgHg)Fe(C0)2 

Me0 

('6) (17) 

a-anomer. l7 

derivatives (17) have been isolated from brown kelp. 
The unusual arsenic-containing B-D-ribofuranosyl 

18 

I C H 2  Br 

11 I 
CHZCHSnBu3  $H=CHBr 

H O ~ H  H O C H  
f: 

HO CH 

J$> Ab,&)L* &> 
o+ 0)i 

Reagents : i, BH3 ; u, BrCL ; iii, (C6H,1)2BH ; Lv, Hg(OAc)* ; v, 0u3SnH ; vL, N d r -  chLoramine T- H U  

Scheme 4 
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A set of sugar 
have been used as 
(Scheme 4) .I9 

derivatives containing C-B, C-Hg and C-Sn bonds 
new means of preparing C-Br containing sugars 

3 Oxygen-bonded Compounds 

An interesting paper on selective monobenzoylation of pento- and 
hexo-pyranosides before and after,treatment with di- or tri- 
butyltin oxide is referred to in Chapter 7, as is the use of 3,4-g- 
stannylene derivatives of a-L-arabinopyranosides in the preparation 
of 3-coumaroyl esters. The brominolysis of such a derivative gave 
a glycosid-4 ulose from which a 4-amino-4-deoxyarabinoside was 
produced (Chapter 9). The X-ray crystal structure of methyl 4,6-0- 
benzy l idene -2 ,3 -~ -d ibu ty l s t anny lene -u -D-mannos ide  has been reported 
(see Chapter 22). 

The regioselective enhancement of the nucleophilicity of the 
hydroxy groups of methyl a-L-rhamnopyranoside on complexing with 
tin(I1) chloride has been assessed, and a tentative model for the 
complex formed has been proposed following analysis of the methyl 
ethers produced on treatment with diazomethane and catalytic tin(1I) 
chloride. 2o 

Sucrose treated with 1,3-bis(2,2-dimethylpropanoyloxy)-l,3- 
diethyldiborane affords the 4,6-ethylboronate and hence a route to 
2,3,l1,3',4',6'-hexa-2-acy1 derivatives. 

photoreactive species in the oxidative degradation of the sugar to 
D-erythrose on photolysis in aqueous solution in the presence of 
iron(II1) chloride. 22 
study of complexes of mannose and arabinose with Fe(III), In(III), 
and Hg(I1) ions has been reported.23 The X-ray crystal structure 
of a nickel-rhamnose complex is noted i n  Chapter 22, and palladium 
complexes of sugar phosphites are referrea t o  in Chapter 7. 

Ca2+ with D-glucuronic acid, 24 Ca2+ with carbohydrates generally 
(geometric features),25 Na', K+, Li+ and Ca2+ with sucrose,26 H+, 
Zn2+, Mg2+ with D-fructose 1,6-dipho~phate*~ and Gd3+ with a 
tetrasaccharide of glycophorin, 28 with a trigalactosyl hexa- 
~ e p t i d e , ~ ~  and with various glycolipids. 30 
electrodes and metallochromic indicator methods were used in an 
investigation of the bonding of Cd2+ and Cu2+ to oligogalacturonic 
acids (DP 1 -t 9).31 

21 

A D-fructose-iron(II1) complex is implicated as being the 

A polarographic and spectrophotometric 

Studies of the following ionic complexes have also been recorded: 

Ion-specific 
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Alditols and Cyclitols 

1 Alditols 

The accumulation of sorbitol and consequent uptake of water leads 
to opacification of the lens, i.e. diabetic cataract. In diabetic 
rabbit lens, formation of fructose and sorbitol was enhanced, while 
that of myo-inositol decreased, relative to normal lens.' 
following polyols have been identified in human urine for the first 
time: 4-deoxythreitol, 4-deoxyerythritol, 5-deoxyxylitol, 5-deoxy- 
arabitol, 2-deoxyribitol, 6-deoxymannitol, 6-deoxygalactitol, E- 
inositol, and chiro-inositol. Riboflavin has been shown to be 
biosynthesized from two molecules of a corresponding deoxyribityl- 
pteridine precursor by disproportionation. 

The 

The hydrogenation of D-glucose in weakly alkaline aqueous 
ethanol over ruthenium 
glucose over Raney nickelY5 has been studied. 

(1) or epoxypentenals (2) have been reported which depend on 

on a l ~ m i n a , ~  and of L-arabinose and D- 

Approaches to the synthesis of pentitols from the pentadienols 

a> epoxidation of allylic double bonds followed by selective ring 
opening or b) --hydroxylation of these double bonds.6 The 
synthesis of alditol acetate derivatives for g.c. analysis is 
covered in Chapter 23. 

2,3,~,5-Tetra-~-acetyl-l-bromo-l,6-dideoxy-L-glucitol, a 
precursor for the side chain of (+)-anamarin, has been synthesized 
by conventional methods from D-gulono-1,4-lactone, via 2,3,5,6- 
tetrakis-0- (trirnethylsily1)-D-gulofuranose . 1-Amino-1-deoxy- 
hexitol derivatives have been prepared by reductive amination 
(NaBH3CN) of D-glucose, D-galactose, and D-mannose with lysine and 
hydroxylysine, the products being connected through the 6- rather 
than the 2-amino-group of the amino-acid. * E-Ethyl-1-amino-1- 
deoxy-D-glucitol has been obtained by reductive amination of D- 

159 
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glucose and ethylamine over Raney nickel. 1-Amino-1-deoxy-D-. 
glycero-L-manno-heptitol resulted from ferrous hydroxide reduction 
of the corresponding 1-nitro-heptitol. 
isopropylidene-2-~-(methoxymethyl)-DL-glucitol (3) has been 
synthesized from (2)-parasorbic acid (4) (Scheme l), and the 

4 , 6-Dideoxy-3 , 5-0- 

CH30H 

OH OH 

DL-  (4) Me 

Recrgehts : L ,  0 ~ 0 ~ -  NaCLO4 
Scheme 1 

DL-(3)  

enantiomers resolved by h.p.1.c. of their benzoates on a column 
packed with (+)-poly(triphenylmethylmethacry1ate) on silica g e l ;  
the D-enantiomer was desired for the synthesis of the antibiotic 
griseusin A. The C-5 epimeric 7-deoxyheptose derivatives (5) 
and (6), obtained in a 4:l ratio from addition of methylmagnesium 
bromide to a 6-aldehydo-D-galactose precursor, have been used to 
prepare the deoxyheptitol ( 7 ) ,  and the 3- and 4-carbon molecules 
(8) and (9) of value in the synthesis of chiral compounds. l2 The 

Me OBn 

R HO OH 
CH20H 

OH (9 
R = CH,OH, (9) 

(5) R'= H , R2=ODn CH2OH CHO, C 0 2 H  

(6) R'=OBn, R2=H (7) 
synthesis of 2-~-alkyl-D-glyceric acid derivatives from lY3:4,6-di- 
- 0-benzylidene-D-mannitol is covered in Chapter 24. 

xylo-, L-ribo, D-lyxo, and D-arabino-configuration, required for 
the synthesis of polyketide-derived natural products, have all been 

Branched-chain di-C-methylpentitol derivatives (10) with the L- 

synthesized from the E-methylene derivative (11) .13 Photo- 
chemical addition of cyclohexene to aldehydo-D-glucose penta- 
acetate gave the 8-(pentitol-~-y~)-7-oxa~icyc~oC4.2.O~octane deri- 
vative (12) in 65% yield. l4 
glucitol derivative (13) was the major product from acid-catalysed 

The 1,l-di-g-substituted-l-deoxy-D- 
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condensation of D-glucose with phloroglucinol in DMSO at 100°C , a 
similar derivative being obtained with phloroacetophenone .I5 
formose reaction has been modified to yield 2-hydroxymethylglycerol, 
3-hydroxymethylpentitol, and 2,4-bis(hydroxymethyl)pentitoly by 
continuous addition of paraformaldehyde to an aqueous solution of 
paraformaldehyde and calcium hydroxide at pH 11.0 and 6OC.I6 Acid 
-catalyzed condensation of tripentaerythritol with formaldehyde led 
to the mono-, di- and tri-0-methylidene acetals (14), (151, and 
(16) in 36, 34, and 17% isolated yields.17 

The 

(14) R ,  1 1  R = CHL , R2=R3=H 

(16) R',R' = R2, R2 R: R3 = CHG 

R'°CYH20H R'OCH2 CH20CHxCHpOCH2 """"" CH20R2 (15) R1,R1 =R2,R2=CH2/, , R 3 = H  

R ~ O C H ~  C H ~ O R ~  
Kinetic studies on the oxidation of D-mannitol with vanadium(V) 

species ,'* and of D-mannitol, D-glucitol, and galactitol with 
cerium(V1) ions'' and with manganese (111) pyrophosphate*' have been 
reported . 

A much improved yield (92%) of the lY2:5,6-di-~-isopropylidene 
acetal deTivative can be obtained from D-mannitol by reaction with 
2-methoxypropene/~-toluenesulphonic acid in DMF containing 
anhydrous calcium sulphate. The 1,2-acetal could be obtained in 

21 - ca. 70% yield with the same reagents under modified conditions. 
Cleavage of a glycosyl-alditol linkage under acetonation conditions 
is covered in Chapter 4. 

1,5-Dideoxy-1,5-dibromo-, 1,5-dideoxy-1,5-diiodo-, and 1,2:4,5- 
dianhydroxylitols have been synthesized by standard procedures 
from xylitol and used to prepare 3-g-alkyl and -acyl derivatives, 
required as analogues of galactose derivatives which are anti- 
tumour compounds. 22  Cytostatically active piperazine-containing 
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carbohydrate derivatives have been reported, the most active 
derivative ( 1 7 )  being prepared from 1,2 : 5,6-dianhydro-3,4-g-iso- 
propylidene-D-mannitol, piperazine , and epichlorohydrin. 23 

The 1-amino-2-thio-D-glucitol derivatives (18) have been 
obtained in moderate yields by amination of the corresponding 1,2- 
epithio-derivative. 24 
obtained from the reaction of galactitol with phosphorous tri- 
chloride (in dry dioxane at 55-60°C); further treatment with 
diethylamine and sulphur yielded the phosphorylated derivative 

The unusual phosphite ester (19) has been 

(20) .25 

n / R '  
NCH2 tHCH2C1 

OH 

I-"" A 
CH, NUN CH2yHCH2C1 

OH 

(' 7)  

0 (19) 

CH20H 
I &"p 

HO 

Conversion of a chiral tetritol 2,3-epoxide into a (3-lactam 
intermediate is covered in Chapter 24. 

1,5-Anhydro-D-glucitol has been isolated in 3-4% yield (dry 
weight basis) from leaves of Protea species as the major 
metabolite , 26 while 1,5-dideoxy-l, 5-imino-D-mannitol ( 21) has been 
shown to be a potent glycosidase inhibitor.27 

The cyclization of tetritols, pentitols, and their peracetates 
in hot acetic acid, both with an without protonic acid catalysts, 
has been investigated. On prolonged treatment, an equilibrium 
mixture containing all the possible 1,4- and 1,5-anhydrides was 
formed, and a mechanism involving acyloxonium ions has been 
postulated to account for the required configurational inversions. 
Similar complex mixtures of 1,4- and 1,5-anhydrides, accompanied 
by mono- and di-chlorodeoxypentitols and their l,Q-anhydrides, 
resulted f rom the treatment of pentitols with concentrated hydro- 
chloric acid at 100°C . 29 
prepared from the corresponding tetritols by acid-catalyzed 

28 

1,4-Anhydro-erythritol and -threitol, 
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dehydration, have been studied by variable temperature l3C-n.rn.r. 
methods and shown to undergo significant molecular association 
with water. 'O 

The free-radical reduction (Bu3SnH or Bu3SnD, initiated with 
azobisisobutyronitrile) of glycosyl halides is highly selective in 
favour of a-attack. Thus both anomers of the glycosyl chloride 
and bromide (22) gave a 9:l-mixture of the a- and B-deuterated 
derivatives (23) and (24), while the a-chloride (25) gave the a- 
deuterated derivative (26) exclusively. " 
galacto- and -gluco-pyranosyl nitromethanes with ferrous hydroxide 

Reduction of ;-6-D- 

x:+&>R 
Rl2 

A c O  

OAc 

(22) R1,R2=  H , C L  or H , B r  

(23) R' = H  , R 2 = D  
(24) R' = 0 ,  R2=H 

(25) R=CL 

(26) R = D  

10 led to l-amino-2,6-anhydro-l-deoxy-heptitols. 
1,3:2,5:4,6-Trianhydro-L-iditol ( 2 7 1 ,  the second known tri- 

anhydrohexitol, has been synthesized by two routes, one being 
shown in Scheme 2.32 

C H, OTS 

I OH 
CH,OTs 

P 0 (27) 

Reagents : i ,  MeOH-H+ ; ii, H,O+ ; iti, reduckron ; i v ,  TsCL-Py ; v, MeONa-MeOH 

Scheme 2 

An attempt to synthesize 2,4-~-benzylidene-l-~-tosyl-D-glucitol 
by monitored hydrolysis of epoxide ( 2 8 )  led instead to products 

CH20Ts HO{->Ph L ~ T I > p h  

0 

R e a g e n t :  L ,  H30+ 
S c h e m e  3 
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with a lY3-anhydro-ring by way of the dianhydride (29) (Scheme 3). 
3,5-Di-~-acetyl-6-~-benzoyl 2,4-~-benzylidene-l-~-tosyl-D-glucitol 
was obtained along with other products by reaction of 3,5-di-g- 
acetyl-2,~-~-benzylidene-l,6-di-~-tosyl-D-glucitol with lithium 
benzoate in DMF.33 
6-amino-deoxy derivatives of 2,5-anhydro-D-glucitol. Thus, the 
6-dimethylamino derivative (30) was obtained from the dianhydride 
(31) as shown in Scheme 4.34 

D-Mannitol has been used to prepare 1- and/or 

References to acylated and nitro-containing anhydrohexitols are 
made in Chapters 7 and 10 respectively. 

2 Cyclitols 

Ciceritol, a new a-digalactoside of pinitol, isolated from chick 
pea cotyledons, has been identified as a-D-galactopyranosyl- 
(1 + 6)-a-D-galactopyranosyl-(l -+ 2)-1D-4-~-methyl-chiro-inositol; 
the same structure is proposed for the component previously thought 
to be "manninotriosett [a-D-Gal-(1 -+ 6)-a-D-Gal-(l -f 61-D-Glcl. 
a-N-Acetylneuraminosyl-(2 - -+ 3)-B-D-galactopyranosyl-(l -+ lL)-myo- 
inositol has been isolated from pregnancy urine of a single 
donor. 36 

35 

The glucosylated cyanomethylene cyclohexenetriol ( 32) 

(32) 

has been isolated from Ilex warburgii fruit; 37 
the C - 5  epimer of (32), has been reported previously (K.Takahashi 
et al. Chem. Pharm. Bull., 1978, 26, 1677). 

methylene group replaces the ring oxygen atom of the parent sugar, 
are half as sweet as sucrose, and as sweet as D-glucose. 38 

lithospermoside , 

Pseudo-B-DL-glucose and pseudo-a-DL-galactose, in which a 

The 
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excess thermodynamic properties of aqueous mrn-inositol solutions 
have been determined and differ remarkably from those of 
pyranosides. 39 

Ferrier’s mercury(I1) ion induced carbocyclization of hex-5- 
enopyranosides has been used to obtain a 3:l-mixture of the epi- 
meric cyclohexanes (33) and ( 3 4 )  in 80% yield, both of which were 
converted into cyclitols and aminocyclitols (Scheme 5). Thus 

(c-)oH 2 ) 2 $ BnO 
d OBn (35) OBn 

HZN 
0 Bn - BnO OMe BnO 

OBn OBn 

(33) R’=H, R ~ = O H  BnO 
(34)R1=OH, R2=H 

(36) OBn 
Reage& L, t igCL2, u, NaBH4 ,w ,  NH20H , I V ,  L A H  

Scheme 5 

borohydride reduction of (33) led almost exclusively to diol (351, 
while formation and reduction of the oxime of (33) led to a 2:l- 
mixture of epimeric inosamines (36). 40 
inosose hydrazone derivatives (37) have been synthesized from a 

0 Bz 

The epimeric 2-azido- 

tetrahydroxycyclohexanone derivative, made available by a Ferrier 
carbocyclization reaction. 41 

(3fJ,4SY5fJ)-Shikimic acid (38) has been synthesized from D-mannose 
in 25% overall yield, via the known lyxofuranoside (39) (Scheme 6); 

CHZOH y(O)(OMe)2 O_H 

HoDc*2H /cH\ 
CH2 C02Me U-VL 

r 4kG>0Bn L ; i  y HO 

(39) ( 3 9  

Reugents- L ,  Tf20-Py u, (Meo),P(0)CHCO2MeNa’- 10 crown-6 , u, H2-Pd/C , LV, MsONa ) v, R ~ s I ~ ( H + ) ,  

S c h e m e  6 
carbocyclization was effected by intramolecular Wadsworth-Emmons 
olefination. 

vt, OH- 

42 
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Prinzbach and co-workers have synthesized the series of meso- 
diepoxides (40) from benzene, and have obtained from them a variety 

.OQoH 0 

( 4 9  

of *-1,4- and =-1,3-disubstituted cyclohexanetetraols, 
including the meso-inosadiamines 2- and 5-epistreptamine and actin- 
amine, by epoxide ring opening.43 Racemic fortamine (41) and 2- 

deoxyfortamine (42) have been synthesized from cyclohexa-1,3-diene 
by multistep procedures outlined in Scheme 7. 44 

0 

Scheme 7 

~ ~ - ( 4 1 )  R = O H  

DL-  (42) R = H 

Ogawa and co-workers have continued to develop syntheses of a 
large number of racemic branched-chain cyclitols, many related to 
natural products, from a common original starting material - the 
Diels-Alder adduct of acrylic acid and furan (see Vol.11, p.150 and 
Vo1.13, p.154). The structure of hydroxyvalidamine, a component 
of validamycin B, has been confirmed by the synthesis of its 
racemic hexaacetate; the racemic derivative (43) could be 
synthesized more efficiently, using the dibromide (44) and the 
cyclohexene (45) (Scheme 8 ) .  45 Syntheses of racemic valienamine 

CH2Br C H ~ O B Z  (----y OAc . 4-p OAc __j ii-v p h Q ~ ~ 4 " i - " u b , " ; ~ +  OAc 

AcO AcO 0 N H A c  

OAc OAc OAc DL- (43) 
DL- (44) DL- (45) 

R e q e n t s : i ,  Nc~O5z-l-;Br ; ii, M e O N a  ;'ki, PhCH(OMe)2-TsOH; LV, Ac20-Py;v, MCPBA; vi, kJaN3-NH+CL 
vii,  AczO-Py ~ v U L ,  HZS-Py 

Scheme 8 

and related branched-chain aminocyclitols (Vo1.14, p.148)  have been 
published in full,46 as have those of a large range of related 
unsaturated cyclitol derivatives [general structure (46) I. 47 
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e.9., X = Br, OAC 
Y = Br,OR,OAc 

OAc 

(4 9 
Racemic 1-epivalidamine (47) has been prepared by standard reactions 
by way of the dianhydride (48) (Scheme 9). 48  The racemic 

C H ~ O A C  lzy OAc - L , u  #-h0 ___) 65tcps d-yHAc OAc 

AcO AcO AcO 

OAc OAc 
DL- (44) DL- (48) DL-  (47) 

Rcacpnts t ,  MeONa,  U, AclO-Py 
S c h e m e  9 

(hydroxymethy1)cyclohexanepentaol derivatives ( 4 9 ) ,  related to 
chiro- and myo-inositol, have been obtained by epoxidation (MCPBA) 

C H 2 0 8 z  CH2 BY C H ~ O B Z  4:Fo/k AcO 4;) Ac 0 ($F) 
AcO 

OAc 
DL- (49) DL- (SO) DL- (51) 

or a-hydroxylation (Os04) of alkene ( 4 5 )  .49 
reports the conversion of the bromomethylcyclohexene (50) to epoxy 
[e.g., (5113  and diepoxy analogues, which are related to natural 
products. 50 
and 2-deoxyvalienamine ( 5 3 )  have employed similar strategies start- 

Another paper 

Syntheses of racemic 2-deoxy-hydroxyvalidamine ( 5 2 )  

HOCH, OH CH20r  CH20H 

f$-> 
- 

HO NH2 

DL- (52) DL-(54) DL- (5 3 ) 

OAc OAc 

DL-(55) DL- (56) 

OAc 

D~-(58) 
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ing from the dibromide (54). 51 
furnishes a range of deoxy and unsaturated inositol derivatives 
such as ( 5 6 ) - ( 5 8 ) .  52  

Analogously, the dibromide ( 5 5 )  

The epimeric IL-1-deoxy-1-C-hydroxymethyl-myo- and chiro- 
inositols (59) have been synthesized from an inosose derivative 
using a standard Wittig-hydroboration sequence to introduce the 
hydroxymethyl group. 53 
(61) have been prepared by conventional dehydration of the 
corresponding tertiary alcohols. 54 

The cyclohexenones (60) and cyclohexenes 

In elucidating the structure 

I \ 
(59) OAc CH2X 

of the saponin 3-~-B-D-xylopyranosyl-6-~-B-D-glucopyranosylcyclo- 
astragenol, selective cleavage of glucoside was effected by con- 
version to glucuronoside and lead tetraacetate-induced oxidative 
cleavage of the permethylated derivative (see, e.g., Vo1.12, p.31); 
the cleavage product was converted to a known nitrocyclitol mixture 
for characterization. 55 

The Raney nickel catalysed H-D exchange at the carbonatoms of four 
inositols and various 2-methylated derivatives has been studied 
using 'H-n.m,r. methods. 
correlated with the configuration, conformation, and site of 
methylation of these compounds; equatorial hydrogens exchanged 
rapidly (<lo min at 6 0 ° ) ,  axial hydrogens more slowly ( ~ 3 0  min), 
and hydrogens =-axial to a b u l k y  

Methylation of an adjacent hydroxy group also lowered the rate of 
exchange. 56 

The rate of exchange could be 

substituent within E. 300 min. 

Carbocyclic nucleoside analogues with substituted cyclopentane 
moieties are covered in Chapters 19 and 20. 
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19 
Antibiotics 

Recent developments in the synthesis of sugar-containing antibiot- 
ics have been reviewed (in Japanese). 1 

1 Amino-Glycoside Antibiotics 

Reviews have appeared on the total synthesis and chemical modif- 
ication of aminoglycoside antibiotics, and on 1,4-di$mino-cyclitol 
containing antibiotics (in Japanese). 3 

3-g-Demethyl-3-~-methanesulphonyl-fortimicin derivatives have 
been used to prepare 3-g-demethyl-2,3-di-epi-for t imicins  A and B 
and 3-2-demethyl-3-epi-fortimicins A and B, and also 3-amino-3- 
demethoxy-fortimicin A and 2-amino-3-~-demethyl-2-deoxy-fortimicin 
A, using standard methods. Similarly the fortimicin analogue 
istamycin B has been converted to 3-2-demethyl and 3-demethoxy 
derivatives, including 5-epimers, some being more effective anti- 
biotics than the parent.6 Other papers describe the synthesis of 
3-fluoro and 3,3-difluoro derivatives of 3-demethoxysporaricin A, 
and of 5-deoxy-5-f luorosporaricin A, * by direct fluorination pro- 
cedures using diethylaminosulphurtrifluoride (DAST). 

7 

Further studies by Ogawa and Suami’s group have confirmed that 
validamycin A (1) has the D-glucopyranose residue 4-B-linked to 
validoxylamine A, and is not 3-linked as originally proposed. (See 
Vol. 14, p. 153). 
0-4, lo the latter yielding a diastereoisomer identical to a deriv- 
ative from validamycin A. Validoxylamine A derived from validamy- 
cin was also reconverted to validamycin A by Koenings Knorr 
P-glucosylation at 0-4, l1 completing the total synthesis of this 

(2)Validamine was glucosylated at 0-3’ and 

171 
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antibiotic following the synthesis of validoxylamine A reported 
last year. (See Vol. 16, p.190). Racemic stereo- and regio-isomers 
of validoxylamine A have been synthesized from validamine and 
appropriate brominated cyclohexene precursors. Condensation of 
a B-D-glucosylvalidamine derivative with the racemic cyclohexene 
oxide (2) in an oxiran cleavage procedure has been used to prepare 

13 6"-epivalidamycin A (3) together with its expected regioisomer. 
The oxiran (2) has similarly been used to prepare DL-6I-epivalid- 
oxylamine from a protected validamine derivative. l4 In another 

synthesis, the Japanese workers have condensed 2-protected (+)Val- 
ienamine with 1,6;3',4'-dianhydro-D-maltose to prepare adiposin-1 

15  (41, a component of the adiposin a-glucosidase inhibitor complex. 
Another paper describes the synthesis of DL-2-deoxyvalidoxylamine B 
( 5 )  from ( 2 )  monomers. 16 

(4) 

18 New amino-glycoside antibiotics saccharocin17 and KA-5685, 
isolated from strains of Saccharopolyspora, have been shown to be 
4"-deamino-4"-hydroxyapramycin ( 6 )  . A total synthesis of apramycin 
( 7 )  has been described (26 steps, overall yield 0 . 0 8 % ! ) ,  starting 
from neamine. l9 The 4-9-  (aminooctodiosyl) -2-deoxystreptamine (81, 

a close analogue of a component of oxyapramycin (91, has been syn- 
thesized from paromamine, elongating the glucosamine unit stereo- 
selectively as outlined in Scheme 1.20 

iewed.21 
strain of Dactylosporangium, has been shown to be 2'-N-formyl- 
sisomicin. 

The discovery and chemical aspects of dibekacin have been rev- 
The new aminoglycoside antibiotic, G-367S, produced by a 

Synthetic transformations on kanamycins have included selective 
2"-g-benzoylation of a partially-blocked kanamycin A under phase 
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R'& 0, HO. OH 

NHTs 
O H  

(8) 
(9) R'=  N H ~ , R ~ = O H  

on 

Reayhts 6 ,  DMSO-DCC-Py-CF3C02H, LL,Ph3P=CHC02E~,LIL,OsO4-Py, LV. NaOMe,v, LAH 

Scheme 1 

transfer conditions, leading to 3 -deoxy-2 -epikanamycin A; 23 the 
synthesis of 1-~-(2-aminoethanesulphonyl) derivatives of kanamycin, 
ribostamycin, and dibekacin, which show potent antibacterial 
activity:24 the synthesis of 5- and 6"-monofluoro and 5,6"-di- 
fluoro-kanamycin A (using DAST) ;25 the synthesis of 5-deoxy-, 
dideoxy-, 5-deoxy-5-epichloro-, and 5,4'-dideoxy-5,4'-diepichloro- 
kanamycin using sulphuryl chloride, the chloro-compounds being 
reduced (Na-NH ) to give the deoxy analogues;26 the synthesis of 
hhxa- and hepta-deoxy (5,2 ' , 3  ' ,4 ' , (2") ,4", 6" 1 derivatives of kana- 
mycin and amikecin, starting from 3 ' ,4 I -dideoxykanamycin B, leading 
to antibacterial studies suggesting that the amino groups play a 
predominant role in kanamycin activity, and that the 2'I-hydroxy 
group and (S)-4-amino-2-hydroxybutanoyl moiety attached at the 1- 
amino group markedly augment activity: 27 the synthesis of 3 '  -deoxy- 
kanamycin B (tobramycin) : 28 the synthesis of 4"-&-kanamycin A 

derivatives by sulphonate displacement reactions, with concomitant 
formation of 4", 5"-unsaturated and 3 " ,  4"-cyclic urethane by- 
products : 29 and the synthesis of 1-epikanamycin A ,  the inversion 
being carried out by peroxide-tungstate oxidation of the arnino- 

5,4'- 

3 
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group to the corresponding oxime with subsequent catalytic hydro- 
genation of this intermediate.30 Kanamycin A has also been con- 
verted biologically to amikacin by a mutant strain of butirosin- 
producing Bacillus circulans (amidation using L-u-hydroxy-y-amino- 
butyric acid) . 31 

Gentamicin C2 has been converted to 1-deaminogentamicin C2 (by 
the sequence R-NH2+R-NHCHO+R-N_C+RH), and shown to be a less 
effective antibiotic than the parent compound. 

The conversion of the 6'- and 6"' -amino groups in neomycin B 
to hydroxy groups has been reported (by diazotization) ;33' 34 again, 
some loss of antibacterial activity results. 

32 

Studies using 'H and 14C-labelled D-glucose have shown that in 
the biosynthesis of neomycins by S .  fradiae, both the C-6 hydrogens 
were retained at C-2 in the 2-deoxystreptamine moiety, thereby 
eliminating myo-inositol-1-phosphate as a possible intermediate: 
an alternative mechanism was proposed. 35 
indicated that the 6-amino group in the neosamine C moiety is in- 
troduced by an oxidation-transamination sequence, 36 and a stereo- 
chemical study of this process in the formation of neosamine C in 
ribostamycin indicates that the retained proton at C-6 is inverted 
in the product.37 A study of the conversion of neamine to the 
corresponding 3',4'-dideoxy-3'-unsaturated pseudo-disaccharide 
suggested that radical elimination of its 3',4'-bis(methy1xanthate) 
diester was the best method; the product was then used to prepare 
gentamine C la. 3 8  

oside related to neamine is mentioned in Chapters 3 and 9. 

Similar studies have 

The synthesis of a 2,4,2 ' ,6 ' -tetraamino-isomalt- 

5"-Deoxy-5"-fluoro-lividomycin has been prepared using the DAST 
39 reagent as a lividomycin derivative. 

A series of 6'-alkylated spectinomycin analogues have been prep- 
ared as indicated in the sequence shown in Scheme 2; increasing 
lipophilicity of the 6I-substituent increased bacterial potency. 40 

Reagents : i,, Me2NCH(OMe),-DMF; L, Na6H3CN ; iii, Me1-I<HCO3; R = C, . C, , C4, C7 and C,, 
iv, RPlgX- CuLBr2 ; v, ti2 -Pt02-Pr*OH-NEt3 

Scheme 2 
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A one-pot tritiation procedure for aminoglycoside antibiotics 
has been reported, involving hypochlorite oxidation of the amino 
groups and sodium borotritiide reduction of the resulting imino 
groups. 41 

A study of the conformations of fortimicins from n.m.r. and X-ray 
data has been reported, which indicates that the chair form of the 
fortamine ring in fortimicin A is inverted in the fortimicin B free 
base; the relative orientation about the glycosidic bond was also 
investigated, and the implications of the results for the three- 
dimensional structure-activity relationships of amino-glycoside 
anti bioti cs were di scussed. 

43 The FAB mass spectrum of gentamycin sulphate has been reported, 
and the FD mass spectra of eleven aminoglycosides, including neamine 
and kanamycin A.44 
mi cin4 and amikacin . 

H.p.1.c. analyses have been reported for siso- 
46 

2 Macrolide Antibiotics 

Takacidin and antibiotic U-0142 have been shown to be identical with 
monazo-mycin, a 48-membered lactone ring macrolide with a-D-mannose 
attached. 47 
in 1958) has shown that this antibiotic also contains mannose linked 
to a large-ring macrolide. 48 Candidoin, a component of the candiden 
antibiotic complex produced by S. viridoflavus, has been shown to be 
a macrolide with mycosamine and 2,6-dideoxy L-erythro-hexopyrarios- 
3-ulose separately attached, (the first reported occurrence of the 
latter sugar) .49 The structures of mycinamycin VI and VII, minor 
components of the mycinamycin complex (see Vol. 14, p. 1571, have 
been determined; the 6-deoxy-2,3-di-~-methyl-D-allose (mycinose) 
residue is unmethylated in mycinamycin VI, and is lacking altogether 
in mycinamycin VII. 

A further study on desertomycin (originally reported 

50 

The isolation of methyl B-D-cymaroside from the methanolysis of 
cytovaricin has served to assign the absolute configuration of this 
antibiotic. 51 
synthesized by the new technique of hybrid biosynthesis, which 
utilizes enzyme inhibitors; this allows the conversion of the 
aglycone protylonolide to chimeramycin A and B, (containing foros- 
amine and mycarosyl-mycaminose as carbohydrate sidechains) by a 
spiramycin producing strain of S. ambofaciens, which is prevented 
from synthesizing aglycone de n 0 v 0 . ~ ~  Use of 13C- and 14C-labelled 
L-methionine has demonstrated that this amino-acid is the source of 

Chimeramycins, new macrolide antibiotics, have been 
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the N-methyl groups in forosamine and mycaminose and the C-methyl 
group in mycarose in the biosynthesis of Spiramycin I.53 
spiramycin I, the de-mycarose derivative of spiramycin, forms the 
expected 0-3 and 0-4 ' acetals with dihydrofuran and dihydropyran. 54 

A pathway has been proposed for the biosynthetic hydroxylation 

Neo- 

and glycosylation of tylactone to give the antibiotic tylosin 
(contains mycinose and mycarosyl-mycaminose carbohydrate units). 5 5  

Amadori rearrangement in the reaction of D-glucose with polyene 
macrolide antibiotics containing mycosamine, e.g. nystatin, yield 
- N-(1-deoxy-D-fructos-l-yl) derivatives, which on acid hydrolysis 
yield the f ructosyl-mycosamine disaccharide. 56 

3 Anthracycline Antibiotics 

The papers given at a symposium devoted to anthracycline antibiot- 
ics have been published. 57 

More anthracycline antibiotics containing complex oligosacch- 
aride structures have been discovered. Decilorubicin ( l o ) ,  has 
been isolated from a strain of S .  ~ i r q i n i a e : ~ ~  the constituent 
decilonitrose, (the 4-Q-demethyl, 3-epi analogue of evernitrose) 
and 4-~-succinoyl-L-diginose units have been characterized, and the 
former synthesized from a 2,6-dideoxy sugar prepared from L-rham- 
nose, using the aziridine route described for evernitrose by 
Yoshimura's group. (See Vol. 13, p. 127) .59 Arugomycin (ll), 
obtained from a strain of S. violochromogenes, contains two oligo- 
saccharide chains. 60 

The ditrisarubicins A, B, and C, contain two trisaccharide chains, 
each linked by rhodosamine to B-rhodomycinone; all contain the 
cinerulose B-2-deoxyfucose terminal disaccharide unit ( 1 2 ) ;  the 
other unit is either the same ( B  form) or the variants (13) (A 
form) or (14) (C  form), which also occur in aclacinomycin. 61 

N-formyl daunosamiiie occurs in the new antibiotic, N-formyl-13- 
6 2  

2-Hydroxyaclacinomycin A has been prepared by chemical glyco- 

- 
dihydrocarminomycin, obtained from Actinomadura roseoviolacea. 

sidation of 2-hydroxyaklavinone using a trisaccharide precursor 
in a Koenings-Rnorr procedure. 63 Carminomycine analogues contain- 
ing aminodeoxy &-lyxo-hexofuranosyl units of daunosanine have been 
synthesized. 
2,3,6-trideoxy and 3,5-diamino-2,3,5,6-tetradeoxy sugar derivatives, 

6 4  the latter showing a better therapeutic index than carminomycine. 

Standard 'procedures were used to prepare 3-azido- 

Anthracycline analogues have been prepared by coupling dauno- 
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OH h 

R7= MeH 
O s c  H=CH c o2 H 

OH NMe2, O E  

o ; c H~ C H ~ C O ~  H 
0 

0 mm 
Me 

8 

R =  MeB 

mycinone with l-chloro-4-~-metl~yl-daunosamine65 or 4-2-methyl or 
4-deo~ydaunosamine~ 
showing useful, and in some cases, improved cytotoxic activity. 
Carminomycinone has also been coupled with 3-azido-3-deoxy- and 
3,5-diazido-3,5-dideoxy-glycosyl chlorides. 

derivatives, leading to doxorubicin analogues, 

67 
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4 Nucleoside Antibiotics 

Carbohydrate Chemistry 

An extensive review on the chemistry of nucleoside antibiotics has 
been published. 68 

An improved 4-stage synthesis of 3'-deoxyadenosine (cordycepin) 
from adenosine has been described, giving a 38% overall yield. 
(Scheme 3). 69 

C H20H CH20H 

0 x 0  OAc OH 

IYe O E t  

Reageate L ,  MeC(OEt)3- H', LL, AcBr , LU, BuSSnH- 2 , 2 1 - a z o b i s [ 2 - m e t h y t ~ ~ ~ , ~ ~ ~ ' L ~ J ,  LV, NH3-MeOH 

S c h e m e  3 

A different approach has been used to convert sangivamycin (15) 
to 3 ' -deoxysangivamycin via the intermediate (16) (Scheme 44) : 
toyocamycin (17) was also converted to 2'-deoxysangivamycin via 
6,2'-~-cyclo-2'-thiosangivamycin and the 5'-deoxy analogue prepared 
from sangivamycin via 5'-phenylthio-5'-deoxysangivamycin. Of these 

R NH2 

y;$fJ - 

(16) OH 
OH OH 

(15) R z C O N H 2  

(17) R = C N  

Reye& : i ,  N a I -  a- acetoxy i sobu ty ry  1 chLoride ; u ~ H,- Pd 

S c h e m e  4 

OH 

analogues, only the 3'-deoxy compound showed any anti-leukaemic 
a~tivity.~' Tubercidin (15, R = H) has been converted to toyo- 
camycin using standard reactions. 71 

The carbocyclic nucleoside analogues ( - 1  aristeromycin (18) and 
neplanocin A (19) have been synthesized from the Diels-Alder adduct 
of cyclopentadiene and dimethyl acetylene dicarboxylate using a 
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combined chemical and enzymatic strategy. Pig liver esterase 
enantioselectively hydrolysed a diester intermediate to give the 
acid-ester in good optical yield, leading to the intermediates (20) 
and (21). 72 

OH OH 

(20) 

OH OH 

(1 8) 

HO CH2 

OH OH 

9) 

2'-Deoxyneplanocin A has been synthesized from either 2'-bromo- 
2'-deoxy or 2'-imidazolylthiocarbonyl precursors using tributyl- 
stannane. Similar treatment of a 2',3'-cyclicthiocarbonate pre- 
cursor led to 3'-deoxyneplanocin A regiospecifically, the allylic 
ester oxygen being displaced.73 Full details of the synthesis of 
2lsubstituted-2 ' -epimers of neplanocin A and arabinof uranosyl- 
adenine analogues have been published. (See V o l .  15, p. 188) .74  

A synthesis of sinefungin (22) proceeded from a condensation of 
6 - N -benzoyl-2',3'-~-isopropylidene-adenosine 5'-aldehyde with 

nitromethane, the nitroaldol then being reduced to the correspond- 
ing 5',6'-dideoxy-6'-nitro derivative, which was further cond- 
ensed with an L-aspartic acid derivative leading to (22) and its 
6 ' -epimer. 75 The synthesis of pyrazofurin and related compounds 

t----f 
(22)  OH OH 

from ribosyl 8-keto acid derivatives has been reported,76 and a 
promising approach to the synthesis of sinefungin involves the 
transglycosylation of a precursor prepared from uridine, using 
6-N-acyladenine as the transfer base.77 
biosynthesis of herbicidins (analogues of nucleoside antibiotics) 
have been investigated. 

The final steps in the 

78 

Condensation of appropriately substituted 2-amino-2-deoxy-D- 
galactodialdose with 5-deoxy-5-nitro-D-xylofuranose gave the 
intermediate (23), which was then transformed to the tunicamine 
derivative ( 2 4 ) .  79  



180 Carbohydrate Chemistry 

HoY-----iNo2 

5 Miscellaneous Antibiotics 

The structure of moenomycin A (see Vol. 15, p. 191)  has been con- 
firmed by I3C n.m.r. and FAB-m.s.80 A structural analogue of the 
glucuronyl phospholipid unit of moenomycin A has been synthesized 
by linking a D-glucosyl phosphate derivative to 2-9-(lipid substit- 
uted)glyceric acid, the last step involving catalytic oxidation to 
the uronic aicd. 81 

biotic closely related to moenomycin, has been assigned the struct- 
ure (25). 

Pholipomycin, a new phosphoglycolipid anti- 

82  

A new pseudo-nucleoside antibiotic, dapiramicin A, has been 
characterized as the disaccharide derivative (26) . 83 Miharamycins 
A and B have the pseudo-nucleoside structure ( 2 7 )  .84 Spicamycin, 
which induces differentiation in human promyelocytic leukaernia 
cells, has the structure (28) ; 8 5  it was shown to be the 2'-epimer 

H H 

(26) OH 
OH 
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of the sugar characterized as a component of septacidin (H. Aga- 
higian et al., J. Org. Chem., 1965, 30, 1085). 

Trestatins A, B, and C ,  new a-amylase inhibitors, are basic 
oligosaccharides ( 2 9 )  containing 1-3 units of a trisaccharide 
linked to trehalose through glucose. 86 

Aqueous ammonium hydrolysis of N-acetyl-sporaviridin released 
87 three pentasaccharides, summarized in structure ( 3 0 ) .  

CH2R4 
R3 = OH, R4= H 
R3 = NHAc, R4= H 

HO ~ ~ o & ) - - ~ H  d=&> HO , R 2 =  R3 6) R ~ =  R4= OH 
OH 0 RZ (acosmninel OH 

( ~ ~ ~ J I O V O S ~ )  (30) 

An antibiotic (31) isolated from a Streptomyces sp. has been 
shown to be identical with toromycin and gilvocarcin V, (see Vol. 
15, p .  192). On acid-catalysed isomerization, a mixture of c-a 
and 8-fucofuranosides and C-B-fucopyranoside was obtained, which 

0 
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was analysed by quantitative proton n.0.e. and T1 n.m.r. measure- 
ments on their per-acetates.88 
closely related C-glycoside antibiotic, ravidomycin (32) (obtained 
from S .  ravidus), which contains the novel amino sugar ravidosamine 
(3,6-dideoxy-3-dimethylamino-D-altropyranose~ linked to the same 
aglycone present in toromycin and gilvo~arcin.~~ (See also Vol. 15, 
p. 4 5 ) .  Simple derivatives of this antibiotic have also been des- 
cribed. 

There has been another report on the 

Degradation of the avoparcin complex, a glycopeptide antibiotic 
mixture related to vancomycin and ristocetin, has yielded a variety 
of carbohydrate derivatives, including oligosaccharides containing 
B-D-glucose, a-L-ristosamine, a-D-mannose, and a-L-rhamnose. 91 

Lipiarmycin, a chlorine-containing antibiotic from Acti,noplanes 
deccanensis, shows spectral evidence €or 2-9-methyl- and 5-9-methyl- 
rhamnopyranose units, and methanolysis yielded methyl 2-2-methyl- 
4-g-homodichloro-orsellinyl-B-rhamnopyranoside. 92 
biosynthesis of pentalenolactone in S. strains, deoxypentalenyl- 
glucuron (33) was isolated, showing some antitumour activity. 93 A 
new glycopeptide antibiotic from an S. hygroscopicus subspecies has 
been shown to contain glucose. 

In a study on the 

94 

The formation of the disaccharide glycoside in a first step has 
95 led to an improved synthesis of bleomycin. 

Condensation of 2,3;4,5-di-g-benzylidene-D-ribose or related 
aldehydo-D-ribose or -D-glucose derivatives with a number of active 
methylene compounds, e.g., pentane-2,4-dione, gave the expected 
Knoevenagel condensation products, which all showed antiviral activ- 
ity and cytotoxicity; the most effective against herpes simplex 
virus was the ribose-2,4-pentanedione derivative (34); titanium 
tetrachloride was an efficient catalyst for the condensation step 
(Lehnert's conditions). 

twelve carbon atoms from three molecules of D-erythrose (1-1 3C 

labelled) . 97 

96 

The biosynthesis of streptonigrin has been shown to incorporate 

The structure determination of sakyomicin containing 
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2,3,6-trideoxy-D-threo-hexose is mentioned in Chapters 12 and 22;  

n.m.r. spectral studies of pentasaccharide fragments from N-acetyl- 
sporaviridin are referred to in Chapter 21, and C.1.m.s. studies 
on 

1 
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permethylated viridapentaoses is covered in Chapter 22 .  
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Nucleosides 

1 General 

Theophylline-9-8-D-glucopyranosyl 6'-monophosphate has been iso- 
lated from Cicer arietinum: this is the first example of a natural- 
ly occurring theophylline nucleoside derivative. ' 
ethylladenosine has been isolated from the mycelia of Cordyceps 
and Isaria fungi, and identified as a calcium antagonist and an 
inot ropic agent. 5-Ribosyluracil (pseudouridine) accumulates in 
germinating seeds and seedlings of Phaseolus vulqaris. The growth 
inhibition of E. coli by nucleoside analogues has been studied. 
Very high antibacterial activity was observed with most derivatives 
of 5-fluorouridine, including 2'- and 5'-deoxy analogues and the 
arabinosyl equivalents: by contrast, similar derivatives of cyto- 
sine or adenosine show little or no activity. 

E6- (2-hydroxy- 

4 

2 Synthesis 

Standard condensation procedures have been used to synthesize 
8-D-ribofuranosyl derivatives of 5-f luorocytosine, a variety of 
substituted pyridazines, pyrazoloC 3,4-d1pyrimidines (8-aza-7- 
deazapurines) , 78 e.g. the guanosine analogues (1) , 8-aza-2-fluoro- 
adenine, 
ine, l1 6,7-disubstitutedbenzimidazoles, l2 the pyrazolo-pyrazine (2), 
including the 6-D-glucopyranosyl analogue: l3 and the furoC3,4-d1 
pyrimidine derivative ( 3 )  . l4 
imidazole has also been reported. The imidazole nucleoside (4) 
has been elaborated from a ribosylimino-acetate precursor. l6 
inofuranosyl derivatives have also been described for 7-deazaguan- 

g- (3-methyl-but-2-enyl) -7-deaza-adenine, lo 7-deazaguan- 

The a-nucleoside of 5,6-dimethylbenz- 

Arab- 

186 
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ine (both a, B forms), l7 guanine,18 substituted-pyrazoles and -1,2, 
4-triazoles ( a  anomers) including an analogue of virazole, l9 7- 
deaza-6-thiomethylpurine, 2o and 2-nitroimidazole. 21 
paper also reports the preparation of a and 8 forms of D-erythro- 
hexenosyl nucleosides and 2-tetrahydrofuranyl derivatives of this 
base, using several methods. Ribo-nucleosides have also been con- 
verted to corresponding arabino nucleosides by sequential oxid- 
ation reduction at C-2 or 3',5'-~-1,1,3,3-tetraisopropyl-disiloxy 
derivatives. 22  ~-D-Glycopyranosyl-3-methyl-pyrazol-5-ones have 
been prepared from L-arabinose, D-xylose, and D-galactose, 23 and 
an N-B-D-glucopyranosyl derivative of imidazole-3,4-dicarboxamide. 
Glycosyl isothiocyanates prepared from standard disaccharides have 
been cyclized with acylhydrazines to give the corresponding 1,2,4- 
triazol-3-thione derivatives: other heterocyles were elaborated by 
condensation of these isothiocyanates with 6-amino-1,3-dimethyl- 
uracil and chloromethylammonium chloride. 25 
4,7-methano-imidazoles have been prepared by condensation of a 
ribosylhydrazine derivative with an enone derived from camphor, 
leading to the analogue (5) . 

This last 

24 

( B-D-Ribofuranosyl) - 

26 

3 Anhydro- and Cyclo-Nucleosides 

The base-induced equilibrium between the 2 , 2 ' -  and the 2',3'- 
anhydronucleosides (6) and (7) (R=H) respectively is upset by 
N-methylation, which yields the latter derivative (7) (R=Me); under 
more vigorous methylating conditions, the 5-bromo analogue yielded 
the 2',3':5',6-dianhydride (8). Under acidic conditions, 0-2 
participation occurs in the cleavage of oxiran (7), leading either 
to arabino-nucleosides or to 2'-substituted-ribo-nucleosides, 
depending on the reagent. 27 

Reaction of 6,2'-g-cyclo-uridine with fluorine in acetic acid 
yielded the difluoro-2',5'-acetal (9); the corresponding 6,3'-0- 
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cyclo-uridine yielded the isomeric dif luoro-3 ' ,5 ' -acetal. 28 
halogens or g-halo-succinimides yielded a mixture of analogous 
dihalo-acetals together with 5-halogeno-6,2'-g-cyclouridines ( l o ) ,  

Other 

F f l  NH 

0 

I 
OH 

(9) 

and corresponding mixtures resulted from 6,3'-0- and 6,5&-cyclo- 
uridines . 29 Derivatives of the bridged nucleosides 6,5 '-cyclo- 
5'-deoxyuridine, 6,5'-cyclouridine, 6,3'-methylene-cyclo-2',3'- 
dideoxyuridine, and 6,2'-ethylene-cyclo-2'-deoxyuridine, have been 
reported. These all have the pyrimidine ring locked in the anti- 
conformation. 3 0  

pyrimidin-2-one gives a 6,5'-anhydro-isouridine derivative (11) in 
aprotic solvents, which could be selectively oxidized 2-chloro- 

31 anil), leading to 3-2-6-D-ribofuranosyluracil (isouridine) (12). 
2,5'-Anhydro-2',3'-~-isopropylidene-5-methyl-uridine on hydrogen- 
ation over a rhodium catalyst yielded a mixture of 5,6-dihydro, 
5(R and S)methyl derivatives, separated as 5-2-benzoyl derivatives, 
which were converted to the corresponding 6,5'-anhydro derivatives 
( 1 3 )  by a standard 5' -OTs+5 '-I+ (13) sequence. 32 y-Irradiation of 
2'-deoxyguanosine or its 5'-monophosphate in deoxygenated aqueous 

The ribo-nucleoside obtained from 1,2-dihydro- 

solution gave 8,5'-cyclo-2',5'-dideoxyguanosine (14); initial hy- 
drogen abstraction from C - 4 '  was proposed (Scheme 1 1 ,  leading to 
(14) amongst a complex mixture of products.3-3 
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4 Deoxy-nucleosides 

Standard condensation procedures have been used to prepare 7- and 
9-(6'-deoxy-cx-L-talofuranosyl) derivatives of hypoxanthine, guan- 
ine, and 6-thio-purine, the derivatives of the last purine showing 
marked antitumour activity. 2-Deoxy-D-ribofuranosyl chloride con- 
densed with ~-trimethylsilyl-4-carboxymethyl-5-cyanomethylimidazole 
in presence of stannic chloride (best catalyst tried) gave a- and 
6-forms of the N-1 and N-3 substituted nucleosides, which were con- 
verted to corresponding derivatives of 3-deazaguanine. 36 
2'-deoxytubercidin has been prepared from a 7-deazaadenine deriv- 
ative.37 
conventional procedures from either a 3,5,6-tri-g-tosyl-D-allofur- 
anose derivative or a 5-deoxy-D-xylo-hexofuranose derivative, the 
latter providing the efficient epimerization sequence in one step 
shown in Scheme 2. 38 
verted to 7- and 9-substituted hypoxanthine nucleosides. 39 

3 4 , 3 5  

Likewise 

Two routes to 4'-homoara-C ( 1 5 )  have been examined, using 

2,6-Dideoxy-L-lyxo-hexofuranose has been con- 
3' -Deo- 

xyadenosine, an antibiotic, has been prepared 

Reageds:  i ,  N a O H - M e O H  
Scheme 2 

by an improved four- 

step procedure in 38% overall yield from adenosine (see Chaper 1 9 ,  

ref. 69); the sequence modifies an ethyl orthoacetate procedure 
described earlier by J.Engels outlined in Scheme 3, which yielded 
3 ' -deoxy and 2 I ,  3 ' -dideoxy derivatives of N-benzoyladenosine. 40 
4-Deoxy-8-DL-erythro-and threo-pentopyranosyl pyrimidine nucleo- 
sides (16) have been synthesized using the appropriate sugar 1 , 2 -  



Reagents: i , 0u tPh2SiC1-Py ; i i , (~ t0 )3CMe-H+;  i i i ,  NaZ-BF3.Et20; Lv, BugSnH;v, OuLcNF; vi,c--Hg; 
vii , Ha - Pd (SiO,) 

Scheme 3 

anhydride with 2,4-dimethoxypyrimidine. 41 
nucleosides mentioned above have also been used to prepare corres- 
ponding 2'-deoxy derivatives by conventional deoxygenation proced- 
ures. 22 2 I ,  3 ' -Dideoxy analogues of standard nucleosides have been 
obtained by C-3' deoxygenation of 2'-deoxy-5'-g-methoxytrityl 
nucleosides by treatment of their methylxanthate esters with tri- 
butyl stannane. 42 Likewise phenyl-thiono-carbonate ester inter- 
mediates of nucleosides have been reduced by tributylstannane to 
yield 3'-deoxy nucleoside analogues. 

The disiloxy-protected 

43 

Efficient deoxygenation of 2'- or 3'-g-tosyl-adenosine with con- 
comitant adjacent epimerization to yield threo-deoxypentose deriv- 
atives on treatment with lithium triethylborohydride (Scheme 4); 
stereospecific reduction of keto-sugar intermediates explains the 
observed epimerization. 44 

C H 2 0 H  CHZOH CH20H C H 2 0 H  

k o 7 * d  toy y 0 y  k o y * d  HO 

OH - 
OH 01s OTs OH 

Reagents : i , LLBHEb3- DMSO 
S c h e m e  4 

Thymidine undergoes heterocyclic ring cleavage on photolysis in 
presence of primary amines and sodium bicarbonate, yielding a sub- 
stitutqd glycosylamine which fragments on heating to give 2-deoxy- 
D-erythro-pentosylamine (Scheme 5)  . 45 The conversion of the nuc- 
leoside antibiotic sangivamycin to its 3'-deoxy analogue is ment- 
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ioned in Chapter 19. 

Reagents : i, h u -  RNH2-N~HC03 ; ii, A Scheme 
-__. 

5 Halo-Nucleosides 

2',5'-Dibromo- and 2',5'-dichloro-2',5'-dideoxy derivatives of urid- 
ine and 5-substituted uridines have been obtained by treatment of 
the nucleosides with the appropriate Vilsmeier reagent: a 2,2'-an- 
hydronucleoside intermediate was postulated to account for the obs- 
erved retention of configuration at C-2 I . 46 5 ' -Bromo-5 ' -deoxy der- 
ivatives of ara-uridine and ara-cytidine have been obtained by 
cleavage of 2',5'-anhydro-nucleoside precursors with hydrogen bro- 
mide in DMF.47 

2-Deoxy-2-halogeno-arabinosyl bromides have been used to prepare 
halo-nucleosides from 5-substituted-uracil or -cytosine bases lead- 
ing to 2'-bromo, 2'-chloro, and 2~-fluoro-arabino-nucleoside anal- 
ogues; the 2'-fluoro analogues were most effective as anti-viral 
agents.48 
proved condensation procedure. 

These last analogues have also been prepared by an im- 
49 

6 Amino- and Nitrogen-substituted Nucleosides 

3'-Azido and 3'-amino analogues of 2'-deoxy-5-substituted uridine 
and cytidine, together with 3'-amino-5'-fluoro-thymidine, have been 
prepared by standard procedures using 3'-e-mesyl ester intermed- 
iates; the most active anti-cancer compounds were the 3'-amino-5- 
fluoro analogues of 2'-deoxyuridine and 2'-deoxycytidine and the 
3'-amino analogue of 2'-deoxycytidine. 5 0 '  51 
inversion sequence at C-3' using a 3'-chloro-3'-deoxyxylo-nucleo- 
side intermediate has been described for the preparation of 3'- 
amino analogues of thymidine, 2'-deoxyuridine, and 2I-deoxy-5-iodo- 
uridine. 52 Methyl 2,3-anhydro-4-deoxy-a8-DL-erythro-pentopyrano- 
sides have been used to prepare the pyranose analogues (17) of puro- 
mycin; a better yield was obtained if the purine base was coupled 

An alternative double- 
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to the sugar before the latter was animated rather than as a last 
step. 53 
been reported. 54 The 8,5'-!-cyclonucleosides (19) of 5'-amino-5'- 
deoxyadenosine have been prepared by a sequence from 8-bromo-aden- 
osine as shown in Scheme 6. 

Bis- (trimethylammonio) analogues (18) of adenosine have 

55 

Nitromethane condensation with the dialdehyde obtained from per- 
iodate-oxidized uridine yields a crystalline 3-deoxy-3-nitro-P-D- 
glucopyranosyluracil contaminated by the D-galacto isomer; their 

RJfJ &> 

I 
-D-Rib.F_ 

I /  

OH OH Reagenix: i, RNH2; u , 2 , 3 - a c e t o d i o n ;  
' i i l  (Ph0)2CO-NEt3 ; Lv, CF3C02H. 

(19) R=Me, 0n ( A l s o  Bn+H) 

Scheme 6 

4',6'-g-benzylidene derivatives could be separated however. 56 61-  

Nitro derivatives of 5'-alkylated-adenosines are mentioned in 
Chapter 10. 

Purine 8,2 I -Na-methylhydrazino-cyclonucleosides have been iso- 
57  merized to their pyranosyl analogues (20) and ( 2 1 ) .  
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7 Thio-Nucleosides 

A one-pot procedure for synthesizing 5'-thionucleosides has been 
described, which involves treating the nucleoside with dialkyldi- 
sulphide in presence of tributylphosphine. 58 
a 2'-deoxy-adenosine 3I-tosylate led to a -6:l mixture of threo 
and erythro 2'-deoxy-3'-alkylthio-adenosine, the former being char- 
acterized by an X-ray crystal structure analysis of the 3I-ethyl- 
thio isomer. 59 
thiourea followed by hydrolysis gave 51-thionucleosides, which were 
then converted to dimethylarsinederivatives using iododimethylarsine 
these proved to be inactive as anti-cancer agents.60 
51-chloro-5'-deoxyadenosine with ~-methyl-3-indolylmethanethiol 
acetate in presence of base yielded 2-3-indolylmethyl derivatives 
of 5'-thioadenosine, of interest as potential enzyme inhibitors. 

Thiol displacement of 

Treatment of 5 ' -deoxy-5 ' -iodo-nucleosides with 

Treatment of 

6 1  

8 Unsaturated Nucleosides 

Full details of the synthesis of the 4',5'-unsaturated analogue of 
adenosine using a 5'-deoxy-5'-phenyl selenoxide intermediate have 
now been reported.62 
very similar approach reported in Vol. 15, p. 206, ref. 76). A 

hetero Diels-Alder reaction between a dienaminol and glyoxylic 
ester has led to the expected stereoisomers of the 4-amino-hex-2- 
enuronic ester (22) (Scheme 71, one diastereomer of which was con- 
verted to the uracil nucleoside analogue (23) ( a B  ratio depends on 
R )  . 6 3  

are mentioned below. 

(See Vol. 12, p. 174, ref. 82). (See also a 

Unsaturated C-nucleosides and unsaturated ketonucleosides 

C02R 

L a  

R = O N O 2  
C02Et 

DL- (23) 
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9 Branched-Chain Nucleosides 

Carbohydrate Chemistry 

3I-C-methyluridine and 3'-C-methylcytidine have been prepared by 
standard steps from 3-C-methyl-D-allose. 6 4  Nitrous-acid deamin- 
ation of 3'-amino-3'-deoxy-D-glucopyranosyl-uracil led to the re- 
arranged 3'-deoxy-3'-~-formylpentose analogue obtained as the hemi- 
acetal ( 2 4 ) .  The 3'-amino-2',3'-dideoxy-D-glucopyranosyluracil 
analogue rearranged similarly to give a mixture of the 2',3'-di-de- 
oxy-3I-C-formyl-ribose and -xylose isomers. The formyl compounds 

were also reduced to the corresponding hydroxymethyl branched-chain 
nucleosides. 6 5  2- , 3 I -, and 5 I -2-phosphates of 3 I -C-methyluridine 
have been prepared, including the 2',3'-cyclophosphate. 66 

OH 

10 Keto- and Uronic Acid Nucleosides 

Various suitably-protected nucleosides have been oxidized with 
chromic oxide-pyridine reagent in acetic anhydride to yield 2 ' -  

keto- and 3'-keto-nucleoside analogues, which on reduction yield 
the 2'- and 3'-epimers of the parent nucleosides.67 
Section 2, ref. 22). 7-(3,4-~-isopropylidene-B-L-fucopyranosyl)- 
theophylline has been converted to the unsaturated keto nucleoside 
(25) by a standard sequence, and this was used to prepare the anal- 
ogues indicated in Scheme 8 by conventional reactions. 

(See also 

6 8  

A standard condensation procedure has been used to prepare l-N 
and 3-N-(B-D-glucopyranosyluronic acid)-5-fluoro-uraci1 deriv- 

N H A c  SPh 

OH 

h e  
S c h e m e  8 
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69 atives . 
An improved synthesis of 5'-deoxy-Si-adenosine acetic acid ( 2 6 )  

has been reported, utilizing the dialdose derivative (27) with a 
Wittig reagent. 70 Similarly a dialdose derivative of ara-aden- 
osine has been used to make ara-5'-deoxy-5'-adenosine acetic acid 
via the ester ( 2 8 1 ,  and also the corresponding acetamide and 
ethanol. 

C HO C H2 C HzC02 H C H z C H Z R  

y Y * d  

---+ YOHYAd ~ R = C 0 2 Y  

OH OH OH (28) R=C02Et  -> R=CONH2 
R =CHzOH 

11 C-Nucleosides 

Condensation of 2,3,5-tri-~-benzoyl-D-ribofuranosyl bromide with 
2-chloromercuri-furan gave the 2-(a- and B-ribosyl)furan, the a 
form isomerizing to the B in presence of trifluoroacetic acid: 
sequential treatment of this furan derivative with bromine-methanol 

72 and hydrazine gave the corresponding 3-B-D-ribofuranosyl-diazine. 
Pyrimidine-mercury complexes with palladium acetate react with 
furanoid glycals to give 2,3-unsaturated-C-nucleosides: whereas the 
erythro-glycal (29) gave the a-anomer, the threo-3-2-acetal (30) 
gave the 8-form (Scheme 91, which was interpreted as indicating 
that the stereochemistry is governed by the relative steric bulk- 
iness of the glycal substituents. 7 3  

(2 91 R=+CH*OMe MeN YNMe 
0 

Scheme 9 

CHZOR 
I 

OR 
(30) 

L 

M e N J L e  

R O  

Wittig condensations on reducing sugar derivatives have also 
been used to make C-nucleosides; e.g., the synthesis of the thia- 
zole nucleoside analogue shown in Scheme 10. 74 
side (31) has been similarly synthesized,75 and the a-keto ester 

The homo-C-nucleo- 
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C-glycoside ( 3 2 1 ,  obtained as shown in Scheme 11, has been used 
to prepare showdomycin and the C-imidazole and C-pyrazole analogues 

( 33) and (34) respectively. 76 

heptose with phenylhydrazine and 2-phenylene diamine led to pyra- 
Condensation of D-glycero-D-qulo- 

zoloquinoxaline polyol derivatives, which were cyclized by dehyd- 

ration to give the C-nucleoside ( 3 5 )  . 7 7  A related cyclization of 

CH20R 
I 

Reagents: i ,  Ph S e C L  ; ii, H202 ; iii, O3 
Scheme 11 

$O,Et 
co 
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dopamine and tryptamine 2,5-anhydro D-mannose leading to C-arab- 
inosyl-a-carbolines is mentioned in Chapter 10. 

Other syntheses have utilized C-glycoside precursors. Reaction 
of 2,3 ,5- t r i -~-benzoyl -B-D-r ibofuranosyl  cyanide with hydrogen 
selenide gave the corresponding seleno-amide which could by cycl- 
ized to the selenazole ( 3 6 ) ,  giving a nucleoside analogue snowing 
anti-cancer activity. 78 A 1,3-dipolar cyclo-addition of a ribo- 

furanosylacetylene carboxylate with diazo-camphor gave an adduct 
which underwent a C1,51-sigmatropic rearrangement, leading to the 
pyrazole derivative ( 3 7 )  .26 The ethyl ester of this same acetyl- 
enecarboxylic acid has also been selectively reduced to the corr- 
esponding acetylenecarboxaldehyde, which on cyclization success- 
ively with diazomethane and methoxycarbonylhydrazine led to the 
inosine C-nucleoside analogue ( 3 8 )  . 79 Other reports describe the 
conversion of a nitromethyl C-glycoside to an isoxazole C-nucleo- 
side (Scheme 12) , 8o and of a 2-amino-1-cyanoethenyl C-glycoside to 
9-deazainosine and 9-deazaguanosine. 81 A ribosyl-acetic ester has 

been used to synthesize homo-C-nucleosides, e.g., homo-+-uridine 
( 3 9 )  . 82 

erythrose derivative (40) by hydroxylation of the corresponding 
dihydrofuran compound, 83 and a wide range of pyrimidine C-nucleo- 
sides with branched-chain sugars, x., (+)-1'-methyl-$-uridine 
and (+)-4'-methyl-+-uridine (41), from bicyclic branched-chain 
precursors, e.g., (42)+(41),84 (See also Vol. 15, p. 210, for other 

Other syntheses of C-nucleosides have included the aB-DL- 
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branched-chain sugar $-uridine derivatives). 5'-Deoxy-5'-substit- 
uted $-uridine derivatives have also been described, prepared by 
standard sulphonate displacement 85 reactions. 

HN LNH Hocuo 
O x 0  

(4') 

12 Miscellaneous Nucleosides 

Carbocyclic analogues (43) of 6-methyltubercidin have been reported, 
prepared by condensing 5-acetonyl-4,6-dichloropyrimidine with 
cyclopentylamines followed by C-6 amination. 86 
osuronyl chloride with adenine followed by base-catalysed elimin- 
ation of a 3'-sulphonate ester group has furnished the unsaturated 
nucleoside analogue (44) . 87 

pyranosides and cyclohexanolamines with 4,6-dichloro-5-acetonyl- 
pyrimidine leads to novel analogues of tubercidin, s., compound 
(45) , some showing antiviral activity. 87a 

Reaction of a pent- 

Reaction of methylaminodeoxypento- 

(43) 

NH2 

13 Ether Derivatives 

OMe 

CL 

(45) 

4,4',4"-Tris(benzoyloxy)trityl bromide selectively protects the 
primary hydroxy group in nucleosides. It is more stable than 
trityl under acid conditions, but is base-labile. It was applied 
to the synthesis of 3'-substituted thymidines carrying 3'-acid- 
labile groups. 88 2-Oxymethyleneanthraquinone (MAQ) has been found 
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to be a useful 3'-protecting group in nucleosides; being relatively 
base and acid-stable, it is easily removed in the presence of 
sodium dithionite in buffered solution. At the same time the 7-  

chloro-9-anisoyl-thioxanthen-9-yl group was used to protect the 
2'-position, a group which is more acid-labile. Used in conjunc- 
tion with the 5'-protecting group, FMOC, a new strategy for oligo- 
nucleotide synthesis is a~ailable.~' A study of the protection of 
D-arabino-nucleosides has shown that, with 0-5' blocked by mono- 
or di-methoxytrityl groups, 0-2' or 0-3' can be selectively pro- 
tected by tert-butyldimethylsilylation by choice of appropriate 
basic catalysts. The three mono-tert-butyldimethylsilyl ethers 
of tubercidin have been prepared. 91<proved syntheses of 2 ' -0- 
tetrahydrofuranyl nucleosides via 3',5'-bis-tert-butyldimethyl- 
silylg2 or 3 I ,  5 1 - t e t r a i s o p r o p y l d i s i l o x a n y 1 9 3 ~ t e c t e d  intermed- 
iates have been described, and another paper describes a similar 
method for preparing 2 ' -0-methyluridine. 94 
ated with an oestrone 3-2-w-hydroxy-alkyl ether at 0-5, and then 
converted to the corresponding adenosine nethylene-bridged oest- 
rogen. 

Ribose has been alkyl- 

95 

14 Ester Derivatives 

The 2-(4-~hlorophenyl)sulphonylethyl carbonate ester group has been 
proposed as a convenient protecting group for primary hydroxy 
groups in nucleosides or nucleotides, being readily removed by 8-  

elimination using triethylamine under conditions not affecting 
blocked phosphotriester groups at 0 - 3 ' .  

9 6  

The selective 2'-benzoylation of 5'-~-dimethoxytrityl-nucleo- 
sides has been studied, using either benzoyl or 3,4,5-trimethoxy 
benzoyl reagents, giving intermediates suitable for conversion to 

9 7  3'-phosphate derivatives leading to oligonucleotide synthesis. 
Standard methods have been used to prepare 2'-g-nitro derivat- 

ives of arabino-nucleosides of cytosineg8 and of adenine and hyp- 
oxanthine, 99 and also 3 '-2-formyl derivatives of 2 '-deoxy-riLo- 
nucleosides. loo 

been prepared from the nucleoside by reaction of its 5'-g-trityl 
derivative with thionyl chloride. lo' 1,3-Benzodithiol-2-yl ortho- 
ester groups can be used to protect hydroxy groups in nucleosides 
in oligo-nucleotide synthesis, as illustrated in Scheme 13. 102,103 

Bis-3 '-0- (2 ' -deoxy-5-ethyluridine) -sulphoxide has 
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i - CH20H 

bQ OAc 

15 Phosphorus Derivatives 

As usual, standard syntheses of nucleotides are not included. 
A one-pot conversion of 2'-deoxycytidine to a fully protected 

10 4 2'-deoxycytidine 3'-monophosphate has been described. 
Deoxynucleoside phosphorothiolates have been prepared from 

nucleoside 5'-Q-phosphites by sulphurization, which were then used 
to prepare nucleoside a-thiotriphosphates. 10 5 

2 ' -  and 3'-g-Phosphonylmethyl derivatives of nucleosides (which 
are methylene analogues of ribonucleoside 2'- and 3'-phosphates) 
have been synthesized by base-catalysed rearrangement of 3'- and 
2'-~-(chloromethyl)phosphonyl derivatives, as outlined in Scheme 

OH OH ? OH 

0 = p - OH 
CHzCL 

R e c * g d S '  L ,  CLCH2P(0)CL2; u )  H +  ; u ,  NGLH o r N a O H . a c y  

S c h e m e  14 

A mild phosphorylation procedure for nucleosides has been des- 
cribed, involving low temperature base catalysed treatment with 
diarylphosphorochloridates. A study of the barium hydroxide 
catalysed hydrolysis of cyclic nucleotides using labelled oxygen 
compounds is mentioned in Chapter 7. 

16 Reactions 

Nucleosides can be oxidized in good yields using polymer-bound 
periodate; the reaction is slower in DMSO than-in ethanol or 
water. 108 
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17 Spectroscopic and Other Physical Measurements 

The rules relating chemical shifts to anomeric configuration in 
nucleosides have been surveyed, and exceptions to the rules rat- 
ionalized. 10 9 

'H and l3C n.m.r. spectra of 2- and N-methylated 2'-deoxy- 
1 

nucleosides have been recorded, and IH n.m.r. measurements together 
with U.V. data used to investigate the pH dependence of their 
stability. 'lo "0 n.m.r. data have been used to study hydration 
equilibria of nucleoside-water complexes; 2',3'-G-isopropylidene 
uridine enriched at either 0-4 or 0-2 with I7O showed that hyd- 
ration occurs more extensively with the 4-carbonyl group, and both 
mono- and di-hydrates are formed. 111 

Differences in reported 'H n.m.r. data f o r  3-deazaadenosine 
have been attributed to preparations being either free nucleoside 
or the hydrochloride salt. 

and 13C-31P J values,l13 and lH and I3C n.m.r. data used for a' 
detailed discussion of nucleoside 2',3'-cyclic phosphate conform- 
ation~.''~ 
nucleoside 5'-diphosphates has been investigated, 11' and n.0.e. 
studies of adenosine 5'-phosphate in presence of lanthanide shift 
reagents have been reported. 

112 

Conformations of nucleotides have been studied using 13C n.m.r ., 

The effect of metal ions on the 'H n.m.r. spectra of 

116 

The solution conformation of imidazole, pyrazole and triazole 
117 nucleosides have been investigated using U.V. and c.d. data. 

Negative ion m.s. of nucleosides and their ester or ether deriv- 
atives have been reported. The ultrasonic relaxation of cyt- 
idine 2',3'-cyclic phosphate in the absence or presence of ethid- 
ium bromide has been used to study the syn-anti interconversion 
of the pyrimidine base. 
imidazoles and -pyrazoles, and of related compounds, have been 
reported. 

pKb Values of 2-benzoylated 2-glycosyl- 

120 

A study of inosine using dipole moment and other dielectric 
properties suggests that a syn conformation predominates in sol- 
ut ion. 121 
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N.M.R. Spectroscopy and Conformational 
Features 

1 Theoretical and General Considerations 

A review of n.m.r. spectroscopy in the study of mono- and oligo- 
saccharides covers the period 1973-80. The C-n.m.r. o f  mono- 
saccharides has been reviewed. 

1 13 
2 

Detailed descriptions of an instrumental method for assigning 3C 
n.m.r. resonances in carbohydrates in the solid state have been 
published. 3 

An improved procedure for determining the magnitude of the ano- 

-1 
meric effect of substituents at C-I of tetrahydropyrans has been 
demonstrated, and a value for g-alkyl substituents of 8.8 kJ mol 
calculated, which is almost 50% larger than currently accepted 
values. Weakly positive anomeric effects for carboxymethyl, methyl- 
amino, and dimethylamino groups, previously considered to display 
reverse anomeric effects, were also d e d ~ c e d . ~  
effect and its relationship to polysaccharide conformation has been 
the subject of a review. 

The exo-anomeric 

5 

Theoretical studies on sugar conformations, as affected by hyd- 
ration of the acetal portion of glycosides, have shown that the 
equilibrium betwecn conformers should not be influenced by such 
hydration: the anomeric or exo-anomeric effects are largely un- 
changed. Monohydration of the glycosidic oxygen appears to be 
favoured over that of the ring and over dihydration. A semi- 
empirical approach to optimizing the positions of carbon, oxygen, 
and hydrogen atoms in ribofuranoses has provided tables of optimized 
geometry for eight structures.’ 
programme has been modified to include the standard deviations of 
the parameters calculated from the atomic positions, and to allow 
convenient input and output. A new method for defining furanose 
ring conformation in nucleosides has been described: a set of 
pseudorotation co-ordinates, defined from the curvilinear displace- 
ment of C-1’ and C-4’ from the planar conformation, are used to 
characterize the ring pucker. 

6 

The Cremer-Pople ring puckering 

8 

9 
1 

The two-dimensional J-resolved H-n.m.r. s ectrum of “,P-D- 
glucose in D 0 at 500 MHz has been reported. The considerable 

I t ;  
2 

205 
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suppression of n.0.e. for carbons bearing deuterium has been con- 
firmed in a study of the C-n.m.r. of seven deuterated methyl 
d-D-glucopyranosides. C-n.m.r. spectra of glycosides, di- 
saccharides, and ,O-cellodextrin with exchangeable protons partially 
deuterated have been obtained in DMSO-d The signals appear as 
multiplets because two-bond and three-bond deuterium-induced shifts 
are observed. The magnitude of the shifts vary with configuration 
of the carbons and their substitution and with hydrogen bonding of 
the hydroxy group. The effects can be used in signal assignments 
and in the detection of specific inter-unit intramolecular hydrogen 
bonds in oligosaccharides. The 3C spin-lattice relaxation 
times of several [ 1 - I  3C]-enriched carbohydrates were found to bear 
an approximately linear relationship to their molecular weights, 
although both configuration and conformation had substantial effects 
on rates. 

13 
1 1  13 

6' 

12 

13 

Full analysis of seven 2-methylated inositols has allowed a study 
1 

of the effect of methylation on chemical shifts in the 
n.m.r. spectra.14 The C-n.m.r. spectra of I-thio-6-D-galact- 
ose, -glucose, -xylose, and of a number of their S-glycosides as 
well as that of 5-thio-tx-D-glucose, have been fully assigned. 
N.m.r. has been used to determine the ring size, conformation, and 
configuration of flavonoid 2-rhamnosides (rutinosides) .I6 That 
the amounts of D-glucose and D-fructose increase sharply at the 
expense of L-malate and L-tartrate in unpicked grape berries has been 
deduced from C-n.m.r. studies. 

H and I3C 
13 

1 5  

13 17 

C-N.m.r. has been used to study deuterium - hydrogen exchange 13 

using the Raney nickel - deuterium oxide technique. Partial epimer- 
ization was shown to Gccur after 24h with methyl H-L-arabino- andp- 
D-xylopyranosides. Methyl d-L-rhamnopyranoside was epimerized more 
slowly to yield methyl-L-quinovopyranoside. The best conditions for 
minimizing epimerization were found to be heating under reflux with 
Raney nickel W7 in 1:l deuterium oxide-dioxan or 1:l methanol-d - 
deuterium oxide for about 9h. Methyl p-sophorosi.de, methyl ,A-cello- 
bioside, and the ,&-sophorosyl and ,&-gentiobiosyl units of ginseno- 
side-R a ginseng saponin, were deuterated as expected under 
these conditions, while C-2 and C-4 of the inner 4-glucopyranosyl 
moiety of methyl laminaribioside and C-4 of the inner A-glucopyrano- 
syl moiety of methyl 2 ,3 -d i -~ -# -D-g lucopyranosy l -P -D-g lucopyranos ide  

remained almost undeuterated. Deuteration of an a-(1+6)-glucan pro- 
ceeded slower than those of the mono- and oligosaccharide to obtain 
the expected deuteration after 24h. In the cases of c i s  and G- 

5 

61 ' 
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trans-1,2-cyclohexanediols, both deuteration and epimerization pro- 
ceeded rapidly to give an equilibrated mixture. Some revisions to 
assignments in the published C-n.m.r. spectra of these compounds 
were made. 

13 
18 

13 The C-n.m.r. spectra of nine heptoses and all the heptuloses 
have been measured and most of the resonances assigned, and hence 
the furanose and pyranose compositions were determined. For the 
heptoses the compositions were similar in the main to those for the 
homomorphous hexoses, while the compositions of the heptuloses varied 
from 100% d-pyranose for the D-gluco isomer to mainly furanose e.g., 
D-ido-heptulose exists as 11% a-furanose and 65% p-furanose. 

Proton-decoupled C-n.m.r. spectra of partially hydroxy- 

19’ 
13 - 

deuterated carbohydrates show signals in which the multiplicities 
depend on the environment of the hydroxy group. Five types of multi- 
plet were identified as being characteristic, e.g., C-6 of a hexo- 
pyranose gives a broad doublet, while C-I of a glycoside gives a 
narrow doublet, etc. The ring sizes of benzoylated L-rhamnono- 
lactones as determined by C-n.m.r. spectroscopy are discussed in 
Chapter 16. 

20 
13 

2 Acyclic Sugar Derivatives 

In a study of the biosynthesis of riboflavin from [U-13C]glucose, 
application of 3C-homonuclear J-spectroscopy and 2D-chemical shift 
correlation spectroscopy, as well as 2D-INADEQUATE techniques, were 
used to assess 13C-enrichments in the tetraacetate of the vita- 
min. Conformations of D-gluconic, D-mannonic, and D-galactonic 
acids in solution have been determined by 300 MHz 
n.m.r. spectroscopy. For the gluco isomer there is a conformational 
equilibrium between the zig-zag and G -sickle form, while for 
the manno and galacto acids, the predominant form is the planar 
zig-zag. 

21 
1 H- and I3C- 

t 

3 
7 2  

3 Furanose Systems 

The motional behaviour of 2,3:5,6-di-Q-isopropylidene-~-D-manno- 
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furanose has been studied by relaxation times in H-n.m.r. spectra 
in DMSO; ring oscillation, ring puckering interconversions, methyl 
internal rotations were all recognised, superimposed on an overall 
isotropic reorientation. 

1 

23 

The anomeric configurations of the ribofuranosyl amines, obtained 
from various primary amines and 2,3-g-isopropylidene-D-ribose, have 
been assigned b 
n.m.r. signals. A comprehensive C-n.m.r study of branched 
sugars of type ( 1 )  has been carried out. 
the benzoyl derivatives of methyl aldotetrofuranosides and con- 
elusions on their conformations have been reported. 

13 
using a& values for the isopropylidene methyl C- 

34 13 

C-n.m.r. data in 25 73 

26 

The chemical shift rules used for determining the anomeric con- 
figuration in nucleosides have been surveyed (in French); exceptions 
to current rules were discussed and rationalized. The & con- 
formation is adopted by the sugar rings in 3v,51-g-(1 1,3,3-tetraiso- 
propyldisilox-1,3-diyl) nucleosides, as evidenced by H-n.m.r. 
spectroscopy; J values of < 1.5Hz allowed 1,2-trans-assign- 
ments to be made. An X-ray structure determination of the cytidine 
derivative confirmed the 3E conformation. Nucleosides (2) and 
(3) have been studied to examine the A2 criterion for configurational 
assignment from n.m.r. spectra, and (2) was found to be an exception 
to the rule.29 

26 3 

1 

1',2' 
28 

Discrepancies noted in the original Karplus 

equation applied to 2', 5'-oligonucleotides for 'J 
explained in terms of substituent electronegativities at C-1'. New 
Karplus parameters were devized for analysis of 'J magnitudes 
in 3'- and 'jl-nucleotides and 3v,5v-oligonucleotides by examining 
13 

J 
pseudorotational disorder of the furanose rings of nucleic acids has 
been studied in detail, and the mobility of these rings compared by 

31 means of X-ray and solution data. 

have been 
POCC 

POCC 

C-n.m.r. measurements. Suggestions were made for the analysis of 
in 2 -, 2 ,3 -cyclic, and 2 ' ,5 -oligonucleotides 30 The 

P-c 1 
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4 Pyranose Systems 

1 
The additivity of I3C- and 
for acetylated xylopyranosides propounded by T.McEwan et a1 (see 

H-n.m.r. chemical shift increments 

V o l .  14, p.196, ref. 23) has been further investigated. 32T4 Dev- 
iations from the preducted chemical shift values have been ascribed 
to changes in conformation populations. In one H-n.m.r. study, it 
was shown that while d-anomers of partially acetylated methyl D-xylo- 
pyranosides occur exclusively in the ‘C conformation, the 1- 
forms occupy the C conformation to varying extents rangin 
from 14-43%. Even so, predictability in the a-series is p o o r .  
Besides the position of acyl groups, solvent interactions have been 
shown to influence conformer PO ulations, ” and similar effects 
have been demonstrated in the C-n.m.r. s ectra of various acyl- 
ated methyl 2-benxyl-,3 -D-xylopyranosides .3‘ Attempts to improve 
chemical shift additivity through use of pertrimethylsilylation to 
create conformational homogeneity have been made. All possible 
mono-, di-, and tri-Q-methyl, -benzyl, -benzoyl, and -acetyl deriv- 
atives of methyl P-D-xylopyranoside were examined; J values 
varied little throughout the series in deuterochlorofArm, and it was 
concluded that the method could provide useful information by means 
of the additivity rules. 

1 

1 -1 
5 2  -4 

15 

H H  

35 
13 The C-n.m.r. spectra of benzoylated methyl D-aldopentopyrano- 

26 
sides have been reported, as have those of the D-ribopyranosyl- 
amines.24 The u-anomers of the latter take up the C con- 
formation, whereas the ,d-anomers assume the C conformation. 

Using known co-ordinates for carbon, oxygen, and hydrogen in 
hydroxymethine groups, the rotational states of hydroxy groups and 
the hydrogen bonding patterns in crystals of o(- and ,5-D-gluco- and 
galactopyranose and of methyl d-D-altro- and P-D-galacto-pyranoside 
have been predicted from an atom-atom potential method. Good agree- 
ment was observed between theoretical and neutron-diffraction 
data. 

1 

4 -4 
-1 

36 

A critical study of the use of n.m.r. and 0.r.d.-c.d. for deter- 
mining conformation and anomeric configuration has been carried out. 
Anomeric pairs of glyco- and I-thioglyco-pyranosides, for which the 
ring oxygen helicity rule was previously proposed (based on the sign 
and rotational strengths of the ring oxygen band), have been sub- 
jected to H- and C-n.m.r. spectroscopy. The H chemical 
shifts and spin coupling data were analyzed by means of the convent- 
ional rules relating these data with structural parameters. The 

1 13 1 
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1 

tational strength of the ring oxygen band, suggesting that both 
methods can be applied. C-N.m.r. shifts also showed this relat- 
ionship. Exceptions were found for phenyl I-thioglycopyranosides 
in the h p > b o r  rule for C-I shifts. 
between hP and bK decreased with the deshielding effect of the 
aglycone. It has been shown that the anomeric configuration in- 
fluences the effect of temperature on the chenical shifts of exchang- 
able protons in pyranoid compounds. Thus, in DMSO, P ~ / A T  for C-2-OH 
and C-2-NHR is greater for the d- than for the p-anomers; the 
opposite was found for C-1-OH and C-1-NHR groups. 

H chemical shifts showed a linear relationship with the ro- 

13 

It was shown that the differences 

37 

38 
1 

Analysis of the H-n.m.r. spectra of d- and P-D-glucopyranose, 
twelve proton spin systems, in DMSO-d has been achieved at 4.00 MHz 
either by 2D-J resolved spectra o r  by rapid chemical exchange of 
hydroxy protons by trifluoroacetic acid. A complete set of chemical 
shifts and J values were obtained and the conformational 
analysis of the anomers inferred.39 The C-n.m.r. spectra of 
the cd- and p-anomers of D-talo-, D-gulo-, and L-ido-pyranose and of 
1,6-anhydro, 6-g-methy1, and 6-deoxy derivatives of L-idopyranose 
have been measured Data was also obtained for L%- andp-D-talo- 
furanose.40 Both i3C- and H-n.m.r. spectra have been obtained 
for the penta-)-benzoyl derivatives of o(- and 6-D-gluco-, A-D-- 
Talactopyranose and N-D-galactofuranose. 
H-n.m.r. data for penta-)-benzoyl-fA-D-mannopyranose and the C- 

n.m.r. measurements for penta-~-benzoyl-/l-D-galactof~ranose.~~ In 
order to facilitate the Tnalysis of )-carboxymethyl derivatives of 
cellulose by hydrolysis- C-n.m.r. procedures, the spectra of 
2-, 3-, and &mono-, 2,3-, 2,6-, and 3,6-di-, and 2,3,6-tri-Q- 
(carboxymethyli-D-glucoses have been determined.42 Full assign- 
ments of the C-n.m.r. spectra of methyl 2-, 3-, 4-, and 6-deoxy- 
fluoro-@-D-galactopyranosides and their peracetates have been 
made. 

6 

CH-OH 13 

1 

Also reported were the 
13 

13 

1 

43 

OH 
(4) 

A structural study of 2-amino-2-deoxy-D-glycero-L-glucoheptose (4) 
1 

in solution using H-n.m.r. data has shown that the 0C:p anomeric 
ratio is 66:34. Some acylated derivatives, including the peracetate, 
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and the p e r - O - a c e t y l - ~ - a c e t y l , & b e n z o y l  derivative were also 
examined. 44 - 

Spin-lattice relaxation rates and n.0.e. or protons of exo- and 
endo-diastereoisomers of 1,2-g-(l-methoxyethylidene) and 1,2-0-(1- 
benzyloxyethylidene) derivatives of 3,4,6-tri-2-acetyl-/-D-manno- 
pyranose and some specifically deuterated analogues have been used to 
verify the configurations of substituents on the quaternary carbon 
of the acetal groups. 45 

The extent to which the sulphur atom in the ring of the anomers of 
5-thio-D-xylopyranose and 6-thio-D-fructopyranose distorts the chair 
conformation compared to the oxygen counterparts has been determined 
by H- and C-n.m.r. spectroscopy. It was shown that the dis- 
tortion is more pronounced in the d-anomers. 

1 13 
46 

The conformation - reactivity relationships of 1,6-anhydro-P-D- 
glucopyranose derivatives are mentioned in Chapter 5. 

5 Oligo- and Polysaccharides 

The conformational relationship between chemical shifts of anomeric 
carbon atoms in oligo- and polysaccharides has been the subject of a 
review,47 as has the 
related carbohydrates. 

13 C-n.m.r. spectroscopy of xylans and 
48 

Spin-lattice relaxation times, n.0.e. data, and chemical shifts 
have been applied to the conformational analysis of oligosaccharides 

1 
by H-n.m.r. spectroscopy. Differences in values for similar 
protons in different oligosaccharides can be conformationally sig- 
nificant where ah is >/ 0.1 p.p.m., and may be attributed to specific 
inter-unit deshielding by oxygen atoms with which the proton is in a 
strong non-bonded interaction.49 
determination in linear oligosaccharides relies on measurements of 
relaxation time gradients in C-n.m.r. when the centre of mass of 
the molecules is shifted by complexation with cyclodextrin. Quick 
and precise relaxation time measurements can be obtained in reason- 
able machine time because of the high solubility of simple methyl- 
ated derivatives of c clodextrin in water, and because of the host- 
guest ratio of unity. 

1 
group resonances in H-n.m.r. of 1,2,3-tri-Q-acety1-4-0-(2,3,4- 
tri-O-acetyl-~-D-xylopyranosyl)-~-D-xylopyranos~. All six signals 
were separate at 200 MHz and identified by using specifically 
deuterated acetyl derivatives prepared from [ H lacetic anhy- 

A new method for sugar sequence 

13 

40 

Specific structural assignments have been made for the 2-acetyl 

2 

3 
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dride. Complete and unambiguous assignments for cellobionitrile 
octaacetate (5) have been achieved by combined application of 2D- 
1 13 H and C-n.m.r. ~ p e c t r o s c o p y . ~ ~  Theoretical analysis of gly- 

cosy1 (1+3)-galactosides, differing either in absolute configuration 
or in the configuration of the anomeric centre in the non-reducing 
residue, used calculations of changes in the values of the C-4 atom 

13 of the galactose residue in the C-n.m.r. spectrum to predict the 
disaccharide conformation in solution. 53 
ment of multiplicities of signals under conditions of slow exchange 
{see Ref. 1 1 ,  above) have been applied to c e l l ~ b i o s e . ~ ~  The 360 MHz 
H-n.m.r. spectra of methyl 3-0- and 6-Q-(d-D-mannopyranosyl)- and 
3,6-di-O-(~-D-mannopyranosyl)-~-D-manno~yranoside, and methyl 3-0- 
(~-D-mannopyranosyl)-6-0-(3-0-6(-D-mannopyranosyl-~-D-mannopyranosyl)- 
d-D-mannopyranoside, synthetic analogues of the mannose structures of 
- N-linked glycopeptides in glycoproteins, have been fully assigned. 
Several chemical shift perturbations associated with changes in the 
(1 +6)-linkage conformation were detected. 5 5  Solution conformations 
of synthetic methyl mannobiosides and a methyl mannotrioside contain- 
ing %-D-(1+6)-linkages have been determined using H-n.m.r., n.0.e. 
and T measurements. The 'J obtained from a compound en- 

1 C H  
riched with carbon-13 was als; used. 
in agreement with those redicted by potential energy calculations 
and crystal structures. Five crystalline forms of lactose have 
been examined by cross-polarization - magic-angle sample spinning 
(CP-MAS) 3G-spectroscopy. Anhydrous w-lactose has at least two 
molecules per unit cell, unlike the monohydrate, and p-lactose, which 
have been shown by X-ray data, and, in the present study, by CP-MAS, 
to have identical environments for each disaccharide molecule. Both 
mixed-crystal lactoses with OC to p ratios of 5 to 3 and L+ to 1 have 
very similar environments for the disaccharides to that in anhydrous 
oc-lactose. Crystalline lactulose and maltulose monohydrates have 
also been examined by CP-MAS 13C-n.m.r. spectroscopy. 
combination with a 360 MHa H-n.m.r. study of their unmutarotated 

The methods of measure- 

1 

The allowed conformations were 

5 E  

57 
58,59 In 

1 
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solutions in DMSO, it was shown that lactulose consisted of a mixture 
in the solid state of a 75:15:10 ratio of 6-furanose to B-pyranose to 
g-furanose isomers of the reducing fructose moiety 58’ 59 while 
only the @-pyranose form was present in m a l t u l o ~ e . ~ ~  The CP-MAS 
spectra of the two disaccharides each displayed three quaternary 
carbon resonances, underlining ihe complexity of solid state spectra 
where multiplicity can arise from either structural differences or 
from crystal effects. 59 

PCILO calculations on N-acetylgalactosamine and 2-(2-acetamido-2- 
deoxy-#-D-galactosyl)-(l~3)-2-acetamido-2-deoxy-D-galactose have been 
carried out to determine the favoured orientations of their side 
groups and the mutual orientations of the two pyranose rings in the 
disaccharides. 6o 
from L-ray crystallography and hard-sphere exo-anomeric calculations, 
carried out by the same group of workers. A pulse sequence bas 
been described to take advantage of the considerably shorter T 
relaxation times of the anomeric protons compared to those of ring 
protons linked to the acetoxylated carbons in p-trifluoroacetamido- 
phenyl 2-acetamido-2-deoxy-~-~-~-D-glucopyranosyl-~-D-glucopyranoside 
peracetate; a simplified spectrum was obtained in which the anomeric 
protons were readily identified. The application of H-n.m.r. 
spectroscopy for detecting 2-acetamido-2-deoxy-D-mannose and -D- 
mannuronate residues in oligosaccharides has been discussed. De- 
tection is possible due to the fact that H-2 in mannose derivatives 
lies well downfield of the remaining envelope protons. 

The results were compared with determinations 

61 - 

1 

62 1 

63 

Proton and carbon chemical shift data for several rhamnobioses and 
their acetylated derivatives have been used to compute the effect of 
substitution on the anomeric carbon atoms and glycosidically linked 
carbon atoms. The results were used to assign the structure of 
xanthorhamnin. 64 

Three oligosaccharides from human urine, ~-NeuAc-(2+3)-p-D-Ga1- 
(I+h)-D-Glc, #-NeuAc-(2+3)-P-D-Gal-(l+4)-D-GlcNAc (a new finding), and 
ac-NeuAc- 2+6)-~-D-Gal-(1+4)-D-G1cNAc, have been investigated by 
60 MHz C-n.m.r. spectroscopy. The latter showed unusual cheniical 
shifts due to intramolecular interactions between NeuAc and GlcNAc 
residues, which allowed additional conformational information to be 
obtained. Two-dimensional J-resolved and J-correlated H-n.m.r. 
spectroscopy has confirmed the structures of three peracetylated 
reduced oligosaccharides from human milk. Further H-n.m.r. 
studies on ten structurally related oligosaccharides from human milk 
made use of b shifts on acetylation, which allowed all the signals to 

1 1  

65 1 

66 1 
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be observed without overlap, and, in addition, the high-field 
positions of the protons attached to the sites of glycosidic linkage. 
The carbohydrate sequence was established from n.0.e. studies of the 
anomeric and aglycone protons. 67 
from marsupial milk have been characterized from C-n.m.r. 
data. 

Two branched oli osaccharides 
1 5  

6% 
13 

Solid state C-n.m.r. spectroscopy using CP-MAS metho s on 
89 cellulose oligomers up to cellohexaose has been reported. 

13 The C-n.m.r. spectra of the three pentasaccharides released by 
aqueous ammonia treatment of N-acetylsporaviridin have been examined; 
the glycosidation shift was successfully applied to characterize the 
glycosidic linkages in the constituent mono-, di-, tri-, and tetra- 
saccharides, but anomalous behaviour was found in the pentasacchar- 
ides. (See also Chapter 19). 70 

6 Glgcopeptides 

Ring sizes, anomeric configurations, and conformational equilibria in 
deuterium oxide of various D-gluco-, D-manno-, D-allo-, and D-gulo-1- 
acetylmuramoyl-L-alanyl-D-isoglutamine analogues have been studied by 
400 MHz H-n.m.r. spectroscopy. High field H- and C- 
n.m.r. spectra of fourteen mutarotated A-(1-deoxy-D-fructos-I-y1)-L- 

13 arninoacids in deuterium oxide have been reported. From C-n.m.r. 
spectra they were shown to be 64:15:15:6 mixtures of the 1-pyranose, 
a-furanose, p-furanose, and 6-pyranose forms respectively, and this 
ratio was found to be independent of acidity. On prolonged storage 
in deuterium oxide, H-I in these compounds undergoes deuterium 
exchange, presumably an enarnine form.72 Examination of the 
13 

showed that glycosylation of the peptides resulted in little 
structural pert~rbation.~? 
of asparagine linked saccharides, studied by high resolution H- 
n.m.r. in conjunction with potential energy calculations, show that 
the linkage conformation of a mannose d-(1+3) residue is not affected 
by substitution either at 0-2 by &-mannose or p-N-acetylglucosamine, 
or at 0-4 b y p - 1 - a c e t y l g l u c o s a m i n e ,  or by the presence of a bisecting 
- N-acetylglucosamine on the adjacent p-mannose residue. 

1 71 1 13 

C-n.m.r. spectra of two 2-M-D-galactopyranosylated tripeptides 

Two papers on the solution conformation 
1 

74,75 

7 Inorganic Complexes 

Complexation with boron(II1) oxide as shift reagent has been applied 
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to D-arabinose, and to D-glucose and D-mannose. 77 Significant 
shifts in ring proton resonances in DMSO o r  DMF were noted, while 
those of hydroxy protons broadened when two molar equivalents of 
boron(II1) oxide were used; further addition of the complexing agent 
caused downfield shifts and sharpening of hydroxy protons. Dilution 
shifts suggested that there was no covalent bonding between the sugar 
and the boron(II1) oxide; however, a large hydroxy proton peak on 
addition of three molar equivalents of boric acid to glucose in DMSO 
suggested the formation of an ester linkage. 

with two vicinally di-0-D-galactosylated tripeptides, (6) and ( 7 ) ,  
has been studied by C-n.m.r. spectroscopy. The interaction 
appears to occur at 0-2', 0-6', and at the 0-3 of threonine for the 
oc-linked sugar tripeptides, and at 0-3', 0-6', and threonine 0-3 for 
the p-isomers. 

215 

76 

77 

The mode of interaction of gadolinium(II1) and manganese(I1) ions 

13- 

7 8  

Ac HN- GLy- Thr-Tpr-  C 0 2 M e  

R 
( 6 )  9 = 01- D- Gal.  

O *\ 
R' 

I? 
(7) R = p - D-Gal .  p 

8 N.m.r. Spectroscopy of Other Nuclei 

A review of the mechanisms for change in chemical shifts of phos- 
phorus nuclei in P-n.m.r. spectra of nucleotide derivatives has 
appeared 

31 
79 

The 24Si chemical shifts of TMS derivatives of methyl rd- and p- 
D-galactopyranosides, and of 1,6-anhydro-p-D-glucopyranose deriv- 
atives have been reported. In the former, the 6-substituent was 
readily assigned while the 2-substituent was assigned by studying 
the effect of the anomeric configuration. The 3- and 4-O-TMS deriv- 
atives were not unequivocally assigned. For the 1,6-anhydro- 
glucose derivatives, the b value was found to correlate well with the 
sum of the Taft polar constants, o-*, for substituents at C-2 and C - 4 ;  
this allowed assignment of the silyl group at 0-3 when other TMS 
groups are present. 

80 
81 

80 

81 

Reference to sugar conformations determined by X-ray structure 
analysis will be found in Chapter 22. 
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Other Physical Methods 

1 1.r. Spectroscopy 

Anomerization of D-glucose in aqueous solution has been monitored 
by F.t.i.r., many bands being identified specifically with the a- 
or @-anomer . ’ 
both F.t.i.r. and laser-Raman methods, both in solution and in the 
crystalline form, as a prelude to nucleoside and nucleotide 
studies. * 
spectra of crystalline monosaccharides based on an additive model 
of interatomic interactions and including intermolecular hydrogen- 
bonding has been applied to a- and @-D-glucose, and @-D-galactose, 
the results comparing satisfactorily with experimental values. 3-5 
The nitrile band is often absent from the i.r. spectra of per- 
acetylated aldohexopyranosyl cyanides, but it can be seen by laser- 
Raman spectroscopy, axial cyano-substituents absorbing lower 
frequencies than those of their equatorial counterparts. 

D-Ribose and 2-deoxy-D-ribose have been examined by 

A method for calculating conformations and vibrational 

6 

2 Mass Spectrometry 

A review on new mass-spectral approaches to the analysis of complex 
carbohydrate structures has appeared , and several carbohydrate 
examples, including gangliosides, glucose 6-sulphate, and gluc- 
uronides, are referred to in a review on liquid phase ionization 
techniques f o r  obtaining spectra on molecules in the lo3 -10 
range. 

4 Dalton 
8 

Fast atom bombardment mass spectra have been reported for (i) 
representative unmodified, permethylated, and peracetylated oligo- 
saccharides ; (ii) glycosphingolipids , carbohydrates excreted by 
gangliosidosis patients, glucans from Rhizobium species, and a 
variety of cell wall oligosaccharides, with spectra up to 6620 
Daltons for permethylated glucans;” 
including 7 different glycosidic linkages, and employing both 
positive and negative ionization; (iv) glucosinolates and 

(iii) 30 glucuronides , 

219 
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desulphoglucosinolates, and crude plant extracts containing 
mixtures of glucosinolates ;I2 
as test samples on a new spectrometer.’3 

(v) fructose , sucrose and melezitose 

Time of flight mass spectra of cations obtained from sucrose 
particles containing sodium chloride on either a piotoform foil, or 
a self supporting silver film, have been reported. 14 

Field desorption - collislon induced dissociation mass spectra 
of seven disaccharides, involving alkali metal-cationized 
molecular ions,15 and negative ion field desorption mass spectra of 
sugars and nucleotides, in which (M-H)- ions were generated by ion- 
molecule reactions ,16 have been reported. 

Supermolecular ion species, with an anhydrohexose attachment 
leading to (M + n.162) ions where n = 1-6, have been identified in 
repetitive laser desorption mass spectra of carbohydrates, and 
appear to result from thermally induced processes prior to 
desorption. l7 

chemical ionization mass spectroscopy of some hydrogen bonded 
compounds including mannose, glucose, maltose and sucrose, has been 
examined, activation energies for the production of protonated or 
cationized molecular ions resembling experimental heats of 
volatilization, with s. 4.4 kcal. mol-l per CHOH group. 
Desorption mass spectra of some mono- and di-saccharides from a 
gold support contained mainly C M t 1 1 ’  and/or [M-11’ ions, the 
intensities of which depended upon the temperature and residence 
time of the sample in the ionization 

The kinetics of volatilization in rapid heating 

18 

Chemical ionization mass spectra (iso-C4Hg and NH3) of 
permethylated viridopentaoses and their constituent mono- to tetra- 
saccharides analogues have been studied, and the general approach 
was considered to be useful for sequencing unknown oligo- 
saccharides. ” 
compounds that internal glycosyl residues can be eliminated during 
chemical ionization mass spectral fragmentation of per-I)-alkylated 
oligosaccharide-alditols. Thus the central glycosyl moiety in the 
trisaccharide derivative (1) was lost from its ( M + 1 )  ion to form a 

McNeil, however, has demonstrated with a number of 

OMe 

glucosyl alditol fragment ion. *’ In the ammonia chemical ion- 
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ization mass spectra of seven glucuronides, the dominant ion was 
found to be the NH4+-adduct of the glucuronic acid portion result- 
ing from glycosidic cleavage. 23 

In an e.i.-m.s. study on some labda-7,14-dien-l3(R)-ol 
glycosides, 2-isopropylidenation was used to distinguish between 
rhamnose, fucose and 6-deoxy-idose derivatives. *' 
m.s. study on all possible mono-benzyl ethers of methyl pento-, 
hexo- and 6-deoxy-hexo-pyranosides, criteria have been established 
that permit simple and unambiguous localization of the benzyl 
group. " 
methyl (methyl c-methyl -a -D-mannopysanos id)uronate  can be 
determined from its e.i.-m.s. 

From an e.i.- 

Similarly the position of the methyl ether group on 

26 

The e.i.-m.s. fragmentation patterns of the following compounds 
have been examined in detail: pertrimethylsilylated methyl 
glycosides of monosaccharides and galacturonic acids found in 
pectin; 27 
furanose form; 28 

peracetates of 3,6-dideoxyhexoses in the pyranose and 
per-acetylated and -propanoylated aldopyranosyl- 

amines 29 and aldofuranosylamines ; 30 
nitriles and 5-~poly(benzoyloxy)alkyl~tetrazoles. 31 

and perbenzoylated aldono- 

3 X-Ray and Neutron Diffraction Crystallography 

Jeffrey and Mitra have concluded from a general analysis of 
hydrogen-bonding in crystals of pyranoid compounds that: i) the 
hydrogen-bonding energy is maximized by including all hydroxy 
groups and as many ring and glycosidic oxygens as possible; ii) 
co-operative hydrogen-bonding occurs where possible; and iii) the 
anomeric effect leads to the anomeric hydroxy groups behaving as 
strong donors and weak acceptors. 32 Westhof and Sundaralingham 
have published a detailed paper on the pseudorotational disorder of 
furanose rings, and have compared the mobility of furanose rings in 
nucleic acids by means of X-ray and solution data.33 

Specific crystal structures have been reported as follows, 
neutron diffraction studies being identified by the letters 'n.d.'. 

Free Sugars and Simple Derivatives Thereof.- 3-2-Methyl-a-D-gluco- 
pyranose,34 1,2,3,4,6-penta-~-acetyl-a- and -B-D-glu~opyranose?~'~~ 
5-~-acetyl-1,2:3,~-di-~-isopropylidene-a-D-glucoseptanose (both X- 
ray and n.d.),37 and the tricyclic acetal (2) from attempted de- 
isopropylidenation of L-thre0-2~5-diulose. 38 

Glycosides and Derivatives Thereof .- 
phenyl B-D-glucopyranoside dihydrate, 39a 2-nitrophenyl B-D-gluco- 
pyranoside, '' 4-nitrophenyl a-D-glucopyranoside , " 3 , 4-dinitrophenyl 

Phenyl a-D-glucopyranoside , 39 
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B-D-gluc~pyranoside~~ and its tetraacetate y43 methyl B-D-gluco- 
~eptanoside,~~ methyl a-l-ido~eptanoside'~ and its 2,3,4,5-tetra-E- 
acetate , 46 2 (E) -hydroxy-l(E) - cy clohexyl 2 , 3 , 4 , 6-tetra-g-acetyl- B-D- 

C H20Ac 

0 $$ Ac&-h 
Me (2) Me 0 

Br $rfJ-JrJ N A N  H 

( 31 
- 

glucopyranoside , 4 7  3- (2 , 3,4 , 6- t e t r a -~ -ace ty l - f3 -D-g lucopyranosy loxy) -  
4-methyl-2 (5H)-furanone , lr8 the natural product glaucogenin-C mono- 
D-thevetoside as its di-0-acetate,49 and the 1,2-acetal (3). 50 

methyl-a-D-glucopyranose ,51 3,4,5,7-tetra-~-acetyl-2,6-anhydro-D- 
glycero-D-talo-heptonamide ( an a-C-glycoside ) , 52 ethyl 4- (a-D- 
eryt hrofuranosy 1 ) -1 , 2-dimethyl-3-pyrrolecarboxylate , 4- ( a-D- 
erythrofuranosyl)-~-methyl-l-(p-tolyl)-~-imidazoline-2-thione mono- 
hydrate,54 and the C-ribosides (4) and (5) .55 

Di- and Tri-saccharides and Derivatives Thereof,- A single-crystal 
sample of lactulose (4-~-~-D-galactopyranosyl-D-fructose) contain- 
ing the B-furanose, a-furanose and B-pyranose forms in a 0.776: 
0.111: 0.125 mixture, 56 &maltose octaacetate y57 2-acetamido-3-0- 

- C-Glycosides and -nucleoside analogues reported were: l-deoxy-l- 

(2-acetamido-3,4,6-tri-~-acety1-2-deoxy-a-D-ga1actopyranosy1~-1,4,6- 
tri-0-acetyl-2-deoxy-a-D-galactopyranose , 58 methyl 3 ,4-g-iso- 
propy1idene-2,6-di-~-(2,3,~,6-tetra-~-acety1-~-D-~a1actopy~anosy1~- 
a-D-galactopyranoside, 59 and the unsaturated disaccharide (6 1. 60 

Halogen-, Nitrogen-, and Phosphorus- containing Compounds.- Methyl 
( 2 , 3,4-tri-~-acetyl-a-D-glucopyranosyl bromide )uronate ,61 tert- 
butyl 2-azido-2-deoxy-~-D-galactopyranoside y62 2-amino-2-deoxy-D- 
arabinon0-1,4-lactone,~~ the isoxazoline (7) ,64 the bicyclic amino- 
sugar glycosylamine derivative (8) ,65 methyl 2,3,4,6-tetradeoxy-4- 
(methoxycarbonylamino)-3-~-methyl-3-nitro-D-xylo-hexopryanoside 
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(methyl tetronitroside ) ,66 ( Z  )-1,3,4,5 , 6-penta-g-acetyl-keto-D- 

(lo) OAc 

fructose (2,4-dinitrophenyl)hydra~one,~~ the octahedral nickel(I1) 
complex (9) ,68 and the 1,5-anhydro-5-C-phosphinyl-L-iditol 
derivative (10). 69 

Unsaturated Compounds.- (E)-1,3,4,5-tetra-~-acetyl-2,6-anhydro-D- 
arabino-hex-1-enitol (11) , 70 and the nonenitol derivative (12). 71 

Anhydro-compounds .- Methyl 2,6-anhydro-a-D-mannofuranoside ,72 and 
the nonalkenic cyclic trimer (13) of levoglucosenone. 73 

Acid Derivatives .- 
propylidene-a-D-glucofuranurono-6,3-lac tone, 75  5-C-hydroxy-l , 2-0- 
isopropylidene-a-D-xylo-hexofuranurono-6,3-lactone (the hydrate of 
a 5-ulose) , 76 methyl(ethy1 2,3,4-tri-()-acetyl-B-D-glucopyranosid)- 
uronate ,61 and the tricyclic derivative (14) derived from conden- 
sation of L-ascorbic acid with acr01ei.n.~~ 

D-Gluconic acid monohydrate, 74 1,2-2-iso- 

Ho%o 
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Alditols and Cyclitols .- 2,5-Anhydro-D-mannit01,~~ 1,5-anhydro-D- 
glucit01,~~ 1,2: 4,5-dianhydro-3-2- ( 4 - p h e n y l b e n z o y l ) - x y l i t o l , 8 0  and 
the phosphorylated xylitol and galactitol derivatives (15)81 and 
(16) .82 

Nucleosides, Nucleotides, Derivatives and Related Compounds.- 
5-Methyl-B-D-arabinofuranosylcytosine , 83 5-methoxyuridine (a more 
precise determination) , 84 1- (6-deoxy-f3-D-allofuranosyl)cytosine y85 
1- (3'-C-methyl-f3-D-ribofuranosyl)cytosineY 86 1-( 2-6-D-psico- 
furanosyl) cytosine, 87 5-adenosyl-L-homocysteine , 88 (5 '-deoxy- 
adenosin-5'-yl)acetic acid, 89 3 '  ,5'-~-(1,1,3,3-tetraisopropyl- 
disilox-1, 3-diyl)cytidineY9' 5-bromo-2' ,3'-E-isopropylidene- 
uridine, 91 2' , 3 ' -O- i sopropy l idene -5 ' -C) - tosy lu r id ineyg2  3' , 5  I-di-g- 
a~ety1-5-bromo-~~-and -5-iodo-2 '-deoxyuridine , " and 1- (5 '-g- 
acetyl-2',3'-~-isopropylidene-f3-D-ribofuranosyl)-~-ditosylamino- 
imidazole-b-carbonitrile . 95 

The nebularine-methanol photoadduct (17 ) , 96 the nucleoside 
analogue (18 ) , 97 and the palladium( I1 ) complex (19 ) containing 
glycine-L-tyrosine and cytidine. 98 

OMe 

-0-Rib-! 

(1 9 

OH 

5'-Deoxy-5'-phenylselenoxyadenosine (one of the two diastereo- 
isomers due to chirality at selenium) y 9 9  5'-deoxy-5' ,6-epithio-5,6- 
dihydro-2' , 3  '-g-isopropylideneuridineyloo 2' ,3 '-anhydro-3-l-methyl- 
uridine and the 2' ,3'-g6,5'-dianhydride (20) y l o l  8,5'-anhydro-8- 

102 hydroxy-9-B-D-ribofuranosyladenine (i.e., 8,5'-g-cycloadenosine), 
and 6,5'-anhydro-6-hydroxy-l-~-D-ribofuranosylcytosine (i.e., 
6,5'-~-cyclocytidine). 10 3 

0 

t-2 0 
OH 0 

(21) 
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2 -Deoxy-5-fluorouridine 3 ' , 5 '-cyclic phosphate , Io4 and deoxy- 
cytidine 5'-phosphate disodium salt .Io5 

Antibiotic.- The antibiotic metabolite of a Norcardia sp., 
sakyomycin A (21). 106 

4 E.s.~. Spectroscopy 

An e.s.r. study on the alkaline, oxidative degradation of mono- and 
polysaccharides has revealed the common dominant radical (22) from 
2,5-hydroxy-p-benzosemiquinone, which was considered to arise from 
air oxidation of phenolics from alkali catalyzed fragmentation- 
aldol condensation of sugars.lo7 
alkyl and an alkoxy radical have been identified by i3.s.r. in X-ray 
irradiated single crystals of trehalose at 3 K, a primary reaction 
mechanism being proposed. A trapped hydrogen atom and both 
0-3' and 0-2' radicals have been observed on similar irradiation of 
6-methylmercaptopurine riboside at 20 ,.log 

study of the radicals generated by ultrasound irradiation of D- 
glucose solutions and spin-trapped by 2,4,6-tri-tert-butylnitroso- 
benzene , suggested the intermediacy of reductones Mixed mono- 
esters prepared by esterification of methyl-a-D-glucopyranoside with 
the nitroxide spin label 3-ch lo ro fo rmyl -2 ,2 ,5 ,5 - t e t r ame thy l -  
pyrroline-1-oxide, have been examined by e.s.r. as part of a study 
on a simple method for spin labelling polysaccharides .ll1 

A trapped electron and a hydroxy- 

An e.s.r. and U.V. 
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Separatory and Analytical Methods 

1 Chromatographic Methods 

General.- Several new techniques for sequencing oligosaccharides 
have been demonstratcd on maltotriose and 8-cyclodextrin and 
involve: i) conversion of reducing moieties into l-deoxy-l- 
pyridinylamino-alditol moieties by reductive amination; ii) total 
or partial ionic hydrogenation (Et3SiH-BFjEt20) of permethylated 
substrates; iii) conversion of liberated free hydroxy groups to 
their naphthoyl ester derivatives; and iv) direct c.i.-m.s. or 
g.c.-m.s. analysis of products. Procedures i) and iii) render the 
components suitable for sensitive fluorescence detection on h.p.1.c. 
analysis. Maltotriose was thus reductively aminated, permethyl- 
ated, reductively cleaved, and acetylated to give compounds (1)- 
( 3 ) .  1 

CH2OMe C H20Me CH20Me 

M e 0  4;) ,.st(&=J Me N 

OMe OMe OMe 
('1 (2) (3) 

Gas-Liquid Chromatography.- The conditions required for methanolysis 
of polysaccharides prior to g.c. analysis of the constituent sugars 
have been examined, and the decrease in the acid concentration on 
heating methanolic hydrochloric acid at 80"  has again been 
observed. 2 

A new method for preparing alditol acetate derivatives has been 
detailed which avoids the need to remove borate prior to acetylation, 
performing both the reduction (NaBH4) and the acetylation 
(catalyzed by I-methylimidazole) in DMS0;3 
capillary g. 1. c. analysis of  plant cell-wall constituents, to 
neutral and amino-sugars released from glycoproteins and poly- 
saccharides, and to the nitrous acid-deaminated products of amino- 
 sugar^.^ 

it was applied to the 

It can be noted, however, that reduction of D-glucose 
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under these conditions appeared to be only 87% A 

number of small but carefully considered changes to the traditional 
preparation and capillary g.1.c. analysis of neutral and amino- 
sugars as their alditol acetate derivatives have been described, 
and combined to provide an improved analysis procedure. Reten- 
tion data for a wide range of plasticizers have been reported under 
conditions suitable for capillary g.1.c. analysis of alditol 
acetates and their partially methylated analogues, and ways of 
minimizing contamination by these widespread compounds suggested. 6 

A wide range of partially methylated pentitol and hexitol acetates 
have been examined on heat stable, weakly polar packed columns 
prepared by mixing two different phases (SE-30 and Silar 1OC) in 
varying ratios. 
of cellulose and hemicelluloses in recent sediments, involving 
selected hydrolyses and g.1.c. analysis of alditol acetate deriva- 
tives, has been detailed. 

A procedure for analysing the constituted sugars 

8 

Sugar enantiomers have been separated as their diastereoisomeric 
a-methylbenzylaminoalditols (produced by reductive amination with 
a chiral amine) by capillary g.1.c. of either the peracetate or 
per-TMS derivatives. Twenty of twenty-four monosaccharides, 
including ketoses and N-acetylamino-sugars, were resolved as the 
above TMS-derivatives. v 

The procedure employed for the preparation of aldononitrile per- 
acetate derivatives, involving oximation (py-NH20H.HC1) and 
acetylation (py-Ac20), previously considered to give a quantitative 
conversion of monosaccharides to nitriles, has now been shown to 
provide significant amounts of N-hydroxy-D-glycosylamine hexa- 
acetates in the case of D-galactose and D-glucose. Thus D- 
galactose yielded the B-furanose ( 4 ) ,  6-pyranose, and a-furanose 

AC 

k O A c  OAc 

CH,OAC 

(4) 

isomers in 16, 2, and 1% isolated yields. lo 
the g.1.c. analysis of acetylated aldononitriles have been 
described . 

Some improvements in 

11 

Complementary procedures for capillary g.1.c.. separation of 
enantiomeric sugars as either their trifluoroacetylated O-C->- 
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menthyloxime12 or g-(-)-bornyloximel3 derivatives have been des- 
cribed, the former being applied to tetruloses and pentuloses with 
selected ion- c.i. (isobutane) -m.s. data being presented. 
Arabinitol, fucitol, and mannitol enantiomers have been resolved 
by capillary g.1.c. of their per-2-trifluoroacetates on a chiral 

stationary phase (a polysiloxane with L-valine-(g) or (5)-a-phenyl- 
ethylamide substituents).14 

sorbide dinitrate, has been determined in urine by capillary g.1.c. 
of its heptafluorobutyrate derivative with electron-capture 

dete~ti0n.l~ 

for the complete estimation of seventeen disaccharides,16 for 
analysis of the common diluents (glucose, mannitol, lactose, 
sucrose, and fructose) in street samples of narcotics,l7 and, when 
coupled to an m.s., to identify polyols present in human urine and 
serum, several deoxyalditols and cyclitols being identified for the 
first time in urine.l* Hydroxy acids (including gluconic, 
mannonic, arabinonic, and ribonic) such as those obtained by oxi- 
dation of glucose with oxygen, could also be analysed in this way, 
provided they were first converted to their ammonium salts using 
cation exchange techniques prior to silylation to avoid lactone 
formation: the ammonium salts were more soluble in the silylating 
medium than the corresponding sodium salts.19 The low molecular 
weight carbohydrates in the seeds of seven commercially important 
legumes, namely cyclitols, cyclitol-derived oligosaccharides, and 
sucrose a-D-galactosides, were analysed as TMS-ethers on a packed 
column. 20 

Isosorbide (1,4:3,6-dianhydro-D-glucitol), a metabolite of iso- 

Trimethylsilylation - capillary g.1.c. analysis has been used 

In connection with the analysis of proteoglycans, sugars and 
amino-sugars have been analysed by capillary g.1.c. as their g- 
acetylated 2-trimethylsilylated methyl glycosides.21 
ethyl-D-glucoses released on acid hydrolysis of hydroxyethyl starch 
have been analyzed as TMS-oxime derivatives.22 
sialic acid moieties have been analyzed by enzymic digestion 
(neuraminidase, N-acetylneuraminate lyase) and g.1.c. determination 
of the released N,g-acylmannosamines and pyruvic acid as their 
trimethylsilylated diethyldithioacetal derivatives; 5-acetyl, N- 
glycolyl-, and N,g-diacetyl-neuraminic acid moieties have been 
detected, and preliminary analyses on urinary sialic acids have 
indicated significantly higher levels of N-acetylneuraminic acid in 
cancerous compared to normal subjects.23 

- O-Hydroxy- 

Free and bound 
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0-Isopropylidene derivatives of seven naturally occurring mono- 
24 - 

- 0-methylaldoses have been characterized by g.1.c.-m.s. 

Thin Layer Chromatography.- Applications of two-dimensional t.1.c. 
to carbohydrates have been covered in a general review of the 
method. 25 The thermal-u.v. method for detecting sugars on silica 
gel t.1.c. plates, in which the plates are heated to produce tiny 
amounts of strongly u.v.-detectable (366 nm) compounds, has been 
further studied. Temperatures for onset of u.v.-detection varied 
from 60" for glucosamine to 260" for trehalose, characteristic 
colours were seen for some compounds, and high sample recoveries 
could be achieved. 26 
t.1.c. or h.p.1.c. has been achieved using a taurine-borate buffer 

27 (pH 8.7) reagent, with detection down to 0.1-0.2 nmol for t.1.c. 
Reducing mono- and oligo-saccharides (0.1-1 nmol) have been analyz- 
ed by reductive amination (NaBH3CN-4-~-dimethylamino-4'-aminoazo- 
benzene), two-dimensional t.1.c. separation on polyamide sheets, 
and detection as coloured spots on exposure to hydrogen chloride 
gas. 28 A silica gel-t.1.c. separation of dolichol (a generic 
name for polyprenols of 14-21 isoprene units) monophosphate mannose 
from dolichol monophosphate glucose has been reported which is 
dependent upon the saccharide unit, but independent of the size of 
the lipid moiety. 29 myo-Inositol has been determined quanti- 
tatively by silica gel-h.p.t.1.c. separation, lead tetraacetate- 
sodium fluorescein treatment, and fluorimetric detection. 
Reversed-phase t.1.c. (dodecyltrichlorosilyl silica gel) separations 
of the main DNA nucleobases, nucleosides, and related 5'-nucleo- 
tides, and of the radiation induced degradation products of 2 ' -  
deoxyguanosine, have been reported. 31 
nucleosides and nucleobases on cellulose with water or aqueous salt 
solutions as eluant, increasing concentrations of ammonium sulphate 
have been shown to first increase then decrease R values, the 
latter salting-out effect permitting a large variation in retention 
in a very simple system. 

Fluorimetric detection of carbohydrates in 

30 

In the separation of 

-g 
32 

High Pressure Liquid Chromatography.- A review on the use of 
h.p.1.c. for the separation of sugars, covering the period 1970-80, 
has appeared. 33 A triple-pulse amperometric method for detecting 
sugars, using a platinum wire electrode, has been demonstrated for 
analysis of carbohydrate mixtures on two cation exchange resins, 
results being given for glucose and fructose levels in three 
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wines. 3 4  A novel post-column photoreduction detector, which 
relies upon the dramatic increase in fluorescence quantum yield 
accompanying the photoreduction of anthraquinone-2,6-disulphonate 
to 9,10-dihydroxyanthracene-2,6-disulphonate that occurs only in 
the presence of hydrogen atom donating substances (e.g. alcohols, 
aldehydes, ethers, amines etc., but not water or acetonitrile), has 
been demonstrated in the analysis of cardiac glycosides and of 
common food saccharides. 35 In a comparative study of post-column 
reaction detectors currently used for h.p.l.c., the preparation of 
fluorescent derivatives of reducing sugars by reaction with 2- 
cyanoacetamide in slightly alkaline solution has been detailed, 
whileother workers have shown that a 5-10 fold increase in the 
sensitivity of this method can be achieved by increasing the 
reaction temperature from 105" to 135" ,  and that the method is 
compatible with both primary amine-bonded silica (where aceto- 
nitrile is used in the eluant) and ion-exchange columns; they then 
applied the method to the analysis of beer saccharides. 

The l o s s  of aldoses by reaction with the primary amine functions 
on various amine-bonded silica or dynamically coated silica columns 
has again been demonstrated, while an attempt to use dimethylamino- 
functionalized silica, which did not react with sugars, failed to 
provide sufficient chromatographic separation. Both a diol- 
modified silica column with an eluant containing diisopropylethyl- 
amine to enhance mutarotation, as well as a cation exchange resin 
in the Ca2+-form with water as eluant (improving signal-to-noise 
by 10-fold when using refractive index detection), have been 
successfully used in the separation of sugars generally, and in the 
accurate assay of lactose in milk. 38 
and polyols has been examined, comparing a dynamically coated amine- 
modified silica column (using tetraethylenepentamine) with a cation 
exchange column [Ca2+-form, aqueous Ca(0Ac) as eluant]. While 
the former method had advantages of longer column life, and better 
separation and capacity, the possible reaction of aldoses with the 
amine was a concern. The ion-exchange method had greater sensi- 
tivity and separated ethanol from carbohydrates, but had to be run 
at higher temperatures and regenerated periodically. Neither 
column was compatible with salts in the sample. 39 The inter- 
fererice caused by chloride, nitrate, and sulphate ions in the 
analysis of sucrose and glucose on a silica gel column dynamically 
coated by pentaethylenehexamine has been described, and overcome 
by precipitation of chloride (by Ag2S04) then sulphate [by Ba(OHl21 

36 

3 7  

The separation of 63 sugars 
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4 0  prior to analysis for these sugars in illicit heroin samples. 
A baseline separation of L-rhamnose, L-arabinose, D-xylose, D- 
mannose, D-galactose, and D-glucose has been achieved by initial 
separation on an amine-bonded silica column to provide fractions 
containing L-rhamnose, pentoses, and remaining hexoses, the latter 
two being re-concentrated and separately analyzed on a cation 
exchange resin column in a "heavy metal" form. The method has 
been applied to two plant polysaccharide hydrolyzates. 41 
analysis of sugars in various foodstuffs by h.p.1.c. on Separon-NH2 
has been compared favourably with polarimetric analysis. 42  
dynamic parameters for the h.p.1.c. separation of fructose, glucose 
and sucrose on amine and cobalt(II1) complex bonded phases have 
been reported. 43 The following oligosaccharides have been analysed 
on primary amine bonded silica columns: linear and cyclic (1-+4)-a-  
D-gluco-oligosaccharides in connection with cyclodextrin glycosyl- 
transf erase, 4 4  neutral N-acetyl-D-glucosamine containing oligo- 
saccharides (D.P.2-6) that form part of the complex-type carbo- 
hydrate chains of glycoproteins , 4 5  even- and odd-numbered oligo- 
saccharides (D.P. up to 8)  from degradation of hyaluronic acid, 
and a series of oligosaccharides [(Man)2GlcNAc to (Man)gGlcNAcl from 
mannosidosis urine. 47 
induced isomerization of maltose and cellobiose into maltulose and 
cellobiulose have been analyzed on a primary amine bonded silica 
column with an amine modifier in the eluant, and the pure keto- 
disaccharides have been isolated semi-preparatively by h.p.1.c. on 
cation exchange resin in the Ca2+-form. 48 The separation of mono-, 
di- and tri-saccharides and polyols achieved on a reversed-phase 
column modified by n-dodecylamineor n-tetradecylamine in the mobile 
phase has been found to be very similar to that obtained with a 
propylamine bonded silica column, except that a smaller proportion 
of water in the aqueous acetonitrile eluant had to be used. 

Methods of analysing sugars in cane and beet molasses by h.p.1.c. 
(reversed-phase, amine-bonded silica, and Na+- and Ca2+-exchange 
resins) have been compared with the classical Lane-Eynon method; 
the method employing the Na+-form resin was found to be the 
simplest, requiring only prefiltration of the sample. 50 
of useful separations which appear to be based on normal phase 
chromatography have been demonstrated in a study of 10 mono-, 5 
di- and one tri-saccharide, together with 2 alditols, using a poly- 
styrene-based cation exchange resin in the Na+-form. 51 The best 
separations of  glucose, maltose, and malto-oligosaccharides that 

The 

Thermo- 

46 

Product mixtures from the alkaline borate 

49 

A number 
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could be achieved on a cation-exchange resin in the Ca2+-form were 
attained at about 90"  using a neutral 50 ppm CaEDTA mobile phase. 
Heat alone was a good mutarotation catalyst and did not cause the 
isomerization associated with the use of alkaline catalysts at 
higher temperatures. 52 
fructose in plant tissue extracts on a cation exchange resin 
(Ca2+-form) has been reported. 

(D.P. up to 6 and 9 respectively) have been achieved in 5-10 
minutes using glass rather than stainless steel cartridges and 
increased temperatures, to enhance column efficiency. 5 4  
milk oligosaccharides have been separated by reversed-phase chroma- 
tography (Dextropak), and the system has been used for the pre- 
parative isolation of lacto-N-neotetraose. 

The analysis of sucrose, glucose and 

53 

Reversed-phase separations of cello- and malto-oligosaccharides 

Human 

55 

Reversed-phase h.p.1.c. has been used to separate the products 
of methanolysis (MeOH-HC1). An effective separation of the methyl 
glycosides of fucose, galactose, glucose, mannose, and xylose has 
been achieved, and applied to the analysis of lactose and a poly- 
saccharide sample. 56 
h.p.1.c. monitoring of the methanolysis of monosaccharides 
(including D-galacturonic and D-glucuronic acids) and poly- 
saccharides, 5 7  and in connection with the analysis of alginate 
samples for the separation of mixtures of D-mannuronic and L- 
guluronic acid methyl ester-methylglycoside and lactone-methyl 
glycoside derivatives. 

Analytical and preparative h.p.1.c. of a wide range of water- 
soluble glycosides has been accomplished on silica with a water- 
containing eluant, impressive separations of cardiac, monoterpenoid, 
and flavonoid glycosides, and of saponins, in natural extracts 
being reported. 59 
enzyme reactor has been described which permits the hydrolysis of 
phenolic glycosides and glucuronides in a reversed-phase h.p.1.c. 
eluant, followed by selective electrochemical detection of the 
released phenolics. The system was also suitable for the analysis 
of cyanogenic glycosides. 6o The retention of cardiac glycosides 
on a diphenylsilyl reversed-phase column has been confirmed to be 

6 1  due primarily to the hydrophobic properties of these compounds. 
Separations of bilirubin isomers and their mono- and di-glucuronide, 
-glucoside, and xyloside metabolites (reversed-phase) , 62 and of 
phenyl, benzyl, and ginitrophenyl glycosides of 2-acetamido-2- 
deoxy-D-galactopyranoside and various mucin-type di- to tetra- 

A Dextropak column has been used in the 

58 

A post-column immobilized B-glucuronidase 
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saccharides (amine and nitrile functionalized silica phase) 6 3  have 
been reported. Automation of an analytical scale h.p.1.c. 
separation of benzyl a- and B-D-gluco-furanosides and pyranosides 
on silica has permitted the preparative fractionation of 2.5-3 
mixtures in 24 h. 

g 
6 4  

More sensitive detection of sugars canbe achieved by derivati- 
zation prior to analysis. The chromatography of per(dimethy1- 
phenylsily1)ated alditols, and mono- and di-saccharides on silica 
has been examined, but while these derivatives had reasonable 
stability towards hydrolysis and good u.v.-detectability, each 
sugar gave rise to several peaks, and sugar isomers were not 
particularly wellresolved. 

100 pg-1 ng Amounts of sugars (including amino- and acetamido- 
sugars) have been characterized by conversion to per-p-bromo- 
benzoylated or pernaphthoylated methyl glycosides, separation by 
h.p.1.c. on silica, and unequivocal identification by m.s. or c.d. 
measurements; procedures for predicting the latter values were 
discussed. 67 
oligosaccharides, and uronic acids have been separated as their 0- 
methyloxime derivatives, which absorb in the U.V. at 215 nm 
( ~ > 6 , 0 0 0 ) ,  and to a lesser extent as their 0-benzyl- and 2-p- 
nitrobenzyl-oximes, on amine-bonded silica. '' The preparation and 
reversed-phase analysis of dansyl (i.e.,5-dimethylaminonaphthalene- 
1-sulphonyl) hydrazone derivatives of reducing sugars has been 
carefully optimized, and a detection limit of 2-5 pmol established 
using fluorescence detection; the method was applied to the 
analysis of physiological fluids, beverages, and wood hydro- 
lyzates. 69 
alditol benzoates (on silica), and the effect of varying the 
ternary eluant on resolution, have been studied. 

65,66 

Selected mixtures of seventeen monosaccharides, 

Analysis of some 23 neutral andamino-sugars as their 

70 

Analyses of gallotannins forming an homologous series of tetra- 
to undeca-galloylglucoses based on a 1,2,3,4,6-penta-2-galloyl-B-D- 
glucopyranose core (reversed-phase) , 71 and of a-D-glucose 1-phos- 
phate (strong base anion exchange resin) suitable for monitoring 
a-glucan phosphorylase activity, 7 2  have been reported. 

by h.p.1.c. (strong cation exchange resin) with a post-column 
reactor based on the Hantzsch reaction (2,4-pentanedione and 
formaldehyde) and fluorimetric detection. 73 
3-~-(D-l'-carboxyethyl)-2-deoxy-D-glucosel could be separated 
(reversed-phase) from amino acid constituents after derivatization 

Galactosamine and glucosamine have been detected down to 200 pmol 

Muramic acid [2-amino- 
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with 2-phthalaldehyde. 74 
of muramyldipeptides have been calculated from their observed 
reversed-phase h.p.1.c. behaviour, interconverting material appear- 
ing as a plateau between the peaks for each anomer. 75 
asparagine-bound oligosaccharide moieties of glycoproteins have 
been examined by regiospecific degradation using hydrazinolysis (to 
cleave the glycosylamide linkage and N-deacetylate), nitrosation 
(to cleave 2-amino-2-deoxy-glycosyl linkages), and reduction 
(NaBH3CN), followed by h.p.1.c. analysis of the products on an 
amino- and cyano-bonded silica phase. 

The rate constants for the mutarotation 

The 

76 

D-Mannuronic and L-guluronic acids in alginate hydrolyzates have 
been assayed using a silica-based anion-exchange column, with 
detection down to 10 pg. 7 7  
mono- and 1,4:3,6-di-lactones have been separated on a primary 

78 amine bonded silica column used as a weakly basic anion exchanger, 
while D- [U-14Cl -glucaric acid and other metabolites of D-glucuronic 
acid in urine have been examined on a polystyrene-based quaternary 
ammonium ion-exchange resin using both U.V. and radioactivity 
detection. 79 
and dehydroascorbic acid in fruit and vegetables, using an amine- 
bonded silica column and dual wavelength U.V. detection,80 and the 
estimation of these two compounds in sum, together with diketo- 
gluconic acid, in beer, employiq iodine oxidation, 2,4-dinitro- 

81 phenylhydrazone formation, and reversed-phase chromatography. 
Partially methylated glucitol, galactitol, mannitol and myo- 

inositol derivatives have been separated by reversed-phase chromato- 
graphic procedures that are applicable to large scale recovery and 
for quantifying radiolabelled derivatives. 82 
derived oligosaccharides, and sucrose a-D-galactosides present in 
legume seeds have been analysed on a primary amine bonded silica 

20 column. 

D-Glucaric acid and its 1,4- and 3,6- 

Other papers report the analysis of ascorbic acid 

Cyclitols, cyclitol- 

The following antibiotics have been analysed by h.p.1.c. methods: 
lincomycins A and B in fermentation beers (reversed-phase ion- 
pairing) 783 gentamicin C complex (reversed-phase, using pre- or 
post-column derivatization with 2-phthalaldehyde-thioglycollic acid 
reagent ) , and the amino - 
glycoside amikacin as its tetra-N-(2,4-dinitrophenyl) derivative 
(reversed-phase) , and the aminoglycoside sisomicin, 87 macrolides 
related to tylosin, 88 and glycosylated anthracycline derivatives 
(reversed-phase ion-pairing). 

A number of studies have reported reversed-phase analyses of 

tunic amin y lur a c i 1 -bas e d ant i b i o t i c s 
86 

89 
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nucleosides. From a study of 86 purine bases, nucleosides and 
nucleotides, the contribution of substituents on the purine moiety 
to retention behaviour has been determined, and the data used for 
predicting structure-retention relationships. The effects of 
stationary phase variables, (e.g., length of bonded alkyl chain, 
and accessibility of free silanol groups) on the chromatographic 
behaviour of nucleosides, nucleotides and bases has been 
examined,'I while the use of a trimethylsilica phase has permitted 
the isocratic separation of 18 deoxyribo- and ribo-nculeosides. 
A simple procedure for extending the life of 3 urn packings, 
involving the use of a compressed guard column, has been demon- 
strated using the separation of adenosine, 2'-deoxyadenosine, and 
- S-adenosyl-L-homocysteine. 9 3  
nucleosides and related bases, nucleotides and cyclonucleotides 
have been developed for examining nucleoside phosphorylation 
(KH2P04-formamide) products. 94 Quantitative analyses of the 
structurally similar nucleosides adenosine, adenine arabinoside 
and 2'-deoxyadenosine have been achieved using reversed-phase 
methods, even when one component is present only as an impurity in 
another, and it has been suggested that these results are of 
general relevance when the purity of chemically modified biologi- 
cally active materials must be determined. 95 
separations reported were: adenine, adenosine, and related nucleo- 
tides as their fluorescent 1 ,N'-etheno-derivatives, 96 and 1-B-D- 
arabinofuranosyl-cytosine and -uracil in the presence of ribo- 
nucleosides, 97 methylthioadenosine, 98 and the anticancer C- 

all in biological samples. 

100 arabinosides (using reversed-phase then cation-exchange media), 
and of riboxamide (on silica then reversed-phase media both coated 
with hexadecyltrimethylammonium bromide) , 
enable the desired separation of these components from other con- 
stituents in biological samples. 

The biochemically important 5-adenosyl-L-methionine and its 
metabolites, S-adenosyl-L-homocysteine, 5'-deoxy-5'-methythio- 
adenosine, ~-adenosyl-(5')-3-methylthiopropylamine, and adenine 
have been separated on a silica-based strong cation exchanger. 
A hydrophobic anion exchange packing material obtained by derivati- 
zation of silica with a mixture of chlorosilanes to give both octyl 
and quaternary amine functionalities, was shown to be superior for 

92 

Separations of ribo- and deoxyribo- 

Other reversed-phase 

nucleoside riboxamide (2-B-D-ribofuranosylthiazole-4-carboxamide) 99 

Alternative dual-column analyses of the cytosine and uracil 

have been developed to 

102 
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the separation of deoxynucleosides and their mononucleotides than 
that obtained from physically mixing commercial c8 and anion 
exchange packings.lo3 
preparative scale displacement chromatography using analytical size 
h.p.1.c. columns, the benzyl tributylammonium chloride induced 
displacement separation of adenosine, inosine, and their 2'- 
deoxy-analogues on a reversed-phase column was demonstrated. 
Arylboronic acid substituted silica ( 5 )  has been used to pre- 

In a study of the operating parameters for 

104 

fractionate polyols, the cis-diol containing components (e.g. 
fourteen ribonucleoside examples) being selectively retained at 
alkaline pH, then eluted at acidic pH 
column for analysis. 

onto a reversed phase 
105 ,106  

Column Chromatography.- Gel-filtration has been used for determining 
the levels of glucose, sucrose, raffinose, stachyose, and verbascose 
in developing lupin seeds. Nucleobases, nucleosides, and 
nucleotides have been separated by ion chromatography (on a low- 
capacity anion-exchange resin) with dual conductimetric and U.V. 
detection, the nucleobases and nucleotides acquiring a negative 
charge in the carbonate eluants used. The medium-pressure 
anion-exchange chromatography of organic acids including glucuronic 
and galacturonic acids, and oligogalacturonic acids (D.P. up to 8) 
from pectin hydrolysates, on a partially quarternized DEAE-Spheron 
(hydroxyethyl methacrylate copolymer) medium has been described. 109 

2 Electrophoresis 

Analytical isotachophoresis has been used for the determination of 
5'-deoxy-S-fluorouridine and its metabolite 5-fluorouracil in 
plasma,'" while data for gluconic and glucuronic acids have 
appeared in a compilation of isotachophoretic indices. 111 

3 Other Analytical Methods 

Glucose reacted readily under acid catalysis with solid-phase 
Girard reagents consisting of a polystyrene-based matrix 
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functionalized either with acid hydrazide (RCH2SCH2CONHNH2) or 
alkylhydroxylamine groups (RCH20NH2); the sugar could be recovered 
by exchange with acetone under mildly acidic conditions. A new 
method for the assay of serum D-glucose employs the glucose oxidase 
catalysed oxidation of D-glucose to generate hydrogen peroxide, 
which in the presence of catalase, converts methanol to formalde- 
hyde, the released formaldehyde being determined by g.1.c. analysis 
as its 2-pentafluorobenzyloxime derivative. Sucrose has been 
determined using either an oxygen Clark electrode or a platinum 
disc electrode, coated by a film of invertase, mutarotase, and 
glucose oxidase cross-linked by glutardialdehyde together with 
serum albumin. The decrease in oxygen content or the formation 
of hydrogen peroxide in the enzyme reaction layer is measured, and 
a steady state response proportional to the concentration of 
sucrose in the 0.03-1.5 mm01.1-~ range can be attained in 
1 - 2  min. 1 1 4  

Small amounts of fructose on the surface of anhydrous glucose 
crystals prepared from sucrose have been measured by selective 
dissolution, reaction with a modified diphenylamine reagent that is 
147 times more sensitive to fructose than glucose, and spectro- 
photometric analysis at 6 4 0  nm. An automated Elson-Morgan 
colourimetric assay for 2-amino-2-deoxyhexoses has been described 

1 1 6  which overcomes many of the problems associated with this assay. 
Streptomycin has been selectively determined by its colour reaction 
with a manganese(I1)-2-hydroxyhydroquinonephthalein complex in 
weakly basic solution, which appears to involve the guanidino 
moiety. 

released on periodate cleavage of carbohydrates has been described? 
and the approach can be used to quantify monosaccharides. 
simple, rapid, and sensitive (0.5-5 nmol) spectrophotometric method 
for determining formaldehyde and acetaldehyde using alkaline 
solutions of 4-amino-5-hydrazino-3-mercapto-1,2,4-triazole has been 
shown to be suitable in the periodate analysis of glycols, sugars, 
and polyols. 

1 1 7  

An ion-exchange h.p.1.c. method for assaying the formic acid 

118 A 

119 
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24 
Synthesis of Enantiomerically Pure 
Non-carbo hydrate Compounds 

A monograph has been published on the use of naturally-occurring 
chiral compounds as synthons for the preparation of chiral 
compounds, with special reference to carbohydrates.' 
published during the year have included the use of carbohydrates 
for the synthesis of prostaglandins2 and leu~otrienes,~ the use of 
D-mannitol for the synthesis of chiral natural products via ( S ) -  

glycerol derivatives,4 and the general use of carbohydrates for the 
asymmetric synthesis of natural products. 

Reviews 

5 

1 Antibiotics and their Components 

The C-3 -+ C-17 segment (1)  of the boron-containing antibiotic 
boromycin has been synthesized by condensing two intermediates 
prepared from D-glucose and D-arabinose respectively, as outlined 
in Scheme 1. (sugar numbering in the intermediate) Other syntheses 

D - G ~ L L C O S ~  
I goB: CHO 

Scheme 1 (1) 

of segments of macrolide rings have included the left-hand segment 
( 2 )  of 9-dihydroerythronolide A, containing s i x  consecutive chiral 
centres, from D-glucose via the intermediates ( 3 ) - ( 5 > ,  using Wittig 
reactions and stereoselective oxidations to set up the stereo- 
chemistry at the ends of the sequence,7 and the synthesis of the 
spiroacetal moiety ( 6 )  present in avermectins and milbemycins, 
prepared from laevoglucosan via the lactone ( 7 )  .* A series of 
papers from Kochetkov's laboratory describe the use of laevoglucosan 
in preparing segments of macrolide rings from the intermediates 
( 8 )  ,9 (9)(R=OBn) , lo  (9)(R=H) and (10) ,11 (11) , I 2  and (12). 
'The C - 9  + C - 1 3  segment (13 )  of the macrolide methynolide has been 

13 
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___) Me 

3 2  
01s 

(7) A =SiButPhZ or 8n 

prepared from D-glucosaccharinolactone (13a) via the intermediates 
shown in Scheme 2.  An analogous sequence from D-ribonolactone 
unexpectedly gave the cis isomer predominantly on C - 2  methylation 
of the lithium enolate (13b), nethyl addition being anticipated 
trans to the ethyl group.14 Another series of papers by Kishi and 

OH OH 

( 1 3 9  
" 3) OH OH 

S c h e m e  2 
('3a) 

his coworkershasdescribed the synthesis of the palytoxin degradat- 
ion fragments (14) ,15 (15)-(17) ,16 ( 1 8 )  ,I7 and ( 1 9 )  , I8  from 
D-glucose, 2-deoxy-D-glucose, or laevoglucosan, as illustrated in 
Scheme 3. 

In a total synthesis of the ionophore antibiotic X-14547AY the 
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C H90Bn CHgOBn C H ~ O A C  

Carbohydrate Chemistry 

AcO' 

OAc 

'- 5) ^. ... Me 5nO 
OA 

OBn 
Scheme 3 

tetrahydropyran fragment (20) was synthesized from laevoglucosan as 
outlined in Scheme 4, utilizing a Claisen ester enolate rearrange- 
ment to form the C-glycoside diastereoisomers, and a 5,6-ene inter- 
mediate to epimerize the C-5 hydroxymethyl group. 19 

In a synthesis of (+)-methyl pseudomonate (211, D-xylose provid- 
ed the tetrahydropyran fragment ( 2 2 )  via a C-cyano glycoside deriv- 
ative, and the chiral sidechain was elaborated from D-glucose as 
indicated in Scheme 5 .  2o 
pseudomonic acids, D- and L-arabinose were used to prepare the two 
fragments (23) and (24) respectively, which were then condensed in 

In another enantiospecif ic synthesis Of 
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OMe + 

PI e 

Scheme 5 

Ph 

a Wittig reaction (Scheme 6 ) .  21’22 D-Arabinose has also been used 
to prepare the polyhydroxy-alkylated anthraquinone ( 2 5 1 ,  which 
could then be oxidized with periodate and cyclized to give the 
chiral anthracyclinone analogue ( 2 6 ) .  23 

\ /  

Scheme 6 

Me 
(23) 

A synthesis of (+)-4-demethoxy-daunomycinone has utilized the 
dienyl glucoside (27) to achieve a Diels-Alder reaction on the 
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quinone epoxide ( 28) with high diastereo-control, giving the tetra- 
cycie (29). 24 
ative (30) with a naphthyl-lithium reagent provides the inter- 
mediate (31) required f o r  the synthesis of (+I-griseusin A .  

Alkylation of the 4,6-dideoxy-L-ribo-hexose deriv- 

25 

MoMo-jHo 0 x 0  0 x 0  

Xoj"2 0 - hMe 
Me 

(30) (3'1 
Chiral syntheses of the amino-acid antibiotics thermozymocidin 

(32) and (+)-furanomycin (33) have been reported, starting from the 
D-fructose derivative (34)26 and the D-ribose derivative (35) 
respectively, the latter thereby establishing the stereochemistry 
of the antibiotic. D-Ribose has also been used as the chiral 

27 

(34) (32) 

Me H2N d 
(331 

starting material for a synthesis of the alkaloid antibiotic aniso- 
mycin (361, outlined in the sequence shown in Scheme 7 ,  the initial 
Grignard addition being stereospecific,28 and for a synthesis of the 

cyclopentene moiety (37) of neplanocin A via the acyclic phosphonate 
(38) (Scheme 8 ) .  29 
amino-acid component (39) of the anti-tumour bis-alkylator carzino- 
philin A (Scheme 9). 

D-Glucose has been used to prepare the chiral 

30 

Finally, although not strictly using a carbohydrate as a chiral 
source, a synthesis of the p-lactam (40) uses the Sharpless epoxid- 
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Scheme 8 (37) 

ation procedure t o  convert an alkene to the chiral 2,3-anhydro- 
erythritol ( 4 1 )  which was then converted to the (R)-triol ( 4 2 1 ,  and 
hence to (40)(Scheme 1 0 ) .  31 

CH20Bz CH20Bz C H ~ O B Z  CH20H 

i ~ H O i  L, i t  , t O H  75teps H,,..@~ 
y 2  p 2  

CH,OH CH20H CH20H 

(421 (40) 

.3 
(4’) 

Reagents: L ,  ( M ~ O C H Z C H ~ O ) ~ A L H  ; u, MsCL-Py ; ii;, KOAc-Ac20 

Scheme 10 

2 Prostanoids 
Ferrier’s group have reported theconversion of a series of D-glucose 
der iva t ives to corresponding cyc 1 opent ane -oxazo 1 ine bicyc 1 es , * the 
derivative ( 4 3 )  then being used to make the prostaglandin inter- 
mediate ( 4 4 )  (Scheme 11) .33 Alternatively the intermediate ( 4 5 )  

could be converted by a Wittig reaction to the dienone (46), which 
on irradiation yielded a bicyclo [3,2 ,O] heptane, leading in turn t o  
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the oxa-analogue ( 4 7 )  of ( 4 4 ) . 3 4  
the prostacyclin analogues ( 4 8 )  .35 

Ribose was also used to prepare 
The synthesis of leucotrienes 

0 BZO - 

(46) (47) 

using chiral intermediates derived from L-ascorbic acid and 
D-glucose has also been d e ~ c r i b e d . ~ ~  
conversion of D-glucose to the dithiane derivative (491, and hence 
to the cyclopentenone analogue ( 5 0 )  .37 

Another paper describes the 

Horton's group has made 

h 
(48) X=OMe or Y 

further studies on the use of Diels-Alder adducts with unsaturated 
sugar acids as prostaglandin precursors (see Vol. 15, p.259); in the 
presence of Lewis acids, the arabinose derivative (51) gave the 
stereoisomer ( 5 2 )  instead of the 
then being converted to the 9,11 
(Scheme 12) .38,39 

previously reported isomer, (52) 
bishomoprostanoid synthon ( 5 3 )  

R 

i 
_j 

- .  , u- LV 
___f 

Reagents : L, 0 - ALCL3 ; ii. 0 s  0,- N d O q  ; L, NaDH4 ; Lv, Acetylatkn 

Scheme 12 

3 Alkaloids 

D-glucosamine has been used as the chiral source in a synthesis of 
(-)-rosmarinecine ( 5 4 ) ,  with the branched-chain sugar ( 5 5 )  as an 
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intermediate; likewise the Wittig product (56) was used to prepare 
the related alkaloid ( - 1  -isoretronecanol (57 1 .40 D-Mannose provides 

the unsaturated branched-chain sugar ( 5 8 )  used as a source of the 
lactone ( 5 9 )  which was then elaborated to (-1-ajmalicine (60) 
(Scheme 13) .41 
underwent Michael addition with an aryllithium reagent to yield the 

42 intermediate (61), leading on to (+I-lycoricidine (62)(Scheme 14). 

D-Glucose furnished an unsaturated nitro-sugar which 

S c h e m e  13 0 

4 Miscellaneous Compounds 

The dienone intermediate (46) mentioned above has been used in a 
new synthesis of the insect pheromone ( +  1 -e~o-brevicomin.~~ Four 
isomeric 1,3-dimethy1-2,9-dioxabicyclo [3,3,1] nonanes (631, one of 
which is claimed to be a beetle behavioural factor, have been 
synthesized from D-glucose via the key intermediate ( 6 4 ) ;  the 
isomers were produced after appropriate inversions on acyclic 
 precursor^.^^ The intermediate (64) (or its enantiomer) was also 
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Me 

I-OH 
Me 

(641 (63) 

condensed with a 5-iodopentan-2-01 derivative leading to the 
enantiomeric forms of 2,8-dimethyl-l,7-dioxaspiro [5,sT] undecan-4-01 
( 6 5 ) ,  one of which is an insect pheromone. 45 Triacetyl -D-glucal 

(65) Me 

provides a source for the chiral intermediate ( 6 6 )  which was used 
in a Diels-Alder condensation leading to the hypocholesterolemic 
agent (+)-compactin ( 6 7 ) . 4 6  D-Glucose has also been used for a 

synthesis of the tricyclic monoterpene (-1-sarracenin ( 6 8 ) ,  via 
intermediates ( 6 9 ) - ( 7 1 ) .  47 

(79 
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D-Ribonolactone has been a starting material for a chiral synthesis 
of (-)(R)-p-angelica lactone (72) by established deoxygenation 
reactions,48 and also for total synthesis of the plant lactones 
(-i-litsenolides C1 and C2 (731, together with their C-3 epimers, 
in which the lithium enolate of its 2,5-dideoxy derivative adds to 
tetradecanal to give the intermediate diols (74). 49 

(731, E f z isomers (74) c13H27 (72) 

The inositol analogue quinic acid (75) has been used as a chiral 
source for a synthesis of (3~)-homomevalonolactone (761, establish- 
ing that the natural compound has the enantiomeric (3R) configurat- 
ion. 50 

2,3-~-Isopropylidene-D-glyceraldehyde (readily obtained from 
D-mannose) has been used to prepare the c+-unsaturated ester (77) 
by a Wittig reaction and hence the cyclopropyl derivatives (lK,3&)- 
caronaldehyde metnyl ester (78) and (lg,3R)-chrysanthemic acid 
methyl ester (79) fo lowing isopropylidene addition to the double 
bond (Scheme 151.~' The same intermediate (77) has been utilized , COZMe *9 

Reqents: L ,  Me,C PPhj ; u,  Na104- 2 N  H2S0,+ 

Scheme 15 

for a synthesis of a B-amino-acid leading to the ,b-lactam ( 8 0 ) .  52 

The steric course of addition of organometallic reagents to 2,3-0- 
isopropyl idene-D-glyceraldehyde has been studied. 53 

step synthesis of 5-(D-glycero-1,2-dihydroxyethyl)-2-furaldehyde, 54 
Sedoheptulosan is a convenient chiral reagent for a simple, one- 
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and D-arabinose has been used to prepare 2-(+)-4-amin0-3-hydroxy- 
butyric acid (81 )  and S-(+)-carnitine ( 8 2 ) ;  likewise L-arabinose or 
L-ascorbic acid served as precursors for their R-enantiomers. 55 

1,3;4,6-Di-0-benzylidene-D-mannitol serves as a suitable precursor 
for the synthesis of 2-2-alkyl-D-glyceric acid derivatives and 
related optically-active glycerol compounds. 5 6  

D-Gulonolactone has been used to prepare 1-deoxy-D-gulitol and 
hence 2,3,4,5-tetra-~-acetyl-6-bromo-l,6-dideoxy-D-gulitol required 
for the synthesis of the sidechain in the bioactive 6-lactone 
(+I-anamarin (83). 57 

OAc OAc 
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2 
3 
4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

References 
S.Hanessian,"Total Synthesis of Natural Products: The Chiron Approach",1983 
(Pergamon: Oxford). 
R.J.Ferrier and P.Prasit, Pure Appl. Chem., 1983, 2, 565. 
R.H.Green and P.F.Lambeth, Tetrahedron, 1983, 2, 1687. 
S.Takano and K.Ogasawara, Yuki Kagaku Kyokaishi, 1982, 40, 1037 (=. 
Abstr., 1983, 98, 107 614)- 
B-Fraser-Reid, L.Magdzinski, and B.Molino, Curr. Trends Org. Synth., E. 
Int. Conf.,4th, 1982 (Pub.1983), 197 (Chem. Abstr., 1983, 99, 5905). 
S.Hanessian, D.Delorme, P.C.Tyler, G.Demailly, and Y.Chapleur, Can. J. m., 
1983, 61, 634. 
Y.Oikawa, T.Nishi, and O.Yonemitsu, Tetrahedron E., 1983, 24, 3635. 
R.Baker, R.H.O.Boyes, D.M.P.Broom, J.A.Devlin, and C.J.Swain, J. Chem. SOC., 
Chem. Commun., 1983, 829. 
A.F.Sviridov, M.S.Ermolenko, and N.K.Kochetkov, E. Akad. Nauk SSSR, =. 
- Khim., 1982, 2557 (Chem. Abstr., 1983, 98, 179 775). 
A.F.Sviridov, M.S.Ermolenko, and N.K.Kochetkov, x. Akad.Nauk SSSR, Ser. 
- Khim., 1982, 2561 (Chem. Abstr., 1983, 98, 161, 048). 
A.F.Sviridov, M.S.Ermolenko, and N.K.Kochetkov, E. Akad. Nauk SSSR, Ser. 
Khim., 1982, 2568 (Chem. Abstr., 1983, 98, 198 615). 
A.F.Sviridov, G.E.Berdimbetova, and N.K.Kochetkov, Izv. Akad. Nauk SSSR, Ser. 
w., 1982, 2572 (Chem. Abstr., 1983, 98, 179 765). - -- - 
A.F.Sviridov, G . E . B x m b e G ,  and N.K.Kochetkov IZG. Nauk E, 
Khim., 1982, 2576 (Chem. Abstr., 1983, 98, 179 76k). 

-- 



Synthesis of Enantiomerically Pure Non-carbohydrate Compounds 255 

14 
15 

16 

17 

18 
19 

20 

21 
22 
23 
24 

25 
26 

27 
28 

29 
30 
31 
32 

33 

34 

35 

36 

37 
38 

39 
40 

41 

42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 

53 
54 
55 
56 
57 

R.k'.Hoffmann and W.Ladner, M. E., 1983, 116, 1631 
L.L.Klein, W,W,McKhorter, S.S.Ko, K.-P.Pfaff, Y.Kishi, D.Uemura, and 
Y.Hirata, J. &. Chem. SOC., 1982, 104, 7362. 
S.S.Ko, J.M.Finan, M.Yonaga, Y.Kishi, D.Uemura, and Y.Hirata, J .  @. w. 
- SOC., 1982, 104, 7364. 
H.Fujioka, W.J.Christ, J.K.Cha, J.Leder, Y.Kishi, D.Uemura, and Y.Hirata, 
- J. fi. m. %., 1982, 104, 7367. 
W.W.McWhorter, S.H.Kang, and Y.Kishi, Tetrahedron w., 1983, 4, 2243. 
M.P.Edwards, S.V.Ley, S.G.Lister, and B.D.Palmer, J .  Chem. SOC., W. 
Commun., 1983, 630. 
J.-M.Beau, S.Aburaki, J.-R.Pougny, and P.Sinay, 2 .k .  Chem.Soc., 1983, E, 
621. 
G.W.J.Fleet and T.K.M.Shing, Tetrahedron e., 1983, 24, 3657. 
G.W.J.Fleet, M.J.Gough, and T.K.M.Shing, Tetrahedron E., 1983, 24, 3661. 
D.J.Mincher, G.Shaw, and E'DeClercq, J. Chem. Soc.,Perkin Trans. L, 1983,613. 
R.C.Gupta, P.A.Harland, and R.J.Stoodley, 2. Chem. Soc., Chem. Commun., 
1983, 754. 
T.Kometani, Y.Takeuchi, and E,Yoshii, 2. Org. w., 1983, 48, 2311. 
L.Banfi, M.G.Beretta, L.Colombo, C.Gennari, and C.Scolastico, J- ,  w. *., 
Perkin Trans. 1, 1983, 1613. 
M.J.Robins and J.M.R.Parker, can. J. e., 1983, 61, 317. 
J.G.Buchanan, K.A.MacLean, H.Paulsen, and R.H.Wightman, J.Chem.Soc., w. 
Commun., 1983, 486. 
M.-I. Lim and V.E. Marquez, Tetrahedron E., 1983, 24, 4051. 
M.Shibuya, Tetrahedron m., 1983, 24, 1175. 
S.Takano, C.Kasahara, and K.Ogasawara, Chem. Lett., 1983, 175. 
R.J.Ferrier, R.H.Furneaux, P.Prasit, P.C.Tyler, K.L.Brown, G.J.Gainsford, 
and J.W.Dieh1, J. Chem. SOC., Perkin Trans. 1, 1983, 1621. 
R.J.Ferrier, P.Prasit, and G.J.Gainsford, J-. Chem. SOC., Perkin Trans. I, 
1983, 1629. 
R.J.Ferrier, P.Prasit, G.J.Gainsford, and Y.Le Page, J .  -. z., Perkin 
Trans. 1, 1983, 1635. 
P.Heath, J.Mann, E.B.Walsh, and A.H.Wadsworth, 2. w. s., Perkin Trans.1, 
1983, 2675. 
N.Cohen, B.L.Banner, R.J.Lopresti, F.Wong, M.Rosenberger, Y.-Y.Liu. E.Thom, 
and A.A.Liebman, 2. @. -. =., 1983, 2, 3661. 
S.Achab and B.C.Das, J. Chem. SOC., Chem. Commun., 1983, 391. 
D.Horton, T.Machinami, Y.Takagi, C.W.Bergmann, and G.C.Christoph, J. w. 
SOC., Chem. Commun., 1983, 1164. 
D-Horton, T.Machinami, and Y.Takagi, Carbohydr. E., 1983, 121, 135. 
K.Tatsuta, H. Takahashi, Y.Amemiya, and M-Kinoshita, f. &. Chem. SOC., 
1983, 105, 4096. 
J.Kervagoret, J.Nemlin, Q.Khuong-Huu, and A.Pancrazi, J .  -. z., m. 

-- - 

- -  

- 

Commun., 1983, 1120. 
H.Paulsen and M.Stubbe, Justus Liebig's &. -., 1983, 535. 
R.J.Ferrier and P.Prasit, J. Chem. SOC., Perkin Trans. 1, 1983, 1645. 
H.Redlich, B.Schneider, R.W.Hoffmann, and K.-J.Geueke, Justus Liebig's &. 
Chem.. 1983. 393. - 
H.Redlich and B.Schneider, Justus Liebig's Ann. w., 1983, 412. 
P.A.Grieco, R.E.Zelle, R.Lis, and J.Finn, J .  2. u. s., 1983, 105,1403 
S.Takano, K.Morikawa, and S.Hatakeyama, Tetrahedron E., 1983, 24, 401. 
P.Camps, J.Cardellach, J.Corbera, J.Font, R.M.Ortugo, and O.Ponsati, 
Tetrahedron, 1983, 39, 395. 
S.-Y.Chen and M.M.J=lli&, Tetrahedron m., 1983, 24, 5027. 
E.Lee, J.W Park, and S.C.Park, J.Chem. =., Chem. Commun., 1983, 268. 
J.Mulzer and M.Kappert, Angew. Chem., E. Ed. m., 1983, 22, 63. 
H.Matsunaga, T.Sakamaki, H.Nagaoka, and Y.Yamada, Tetrahedron Lett., 1983, 
24, 3009. 
J.Mu1zer and A.Angerman, Tetrahedron E., 1983, 4, 2843. 
C.Fayet and J.Gelas, Heterocycles, 1983, 20, 1563. 
R.Bock, I.Lundt, and C.Pederson, Acta Chem. Scand., E. B, 1983, 37, 341. 
T-Schubert, F.Kunisch, and P.Welze1, Tetrahedron, 1983, 2, 2211. 
F.Gillard and J.-J. Riehl, Tetrahedron w., 1983, 24, 587. 

- 





Author Index 

I n  t h i s  index  t h e  number given i n  parentheses  i s  t h e  chap ter  number, which 
is followed b y  t h e  r e f e r e n c e  numbers 

A s m l i d ,  K.H. (5 )  7; (23) 24 
%basr S.A.  (3) 75, 76, 

82: ( 4 )  4 0  
Abboud, K.A. (22) 78 
Abdallah, A.A. (10) 45 
Abe, F. (12) 3 
Abet Y. (18) 47 
A b o u - A s s a l i ,  M. (20) 53 
Aburaki, S. (24) 20  
A c h a b ,  S. (13) 11; (24) 37 
A d a c h i ,  K. (19) 72 
A d a c h i ,  S. (23) 62  
Adam,  M . J .  (8) 2 
A d a m o v a ,  V.S. (20) 1 2 1  
A d l i n g t o n ,  R.M. (3 )  151. 
A e b i s c h e r ,  B. (10) 23, 24 
A f a n a s ' e v ,  V.A. (10) 9; 

A f z a ,  N. (8 )  25; (9) 13 
A g n e l ,  J . P . L .  ( 2 )  40  
A g r a w a l ,  K.C. (20) 2 1  
A h l b e r g ,  P. (2 )  33 
Ahluwalia, J . C .  (2 )  25 
Akhtar, M. ( 1 9 )  35, 36 
A k i ,  K. (20) 58 
Akimoto, K. (19) 19 
Akita, E. (19) 24 
Akiyama, J.-I. (23) 111 
Akrigg, D. (22) 34, 75, 76 
A l a i s ,  J. (4) 55; (5 )  11 
A l - B a l d a w i ,  N.F. (20) 3 
A l b e r o  G a r c i a ,  J . A .  (2) 

A l b e r s h e i m ,  P. (14) 1 
A l b e r t ,  P,. (7) 13, 42; 

A l d e r f e r ,  J . L .  (20) 5 

(14) 27 

67; (3 )  88 

(19) 25, 29 

A l - f e e l ,  W.  (19) 35, 36 
A l f o l d i ,  J. (10) 32 
A l - H a k i m ,  A.H. (16) 42 
A l i ,  Y. (21) 25 
A l l a r d ,  P. (3) 168 
A l l o r e ,  B.D. (20) 110 
A l m e r s j o ,  0. (23) 110 
A l p e r i n ,  D.M. (23) 26 
Ambrose, M.G. (7) 41; (9 )  

Ameniya, Y. (24) 4 0  
Amonkar, A . J .  (7 )  33 
A n d e r s o n ,  J.S. (21) 63 
A n d e r s o n ,  L. (4 )  31, 47, 

A n d e r s o n ,  R.C. (7) 64; 

A n d e r s o n ,  R.L. (7) 58 
A n d g u l a d z e ,  M.K. (3) 
23, 24 
Andres, J.I. (20) 16 
A n d r i a n o v ,  V.M. (82) 4, 5 
A n d r o n o v a ,  T.M. (9 )  40 

15 

48 

(14) 29 

A r a k i ,  K. (2 )  59; (17)  22 
A r b u z o v ,  B.A. (7) 62; 

(18) 25; (22) 81, 82 
Arcamone, F. (19) 65 
A r d a l a n ,  B. (23) 99 
A r e c e s  B r a v o ,  P. (21) 44 
A r e v a l o  A r e v a l o ,  M.A. (3) 

147; ( 1 0 )  55 
A r g o u l l o n ,  J . - M .  (20) 68 
A r i t a ,  M. (19) 72 
A r m o u r ,  M.A. (17) 1, 2, 3 
A r n a r p ,  J. (4) 24; (23) 

A r n e t t ,  C.D. (8 )  10 
A r n e t t ,  G. (20) 7 1  
A r n o l d ,  R. (14) 19; (16) 

A r s h a v a ,  B.M. (6) 10; (12)  

A s a i ,  M. (20) 15  
A s a i ,  T. (3 )  2 1  
A s a n o ,  K. (6) 14; (14) 24; 
(16) 1 2  

45 

41; (22) 77 

1 7  

A n g e l i n o ,  N. (11) 16; (13) 2 A s a o k a ,  H. (21) 76, 77 
A n g e r m a n ,  A. (24) 53 
A n g y a l ,  S.J. (18) 56; (21) 

A n i l ,  H. (6) 13; (10) 22 
A n i s u z z a m a n ,  A.K.M. (18) 

A n k e r ,  D. (9) 54; (20) 53, 

A m a k a ,  M. (19) 1 9  
Annison, G. (23) 58  
A n t e u n i s ,  M. (21) 32 
Antipin,  M. Yu. (7) 66 
A n t o n a k i s ,  K. (20) 68  

14, 19 

14 

87a 

A l e k s a n d r o v a ,  I . Y a .  (20) 24 A n t o n o p o u l o s ,  C.A. (23) 56 
A l e k s e e v ,  Yu. (10) 48 A o k i  N. (23) 111 
A l e k s e e v ,  Yu.E. (5) 24, 32 A r a ,  M. (18) 50 
A l e k s e e v a ,  U.G. (10) 48 A r a i ,  M. (19) 82, 93 
A l e x a n d e r ,  C. (22) 109 A r a i ,  Y. (9) 10 

A s m u s ,  P .A.  (23) 83  

A s p i n a l l ,  G.O. (3) 96; 

A s s e n z a ,  S.P. (23) 90, 92  
A s t a n i n a ,  A.N. (16) 34 
A t a l ,  C.K. (20) 1 
A t o p k i n a ,  L.N. (3) 36 
A u b a g n a c ,  J.L. (22) 13  

A v a l o s  Gonzalez, M. (3 )  

A v e r y ,  T.L. (20) 9 8  
A v i g a d ,  G. (23) 119 
Awad,  L.F. (3 )  66 
A w a t a ,  M. (19) 17, 22 
A z u m a  I. (9 )  34, 35, 36, 

ASO, Y. (20) 107 

(16) 26 

A U Z Z i ,  G- (20) 13  

146 

37, 41; (11) 6, 7, 15; 

257 



Carbohydrate Chemistry 

(21) 7 1  B a y l e y ,  D. (23) 79 
Azuma,  J. (5) 42; (21) 48 B e a c h a m ,  L.M. tert. ,  (20) 

B a b o r ,  K. (2) 48 B e a u ,  J . - M .  (24) 20  
B a c h e r ,  A. (18) 3; (21)  21 B e c h e t ,  J. M. ( 2 0 )  86 
B a c i n o  D. (19) 5 B e e t z ,  T .  ( 7 )  4 0  
B a c k  D.M. ( 8 2 )  1 B e i e r ,  R.C. (3) 57 
B a c k i n o v s k y ,  L.V. (3) 90, 9 1 , B e i g e l m a n ,  L.N. (20)  64 

52 

94, 95, 134; (7) 14 
B a c z y n s k y j ,  L. (19) 48 
B a g g e t t ,  N. (2) 17; (3) 45; 

(6) 7; (7) 2 1  
B a i l e y ,  A.A.T. (2) 34 
B a k e r ,  D.C. ( 2 0 )  7 1  
B a k e r ,  H. (19) 9 0  
B a k e r ,  J .P .  (3)  4 1  
B a k e r  R. (24) 8 
B a k i n o v s k i i ,  L.V. (3) 62; 

B a k o ,  P. ( 5 )  23 
B a l a t o n i ,  J . A .  (17) 19  
B a l d w i n ,  J . E .  (3) 151 
B a l d w i n ,  M.A. (19) 43 
B a l g o b i n ,  N. (20) 89, 96 
B a l l o u ,  C.E.  (23) 82 
B a l t z ,  R.H. (19) 55 
B a n f i ,  L. (24) 26 
B a n n e r ,  B.L. (24) 36 
B a n o u b ,  J .H .  ( 3 )  12; (16) 

B a r b a k ,  J. (6) 5 
B a r b a t s c h i ,  F. (19) 9 1  
B a r b i e r i ,  B. (19) 66 
B a r e k ,  J. (2) 55 
B a r e n d s ,  D.M. (19) 46; (23) 

B a r g i o t t i ,  A. (19) 65  
B a r - G u i l l o u x ,  E. ,  (3) 5 0  
B a r k e r ,  R. (2) 21, 22; (3) 

129; (7) 55; (21) 13 
B a r l o w ,  J.J. (3) 82, 99; 

(4) 25, 37, 40 
B a r n i  C o m p a r i n i ,  I. (23) 17 
B a r o n e ,  G. (2) 28; (3)  131; 

B a r r i o ,  J . R .  ( 2 )  23 
B a r t o n ,  D.H.R. (19) 38 
B a r t o v a ,  M. ( 2 0 )  4 
B a s a k ,  A. (3) 1 5 1  
B a s h i k a r o v a ,  A. (18) 9 

(16) 30 

2 0  

86 

(18) 39 

B e l l ,  E.A. (9) 3; ( 1 8 )  27 
B e l l i n i ,  0. (19) 66 
B e m b i ,  R.  (10) 39 
B e M i l l e r ,  J .N .  (3) 156; 

B e n d e r ,  H. (23) 44 
B e n e c k e ,  I. (23) 14 
B e n g h i a t ,  E .  (20) 6 1  
B e n k o v i c ,  S.J. (20) 105 
B e n s o n ,  W.R. ( 2 2 )  6 1  
B e r a n e k ,  J. ( 2 0 )  4, 47 
B e r d i m b e t o v a ,  G.E. (24) 12, 

B e r e s ,  J. (22) 104 
B e r g ,  P. (16) 16  
van den B e r g ,  J.H.M. (23) 

B e r g e r ,  M. ( 2 0 )  33; (23) 

B e r g h ,  M.L.E. (23) 45 
B e r g r n a n n ,  C.N. (24) 38 
B e r k a ,  A. (2 )  55 
B e r m a n ,  E. (21) 15, 65 
B e r n a s c o n i ,  C. (3) 127 
B e r n e ,  M. (23) 110 
B e r e t t a ,  M.G. (24) 26 
B e r t i ,  G. (12) 23 
B e r u b e ,  G. (9) 32 
B e r z i n a ,  A. ( 2 0 )  108 
B e s s o n ,  E.  (3) 178 
B e t a n e l i ,  V . I .  (3) 90, 95; 

B e u h l e r ,  R . J .  (22) 1 8  
B e z u s o v ,  A.T. (10) 8 
B h a t e ,  P. (14) 30 
B h a t t a c h a r j e e ,  G. (10) 39 
B h a t t a c h a r j e e ,  S. (3)  130  
B h u t a ,  A. (7) 37 
B h u t a  P. (7) 37 
B i e b e r ,  M. (5) 3 1  
B i e l y ,  P. (4) 2 0  
B i g e l o w ,  S . S .  (12) 2 1  

(22) 52 

13 

36 

3 1  

(16) 30 

B a s t e r r e c h e a  R e y ,  M. (3) 
Bates, M.A. (9) 33 
B a t s t o n e - C u n n i n g h a m ,  R.L. 

(3) 30, 31; (17) 29, 
30; (21) 78 

B a t t a ,  G. (8) 3 1  
B a v e r ,  H .  (12) 16  
B a u e r ,  T. (12) 1 8  
B a u m a n n ,  H. (4) 24, 56 
B a u m b e r g e r ,  F. (3) 153 
B a u s t ,  J .G .  (23) 39 
B a u v y ,  C. (18) 36 

135 B i j ,  K.E. (23) 32 
B i l i k ,  V. (2) 47, 48 
B i n d e r ,  T . P .  (4) 14 
B i n k l e y ,  R.W. (7)  41; (9) 

B i r k s ,  J . N .  (23)  35 
B i r n b a u m ,  G . I .  (22) 83, 84 
B i s a g n i ,  E. (20)  86, 87a 
B i s s e t t ,  D.L. (7) 58 
B i v e h e d ,  H. (2)  33 
B i z h a n o v ,  F .B .  (18) 4, 5 
B l a c k b u r n ,  G.M. (14) 7 

15 

B l a k e n e y ,  A.B. (23) 31 

B l a n c - M u e s s e r ,  M. (3)  

B l a s c h e k ,  N. (23) 4 1  
B l a u w ,  J.S. (19) 46; 

B l o n s k i ,  W.J. (20) 110, 

B l o u n t ,  J .F.  (14) 4 
B o b l e t e r ,  0. (2) 70; (3) 

56 
B o c k ,  K. (2) 49; (3) 102; 

(21) 1, 2, 49, 61; (22) 
58; (24) 55 

40 

8 1  

(22)  79 

4, 6 

13 2 

(23) 86 

113; (22) 84 

van B o e c k e l ,  C.A.A. (7) 

van B o e k e l ,  M.A.J.S. (23) 

B o e y e n s ,  J.C.A. (18) 26; 

B o g a c k a ,  I. (10) 12  
B o g d a n o v a ,  G.V. (16) 25 
B o g n a r ,  R.  (9)  53; (10) 

B o i s v e r t ,  S . M .  (20) 90 
B o m b a r d e l l i ,  E. (23) 21 
B o n g i n i ,  A. (9) 16  
B o n n ,  G. (2) 70; (3) 56 

20; (19) 67 

BOOS, K.-S- (23) 105, 
106 

B o o t h e ,  T.E.  (12) 6 
B o r c h a r d t ,  R.T.  (10) 26; 

B o r k o w s k i ,  B. (10) 12 
B o r o w i e c k a ,  J. (3) 7 
B o r o w s k i ,  E. (15) 7; 

B o u i l l a n t ,  M.-L. (3)  177 
B o u l l a i s ,  C.  (20) 62; 

B o u r n e ,  J . R .  (2) 19  
B o v i n ,  N.V. (4) 46; (10) 

BOX, L .L .  (7) 15; (14) 4 
BOX, V.G.S. (1) 3,4; (7) 

1, 2, 15; (14) 4 
B o y e s ,  R.H.O. (24) 8 
B r a d b u r y ,  J . H .  (21) 68 
B r a n d a n g e ,  S. (14) 5; 

B r a n d t ,  B. (8) 26; ( 1 2 )  

B r e n n a n ,  R.G. (22) 52 
B r e u e r ,  E. (19) 96 
B r i g g s ,  M.A. (15) 15; 

B r i l l o u e t ,  J . -M.  (18) 

B r i m a c o m b e ,  J.S. (9) 22, 

(13) 13 

(19) 49 

(22) 99 

21; (13) 3 

(15) 12  

14  

(22) 38 

35; (23) 20 

23; (10) 28; (14) 15, 
18, 3 1  32 



Author index 259 

B r i m e r ,  L. (3 )  109; (23) 6 0  
B r i n k m a n ,  U.A.Th. (231 35 
B r i s s e ,  F. (22) 57 
B r i s s o n ,  J . -R.  (21) 55, 56, 

B r i s t o l ,  J . A .  (20) 7 
B r o c k h a u s e n ,  I. (231 63 
B r o k e s ,  J. (20) 47  
B r o n s ,  C. (23) 38 
B r o o k s ,  S.C.  (20) 95 
Broom,  D.M.P. (24) 8 
B r o w n ,  D.M. (22) 100 
B r o w n ,  E. (7) 27 
B r o w n ,  E.G. (20) 3 
B r o w n ,  K.L.  (24) 32 
B r o w n ,  P.R.  (23) 90, 91, 92  
B r o w n e l l ,  G.L. (8 )  8 
B r u n i ,  F. (20)  13  
B r u n n g r a b e r ,  E.G. (8) 1 7  
B r i n k ,  K. (23) 52, 72 
B u c h a n a n ,  J . G .  (19) 68; 

B u c h h o l z ,  M. ( 3 )  32 
B u d d r u s ,  J. (12) 16  
B u d e s i n s k y ,  M. (8 )  1 4  
B u a l o w ,  R. (21) 8 
B u f f i n g t o n ,  L. (21) 38 
B u n d l e ,  D.R. (4 )  45 
B u s l o v ,  D.K. (82) 3 
B u s s m a n n ,  W. (20) 10 
B u t l e r ,  W.B. (20) 95 
B y r a m o v a ,  N.E. (3 )  91, 94, 

95, 134; (7 )  1 4  

74, 75 

( 24) 

C a c a c e ,  P. (3 )  131; (18) 

C a d e t ,  J. (20) 33; (23)  3 1  
C a i n ,  G.A. (19) 4 0  
C a i r n ,  T. (22) 23 
Campau ,  M.-L. (19) 4 1  
C a m p b e l l ,  M.M. (9 )  55 
C a m p s ,  P. (16) 6; (24) 48 
C a o ,  K. (19) 44 
C a p e k ,  K. (9) 1 
C a p p e l l e t t i ,  L.M. (19) 3 1  
C u r a t o l o ,  N. (21) 10 
C a r d ,  P .J .  (8) 18, 19  
C a r d e l l a c h ,  J. (16) 6; (24) 

C a r d i l l o ,  G. (5 )  34; (9) 16 
C a r m i n a t t i ,  H. (23) 26 
C a r o t i ,  P. (12) 23 
C a r r ,  S.A. ( 4 )  4; (22) 7; 

C a r r e t ,  G. (20) 53 
C a r t e r ,  D.M. (19) 43 
C a r v e r ,  J.P. (21) 55, 56, 

C a s a z z a ,  A.M. (19) 65, 66  
C a s s i n e l l i ,  G. (19) 65  
C a s t e l l s ,  J. (2) 8 
C a s t l e ,  Y.M. (19)  48 

39 

48 

(23) 1 

74, 75 

C a s t r o ,  B. (3 )  160; (5) 47 
C a s t r o n u o v a ,  G. (2 )  28; (3) 

C a t e l a n i ,  G. (12) 23 
C a v a l l e r i ,  B. (19) 92  
C e c c h i ,  L. (20) 13 
C e n t i n i ,  F. (23) 1 7  
C e r e z o ,  A.S. (10) 5; (22) 

C e r n y ,  I .  (9) 1 4  
C e r n y ,  M. (5) 38; (8) 141  

C h a ,  J .K .  (3 )  143; (24) 17  
C h a d i m o v a ,  D. (23) 109 
C h a k i ,  H. (3) 79 
C h a n d ,  V. (17) 26 
C h a n d r a s e k a r a n ,  B. (23)  99  
C h a n d r a s e k a r a n ,  E.V. (14) 

C h a n g ,  C.A. (23) 43 
C h a n g ,  Y. (23) 28 
C h a p l e u r ,  Y. (3) 160; (5) 

47; (141 26; (15) 8; 
(24)  6 

C h a r a l l a i s ,  E . J .  (7 )  56; 
(17) 15, 16 

C h a r o n ,  D. (2 )  20; (3 )  81; 
(16)  19 

C h a t t e r j e e ,  U. (2) 56; 
(16) 1 

131; (18) 39 

29, 30 

29; (9) 14; (21) 8 1  

1 7  

C h r i s t o p h ,  G.C. (24) 38 
Chu, C.K. (20) 48 
C h u n ,  B.-G. (23) 102 
C h u n ,  M.W. (20) 48, 49 

C h v a l o r s k y ,  V. (21) 35, 

C i e s l i k ,  E. (10) 1 8  
Chwang ,  T . L .  (20) 98, 99  
C i r e l l i ,  A.F.  (6) 8 
C l a e s s o n ,  A. (16) 2 1  
C l a e y s s e n s ,  M. (21) 32 
C l a m p ,  J . R .  (23) 76 
C l a r k ,  E .L .  (2 )  22 
C l a r k ,  P . I .  (23) 76 
C l a r k e ,  S . J .  (2 )  29 
C l a u s ,  T.H. (7 )  59 
C l e g g ,  W. (22) 39a 
C l i n g e r m a n ,  M.C. (20) 74 
C o c k r u m ,  P .A.  (23) 85  
Codeme ,  J.A. (7)  67 
C o h e n ,  N. (24) 36 
C o h n ,  N.K. (20) 52 
C o l e s ,  E.  (4 )  4; (23) 1 
C o l l i n s ,  J . G .  (21)  68  
C o l l i n s ,  P.M. (4 )  34, 35, 

C o l o m b o ,  L. (24) 26 
C o l v i a ,  M. jun. (22)  11 
C o m b a b i e u ,  R. (22) 13 

56 

8 1  

36 

C h a t t o p a d h y a y a ,  J. (20) 89, C o n a n t ,  R. (3) 64; (6 )  

C h a t z i i o s i f i d i s ,  I. (3 )  C o n d e ,  A. (22) 53, 54, 

C h a v i s ,  C. (10) 3; (21) 24 C o n d e ,  C.F.  (22) 53 
C h e e t h a m ,  N.W.H. (3 )  123; C o n n e r ,  H.T. (5) 22; (21) 

94, 96 9;  (9)  46, 47 

165 65 

(4 )  42; (5 )  3; (23) 55, 42 
57, 58 C o n n e t t ,  B.E. (23) 40  

C h e n ,  C.-C. (12)  12; (23) C o n s t a n t i n ,  E. (22) 19, 
68  20  

C h e n ,  J . T .  (20) 105 C o n t i ,  M. (23) 2 1  
C h e n ,  S.-Y. (24) 49 Coombe ,  B.G. (21) 17 
C h e r i y a n ,  U.O. (20) 18  C o o m b e s ,  R . J .  (23) 84 
C h e r n o ,  N.K. (lo) 8 C o p e l a n d ,  C. (8) 23 
C h h e d a ,  G. J. (22) 97  C o p i k o v a ,  J. (23)  42 
C h i b a ,  T. (4 )  2 1  C o r b e r a ,  J. (16) 6; (24) 
C h i d a ,  N. (18) 45, 48, 49; 48 

(19) 9, 10 C o r c o r a n ,  M.T. (20) 3 1  
C h i k a s i u t a ,  H. ( 7 )  24 C o r o m b o s ,  J. (20) 95 
C h i n ,  J.D. (2) 74; (15) 1 C o r t e g e ,  M. (23) 97 
C h i r v a ,  V.Ya. (2 )  16; (22) C o s t a n z o ,  A. (20) 13  

26 C o t e ,  G.L.  (4) 14  
C h i s h o v ,  O.S. (14) 27 C o t t a m ,  H.B. (20) 8 
C h i t t e n d e n ,  G . J .F .  (6 )  1 C o t t e r ,  R . J .  (22) 8 
C h o p i n ,  J. (3) 177, 178 C o t t i e r ,  L. (3) 125a, 
Chow, F. (20) 97 127 
C h r i s t ,  N . J .  (3) 143; (24) C o t t i n ,  M. (9 )  54 

1 7  C o t t r e l l ,  R.C. (23) 79 
C h r i s t e n s e n ,  B.S. (3) 109 C o u p e k ,  J. (23) 52, 109 
C h r i s t i a n ,  R.  (4 )  1 C o u p e s w h i t e ,  I. (23) 58 
C h r i s t o f i o e s ,  J . C .  (21) 12, C o u s o ,  R. (23)  26 

54 Cowan ,  D.L. (7) 36; (22) 



Carbohydrate Chemistry 

111 Davis ,  P.F. (18) 8 
Coxon, B. (10) 13,  14;  (21) Dax, D. (7)  13 ,  42; (19) 

C r e w s ,  R.P. (20) 71 D e ,  N.C. (22) 97 
Cr i ado ,  A. (22) 54 Desk, G. (5 )  40, 4 1  
Crooks, P.A. (20)  6 1  Debiard, J .P.  (20)  104 
Crowder, C.M. (3 )  1 5 0  Debost, J.-L. (18) 21  
Crowther ,  J . B .  (23) 103 De Bruyn A. (21)  32 
Cruickshank,  K.A. ( 3 )  1 7 1  De Camp,  W.H. (22)  6 1  
Cruse,  W.B.T. (22) 4 1  Dechavanne, V. (13) 8 
C r u s i u s ,  J.  (21)  38 De Cherch i ,  C.L. (23) 118 
Csoregh, I. (8) 38; (18) 22; D e C l e r c q ,  E. (24) 23 

(22) 80 Declercq, J .P.  (22) 48 
Cui ,  J. (19) 44 Decaster, E. (5) 12 
Cumming, D.A. (7)  59 Dee lde r ,  R.S. (23) 36 
Cuny, E. (8) 34; (13)  10 Defaye, J. (3)  501 132 
CUppSr T.L. (3)  163,  169; de  G O U r c Y ,  C .  (21)  24; (10) 

Cushley,  R.  J. (18) 30 Deguchi, T. (19) 53 
Cvengrosova, 2. (16) 1 5  Deiana,  S. (23) 118 
Cweiber, B. (14) 25 D e  las  Heras, F.G. (3 )  155; 
Czerkawski, H .  (19)  89 (13)  6 
Cze rneck i ,  S .  (13)  8 Delaumeny, T.-M. (18) 40 
Czugles ,  M. (8) 38; (18) 22; De Heenheer, A.P. (23) 89 

39 25, 29 

(23) 95 3 

(22) 80 D e l l ,  A. (22)  9 ,  10 
D e l m a s ,  D. (23) 74 

Dabrowski, J. (4 )  6 ,  43; (21)Delorme, D. (24) 6 

Darbowski, U. ( 4 )  6 ,  43; (21 )Denar i e r  M. ( 3 )  31; (17) 

Dabska, A. (21) 26 Denisenko, V.A. (3)  15 
D'Accorso, N.B. (10) 30; (21)Depezay, J.-C. (9)  25; (14) 

41; (22) 31 14;  (15) 6 ;  (22)  63  
Daehl ing,  P. (22) 16 Derappe, C. (18) 36 
Dahlhoff, W.V. ( 5 )  45; (7 )  Dereu, N.L.M. (20 )  60 

Dahlman, 0. (14) 5;  (15) 12 126, 127; (22) 47 
Dahmen, J. (3 )  1 6 ,  17 ,  681 DeShong, P. (9)  28 

69 Desio, F. (20)  1 3  
Daido, Y.  (10) 50 Deslandes, Y. (21)  69 
D a i s ,  P. (21) 23, 45 D e s s i ,  A. (23)  118 
Dalev, P. (2 )  45 Dessinges,  A. (8) 11 
Dalgaard,  L. (23) 6 0  Deushi ,  T. (19) 18 
Daman, M.E. (3)  30, 31; (17) Devienne, F.M. (22) 13  

28, 29, 30; (21) 1 5 ,  78 Devl in ,  J . A .  (24)  8 
D a m t o f t ,  S. (3 )  106 Dheu-Andries, M.L. (17) 
Dang, N. (10) 31  25 
Daniel ,  J . R .  (12) 12 Diaz-Paez, N.M. ( 2 )  43, 44 
Danishefsky,  S. (9 )  30 Dieh l ,  J . N .  (24) 32 
Danyluk, S.S. (20)  111 Diks ic ,  M. (8) 3 
D a r v i l l ,  A.G. (14)  1 D i l l ,  K. ( 3 )  30, 31; (17) 
D a s ,  B.C. (13) 11; (24) 37 28, 29, 30; (21) 15, 73, 
Das, P.K. (3 )  124 78 
Dasgupta, F. (7)  7 D i  Marco, A. (19) 65 
Dashevski i ,  V.G. (82) 4 Dimke, B. (20)  59  
Daves, G.D. (13) 9;  (20)  73, Dinovi ,  M. (23)  67  

83  Diolex, C. (3 )  80 
Davidson, R.M. (10) 13 ,  14  D i u t r i e v ,  B.A. (9 )  1, 2 ,  
Davies, D.B. (20) 114; (21) 60 

Dav ies ,  N. (16) 5 (13) 2 
Davini, E. (3) 107 Doherty,  D.M. (22)  6 1  

66, 67  Demail ly ,  G. (24) 6 

66,  67  29; (21) 78 

10, 70; (17)  21  Descotes, G. (3)  1 2 5 ,  125a 

12 ,  30, 54 Dodson-Smith, 0. (11) 16 ;  

Dolak, L.A. (19) 48 
Dolezalava, J. (5) 38; 

Dolgaya, T.V. (17) 23 
Doron'Kina, O.V. (16) 25 
Dourtoglour  V. (3)  10 
Doucas, D. (2)  28 
Drach, J . C .  (20) 7 1  
Dreyes, R.N. (3) 4; (23) 

Driguez,  H. (3)  50 
Drozdova, R.B. (18) 4, 5 
Duax, W.L. (3)  39 
W e ,  V.E. (4 )  42; (23) 

Duddeck, H. (19) 80 
Dudkin, M.S. (10) 8 
Dudley, R.L. (21) 69 
Dudycz, L. (20) 1 2  
Dumont, E. (10) 3; (21) 

Dupuis, J. (3) 152 
Dureaul t ,  A. (9)  25; 

Dutschka, K. (8) 1 3  
Dutton,  G.G.S. (21) 64 
Dvortsak,  P. (18) 34 
Dzhavadova, G.M. (22) 86, 

(8) 1 4 ,  29 

64 

54 

24 

(22) 63  

87 

Eag les ,  J. (22) 1 2  
E a r l ,  W.L. (21) 57, 59 
Eby, R. (7)  48 
Edes,  H .  (4)  34; (11) 1 7  
Edgar ,  J . A .  (23) 85 
Edmonds, J .S.  (17)  18 
Edwards, M.P. (24) 19 
Egge, H .  (4)  6, 43; (21) 

66 ,  67 ;  (22) 9 ,  10 
Egron, M . - J .  (20) 68 
Eguchi ,  S. (22) 24 
E i c h o l z ,  A. (9)  49 
van den E i jnden ,  D.H. 

Ek, M. ( 5 )  18 
E k i e l ,  I. (21) 22 
E l  Ashry, E.S.H. (3 )  66;  

(6)  2; (10) 45 
E l i a ,  V. (2)  28; (3 )  131; 

(18) 39 
E l  Khadem, H.S. (3)  166,  

170; (7 )  32; (20) 34, 

(23) 45 

35, 39,  79 

(10) 45 

5 ;  (22) 2 8  

E l  K i l aney ,  Y. ( 6 )  2 ,  

E l 'K in ,  Yu. N., ( 5 )  4 ,  

E l l e s t a d ,  G.A. (19) 9 1  
E l l i o t ,  H. (3)  74; (7)  

E l l i s ,  B.E. (3)  113 
Elmaleh, D.R. (8) 81 9 

50 



Author Index 26 1 

El-Maghrabi, M.R. (7) 59 21, 22 Gacesa, P. (23) 77 
E l  R a s s i ,  Z. (23) 104 Flippen-Anderson, J. (14) Gagnieu, C.H. (20) 41 
E l  Seki ly ,  M.A. (10) 46, 47 19; (16) 41; (22) 77 Gainsford, G . J .  (24) 32, 
Elwell ,  L.P. (20) 52 Flor ine ,  K . I .  (7) 36; (22) 33, 34 
Endermann, R. (3) 83; (9) 62 111 
Endesfelder ,  A. (2) 10 Floss ,  H.G. (18) 3; (21) 

Engdahl, K.-A. (2) 33 Flowers, H.M. (4) 44 
Engel, R.E. (17) 14 Fodor, G. (14) 19; (16) 
Engels, J. (20) 40 41; (22) 77 
Engfeldt ,  B. (23) 56 Fokkens, R.H. (22) 16 
Ermolenlenko, M.S. (24) 9, Fonouni, H. (19) 97 

10, 11 Font, (16) 6; (24) 48 
Esaki ,  S. (3) 44, 89, 92, 93,Forsgren, M. (9) 19; (21) 
98, 100 62 

Ess ig ,  (14) 10 Fortsch,  A. (5) 46; (22) 
Est rada ,  M.D. (22) 65 72 
Eukuyama, K. (4) 7 Foster ,  S.J. (22) 44 
Evans, F.E. (3) 150 Fowler, J.S. (8) 5 
Evans, N.A. (21) 80 Fox, A. (23) 5 
Evans, S.V. (9) 3; (18) 27 Fox, J.J. (20) 48 
Evans, W.E. (23) 100 Francesconi ,  K.A. (17) 18 
Ewad, M.J.S. (19) 35, 36 Franchi ,  G. (19) 66 

Franck, R.W. (21) 4 
Fabre, C. (16) 35 Franz, A. (23) 46 

Eng, C. (19) 90 21 

Gajdus, J. (18) 28 
Gakhokidze, R.A. (16) 1 4  
G a l b i s  Perez,  J . A .  (3) 
146, 147; (10) 55; 
(16) 8; (21) 44 

G a l e ,  D . J .  (21) 80 
Galemo, R.A. (12) 13 
G a l k a ,  G. (16) 36 
Gallagher ,  T.F. (12) 15 
Gallo,  G.G. (19) 92 
Gandelman, M.S. (23) 35 
Ganem, B. (5) 37 
Gamo, S. (23) 73 
G a o l  Y.-S. (20) 51 
Garcia Fernandez, G. (3) 
135 

Garcia-Lopez , M. T. ( 20) 
16 

Garcia Ruiz, P.A. (2) 
67, 68, 69; (3) 53, 
54, 55, 88 

Fadnis ,  A.G. (2) 65; (18) 18,Fraser-Reid B. (9) 17, 18; Garegg, P.J .  (3) 6, 61, 
19 20 (13) 12; (14) 25, 29; 

Falkarsk i ,  L (9) 52; (19) 56 (24) 5 
Faniuolo, L. (19) 92 Freeman, G.A. (20) 52 
Fanous, H.K. (16) 26 F r e i ,  R.W. (23) 35 
Farkas,  I. (8) 31, 36 Freibesg,  L.A. (19) 5 
Faure, R. (22) 47 F r e j a v i l l e ,  C.M. (2) 40 
Fayet ,  C. (24) 54 Fre jd ,  T. (3) 16,'%7, 68, 
Fazio,  S.D. (23) 103 69 
Feather ,  M.S. (7) 36; (16) Frenz, J. (23) 104 
18; (22) 111 Friday,  D. (23) 39 

Fedoronko, M. (5) 8, 9 Fr id land ,  A. (20) 98 
Fel'dman, D.P. (16) 23, 24 Fridman, E.A. (9) 40 
Fel lons ,  L.E. (9) 3; (18) 27 F r i t z ,  H .  (3) 158 
Feng, P. (22) 11 Fronza, G. (9) 24 
Fenichel ,  L. (5) 23 Fuchs, W. (9) 61 
Fenselau, C. (22) 8, 11 Fugant i ,  C. (9) 24, 27 
Fenwick, G.R. (22) 12 Fugedi, P. (6) 6, 11 
Fernandez-Bolanos, J .  (7) 28 F u j i i ,  S. (22) 103 
Fernandez C i r e l l i ,  A. (7) F u j i k i ,  Y. (20) 55 

Fernandez-Resa, P. (3) 155; 17 

F e r r a r i ,  B. (31 ,  33; (5) 12; Fujiwara, T. (22) 88 

18; (16) 10, 11 Fujoka, H. (3) 143; (24) 

(13) 6 Fuj ika ,  Y. (23) 117 

(22) 62 Fukatsu, S. (19) 23, 30 
F e r r i e r ,  R . J .  (23) 2; (24) 
32, 33, 34, 43 

F i l i p e k ,  S. (12) 18 
Finan, J . M .  (24) 16 
Findlay,  J . A .  (3) 175 
Finlay ,  M. (20) 104 
Finn, J. (24) 46 
Finn, R.D. (12) 6 
F i o l i y a  I.L. (16) 14 
Firnau,  G. (8) 6 
Fisher ,  B.E. (15) 16 
F l e e t ,  G.W.J. (18) 42; (24) 

Fukatsu, T. (3) 67; (4) 33 
Fukuda, H. (18) 1 
Fukukawa, K. (19) 73, 74 
Fukumoto, S. (22) 103 
Furneauz R.H. (10) 29; 

(22) 73; (23) 10; (24) 
32 

Furukawa, H. (20) 72 
Furukawa, J. (23) 67 
Furumura, M. (18) 11 
Furuya, T. (20) 2 
Fyfe, C.A. (21) 69 

63;-65, 97; (4) 23, 
58; (5) 18 

Garnet t ,  E.S. (8) 6 
Gaudemer, A. (20) 62; 

Gautham, N. (22) 91, 92, 

Gavrilov, Yu.D. (9) 40 
Geiger t ,  J. (2) 18, 74; 

(15) 1, 2, 5; (16) 17 
Geigo, F. (2) 8 
Gelas, J. (6) 5; (18) 
21; (24) 54 

Gennari, L. (24) 26 
Gentile,  B. (9) 49 
Gentry, G.A. (22) 83 
Geraldes, C.F.G.C. (20) 

Gerken, M. (3) 8, 102,  

G e r l t ,  J . A .  (7) 67 
Germain, F. (3) 160 
Germain, G. (22) 48 
Gero, S.D. (18) 40, 41; 

Geroni, C. (19) 66 
Gerwick, W . J .  (19) 97 
Gessa, C, (23) 118 
Geueke, K.-J .  (24) 44 
G i b i e t i s ,  J. (20) 108 
Giese, B'. (3 )  152 
Gigg, R. (3) 64; (6) 9; 

G i l b e r t ,  B.C. (2) 42 
G i l l a r d ,  F. (18) 7; (24) 

(22) 99 

LOO 

116 

103; ( 8 )  32 

(19) 32, 38 

(9) 46, 47 

57 



262 

G i l l i e r ,  H. (22) 5 1  
G i l s o n ,  A . J .  (12) 6 
G l a u d e m a n s ,  C .P .J .  (4) 18; 

(8) 15, 22; (21)  43 
G l e n n ,  R. (22) 35, 36, 39, 

39a, 40, 42, 43 
G l u s h k a ,  J . N .  (3 )  77 
G l u z i n s k i ,  P. (22) 6 0  
G m e r n i c k a - H a f t e k  , C. (10) 

Goerges, S. (8 )  36  
Goldstein, S. (20) 8 0  
Golik,  J. (15) 7; (19) 491 

11, 12  

56; (23) 67  
Golovina, O.A. (2) 5 
G o m e z  Perez, C.  (10) 53 
G o m i ,  S. (19) 6 
Gonnord, M.-F. (23) 25 
Gonzalez, L. (17) 15  
G o n z a l e z ,  0. (10) 17 
G o o d w i n ,  J . C .  ( 3 )  46; (15) 

G o o d w i n ,  T.E. (31 150 
Gorbach, V . I .  (3)  78 
Goren, M.B. (3 )  49a 
Gorin, P . A . J .  (21) 11 
Gorshkova, R.P. (22)  28 
Goto, M. (2 )  3 
G o t o ,  Y .  (9) 26 
G o t t i k h ,  B.P. (22) 87 
G o u d a ,  I. (3 )  172; (9 )  44 
G o u g h ,  M . J .  (24) 22 
G o u l d ,  S . J .  (19) 97 
Goustin, A . S .  (21) 63 
Goux, N . J .  (7 )  6 0  
G r a i n g e s ,  C .T.  (22) 45 
G r a s s e l l i ,  P. (9) 24, 27 
G r e e n ,  R.H. (24) 3 
G r e n i e r - L o u s t a l o t ,  M . - F .  (3 )  

G r i e c o ,  P . A .  (24) 46 
G r i f f i n ,  G.W. ( 3 )  124 
G r i n d l e y ,  T.B. (14) 12  
G r i s h k o v e t s ,  V . I .  (2) 16; 

16 

127 

(22) 26 
G r i t s a n ,  V.N. (21) 3 
G r o n b e r g ,  G. (3) 17, 
G r o s s ,  B. (3) 10; (5 

(9 )  5; ( 1 0 )  46 
G r o s s ,  K.C. (2 )  66  
G r o u i l l e r ,  A.V. (20) 
G r u n d l e r ,  G. (4 )  49 
G r y n k i e w i c z ,  G. ( 3 3 )  
G u i l h e m ,  J. (20) 62; 

99  

69 
47 ; 

4 1  

156 
(22) 

G u i l l a r d ,  W.  (20) 19 
G u i o c h o n ,  G. (23) 25 
G d e n ,  D. (10) 11 
G u p t a ,  D.N. ( 3 )  77 
G u p t a ,  K.C. (2 )  52 
Gupta, R.C. (3) 20; (24) 24 
G u p t a ,  S. (2) 30  

Gurarii, L . I .  (7 )  62; (18) 

G u r s k a y a ,  G.V. (20) 64; 

G u s t a v s s o n ,  B. (23)  110 
G u t ,  V. (9 )  43; (23) 75 
G u t h r i e ,  R.D. (3)  5 1  
G u y ,  A. (20) 104 
G u y ,  E. (3) 33; (22) 62  
Gylen, 0. (3)  115 
Gyorgykeak, 2 .  (10) 2 0  

25; (22) 82  

(22)  85, 86, 87 

H a b a s h - M a r i n o ,  M. 
H a b e r k o r n ,  R. (21 
H a c k s e l l ,  U. (13) 

H a d d ,  M.E. (3 )  39 
H a d f i e l d ,  A . F .  ( 3  

9;  (23) 64 
H a e d i c k e ,  E. (22) 
H a g e l ,  P. (6 )  4 

73, 83 

(3) 118 

9; (20) 
10 

4; (7) 

40, 42 

H a g e m e i e r ,  E. (23) 105, 

H a h n - H a e g e r d a l ,  B. (3 )  116 
H a i n e s ,  A.H. (15) 15; (16) 

H a i n e s ,  R.I. (16) 33 
H a k i m e l a h i ,  G.H. (5) 33; 

H a l l ,  C.R. (9) 55, 56 
H a l l ,  D.O. (2 )  3 1  
H a l l  L.D. (8) 2; (17)  19; 

H a l l a s ,  R. (19)  4, 5 
H a m a d a ,  K.  (22)  102 
H a m a d a ,  M. (19)  58, 6 1  
H a m a t s u ,  T. (19) 19  
H a m e r ,  G.K. (21)  69 
H a m i l t o n ,  H.W. (20)  7 
H a n ,  B.H. (10) 19; (21) 

106 

42; (22) 38 

(20)  43, 9 0  

(21) 3 

29 

Carbohydrate Chemistry 

H a r r i s ,  D . J .  (13) 16  
H a r r i s ,  P.J. (23) 3, 41  

H a r t l e y ,  R.D. (3 )  112 
H a r t w i c k ,  R.A. (23) 103 
H a r t w i g ,  W. (12)  8 
H a s e ,  T. (3 )  114 
H a s e g a w a ,  A. (9) 34, 35, 

36, 37, 41, 58; (11) 
6, 7, 1 2 ,  13, 14, 15; 

6 

(21) 7 1  

(6) 14; (16) 1 2  

(16)  3 

H a s h i m o t o ,  H .  (3 )  49; 

H a s h i m o t o ,  M. (2 )  60; 

H a s h i m o t o ,  T. (3 )  111 
H a s h i m o t o ,  Y .  (3 )  9 ;  

H a s k e l l ,  T .H.  ( 2 0 )  7 1  
H a t a ,  T. (20) 58, 88, 

8; ( 8 )  1 

102, 103 

4) 

H a t a k e y a m a ,  S. (24) 47 
H a t a m a n o ,  H .  (23) 108 
H a t o r i ,  Y .  (19) 6 1  
H a t t o r i ,  T.  (18)  52 
H a y ,  G.W. (1) 1; (7 )  7 
H a y a i s h i ,  0. (15)  4 
H a y a k a w a ,  Y .  (19) 60, 

62, 85; (20) 107 
H a y a s h i ,  H .  (10) 50; (20)  

70  
H a y a s h i ,  K.  (12)  2; (22) 

49 
H a y a s h i ,  M. (19) 17 ,  22, 

50 
H a y a s h i ,  T. (7) 39; (16) 

44 
H a y a u c h i ,  Y. (3) 87 
H a y e s ,  M.L. (2) 2 1  
H e a t h ,  R. (24) 35 
H e a t h c o c k ,  C.H. (9) 3 1  

H a n a j i m a ,  M .  (9 )  21; (15) 9 H e e g ,  E. (20) 54 
H a n a y a ,  T.  (17) 2, 3 H e e r m a n n ,  D. (20) 19  
H a n c h a k ,  M. (11) 16; (131 2 H e e r s c h a p ,  A. (17) 27 
H a n d a ,  G. (20) 1 
H a n e s s i a n ,  S. (24) 1, 6 
H a n n a ,  R. (9 )  23; (14) 15, 

H a n n o n ,  B.R.  (19) 48 
H a n s s k e ,  F. (12)  9; (19) 

H a n z l o v a ,  H .  (23) 42 
H a q u e ,  M.E. (7) 16, 34 
H a r a ,  K. (3) 49; (14) 16  
H a r a ,  T. (3) 21; (14) 3 
H a r a d a ,  K. (2 )  4; (14) 

28; (19) 50, 87; (21) 
70; (22) 2 1  

17, 18, 32 

44; (20) 6 7  

H a r a n g i ,  J. ( 5 )  15, 1 7  
H a r d y ,  R.E.  (21) 73 
H a r l a n d ,  P.A. (3) 20; (24) 

24 

H e g e d u s - V a j d a  J. (10) 

H e g g l i n ,  M. (2) 19  
H e i n r i c h o v a ,  K. (17) 3 1  
H e l l a r d ,  S. (23) 98  
H e l l e r ,  D. (22) 8 
H e l t o n ,  E.D. (3) 39 
H e m p e ,  W. (8 )  30  
H e n d r i x ,  D.L. (23) 39 
H e n n e s ,  P. (20) 119 
H e n r i c h s o n ,  C. (3) 6; 

H e n r i c k ,  K. (14)  1 
H e n r i s s a t ,  B. (3) 50  
H e n r y ,  R.J. (23) 3, 4, 

H e r b e r t ,  C. J. (19) 36 
H e r c h m a n ,  M. (4 )  3 

40  

(4 )  23 

6 



Author Index 263 

Herchman, M. (4) 3 Horiuchi, Y. (19) 24 
Heresch, F. (2) 71; (22) 17  Horton, D. (6 )  5; (12) 13, 
Hernandez Serrano, N. (2 )  15; (18) 21; (21) 22; 

Herranz, R. (20) 16  Horvat, J. (11) 5 
Herrchen, M. (lo) 4 Horvat, S. (11) 4 
Herscovici, J. (20) 68  Horvath, C. (23) 104 
Herscovics, A. (7) 68 Horwitz, J .P .  (20) 95 
Herzog, H. (12) 16 Hosoda, H. (3 )  4 0  
Heusinges, H. (22) 110 Hostoriska, Z. (23) 54 
Heyas, K. (21) 72 Howarth, O.W. (9 )  4 
Hicks, K.B. (2 )  46; (21) 58, Hranisavljevic,  J. (5) 43, 

Higashioka, H .  (16) 37 Hrebabecky, H. (20) 4, 47 
Hindsgaul, 0. (14) 8 Hronec, M. (16) 15  
Higashi, K. (3 )  43 Hruska, F.E. (20) 110, 113; 
Higuchi, T. (23) 97  (22) 84  
H i l l ,  D.T. (3 )  136, 137 Huber, G. (19)  8 0  
H i l l ,  W.B. jun. (23) 46 Hudson, J . R .  (23) 5 
Hioki, Y. (9)  34, 35, 36; Hughes, R.E. (16)  4 0  

(11) 6, 7, 13  Hughes, S. (23) 34 
Hirano, D.S .  (2 )  18, 74: (15)Hulshoff, A. (19) 46; (23) 

1, 2, 5; (16) 17  86  
Hirano, S. (5 )  14  Hultberg, H. (4 )  2; (5 )  18 
Hirano, T. (19) 73, 74 Hurlbert ,  S. (20) 52 
Hirato,  Y. (31, 142, 143; Hurton, D. (14) 30  

(24) 15, 16, 17 Husain, S . N .  (9) 49 
Hirayama, N. (19) 42; (22) 66Huter-Paulus, S. (3) 132 
Hirokawa, T. (23) 111 Huyah-Dinh, T. (3) 168 
Hirota,  K. (8) 28; (20) 46 Hyppanen, T. (23) 1 9  
Hirotani,  M. (20) 2 
Hirsch, J. (21)  35 Iavarone, C. (3 )  107 
Hirschhorn, S.G. (12) 5 I c h i i ,  T. (3 )  119 
Hirvisa lo ,  E.L. (23) 78 Ichikawa, S. (15) 1 3  
Hissmann, E .  (20) 9 1  Ichikawa, Y. (3 )  86 
Hjerpe, A. (23)  56 Ida,  Y. (7 )  5 1  
Ho, P.-T. (16) 5 Idoyaga-Vargas, V. (23) 26 
Hobert, K. (19)  8 1  Igolen, J. (3 )  168 
Hoffman, M. (3 )  139; (20) 19  I ino ,  M. (3 )  111 
Hoffmann, R.W. (2 )  10; (24) Iinuma, F. (23) 27 

14, 44 I i t a k a ,  Y. (22) 50, 96  
Hofmeister, U.  (8 )  26; (12) Ikeda, D. (19)  3, 6, 27 

14  Ikehara, M. (20) 92, 93; 

69; (3) 54  (24) 38, 39 

59; (22)  56; (23) 48 44 

Hokse, H. (7 )  57; (23) 72 (22) 95, 102 
Hollenberg, J . L .  (2 )  3 1  Ikekawa, T. (7) 12  
Holland, D. (18) 6 Ikenaka, T. (5) 2 
Hollenstein,  R. (10) 24 Imamura, K. (19) 60, 61, 
Holly, S. (5) 40, 4 1  62 
Holms, J. (19) 5 Imbach, J.-L. (10) 3; (20) 
Holy, A. (20) 106 109; (21)  24, 27 
Honde, S. (3) 119; (23) 23, Imoto, M. (3 )  79; (19) 6 1  

73 Imre, J. (4)  15; (5) 16, 
Honjo, M. (20) 29; (22) 103 17  
Hoogendorp, J.D. (22) 59 Imura, R. (2) 13  
Hoppe I. (15) 14; (18) 12  Inage, M. (3 )  79 
Hopwood, J. J. (3) 74, 85; (7) Inch, T.D. (9 )  55, 56; 

H o r i ,  H. (3 )  43 Inokawa, S. (17) 1, 2, 3, 
H o r i i e ,  T. (3 )  167  7, 8, 9, 10, 11; (22) 69 
Horiki,  H. (2 )  24 Inoue, A. (19) 53 
Horisaki,  T. (4) 11 Inoue, H. (19) 62; (20) 30 
Horito,  S. (6) 14; (16)  12  Inoue, K. (10) 5 1  

5 0  (14) 2 0  

Inoue, M. (3 )  167; (19) 
13, 54; (20) 65, 70; 
(22) 88, 89 

Inoue, S. (2 )  7 
Inouye, S. (19) 83, 84 
I n s t i t o r i s ,  L. (8) 38; 

(18) 22; (22) 8 0  
Irie,  H. (12) 4; (22) 
106 

Irisawa, T. (4 )  8 
I r s a ,  A.P. (22) 18  
Isakov, V.V. (3) 37, 78 
I sh ida ,  R. (3 )  145; (18)  

I sh ida ,  T. (20)  70; (22) 

Ishido, Y. (20) 15 
I s h i i ,  K. (3) 40; (19) 

I sh ikura ,  T. (19) 63; 

I s h i n a t a r i ,  R. (23) 8 
Ishiyama, T. (3) 43 
I s k r i c ,  S. (3) 1 4  
I s k r i c ,  S. (7 )  69 
Isono, K. (19) 5 1  
I t a y a ,  H. (18) 13 
I t c h ,  Y. (3) 7 0  
I t o ,  H. (18) 51; (19) 

10, 16 
Ito, S. (19)  87; (21) 

70; (22) 2 1  
I t o ,  T. (22) 6 8  
I t o ,  Y. (3 )  40; (19) 72 
I t o h ,  H. (16) 29, 32; 

I toh ,  K. (20) 15 
I t o h ,  T. (20) 112 
I t o h ,  Y.  (4) 28 
Ivanchino, E.V. (3) 78  
Ivanov, M.A. (3 )  3, 121; 

Ivanov, V.T. (9) 4 0  
Iwagawa, T. (3 )  114 
Iwani, F. (8 )  28; (20) 

Iwano, T. (20) 65 
Iwasaki, A. (19)  18  
Iwasaki, S. (18) 5 1  
Iwasawa, H. (19) 27 
Iwasawa, Y. (19)  11, 13, 

Iwashita,  T. (15) 4; 

Iwata, K. (20) 72 
I y e r ,  U.K. (20) 95 
Izquierdo Cubero, I. 

(13) 14; (14) 6 

15  

88, 89  

58, 59 

(20) 112 

(19) 1 8  

( 7 )  8 

46 

15  

(19) 87 

Jackman, L.M. (3) 176; 

Jacquinet,  J . -C.  (4 )  26 
(19) 88 



2 64 Carbohydrate Chemistry 

J a c k m a n ,  L.M. (3 )  176; (19) 

Jacquinet, J . - C .  (4) 26 
J a i n ,  T.C. (3) 176; (19) 88 
James, H. (23) 39 
James, M.N.G.  (21) 28; (22) 

J a m e s ,  V . J .  (22) 37, 44, 46 
Jane, I. (23) 40  
Janecek, F. (17) 20  
J a n k o w s k i ,  K. (9 )  32 
Jargl is ,  P. (8) 30  
J a r o s z e w s k i ,  J.W. (11) 8 
Jary, J. (5) 6 
Jasinska,  J. (20) 23, 120  
Jasra, R.V. (2) 25 
Jeanloz, R.W. (3) 13; (7 )  

Jedlickova, Z .  (20) 4 
Jeffrey,  G.A. (3) 130; 

(21) 58; (22) 32, 56 
Jenkins, I . D .  (3) 5 1  
Jennings, €5. J. (3) 60 
Jensen,  L.H. (22) 73 
Jensen, S . R .  (3) 106 
Jereczek E. (19) 56 

88 

9 0  

68; (23) 47 

K a m i y a ,  Y .  (16) 39 
K a m o g a s h i r a ,  T. (19) 9 4  
K a n e ,  P . D .  ( 3 )  161; (20)  76 
K a n e m i t s u ,  K. (3 )  117 
K a n g ,  S.H. (24) 18 
K a p l u n ,  A . P .  (3 )  23, 24 
K a p p e r t ,  M. (24) 51 
K a p p i ,  R. (3 )  128 
Karigane, T. (4 )  4 1  
Karle, I. (14) 19; (16) 

K a r p e i s k y ,  M. Y a .  (20) 64, 

K a s a h a r a ,  C. (24) 3 1  
K a s a i ,  M. (22) 66  
K a t a g i r i ,  N. (19) 76; (20) 

K a t a m a ,  N.B. (20) 7 1  
K a t o ,  J. (2 )  11 
K a t o ,  T. (19) 76; (20) 75; 

K a t o r i ,  K. (7 )  1 2  
K a t o r i ,  T. (7) 12  
K a t z ,  D . J .  (20) 6 
K a t z  E. (19) 96 
K a u l ,  T.N. (12) 2 0  

41; (22) 77 

66 

75 

(23) 27 

Jeroncic, L .  (7) 18; (16) 10 K a u t h ,  H. (3 )  27; (10) 7 
Jezo, I. (9) 50; (12) 10 K a w a g u c h i ,  H. (19) 33, 34 
Jimenez R e q u e j o ,  J . L .  (3) 1 4 6 K a w a i ,  H. (19) 60, 62, 85 
J i n ,  H. (3 )  34 K a w a i ,  J. (3 )  166; (7 )  32 
Jinno,  K. (23) 6 1  K a w a i ,  S. (23) 113 
Jodal, I. (5) 15 K a w a m o t o ,  T. (23) 5 1  
Johnson, D.C. (23) 34  Kawamura, J. (18) 1 
Johnson, L. (23) 69 K a w a n a ,  M. (14) 11 
J o l l y ,  D. (8) 3 K a z a k o v ,  A. (18) 9 
Jones, E. (16) 4 0  K a z i m i e r c z u k ,  2. (20) 1 2  
Jones, G.P. (21) 17  K e g l e v i c ,  D. (11) 3, 4 
Jones, P.G.  (22) 35, 36, 39, K e h n e ,  A. (20) 37 

39a, 40, 41, 42, 43 K e l l e r ,  P.J. (18) 3; (21) 
Jordan, F. (20) 119 2 1  
Jorgensen, F.S. (11) 8 K e l l e r ,  R. (18) 43  
J o u l l i e ,  M.M. (24) 49 K e l l y ,  D.R. (13) 5 
Juodvirsis,  A. (11) 2 K e l l y ,  J . A .  (20)  3 1  
Jurczak,  J. (5 )  25, 26; (121 K e l l y ,  T.R. (12) 2 0  

1 8  K e m p e ,  T. (20) 97  
K e m p e r ,  K. (23) 106 

Kachur, V.G. (21) 36 K e n n e d y ,  J .F.  (5 )  35; (23) 

K a k e h i ,  K. (3 )  119; (231, K e n n e d y ,  J . H .  (23)  88 
73 K e p p e l e r ,  K. (20) 101 

K a k i n u m a ,  K. (9) 8; (19) 37 K a r e k g y a r t o ,  J. (6 )  6 
K a j i t a ,  H. (21) 18 K e r r ,  P.F. (9) 55 
K a l e ,  A. (2) 57 K e r v a g o r e t ,  J. (24) 41 
K a l h o n ,  T.F. (5 )  21; (23) K e s s e l ,  D. (20) 95 

22 K e t t r u p ,  A. (23) 105 
K a l m a n ,  A.  (20) 27; (22) 1 0 1 , K e y n s ,  K. (9) 7 

104  Khare, A. (4 )  16 
K a m ,  S.-T. (5) 21; (23) 22 Khare, M.P.  (4) 16  
K a m i s a k a ,  K. (23) 62  K h o m e n k o ,  T . I .  (2 )  5 
K a m i y a ,  K. (19) 18 Khondo, L . I .  (11) 2 
K a y a ,  S. (3) 44, 89, 92, Khorlin, A. Y a .  (4 )  46; 

93, 98, 100 (10) 21; (13)  3 

K a i z u k a ,  H .  (23) 59 65, 66, 116 

K h r o m o v - B o r i s o V ,  N . U .  

K h r u s t a l e v a ,  v. S . ( 20) 

K h u o n g - H u u ,  Q. (24) 4 1  
K h w a j a ,  T. (20) 36 
K i e l y ,  D.E. (18) 54 
K i e f e r ,  G. (20) 101 
K i h a r a ,  T. (19) 5 1  
K i m ,  H . S .  (22) 109 
K i m ,  J . C .  (18) 1 4  
K i m ,  M.S. (18) 1 4  
K i m ,  S. (23) 102 
K i m u r a ,  S. (20) 29 
K i n g ,  D.M. (2) 42 
K i n g ,  T.J.  (15) 15  
K i n o m u r a ,  K. (7) 38 
K i n o s h i t a ,  K.  (19) 50  
K i n o s h i t a ,  M. (19) 19; 

K i n o s h i t a ,  T. (23) 27 
K i r b y ,  A . J .  (22) 35, 36, 

39, 39a, 40, 41, 42, 
43 

(20) 24 

24 

(24) 4 0  

K i s h i ,  H. (2) 24 
K i s h i ,  I. (3 )  142, 142, 

245; (18) 15; (24) 15, 
16, 17, 18  

K i s o ,  M. (9) 34, 35, 36, 
37, 41, 58; (11) 6, 7, 
12, 13, 14, 15; (21) 
7 1  

K i s o ,  Y. (23) 11 
K i s p e r t ,  L.D. (2) 39; 

K i t a g a w a ,  I. (16) 27; 

K i t a d e ,  Y. (8) 28; (20)  

K i t a g a w a ,  Y. (10) 49; 

K i t a g a w a ,  S. (5) 1 4  
K i t a j i m a ,  M. (3) 67; (4) 

K i t a j i m a ,  T. (4) 54, 57, 

K i t a g a w a ,  I. (3) 110; 

K i t a m u r a ,  K. (22) 95, 

K i t a n o ,  S. (23) 117 
K l a b u n o v s k y ,  E . I .  (7) 

K l a i c ,  B .  (11) 5 
K l a u s e n e r ,  A. (12) 7 
K l a u s k y ,  J. (16) 1 5  
K l e i n ,  L.L. (3 )  142; 

K l e i n ,  R . S .  (20) 48, 8 1  
K l e m e r ,  A. (5 )  31; (8) 

K l o s t e r ,  G. (5) 1; (8) 

(22) 108 

(18) 55  

46  

(22) 6 4  

3 0  

59 

(7 )  39 

102 

66 

(24) 15  

26; (12) 1 4  



Author Index 265 

35 Koroteav, M.P. (10) 10 
Knapp, D . R .  (3 )  4 1  Korytnyk, W. (11) 16; (13) 

Knirel ,  Y.A.  (9 )  2, 6 0  Koshijuma, T .  (5 )  42; (21) 
Knust, E .J .  (8) 1 3  48 
KO, S.S. (3)  142; (24) 15, Kosma, P .  (4 )  1 

KO, S . Y .  (2 )  1 4  70; (17) 2 1  
Kobatake, H. (23) 7 Koto, S. (3 )  1, 117, (4) 
Kobayashi, H. (20) 84  8; (5)  13, 28 
Kobayashi, K. (23) 113 Kouno, I. (12) 4; (22) 106 
Kobayashi, M. (20) 25 Kovac, P. (4 )  18; (8 )  15, 
Kobayashi, Y. (20) 28 22; (21) 32, 43 
Kobe, J. (22) 55 Kovacik, V.  (22) 25 
Kocharova, N.A. (9 )  6 0  Kovacs. J. (18) 4 1  
Kochetkov, N.K. (3 )  62, 90, Koyama, M. (19) 83, 84 

91, 94, 95; (7) 14; (9 )  2, Kozar, T. (21) 6 
60; (10) 10; (16) 30; (21)  Kozikowski, A . P .  (3) 141; 
53; (24) 9,  10, 11, 12, 13 (10) 49; (20) 80; (22)  

Knapp, S. (18) 44 2 

16 Koster, R. (5) 45; (7) 10, 

Kodaka, M .  (3) 122 64  
Kodama, Y. (19) 83 Kozluk, T. (14) 23 
Kohn, A. (3) 84 Kozyrod, R . P .  (3) 1 5 1  
Koel, M. (23) 46 Krajewski, J.W. (22) 6 0  
Koll,  P. (5) 46, 48, 49, 50; Kraska B. (7 )  1 7  

(7) 45; (18) 32; (22) 70, Kratzky, C. (4 )  1 
72 Kraws, J.C. (3 )  169 

Komiues, K.  (22) 104 Krechl, J .  (21) 7 
Koenig, J . L .  (22) 2 Kreninsky, J . J .  (21) 55 
Konig, W.A. (23) 1 4  Krenitsky, T.A. (20) 52 
Koeppel, H. (10) 15  Krick, T.P. (21) 63 
Koerner, T.A.W. (22) 78 Krishsna, B. (2) 53 
Koga, S. (7) 30  Kristen,  H. (8) 36 
Kohata, K. (21) 37 Kroh, L. (10) 15  
Kohn, R. (17) 3 1  Krol, P. (2) 32 
Koizumi, K. (5) 29 Krupenskii, V . I .  (2 )  54; 
Kojic-Prodic, B. (10) 32; (17) 23 

(22) 55, 67  Kuan, F.H. (20) 15  
de  Kok, A . J .  (22) 59 Kubota, I. (22) 5 0  
Komander, H. (5) 48, 49; Kucar, s. (lo) 32 

(7) 45 Kuck, N.A.  (19) 9 1  
Kometani, T. (24) 25 Kudelski, A. (19) 89 
Komura, H. (15) 4 Kudo, T. (13)  1; (22) 110 
Kondo, S. (19) 3, 6, 27, 58, Kuge, T .  (4) 7 

Kondo, Y. (5 )  14; (7 )  19, 20, Kukhareva, T.S. (7) 66 

Konecna, H. (23) 114 Kulinkovich, L.N. (20)  69, 
Konishi, F. (3) 89, 92, 93  87 
Konishi, T .  (23) 73 Kulish, V . I .  (3) 23 
Konradsson, P .  (3) 63, 97  Kulshrestha, S.K. (2) 65; 
Konstantinova, R. (18) 9 (18) 18, 19, 2 0  
Koomen, G . J .  (3 )  1 8  Kumadaki, I .  (20) 28 
Konishi, F. (3) 44 Kumanotani, J. (23) 9, 70  
Kong, F. (5) 39 K u m a r ,  N.S. (16) 26 
Kopf, J. (22) 70  Kunisch, F .  (19) 80; 
Koppen, P.L. (23) 45 (24) 56 
Kopper, S. (8) 33 Kunz, H.  (3) 27, 32; (10) 
Koresawa, T .  (14) 11 7; (13) 10a 
Kornilov, V.I. (16) 22, 22a Kunzar, H. (3 )  165 
Koritsanszky, T .  (20) 27; Kuriacose, J . C .  (16) 4 

Korol, E.L. (10) 48 89 

59 Kuijpers, A . T . J . M .  (23) 36 

43 Kukita, K. (7 )  12  

(22) 101 Kurihara, T .  (20) 70; (22) 

Kuroda, T. (9 )  48 
Kurth, H. (4) 5 
Kusakabe, I .  (3) 43 
Kusumoto, S. (3) 79 
Kuszmann, J. (9 )  9a; 

(18) 23, 34; (19) 64; 
(20)  27; (22) 101 

Kuthan, J. (21) 7 
Kutschker, W .  (4 )  50, 5 1  
Kuznetsova, T . A .  (3 )  36 
Kuzuhara, H. (3 )  86; (9) 

Kvarnstrom, I. (LO) 54 
Kveder, S. (3 )  1 4  
Kveder, S. (7 )  69 
Kwiatkowski, M .  (20) 84  
Kyosaka, 5'. (3 )  1 2 0  

11; (14) 11 

Laakso, E . I .  (23) 78 
Lacombe, J . M .  (3) 28, 29, 

30; (5 )  12; (17)  30; 
(21) 73 

Ladner, W. (24)  14  
Laesecke, K.  (3 )  84; 

L n f f i t e ,  C.  (21) 64 
Lage Davile, A. (3 )  135 
Lai,  C.-M. (5 )  21; (23) 

Lake, B.G. (23) 79 
Lambert, J . B .  (11) 11; 

Lambeth, P . F .  (24) 3 
Lancelin, J . - M .  (3) 148 
Landis, J . B .  (23) 83 
Lapenko, V.L. (7) 25 
Lapinte, C. (16) 35 
Lardy, C. (3) 177 
Large, D.G. (5) 35; (23) 

Larm,  0. (3) 172; (9 )  44 
Larroquette,  C.A. (20) 

Larson, E.R.  (9) 3 0  
Laske, D.W. (7) 68  
Lau, P . Y .  (23) 5 
Laufer, P. (5 )  1; (8) 35 
Lave, T .  (3) 17, 68, 69  
Lavrente'ev, A.V.  (3) 42, 

Lawston, I . W .  (14)  20  
Lebedev, A.V.  (21) 79 
Lebl, M. (9) 43; (23) 75  
Lebuhn, R. (4 )  27 
Lechtenborger, K.  (23) 

Leder, J. (3 )  143; (24) 

Lederer, M .  (23) 32 
Lederkremer, G.Z. (23) 

de  Lederkremer, R.M. (6) 

(4 )  17  

22 

(21) 46 

65, 66  

2 1  

1 2 1  

105 

17  

29 



Carbohydrate Chemistry 

8; (7)  18; (16)  10, 11 L i t v a k ,  M.M. (3)  95;  (16) 
Lee, A.W.M. (2 )  14  30 
Lee, E. (24)  5 0  L i t v i n o v ,  I . A .  ( 7 )  62;  (18) 
Lee, R.E. j un .  (23) 39 25; (22) 81, 82 
Lee, Y.C. (3)  157; (22) 6 L iu ,  H.-W. (23) 67 
Leese, R.A. (19) 9 1  L iu ,  J.-S. (3 )  175 
Legendre, M.G. (3)  124 L iu ,  T.E. (2 )  74; (15) 1 
Leginms, J . M .  (9)  28 L iu ,  U.-Y. (24) 36 
Leg le r ,  G. (10) 4 L i v e r s i d g e ,  G.G. (23) 97 
Le G o f f i c ,  F. (19) 4 1  L i v n i ,  E. ( 8 )  8, 9 
Legraverend,  M. (20)  86, 87a L jevakov ic ,  D.L. (11) 5 
Lehmann, J. (3)  132, 158, Lobez Herrera, F.J .  (16) 

159; ( 4 )  5; (22) 11 l l a  
Lemieux, R.U. (14) 8; (21) 49Lochmuller ,  C. H. (23)  49 

Lemonnier, M. (18) 36 Lockhoff ,  0. (3 )  83;  (9)  
Le Page, Y, (24) 34 62 
Lepore, U. (3)  1 3 1  Loewen, P.C. (20) 113  
Lesu r ,  B.M. (13) 1 6 ,  17;  (14)Loganathan,  D. (7 )  33 

21  Logue, M.W. (10) 1 9 ;  
Le Van, Q. (18) 3; (21)  21  (21)  29 
Lev i ,  S. (16) 3 Lohe, A. (13)  10 
L e v i n s k i i ,  M.B. (6)  10 Lo ibne r ,  H .  (19)  32 
Levinson, S.H. (3)  137 L o i s e l e u r ,  H. (22) 47 
Lev i t an ,  G.E. (11) 9 ;  (18) 24Lonn, H.  ( 4 )  24, 56,  60 
Levy, S .  ( 8 )  81 9 
Ley, S.V. (24) 19 
Lhermitte, M. (18) 36 
Lhoste ,  J . M .  ( 2 0 )  86, 87a 
L i ,  T. (23)  11 
Lian,  L.Y. (9 )  4 
L iav ,  A. ( 3 )  49a 
L i b e r a t o ,  D. (22)  11 
L i c h t e l ,  R. ( 7 )  17 
L i c h t e n t h a l e r ,  F.W. ( 8 )  301 

Lidaks,  M. (lo) 9;  (16) 23, 

L i d d l e ,  W.K. ( 3 )  157 
L i d d l e ' ,  W.K. (22)  6 
Lieberman, S. (23) 112 
Liebman, A.A. (24)  36 
LieflanEler, M. ( 3 )  22 
Lim, M . - I .  120) 81; (24) 29 
Lim, T.K. (21) 3 
Limanova, O.V. (6) 10 
Lin,  T.-S. (20) 50, 5 1  
Lindberg,  B. (4 )  58 
Linek, K. (22) 67 
Ling, I. (10) 20 
Lindh, F. (3 )  68  
Linek,  K. (10) 32 
Lingwood, C. (7)  54 
Link, R.W. (7)  42 
Linow, F. (22) 27 
L i p i n ,  A.L. (20) 1 2 1  
Lipka,  P. (7 )  6 5  
L ipk ind ,  G.M. (21) 53 
L i p t a k ,  A. (4) 15;  ( 5 )  15,  

34; (13)  10 

24 

Lonnberg, H .  ( 3 )  115,  128 
Lonngren, J. (4 )  56, 60;  

Lopez, C. (20) 48 
Lopez A p a r i c i o ,  F . J .  (13) 

Lopez-Calahorra, F. (2)  8 
Lopez-Castro, A. (22)  7 1  
Lopez-Herrera, F.J .  (10) 

L o p r e s t i ,  R . J .  (24)  36 
Lough, C.  (14)  8 
Low, J .N .  (22)  93, 94 
Luce, E. ( 9 )  32 
Luger, P. (17)  10; (21)  8 ,  

60, 61;  (22)  58, 69 
Lukacs, G. ( 8 )  11 
Luk'yanov, P.A. (3)  78 
Luk'Yanova, Z . K .  ( 2 )  38 
Lund, A.  ( 2 )  39; (22) 108 
Lundgren, L.N. (3 )  108 
Lundt, I .  (24) 55 
Lupion Cobos, T. (16)  l l a  
Luthman, K. (16)  21  

Lymbery, J.  (23) 107 

(23) 45 

14 

53 

L 'VOV,  V.L. ( 9 )  1 

McAdam, D.P. ( 8 )  23 
McAuley, A. (16)  33 
M c B e e ,  G.G. (23)  53 
McCarthy J . R .  ( 3 )  4 1  
McClard, R.W. ( 3 )  162;  

McCloskey, J . A .  (20)  118 
(17)  13  

16 ,  17;  (6 )  61 11; (21) 50 MacCoss, M. (20) 111 
L i s ,  R. (24)  46 MacDonald, N.S. (2)  23 
L i s ,  T. (22) 74 McFarlane, E.F. (9)  42 
L i s t e r ,  S.G.  (24) 1 9  MacFarlane, R.D. (10) 27; 

(12) 1 
McGarhrea, W . J .  (19) 9 1  
McGee,  D.P.C. (20) 9 0  
McGinnis, G.D. (23) 68 
McWhorter, W.W. (24) 15,  

MacGregor, R.R. ( 8 )  41 5 
Machinani, T. (24) 38, 

Machoy, 2. (16) 36 
Maciejewski ,  A. (10) 36, 

Mackie, W. (22) 75, 76 
Mackiewiczowa, D. (20)  

Mackul la ,  H . J .  ( 8 )  1 3  
Mackawy, K. (10) 45 
Mackiewiczowa , D. (20) 

Maclean, D.B. (10) 54 
MacLean, K.A. (24)  28 
MacLeod, A.J.  13) 138 
M c N e i l ,  M. (14) 1; (22) 

McPhail, A.T. (10) 27; 

McWhorter, W.W. ( 3 )  142 
Macholan, L. (23)  114 
Macova, J. ( 8 )  1 4  
Madson, M.  (11) I 16;  

(13) 2; (16)  18 
Maeba, I .  (20)  72 
Maeka, K.  (18) 2; (23) 

18, 23 
Magdzinski, L. (13)  12;  

(14)  25; (24)  5 
Maggio, J.E. (19)  80 
M a g i s t r e t t i ,  M.  J. (23)  

Magnus, V. ( 3 )  14 
Magnus, V. ( 7 )  69 
Magnusson, G. ( 3 )  16,  

M a i l  K. ( 5 )  21; (23) 22 
Maien tha l ,  M.M. (22) 6 1  
Makarova, N.A. (22)  81 
Maki, Y.  ( 8 )  28; (20) 

Makin, S.M. (6)  10; 

Makino, S. ( 7 )  30 
Maksimushkina, (13) 1 5  
Malik,  A. ( 8 )  25; (9 )  

Mal'kova, V.P. (9 )  40 
M a l l a m s ,  A.K. (10) 27; 

Malovikova, A. (17)  3 1  
Manasek, 2. (22) 107 
Mancini, W.R. (20) 50, 

Mancy, S. (10) 46, 47 

18 

39 

37, 38 

120 

23 

22 

(12)  1 

21  

17 ,  68 ,  69 

46 

(12) 17 

1 3  

(12)  1 

51 



Author Index 267 

Mandal, S.B.  (7)  6 3  Matulic-Adamic, J. (20) 32 
Maness, N.O. (23) 53 Matyushkov, V.V. (2)  41  
Manigl ia ,  C.A. (10) 1, 2 Mawhinney, T.P. (7 )  36; 
Mann, J. ( 3 )  161; (20) 76; (22) 11 

Mansuy, D. (14) 14;  (15) 6 Mazina, 0.1. (2)  38 
Maracek, J .F.  (7)  63 Mazurek, M. ( 2 1 )  11 
Marais, J.L.C. (18) 26; (22) Madgyes, G. (19)  64 

79 van Meerssche, M.  (22) 48 
Maranduba, A. (5) 11 Meeuwissen, C.A.J.M. (23) 
Marchessau l t ,  R.H. (21)  69; 81 

(22)  57 Mega, T. ( 5 )  2 
Marek, M. (5)  6 Meguro, H. ( 2 )  24; (21) 37 
Marga l i th ,  E. (19)  96 Mehdi, S. (7)  67  
Margol is ,  S.A. (10) 13, 14  Meier, J. (3 )  137 
Maring, C . J .  (19) 40 Meldal, M. (2)  49 
Marker, A. ( 2 )  51; (7 )  49 Melgarejo Sampedro, (10) 
Markham, K.R. (3)  174 52 
Markiewicz, W.T. (5 )  36 Mella, S.L. (7 )  9; (10) 
Marquez, R. (22)  53, 54, 65, 1, 2 

71 Melrose, J. (2 )  7 1  
Marquez, V.E. (20) 31; (24)  Melunad, D. (19) 96 

29 Mendicino, J. (14) 17 
Marsden, B . J .  (3)  45 Menyhart, M.  (19) 67 
M a r t i ,  V. ( 3 )  135 M e r r i f i e l d ,  E.H. (21) 64 
Mart in ,  A. (3 )  105; (4)  32; M e s s m e r ,  A.  (10) 40, 41; 

Mart in ,  M.G. (5) 37 Metras, F. (3)  127 
Mar t in ,  O.R. (19) 20; (20) Metser, M. (21) 6 8  

Mar t in ,  T. (10) 26 Meyes, B. ( 2 )  49; ( 5 )  48, 
M a r t i n e l l i ,  E. (19) 92; (23) 50; ( 2 1 )  72 

2 1  Meyer, D.M. (18) 36 
M a r t i n i c ,  C.  (9)  42 Meyer, W.L. (3 )  150 
Marton-Meresz, M. ( 9 )  9a;  Meyes, B. ( 9 )  7 

(18) 23; (20) 27; (22) 101 Mian, A.M. (20) 36 
Maruyama, T. (19)  70; (20) Micera, F. (23)  118 

29; (22)  103 Michalska,  M. ( 3 )  7; (7 )  
Masamune, S. (2)  14 65 
Mashima, M. (20) 119 Michon, F. (3 )  12 ;  (16) 
Massy-Westrop, R.A. (3) 19 20 
Matsuda, A. (20) 48, 56 Mihalov, V. (18) 10; (22) 
Masuda, T. (19)  6 1  25 
Masuko, M. ( 3 )  111 Mikes, 0. (23) 109 
Mateo, C. ( 3 )  135 Mikhai lov,  S . N .  (20) 64,  
Ma th lou th i ,  M. (22)  1 66; (22) 85, 86 
Matsubara, H. (19) 52 Mikhant 'ev,  B . I .  ( 7 )  25 
Matsumoto, T. (2 )  7 Mikshiev, Yu.M. (16) 22 
Matsunaga, H. (24)  52 M i l e s ,  D.W. (20) 117 
Matsuno, K.  (19) 79 Mi l jkov ic ,  D. ( 5 )  43, 44 
Matsuno, T. (19)  23 Mi l jkov ic ,  M. ( 3 )  118; (6)  

Matsuzaki ,  S .  (4)  1 3  Mi l l an ,  M. (22) 53 
Matsuzawa, M. (14) 16; (20) 2 M i l l e r ,  D.W. ( 3 )  39 
M a t t a r  K.L. (3 )  71, 75, 76, Mimura, T. (23) 74 

82, 99; (4 )  25, 29, 37, 38,Minami, Y .  (4)  19 
39, 40; ( 5 )  19;  (7)  11; Minamoto, K.  (20) 57 
(23) 6 3  Mincher, D . J .  (24) 23 

Mattia, C.A. (2 )  28 Minorikawa, N. (3)  2 1  
Ma t t i a s son ,  B. (3)  116 Mitra, J. (22) 32 
Matulewicz, M.C. (10) 5; (22 )Mi t suhash i ,  H .  (12)  2; (22) 

(24)  35 Maxime, B. (22) 15 

(9 )  9;  (15) 10, 11 (18) 41 

38; (21) 25 Metzger, J .O .  (5)  50 

Matsuuro, T. (20)  45 4 

Mitsunobu, 0. (8) 37; 
(13) 1, 7;  (14)  24 

Miwa, T. ( 3 )  154 
Miyajima, K. ( 2 )  26, 27 
Miyake, H. (20) 1 4  
Miyake, T. (19) 26, 28 
Miyamoto, K .  (3)  111 
Miyazaki, T. (22) 89 
Miyazawa, T. (19) 24 
Mizsak, S.A. (19) 48 
Mizuno, H. (22) 95,  102 
Mizuno, T. (2 )  2 
Mizuno, Y.  (12)  4; (19) 

Mizutani ,  K.  (21)  18 
Mlotkowska, B. (17) 14  
Mock, G.A. (19) 75 
M o f f a t t ,  J . G .  (19)  75 
Mohacsi, T. (14) 19;  

(16) 41; (22)  77 
Molino, (13)  12 
Molko, D. (20)  104 
Moczulska, A. (1) 2 
Molino, B. (24) 5 
Moll, N. ( 9 )  5 
Monneret, C. (3) 105; 

(4 )  32; (9 )  9;  (15) 
10, 11 

Montgomery, J . A .  (20) 9 
Montgomery, S . H .  (9)  31 
Monti, L. (12) 23 
Moody, W. (3)  2 ,  123; 

Moore, F .H.  (22) 37 
Moorman, A.R. (10) 26; 

Mopper, K. (23) 69 
Moreau, B. (19) 40  
Moreau, N. (19) 32 
Morgan, S .L .  (23)  5 
Morgenl ie ,  S. ( 2 )  12;  

(5) 7; (23) 24 
Mori, I. (18) 37; (23) 

117 
M o r i ,  M. ( 7 )  46; (9)  20; 

(18) 2; (23) 18 
Mori, T. (19) 18 
Morikawa, K. (24) 47 
Morikawa, T. (9 )  10 
Morishima, N. ( 3 )  1, 

Mori ta ,  K. (5) 30 
Mor i t a ,  N. (10) 50, 51  
Morita, S. (2)  60,  61, 

62; (16) 2 ,  3 
Morr, M. (20) 54 
Morris, H.R. (22) 9 ,  10 
Morton, G.O. (19) 9 1  
Mosihuzzaman, M. ( 3 )  

77; (20) 112; (22) 106 

( 5 )  3 

(13) 13 

117; (4 )  8; (5)  1 3 ,  28 

172; (6 )  7; (7 )  21; 
(9)  44 

29, 30 49 Moulik, S.P. (2)  30  



268 Carbohydrate Chemistry 

M u k a i y a m a ,  T. (1) 5, 11; (3 )  N a n d ,  K.C. (2 )  57 
9, 11; (8) 1; (9) 26, 29; N a n d i ,  L .N.  (20) 1 
(12) 19; (14) 13; (16) 7 N a o k i ,  H .  (15) 4 

M u k m e n e v ,  E.T. (7) 62; (18) N a r a s i m h a n ,  S. (23) 76 
25; (22) 81, 82  N a r d i ,  T.J. (20) 97 

M u l l e r ,  D. (19) 80 N a r i t a ,  H .  (12) 2 
M u l l e r ,  E. (12) 7 N a r t e y ,  F. (3) 109 
M u l l e r ,  J.F. (22) 20 N a s h e d ,  M.A. (3 )  25; (4 )  
Muller, V.J. (3) 85 31, 47, 48 
Muller-Starke, H.(3) 164, 1 6 5 N a s s r ,  M.A.M. (10) 42, 43, 
M u l z e r ,  J. (24) 51, 53 44; ( 1 6 )  1 3  
M u n a s i n g h e ,  V.R.N. (4 )  35, 36; N a u g l e r ,  D.G. (18)  30  

Mundy, B.P. (3 )  57 N e e r e r ,  J.-R. (7 )  56; (17) 

M u r a k a m i ,  M. (3 )  11 N e i d l e m a n ,  S . L .  (2) 18, 
M u r a o k a ,  Y .  (19)  95 74; (15) 1, 2, 5; ( 1 6 )  
M u r a t a ,  S. (3)  120  17 
M u t o ,  N. (19) 17, 22 N e l i s ,  H . J . C . F .  (23) 89 
Myers, R.W. (3) 157; (22) 6 N e l s o n ,  V. (20) 34, 35, 

N a b i n g e r ,  R.C. (7 )  64; (21) N e m a l ' t s e v ,  Y.V. (14)  27 

N a c h b o r ,  M. (21) 38 N e s s e r ,  J.-R. ( 8 )  2 
N a g a i ,  S. (20) 26 N e s z m e l y i ,  A. (10) 40, 
N a g a n a w a ,  H. (19)  61 41;  (21) 50  
N a g a o k a ,  H. (24) 52 N e u m a n ,  A. (22) 51 
N a g a s a w a ,  T. (7) 35; (12)  N e u r i n g e r ,  L . J .  (21) 10 

N a i k w a d i ,  K.P. (23) 108 V o n  N i c o l a i ,  H. (22) 9 
N a i t o ,  T. (19) 33, 34 N i c o l a o u ,  K.C.  (3 )  5 
N a k a b a y a s h i ,  S .  (4) 9, 10, N i c o t r a ,  F. (3 )  144 

57; (10) 6 N i e l s e n ,  B . J .  (3 )  106 
N a k a d e ,  H .  (20)  57 N i e l s e n ,  H. (2 )  35 
N a k a g a k i ,  M. (2) 26, 27 N i f a n t ' e v ,  E .E .  (3 )  90; 
N a k a g a w a ,  I .  (20) 58 (7 )  66; (10) 10 
N a k a g a w a ,  M. (19)  60, 62, N i k i ,  E. (16) 39 

85 N i k o l o v ,  Z . L .  (23)  16 
N a k a g a w a ,  S. (19) 33 N i s h i ,  T. (18) 13; (19)  
N a k a g a w a ,  T. (22)  49 26; (24) 7 
N a k a m u r a ,  H .  (22) 96 N i s h i d a ,  M. ( 8 )  37 
N a t a m u r a ,  K. (3 )  21; (14) 3 N i s h i d a ,  T. (19)  94  
N a k a m u r a ,  T. (2 )  37; (18) 49 N i s h i h a t a ,  T. (23)  97  
N a k a m u r a ,  Y .  (2 )  15, 58; ( 1 6 ) N i s h i k a w a ,  A. (5)  2; (7) 

9; (17) 1 12  
N a k a n i s h i ,  K. (15) 4; (23) N i s h i k a w a ,  S. (20)  119 

67 N i s h i m u r a ,  S. (9 )  45 
N a k a n o ,  K. (20) 1 4  N i s h i m u r a ,  Y .  (19)  5 8 ,  59 
N a k a o ,  M. (19) 45; (23) 87  N i s h i n o ,  M. (23) 111 
N a k a s h i m a ,  R. (2) 4, 6: (14) N i s h i o k a ,  I. (7 )  35; (23) 

28; (18) 1 2  7 1  
N a k a s h i m a ,  T.T. (17) 1, 2 N i s h i z a w a ,  M. (7 )  35; (23)  
N a k a y a m a ,  H. (4 )  12; (19) 7 1  

47, 85 N i s h i z a w a ,  N. (19)  83  
N a k a y a m a ,  M. (22) 24 N i w a ,  T. (18) 2; (23) 18  
N a k a z a w a ,  M. (20) 28 N o g u e r a s  M o n t i e l ,  M. (lo) 
N a m b a r a ,  T. (3 )  40  52 
N a m i k i ,  M. ( 1 6 )  44 N o m u r a ,  Y .  (8) 24; (10) 
N a n a h o s h i ,  H. (19) 23 25; (13) 4 
N a n a s i ,  P. (4) 15; (5) 15, N o n a k a ,  G. - I .  (7 )  35; (23) 

(10) 3 1  N e b i n g e r ,  P. (23) 46 

M u r a k a m i ,  H. (9 )  11 15, 16, 19 

39 

25 N e m l i n ,  J. (24) 4 1  

4; (22) 106; (3 )  7 1  N i b b e r i n g ,  N.M.M. (22)  16 

16, 17;  ( 6 )  6; (21) 50 7 1  

N o n n e n m a c h e r ,  G. (18) 17 
N o o r i ,  G. (3) 16, 17, 

68, 69 
N o r b e r g ,  T. (3 )  6 ,  63, 

97; (4 )  23; (9 )  19; 
(21) 62 

N o r d h o l m ,  L .  (23)  60 
N o r m a n ,  D.G. (19) 69 
N o r s k o v - L a u r i t s e n ,  L. 

N o s e ,  T. (19) 11 
N o s k o v ,  F.S. (9 )  4 0  
N o v i k ,  E.R. (3 )  42, 1 2 1  
N o v n i ,  K.  ( 5 )  14 
N o v o t n a ,  2 .  (10) 32 
N o v o t n $ ,  L. ( 2 0 )  4 
N o n a k o w s k a ,  Z. (10) 12 
N o y o r i ,  R. (20) 82, 84, 

N o z a k i ,  H .  (3 )  167 
N u k a d a ,  T. (4 )  3 0 ,  54, 

N u n e z ,  H.A. ( 2 )  2 1  
N y m a n ,  H .  (4 )  24 

(11) 8 

107 

59 

O a t e s ,  J . E .  (22)  10 
O a t i s ,  J . E .  jun. (3 )  4 1  
O b a y a s h i ,  M. ( 3 )  167 
O ' C o n n o r ,  C . J .  (2 )  34 
O d a ,  N. (20) 26 
O d d o n ,  Y. (22) 62 
Odell, A.L.  ( 2 )  34 
O d i e r ,  L. (18) 56; (21) 

O e l t i n g ,  M.  (18) 32 
O t v o s ,  L. (22) 104 
O f i t s e r o v ,  V . I .  (20) 42 
O g a w a w a r a ,  K. (24)  4, 3 1  
O g a w a ,  K. (19) 86 
O g a w a ,  S. (18) 38, 45, 

1 4  

46, 47, 48, 49, 50, 51, 
52; (19) 9, 10, 11, 12, 
13, 14, 15, 16 

O g a w a ,  T .  (4 )  9, 10, 11, 
12, 30, 53, 54, 57, 
59; (10) 6; (18)  51; 
(19) 11 

Ogihara, (13) 7 
Ogilvie, K.K. (5) 33; 

Ogimoto, S. (7 )  3 0  
O g i n o ,  H. (19) 83, 84 
O g o n s k i ,  T. ( 1 6 )  36 
O g u r a ,  H .  (20) 25; (22) 

O h a s h i ,  Y .  (19) 42; (22) 

O h k i ,  T. (18) 2; (23) 1 8  
O h k u b o ,  M. (20) 93  
O h m o r i ,  M. (16)  37, 43 
O h n o ,  M. (19) 72; (22) 

(20) 18, 43, 9 0  

5 0  

66 



Author Index 

96  
Ohrui ,  H. (2 )  24 
Ohtak i ,  E. (21)  37 
Ohtuska, E. (20) 92, 93 
Oikawa, Y.  (18) 13; (24) 7 
Oka, J. (15) 4 
Okabe, N. (22) 95 
Okachi, R. (19) 54 
Okada, E. (23) 5 1  
Okada, J. (2 )  60, 61, 62; 

Okahira ,  A. (23) 7 
Okai, H. (7 )  38 
Okamoto, H.  (5 )  42 
Okamura, K. (5 )  42 
Okazaki, K. (20) 15 
Okimoto, Y. (3 )  43 

(16) 2, 3; (20) 14 

P a i s ,  M. (3) 105; (4) 32; 
(9)  9; (15) 10, 11 
P a l a c i o s ,  Albarran,  J.C. 

( 3 )  146; (16) 8 
Palmer, B.D. (24) 19 
Pa loposk i ,  M. (23) 50  
P a l u i ,  I .N .  (5 )  32 
pan, C. (23) 28 
Panasyuk, S.L. (2 )  4 1  
Panc raz i ,  A. (24) 4 1  
Pandey, S.P. (2 )  52 
P a n d i t ,  J.  (22) 105 
P a n d i t ,  U.K. (3 )  18  
Pang, D. (22)  73 
Pankiewicz, K.W. (20) 85 
Panov, V.P. (21) 36 
Panschar ,  (15)  2; (16)  17 

Okumura, H .  (9 )  35, 36 37 

P a r i a l i ,  A .  (23) 17 
Okushio, K. (4 )  7, 33 Park,  J.W. (24) 50  

Park,  S.C. (24) 5 0  Oleske r ,  A .  (8 )  11 
Olieman, C. (23) 38 Parkanyi ,  L. (20) 27; (22) 
Omura, S. (19) 52, 54 
Onodera, J -  (3 )  145; (18) 15  Parke r ,  J.M.R. (5) 52; (9) 
Oogaki, K. (14)  28 

Orena, M. (5 )  34; (9) 1 6  
Ortuno, R.M. (16) 6; (24)  48 Parodi' A.J- (23) 29 
Osaki ,  K. (12)  4; (22) 106 
Oscarson, S. (3 )  61; (5 )  1 8  ~~~~~~~: 
Oshikawa, T. (16) 81 9 
Oshima, M. (5 )  13  
Oshima, R. (23) 9, 70  
Ossowski, P. (3 )  65; (4 )  23, PaUIS' 

Oswalk, T. (16) 33 53; (21)  61; (22) 58; 
Ota,  A. (20) 70; (22) 89 
Otake, N. (19) 471 60, 62, Paulsen, B. (20) 97 

83, 84, 85, 93  
Otake, T. (5) 27 
O t a m i ,  T. (19) 22 
O t t ,  J. (20) 9 1  
O t t ,  K.H. (22) 16  
O t t e r ,  B . A .  (20) 8 1  

55 Ot tosson ,  H.  (4 )  24 
Ouchi, T I  (7 )  24 

24 27 Oura, H.  (7) 35; (23) 7 1  
Ovchinnikov, M.V. (3) 91, 94,pelc~er ,  

27; (22) 101 
Overend, W.G. (10) 3 1  
Ovodov, Yu.S. (3 )  78 
Oya, M. (18) 48 

P a a l ,  M. ( 3 )  73; (4) 22 
Pacak, J. (8) 1 4  
Pacheco, H. (9) 54; (20) 41, Perez' s. ( I 7 )  25; (22)  57 

P a d g e t t ,  H.C. (2) 23 
Padyukova, N.Sh. (20) 64, 66  Perold' G.W. ( I 8 )  26; (22)  
Paidak,  B.B. (16) 22 
P a i k ,  W.K. (23) 102 
P a i n t e r ,  T.J. (16) 28; (21)  gPetersenr 

41, 58; (11) 6, 7; (i1) 
Papahatjis' D'P- ( 3 )  

101 

12; (24) 27 
mpenheimer, N.J. (lo) l3 Parke r ,  K. J. (3) 47 

P a r o l i s ,  H .  (8 )  27 

:i;i g7 
P a t e ,  B.D. (8 )  2 
P a r t h a s a r a t h y ,  R. (22) 97  

Paulsen,  H. (3 )  731 87; (4 )  
1, 22, 27, 50, 51; (18) 

(24) 28, 24 

17' 

58 

Pavia ,  A.A. (3 )  28, 29, 301 
31, 33; (5 )  12; (17) 29, 
30; (21)  73, 78; (22) 62  

Pawlack, J. (19) 56 
Payne, S. (3 )  64  
Pedersen,  C. (21) 2; (24) 

Pedroc chi-Fantoni  , G. (9 )  

(19) 64; (20) 
95; (7 )  14  

Pe lyvas ,  I. (9) 53 
Pencheva, F. (6) 3 
Penco, S. (19) 65, 66  

Lz:Er:: :22)(2k250 

P e r l i n ,  A.S. (3) 77; (5) 
20; (21) 23, 45 

79 

53, 87a 

Peseke, K.  (8) 36 
(3 )  83; (') 62 

Pe te r son ,  S . M .  (20) 97  
Pe t rakova ,  E. (7) 6; 

Pe t rusova ,  M. (5 )  81 9 
P e t r u s ,  L. (18) 10 
P e t r z i k a ,  M. (22) 27 
P f a f f ,  K.-P. (3 )  142; 

P f e f f e r ,  P.E. ( 2 )  46; 

(21) 33, 34, 35 

(24)  15  

(21) 58, 59; (22) 56; 
(23) 48 

Phe lps ,  M.E. (2) 23 
P h i l i p p e ,  M. (18) 40; 

Picq ,  D. (9 )  54 
(19) 32 

Pieka r ska ,  B. ( 3 )  52; 

P i e r c e ,  J. (7) 55 
P i e t r a s z k i e w i c z ,  M. (5 )  

P i h a r ,  0. (21) 35 
P i l k i s ,  J. (7 )  59 
P i l k i s ,  S.J. (7) 59 
P i l l a i ,  S .M.  (16) 4 
P i l o t t i ,  A. (4) 58  
P i n t e r ,  I. (10) 401 41; 

P i n t o ,  B.M. (14) 12  
Pishchug in ,  F . V .  (9) 5 1  
Piskorz ,  C.F. (3 )  99  
P i z a r r o  Galan, A.M. 

Placek ,  J. (22) 107 
Planas  Escr ibano,  G. 

P l a t z e r ,  N. (18)  36 
P l u s q u e l l e c ,  D. (7) 27 
Pochet ,  S. (3 )  168 
Podesta ,  A. (19) 66 
Pokorna-Hladikova, A. ( 

Polavarapu,  P.L. (22) 1 
Polenov, V.A.  (10) 48 
Polon ik ,  S.G.  (3 )  15  
Pol s son ,  K.  (3 )  68  
P o d e r ,  F. (23) 15  
Pompon, A. (20) 109; 

Ponc in i ,  L. (17) 26 
Ponpiporn, M.M. (3 )  101; 

(7) 31; (9 )  38, 39 
P o n s a t i ,  0. (16) 6; (24 

48 
P o p e l i s ,  J. (10) 9 

Popsavin,  M. (5) 43 
P o r t a l  O l e a ,  M.N. (13) 
Potapov, G.P. (17) 23 
Pot t age ,  C. (9 )  55 
Pougny, J.-R. (24) 20 
Prakash,  0. (2) 64  

(21)  26 

25, 26 

(18) 4 1  

(21) 44  

(16) l l a  

55 

(21) 27 

Popoff ,  T. (3) 108  



P r a l y ,  J.-P. (3)  127; (18) 

Prange,  T. (9)  25; (22)  63  
P rasad ,  V.V,K.  (23) 112 
P r a s i t ,  P. (24)  32, 33, 34, 

P r a t e s i ,  F. (19) 65,  66 
P ra tv i e l -Sosa ,  F. (21) 64 
P r e n o s i l ,  J .E.  (2)  19 
P r e s t o n ,  M.R. (23) 96 
Prirneau, J .L.  (14) 29 
P r i n c e ,  R.C. (2)  1 
Pr inzbach ,  H. (18) 43 
Proba,  Z.A. (20)  43, 9 0  
P r o l i a c ,  A. ( 3 )  173 
Prome, J . C .  (22)  1 5  
Pua r ,  M.S. (10) 27; (12) 1 
P u t t ,  S.R. (20) 7 1  
Puvanesa ra j an ,  V. ( 16 )  26 
PUZO, G. (22) 1 5  
Pysenko, L.P. (7 )  25 

31; (22) 47 

43 

Queen, A. (20) 110 
Q u i c l e t - S i r e ,  B. (19)  32 
Quemener, B. (18) 35; (23)  

20 

Rachaman, E.S. (23) 63 
Radics, L. (3 )  175 
Radomski, J. (3)  52 
R a e ,  A.D. (22) 37 
R a f f i ,  J.J. ( 2 )  40 
Rahman, K.M.M. (9)  22; (10) 

R a i f e l ' d ,  Yu.E. (6)  10; (12) 

Ra jaky la ,  E. (23) 50 
R a j a r a m ,  J. (16) 4 
Rakhmatullaev, I. (10) 9 
Rakh i t ,  S. (19) 9 0  
Rakovsk i i ,  V.E. (2 )  38 
Ramanathan, H .  (18) 44 
Ramirez, F. (7)  63  
Ramos, D.L. (23)  94 
Ramos, J . R .  (10) 17  
R a m a ,  S.S. (3 )  71, 99; (4 )  

28; (14) 31  

17  

Reetz ,  M.T. (3 )  164,  165 
R e i l l y ,  P . J .  (23)  1 6  
Reimann, H .  (16) 1 6  
Reinhold,  V.N. (4 )  4; (22) 

Reinke, C.M. (20) 7 1  
Remy, G. ( 3 )  125a,  126,  

Ren, W.-Y (20)  81 
Repta, A . J .  (23) 101 
Reuben, J. (5)  22; (21)  

Reusser, F. (19)  48 
Reven, L. (21) 38 
Revenkar, G.R. ( 2 0 )  8 
Rexova-Benkova, L.  (23)  

Rezvukhin, A.I. (21) 79 
R i c e ,  J. ( 3 )  12 
R icha rds ,  G.N. ( 3 )  2, 123; 

R i e h l ,  J.-J (18) 7;  (24) 

van R i j s b e r g e n ,  R. (21)  32 
R i l e y ,  C.M. (23) 101 
R i n e h a r t ,  K.L. (9)  59 
Riordan,  J . M .  (18) 54 
Robbins, J . C .  ( 3 )  101 
Roben, W. (18) 5 3  
Rober t s ,  E.V.E. (7 )  15 ;  

Robertson,  P.M. (16) 1 6  
Robins,  M . J .  ( 5 )  52; (9)  

7; (23) 1 

127 

20, 42 

109 

(5 )  3 

57 

(14) 4 

12;  (12) 9;  (20) 22, 44, 
67; (21) 28; (22) 90; 
(24)  27 

Robins,  R.K.  (20)  8, 78, 
117 

Robinson, J. (23)  37 
Robyt, J .F.  (4 )  14 
Rodriguez Melgarejo,  C.  

Roel lgen,  F.W. (22) 1 6  
R o j a s ,  R.R. (23)  39 
Rokushika, S. (23) 108 
Roman Galan, E ,  (3)  147; 

(10) 52 

25, 29, 37, 38, 39; (5 )  19;  (10) 55; (16) 8 
(7 )  11 Romers, C. (22) 59 

Rao, K.U.B. (20)  31 R o n c h e t t i ,  F. ( 3 )  144 
R a o ,  V.S. (5)  20 Roper, H .  ( 9 )  7; (21)  72 
Rasmussen, J . R .  ( 5 )  37; (8) Roper, S. (9 )  7; (21)  72 

16; (12) 5 Rosanski ,  A. ( 3 )  26 
R a t e b ,  L. (3)  1 2  Rosenberg, I. (20)  106 
Ravi, P.S. (13) 5 Rosenberger ,  M. (24) 36 
Raynaud, J. (3 )  173 R o s s i t e r ,  J .T.  (3 )  138 
Raz i ,  M.T. (3)  136 Rossman, R.R. (10) 27; 

Reddy, G.S. (8) 19 Ros tov t seva ,  L . I .  ( 9 )  40  
Red l i ch ,  H. (24) 44, 45 Rou l l eau ,  F. (7) 27 
Reed, L.A. t e r t .  (2 )  14 Roush, W.R. (13) 16 ,  17; 
Reese,  C.B. (3)  171; (19) 69 (14) 21 

Reboul, J . P .  (22) 62 (12)  1 

Carbohydrate Chemistry 

Rouzand, D. (3)  149 
Roy, A.B. (2)  51; (7)  

Roy, R.  ( 3 )  6 0  
Rozhin, J. (20) 9 5  
Ruben, D. (21) 10 
Rudenko, A.P. (16) 34 
Ruess ,  K.-P. ( 3 )  22 
Rukvichai ,  S. (22) 45 
Rumyantseva , S . A. ( 10) 

Runsink,  J. (12)  7 
Rupprecht ,  K.M. (7)  31; 

Rusavskaya, T.N. (2)  3; 

RUSSO, G. (3)  144 
R u t e r ,  E.R. (8 )  26; (12) 

Ruzic-Toros, 2. (22) 55, 

Ryba, M. (20)  4 

49, 53 

10 

(9)  38, 39 

(7 )  8 

14  

67 

S a a d a t ,  S. (23) 82 
S a b a t ,  M. (22)  98 
Sabeva, A.  (18) 9 
Sadakane, N. (19)  52 
Sadana, K.L. (20)  113 
Sadeh,  S .  (3)  13 ;  (4 )  3 
S a d i k o t ,  H .  (20) 114; 

S a d l e r ,  P . J .  ( 3 )  136 
Saenge r ,  W .  (20) 59 
S a g a i ,  H .  (19)  1 7 ,  22 
S a i k i ,  I. (9 )  37 
S a i n i ,  H.S. (23) 107 
S a i t o ,  I .  (20) 45 
S a i t o ,  M. ( 3 )  110; (16) 

S a i t o ,  S.-I. (19) 95 
S a i t o ,  T .  (16) 39 
Sakac,  D. (7) 54 
Sakaguchi ,  M. (20) 21  
S a k a i ,  H. (2 )  6 
S a k a i ,  J. ( 4 )  52 
S a k a i ,  T. (2 )  3 
S a k a i r i ,  N. (9)  11 
Sakak iba ra ,  H.  (19) 1 7 ,  

Sakak iba ra ,  J. (201 26 
Sakak iba ra ,  T. (8) 24; 

(21) 30 

27; (18) 55  

50 

(9 )  48; (10) 25; (13) 
4 ;  (14)  22  

Sakamaki, T. (24)  52 
Sakharov,  M.M. ( 2 )  5 
Sakuma, M.  (2)  59; (17) 

S a k u r a i ,  K.  (3)  111 
S a l a n s k i ,  P. (5)  26 
S a l i s b u r y ,  S.A. (22) 

22 

92,  100 



Author Index 27 I 

Sa l l am,  M.A.E. (20) 77 
S a l v a d o r i ,  P.A. (8) 4,  5 
Samanta, T. (2)  56; (16)  1 
Sammes, P.G. (9)  33 
Samra, A . K .  (2)  1 7  
Samskog, P.O. (2 )  39; (22) 

Samukov, V.V. (20) 42 
Sanada, S.  (7)  5 1  
Sanchez B a l l e s t e r o s ,  J. (2 )  

Sanchez Rodrigo,  A. (10) 52 
S a n d r i ,  S. (5)  34; (9 )  16 
San F e l i x ,  A. (3 )  155; (13) 

S a n i e r e ,  M. (14) 14;  (15)  6 
Sano, H.  (19) 54 
Sano, T. (20) 30 
San tos ,  H.  (20)  116 
Sa rda ,  N. ( 2 0 )  53 
S a r e l ,  S. (19)  96 
S a r f a t i ,  S.R.  ( 9 )  63 
S a r f a t ,  S.R. (3)  80 
S a r t o r e l l i ,  A.C. (3)  4; ( 7 )  

Sasada ,  Y. (19) 42; (22) 66 
S a s a i ,  H. (19) 79 
Sasa j ima ,  K. (2)  73; (7 )  6 1  
S a s a k i ,  T. (20) 55 
S a t o ,  H .  (18) 1 
S a t o ,  K . - I  (14) 9 
S a t o ,  S. (20) 75 
S a t o ,  T. (3 )  49; (15) 13;  

S a t o ,  Y .  (20)  29 
S a t o i ,  S. (19) 17,  22, 5 0  
S a t y s h u r ,  K.A. (22) 98 
Saue r s ,  R.R. (9)  49 
Saunders ,  W.H. (2)  33 
S a v i ,  G. (19) 65 
Sawa, T. (19) 6 1  
Sawada, M. (2)  26, 27 
Sawai, H.  (19)  72 
Sawaki, M. ( 4 )  52 
Sawamoto, Y.  (23) 111 
Sawyer, L. (21) 28; (22) 90  
Scensny, P.M. (12) 5 
Schach te r ,  H. (23) 6 3  
Schanche, J.-S. (23) 98  
Schanche, T. (23) 98 
S c h a r f ,  H.-D. (12) 7 
Schee r ,  M.D. (2)  36 
S c h e l l e r ,  K.H. (20) 115 
Sch iebe r ,  J.E. (20) 99 
Schlabach,  T.D. (23) 37 
S c h l e i c h ,  K. (16) 16 
Schlesselmann,  P. (3) 158, 

Schlimme, E. (20) 59; (23) 

Schmidt ,  R . R .  (3)  84, 133, 

108 

9;  (12) 22 

6 

9;  (10) 1, 2; (23) 64 

(20) 82,  84; (21)  9 

159 

105, 106 

139; (4)  17,  49; (20) 
19 ,  63 

Schmit, A.S. (23) 47 
Schne ide r ,  B.  (24) 44, 45 
Schne ide r ,  G. ( 3 )  104 
S c h o f f s t a l l ,  A.M. (23) 94 
Scho l lkopf ,  U. (15) 14;  

Schram, K.H.  (20) 118 
Schraml, J. (7)  6 ;  (21)  33, 

Schreude r ,  H.A. ( 9 )  6 
Schroeder ,  W. t e r t .  (23) 

(18) 12 

34, 35; (21)  81 

95 
Schuber t ,  J. 
Schuber t ,  T. 

(24) 56 
Schuerch,  C. 

39; (7)  48 
S c h u l l e r ,  M. 
Schwartz ,  H.M 

18) 43 
19)  80,  81; 

31 66; (5)  

21) 4 1  
(20) 111 

Schweer, H.  (23) 12 ,  1 3  
Schwesinger ,  R .  (18) 43 
Schu lz ,  G. ( 4 )  1 
S c h u l t z ,  M. (3)  73 
Schwabe, K.  ( 3 )  35 
S c o l a s t i c o ,  C. (24) 26 
S c o t t ,  A. (23) 40 
S e b a s t i a n ,  M . J .  (18) 44 
S e c r i s t ,  J . A .  t e r t .  (20)  

Sedykh, N.V. (20) 1 2 1  
S e e l a ,  F. ( 2 0 )  10, 11, 17,  

Sehga l ,  S .N.  (19)  89 
S e i l e r ,  P. (16) 1 6  
S e i t z ,  S.P. (3 )  5 
Sek ine ,  M. (20) 88, 102, 

S e l f ,  R. (22) 12 
Selway, J.W.T. (20)  52 
Semeria ,  D. (18) 40 
Senda, S. (8) 28; (20) 46 
Sen Gupta, K.K. ( 2 )  56; 

Sen Gupta, S. (2 )  56; (16) 

9 ,  74 

20, 37, 9 1  

103 

(16) 1 

Seno, E.T. (19) 55 
Seo,  K. (17) 2, 4, 5 ,  6 ,  

8, 9 ,  12 
Sepu lch re ,  A.-M. (18) 40; 

(19)  32 
Serebrennikova,  E.V. (5)  

32 
S e r i a n n i ,  A.S. (2 )  21, 

22; (3)  129; (7)  55; 
(21) 1 3  

S e r i t a ,  K. (19) 32 
S e s h a d r i ,  T.P. (22) 91,  

Sesselman, D. (20) 35 
92, 100, 105 

S e t o ,  H .  (19) 47, 60, 
62,  83,  84,  85,  93  

Seuvre ,  A.M. (22) 2 
Shaban, M.A.E. (10) 42, 

43, 44; (16) 1 3  
S h a f f e r ,  R .  (23)  97 
Sha f i zadeh ,  (14) 10; 

Shannon, W.M.  (20) 7 1  
Sharma, M. (20) 5 
Sharma, U. ( 2 )  56; (16) 

Sha r shena l i eva ,  2 .  (9)  

S h a r p l e s s ,  K.B. (2 )  14 
Shashkov, A.S .  (9) 1, 2 ,  

60:  (10) 10; (14)  27; 
(21) 40, 47 

(22) 73 

1 

5 1  

Shaver ,  S .R .  (20) 52 
Shaw, D.H. (16)  20 
Shaw, G. (24)  23 
S h e l d r i c k ,  B.  (22)  34, 

75, 76 
S h e l d r i c k ,  G.M. (22)  35, 

36, 39, 39a, 41, 43 
Shen, T.Y. (3)  101 
S h i ,  D. (23) 2 
Sh iba ,  T. (3)  79 
S h i b a t a ,  S. (4 )  9 ,  10; 

S h i b a t a ,  Y.  (19) 9 
Shibuya,  M. (24) 30 
Shigemasa, Y. (2)  4, 6 ;  

(14) 28; (18) 1 6  
S h i l l i n g ,  W.L. ( 7 )  7 
Shimamoto, T. (3 )  79 
Shimanskaya, M.V. (16)  

Shimauchi, Y. (19) 63  
Shimazaki ,  M. (22) 96 
Shimazu, A.  (19) 47, 

60, 62,  85 
Shing,  T.K.M. (18) 42; 

(21) 45; (24)  21, 22 
S h i o i ,  H. (22)  68 
S h i r a h a t a ,  K.  (19) 42, 

S h i r a i s h i ,  S. (2 )  59; 

Shishiyama, Y.  (3 )  167 
Sh iue ,  C.Y. (8) 4 ,  5, 

Shoda, S. ( 3 )  9; (8) 1; 

S h o j i ,  J. (7 )  5 1  
Shor tnacy ,  A.T. (20) 9 
S h r i v a s t a v a ,  S. (la) 18 
Shugar ,  D. (20) 12 
Shuto,  S. (20) 30, 65 
S h v e t s ,  V . I .  (3)  23, 24 
S i g e l ,  H. (20) 115 

(10) 6 

23, 24 

53; (22)  66 

(17) 22 

7,  10 

(9 )  26 



272 

Sigmund, E.G. (22) 23 Spirov ,  G. (6) 3 
Simkovic, I. (22) 107 Spr inger ,  J . R .  (10) 49; 
Simolike,  G.C. (3) 176; (19) (22) 64 

88 

(22) 8 0  

(4 )  26; (24) 2 0  

(18) 33 

Simon, K. (8 )  38; (18) 22; 

Sinay,  P .  (3) 72, 148, 149; 

S i n c l a i r ,  H.B. (15) 16; 

Singab, F. (6) 2 
Singh,  A.K. (2 )  53 
Singh,  B. (2 )  53  
Singh,  J.  (20)  1 
Singh, K. (19)  9 0  
Singh,  R.N. (2 )  64  
Sinkule ,  J . A .  (23)  100 
S i o u f i ,  A. (23)  15 
Sirimanne, P. (3 )  123; (5 )  

S i r o t k i n a ,  G.G. (7 )  25 
S i s n e r o s ,  K .  (10) 10 
Six ,  L. (3 )  22 
Sjostrom, E .  (23) 19  
S k a r i c ,  V. (20) 32 

Slavova,  S. (18) 9 
S i l k k e r ,  W.  jun.  (3 )  39 
Smale, S.T. (8 )  16  
Smart, B.E.  (17) 17  
Smitanina, O.F. (3 )  36 
Smiatacz, 2.  (1) 2 
Smith, D.L. (20)  118 
Smith, M.M. (3 )  112 
Smith, P.M. (12)  6 
Smithson, A. (2 )  17 
Smits ,  M.H. (19) 46 
Smits ,  M.H. (23)  86 
Smrt, J.  (20) 100 
Snatzke,  G. (3 )  8, 38 
Soerensen, P . E .  (2 )  35 
Sokolov, V.M. (3 )  3, 42, 

Sokolowski, J. (18) 28, 29; 

S o k o l ' s k i i ,  D.V. (18)  5 
S o l e r ,  A. (2 )  67, 69; (3 )  

S o l e r  Martinez, A. (2 )  68; 

Solheim, E .  (23)  93 
Solov 'eva,  T.F. (3 )  78  
Somawardhana, C.W. (8 )  1 7  
Somers, P.J .  (2 )  5 0  
S o m s a k ,  L. (8) 3 1  
Sonobe, T. (5) 27 
Sood, S. (8 )  6 
Sorgi ,  K.L. (3 )  1 4 1  
Sorokina,  I.B. (9 )  40  
Spagnol i ,  R. (19)  3 1  
Spainhour ,  C.B.  ( 3 )  137 
Spellman, (14) 1 

3; (23) 57 

SkOOg, K. (3 )  1 1 6 .  

121; (7 )  8 

(20) 23, 1 2 1  

54, 88 

(3 )  53, 55 

S q u i r e ,  A. (23) 77 
S r i k r i s h n a n ,  T. (22) 97  
S r i v a s t a v a ,  P .C.  (20) 78 
S r i v a s t a y a ,  A. (2 )  53 
Stacey ,  M. (1) 1 
S t a d l e r ,  P. (3 )  83; (9 )  

Stadnicka ,  K. (22)  60 
Stefanska ,  B.  (9) 52: (19) 

S t e i c h e r ,  W. (19) 32 
S t e k e r ,  H. (20) 20  
Stenkamp. R . E .  (22) 73 
Stepanek,  J. (23) 30  
Stephens,  R.L.  (10) 27; 

Stephenson, P . J .  (21) 69 
S t e p i n s k i ,  J. (3 )  52; (21) 

Sternson ,  L.A. (23) 101 
Stevens ,  J . D .  (22)  37, 44, 

Stevens ,  R.W. (14)  13  
Stevenson,  T.T. (22) 73 
Stewar t ,  A.O. (3 )  1 4 0  
Stewar t ,  J . M .  (22)  6 1  
S t i c k ,  R.V. (8 )  23 
St ickzay ,  T. (5 )  8; (lo) 

Stoddar t ,  J.F. (18) 6 
S t o e c k l i n ,  G. (8 )  35 
Stogniew, M. (22) 11 
S t o l a r s k i ,  R. (20)  12  
Stolcova ,  M. (16)  15  
Stone,  B.A.  (23)  3, 4, 6 
S t o n e s i f e r ,  J.  (19) 55 
Stoodley,  R . J .  (3 )  20; 

S t o r t z ,  C.A.  (10) 5; (22)  

Stoyanov, V.M. (16) 22 
S t r a u s s ,  C.R.  (3 )  19 
S t r e b l e r ,  J . - L .  ( 3 )  33; 

S t r e c k e r ,  G. (22) 9 
S t r i g i n a ,  L . I .  (3 )  37 
S t r o b e l ,  G.A. (3 )  57 
Strong,  P .D.  (3 )  39 
S t r o p ,  P. (23)  109 
Stubbe,  M. (24) 42 
Struchkov, Yu.T. (7 )  62  

66; (18) 25; (22) 8 1  82 
Struchkova,  M . I .  (3 )  90; 

(16) 30  
Studentsov,  E . P .  (3 )  3, 

42, 121; (7) 8 
Strumpp, M. (3 )  133 
Sturgeon,  R . J .  (2 )  72 
S t u t z ,  A.E. (7 )  13, 42; 

62  

56 

(12) 1 

26 

45, 46 

32 

(24)  24 

29, 30  

(5 )  12  

Carbohydrate Chemistry 

(19) 25, 29 
S t u t z ,  P. (19) 32 

Suami, T. (3 )  21; (9 )  
59; (14) 3; (18) 38, 
45, 46, 47, 48, 49, 
50, 51, 52; (19) 9, 
10, 11, 12, 13, 14, 
15, 16, 79 

Sudareva, T.P. (5 )  24 
Sudate ,  Y. (19) 5 0  
Sudoh, R.  (8) 24; (10) 

25; (13) 4; (14) 22 
Suetsugu,  M. (18) 50; 

(19) 14  
Sugawara, F. (4) 12  
Sugawara, M .  (19) 94  
Sugimoto, A. (5 )  13 
Sugio, S .  (22)  95, 102 
Sugiura,  M .  (22) 89 
Sugiyama, H. (20) 45 
Suhara,  Y. (19)  86  
Sukhova, N.M.  (10)  9 
Sum, C.Y. (5 )  21; (23)  

Sumiuchi, T. (5) 30 
Sundaralingam, M. (21)  

31; (22) 33, 52, 98 
Sundquist ,  W . I .  (20) 97 
Supino, R. (19) 64 
Sut ton ,  B.M. (3) 136, 

Suzuki ,  C. (21) 37 
Suzuki ,  I. (16) 38 
Suzuki ,  J. (5) 42 
Suzuki ,  K. (9 )  29; (12) 

Suzuki ,  M. (2 )  4; (14) 

SU, T.-L. (20) 48 

22 

137 

19; (16) 7 

28; (19)  50, 87; (21)  
70; (22) 2 1  

Suzuki ,  S. (23) 73 
Suzuki ,  Y. (19) 7, 30, 

86 
Svensson, S.C.T. (3 )  63, 

97  
Svir idov ,  A.F .  (24)  9, 

10, 11, 12, 1 3  
Swain, C . J .  (24) 8 
Swanson, J .S.  (3 )  150  
Swartz ,  D.L. (3) 170; 

Swenson, D.C. ( 3 )  39 
Sykes, D.E. (4) 37 

(20) 79 

(2 )  46; Symanski, E.V 

Synak, R. (15 
(23) 48 

49 
szabo, L .  (2 )  

80, 81; (9 )  
1 9  

szabo, P. (3) 
Szafranek,  J. 

7; (19) 

20; (3)  
63; (16) 

8 0  
(18) 28, 



Author Index 273 

29 

(10) 54; (14) 12; (19) 20; 
(20) 38; (21) 25 

Szeg ia ,  W.  (5)  10; (7 )  3, 4 ,  
5 

S z e j t l i ,  J. (21) 50 
S z i l a g i ,  L. (3 )  58; (21) 

Sznaidman, M. (6)  8; (7)  18; 

S z t a r i c s k a i ,  F. (9)  53; (19) 

Sza rek ,  W.A. (1) 1; (7)  7; 

52 

(16) 10, 11 

67  

Taba, K.M. (5)  45; (7) 10, 

Tabusa, F. (16) 7 
Tachibana,  K. (9)  48 
Tada, M. (7 )  38 
Tadamier, J. (19) 4, 5 
Tadano, K . - i .  (9)  59 
T a f u r i ,  S.R. (8) 16 
Taga, T. (12) 4; (22) 106 
Taha, M.A.M. (10) 42, 43, 

70; (17) 21  

44; (16) 1 3  
Tajima, K. (16) 29, 3 1  
Tajmir-Riahi ,  H.-A. (17) 24 
Takagi ,  A. (16) 27; (18) 55 
Takagi ,  M. (10) 50, 51; (16) 

Takagi ,  Y.  (24) 38, 39 
Takahashi ,  H. (19) 19 ;  (20) 

Takahashi ,  K. (15) 13;  (23) 

Takahashi ,  S. (19) 82, 93  
Takahashi ,  Y.  (19) 28, 30  
Taka i ,  T. (23) 23 
Takaku, H. ( 5 )  30 
Takanashi ,  Y .  ( 4 )  53 
Takano, M. (3 )  145; (18) 1 5  

37, 43 

25; (24) 40 

59 

Takano, S. (24) 4 ,  31, 47 
Takashima, K. (19) 76 
Takashima, R. (20) 75 
Takayanagi, H. (22) 50 
Takeda, M. (9 )  10 
Takeda, N. (2 )  4; (14) 28 

Takeda, T. (4 )  52 
Takeo, K. (3 )  59, 67,  96; 

(22) 21 

(4 )  7 ,  13, 33; (5)  51; 
44, 47; (12) 11 

Takeuchi ,  M. (19) 93 
Takeuchi ,  T. (19)  58, 61, 

Takeuchi ,  Y.  ( 3 )  111; (18) 

Tak iguch i ,  Y.  (19) 78 
T a k i t a ,  T. (19)  95 
Tamas, J. (9)  53 
Tampo, H. (19) 77 

6 3  

11; (24)  25 

7) 

Tamura, 2. (4)  19 
Tanabe, K. (19) 60, 85 
Tanahashi ,  E. (11) 12,  13,  

Tanaka, A. (22) 88 
Tanaka, H. (19) 6 3  
Tanaka, K. (4)  4 1  
Tanaka, M. ( 3 )  120  
Tanaka, 0. (21) 18 
Tanaka, R. (3)  98,  100 
Tanaka, T. (4 )  19 
Tanaka, Y.  ( 2 )  37; (19) 

Tane j ik ,  (10) 39 
Tang, P.W. (10) 34, 35 
Tan i ,  Y. (12) 4; (22) 106 
Tanimoto, T. (18) 1 
Taniyama, T. (7)  39 
Ta ra fda r ,  A. (2)  56; (16) 

Ta r raga  Tomas, A. (2 )  68;  

Taru,  M. ( 7 )  26 
Tashima, T. (21) 18 
Tashpulatov,  A.A. (10) 9 
T a t s u t a ,  K. (19)  19;  (24) 

Tej ima,  S. (3 )  70; (4 )  21, 

Temeruisz ,  A. (3)  52; (21)  

Teoule ,  R. (20)  104 
Teramae, M. (23) 23 
Terao,  M. (19)  78 
Tewson, T .J .  (7)  52; (8) 

Thang, S. (3 )  5 1  
Theander , ( 3) 108 
The lwa l l ,  L.A.W. (3)  48 
Thiel ,  I.M.E. (10) 30; 

Thiem, J. (3 )  8 ,  102, 103, 

Th ie ry ,  C . J .  ( 2 )  40 
Thoegersen, H. (21) 1 
Thomas, C.B. (2) 42 
Timoshchuk, V.A. (20) 69,  

Timpa, J . D .  (3)  124 
Tino,  J. (22) 107 
T iwar i ,  K.N. (4 )  16 
TkaCZ, M. (12) 18 
To, K.C. (8) 7 
Tochtamysheva, N.V. (9 )  1 
Toda, S. (19) 33, 34 
Todaro, L.J. (14)  4 
Toke, L. (5)  23 
Tokola ,  R.A. (23) 78 
Tokushima, Y. (9)  37 
Tolkach,  A.M. (3)  15 
T o l l e ,  R. (15) 14  

14 

52 

1 

(3) 53 

40 

28; (7)  46; (9)  20 

26 

12 

(21) 41; (22) 31  

104; (8) 32, 33 

8 7  

Tamura, C. (20) 75 Toma, L. (3)  144 

Toman, R. (17) 20; (22) 

Tomasini, C. (5 )  34; (9)  

Tomic, S. (11) 3,  4 ,  5 
Tomita, K. -i. (22) 88, 

Tomishich, S.V. (22) 28 
Ton Tha t  Thong, (8) 11 

T o r u i n i ,  K. (22) 68 
Toth,  G. (18) 41  
Townsend, L.B. (3 )  163, 

169; (19) 70; (20) 6; 
(23) 95 

Toyokuni, T. (18) 38, 
46, 47, 48, 50, 52; 

1 5  

25 

1 6  

95,  102, 103 

T o r r i ,  T. (19) 7 ,  8, 39 

(19) 11, 12,  131 14,  

T r a i n o r ,  G.L. (17) 17  
Tran ,  T.Q. (21)  1 9  
T r i f o n o f f ,  E. (21) 68 
T r i v e d i ,  G.K. (7 )  33 
Trnka, T. (5)  38; (8) 

14,  29; (9 )  1 4  
Trogolo,  C. ( 3 )  107 
Troka, E. (19) 56 
Tronche t ,  J.M.J. ( 7 )  56; 

(11) 17;  (17) 15 ,  1 6  
Tropp, B.E. (17) 14  
Trusov, P.Yu. (16) 34 
Tsapkina,  E.N. (22) 85 
Tsch ie r sch ,  B. (3) 35 
T s a i ,  T.Y.R. (3)  34 
Tsegen id i s ,  T. (23) 56 
T s i l e v i c h ,  T.L. (22) 

Tsoneva, P.  (2)  45 
Tsuchida,  K. (19) 77 
Tsuchiya,  T. (9 )  45, 

87 

59; (19) 2 ,  7 ,  8, 26, 
28, 30, 39 

Tsuda, N. (13)  1 
Tsuda, Y .  (7)  16 ,  22, 

23, 26, 34; (9)  21; 
(15) 9 

T s u j i ,  K.  (16)  44 
T s u j i h a r a ,  K. (9) 10 
Tsujimoto,  Y. (16) 43 
T s u k a m t o ,  T. (2)  60,  

61,  62; (16) 2 ,  3 
Tsunekawa, K. (16) 8, 9 
Tsuruoka, T. (19) 83, 

Tsutumi, H. (20) 15 
Tsuzuki ,  R. ( 2 )  11 
Tsuzuno, N. (22) 50 
Tsvetkov,  Yu.E. ( 3 )  62, 

Tu, A.T. (3) 157; (22) 

Tuan, G. (19) 92 

84 

134 

6 



274 Carbohydrate Chemistry 

Tuckner, L.C.N. (9 )  23; (14) Vasella,  A. (3) 153; (10) 

Tulloch, A.P. (21) 11 Vass, S.W. (5 )  35; (23) 

Turik, S.V. (16) 22a Vcelak, J. (21) 8 1  
Turner, J. (2) 51; (7 )  49, Vega, R. (22)  7 1  

Tvaroska, I. (5 )  9; (17) 20; Vella, G.J. (7 )  54 

Tyler,  P.C. (24) 6 ,  32 72, 135 
Tyumenev, V.A. ( 5 )  24 Vesala, A. (3 )  128 

Uchida, T. (19) 6 1  V e t t o r i ,  L.P. (20)  13 
Uchino, M. (5 )  28 Veyrieres, A. (4 )  55; 
Uchio, Y. (22) 24 (5 )  11 
Uchiyama, M. (20) 107 Vidra, I. (8 )  38; (18)  
Uchiyama, T. (6) 15 22; (22) 8 0  
Ueda, K. (15) 4; (18) 37 Vig, R .  (4) 29; (5 )  19 
Ueda, N. (14) 28; (18) 16 Vikic-Topic, D. (3 )  14; 
Ueda, T. (19)  71, 73, 74; (7 )  69  

(20) 26, 30, 65 Vila ,  C.L. (23) 83  
Ueland, P.M. (23) 93, 98  V i l l a n i ,  A.J. (3 )  137 
Uemura, D. (3 )  142, 143; Vinogradov, E.V.  (9) 2 ,  

Uesugi, T. (23) 62  Viswamitra, M.A. (22)  91, 
Umeda, I. (19) 86 92, 100, 105 
Umemura, K.  (6) 14; (16)  Vlahov, J. (3 )  38 

12 Vockova, J. (23)  33 
Umezawa, H. (19) 6, 21, 24, Voelter,  W .  ( 8 )  25; (9 )  

27, 28, 30, 39, 58, 59, 13, 6 1  
61, 95  Voitenko, (16) 23, 24 

Umezawa, S. (9 )  45; (19) 1, Voituriez,  L. (23)  3 1  

Umezawa, Y. (19) 95 Vora, M.M. (12) 6 
Unger, F. (3 )  87; (4 )  1 Vozka, S. (23)  42, 54 
Urata, H. (20) 70  Vrsanska, M. (4 )  2 0  
Urbanczyk-Lipkowska, Z. (22) Vratny, P. (23) 54, 109 

6 0  Vukojevic, N. (5 )  44 
U s a m i ,  F. (20) 72 Vuorinen, T. (2) 63; (15) 
Usman, N.  (20)  43 3; (23)  19 
Usui, H. ( 2 0 )  30  Vyas, D.M. (21)  25 
Utamura, T. ( 5 )  29 
U t i l l e ,  J.-P. (21) 51 Wadsworth, A.H. (24) 35 
Utimoto, K. (3 )  1 6 7  Wagnes, A. (20) 63 
Uvarova, N . I .  (3 )  36 Wakabayashi, Y.  (3 )  167 
Uzaki, M. (23)  8 Walaszek, Z. (21) 22 
Uzlova, L.A. (13) 15 Waldenstrom, J. (23)  110 

Vakirina, T . I .  (5 )  4, 5 Walker, R . J .  (2 )  1 4  
Valcarcel Perez, M.V. (3 )  55 Walsh, E.B. (24) 35 
Valentekovic-Horvath, (11) Walters, D.G. (23)  79 

16; (13) 2 Wang, B.C. (3 )  1 4 1  
Valpuesta Fernandez, M. (10) Wang, C. (19)  44 

53; (16) l l a  Wang, H.K. (3 )  110; (16) 
Vancheesan, S. (16) 4 27; (18) 55 
Van Den Berg, G.B. (17) 27 Wang, L.  (10) 1, 2 
Vanecek, R. (23) 115 Wang, Y.  (19) 44 
Vangehr, K. (21) 61; (22) Wanner, M . J .  (3 )  18  

58 Ward, D.D. (14) 10 
Van Lancker, M.A. (23) 88 Warne, R.A. (23) 112 
Varella,  O . J .  (16) 11 Warren, C.D.  ( 3 )  13; (7 )  

15, 32 23, 24 

Tulshian, D.B. (13) 5 65, 66, 116 

53 Vega Perez, J . M .  (7 )  28 

(21) 6; (22) 25 Verez Bencomo, V. (3 )  

Vethaviyasar, N.  (9 )  61 

(24) 15, 16, 17  6 0  

2, 7, 8, 26, 28, 30, 39 V o l l ,  R - J .  (22) 78 

Waldstaetten, P. (4 )  1 

68; (23)  47 
Watanabe, C. (23)  9 
Watanabe, I. (19) 1 8  
Watanabe, K.A. (20) 48, 

Watanabe, M. (20) 84 
Watanabe, S. (19) 7 1  
Watanabe, Y. (7 )  5 1  
Watkins, S.F. (22) 78  
Weakley, T.L.R. (14) 1 8  
Webber, J . M .  (6 )  7; (7 )  

Webster, K.T. (7) 48 
Weidmann, H .  (7 )  13; (19) 

Weigand, R. (23)  84  
Weissmuller, J. (13) 10a 
Welch, C . J .  (20) 94, 96  
Welham K . J .  (19) 43 
Welling, G.W. (9 )  6 
Welzel, P. (19) 80, 8 1  
Wenger, W.C. (7 )  58  
Weprek, S. (8 )  34 
Werle, P. (18) 17  
Werries, E. (23) 46 
Wessel, H.-P. (4 )  45 
Westhof, E. (21) 31; (22) 

Westphal, G. (10) 15,  18 
Wharry, S.M. (11) 11; 

Whistler,  R.L. (12) 12; 

White, C.A. ( 5 )  35; (23) 

White, D.R. (19) 4 0  
White, E. quin. (10) 13, 

White, P.C. (23) 40  
White, R.B. (3 )  150 
Whitten, B.K. (20) 35 
Wiebe, L. (2) 49 
Wiesner, K.  (3 )  34  
Wietfeld,  B. (19) 8 0  
Wiewiorowski, M. (5 )  36 
Wightman, R.H. (19)  68 
Wilbers, H. (5) 3 1  
Wild, G.M. (19) 55 
Wieser, P. (22) 1 4  
Wightman, R.H. (24)  28 
W i l l i a m s ,  B.W. (22) 1 8  
Williams, D.H. (19) 8 0  
W i l l i a m s ,  J .M.  (10) 33, 

W i l l i a m s ,  N.E. (9) 55, 56 
W i l l i a m s ,  P.J .  (3! 19 
W i l l i a m s ,  R.D. (20) 99  
Williams, R.M. (3 )  140 
W i l l i s ,  R.B.H. (23) 8 0  
Wilson, B. ( 3 )  19 
Wilson, C.C. (22) 94  

56, 85 

2 1  

29 

33 

(21)  46 

(18) 1 4  

65, 66, 116 

1 4  

34, 35; (23) 76 



Author Index 

Wilson, J .S.  (12) 9; (21) 28; Y a n a i ,  S. (6) 1 2  

W i m a l a s i r i ,  P. (23) 80 Y a n o ,  S. (22) 68  
Winkeler ,  H.-D. (20) 11, 1 7  Y a s u i ,  T. (3) 43 
Winnik, R.M. (21) 55 Y a s u t o m i ,  K.  ( 1 8 )  37 
Winterburn, P.J .  (23) 77 Y a z a w a ,  K. (4 )  19 
W i s e ,  D.S. (3) 163, 169; ( 2 0 ) Y e l l e ,  L. (22) 11 

(22) 9 0  Y a n a m u r a ,  K. (19) 45 

6 
W i s n i e w s k i ,  A. (18) 28, 29 
Witczak, Z.J. (11) 1 
Wojtczak, J. (10) 36, 37 
W o j t o w i c z ,  M. (10) 12  
W o l f ,  A - P .  ( 8 )  4, 51 7,  
10 

Wolf, B. 
(16) 17  

Wong, F. 
Wood, R.A 

37, 56 
W o o l h o u s e  
Wortring, 

2) 74; (15) 1, 2; 

24) 36 
(21) 58; (22) 

A.D. (3) 174 
L. (19) 7 0  

Wratislav, C.P. ( 1 8 )  8 
Wu, C. (23) 11 
Wu, G.D. (3) 129 
Wu, M.S. (3) 101 
Wurster, R. (22) 14 
Wuts, P.G.M. (12) 2 1  
Wylde, R.  (21) 64  

X e n a k i s ,  D. (9) 5 
XU, Z. (3 )  141  

Y o c a b i ,  A. (5) 21; (23) 22 
Y a d a v ,  J .S.  (21) 60 
Y a g i ,  T. (23)  111 
Y a k o v l e v ,  G . I .  (20) 64, 66 
Y a m a d a ,  H .  (12) 4; (22) 106 
Y a m a d a ,  J. (19) 45; (23) 87 
Y a m a d a ,  K.  (18) 2; (23)  18 
Y a m a d a ,  M. (9 )  48; (17) 7, 

Y a m a d a ,  T. (9 )  29; (12) 19  
Y a m a g a t a ,  Y. (22) 103 

81 9 

Y e r g e y ,  J. (22) 8 
Y o k o h a m a ,  H. (3) 4 0  
Y o k o s e ,  K.  (19) 86  
Y o k o t a ,  A. (2 )  73; (7 )  6 1  
Y o k o t a ,  S. (8) 37; (13) 1; 

Y o k o y a m a ,  N.  (3 )  145; (18) 

Y o n a g a ,  M. (24) 16 
Y o n e m i t s u ,  0. (18) 13; 

Y o n e t a ,  T. (19) 23 
Y o s h i d a ,  M. (19) 53 
Y a s h i d a ,  T. (5 )  28 
Y o s h i i ,  E. (18) 11; (24) 

Y o s h i k a w a ,  H .  (19) 78 
Y o s h i k a w a ,  M. (3 )  110; (7 )  

Y o s h i k a w a ,  S. (22) 68  
Y o s h i m o t o ,  A. (19) 63 
Y o s h i m o t o ,  K. (7 )  16, 22, 

23, 26; (9 )  21: (15) 9 
Y o s h i m u r a ,  J. (6 )  14; (14) 

2, 9, 16; (16) 12 
Y o s h i m u r a ,  S. (12) 2 
Y o s h i n o ,  K. (8) 24; (13) 

Y o s h i k a ,  T. (19) 63, 95 
Y o t s u y a n a g i ,  T. (19) 45; 

Y o u g a i ,  S. (3 )  154 
Y o u n g ,  D.W. (22) 94  
Y u c e e r ,  L. ( 6 )  13; (10) 

Y u c e e r ,  T. (6) 13  

(14) 24 

15 

(24) 7 

25 

39; (16) 27; (18) 55 

4 

(23) 87 

22 

Y a m a g i s h i ,  T. (7 )  35; (23) 7 1 Y d i n ,  I.V. (2 )  4 1  
Y a m a g u c h i ,  F. (4 )  4 1  Y u f i t ,  D.S .  (7 )  62 
Y a m a g u c h i ,  T. (11) 10 Y o s h i m u r a ,  J .  (3) 49 
Y a m a m o t o ,  H .  (17) 1, 2, 3, Y o u n a t h e n ,  E.S. (22) 78 
lo, 11; (22) 69 

Y a m a m o t o ,  K .  (16) 10; (22) Z a b e l ,  V. (20)  59 
69 Z a c c a r a ,  A. (19) 65 

Y a m a m O t o ,  N. (18) 2; (231 Z a k a r i a ,  M. (23) 91 
18 Z a k h a r o v ,  V . I .  (3 )  3, 42, 

Y a m a m o t o ,  T. (4) 19 121; ( 7 )  8 
Y a m a m u r a ,  K .  (23) 87 Z a m o j s k i ,  A. (14) 23; 
Y a m a n e ,  A. (20) 92, 93  (22) 6 0  
Y a m a s a k i ,  R. ( 3 )  5 1  Z a p e s o c h n a y a ,  G.G. (21) 16 
Y a m a s h i t a ,  K. (19) 54 Z a r a - K a c z i a n ,  E. (5) 401 
Y a m a s h i t a ,  M. (17)  1, 7,  8 ,  9 4 1  
Y a m a u c h i ,  T. (12) 3 Z a v g o r o d n i i ,  S.G. (22) 87 
Y a m a y a ,  S. (9 )  8; (19) 37 Z e h a v i ,  U. ( 4 )  3 
Y a m a z a k i ,  T. ( 7 )  68 Z e i s s ,  H . - J .  (2 )  10 
Y a m g u c h i  , (9) 57 Z e e l e ,  R.E. (24) 46 

275 

Z e m e k ,  J. (9 )  50; (12) 

Z e m l i c k a ,  J. (7 )  37 
Z e m l y a k o v ,  A.E. (2 )  16; 

(22) 26 
Z e n ,  S. (3 )  1, 1 1 7 ;  (4 )  

8; (5 )  13, 28 
Z h a n g ,  X. ( 7 )  29 
Z h a n g ,  Y. (23) 2, 11 
Z h b a n k o v ,  R.G. (22) 3, 

Z h d a n o v ,  A.S .  (22) 85 
Z h d a n o v ,  YU.A. ( 5 )  241 

32; (10) 48; (11) 9; 
(13) 15; (16) 2 2 ,  22a, 
25; ( 1 8 )  24 

10 

4, 5 

Z h e l y a z k o v a ,  M. (18) 9 
Zheng, D.K. (19) 38  
Z h u ,  Z.K. (23) 5 
Z i c m a n i s ,  A. (20) 108 
Z i e l i n s k i ,  J. ( 7 )  15;  

Z i k m u n d ,  M. ( 1 7 )  20  
Z i k o l o v a ,  S. (18) 9 
Z i l b e r g ,  L.L. (6 )  10; 

Z i n g a r d ,  R.A. (20) 6 0  
Z l o t n i k o v a ,  R . A .  (20) 2 1  
Z m o r a ,  H .  (22) 18 
Zollo, P.H.A.  (3) 148; 

Z s o l d o s - M a d y ,  V. (10) 

Z u g e n m a i e r ,  P. (22) 57 
Z u n i n o ,  F. (19) 65 
Z u r a b y a n ,  S.E. (4) 46; 

Z w i n s e l m a n ,  J.J. (22) 16 
Z y g o ,  K. ( 1 2 )  18 
Z y l b e r ,  J. (20) 62; (22) 

Z y l b e r ,  N. (21) 62; (22) 

(19) 49, 56 

(12) 17 

(4 )  26 

40, 4 1  

(10) 21; (13) 3 

99  

99 










