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Chapter 1
INTRODUCTION.

1.1

Carbohydrates as chemical feedstocks for industry.

The carbohydrates comprise one of the major groups of naturally occurring organic materials.
The main source of commercial carbohydrates is from plants, the dry substance of which is usually
composed of 50 - 80% of carbohydrates. Plants contain polysaccharides, such as cellulose (1),
hemicelluloses and pectins, which occur in the cell walls to give solidity to the plant structure, and
starch (2) (potato, wheat, maize), inulin (3) (Jerusalem artichoke and chicory) and the disaccharide
sucrose (4) (beet, cane), which act as energy sources. The polysaccharides 1-3 can be hydrolysed to
give their constituent monosaccharides and disaccharides, D-glucose (5), D-fructose (6), maltose (7)
and cellobiose (8).
Carbohydrates are a renewable feedstock since they become available every year from
agricultural crops, in contrast to petrochemicals, which are limited in the long term, since they are
derived from non-regenerable fossil feedstocks. The European Community is facing agricultural
carbohydrate surplusses, and therefore there is a growing interest from industry in the use of
carbohydrates and simple derivatives thereof as chemical raw materials. The development of products
based on renewables (agrification) which can replace products based on petrochemicals may diminish
the dependency on fossil feedstocks as the main source of chemicals. In order to be successful on the
market these products have to be produced at costs which are competitive with similar products based
on petrochemicals.
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Carbohydrates have some features which make them attractive as potential raw materials for
1

industry . They are exceedingly cheap, and several, e.g. sucrose (4), D-fructose (7), D-glucose (8) and
maltose (9), are in the price range of simple organic solvents such as methanol, acetone and
dichloromethane. Most carbohydrates and their derivatives are readily biodegradable and are non
toxic which is of importance from an environmental viewpoint. The non-toxic character is also of
importance for their applications in products for human consumption (e.g. food, cosmetics).
Carbohydrates are stereochemically pure compounds and are therefore useful also for the
2

development of synthetic chiral building blocks , for use as intermediates in the synthesis of
enantiopure compounds with important biological activities (pharmaceuticals and agrochemicals).
Most carbohydrates are hydrophilic and neutral which make them interesting for use as potential
polar headgroups in non-ionic surfactants3 (see 1.2). In this thesis, studies aimed at alternative
methods of the preparation of some known and the synthesis of novel non-ionic carbohydrate-based
amphiphiles is described.

1.2

Carbohydrate-based amphiphiles.

Amphiphiles are molecules which contain a hydrophobic and a hydrophilic portion 4 · 5 . The
hydrophobic part consists normally of one or two aliphatic chains (saturated or unsaturated, branched
or linear). The hydrophilic part in a carbohydrate-based amphiphile is the carbohydrate fragment.
As a consequence of their molecular structure, these compounds have special properties,
namely surface activity. In solvents such as water the molecules strive to achieve a condition in
which the hydrophobic groups are withdrawn from the surrounding water. Consequently, they
distribute in a manner, such that their concentration at the interfaces is higher than in the inner
regions, or they.form aggregates (micelles, vesicles, bi-layers), in which the polar head groups are
directed towards the aqueous phase. Aggregate formation occurs only above a certain limiting
concentration, the critical micelle concentration (CMC), which is characteristic for a specific
surfactant.
Oriented mono-layers are formed at phase borders. This results in a decrease of the surface
tension (γ), between water and the adjacent phase. The surface tension decreases with increasing
concentration of the amphiphile until the CMC is reached. Above this concentration no significant
decrease in surface tension occurs. A low YCMC indicates high surface activity. Due to these surface
active properties, amphiphiles are also termed surfactants, a contraction of the term surface active
agent. The CMC and the surface tension at the CMC (усмс) of a particular surfactant may be useful
constants for comparison with other surfactants. The Krafft temperature6 is also of importance, since
aggregate formation in solution occurs only above the Krafft point. Depending on their solubility
characteristics and physical properties surfactants can be applied as detergents, emulsifiers,
dispersing or wetting agents.

In addition to the above properties some pure carbohydrate based amphiphiles also have liquid
crystalline properties7 . The liquid crystal behaviour of carbohydrate amphiphiles has been
reviewed89. The thermotropic liquid crystal phase of carbohydrate derivatives possessing only one
alkyl chain have been classified as smectic A. In a smectic A phase the molecules are arranged in
bimolecular layers in which the molecular axes are perpendicular to the layers themselves.
An original model for thermotropic liquid crystal formation was proposed8. In the solid state
the carbohydrate mesogens are packed in bi-molecular layers, with the sugar moieties arranged head
to tail and interdigitizing alkyl chains. The cohesive forces which stabilise this phase are
intermolecular hydrogen bonds between the carbohydrate headgroups and van der Waals cohesion
forces between the alkyl chains. The formation of a thermotropic liquid crystal is then considered to
be a two stage process. The alkyl chains first disengage from the three dimensional lattice at the
melting point, whereas the hydrogen bonding network between the carbohydrate moieties remains
intact. These carbohydrate moieties form the core of the bi-layer structure in the mesophase At the
clearing point the hydrogen bonded clusters melt to form isotropic liquids. It was shown recently by
van Doren10-11 and others12 that this model was too simplistic and could not account for the thermal
behaviour. An alternative model 13 · 14 · 15 for the bi-layer structure of the mesophase has been
proposed, in which the stacked alkyl-chains form the central region of the bi-layer. This arrangement
resembles the fluid lamellar (La) lyotropic phase, albeit without water present. The lamellar (La)
lyotropic phase consists of equidistant parallel molecular bi-layers separated by water layers. The
molecules within the bi-layers are arranged tail-to-tail with the carbohydrate moieties on the outside
in contact with the water molecules, whereas the partially interdigilized hydrophobic alkyl chains
form the core of the bi-layer.
Some carbohydrate amphiphiles posses interesting biological activities, such as antitumor
activity 16a_e, bacteriocidal properties17 and plant growth inhibition18.
There arc many possibilities for the synthesis of carbohydrate based amphiphiles. The synthesis
of long chain derivatives of mono and oligosaccharides was reviewed19 in 1960. Some classes of
carbohydrate derived amphiphiles are e.g sucrose esters (see 2.1.3), alkyl glycosides20·21·22·23 (e.g. 7)
and thioglycosides10·24 (e.g. 8), alkyl 6-O-acyl-a-D-glucopyranosides25·26·27 (9), aldose dialkyl
dithioacetals9 (e.g. 10), alditol ethers1 l<2i-29(e.g. 11), N-alkyl-D-gluconamides30·31 (12), 1-deoxy-l(alkylamino)-D-alditols32·33 (e.g. 13), and 4,6-0-(n-alkylidene)-D-glucopyranoses34·35 (14), most of
which can be prepared using short reaction sequences.
The most interesting current commercially available sugar surfactants are the sugar esters,
especially the partial fatty acid esters of sucrose (chapter 2), and the alkyl (poly)glucosides (APG).
Sucrose esters are used especially as emulsifier in food, cosmetics and pharmaceuticals, due to their
good dcrmalological and non-toxic properties36·37. Alkyl (poly)glucosides have interesting properties
for application as detergents for cleaning and also as emulsifier for cosmetic formulations and food38.
FDA approval has not yet been granted for the use of APG's as food additives.
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Aims, restrictions and outline of the thesis.

The original aim of the research programme was lo develop alternative methods for the
synthesis of partial fatty acid esters of sucrose. The classic base-catalysed transesterification of fatty
acid methyl esters with sucrose was developed by Osipow and Snell 39 . It is no longer suitable since
DMSO or DMF are used as solvents, and traces of these solvents in the products make them unfit for
human consumption.
The restrictions that were imposed for the selection of good alternative routes to these
compounds were:
Avoidance of unacceptable solvents (vide supra).
Only simple and inexpensive reagents should be used.
Short reaction sequences are preferred.
-

The reaction(s) should have good scaling-up prospects. This means that easy
work-up procedures are desired. The products should be isolated using
extraction, distillation or crystallisation, and the use of column chromato
graphy should be kept to a minimum.

The selective esterification of sucrose is known to be difficult to achieve. Most esterification
procedures lead to mixtures of mono, di- and higher esters of sucrose and positional isomers
thereof40, but these mixtures are of interest for commercial applications. In view of the restrictions
described above, the following approaches were investigated as possibilities:
-Phase transfer catalysed esterifications.
4

-Solvent free esterifications
-The use of relatively cheap and simple protecting groups, which are easily introduced and
removed.
The background and the results of these studies are described in chapter 2. It was found that
these approaches were not promising enough and no further investigations were attempted.
The problems and restrictions encountered in the search for selective esterification of sucrose,
coupled with the increasing future demand of biodegradable surfactants indicated the necessity to
investigate alternative sugar-based surfactants.
Therefore, the studies were then focussed on more explorative research aimed at the efficient
and selective synthesis of alternative carbohydrate based amphiphiles from readily availalable
relatively low cost carbohydrate derivatives. The emphasis of the studies lies on the synthesis, but in
some cases, physical properties such as the critical micelle concentrations, surface tension and
thermotropic liquid crystalline properties were also investigated. These surfactants may be useful for
applications as detergents or emulsifiers, but they could also be useful to study the relation between
chemical structure and physical properties 3 · 22 , or as model compounds for the naturally occurring
glycolipids21. The physical properties are dependent on the structure of the carbohydrate moiety in
the amphiphile. Most of the synthetic routes lead to pure amphiphiles which are required for this
more fundamental research. In contrast product mixtures are often acceptable for commercial
applications.
In chapter 3 an investigation into the use of D-fructose for the synthesis of non-ionic surfactants
is presented. The selective Fischer type glycosidation of D-fructose with some short chain ωhalogenoalkyl alcohols was investigated and elaborated. The use of the product cu'-halogenoalkyl-ßD-fructopyranosides (15) and the easily accessable

l,2;4,5-di-0-isopropylidene-ß-D-fructopyranoside

(16) as intermediates in the synthesis of other fructosides, and some new non-ionic surfactants, is
described. The conformational analysis of some of the intermediates and the thermotropic liquid
crystalline properties, CMC, and surface tension of some of the product amphiphiles are discussed.
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Chapter 4 deals with the synthesis and characterisation of a number of long-chain alkyl Dglucofuranosidurono-6,3-lactones (17), D-glucofuranosides (18), and some alkyl-ß-D-glucofuranosiduronamides 19. Some physical properties of the products such as the thermotropic liquid crystal
behaviour, CMC, and surface tension, are also reported.
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In chapter 5 a relatively simple route to the 2-0 and 3-0-dodecyloxycarbonyl derivatives 21
and 22 of methyl a-D-glucopyranoside (20) is described. A key intermediate in the synthetic route is
methyl 4,6-O-benzylidene a-D-glucopyranoside 2,3-carbonate (23) which is known41 to react readily
with methanol and benzyl alcohol to give the corresponding 2-0 and 3-0-alkoxycarbonate esters. The
synthesis of the above long-chain mono-alkoxycarbonyl esters of 20 is based on this approach. Some
mechanistic aspects of the reactions are also discussed.

OCH3

20
21

23

R ^ R ^ R ^ H
R ' = -С(0)-ОСі 2 Н м , R2 = R3 = Η

22 R ' = R 3 = H, R 2 = -C(0)-OC12H25

In chapter 6 an alternative synthesis of methyl 2,3-anhydro-4,6-0-benzylidene-a-Dallopyranoside (24) using carbonate esters is described. This is a spin off from the work described in
chapter 5. An efficient synthesis of the anhydro-alloside 24 resulted during attempts to prepare the
cyclic carbonate ester 23 from methyl 4,6-0-benzylidene a-D-glucopyranoside (25), using basecatalysed ester exchange with diethyl carbonate. The high diastereoselectivity of this reaction and
some mechanistic aspects are also discussed.

PhCH
OCH.

Parts of the work described in the chapters 3 to 6 have been published or submitted for
publication (see list of publications).
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Chapter 2.
AN INVESTIGATION INTO POSSIBLE ALTERNATIVE METHODS FOR THE
PREPARATION OF PARTIAL FATTY ACID ESTERS OF SUCROSE.

2.1

Introduction.

2.1.1

Sucrose as a chemical feedstock for industry.

Sucrose (1), common domestic sugar, is one of the few renewable natural products that is
available in a state of excellent purity and in a highly crystalline form on a very large scale, at low
cost. The world market price for 1 is approximately 0.21 US $/kg. Sucrose is obtained from two main
sources, from sugar cane (tropics and subtropics) and from sugar beet (temperate zones). It is used
almost exclusively by the food and other consumer good industries for sweetening purposes.
In the early 1940's1 it was realised that 1 could be used as a possible source of various industrial
materials and intermediates. The Sugar Research Foundation was organised in 1943 by the American
industry in order to study the transformation of 1 into products that might be of commercial value,
thus creating new markets for this commodity.
The backgrounds for the use of 1 as a chemical feedstock were (he expected over-production in
the agricultural business, and the world's dependency on (he use of non-regencrable fossil feedstocks
as (he main source of energy and chemicals. In this respect the sugar industry can be considered as a
forerunner for the use of renewable feedstocks. Current environmental restrictions in terms of biodegradability and bio-compatability on the use of a number of chemical products also play an
important role in the recent renewed interest in sucrose, and other carbohydrates, as a potential source
of industrial materials.
In 1970, the initial 25 years of research carried out by the Sugar Research Foundation was
described2 in a critical review. It was concluded that relatively few of the sucrose derivatives
produced have found commercial markets, mainly for two reasons. The products have to be
manufactured at a cost that is competitive with similar products based on petrochemicals, and 1 is a
relatively intractable substance, due to the chemical properties of the molecule (see 2.1.2. and 2.1.3).
A similar conclusion3 was reached in 1987, and the current situation has not altered.
Examples of some products that have found a market are the partial fatty acid esters of sucrose
(emulsifier in food, pharmaceuticals, and cosmetics), and sucralose (4,r,6'-trichloro-4,r,6'-trideoxygalacto-sucrose 2), recently approved by the Food and Drug Administration (FDA) for application as
an artificial sweetener. The sucrose polyesters also known as Olestra® (Proctor & Gamble) have been
claimed as non-caloric fat substitutes, since (hese esters are not hydrolyscd by lipase and pass through
the intestine without being adsorbed.
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2.1.2 Structure, conformation and properties of sucrose.
Sucrose is a non-reducing dissacharide composed of a D-glucose and a D-fructose residue,
which are linked up through iheir anomeric centres (C-l and C-2'). It can be termed either ß-Dfructofuranosyl a-D-glucopyranoside or a-D-glucopyranosyl ß-D-fructofuranoside. The systematic
numbering of the carbon atoms in 1 is as follows: the carbon atoms of the D-glucose moiety arc given
simple numerals, whereas those in the D-fructose moiety are designated with prime numerals.
The dissacharide 1, [ a b +65.33° (c = 1, H2O), on hydrolysis with dilute acid, cation exchange
resins or by the enzyme invertase, yields cquimolar amounts of D-glucose 5 and D-fructose 6. The
hydrolysate, known as invert sugar, is laevo-rotatory ([a]o -28.2°), and the process is termed
inversion. The facile hydrolysis of 1 can be explained by the collapse of the protonated oxonium ion
3, to give D-glucose and the D-fructofuranosyl carbocation 4, a tertiary carbonium ion, which
hydrates to yield D-fructose б (Scheme 1).
Scheme 1: The hydrolysis of 1.
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The configuration and conformation of 1 have been determined by X-ray crystallography4,
neutron diffraction5, 1 H- 6 and 1 3 C-NMR 7 a e spectroscopy. It was found, that the D-glucopyranosyl
moiety adopts the 4 Ci conformation8, while the D-fructofuranosyl unit has the 4 Тз conformation8. All
hydroxyl groups except 0-4 are involved in hydrogen bonding, two of which are intramolecular; 6'O-H

0-5 and 1Ό-Η 0-2 (Scheme 2).

The ГО-Н 0-2 hydrogen bond is maintained even in dilute solution as shown by HSEA (hard
sphere exo anomeric) calculations and by the lK and 13C-NMR spectra of 1, both in DMSO and
Ü20 6 · 9 . SIMPLE ( Secondary Isotope Multiplet Partially Labelled Entities) NMR spectoscopy of 1 in
DMSO revealed the presence of two conformations with intramolecular hydrogen bonds, i.e. ΓΟ
Η 0-2 and 3'0-H 0-2, that are in competitive equilibrium10 (Scheme 2).

Scheme 2: The conformation and configuration of sucrose.
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Sucrose dissolves readily in water, but this is not a suitable medium for most chemical
reactions, since it may participate, prevent, or interfere with the desired reaction pathway. The
11

solubility of 1 in many non-aqueous solutions has been investigated (Table 1). Only pyridine, N,Ndimethylformamide (DMF), W-methyl-2-pyrollidone, and dimethylsulfoxide (DMSO) are of interest
for sucrochemical applications. The remainder are either too poor as solvents or enter too readily into
competing reactions. The solubilty of 1 in a solution of lithium bromide in acetone is most
noteworthy. This solvent mixture has been applied in the partial benzoylation of sucrose12.
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Table 1: The solubility of 1 in non-aqueous solvents10.

solvent

pyrazine
melhylpyrazine
mixed pyrazines
morpholine
N-methylmorpholine
di metnylsulfoxide
N-methyl-2-pyrolidone
dimethylformarnide
pyridine
dioxane
2-methylpiperazine
tri mclhylcyan urate
tetrahydrofuran
dimethylsulfolane

Grams

sucrose

per 100

grams

solution

120°C

110°C

100°C

85°C

60°C

30°C

3.95
2.34

-

3.04 a
1.84
2.73

.
-

-

29.6 е

1.95
0.87
2.02
39.8
0.37
51.1
28.0
23.6
5.00
0.11
26.1

_
-

0.56
61.6

2.23 b
1.25
2.46
45.1
0.38
58.7
33.5
29.6
5.99
0.11
29.5е

-

-

-

50.8
0.72
40.4
42.8

-

0.52

-

7.46
e

30. I
0.32 d

-

-

е

-

0.50

е

0.37

0.30

34.7

-

49.1
22.6
16.9
3.75
0.07

-

0.01

"

30.7

-

41.6
17.3
14.1
3.12

•

a) At 107°C b) At 97°C c) solution discolored d) At 140°C

2.1.3 The synthesis of partial esters of sucrose. A literature survey.
The fundamental chemistry of 1 has been reviewed several times 2 · 133 " 0 . The selective acylation
is probably one of the most widely studied transformations of 1. The sucrose molecule posseses eight
hydroxyl groups, five secondary and three primary. These are the only reactive groups available for
the synthesis of derivatives. The presence of these 8 hydroxyl groups make possible the synthesis of
an enormous number of sucrose esters. Direct csterification with only one type of group {e.g. an
acetate) could theoretically lead to 255 different compounds, which vary in the degree of substitution
and the position of the ester group. There are for example 8 possible isomers of a sucrose monoester,
28 of a diester, 56 of a triester, and 70 of a tetraester.
There are several approaches possible for the selective csterification of 1, namely;
- the use of protecting groups.
- controlled direct esterification.
There are marginal differences in the reactivities of the eight hydroxyl groups in 1. Selective
esterifications of 1 must therefore be conducted under carefully controlled conditions. The methods
for the selective protection of certain hydroxyl groups could be an advantage in the chemical
manipulation of this molecule. The most common routes to partially acylated sucrose derivatives
have been via selectively protected intermediates, such as 6,r,6'-tri-0-trityl sucrose 1 4 and 2,l';4,6-di0-isopropylidene sucrose 15,16a - b .
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In a direct acylation of 1 the formation of the product is determined by the differences in
reactivity of the hydroxyl groups, due to their steric disposition or their capability of intramolecular
hydrogen bond formation.
In general the primary hydroxyls at C-6 and C-6' are the most reactive followed by the more
hindered primary hydroxyl at С-Г, which has a neopentyl like character. Of the remaining five
secondary hydroxyls, the 2-OH and the З'-OH would be expected to be the more reactive, because of
their close proximity to the anomeric centres C-1 and C-2'. and because the 2-OH is involved in
strong intramolecular hydrogen bonding.
The acylation of the hydroxyl functions follows a certain order because of this difference in
reactivity. The order of acylation depends also on the nature of the acylating agent, since the
substitution of one hydroxyl group may alter the relative reactivity of the remaining hydroxyl groups.
Gode 1 7 et al. have studied the direct tri-benzoylation of 1 using benzoyl chloride in pyridine.
Five different tri-benzoates namely, 6,Γ,6'- (major product.15%), 6.Г.З'- (5%), 2,6,1'- (6%), 2,6,6'(4%), and 6,3',6'-tri-0-benzoyl sucrose (2%), and two tetra-benzoates, namely 6,Г,3',6'-(9%) and
2,6,l',6'-tetra-0-benzoyl sucrose were isolated and characterised. From the approximate percentages
of these products, determined by HPLC, an indication of the order of acylation was suggested as 6OH> l'-OH = 6-OH>2-OH = 3-OH.
The selective pivaloylation of 1 with pivaloyl chloride (trimethylacetyl chloride) has also been
studied under a variety of conditions by Hough et. α/.18. This acylating agent is sterically hindered,
and therefore increased selectivity would be expected. A series of compounds, ranging from the di- to
the hepta-pivaiate were isolated and characterised. When the reaction was conducted with 3 molar
equivalents of reagent at -40°C for 3 h the 6. Г.б'-tripivalate (42%) and the 6,6'-dipivalate (22%)
could be isolated as major components. In this way a 'reaction profile' of 1 towards pivaloylation was
also obtained. There exist two principal, but divergent, reaction pathways lying between 1 and its
octa-pivalate in which the orders of acylation of the eight hydroxy groups are as follows ;
a) 6.6'-OH > l'-OH>4'-OH> 2-OH>4-OH > 3-OH > 3-OH;
b) 6,6-OH > l'-OH > З'-OH > 3-OH > 4'-OH > 2-OH and 4-OH.
Thus, in practise the number of isomers formed by substitution with only one type of group, is
much smaller than the theoretically possible 255. Selective mono-acylation of sucrose however
remains difficult to achieve.
A process for the preparation of sucrose monoesters, using transesterification reactions was
developed by Snell and Osipow 19 · 20 . The procedure was based on the reaction of 1 with a fatty acid
methyl ester in DMF solution using K2CO3 as a catalyst. The methanol formed in the reaction was
21

removed in vacuo. A detailed kinetic study of this reaction performed by Lemieux and Mclnnes led
to a preparative method for the synthesis of sucrose monoesters, which gave essentially quantitative
yields, based on the amount of methyl ester consumed. Reproducible rates of reaction and yields of
sucrose esters were attained when conditions of homogeneous catalysis were established. The product
contained about 20% of di- and 80% of mono-esters. The composition of the sucrose monomyristate,
obtained by this process, consisted of 6-0- and 6-0-myristoyl sucrose, plus unidentified isomers in
13

the relative proportions of 0.62: 0.28: 0.1, as determined by GLC and NMR spectroscopy of
appropriate derivatives 22 .
6-0-acetyl-sucrose (40%) was isolated by column chromatography of the reaction mixture
obtained from the reaction of 1 with acetic anhydride in pyridine at -40°C 23 .
Bottle and Jenkins 2 4 described the preparation of 6-0-palmitoyl sucrose via a Mitsunobu
reaction 2 5 . Treatment of sucrose with palmitic acid (1.2 equiv.) triphenylphosphine (1.4 equiv.) and
di-isopropyl azodicarboxylate 7(1.4 equiv.) in DMF at room temperature for 76 h, gave 6-Opalmitoyl sucrose (47%). The selectivity could be explained in terms of steric hindrance of the bulky
phenyl groups in the intermediate 8, so that the least hindered 6-OH function is transformed into the
intermediate alkoxytriphenylphosphonium carboxylate 9, which collapses, via an S N 2 process, to the
ester and triphenylphosphine oxide (Scheme 3).
Scheme 3:
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A two step chemo-enzymatic synthesis of 6'-0-acylsucroses, has been described recently by
Plusquellec and Chauvin 2 6 . Acylation of 1 in anhydrous DMF at -30 to -20°C with 3-acyl-5-methyll,3,4-fhiadiazole-2(3H)-thione 10 in the presence of l,4-diazabicyclo[2.2.2]octane (DABCO 11) as a
catalyst, resulted in the formation of the б'-O-acyl sucrose as the major product. The selectivity was
explained by assuming that DABCO probably acts as a base as well as a nucleophilic catalyst. In the
former role selective activation of the more acidic hydroxyl(s) to the nucleophilic alkoxides may
occur at C-2 and C-6', which are hydrogen bonded intramolecularly. Conversely DABCO and the
acylating agent form a bulky, loose ion-pair, which preferentially acylates the least hindered 6'position. The first part of this explanation seems to be unlikely however, since 1 in solution lacks the
C-6'-OH

0-2 hydrogen bond. In a second regioselective enzymatic deacylation step using the lipase

of Candida

cylindraceae.

the by-products 6-O-acyl sucrose and 6,6'-di-0-acyl sucrose were

hydrolysed only at the C-6 position leaving 1 and the б'-O-acyl sucrose as the only products. An
overall yield (45%) of б'-O-stearoyl sucrose was obtained via this route.

J?

JÌ

w

10 R = CH3(CH2)6
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Klibanov 27 succeeded in the regioselective acylation of 1 with trichloroethyl butyrate by a
protease (subtilisin) catalysed transesterification in anhydrous DMF. Most enzymes, apart from
subtilisin, are catalytically inactive in DMF. This enzyme surprisingly catalysed the acylation of СГ
ОН group, whereas in chemical acylations the C6-OH and C-6'-OH positions are usually the most
reactive.
Further investigation28 of this protease catalysed transesterification process, aimed at the
introduction of a large variety of acyl residues in 1, revealed that this reaction was quite sensitive to
the length of the aliphatic chain. The yield of the isolated sucrose monoesters were lowered
dramatically as the acyl group lengthened (Table 2). The initial reaction rate of conversion of the
trifluoroethyl octanoate was only 8% of that of the corresponding butyrate ester.
Table 2:

Protease catalysed transesterification of various
trichloroethyl-(TCE) or trifluoroethyl(TFE)-esters with 1.

Ester

CH3-(CH2)2-C(0)-TCE
CH3-(CH2)2-C(0)-TFE
CH3-(CH2)4-C(0>TFE
CH3-(CH2)6-C(0>TFE
CH3-(CH2)8-C(0)-TFE

Reaction
lime

Conversion

Isolated yield of
mono-O-acyl-sucrose

Ref.

(%)

60 h.
24 h
48 h
48h
48h

85
78
73
29
7

57%
64%
61%
26%
4%

27
28
28
28
28

Enzymatic transesterification reactions arc frequently carried out in anhydrous organic solvents
as the reaction medium, since in aqueous solutions the water will replace sucrose as the nucleophile,
leading to hydrolysis, rather than esterification. Seino and coworkers29 have however carried out an
enzymic (lipase) catalysed esterifications of sucrose with a fatty acid in aqueous buffer solutions (pH
5-8) at 40°C. It was deduced from the TLC and IIPLC investigations that several ester derivatives
were produced by this reaction and their structures were confirmed by IR and NMR spectroscopy.
The maximum conversion of oleic acid was 60% after 72 h in the presence of a lipase from Candida
cylindraceae as catalyst in the reaction of sucrose with oleic acid. The results were shown to be nonreproducible30.
An alternative approach to the selective esterification of sucrose is the regioselective
enhancement of the nucleophilicity of the hydroxyl groups towards the electrophilic acylating agents
(e.g acid chlorides or acid anhydrides). This can be achieved31 by the use of transition metal chelates
of 1. The combination of the "hard" ligating groups of a carbohydrate moiety with a "soft" metal is
presumed to enhance the nucleophilicity of those groups involved, thereby influencing the selectivity
towards acylating agents. When 1 in DMF was treated with a mixture of sodium hydride / C0CI2 /
acetic acid anhydride (1:2: 1.2) a 98% yield of mono-ester based on GLC and mass spectrometry was
claimed. The product was not however isolated or characterised. The major products from analogous
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reactions in pyridine for both acetylation and butyroylation have been isolated in 60% yield, and
identified as the З'-O-esters by NMR12».
Selective enhancement of the nucleophilicity of the hydroxy groups in 1 is also achieved by
trialkylstannylation using a limited quantity of bis (tributylstannyl) oxide (Bu3Sn)2032. Treatment of
1 with (Bu3Sn)20 (1.5 mol. equiv.) in refluxing toluene, followed by a reaction with benzoyl chloride
(6 mol. equiv.) at 20"C gave 2,3,6, l',6'-penta-0-benzoyl sucrose in 87% yield.
The preparation of 6-0-benzoyl sucrose by a regioselective acylation of the sucrose
distannoxane 12 in excellent yield (96.3%) has been claimed33. The corresponding 6-0-acetyl and the
6-0-lauroyl sucrose were also prepared using this method.
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2.1.4 Properties and applications of partial fatty acid esters of sucrose 2 .
Partial fatty acid esters of 1 are non-ionic surfactants, which have various interesting properties
e.g.:
Neutrality (pH of solution 7.0 - 7.5)
Free from taste and odor.
Free from skin irritation.
Free from toxicity. All sucrose esters which have been tested, except the
dipalmitates, show good tolerance by both animals and humans.
They are readily degraded by microorganisms both under aerobic and anaerobic
conditions.
Physiological compatability and ease of digestability by the body. When sucrose
esters enter the digestive system, they are hydrolysed into D-glucose, D-fructose, and
fatty acids all of which are natural components of food.
Biochemical studies have revealed, that some fatty acid mono-esters of 1 possess
34

1

anti-tumor activity *'* .
Sucrose esters are also excellent emulsifying agents and because of these properties they are of
special interest as emulsifiers in cosmetic, pharmaceuticals and food products.
Commercial samples of sucrose esters are frequently mixtures and for application as
emulsifiers the HLB value of the mixture is of importance. The HLB (Hydrophilic Lipophilic
35

Balance) system was introduced in order to characterise non-ionic emulsifiers with regard to their
emulsifying properties. The efficiency of the hydrophilic and hydrophobic groups in (a mixture of)
non-ionic surfactants is expressed on an empirical scale, ranging from 1-20. High HLB-numbers
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correspond to increasing hydrophilicity of the molecule. Emulsifiers with HLB values < 8 form water
in oil (W/O) emulsions preferentially, whilst those with HLB values > 10 form oil in water emulsions
(O/W). The HLB values of sucrose ester mixtures range from 4 to 12 depending on the carbon chain
length of the acyl groups and the product composition, i.e. the relative percentage of the mono-, di-,
and triesters. The shorter chain mono-lauric and myristic acid esters have high HLB values and they
are better foamers, and somewhat better detergents, than the longer chain esters. The longer chain
stéarates and palmitates have lower HLB values, but they give better emulsification than their C8 C12 homologues. Sucrose di- and triesters can have HLB values as low as four.
These properties of sucrose esters make them compatable with other non-ionic polyol
surfactants e.g., sorbitan esters 13 ( SPANS®) or ethoxylaled sorbitan esters 14 (TWEENS®).
Sucrose esters do have other characteristics which limits their application, e.g. poor stabilty in
acidic media and relatively high price of production.
H
RO-C^

ν

^ " ^ C H

H

I
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2.1.5 Aims and restrictions of this investigation.
The transesterification process (section 2.1.2) developed by Osipow and Snell 1 9 for the
preparation of sucrose monoesters, has attracted considerable industrial interest. Commercialisation
of these sucrose ester products has been limited however, since traces of solvent (DMF or DMSO) in
the products make them unsuitable for human consumption. New synthetic routes, thereby avoiding
the use of these toxic solvents are now essential.
The alternative selective esterifications described in section 2.1.2 are also not applicable for this
reason. Most other non-aqueous solvents for sucrose, inert to esterification reaction conditions are
also toxic and cannot be employed. Non-toxic alcohols such as propylene glycol, butylène glycol and
glycerol cannot be used as solvents, since they will compete with sucrose in the (trans)esterification
reactions.
The problem of finding new, suitable synthetic routes is reduced to the question of how to react
two immiscible reactanls, since there are no mutual solvents for both 1 and fatty acid acylating
agents.
Considerable work has already been carried out in this area and several methods of preparing
partial fatty acid esters of 1 ш a solvent free transesterification process have been described36,
including many patents 373 "· 1 · 38 , of which the microemulsion method and the homogeneous melt
method are good examples.
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In general the sucrose esters are prepared now by heating a mixture of 1, fatty acid esters of
volatile alcohols such as methanol, ethanol or glycerol, in vacuo with potassium carbonate as a
catalyst in the presence of an emulsifier. An overall problem in this procedure is accomplishing the
efficient mixing of the reactants. This is usually achieved by the addition of an emulsifier, mostly an
alkali metal fatty acid soap, together with very efficient stirring (high shear mixing), or by the
creation of a micro-dispersion of sucrose (microemulsion) prior to reaction. The use of an extruder
has even been claimed to achieve this state39. The nature of the problem is therefore more
technological than chemical.
An example of the creation of a microdispersion is the microemulsion process developed by
Osipow36b. In this process 1 is dissolved in a mixture of propylene glycol, methyl stéarate, sodium
stéarate and catalytic potassium carbonate to form a transparant emulsion. The propylene glycol is
then removed in vacuo and the system remains transparent throughout, indicating the formation of a
microdispersion of 1. On completion of the distillation all of the methyl stéarate has been converted
into sucrose stéarates. Sucrose monostearate (85%) and di-stcarate (15%) have been obtained after
purification from a mixture of 1, methyl stéarate, and sodium stéarate (1.5: 1.0: 0.9, molar ratio) in
this manner. It was demonstrated later40, that it was possible to replace propylene glycol by water in
the formation of some transparent emulsions.
All of these transesterification reactions give mixtures of differently substituted sucrose esters
and positional isomers thereof, due to the low chemical selectivity of the eight available hydroxyl
groups. The yield and the degree of esterification vary with the reaction conditions applied .The
degree of esterification can be influenced by the molar ratio of sucrose / fatty acid ester, the pressure,
and the length of the reaction period. So far most of these processes have given good results on small
scales (< 20 kg), but are seemingly unimpressive on a large scale.
The limitations described above place severe restrictions on the development of acceptable new
procedures for the partial acylation of sucrose. The following approaches were investigated as
possibilities:
- Phase-transfer-catalysed esterifications of 1.
- Esterifications of 1 in a melt of acylating agents.
- The use of relatively cheap protecting groups.
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2.2

Phase-transfer catalysed esterifications of sucrose.

2.2.1

Introduction

Phase-transfer catalysis is a recognised and versatile technique in organic synthesis, and several
applications in carbohydrate chemistry have been reported, e.g. selective tosylation41, alkylation 42 · 43
and esterification448"«1.

0-CH2
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Selective benzylation of methyl 4,6-0-benzylidene a-D-glucopyranosidc 15 using benzyl
chloride in a mixture of 40% aqueous sodium hydroxide / dichloromethane / tetrabutylammonium
hydrogensulphate has been achieved at the more acidic 2-OH function. An ion-pair R O Q + a q is
formed in the aqueous phase, which is extracted into the organic phase, where the benzylation is
believed to proceed. The phase transfer catalysed tosylation of 15 using tosyl chloride under the same
conditions also showed bias towards esterification at 0-2. The benzoylation of 15 afforded the 2benzoate 16 initially, but during the course of the reaction base-catalysed isomerisation to the 3benzoate 17 occured. The isomerisation could be suppressed by the addition of lipophilic anions,
resulting in diminished concentrations of hydroxide ions paired with tetrabutylammonium ions in the
organic phase.
A solid / liquid phase-transfer modification was also developed to curtail ester goup migration,
i.e. the esterification with a tetrabutylammonium alkoxide in a medium of low polarity avoiding the
excess of strong base in solution. Esterification of 15 with benzoyl chloride, catalytic
tetrabutylammonium iodide and potassium carbonate in benzene thus afforded 16 and 17 in a ratio of
7.7 : 1.
Advantage of the ester migration has been taken in the synthesis of methyl 4,6-0-benzylidene3-0-benzoyl-a-D-galactopyranoside 18. Addition of hexamethylphosphoric triamide to the medium
of benzene / aqueous sodium hydroxide / tetrabutylammonium chloride / benzoyl chloride promoted
the acyl migration from 0-2 to 0-3 to form 18 as major product (62%).
The benzylation of 1 under the conditions of phase-transfer-calalysis has also been described45.
Treatment of 1 with a mixture of 50% aqueous sodium hydroxide /benzene/benzyl chloride/ tertamyl alcohol and tertabutylammonium hydrogensulphate (ТВ AS) gave only a 10% yield of the octaO-benzyl sucrose 19. The tertiary alcohol was added supposedly to help increase the concentration of
the base in the organic phase. The low yield of this reaction was probably due to the poor solubility of
sucrose in benzene. The competing formation of dibenzyl ether probably became the more
preponderant reaction. A solid / liquid modification of the reaction employing DMSO as the
19

cosolvent gave significantly better yields (75%) of 19. The use of this solvent is excluded in this
project, because of the reasons stated in paragraph 2.1.4. The use of DMSO is also precluded in
acylation reactions, because of its known 46 oxidative properties in combination with acid anhydrides
and acid halides.
In view of the examples of phase-transfer reactions illustrated above it was decided to
investigate the selective esterification of 1 using this technique. Both solid / liquid and liquid / liquid
phase-transfer reactions were included in this study.
2.2.2

Solid / liquid phase-transfer catalysed esterifications of sucrose.

In the current study selective esterification of 1 was investigated using a potassium hydroxide
complex of sucrose (20), or a mono sodium sucrate (21), with fatty acid chlorides and fatty
anhydrides as the acylating agents.
Various complexes of alkali metal hydroxides and alkali metal alkoxides of sucrose have been
described previously in the literature 47af , and they have been reviewed by Rendleman Jr. 48 .
Percival47b originally described the preparation of a complex of 1 with potassium hydroxide in
aqueous ethanol solution. Analysis of the product revealed various compositions ranging from
C12H22O11.KOH to С12Н22О11.ЗКОН. The primary hydroxyl groups in 1 appeared to be the main
centres of reactivity, and each of the three appeared to be associated with potassium hydroxide in
С12Н22О11.ЗКОН. This conclusion was based on the isolation of a trimethyl sucrose derivative
following treatment with dimethyl sulphate in which only the primary alcohol residues appeared to be
substituted.
Reinvestigation47* of the formation of complexes of 1 in aqueous ethanolic potassium
hydroxide indicated that the presence of water in the alcoholic medium containing carbohydrate and
alkali metal hydroxide adduci led to the formation of an isolable complex, which was either a
carbohydrate metal hydroxide (R-OH.MOH) adduct, or a metal alcohol hydrate (ROM.H2O).
Percival47b furnished no evidence that the sucrose adducts were not hydrated alcoholates. Ethanolic
potassium hydroxide (20%) reacted with 1 to give a complex that had the approximate composition
Сі2Н2и09(ОН.КОН)і.з(ОК)о.7. Thus the sucrose adduct is both a KOH complex and an alcohólate.
The alcoholates of 1 have also been prepared by treatment with sodium, lithium and potassium
in liquid ammonia47c_f and they have been used in some condensation reactions with organic halogen
compounds49,50 e.g. (long chain) alkyl halides, allyl chloride and chloromethoxy methyl ether. A
problem in these condensation reactions was the presence of firmly bound ammonia of solvation.
Methylation by methyl iodide in the presence of ammonia led to the formation of trimethylamines
and hydroiodic acid. The generation of acidic conditions led to breakdown of the sodium sucrate
present resulting in decreased yields of the desired sucrose-O-methyl ethers (Scheme 4).
Prey and Grundschober4"^ reported the preparation of mono-sodium sucrate (21), almost free of
ammonia of solvation, by means of exhaustive drying in vacuo at elevated temperature, followed by
solvent extraction with toluene. Alkylation of 21 with excess methyl iodide in DMF resulted in the
successful formation of mono-O-methyl sucrose (60%).
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Scheme 4:
NH 3 + 3 CH3I

»-

N(CH 3 ) 3 + 3 HI

NH 3 + HI

—

NH4I

—

С ^ Н г г О , , + Nal + NH 3

NH4I + СігНгіОц.Ма

The use of the compounds 20 and 21 as substrates in solid / liquid phase-transfer catalysed
esterifications was studied using various fatty acid chlorides and anhydrides as the acylating agents .
Compound 20 was prepared by the procedure described by Percival 4 7 b . The average
composition of the complex was determined as C12H22O1 i.(KOH)i.7 using an acid-base titration .
Compound 21 was prepared according to the procedure described by Grundschober and
Prey 4 7 ^ but the product still contained some ammonia of solvation (0.5 - 1.45 wt% NH3. 14 - 37
mol%).
The phase-transfer type reactions of these complexes were carried out in hexane, diethyl ether,
or diglyme as solvents with 18-crown-6 or hexadecyltrimethylammonium bromide (HDABr) as the
phase-transfer catalysts. The results of these experiments are summarised in table 3.
Table 3: Solid / liquid phase-transfer catalysed esterification of 1.
substrale

acylating agent
(equiv.)

solvent. PTC

reaction
conditions

products (yield)

20

slearoyl chloride
(3)

hexane
18-crown-6

stir, 72 h., r.t.

22(71%)"
and other sucrose
polystearates

20

23 a )

diethyl ether
18-crown-6

stir, 24h.
reflux

sucrose polystearates.
potassium stéarate,
stearic acid anhydride

20 and 1
(1:10)

23 (0.33)

diethyl ether
18-crown-6

stir, 5d., r.t.

sucrose polystearates,
stearic acid anhydride

21

lauroyl chloride
(1.1)

diethyleneglycol
dimethyl ether
HDABr

stir, 24 h., r.t.

sucrose polylaurates,
lauric acid

a: The yield was calculated from the amount of stearoyl chloride consumed.
1: sucrose; 20: Сі2Н220ц.(КОН)і.7; 21: С^НггОц^а; 23; stearic anhydride;
22: octa-O-stearoyl sucrose. PTC: phase-transfer catalyst.

It was conspicuous, that only sucrose octa-esters together with traces of the other sucrose
polyesters were formed as the main products. No mono-, di- or tri-esters could be detected by TLC.
In one experiment, using stearoyl chloride as the acylating agent, the octa-O-stearoyl sucrose (22)
was isolated in 70% yield (calculated from the amount of stearoyl chloride consumed), and was
characterised by lH (400 MHz) and

13

C NMR spectroscopy. The various ' H and
21

13

C signals.

assigned to the carbohydrate backbone, corresponded very well with the known data for octa-Oacetylsucrose51 (Table 4).

Table 4:

signal

G-l
G-2
G-3
G-4
G-5
G-6
F-l
F-2
F-3
F-4
F-5
F-6

13

C and ^H chemical shifts for the D-glucopyranose(G) and D-fructofuranose (F)
residues of octa-O-acetylsucrose compared with 22 .
13

C=0(ppm)

ІЦ (ppm)

C (ppm)
acetate

stéarate

acetate

stéarate

acetate

stéarate

89.93
70.26
69.61
68.17
68.50
61.75
62.85
104.02
75.68
74.98
79.14
63.63

90.0
69.9
69.4
67.8
68.6
61.5
63.0
103.5
75.2
74.4
78.8
63.6

5.69
4.87
5.44
5.08
4.28
4.14,4.28
4.17

5.62(d)
4.88(dd)
5.40(t)
5.06(t)
n.r.

170.07
170.01
169.5

172.7
172.5
172.4

5.47
5.36
4.21
4.35, 4.29

5.45(d)
5.37(1)
n.r.
n.r.

-

О.Г.

n.r.

-

.

-

-

170.66
170.09

173.4
172.8

169.65
169.88

172.1
172.4

170.46

173.2

-

-

-

П.Г.: not resolved d: doublet, t: triplet, dd: double doublet

When stearic anhydride (23) was used as the acylating agent considerable amounts of sodium or
potassium stéarate were also produced. These were difficult to separate from the resulting sucrose
esters without resorting to column chromatography, adding an additional purification step.
When a mixture of 1 and 20 (1 : 10) was reacted with 23 (0.33 equivalent), polyesters were
again produced. The potassium stéarate generated at the beginning of this reaction probably acts as
the actual catalyst in the process. Sodium, potassium and lithium soaps have been used frequently as
catalysts in transesterification reactions of fatty acid esters and sucrose36»·52.
Similar ranges of products were obtained when mono-sodium sucrate was used.
This approach did not appear to be wholly successful, since only the highly substituted sucrose
esters were formed. A possible explanation for these results could be that the product formation is not
determined by differences in the relative reactivity of the eight hydroxyl groups in 1, but by
differences in the solubility between 1 and the resulting sucrose esters in the organic phase.
At the beginning of the reactions 20 or 21 will be extracted in the organic phase, where
esterification probably takes place and a sucrose mono-ester is formed. The solubilty of the potassium
hydroxide complex or mono-sodium alcohólate of the mono-ester, formed by exchange reactions, in
the organic phase is probably slightly better than that of the unesterified complexes. The mono-ester
complex then reacts preferentially with the acylating agent. The di- tri- and higher substituted esters
formed thus are even more soluble in the organic phase, so that only these compounds are then
available for further esterification.
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It is difficult however to substantiate this hypothesis. A similar phenomenon was described by
Goldsmith53 for the preparation of partial fatty acid esters of polyhydric alcohols by means of direct
esterification of these compounds with fatty acids. The following explanation for the formation of
higher esters was given: "Most polyhydric alcohols are not, or are only poorly miscible with the fatty
acid, even at elevated temperature, whilst their ester products are. Thus, the fatly acid reacts with the
ester products rather than with the polyhydric alcohols themselves, resulting in more highly esterified
products than intended".
From the results obtained it must be concluded that this approach is not a truly successful one
for the preparation of mono-, di- and trisubstituted fatty acid esters of sucrose.

2.2.3

Liquid/ liquid phase-transfer catalysed esterifications of sucrose.

The preparation of fatty acid esters of 1 a in liquid /liquid phase-transfer system of aqueous
potassium carbonate and potassium hydroxide / hexane / fatty acid chloride or fatty anhydride / ten.
butyl alcohol with tetrabutylammonium bromide as phase-tranfer catalyst was then investigated. The
results of these experiments are summarised in Table 5.

Table 5:

Liquid / liquid phase-transfer catalysed esterification of 1.

acylating
agent
(equiv.)

solveot system

PTC

reactioD
conditions

products (yield)3

slearoyl
chloride
(2.5)

aqueous KOH, K2CO3 /
hexane /1-BuOH
(8/50/0.5)

Bu4N+Br"

stirring,
20 h., r.t.

22 (32%)b,
sucrose polystearale,
stearic acid

23 (2.5)

aqueous KOH, K2CO3 /
hexane /t-BuOH
(8/50/0.5)

Bu4N+Br-

stirring
16 h.,
reflux

22(17%) b ,
sucrose polystearales,
stearic acid

lauroyl
chloride
(2.5)

aqueous KOH, K2CO3 /
hexane /1-BuOH
(8/50/0.5)

Bu4N+Br

slimng
2h., r.t.

sucrose polylaurates
lauric acid,
lauric acid anhydride

lauroyl
chloride
(2.5)

aqueous KOH, K2CO3 /
hexane
(8/50)

Bu4N + Br

stirring
2h., r.t.

sucrose polylaurates,
lauric acid,
lauric acid anhydride

palmi loyl
chloride
(2.5)

aqueous KOH. K2CO3 /
hexane
(8/50)

Bu4N + Br

stirring
2h., r.l.

ocla-O-pal mitoyl-su erose
(48%)b
sucrose polypalmilaie,
palmitic acid

a; calculated from the amount of acylating agent consumed, b: product isolated by means of column
chromatography. .23: stearic anhydride; 22: octa-0-slearoyl sucrose. PTC: phase-transfer catalyst
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The sucrose poly-esters were once again formed as the major products in these reactions, albeit
in a lower yield. The course of the reactions was similar to that of the solid / liquid phase transfer
reactions. Considerable amounts of fatty acid and fatty anhydride could be detected (IR) in the crude
products, probably due to concomitant hydrolysis.
The use of tert.-butanol had no apparent influence on the product formation, since a control
experiment performed in the absence of tert.-butanol yielded essentially the same distribution of
products. A shortening of the reaction time resulted in higher yields of the poly-esters.
The formation of the poly-esters can be explained in a manner similar to that of the solid /
liquid phase-transfer system. A sucrose.KOH complex is probably formed in situ in the water layer,
which is then extracted into the organic phase, where the esterification process probably takes place.
The increased solubility of the sucrose ester compared with sucrose itself, and not the relative
reactivity of the hydroxylic groups, again determines the product distribution, leading thus to the
unwanted and more highly esterified products. This approach was not investigated further due to this
reason

2.3

Esterification of sucrose In a melt of acylating agents.

The solvent-free transesterifications described in section 2.1.4 are heavily protected by
numerous patents. The esterifications of sucrose in a melt of fatty anhydride or a mixed carboniccarboxylic anhydride using 20 or 21 as the base component have not been reported previously. This
type of reaction was therefore investigated as a possible alternative route to sucrose esters. The results
obtained are summarised in table 6.
When a mixture of 1, 20 or 21 and stearic anhydride (23) was heated at 140CC a complex
mixture of differently substituted sucrose esters, together with potassium or sodium stéarate, were
produced. Analysis (TLC) showed that the mono-, di- and tri-substituted esters were formed
preferentially. The partial esters were separated from the other products i.e. 1, fatty acid and small
amounts of polyesters by employing a combination of selective extraction and fractional
crystallisation.
The alkali metal fatty acid soap formed during the reaction could have had a solubilising effect
thereby promoting the miscibility of the reactants. Consequently, the lower substituted partial fatty
acid esters of sucrose were formed preferentially. The produced esters may also have had a
solubilising effect.
The quantitative analysis of such complex mixtures can be achieved by gas-liquid chromatography (GLC)34»·34*·54 or HPLC29·55. GLC of the corresponding volatile trimethylsilyl (TMS)
derivatives563·1' was the method of choice for this investigation. A special, high temperature GLC
method for the analysis of TMS derivatives of sucrose esters has been developed at the Unilever
Research Laboratories and Unichema International and the product mixtures obtained above were
24

analysed by this procedure The relative amounts of fatty acid, 1, sucrose mono-ester (SME), sucrose
diester (SDE) and sucrose tri-ester (STE) could be determined simultaneously

The product

composiüons, determined as such are described in Table VI The sucrose mono-, di- and tn-esters
gave rise to separate clusters of peaks, indicating the presence of several positional isomers

Table 6 Estenfication of 1 in a melt of acylating agents.
Acylating agent
(g, mmol)

1
(g, mmol)

Base
(g.mmol)

Reaction
Conditions

Yielda
(wt%)

Product
Composition1'

23
(5 5g,10mmol)

2 56 g,
7 5 mmol

20
(3 24g, 7 5 mmol)

A,140°C,16h,
N2-alm,
mechanical
stimng

13

SA 10%
sucrose SME 66%
SDE 21%
STE3%

24
(3 56g,10mmol)

2 56 g,
7 5 mmol

20
(3 24g, 7 5 mmol)

Д,140°С,16гі,
N2 atm,
mechanical
stimng

18

SA 17%
sucrose 0 1 %
SME 48%
SDE 28%
STE 5%

23
(5 5g, 10 mmol)

2 56 g,
7 5 mmol

21
(2 73g,7 5 mmol)

Д,140°С,16Ь,
N2-atm,
mechanical
stimng

21

SA 9%
sucrose
SME 36%
SDE 38%
STE 17%

24
(7 12g, 20 mmol)

5 12 g,
15 mmol

21
(5 46g, 15 mmol)

ДЛ40°С,16Ь,
N2 aim,
mechanical
stimng

5

SA 8%
sucrose 0 2%
SME 58%
SDE 28%
STE 5%

21
(5 46g,15 mmol)

A,140°C.l6h,
N2 atm,
mechanical
stimng

11

SA 10%
sucrose 0 2%
SME 53%
SDE 29%
STE 8%

23
(5 5g,10mmol)

sta

(1 5g,5 mmol)

a after work up, b determined by GLC analysis of the corresponding TMS derivatives
SlCl stearoyl chloride, SA stearic acid, SME sucrose mono ester, SDE sucrose diester,
STE sucrose tn-ester, 1 sucrose. 20 C12H22O11 (KOH)i 7, 21 C12H22O11 Na, 23, stearic anhydride,
24 ethoxycarbonyl stearic anhydride

A practical disadvantage of the use of fatty acid anhydrides in the above esterification
procedure is that the one equivalent of alkali metal soap which is produced during the reaction is
difficult to remove from the final reaction mixtures
Ethoxycarbonyl stearic anhydride (24) and a mixture of 23 and stearoyl chloride were also used
as acylating agents in order to reduce the amount of alkali metal soap that is produced Compound 24
was prepared readily, and in good yield (89%), via the reaction of stearic acid and ethyl
chloroformate in the presence of trielhylamine Mixed carbonic-carboxylic anhydrides have been
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employed previously in the synthesis of peptides57·58 and some esters59. Compound 24 was not,
however, sufficiently stable at higher temperatures, and decomposed to give ethyl stéarate and carbon
dioxide after heating at 110°C for 3 days (IR). It is uncertain, therefore, whether the esterification of 1
actually takes place via this anhydride, or whether decomposition occurs prior to esterification.
followed by the base catalysed transesterification of 1 by (he ethyl stéarate that is produced.
The use of a mixture of stearoyl chloride and 23 was then investigated. The fatty acid chloride
was added slowly to a stirred reaction mixture containing 21 and 23 at 140°C. There are two possible
pathways by which esterification could occur,/', e by direct esterification of 21 with stearoyl chloride
or by an indirect esterification via the reaction of the fatty acid soap present in the reaction mixture to
produce the anhydride 23, followed by esterification with 21.
From the results of these experiments it can be concluded that the esterification of 1 using fatty
anhydrides or mixed carbonic carboxylic acid anhydrides results in the formation of the desired
esters, but in yields lower than those of the Osipow microemulsion process, and other solvent free
transesterifications. The ratio of mono- / di-ester was also lower. A further disadvantage of the route
is that the products also contain considerable amounts of fatty acid.
The same difficulties (i.e. performing the reaction on a large scale), which play a role in the
solvent free transesterification processes, are anticipated with the solvent free esterification of 1 in a
melt of fatty anhydride or mixed carbonic-carboxylic anhydrides, since these processes are very
similar. No further attempts were made lo optimise the reaction conditions, or to improve the workup procedures.

2.4

The use of relatively cheap protecting groups in the synthesis of partial fatty
acid esters of sucrose.

Another possible solution for the solubility problem described in section 2.2 and 2.3 could be
the use of a protecting group strategy. Partially protected sucrose derivatives are better soluble in
organic solvents than 1 itself. A second esterification step could therefore be carried out in an organic
solvent other than pyridine, DMF or DMSO. Subsequent deprotection would result in the formation
of the desired partial fatty acid esters of 1.
The main requirement for suitable protecting groups is ease of attachment without using
pyridine, DMF, DMSO or other non-acceptable solvents. Subsequent deprotection of the products
must also occur under conditions which will leave (he introduced ester group(s) intact. The
alkoxycarbonyl group is a protecting function, which meets these requirements.
Nishikawa el al. 60 employed the benzyloxycarbonyl (or carbobenzoxy Cbz) group as a
protecting function in the regiosclcctive synthesis of the mono-O-acyl-glucoses 25 and 26 (Scheme
5). This group is usually removed under neutral conditions by catalytic hydrogenolysis, and no acyl
migration occurs during the deprotection step.
26

Scheine 5:

CbzCI
OBn

OBn

pyridine

+

OH

1) RC(0)a. pyr.
2)H 2 /Pd

1) RCCOJCl.pyr
2)H2/Pd

25 OC(0)R
The allyloxycarbonyl function has been used61 in the selective protection of primary hydroxyl
groups in the presence of secondary ones. Treatment of 2,3,5-tri-O-benzyl-D-ribitol 27 with allyl
chloroformate in pyridine at -35°C afforded l-0-allyIoxycarbonyl-2,3,5-tri-C>-benzyI-D-ribitol 28
exclusively. When applied to vicinal diol systems a five membered cyclic carbonate may result.
OH BnO
27 R = H

OR

BnO,

28 R = OC(0)CH2-CH=CH2
BnO

Selective deprotection of the allyloxycarbonyl group can be accomplished under mild and
neutral conditions using a Pd(0) complex as catalyst in the presence of a nucleophile. The mechanism
of deprotection of allyl alkyl carbonates with Pd(0) has been reported by Tsuji et al. 62 . These
compounds react with Pd(0) complexes easily and undergo a facile decarboxylation to form n-allyl
palladium alkoxides 29, which then react with nucleophiles to form allylatcd nucleophiles 3 0
(Scheme 6). Tetrakis(triphenylphosphine) palladium(O) which is soluble in most organic solvents has
been reported as a catalyst, with morpholine, dimedone 63 , malonate esters, acetoacetates 62 and
water61 as the allyl acceptors.
Scheme 6:
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Theobald64·65·66 prepared alkoxycarbonic esters by treatment of 1 with alkyl chloroformâtes in
the presence of aqueous alkali at 0°C. The reaction produced partially substituted 0-alkyloxycarbonyl
derivatives of 1 in 70 - 90% yields. The average degree of substitution varied between 4.9 and 8
depending on the alkyl substituent. The products were readily soluble in solvents such as acetone,
chloroform, ethyl acetate, and diethyl ether. The compounds were prepared in order to study
polymerisation reactions to form cross linked resins, and not to investigate their use as protected
derivatives.
The alternative synthesis of partial fatty acid esters of 1 using these alkoxycarbonyl derivatives
was investigated during this study (Scheme 7).
Scheme 7:
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The procedure of Theobald64 was adopted initially, thus using ethyl chloroformate under the
described conditions gave the desired partial carbonic esters. Treatment of 1 in a similar manner with
benzyl chloroformate yielded only octa-0-benzyloxycarbonyl sucrose (31). The desired partial
benzyloxycarbonyl derivatives could be obtained, albeit in a low yield, when acetonitrile was used as
a co-solvent in this reaction thereby creating a more homogeneous system. The low yields were due
to competing hydrolysis of the reagent or the resulting carbonate esters. The hydrolysis could be
suppressed by controlling the pH (9-11) of the reaction mixture, which resulted in higher yields of the
desired product. The partially substituted allyloxycarbonyl derivatives were also prepared in good
yield in this manner. These results are summarised in Table 7.
Theobald explained the variations in the average degrees of substitution (D.S.) between the
benzyl- and ethoxycarbonyl esters of 1 by the higher sensitivity of the latter substituent towards
alkaline hydrolysis. The results of the experiments listed in Table 7 suggest however that this is not
the only factor which determines the product composition. The miscibilty of the chloroformate
reagent with the aqueous phase, and the solubility of the product must also play an important role. It
is apparent that the more homogeneous reaction mixtures gave preferentially the partial sucrose
carbonates. A heterogeneous reaction mixture led to the octa-carbonates (cf. liquid / liquid phasetransfer esterifications of sucrose). This observation implies that ethyl chloroformate must have a
somewhat better solubility than benzyl chloroformate in the aqueous phase.
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Table 7: The reaction of 1 with alkyl and aryl chloroformâtes.

о
C12H22O11

ci—"—OR

* - С 1 2 Н 2 2 .пОіД—LOR)

aqueous КОН

product
acylating agent
(equiv.)

reaction conditions

ethyl chloroformale
(10)

a

b

D.S. (n)

yield

yield

aqueous KOH (10 equiv.)
0°C -> Г.І., 16 h. no pH control

4.5 d , 4.9 е

90%

44%

benzyl chloroformate
(5)

aqueous KOH (5 equiv.)
0°C -> r.l., 16 h., no pi I control

8

9%

46%

benzyl chloroformate
(3.5)

H20/CH 3 CN(1:1)
3.5 equiv KOH. 16h, no pH control

3.9 е

27%

30%

benzyl chloroformate
(3.5)

Н 2 0/СНзСЫ(1:1)
pH 9- 11,3 d.

4.7 е

66%

89%

ally! chloroformate
(3.5)

H20/CH 3 CN(1:1)
pH9-ll,24h.

3.8e, 3.7f

69%

75%

allyl chloroformate
(2.6)

H 2 0/CH 3 CN(1:1)
pH9-ll,24h.

3.5е, 3.5 f

61%

80%

0

a: average degree of substitution, b: based on the amount of sucrose employed, c: based on the amount of
alkyl-chloroformate consumed, d: calculated from the 'H-NMR spectrum of the benzoylated product,
e: calculated from the ^I-NMR spectrum of the trichloroacetylcarbamale derivative of the product,
f: calculated from the ^I-NMR spectrum of the acetylated product.

The influence of this difference in alkali lability and solubility on the D.S. of the product can be
reduced by the pH control of the reaction medium, and by the use of an organic co-solvent (e.g.
CH3CN), which is miscible both with water and (he acylating agent. Selective transformations of 1,
were not achieved using this approach. The products were complex mixtures of differently substituted
carbonate esters of 1, and positional isomers thereof (TLC), and only the average degree of
substitution could therefore be determined.
The average degree of substitution (D.S.) was calculated from the 'H-NMR spectra of several
derivatives of sucrose carbonates, in which all of the remaining free hydroxyl groups were acetylated,
benzoylated or transformed to trichloroacelyl carbamates. Trichloroacetyl isocyanate (TAI) has been
reported as an in situ derivatising agent for the ^I-NMR spectral characterisation of alcohols 67 · 68 and
the classification of steroid alcohols69. Hough and Richardson18 used the reagent during the structure
analysis of various partially substituted pivaloyl esters of 1. TAI reacts with remaining free hydroxyl
groups to form carbamates (Scheme 8). These carbamates give rise to N-H signals (approximately 10
ppm) and the protons α to the original hydroxyl groups are then shifted downfield by characteristic
amounts (0.5-0.9 ppm for primary alcohols, and 1.0-1.5 ppm for secondary alcohols). The N-H peak
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areas can be measured with accuracy and used to determine the total number of free hydroxyl groups
remaining per molecule, regardless of the type.
The partial carbonate esters of sucrose, dissolved in CDCI3 were treated with an excess of TAI
in an NMR tube, and the spectra were recorded after the mixtures had stood for a few minutes. The
D.S. determined from the spectra corresponded well with the values determined for the corresponding
acetates and benzoates.
This is a highly efficient method for the determination of the D.S., and avoids the elaborate
work up procedures required for the preparation of the acetate or benzoate derivatives.
Scheme 8:
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The partial acylalion of the partially substituted carbonic esters of sucrose was subsequently
investigated using fatty acid chlorides and triethylamine in 1,2-dimelhoxyethane. The products were,
not unexpectedly, complex mixtures of carbonates and fatty acid esters of sucrose, since the starting
materials were already complex mixtures. Full characterisation was considered to be too complicated,
and it was decided to analyse the product fatty acid esters of sucrose after attempted deprotection.
The results of these experiments are listed in Table 8.
The ethoxycarbonyl group appeared to be unsuitable as a protective group in this strategy, since
the conditions normally used for its deprotection64 i.e. aqueous alcoholic barium hydroxide also
cleaved the fatty acid ester groups. This can be explained by the fact that the carbonyl carbon atom of
a carbonate ester is less electropositive by resonance stabilisation than the carbonyl carbon atom of an
ester, and, therefore, less susceptible to nucleophilic attack by the hydroxide anion.
The benzyloxycarbonyl and allyloxycarbonyl groups were more suitable as protecting groups in
the proposed route, because of their relative ease of removal under mild conditions. Catalytic
hydrogenolysis of the mixed benzyloxycarbonyl / palmitoyl derivatives using Pd on charcoal
produced the desired partial palmitic acid esters of 1. The products were purified by means of solvent
extraction followed by crystallisation. The deprotection of the mixed allyloxycarbonyl / palmitoyl
derivatives using catalytic tetrakis(triphcnylphosphine) palladium(O) and morpholine as allyl acceptor
also produced the desired sucrose esters, but precautions had to be taken to exclude oxygen from the
reaction medium since the catalyst is deactivated by oxidation. A chromatographic purification step
was also necessary to separate the catalyst from the products.
The products obtained from both routes were again complex mixtures of differently substituted
partially fatty acid esters of sucrose and positional isomers thereof. The overall yields from 1 were
low and the product compositions (ratio mono-/ di- / tri-ester) were comparable to the products
obtained from the esterifications in a melt of acylating agent and 1.
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Table 8: Esterification and deprotection of partial sucrose carbonates.
Starting material

reaction conditions

product

overall
yield
(wl%)»

elhoxycarbonyl sucrose
(D.S. 4.9)

l)CuH23C(0)Cl(lequiv.).
El3N, DME, -20°C. 16h.
2) aqueous Ba(OH)2 / MeOH

1

_

benzyloxycarbonyl sucrose
(D.S. 4.7)

1) C 15 H 3 iC(0)C] (1.5 equiv.),
Et3N, DME, -20°C, 16h.
2)H2/Pd/C,MeOH.

FA: 2%
1:1%
SME: 56%
SDE: 32%
STE:8%

33%

allyloxycarbooyl sucrose
(D.S. 3.5)

l ) C i 5 H 3 1 C ( 0 ) a (1.3 equiv.).
Et3N, DME, -20°C, 16h.
2) 10 wt% Pd(PPh3)4, DME,
morpholine (10 equiv.)

sucrose
palmitatesb

25%

a) The overall yield startiog from 1 was calculated from the amount of 1 and fatty acid chloride
consumed, b) The exact product composition was not determined.

The three steps which were necessary to prepare the sucrose esters which would result in higher
production costs is a disadvantage of this route.
A possible advantage of the approach is that the reactions can be carried out using simple
conventional equipment, in contrast to the solvent free esterification processes which require special
equipment to obtain efficient mixing of the reagents. It is also possibly easier to perform these
reactions on a large scale since they are carried out under homogeneous conditions.

2.5

Experimental.

General procedures.
J
H-NMR spectra were recorded on a Varían EM 390 (90 MHz) or a Bruker AM 400 (400 MHz,
FT) spectrometer on solutions in CDCI3 (internal Me4Si).13C-NMR-spectra were recorded with a
Bruker AM400 spectrometer operating at 100.6 MHz on solutions in CDCI3 (internal Me4Si). A
double focussing VG 7070E was used for mass spectroscopy. The chemical ionisation (CI) technique
was used with methane as reaction gas. IR spectra were determined on a Perkin Elmer 298
spectrophotometer. Melting points were determined on a Reichert thermopan microscope and are
uncorrected. Optical rotations were measured using a Perkin Elmer 241 automatic Polarimeter on 1%
solutions in the solvents indicated at 20°C. Gas-liquid chromatography of the trimethylsilyl
derivatives70 of the sucrose esters was performed on a Carlo Erba HRGC-5300HT instrument
equipped with a RTX-1 (crossbond SE-30, Restek Corp.) column (15m χ 0.53 mm I.D.), using a
e
temperature programme from 100°C to 340 C at 20°C / min, and helium at 15 - 20 ml / min as the
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carrier gas. Samples were injected using the cold on column technique. Samples (25 - 50 mg) were
silylated using a mixture (1 ml) of trimethylchlorosilan / hexamethyldisilasan / pyridine (2:1:10)71.
Column chromatography was performed on silicagel 60 with the solvent mixtures indicated. TLC was
performed on silicagel 60 deposited on sheets of plastic (0.2 mm, F254, Merck 5735) using the
eluents indicated, and the compounds were detected with 5% H2SO4 solution in ethanol followed by
charring at 140°C for 15 minutes.
1,2-Dimethoxyethane was distilled from sodium hydride, and diethyl ether and hexane were
distilled from calcium hydride prior to use.
Sucrose potassium hydroxide complex (20). A stirred solution of 1 (50 g, 0.15 mol) in water (70
ml) was treated slowly with ethanol (500 ml) until the precipitation point was almost reached.
Alcoholic potassium hydroxide (40 g in 500 ml ) was then added rapidly and after a period of 2 h the
insoluble material was collected, washed quickly with ethanol and ether and dried in vacuo (P2O5) to
give 20 (57 g, 89%). The potassium hydroxide content per molecule, determined by titration with 0.1
N H2SO4 (phenolphtaleïn), was shown to be 1.7.
Mono-sodium sucrate (21). Metallic sodium (3.7 g, 161 mmol) was added portion wise to a
solution of 1 (50 g, 146 mmol) in dry liquid ammonia (250 ml), as described by Grundschober12. On
completion of the addition the mixture was allowed to reflux for a further hour and the excess
ammonia was then removed by a flow of nitrogen gas. The crude product was dried for 3 days in
vacuo (20 mmHg, 90°C, P2O5, KOH, and H 2 S0 4 ) to give 21 (52.9 g, 98.5%). The presence of
ammonia of solvation was qualitatively established by means of the Nessler reagent72. Ammonia of
solvation was determined quantitatively by elemental analysis. C12H21On.Na.NH3 (381.314) cale:
С, 37.80; H, 6.34; Ν, 3.67; Na, 6.03. Found: С, 38.55; Η, 6.04; Ν, 1.45 % . The weight % of sodium
in the product was determined by means of an acid base titration with 0.1 N HCl to phenolphtaleïn
and shown to be 6.34%, after correction for the amount of ammonia present in the product. The
ammonia content in the product was lowered still further by soxhlet extraction (16 h.) using DME or
toluene. Succesive elemental analysis: Found C, 37.53; H, 5.93; N, 0.52 % and C, 38.64; H. 6.04; N,
0.91 % .
Stearic anhydride (23). Treatment of stearic acid (50 g) with acetic anhydride (50 ml) 73
yielded 23 (45 g, 93%). mp 68-7ГС lit. 2 2 mp 70°C. IR(KBr) v m a x 2910. 2850 (aliph CH), 1810,
1
1740 (C=0), 1460 (aliph. CH), 1020 (C-O) cm" .
Ethoxycarbonyl stearic anhydride (24). A solution of stearic acid (50 g, 0.175 mol) in dry
diethyl ether (200 ml), containing triethylamine (24.5 ml, 0.175 mol), was added dropwise to a stirred
solution of ethyl chloroformate (16.7 ml. 0.175 mol) in diethyl ether (100 ml) at - 20°C and then set
aside at -20°C for a further 16 h. The precipitated Et3N.HCl was collected by filtration, and the
filtrate concentrated in vacuo (20 - 25°C) to give 24 (55g, 89%) as a white solid, mp 32.5-33.5°C.
^ - N M R (90 MHz) δ 4.3 (q, 2H -OCH2.CH3), 2.4 (t, 2H, C16H33-CH2-). 16 (m, 2H, С15Н31-СЫ2CH 2 -). 1.4 (t, 3H, ОСН2СЩ), 1.2 (m. 28H. -(CH2)i4-). 0.9 (t. 3H, -(СНгЭіб-СЩ) ppm.
IR(film) Vmax 2920, 2850 (aliph. C-H), 1820,1760 (C=0). 1460 (aliph. C-H). 1240, 1080, 1040
(C-O) cm-l. M/z 357 (M++1), 341 (M++1-CH4), 313 (M++l-C02),285,267 (C17H35C+=0).
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The carbonyl absorbtions at 1820 and 1760 cm"1 ascribed to the mixed anhydride were almost
absent when a sample of the product was kept at 110°C for 3 days. They were replaced by an ester
peak at 1735 cm"1 suggesting decomposition to ethyl stéarate, with loss of carbon dioxide.
Solid / liquid phase-transfer-catalysed esterification of sucrose I. (a) With stearoyl chloride
and 20. A mixture of 20 ( 1 g. 2.2 mmol) and stearoyl chloride ( 1.77 g, 5.85 mmol) in dry hexane (20
ml), containing catalytic 18-crown-6 (75 mg. 10 mol%) was stirred at room temperature for 72 h with
exclusion of moisture. The product mixture was concentrated to dryness in vacuo. Column
chromatography (ethyl acetate / hexane, 1:9) of the residue yielded octa-O-stearoyl sucrose 22 (1.3 g,
72% calculated from the amount of stearoyl chloride consumed), mp 55-57°C; [CX]D +17.4* (CHCI3);
Ut 74 mp57°C; [a] D +16.55° (CHCI3); IR (KBr) \max 2910, 2840 (aliph. СП), 1735 (C=0). 1465
(aliph. CH), 1180, 1100 (C-O) cm -·; >H -NMR (CDCI3): δ 5.62 (d, H-l, J1.2 3.6 Hz). 5.45 (t. H-3',
Jy.4· 6.7 Hz), 5.40 (t, H-3, J 3 i 4 10.0 Hz), 5.37 (t, H-4', J4',5· 6.5 Hz), 5.06 (t, ЯА, J 4 , 5 ± 10 Hz). 4.88 (
dd, H-2, J2,3 10.3 Hz), 4.35 - 4.0 (m, H-5, H-6a, H-6b. H-l'a, H-ІЪ, H-6'a, H-6'b) ppm. "C-NMR
(CDCI3): δ 173.4, 173.2, 172.8, 172.7. 172.6. 172.4 (2C). 172.2 (C=0), 103.5 (C-2'). 90.0 (C-l). 78.8
(C-5'), 75.2 (C-3'). 74.4 (C-t'), 69.9 (C-2), 69.4 (C-3), 68.6 (C-5). 67.8 (C-4). 63.6 (C-6'). 63.0 (С-Г).
61.5 (C-6), 33.9. 31.9. 29.7, 29.6, 29.4, 29.2, 24.8, 22.7 (C-aliph. chain) ppm. C156H294C49
(2478.0707) caled.: С. 75.74; Η, 11.98. Found: С, 75.62; Η, 11.89 %.
(b) With 23 and 20. A stirred mixture of 20 (2 g, 4,4 mmol), 23 (4.84 g, 8.8 mmol) and
catalytic 18-crown-6 (118 mg, 0.4 mmol) in dry diethyl ether (250 ml) was heated under reflux for 24
h and the reaction mixture was concentrated to dryness in vacuo. The resultant crude product was
recrystallised from ethanol to give a solid (2.7 g) containing sucrose polyesters (TLC (CHCI2 /
MeOH, 4:1), IR), potassium stéarate (IR) and unreacted stearic anhydride (IR). The product was not
further purified. IR (KBr): v,™ 2900. 2850 (aliph. C-H). 1810 (C=0 anhydride). 1735 (C=0, ester
and anhydride), 1600 (C=0, carboxylate), 1460 (aliph. C-H), 1200-1000 (C-O) cm·'·. [ a ] D +16.3°
(CHCI3).
(c) With 23 and a catalytic amount of 20. A stirred mixture of 1 ( 4.61 g, 13.5 mmol), 20 (0.7 g,
1.5 mmol), 23 (2.75 g, 5 mmol) and 18-crown-6 (100 mg, 0.4 mmol) in diethyl ether was set aside at
room temperature for 5 days. The reaction mixture was concentrated to dryness in vacuo and the
residue, suspended in CHCI3, filtered and the filtrate concentrated to dryness. The crude residue,
recrystallised from ethanol, yielded lg of material containing unreacted stearic anhydride (IR) and
sucrose polystearates (IR, TLC (CHCI2 / MeOH. 4:1); IR (KBr) v max 2920, 2840 (aliph C-H), 1810
(C=0, anhydride), 1735 (C=0. ester, anhydride), 1470 (aliph C-H). 1200-1000 (C-O) cm"1.
(d) With lauroyl chloride and 21. A stirred mixture of 21 (1.82 g. 1 mmol), lauroyl chloride
(1.5 g, 7 mmol) and hexadecyl(trimethyl)ammonium bromide (180 mg. 0.5 mmol) in diglyme (10 ml)
was set aside at room temperature for 48 h. Water (50 ml) was added and the mixture extracted with
warm 2-butanone (2x 25 ml). The organic layer was washed (10% NaCl), dried (Na2S04) and
concentrated in vacuo to give a syrup ( 1.4 g, 40 wt%) containing sucrose polylaurates (TLC (CHCI2
/MeOH,4:1), IR), and lauric acid (IR). IR (neat): т а х 3450 (OH), 2920, 2850 (aliph. C-H), 1735
(C=0, ester), 1700 (C=0, lauric acid), 1460 (aliph. C-H). 1200-1000 (C-O) cirr'.
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Liquid / liquid phase-transfer-catalysed esterification of sucrose (1). (a) With stearoyl
chloride. A vigorously stirred mixture of 1 (3.42 g, 10 mmol), potassium hydroxide (1.6 g),
potassium carbonate (6.4 g) and catalytic tetra-n-butylammonium bromide (300 mg) in a mixture of
water, ten. butyl alcohol, and hexane (8: 0.5: 50, v/v/v) was treated with stearoyl chloride (4.75 g, 25
mmol) at room temperature and after 72 h the reaction mixture was neutralised (AcOH) and extracted
with diethyl ether. The organic layer was dried (Na2S04) and concentratedin vacuo yielding a crude
product (4.75 g), which was purified by column chromatography (hexane / ethyl acetate (9 / l))to
give 22 (2.35 gr, 32%). mp 55-57°C ; [a] D : +Π.2 0 (CHCI3).
(b) With 23. A vigorously stirred mixture of 1 (1.71 g, 5 mmol), potassium hydroxide (0.8 g),
potassium carbonate (3.2 g) and catalytic tetra-n-butylammonium bromide (300 mg) in a mixture of
water, tert. butyl alcohol, and hexane (8: 0.5: 50, v/v/v) was treated with 23 (6.6 g, 12 mmol) and
heated under reflux for 16 h. Further processing as in (a) gave 22 (1.329g, 17%). mp 56-59°C.
(c) With lauroyl chloride in the presence of tertbutyl alcohol. A vigorously stirred mixture of 1
(3.42 g, 10 mmol), potassium hydroxide (1.6 g), potassium carbonate (6.4 g) and catalytic tetra-nbutylammonium bromide (300 mg) in a mixture of water, tert. butyl alcohol, hexane (8: 0.5: 50,
v/v/v) was treated with lauroyl chloride (5.12 g, 25 mmol) at room temperature and after 2 h the
reaction was processed as in (a) to yield a syrupy crude product (5.2 g). IR (film) v m a x 3500-2500 br
(OH lauric acid), 2910, 2840 (aliph. CH), 1815 (C=0 lauric acid anhydride), 1740 (C=0, sucrose
polylaurate), 1705 (C=0, lauric acid), 1460 (aliph. CH), 1150.1110 (C-O) cm"1.
(d) With lauroyl chloride in the absence oftert.butyl alcohol. A vigorously stirred mixture of 1
(3.42 g, 10 mmol), potassium hydroxide (1.6 g), potassium carbonate (6.4 g) and catalytic tetra-nbutylammonium bromide (300 mg) in a mixture of water and hexane (8: 50, v/v) was treated with
lauroyl chloride (5.12 g, 25 mmol) at room temperature and after 2 h the reaction was processed as in
(a) to yield a syrupy crude product (5.3 g). IR (film) v m a x 3500-2500 br (OH lauric acid), 2910, 2840
(aliph. CH), 1815 (C=0 lauric acid anhydride), 1740 (C=0, sucrose polylaurate), 1705 (C=0, lauric
acid), 1460 (aliph. CH), 1150, 1110 (C-O) cm-1.
(e) With palmitoyl chloride. A vigorously stirred mixture of 1 (3.42 g, 10 mmol), potassium
hydroxide (1.6 g), potassium carbonate (6.4 g) and catalytic tetra-n-butylammonium bromide (300
mg) in a mixture of water and hexane (8: 50, v/v) was treated at room temperature with palmitoyl
chloride (6.87 g, 25 mmol) and after 2 h the reaction was processed as in (a) to yield a crude product
(6.09 g), which was purified by column chromatography (hexane - ethyl acetate, 9 : 1) to give sucrose
octapalmitate (1.73gr, 25%), mp 44-45.°C. [ a ] D +18.8° (CHCI3). lit 73 mp 54-55°C, [a] D +17.2·.
Ci4oH2620i9(2249.6089) caled :C, 74.75; H, 11.74 . Found: C. 74.52; H, 11.47 %.
Esterification of I in a melt ofacylating agent:
(a) With 23 and 20. A vigorously stirred suspension of finely powdered 1 (7.5 mmol, 2.56 g),
20 (7.5 mmol, 3.24 g) and 23 (10 mmol, 5.5 g) was heated at 140°C and after 10 minutes diglyme
(5ml) was added to the thick paste that was formed. After a further 16 h the reaction mixture was
allowed to cool and the crude product, containing sucrose esters, 1, and sodium stéarate, was
dissolved in warm water (100 ml). The alkaline solution produced thus was neutralised with 10%
aqueous acetic acid, and extracted with warm 2-butanone (2x200 ml). The organic layer was washed
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with 10% NaCl solution and then concentrated to dryness in vacuo. The residue was suspended in hot
methanol (100ml) and on cooling (5°C) a residue consisting of the higher substituted sucrose esters
(TLC, CHCI2/ MeOH 4:l)was obtained. The filtrate was concentrated to dryness, suspended in
hexane and then filtered. The pale yellow product (1.43 g, 13 wt%) consisted of 10% stearic acid
(SA), 66% sucrose mono-ester (SME), 21% sucrose di-ester (SDE), 3% sucrose tri-ester (SDE) (high
temperature GLC analysis of their TMS derivatives70).
(b) With 24 and 20. A vigorously stirred suspension of finely powdered 1 (7.5 mmol, 2.56 g),
20 (7.5 mmol, 3.24 g) and 24 (10 mmol, 3.56 g) was heated at 140°C and processed as in (a) The
product (1.66 g, 18 wt%) consisted of 17% SA, 0.1% 1,48% SME, 28% SDE, and 5% STE.
(c) With 23 and 21. A vigorously stirred suspension of finely powdered 1 (2.56 g, 7.5 mmol),
21 (2.73 g, 7.5 mmol) and 23 (5.5 g, 10 mmol) were processed as in (a). The product (2.23 g, 21
wt%) consisted of 9% SA, 36% SME, 38% SDE, and 17% STE.
(d) With 24 and 21. A vigorously stirred suspension of finely powdered 1 (5.12 g, 15 mmol),
21 (5.46 g, 15 mmol) and 24 (7.12 g, 20 mmol) were processed as in (a). The product (0.8 g, 5 wt%)
consisted of 8% SA, 0.2% 1,58% SME, 28% SDE, and 5% STE.
(e) with 23, stearoyl chloride and 21. A vigorously stirred supension of 23 (5.5 gr, 10 mmol),
and 21 (5.46 g, 15 mmol) was heated at 140°C and after lh stearoyl chloride ( 1.5 g, 5 mmol) was
added slowly and the reaction mixture was further processed as in (a). The product (1.31 g, 11 wt%)
consisted of 10% SA, 0.2% 1,53% SME, 29% SDE and 8% SIE.
Reaction of sucrose I. (a) With ethyl chloroformate in water. The general method of
preparation of O-alkoxycarbonylsucroses by Theobald64 was adopted. A solution of 2N KOH (500
ml) was added dropwise to vigorously stirred mixture of 1 (3.42 g, 0.1 mole), ethyl chloroformate
(108.5 g, 1 mole) and water (70 ml), whilst the temperature was maintained at approximately 0°C.
After the addition was complete (4h) stirring was continued overnight, and the reaction mixture was
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worked up as described previously . A syrup (70.8 g) was isolated as a mixture of diffently
substituted 0-ethoxycarbonyl sucroses. IR (film) v m a x 3460 (OH), 2980, 2940 (aliph. C-H), 1750
1

(C=0), 1250. 1000-1100 (C-O) cm" . ^ - N M R (CDCI3) δ 5.5-3.0 (m, sucrose backbone, О-СЩCH3, unresolved), 1.3 (t, О-СН2-СЫ2) ppm. Ш-NMR (CDCI3. TAI (excess)) δ 9.4-8.6 (m, N-H,
trichloroacetyl carbamate), 3.9-6.0 (m, sucrose backbone, О-СЩ-СН3, unresolved), 1.5-1.1 (m, OСН2-СБ3.) ppm. From the integration of the the carbamate N-H signals and the methyl signals of the
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ethoxycarbonate groups the average degree of substitution (D.S.) was determined to be 4.9 (lit : D.S.
4.9).
A sample of the product (1.8 g) in pyridine (10 ml) was treated with benzoyl chloride (5.4 ml)
and after 15 h the reaction mixture was processed in the usual manner, to give the crude product (2.03
g). !H-NMR (CDCI3) δ 8.2-7.0 (m, C6H5). 6.1-3.6 (m, sucrose backbone, О-СЩ-СН3, unresolved),
1.6- 0.9 (m, О-СН2-СЩ) ppm. From the integration of the signals of the aromatic proton signals and
the methyl signals of the ethoxycarbonate groups the D.S. was calculated as 4.5.
(b) With benzyl chloroformate in water. A solution of 2N KOH (38 ml) was added dropwise to
a vigorously stirred mixture of 1 (5g, 14.6 mmol) and benzyl chloroformate (7.3 mmol, 10.5 ml)
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whilst maintaining the temperature at approximately 0°C. Further processing as in (a) yielded a crude
octa-0-benzyloxycarbonyl sucrose 31 (7.0 g) contaminated with benzyl alcohol and unreacted benzyl
chloroformate, which were removed by distillation in vacuo (p 0.7 mmHg, t 70°C, Kugelrohr).
Compound 31 (5.99 g) was obtained as a syrup. !H-NMR (CDCI3): δ 7.4- 7.0 (m, СбН5), 5.7 ( d, IH,
H-l), 5.5-3.9 (m, rest of sucrose backbone, O-CH2.-C6H5, unresolved) ppm.
(c) With benzyl chloroformate in water / acetonitrile (1:1). A solution of 2N KOH (25.5 ml)
was added dropwise to a vigorously stirred mixture of 1 (5 g, 14.6 mmol), benzyl chloroformate (9.2
ml, 51 mmol) and acetonitrile / water (1:1, 100 ml) and processed as in (b). The partial esterified
benzyloxycarbonyl sucrose (3.42 g, 27% (sucrose), 30% (Z-Cl)) was islolated as a glass. 'H-NMR
(CDCI3, TAI (excess)) δ 9.6-8.6 (m, N-H, trichloroacetylcarbamate), 7.5-7.2(m, СбВД. 6.9-3.6 (m,
sucrose backbone, О-СЫ2-С6Н5, unresolved) ppm. The D.S. (calculated from the integration of the
N-H signals (carbamate) and the aromatic proton signals (carbonates)) was determined as 3.9. [GC]D
+34.8° (acetone).
(d) With benzyl chloroformate in water/acetonitrile (1:1, pH 9.5). A vigorously stirred mixture
of 1 (10 g, 29 mmol), benzyl chloroformate (18.4 ml, 0.1 mole) and H 2 0 / CH3CN (1:1, 200 ml), was
maintained at pH 9.5 by continuous addition of 2N KOH using an auto-titrimeter. After 3 days the
addition of KOH was complete and the reaction mixture was neutralised (AcOH) and processed as
(b), yielding the partial benzyloxycarbonyl sucrose (18.9 g, 66% (sucrose), 89% (Z-Cl). JH-NMR
(CDCI3, TAI (excess)) δ 9.3-8.4 (m, N-H, trichloroacetylcarbamate), 7.5-7. l(m, СбН5), 6.3-4.0 (m,
sucrose backbone, О-СЦ2.-С6Н5, unresolved) ppm. D.S. 4.7. [а]в +29.9° (acetone).
(e) With allyl chloroformate (2.6 equiv.) in water / actonitrile (1:1, pH 9.5). A vigorously
stirred mixture of 1 (30 g, 88 mmol), allyl chloroformate (28 g, 0.23 mole) and H2O / CH3CN (1:1,
800 ml), was maintained at pH 9.5 by continuous addition of 2N KOH using an auto-titrimeter. After
24 h the addition of KOH was complete and the reaction mixture was neutralised (AcOH) and
processed as (b) yielding the partial allyloxycarbonyl sucrose (33.75 g, 61% (sucrose), 80% (allocCl) as a brittle foam. !H-NMR (CDCI3, TAI (excess)) δ 9.8-8.5 (m, N-H, trichloroacetylcarbamate),
6.2-3.9 (m, sucrose backbone, ОСН2-СН=СІІ2, unresolved) ppm. D.S. 3.45 (calculated from the
integration of the N-H signals of the carbamates and the protons of the allyl groups together with the
sucrose backbone).
A sample of the allyloxycarbonyl sucrose (11 g) in pyridine (100ml) was treated with acetic
anhydride (30 ml) at room temperature for 48 h and reaction mixture was poured into ice / water and
worked up in the usual manner to yield a per-acetylated allyloxycarbonyl sucrose (15.2 g) as a syrup.
Ш-NMR (CDCI3) δ 6.2-4.0 (m, sucrose backbone, OCH2-CH=CH2, unresolved) 2.3-1.9 (m, -CH 3 ,
acetates). D.S. 3.5 (calculated from the integration of the signals of the methyl protons of the acetates
and the protons of the allyl groups together with the sucrose backbone). IR (film) v m a x 3090, 3010
(=C-H), 2960 (aliph. C-H). 1760 (C=0, carbonate). 1740 (C=0. acetate), 1650 (C=C), 1300-950 (CO) cm-l.
(J) with allyl chloroformate (3.5 equiv.) in acetonitrile / water (1:1 pH 9.5). A vigorously
stirred mixture of 1 (20 g, 58 mmol), allyl chloroformate (24.7 g, 0.2 mole) and H 2 0 / CHsCN (1:1,
400 ml), was maintained at pH 9.5 by continuous addition of 2N KOH as in (d) for 16 h. The reaction
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mixture was processed further as in (e) to give partially substituted allyloxycarbonyl sucrose (27.9 g,
69% (sucrose), 75% (alloc-Cl^H-NMR (CDCI3, TAI (excess)) δ 9.5-8.6 (m, N-H,
trichloroacetylcarbamate), 6.1-3.9 (m, sucrose backbone, ОСН2-СН=СІІ2, unresolved) ppm. D.S.
3.8.
A sample of the allyloxycarbonyl sucrose (5 g) in pyridine (50 ml) was treated at room
temperature with acetic anhydride (15 ml) for 16 h. The reaction mixture was poured in ice water and
worked up in the usual manner to yield per-acetylated allyloxycarbonyl sucrose (9.5 g) as a syrup.
!H-NMR (CDCI3) δ 6.2^.0 (m, sucrose backbone, OCH2-CH=CH2, unresolved) 2.3-1.9 (m, -CH 3 ,
acetates). D.S. 3.6. IR (film) v m a x

3090, 3010 (=C-H), 2960, 2900 (aliph. C-H), 1760 (C=0,

carbonate), 1740 (C=0, acetate), 1650 (C=C), 1300-950 (C-O) cm"1.
Reaction of ethoxycarbonyl sucrose (D.S. 4.9) with lauroyl chloride and deprotection in
aqueous alcoholic baruim hydroxide. A solution of lauroyl chloride (3.5 g, 5 mmol) in dry 1,2dimethoxyethane (10 ml)was added dropwise to a stirred solution of ethoxycarbonyl sucrose (3.5 g, 5
mmol) in dry 1,2-dimethoxyethane at - 20°C, containing triethylamine (1.5 ml, 10 mmol) with
exclusion of moisture and then stored at -20°C for 16 h. The precipitated Et3N.HCl was collected by
filtration, and the filtrate concentrated to dryness in vacuo, to yield a crude product (4.5 g) containing
the mixed ethoxycarbonyl-lauroyl ester of sucrose and a small amount of lauric acid anhydride. IR
(film) Vmax 3480 (OH), 2980, 2920, 2850 (aliph. C-H), 1810 (C=0, anhydride), 1740-1760 (C=0,
ester and carbonate ester), 1460 (aliph. C-II), 1250,1100-1000 (C-O) c m 1 .
Catalytic barium oxide (20 mg)was added to a sample (0.5 g) of this crude product in methanol
/ water (4:1, 20 ml). The starting material was completly converted to 1 (TLC, CH2CI2 /MeOII, 4:1).
Reaction of benzyloxycarbonyl

sucrose (D.S. 5) with palmitoyl chloride followed by

deprotection by catalytic hydrogenolysis.. A solution of palmitoyl chloride (9.5 g, 35 mmol) in dry
1,2-dimethoxy ethane (50 ml) was added dropwise to a cooled solution (-20°C) of benzyloxycarbonyl
sucrose (20 g, 23 mmol) in dry 1,2-dimethoxycthane (150 ml) containing triethylamine (68 mmol),
9.5ml) with exclusion of moisture. The precipitated Et3N.HCl was collected by filtration after 16 h
and the filtrate concentrated to dryness in vacuo. A solution of the crude mixed benzyloxycarbonylpalmitoyl sucrose product (31.8 g) in methanol (300 ml) was hydrogenated exhaustively at
atmospheric pressure (Pd/C, 10%, 0.4 g). The catalyst was removed by filtration, washed with
methanol, and the combined filtrate and washings concentrated to dryness in vacuo. The crude
product (18 g), consisting of partial palmitic acid esters of sucrose, 1 (TLC), and small amounts of
palmitic anhydride, was dissolved in 2-butanone, washed with water to remove the sucrose, and the
separated organic layer dried (MgS04) and concentrated in vacuo. Recrystallisation of the residue
from acetone (150 ml) yielded a product (6.77 g) consisting of palmitic acid (2%), 1 (1%), sucrose
monopalmitate (56%), sucrose dipalmitate (32%), and sucrose tripalmitate (8%) (GLC). [a]o + 36.2°
(EtOH). The overall yield (wt% of 1, and palmitic acid chloride consumed, based on 1) was 33%.
The reaction of allyloxycarbonyl sucrose (D.S. 3.8) with palmitoyl chloride followed by
deprotection with Pd(PPhì)4 and morpholine.. A solution of palmitoyl chloride (5.2 g, 19 mmol) in
dry 1,2-dimethoxyethane ( 50 ml) was added dropwise to a cooled (-20°C) solution of
allyloxycarbonyl sucrose (10 g, 14 mmol) in dry 1,2-dimethoxyethane (50 ml) containing
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triethylamine (6 ml, 45 mmol) with the exclusion of moisture. The precipitated Et3N.HCl was
collected after 16 h by filtration and the filtrate concentrated to dryness in vacuo, to yield a crude
mixed allyloxycarbonyl-palmitoyl sucrose (15.5 g). IR (neat): щах 3470 (OH), 3045 (-CH=CH2).
2920, 2880 (aliph. C-H). 1750 (C=0, ester and carbonate ester), 1460 (aliph. C-H) 1250. 1100 - 950
1

(C-O) c m .
A stirred mixture of crude product (8 g). morpholine (6.3 ml, 72 mmol) and
tetrakis(triphenylphosphine) palladium (0) (800 mg) in 1,2-dimelhoxyethane (100 ml) was set aside
at room temperature for 16 h with the exclusion of oxygen. The reaction mixture was concentrated to
dryness in vacuo, and a solution of the crude product in CH2CI2 / MeOH (4:1) was filtered through
silica gel to remove the catalyst and traces of sucrose. The filtrate was concentrated in vacuo to give
sucrose palmitate (1.56 g) as a white solid [ a b +33° (CHCI3); IR(KBr) v ^ 3450 (OH), 2950, 2910,
2840 (aliph CH), 1260 (C-O ester), 1140, 1060, 990 (C-O. carbohydr.) c m 1 . The overall yield ( in
wt% of 1, and palmitic acid chloride consumed, based on 1) was 25%. The exact product composition
was not determined.
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Chapter 3.
THE USE OF D-FRUCTOSE FOR THE SYNTHESIS OF POTENTIAL NON-IONIC

SURFACTANTS.

3.1

Introduction.

D-fructose (1) is the second most abundant naturally occurring monosaccharide. It occurs in the
free state, e.g. in fruits and honey, but also as a constituent of di, tri and oligosaccharides, e.g. in
1 2

sucrose (2), raffinose (3) and inulin (4) · .
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For many years it was difficult to obtain D-fructose in crystalline form, probably due to its
complex behaviour in solution, where it consists as a mixture of all of the S possible tautomere
(scheme 1). The ratio of these tautomere depends on the concentration, time, temperature and solvent,
and has been studied using NMR techniques3. Only the ß-D-fructopyranose tautomer has been
obtained in crystalline form.
Reactions of 1 often result in the formation of mixed products due to the complex mixture in
solution. Many derivatives of D-fructose are therefore difficult to isolate in a pure (crystalline) state.
For this reasons the chemistry of D-fructose has developed at a much slower rate compared with Dglucose.
There is increased interest in the synthesis of new products based on D-fructose, e.g. non-ionic
surfactants. This is due to the fact that D-fructose is becoming more easily available in increasing
amounts, e.g. via the high fructose syrups. High fructose com syrup (HFCS) has been produced from
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starch on a commercial basis since 1968 4 · 5 via a two step enzyme mediated process. In the first step
starch is hydrolysed to D-glucose using α-amylase and glucoamylase as bio-catalysts. Isomerisation
of D-glucose using immobilised glucose-isomerase yields a mixture of D-fructose and D-glucose,
containing ca 55% D-fructose. The percentage of D-fructose in the mixture can be increased to 90%
by the use of a C a 2 + ion-exchange resins. The enzyme catalysed hydrolysis of inulin is a more recent
alternative source of high fructose syrup. There is a growing interest in inulin as an alternative source
of useful carbohydrate derivatives 6 .

Scheme 1 :

Tautomeric forms of D-fructose in their prefered (β-ρ, α-ρ) and most
probable (ß-f, cx-f) conformations3.
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In connection with the preparation of non-ionic surfactants based on D-fructose the synthesis of
some D-fructose derivatives, i.e. some short chain ω'-halogenoalkyl-ß-D-fructopyranosides (see 3.2)
was investigated and elaborated. The use of these compounds and the easily accessible l,2;4,5-di-0isopropylidene-ß-D-fructopyranose (7) as intermediates in the synthesis of some novel non-ionic
surfactants was then studied (see 3.3 and 3.5). The conformational analysis of some of the
intermediates (see 3.4), and the thermotropic liquid crystalline properties of some of the product
amphiphiles (see 3.5) are discussed.
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3.2

Preparation and reactions of some ω'-halogenoalkyl-ß-D-fructopyranosldes and
aUyl-ß-D-fructopyranosldes.

3.2. J

Introduction.

The specific synthesis of glycosides of D-fructose (1) is not readily achieved. The acidcatalysed glycosidation of 1 is capricious and normally leads to anomeric mixtures of furanosides and
pyranosides, requiring chromatographic separation7·8·9. The early stages of the reaction are under
kinetic control which favours furanosides when performed at room temperature for short periods10.
Unlike the aldosides fructofuranosides and fructopyranosides are hydrolysed at similar rates11 so the
overall control of eventual ring-size during the reaction is difficult. Currently the only glycosides of 1
which are available without the use of chromatography are the benzyl derivative 5 1 1 and the 2'12
chloroethyl compound б . This section deals with the preparation of compound 6 and some
homologues thereof from various commercially available cu-halogenoalkyl alcohols and D-fructose or
D-fructose containing substrates, e.g. sucrose (2) and inulin (3). These materials were required as
model substrates in studies aimed at developing long chain alkoxyalkyl-ß-D-fructopyTanosides, as a
new type of carbohydrate based amphiphile. Preliminary studies on the nucleophilic substitution
reactions of the halógeno atom in the ω'-halogenoalkyl-ß-D-fructopyranosides with sodium
methoxide and ethoxide also resulted in the isolation of allyl-ß-D-fructopyranoside (28).
Subsequently, an efficient alternative synthesis of this compound by the acid-catalysed glycosidation
of 1 with allyl alcohol was developed.
During these studies it seemed also appropriate to investigate the catalytic hydrogenolysis of
the products as a convenient source of simple alkyl-ß-D-fructopyranosides (18-20). Some simple
alkyl-ß-D-fructopyranosides have been claimed to have potentially interesting medicinal or biological
properties8·13·14· including8 the suppression of IgE antibody formation.
Various aspects of these reactions are described.

3.2.2 Results and discussion.
Treatment of D-fructose (1) with 2-chloroethanol containing ca 1% hydrogen chloride gave the
known 1 2 glycoside б (89%). Compound б is currently the most easily obtainable crystalline
derivative of 1. It is now available commercially, but is too expensive in view of the simplicity and
efficiency of this procedure.
It is of interest to note (hat some aspects12 of the formation of 6 are unusual, viz. the reaction
mixture never becomes homogeneous, and the product is not the expected furanoside but the
unexpected ß-D-pyranoside 6. Fischer glycosidation of 1, when conducted for a short reaction period
(2h) at room temperature would be expected to lead to the kinetically favoured furanosides.
Treatment of sucrose under the same conditions also gave 6 (70%), but the required reaction period
was longer, i.e. 15 h. No experimental details of this reaction were reported12. It was tentatively
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suggested that the reactions leading to compound 6 may have occurred in the solid phase rather than
in solution.
The fructose unit in sucrose is present in the furanose form, and the molecule must therefore
undergo initial hydrolysis, followed by rearrangement to the pyranose form to account for the
formation of 6. The mutarotation of 1 in various solvents, but not alcohols, has been studied 3
comprehensively by ^ - N M R spectroscopy. At lower temperatures the equilibrium is in favour of the
ß-pyrano anomer, which is that present in the crystalline form of 1.
In view of these observations it was decided to investigate various aspects of the formation of
compound 6.
Treatment of l,2;4,5-di-CMsopropylidene-ß-D-fructopyranose (7) 15 , or the 2,3;4,5 isomer (8) 1 5
with 2-chloroethanol / hydrogen chloride yielded 6 in 75 and 84% yields, respectively. In each case a
clear homogeneous solution was obtained at the outset, and a fine precipitate was produced as the
reaction proceeded. Recrystallisation of this material yielded pure 6. The results indicate that
deacetalation with concomitant glycosidation occurs though not necessarily in the solid phase. It
seems more likely that the reaction takes place in solution, probably via the intermediate Dfructopyranosyl and D-fructofuranosyl cations, leading to an equilibrium mixture of 2'-chloroethyl-ßD-fructopyranoside (6) and 2'-chloroethyl-D-fructofuranosides (scheme 2). Compound 6 selectively
crystallises from the reaction medium and the equilibrium is consequently shifted towards the
formation of this product.
Scheme 2:
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When sucrose was treated with 2-chloroethanol in the described12 manner, followed by
acetylation (acetic anhydride - pyridine) of the resultant crude solid material, analysis (GLC) showed
it to be composed of the known12 tetra-acetate 9, and cc-D-glucopyranose penta-acetate (10) in the
ratio 57 :43. This result demonstrates that the D-glucose released during the reaction by hydrolysis of
sucrose does not undergo glycosidation and can be easily removed from the crude product by
recrystallisation from water under buffered conditions.
When inulin was treated with 2-chloroelhanol and hydrogen chloride for 72 h the fructoside 6
was isolated in 77% yield. The reaction of inulin with 2-chloroethanol had not been reported
earlier 12 . There is much interest in its application as an alternative source of useful carbohydrate
derivatives6 It was not unexpected that it would lead to 6 in good yields in view of its high D-fructose
content.
The melting point behaviour of compound 6 merits some comment. In the original
publication12 it was described as melting at 146-147°C. The material obtained from all of the above
reactions melted in the range 137-142°C with decomposition, and with sintering from 134°C
onwards. An authentic12 sample of 6 was shown to melt at 139 - 143°C, also with decomposition,
and a mixed melting point with a sample of our material showed no depression. More recently the
melting point of 6 has been cited16 as 139-141°C. Anomalous melting point behaviour with
fructopyranosides is not unprecedented11. Elemental analysis and subsequent reactions confirmed the
purity of compound 6.
Application of the above reaction conditions to the reaction of 1, sucrose (2), and inulin (4) with
2-bromoethanol, 3-chloropropan-l-ol, and 4-chlorobutan-l-ol yielded the expected ß-Dfructopyranosides 11 -13 in good to modest yields (89 - 14%). The yield of compound 13 was
disappointingly low and was due to the greater solubility of this product in the reaction mixture.
When a higher concentration of 1 was used analysis of the product mixture showed it to contain
unreacted 1 and the desired 13, which on recrystallisation provided pure compound 13 in 21% yield.
Treatment of 1 with 6-chlorohexan-l-ol in a similar manner failed to yield the expected
glycoside 14. After a period of 8 days at room temperature only unreacted 1 was recovered from the
mixture.
The pyranosidic nature of compounds 11 -13 was established by comparison of the JH-NMR
spectra of the corresponding tetra-acctates 15 -17, obtained in the conventional manner (acetic
anhydride - pyridine), with the values recorded12 for the known peracetate 9 of compound 6.
The scope of this simple glycosidation procedure was then investigated further. Treatment of 1
with 2-butoxyethanol, 2-methoxyethanol, 2-(2-ethoxyethoxy)ethanol, 3-hydroxypropionitrile, octanl-ol, and 2,2,2-trichloro-ethanol failed to yield the corresponding crystalline glycosides. Analysis
(TLC) of the respective product mixtures indicated, that 1 was either too insoluble in these alcohols
or that a complex mixture of soluble equilibrated products was obtained, the nature of which was not
investigated. These results indicate that this glycosidation procedure is sensitive towards changes in
the reactants and therefore the scope is rather limited. This is not surprising, since the success of the
procedure appears to be dependent on the selective crystallisation of the product from the reaction
medium. Variation of the reactant (alcohol) results in a change in the polarity of the reaction medium
46

and of the product as well. These two parameters must play an important role in the selective
crystallisation of products from the reaction media.
Commercial 4-chlorobutan-l-ol contains varying amounts (2-4%) of hydrogen chloride as an
impurity, probably resulting from its spontaneous cyclisation to tetrahydrofuran. This fact is noted in
the majority of manufacturer's catalogues. Qualitative investigation of the other ω-halogenoalkyl
alcohols used in this study showed that they also contained significant amounts of (he hydrogen
halides (HCl or HBr) probably resulting from autohydrolysis. It was shown that the amounts of
hydrogen halides were in fact sufficient to catalyse the described glycosidation reactions, without the
need to add additional hydrogen chloride as the catalyst. Compound 6 and 11-13 were obtained in
this manner in yields approximating to those recorded for the normal acid catalysed reactions.
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The glycosidation procedure described above cannot be adopted for the direct synthesis of long
chain alkyl-ß-D-fructopyranosides as non-ionic surfactants, but the ω'-halogenoalkyl-ß-Dfructopyranosides 6 and 11-13 are of potential interest as intermediates for the synthesis of other
fructosides or new non-ionic surfactants (see 3.3).
Preliminary nucleophilic substitution reactions on the glycosides 6 , 1 2 and 13 were investigated
in order to study the possibility of the synthesis of long chain alkoxyalkyl ß-D-fructopyranosidcs.
When the glycoside 6 is treated with sodium methoxide or sodium hydroxide in ethanol the
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crystalline spiro-acetal 22 can be isolated in 82 % yield12. The formation of a six-membered spiroacetal ring by an intramolecular nucleophilic substitution reaction of the chlorine atom by the
oxyanion generated at C-l is obviously more favourable than a substitution by the methoxide or
ethoxide anion to form the corresponding 2'-methoxyethyl- (30) or ethoxyethyl ß-D-fmctopyranoside
(31). Treatment of the glycoside 12 with methanolic sodium methoxide, followed by acetylation gave
З'-methoxypropyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside (23) and 1,2-0-propylene-ß-Dfructopyranoside 3,4,5-tri-acetate (24) in a ratio of 3 : 1 (GLC). A singlet at δ 5.32 ppm in the !HNMR spectrum of compound 24 was assigned to H-3, H-4, and H-5, and indicated that none of the
three secondary hydroxyl functions were involved in the formation of the ring. The formation of the
seven-membered spiro-acetal occurs via the expected intramolecular displacement of the З'-Cl atom
by the oxyanion generated at C-l, but this process is less favourable than the direct substitution of
this atom by the methoxide anion.
Treatment of compound 12 with potassium tert-butoxide in DMF at 80°C for 3 h followed by
acetylation of the crude product gave a mixture containing 3 major products (TLC), i.e. compound 16
(14% (GLC)) and two other products (75%, (GLC)). The expected compound 24 was isolated only as
the minor product in 15% yield after column chromatography. The main product was characterised as
the allyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside (25) and was obtained in 48% yield after
column chromatography. It is noteworthy that in spite of the use of DMF, a solvent which promotes
nucleophilic substitution reactions, the formation of the seven-membered anhydro-ring was
unfavourable and the competing elimination of hydrogen chloride became the main reaction.
Compound 12 was also treated with IM ethanolic potassium hydroxide for 5 h, and the crude
product was acetylated, to give a mixture of З'-ethoxypropyl 1,3,4,5-tetra-O-acetyl-ß-Dfructopyranoside (26), 25 and 24 in the ratio 43 : 22 : 29 (GLC), respectively.
When compound 12 was treated with sodium butoxide in 1-butanol followed by acetylation of
the crude product the expected З'-butoxypropyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside was not
isolated. The product was shown to be a 1 : 1 mixture of the spiro-acetal 24 and the allyl 1,3,4,5-tetraO-acetyl-ß-D-fructopyranoside (25). This result could possibly be explained by the insolubility of the
starting material in butanol, leading to intramolecular and intermolecular substitution reactions of
compound 12, together with elimination reactions, rather than to direct substitution with sodium
butoxide.
Treatment of compound 13 with sodium methoxide, followed by the acetylation of the crude
product gave a mixture of compound 17 and 4'-methoxybutyl 1,3,4,5-tetra-O-acetyl-ß-Dfructopyranoside (27) in the ratio 1 : 1.2 (GLC). No intramolecular substitution reaction to an
anhydro-ring compound had occurred.
Further attempts to prepare long chain alkoxybutyl ß-D-fructopyranosides from these
compound were not investigated in view of these results.
Deacetylation of the tetra-acetate 25 in methanol containing a catalytic amount of potassium
cyanide17 yielded the highly crystalline allyl-ß-D-fructopyranoside (28). The solubility characteristics
of compound 28 were such that it seemed worthwhile to investigate the direct preparation of this
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compound by the acid-catalysed glycosidation procedure described earlier (vide supra). Thus,
treatment of D-fructose with allyl alcohol containing hydrogen chloride (1.5%) gave crystalline 28 in
49% yield, which was further characterised as its crystalline tetrabenzoate (29). It is noteworthy that
treatment of sucrose or inulin in a similar manner failed to yield crystalline 28. The reaction of Dfructose with propargyl alcohol under these conditions also failed to give the corresponding
propargyl-ß-D-fructopyranoside (32), again indicating that the scope of the glycosidation procedure is
fairly limited and very sensitive to small changes in the reactants.
Exhaustive reductive hydrogenolysis of compound 11 -13 over palladised charcoal in the
presence of sodium hydrogen carbonate at 45 - 50°C for 10 h yielded the corresponding alkyl-ß-Dfructopyranosides 18 - 20. The hydrogenolysis of compound 6 in the same manner was however
incomplete and resulted in only 52 - 58% conversion to 18. A longer reaction period (32 h) with
intermediate refreshment of the catalyst resulted in essentially complete reduction. The order of ease
of reductive dehalogenation was shown to be 2'-bromoethyl- (11) > 3'-chloropropyl- (12) = 4'chlorobutyl-(13) > 2'-chloroethyl-ß-D-fructopyranoside (6). The facility with which the carbonhalogen bonds suffer hydrogenolysis depends on the nature of the halogen atom and its structural
environment in the molecule18. The facile hydrogenolysis of the bromo-compound (11) compared to
the chloro-compounds 6,12 and 13 can be explained by the lower amount of energy necessary to
break the C-Br bond (67 kcal/mol) compared to the C-Cl bond (81 kcal/mol). The low rate of
hydrogenolysis of 6 compared with the other chloro-compounds 12 and 13 is however difficult to
explain. The relative reactivity of chloro atoms in carbohydrate derivatives is not always
predictable19, and reductive dechlorination may be resisted even under very forcing conditions20.
Catalytic hydrogénation of the allyl-fructoside 28 over palladised charcoal also gave the
corresponding propyl-ß-D-fructopyranoside (19) in 86% yield, thereby confirming its structure.
Compared to the catalytic hydrogenolysis of the З'-chloropropyl ß-D-fructopyranoside this route is
more efficient, since it requires shorter reaction periods and no deionisation of the product mixture is
necessary.
It had earlier12 been demonstrated that treatment of 6 with methanolic hydrogen chloride gave
methyl ß-D-fructopyranoside 21 in 50% yield. This was in agreement with the remarkable selectivity
also shown11 when the benzyl derivative 5 was treated under similar conditions to give 21 in 80%
yield.
Adoption of this approach as an alternative for the synthesis of compounds 18 - 21 was found to
be unsuccessful. Compounds 6, 11 and 12 did not dissolve when they were treated with the
appropriate alcohols containing 1% hydrogen chloride, and were recovered unchanged even after
extended reaction periods of up to 4 days. When the mixtures were warmed gently to obtain solution,
analysis (TLC) indicated the presence of complex mixtures of unreacted starting compounds and acid
catalysed degradation products.
Most of the transformations described here represent a useful non-chromatographic route to
glycosides of D-fructose (1). The chemistry of 1 has not developed at a rate comparable to the other
common monosaccharides, albeit the second most abundant in nature. This is due mainly to a lack of
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readily available protected derivatives, especially glycosides. The ω'-halogenoalkyl- and the allyl-ßD-fructopyranoside provide further scope for the synthesis of many more derivatives based on Dfructose.

3.3

The synthesis of 3-O-decyI-l,2-0-ethylenc-ß-D-fructopyranoside,
3-0-decyl-l,2-0-isopropylldene-ß-D-fructopyranoseand
l,2-0-ethylene-3-0-(2-hydroxydecyl)-ß-D-fn]ctopyranoside:
Novel non-ionic surfactants.

3.3.1

Introduction.

The 1,2-0-ethylene-ß-D-fructopyranoside12 (22) is structurally related to the 1,7-dioxaspiro[5.5]undecane (33), both compounds possessing six-membered spiro-acetal functions. The spiroacetal 33 occurs in nature and functions as the main sex pheromone of the olive fruit fly21. It is also
an interesting model compound for the study of stereo-electronic effects in acetáis22. Compound 33
can exist theoretically in three possible conformations in which the six-membered rings can adopt
different chair conformations. The relative stability of these are determined by the anomeric effect23
and gauche interactions between the two six-membered rings. Conformational analysis of 33 by , 3 CNMR spectroscopy revealed that it exists in only one of the three theoretically possible conformations
(see scheme 3). This conformation is stabilised by two anomeric effects. Another interesting feature
of this stabilised acetal is that upon strong acid hydrolysis it does not yield the corresponding
dihydroxyketone 34. Four deuterium atoms were however incorporated (at C-5 and C-ll), in the
presence of deuterium oxide and deuterium chloride, which indicates, that 33 can undergo hydrolysis,
but the equilibrium nevertheless favours the spiro-acetal.
Scheme 3: The most probable conformation of 22 and the prefered conformation of 33.
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It is possible that 1,2-O-ethylene-ß-D-fructopyranoside (22) may also occur only in that
conformation, which is again stabilised by the two anomeric effects, and would be expected to be
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stable toward acid hydrolysis. This is unusual since most fruclosides are readily hydrolysed under
acidic conditions24. Compound 22 could therefore function as an interesting hydrophilic head-group
for the synthesis of certain novel non-ionic surfactants, which would be more stable chemically than
the usual long-chain alkyl glycosides.

Compound 22 is readily accessible from D -fructose in two steps via acid-catalysed
glycosidation with 2-chloroethanol to give12 the 2'-chloroethyl ß-D-fructopyranoside (6), followed by
base-catalysed intramolecular nucleophilic displacement reaction of the chloro substituent by the
oxyanion generated at 0-l(see also 3.2.2).
In this section the synthesis of 3-0-decyI-1.2-0-ethyIene-ß-D-fructopyranoside (44), and 1,2-0ethylene-3-0-(2-hydroxydecyl)-ß-D-fructopyranoside (45) from 22 is described. The synthesis of 30-decyl-l,2-0-isopropylidene-ß-D-fructopyranose (46) from 1.2;4,5-di-0-isopropylidene-ß-Dfructopyranose (7), which also have spiro-acetal functions, albeit relatively acid labile, is also
discussed.

3.3.2

Results and discussion.

There are two simple possibilities for the introduction of an apolar chain into compound 22, e.g.
via ester formation or via production of an ether linkage. The latter option was chosen because of the
greater chemical stability of ethers. The regioselective introduction of a long-chain alkyl-ether could
be achieved using appropriate blocking group strategies and cheap reagents. Compound 22 which
contains a си-equaiorial-axial-diol group at C-4 and C-5 can be protected as an isopropylidene-acetal.
Treatment of compound 22 with 2,2-dimethoxypropane and a catalytic amount of p-tolucncsulphonic
acid for 2 h at room temperature yielded the crystalline l,2-0-ethylene-4,5-0-isopropylidene-ß-Dfructopyranoside (35) in 93%. The spiro-acetal function was stable towards these reaction conditions,
due to its known22 acid stabilty. When iodine was used as alternative catalyst15, GLC analysis of the
reaction mixture after 3 h indicated only one product (99%), which was identified as 35 (GLC).
Treatment of 22 with acetone and iodine15 for 1 h at room temperature also gave 35, which was
however isolated in only 43% yield. Acetylation of 35 (pyridine and acetic anhydride) gave the
corresponding crystalline 3-0-acetyl-l,2-0-ethylene-4,5-0-isopropylidene-ß-D-fructopyranoside (36)
in 65% yield. This compound was fully characterised by Ul and 13C-NMR spectroscopy, which
together with 3-0-acetyl-l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose 37 are the subject of a
detailed conformational analysis which is described in section 3.4.
When a mixture of 35 and powdered sodium hydroxide (3 equiv) in DMSO25 was treated with
1-bromodecane (3 equiv.) for 2 h at room temperature, the remaining free hydroxyl function at C-3
was alkylated and the corresponding 3-0-decyl-l,2-0-ethylene-4,5-0-isopropylidene-ß-Dfructopyranoside (38) was isolated pure (50%) by column chromatography. It is well known that
dipolar aprotic solvents such as DMF or DMSO are the best solvents for use in nucleophilic
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Substitution reactions. Their toxicity and relative expense are disadvantageous. 1,2-Dimethoxyethane
(DME) and tetrahydrofuran (THF) were subsequently investigated as alternative solvents for the
etherification reaction. When a suspension of 35, sodium hydride (1 equiv) and 1-bromodecane (1
equiv) in the presence of catalytic hexadecyltrimethylammonium bromide in THF or DME was
heated under reflux for 6 h compound 38 was obtained in 42% yield. This low yield could be
explained by the fact that part of the alkyl halide was transformed into the corresponding 1-decene by
the elimination of hydrogen chloride. The use of an excess ( 2 - 3 equiv) 1-bromodecane and sodium
hydride resulted in essentially complete conversion of 35 into 38. The decene formed during the
reaction, and the unreacted 1-bromodecane, could be separated easily from the product by molecular
distillation. Compound 35 obtained thus was sufficiendy pure (92%, GLC) for further reactions.
The etherification procedures offer scope for the introduction of various alkyl substituents onto
suitably protected carbohydrate derivatives containing one free hydroxyl group, e.g. l,2;4,5-di-0isopropylidene-ß-D-fructopyranose 7 and l,2;5,6-di-0-isopropylidene-a-D-glucofuranose 39 (see
also section 3.5.2). Treatment of compound 7 in a similar manner with 1-bromodecane and sodium
hydride in THF gave the corresponding 3-0-decyl-l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose
40 (80%) after column chromatography.
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Ri = CioH 21> R2 - R3 = C(CH3)2
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43 Ri = CH2CH(OAc)C8H17, R2 - R3 = C(CH3)2
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41 R = CH2CH(OH)C6Hi3

A further possibility of introducing an alkyl-chain onto 35 would be via nucleophilic attack of
an oxyanion generated at 0-3 on a 1,2-epoxyalkane. The solvent-free, base-catalysed reaction of
l,2;5,6-di-0-isopropylidene-a-D-glucofuranose (39) with various long chain 1,2-epoxyalkanes has
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been described . The reaction of 39 with rac.-l,2-epoxyoctane at 130-150°C in the presence of a
catalytic quantity (3-5 wt%) of sodium methoxide results in the formation of the corresponding 3-0(2-hydroxyoctyl)-l,2;5,6-di-0-isopropylidene-a-D-glucofuranose (41). The nucleophilic attack of the
oxyanion occurred almost exclusively at the least hindered C-l position of the 1,2-epoxyalkane as
expected for a base-catalysed epoxide-ring opening. The use of an excess of epoxide resulted in
further etherification of the new hydroxyl group generated in the product 41.
ς-)

When a melt of compound 35 containing a catalytic quantity of sodium ethoxide was treated
with rac. -1,2-epoxydecane (2 equiv) at 140-150 °C for 3 days the diastereoisomeric 1,2-0-ethylene3-0-(2-(S)-hydroxydecyl)-4,5-C>-isopropylidene-ß-D-fructopyranoside ((S)-42) and 1,2-0-ethylene3-0-(2-(R)-hydroxydecyl)-4,5-0-isopropylidene-ß-D-fructopyranoside ((R)-42) were isolated in 65%
yield. During the reaction only small amounts (TLC) of by-products were formed, which may have
resulted from the reaction of the product 42 with a second molecule of 1,2-epoxydecane. The product
was further characterised by 'H- and 13C-NMR spectroscopy of the corresponding acetates (S)-43
and (R)-43 The ^-NMR spectrum of the product mixture gave two separate doublets for H-3 at 3.23
and 3.16 ppm. It was concluded from the integration of these signals that the two diastereoisomers
(S)-42 and (R)-42 were produced in a 1:1 ratio. Separate signals were also observed for several
carbon atoms in the 13C-NMR spectrum, e.g. at 95.3 and 95.2 ppm, respectively, for the C-2 carbon
atom in the diastereoisomeric mixture.
The above epoxide-ring opening reaction results in the retention of the same number of free
hydroxyl groups in the molecule. The compound mixture 42 contains one extra hydroxyl group
compared with the corresponding decyl ether 38. This should lead to increased hydrophilicity of the
polar headgroup, after removal of the 4,5-isopropylidene acetal protecting group.
Several variations of reaction conditions were investigated for the selective deprotection of the
acetal function in compound 38 , e.g. 2M aqueous HCl, 2M aqueous HCl - DME (1 : 1), 80%
aqueous acetic acid, and 3% methanolic HCl. The best result was obtained using 3% methanolic HCl
at room temperature, which gave the desired 3-0-decyl-l,2-0-ethylene-ß-D-fructopyranoside 44 in
95% yield within 3 hours. The ethylene-acetal function remained intact under these reaction
conditions. Treatment of compound 42 in a similar manner gave the corresponding l,2-0-ethylene-30-(2-hydroxydecyl)-ß-D-fructopyranose (45) in 96% yield as a mixture of diastereoisomers.
The 1,2-O-isopropylidene group in compound 40 is far more sensitive towards acid hydrolysis
than the 1,2-0-ethylene group in 38. Treatment of 40 with 3% methanolic hydrogen chloride resulted
in complete deprotection with the concomitant formation of the corresponding methyl 3-0-decyl-Dfructosides. The selective deprotection of the 4,5-0-isopropyIidene acetal in compound 40 was
therefore achieved under somewhat milder reaction conditions using 80% aqueous acetic acid at
room temperature to give the desired 3-O-decyl-l,2-0-isopropylidene-ß-D-fructopyranose (46) in
92% yield. This was also achieved by treatment of 40 in 1,4-dioxan -water (10 : 2) containing
XN1010 cation exchange resin at room temperature (see also section 3.5).
Compounds 44,45 and 46 were characterised as their corresponding acetates 47, 48 and 49 in
the usual manner.
The procedures described here represent convenient synthetic routes to compounds 44, 45 and
46 starting from D-fructose in 52%, 38% and 41% overall yield, respectively, requiring a minimum
use of column chromatography. The synthesis of 44 and 45 from D-fructose requires five steps,
whereas 46 is obtained in only three steps. It would be worthwhile to investigate further the physical
properties of these compounds to establish the relationship between molecular structure and physical
properties, and from a commercial viewpoint to find possible applications.
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3.4

The conformational analysis of 3-0-acetyl-l,2-0-ethylene-4,5-0isopropylidene-ß-D-fructopyranoside in comparison with 3-0acetyl-l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose.

3.4.1

Introduction

In the previous section (3.3) the synthesis of potential non-ionic surfactants, based on 1,2-0ethylene-ß-D-fructopyranoside (22) as the polar head group was described. These compounds and the
intermediates in the synthetic route possess an ethylene-spiro-glycoside unit, which gives rise to a
complex ABCD pattern in their !H-NMR spectra. The signals also overlap with some other signals of
the carbohydrate backbone, making the 'H-NMR spectra of these compounds difficult to interpret.
A detailed NMR study of 3-0-acctyl-l,2-0-ethylene-ß-D-fructopyranoside (1) as a model
compound was performed in order to assign all of the resonances in the 1H-NMR-spectrum and to
determine accurately the chemical shifts (δ) and the coupling constants (J). The results of this study
provide useful information concerning the analysis of tH-NMR-spectra of the other spiro-acetal
derivatives.
The conformational analysis of compound 36 using computer assisted molecular modelling
calculations is also described in this section. The results of these experiments are compared with the
conformational analysis of the structurally related 3-0-acetyl-l,2;4,5-di-0-isopropylidene-ß-Dfructopyranose (37). The temperature dependent ^-NMR-spectra of compounds 36 and 37 are also
described.

3.4.2

Results and discussion.

The ^ - N M R (400 MHz) spectrum of compound 36 recorded at 298 К contains three
independent spin systems, an AX-system for Η-la and Η-lb, an ABXYZ-systcm for H-3, H-4, H-5,
H-6a and H-6e and a complex ABCD-system for Η Га, Н-Ге, H-2'a, and Н-2'е all in the region
between 3.3 and 5.0 ppm (fig. 1). The signals of these spin systems overlap one another and therefore
complicate definitive assignment. A two dimensional (H,H)-COSY spectrum was recorded in order to
assign these signals. The (δ) and (J) values could only be estimated from the spectrum, due to second
order effects. The accurate determination of these values is possible, by carrying out a spectral
simulation and spectral iteration, using the GeNMR computer program. This means that a theoretical
spectrum is calculated from the estimated δ and J values. The peaks in the calculated spectrum which
correspond with the peaks in the experimentally determined one are then indicated and in an iteration
sequence the computer minimises the difference between calculated and the experimental spectrum
(least square minimization). This procedure provided the accurate values for the δ and J , which are
given in Table 1. The simulated spectrum, after iteration, is also shown in figure 1 and is in good
agreement with that determined experimentally.
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Figure 1: The experimental (up) and simulated (down) !H-NMR spectrum (δ 3.4-5.0 ppm) of
compound 36 at 298K

Н-2'а.Н-Іа.Н-
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Table 1: Chemical shifts, Ή - 1 Η-coupling constants, and torsional angles for compound 36 at
298 К and 240 K.
Nucleus

δ
(ppm)
at 298 К

S
(ppm)
at 240 К

H-lb
H-la
H-3
H-4
H-5
H-6e
H-6a
Hl'e
H-2'a
H-2'e
H-l'a

3.39
3.63
4.90
4.31
4.28
4.16
3.93
3.60
3.65
3.75
3.96

3.43
3.70
4.97
4.37
4.37
4.26
4.01

iJ

Jexp
(Hz)
at 298 К

lajb

-11.80

3,4
4,5
5,6a
5,6e
6a,6e
lXl'e
l'a,2'a
Га,2'е
l'e,2'a
l'e,2'e
2'a-2'e

7.70
5.63
2.82
0.20
-13.40
-11.20
11.45
2.50
2.00
0.00
-9.89

J

.
.
-

JMM2
(Hz)

torsional
angle (Фд)
(MM2)

-

-

Jexp
(Hz)
at240K
-11.92

7.8
6.3
1.9
0.3

129°
25°
49°
68°

-

.

174°
54°
55°
64°

4.2
2.4
0.2
10.4

-

7.82
5.60
2.0
0.2
-13.22

-

The NMR-data obtained thus were combined with molecular modelling calculations using the
MM2 program, which can be used for the calculation of vicinal ^^H-coupling constants from the
torsional angle between these protons in the minimised structure of the molecule. Alternatively it is
also possible to determine the torsional angle between two protons from a measured JH^H-coupling
constant. The value for J3,4 in compound 36 was therefore measured at different angles until the
calculated Із,4 value was found to be in agreement with the experimental one of 7.7 Hz. This angle
was then fixed and the molecule was minimised and the other ^^H-coupling constants were then
determined from this minimised structure (see Table 1). Most of the calculated îH-^H-coupling
constants are in agreement with the experimentally determined values. Assuming that the structure of
compound 36 is rigid it can be concluded from the calculated torsional angles that the fructopyranose
ring adopts a skew conformation, whereas the 1,4-dioxane ring in the molecule adopts a chair
conformation (Fig. 2).
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36 R1 = Ac, R 2-R3 = C(CH3b
50 R ! = R 2 = R 3 = Ac

ORÍ

3

37 Rj = Ac, R 2-R3 = С(СН3)з
51 R1 = R2 = R3 = Ac

It could be concluded from molecular modelling calculations (Table 2) on 1,2-0-ethylene3,4,5-tri-O-acetyl-ß-D-fructopyranoside (50) and from the known12 NMR-data, that both the
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fructopyranose ring and the 1,4-dioxane ring in this compound adopt chair conformations. The
introduction of the cis-4,5-isopropylidene group thus causes a conformational change from the 2 Cs to
a skew conformation of the fructopyranose-ring in compound 36 (Fig 2).
Similar behaviour was also observed27 for I,2-CMsopropylidene-3,4,5-tri-0-acetyl-ß-Dfructopyranose (51) and 3-O-acetyl-l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose (37). The
conformation of the D-fructopyranose-ring in compound 51 was established to adopt the 2 Cs
conformation on the basis of the magnitude of the vicinal coupling constants (J3,4 = 10.4,14,5 = 3.2,
Í5,6a = 1-9 and J5,6e = 1.3 Hz), which agreed well with those obtained from 1,2,3,4,5-penta- and
1,3,4,5-tetra-O-acetyl-ß-D-fructopyranose, which are known27 to adopt the 2Cs conformation. The
conformation of the pyranose ring was greatly influenced by the introduction of the cisisopropylidene acetal at the 4,5-position as assessed from the J values (13,4 = 7.8 Hz and J4,5 = 5.0
Hz) obtained from the spectrum of compound 37, which are compatible with a skew conformation of
the fructopyranose ring (Fig 2).
Table 2:

^^H-coupling constants and torsional angles for compound 50.
Jivi

J(expXHz)

J(MM2)
(Hz)

Torsional angle
(MM2)

3.4
4,5
5,6a
5,6e
l'a,2'a
l'e,2'e
l'a,2'e
1ϊ,2Ί

10.7
3.3
1.8
0.5
8.6
1.5
6.3
4.0

10.2
1.3
1.4
0.5
10.5
0.7
3.9
3.2

178°
54°
54°
63°
174°
65°
54°
55°

Fig. 2:
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In the above conformational analysis it is assumed that the compounds 36 and 37 are rigid
molecules which exist in one conformation only. The change in coupling constants in comparing
compounds 50 and 51 is ascribed to a conformational change of the fructopyranose-ring. Despite the
fact that this is probably the most likely explanation another possibility for the change in the
measured J values could be that compounds 36 and 37 are not completely rigid, and two or more
conformations for the fructopyranose-ring( e.g the 2C¡ and the 5 Сг) exist, which can rapidly
interconvert. The observed J-values are then a linear combination of the J-values of each

conformation. The contribution of each of these values to the observed value is reflected by the
relative population (P) ofthat conformation:
Jij(observed) = Pl.Jj,j(conf. 1) + P2.J¡j(conf. 2) (+ P3.Ji,j(conf. 3) + enz)
In order to confirm this the 'H-NMR-spectra of the compounds 36 and 37 were recorded at
lower temperatures. At lower temperatures the rapid interconversion may be frozen resulting in
separate signals for each conformation and therefore a more complex spectrum. The signal for H-3
appearing at 4.99 ppm in the spectrum of compound 36 recorded at 240K transformed from a doublet
into a multiplet (see figure 3), suggesting that compound 36 exists in more than one conformation.
This was quite unexpected since compound 36 is considered to be a rigid molecule. In addition, the
signals for H-4 and H-5 were shifted towards each other and appeared at appoximately the same δ
value of 4.37 ppm. Alternatively, these chemical shift changes could give rise to extra splittings of
the original doublet for H-3, due to second order effects.
A computer simulation of the ABXYZ system for H-3, H-4, H-5, H-6a and H-6e (Table I and
figure 4) confirmed that the complex spectrum for 36 at 240 К was due to second order effects, and
not to the presence of various conformational isomers, since the calculated ιΗ- ^-coupling constants
were not changed significantly.
Similar changes were observed in the 'H-NMR spectrum of compound 37 recorded at 220 К. A
complex multiplet for H-3 was observed and the signals assigned to H-4 and H-5 were shifted to
approximately the same value of 4.34 ppm (figure 5). Simulation experiments again confirmed that
second order effects were the cause of the complex signal for H-3 in compound 37 and not the
presence of more conformational isomers.
These experiments confirm that compounds 36 and 37 are rigid molecules existing in only one
conformation in which the fructopyranose-ring adopts a skew conformation.
Fig. 3:

The JH-NMR spectrum of 36 at 240 Κ (δ 3.4 - 5 ppm).
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Figure 4:

The experimental (up) and simulated (down) spectrum (δ 3.8 - 5.2 ppm) of
compound 36 at 240 К
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Figure 5: The îH-NMR spectra (δ 3.8 - 5.2 ppm) of compound 37 at 298 and 220 K.
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3.5

The synthesis of some mesogenic 3-O-alkyl-D-glucltols and
3-O-alkyl-D-mannltols.

3.5.1

Introduction.

Alditol long-chain alkyl ethers are an interesting class of carbohydrate based amphiphiles.
Some of these derivatives have important biological functions. Racemicl-O-n-pentyl-glycerol, for
example, can permeate the blood-brain barrier28. Ether phospholipids are naturally occurring
membrane components with a potent platelet activating ability. An acid stable double headed
tetraether lipid bearing a glycerol unit and a nonitol headgroup has been characterised as a constituent
of the membrane of thermoacidophilic archaebacteria29. The other interesting features of these
compounds are that they may display surface activity, thermotropic and lyotropic liquid crystalline
properties. They would be expected to be more stable thermally, as well as towards hydrolytic
cleavage, especially when compared with amphiphilic carbohydrates in which the lipophilic moiety is
linked to the carbohydrate head group via an 0-/S-glycosidic bond, ester or amide linkage.
The synthesis and properties of several homologous series of alditol long-chain ethers, e.g. 1-0alkyl-D-mannitols30, 1-0-alkyl-D-glucitols31, 4- and 6-O-alkyl-D-glucitols32 and 5,6-di-O-alkyl-Dglucitols 33 have been described in the indicated literature. These single chain alditol ethers were
prepared particularly to study their thermotropic liquid crystalline properties in relation to their
molecular structure. The 5,6-di-O-alkyl-D-glucitols are useful as emulsifiers, oily substances,
moisturizers and thickeners in cosmetics33.
The 1-0-alkyl-D-mannitols30 and -D-glucitols31 have been prepared by the reduction with tetraalkyldiboranes of the organoboron-protected long chain alkyl glycosides followed by deboronation.
The 4- and 6-O-alkyl-D-glucitols32 were prepared in a similar manner by the reduction of 4,6-0alkylidene-l,2,3-tri-0-ethyIboryl-cx/ß-D-glucopyranoses and subsequent deboronation. These
synthetic routes, although very efficient, require the use of expensive alkyl boranes.
The 5,6-di-O-alkyl-D-glucitols were prepared33 by etherification of l,3;2,4-di-0-benzylideneD-glucitol with an alkyl bromide in DMSO at 70eC for 7.5 h and subsequent hydrogenolysis of the
5,6-di-0-alkyl-l,3;2,4-di-0-benzylidene-D-glucitols in 47% yield.
The preparation of 3-0-alkyl-D-glucoses by the alkylation of l,2;5,6-di-0-isopropylidene-a-Dglucofuranose(39) followed by hydrolytic deacetalisation has been described343""1. These compounds
displayed antibacterial properties35, plant growth inhibition, and cytotoxic activity348. The synthesis
of the corresponding 3-0-alkyl-D-glucitols by reduction of these products does not seem to have been
recorded.
This section deals with the synthesis of a homologous series of 3-0-alkyl-D-glucitols (52-55)
and mixtures of 3-0-alkyl-D-glucitols (52-55) and 3-0-alkyl-D-mannitols (56-59) from l,2;5,6-di-0isopropylidene-a-D-glucofuranose (39) and l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose (7),
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respectively. These compounds could be of interest as non-ionic surfactants with potential application
as detergents or emulsifiers.
The thermotropic and lyotropic liquid crystalline properties of these compounds are also
described.

3.5.2

Results and discussion.

A homologous series of 3-O-alkyl-D-glucitols (52-55) was prepared from l,2;5,6-di-0isopropylidene-a-D-glucofuranose (39)15 in three steps. In the first step the C-3 hydroxyl group in
compound 39 was alkylated. This type of alkylation has been carried out previously in DMS0 34a or
DMF 34b · 36 using sodium hydride as a base with long chain alkyl bromides as the alkylating agent. It
is also known37 that the permethylation of carbohydrates in DMSO with methyl iodide in the
presence of solid potassium hydroxide gives excellent yields of permethylated products. The use of
this base prevents the formation of the CH3SOCH2" anion which can also react with the alkylating
agent to give undesired by-products. This procedure was adopted for the preparation of the 3-0-alkyll,2;5,6-di-0-isopropylidene-a-D-glucofuranoses (60-63). Thus, treatment of a solution of 39 in
DMSO containing powdered sodium hydroxide and a long-chain alkyl bromide for 3h at room
temperature gave the corresponding long-chain alkyl ethers (60-63) in 69-90% yield, after column
chromatography.
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The deacetalation of these compounds to give the corresponding 3-0-alkyl-D-glucoses (64-67)
was subsequently investigated. Deacetalation is normally carried out by heating an aqueous solution
of the compounds in the presence of a mineral acid34b or ion exchange resin 34a (H + form). When a
suspension of 60 in water was heated under reflux for 2 days in the presence of Amberlyst XN1010
cation exchange resin (H+ form) deacetalation was shown to be still incomplete (TLC). This was
probably due to the low solubility of the apolar starting material in water. Addition of 1,4-dioxane as
a co-solvent resulted in an increased solubility of the starting material and also a higher rate of acetal
hydrolysis. The reaction was now complete after approximately 16 h. Deacetalation of the other
homologues of 61-63 was then achieved in a similar manner.
The 3-O-alkyl-D-glucoses (64-67) obtained thus, were not purified or further characterised,
except for the 3-O-decyl-D-glucose (64) which after column chromatography was identified by 13 CNMR spectroscopy38. The spectrum was in agreement with the product obtained previously from the
deacetalation of 61 in 0.2 M aqueous sulphuric acid36, which had been shown to consist of a mixture
of anomers (probably pyranoses) with the ß-D-anomer preponderating (81%).
The reduction of 64 in a mixture of tetrahydrofuran - aqueous sodium hydroxide with an excess
of sodium borohydride yielded a mixture of the corresponding 3-0-decyl-D-glucitol (52) and 3-0decyl-D-mannitol (56) in the ratio of 5:1 (98%). The ratio was calculated from the integration of the
separate H-2 signals occurring at 5.17 and 5.03 ppm, respectively, in the ]H-NMR spectrum of the
acetylated crude product, and by comparison with the ! H - N M R spectra of pure 3-O-dodecyl-Dglucitol peracetate (68) and 3-O-dodecyl-D-mannitol peracetate (69). Under the alkaline reaction
conditions employed, compound 64 probably tautomerises partially, via the open chain aldehydo
form to the corresponding 3-O-decyl-D-fructose, which yields a mixture of 52 and 56 on reduction
with sodium borohydride (Scheme 4).
Scheme 4:
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Reduction of 64 with an excess of sodium borohydride was also carried out in methanol but in
the absence of added base to avoid re-arrangement. No compound 56 could then be detected by 1 3 C NMR spectroscopy of the product which was isolated in a 48% yield.
The other homologues 65-67 were then reduced in a similar manner. The excess of sodium
borohydride was destroyed by the addition of carbon dioxide or formic acid, and the borate
complexes of the reaction product were hydrolysed by the addition of amberlyst IR 120 (H + ) cation
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exchange resin, or formic acid to the reaction mixture, followed by repeated distillation in vacuo of
methanol from the residue. The products, excepting 52, could be precipitated by the addition of ice
water to the resulting residue. Compound 52 was isolated by lyophilisation of the aqueous acid
solution obtained after treatment with formic acid and amberlyst IR 120 (H + ) cation exchange resin.
Recrystallisation from ethyl acetate or dichloromethane-diisopropyl ether gave pure compounds 5255, which were obtained in 52-67% yields.
The reduction of various aldoses and ketoses with sodium borohydride is believed39 to occur
via the open-chain aldehydo or keto form, since the rate of reduction can be correlated to the rate of
mutarotation. These open chain forms are intermediates in the interconversion of the α and β anomers
and of pyranose and furanose forms of ketoses and aldoses, on which the mutarotation process is
based 40 - 41 (see also 3.1). The cyclic hemiacetals in contrast to the open-chain forms react only very
slowly with the reducing agent. The reduction of the 3-O-alkyl-D-glucoses occurs presumably in a
similar manner via the open chain aldehydo form. The mutarotation of solutions of 3-O-dodecyl-Dglucose in organic solvents (heptane, chloroform) containing surfactants has been investigated42, and
it was shown that the rate of mutarotation increased above a certain critical concentration of the
surfactant. This was probably due to the formation of inverse micellar systems, which catalyse the
mutarotation process. The above process may have been auto-catalytic, since the 3-0-dodecyl-Dglucose is itself a surfactant. It was subsequently, demonstrated, by polarimetry that mutarotation of
64 also occurs in methanol.
An unambiguous route to the 3-O-alkyl-D-mannitols (56-59) or their corresponding peracetates
was required in order to identify these compounds in product mixtures by means of 'H-NMR
spectroscopy. The alkylation-deacetalation procedure described above was therefore adapted for a
definitive synthesis of 57. Treatment of a solution of l,2;5,6-di-0-isopropylidene-D-mannitol (70) 43
in DMSO with 1-bromodecane in the presence of sodium hydroxide for 16h at room temperature
gave a mixture of the corresponding mono- and di-alkylated products 71 and 72 together with some
unreacted 70 (TLC, CH2CI2 - MeOH, 9:1) from which compound 71 could be isolated by column
chromatography (29%). Subsequent deacetalation of 71 gave pure 57 (69%). The peracetate 69 was
obtained in the usual manner (pyridine-acetic anhydride). Acetylation of pure 3-O-dodecyl-D-glucitol
(53) gave the peracetate 68. Compounds 53,57, 68 and 69 were characterised by J H- and 13C-NMR
spectroscopy.
The above three-step alkylation-deacetalation-reduction sequence was also adopted for the
preparation of an homologous series of mixtures of 52-55 and 56-59 from l,2;4,5-di-0isopropylidene-ß-D-fructopyranose

(7). Treatment of a solution of 7 in DMSO in the presence of

finely powdered sodium hydroxide with long chain alkyl bromides for 3h at room temperature gave
the corresponding 3-0-alkyl-l,2;5,6-di-0-isopropylidene-ß-D-fructopyranoses

(40 and 73-75) in 86-

97% yield.
Selective removal of the 4,5-O-isopropylidene group occurred when compound 40 was treated
with 1,4-dioxane-water (3:1, v/v) containing XN1010 cation exchange resin (H+ form) at room
temperature (see 3.2.2). Complete deacetalation of compounds 40 and 73-75 to give the
corresponding crude 3-O-alkyl-D-fructoses was achieved when the reaction mixture was heated under
64

reflux for 16h. The crude products were not purified, but reduced immediately to a mixture of the
corresponding alditol ethers 52-55 and 56-59 in the manner described (vide supra) for the reduction
of the 3-O-alkyl-D-glucoses (64-67). The product mixtures were isolated in 21-58% yield. A sample
of the product obtained from the reduction of the 3-0-decyl-D-fructose was acetylated and was shown
to consist of a mixture of the peracetates 68 and 69 in a ratio of 2 : 1.
This result indicates that partial asymmetric reduction of 3-O-decyl-D-fructose takes place with
a slight preference for the formation of the gluco epimer 52.
The ratio of D-glucitol / D-mannitol ethers for the other homologues was not determined
quantitatively, but it could be concluded from the separate signals assigned to C-6 and C-l occurring
between 62 and 65 ppm in the 13C-NMR spectra of these mixtures that the D-glucitol ethers again
preponderated.
The reduction of 3-O-dodecyl-D-fructose with sodium borohydride probably also gave a
mixture of the two epimers 53 and 57, but only compound 57 precipitated upon the addition of icewater to the crude residue which was obtained in 21% yield.
The reduction of D-fructose with sodium borohydride is believed2 to occur via the open-chain
keto

form, since the rate of reduction is dependent on the rate of mutarotation. The

diastereoselectivity of the reduction of the 3-0-aIkyl-D-fructoses may be explained by steric
hinderance of the neighbouring 3-0-alkyl substituent in the open-chain keto form. Attack by
borohydride at the diastereotopic face of the C-2 keto function, leading to the formation of the
ma/wo-epimer, is probably more hindered by the presence of the 3-0-alkyl substituent. This is
depicted in Scheme 5 for the zig-zag conformation of the open-chain form of the 3-0-alkyl-Dfructose. The complexing ability of the reducing agent44 with the 3-0-alkyl-D-fructose may also have
had an influence on the diastereoselectivity, but this was not investigated.
Despite the fact that these mixtures may be suitable for surfactant applications, it would be of
interest to investigate further the role of the solvent and the reducing agent in order to improve the
diastereoselectivity of the reaction.
Scheme 5:
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The critical micelle concentration (CMC) and the surface tension at the CMC (YCMC) of the
epimeric decyl-ethers 52 and 56 at room temperature were shown to be 2.8 . ΙΟ"3 M and 33.4
«c

dyne/cm, respectively. These compounds are expected to have mild detergency properties because of
their non-ionic character and relatively high CMC value (>1 mM), and could therefore be of interest
for further applications. The CMC's of the other homologues were not determined due to the poor
solubity in water at room temperature. The dodecyl-D-glucitol could even be recrystallised from
water.
The thermotropic liquid crystal behaviour of the D-glucitol ethers 52-55 was investigated by
polarisation microscopy and DSC measurements. A mesophase was observed when compounds 5255 were heated above their melting points. An "oily streak" texture with spherolites and pseudoisotropie areas was observed. This is illustrated in Figure 6. A focal-conic fan-like texture was
observed upon cooling of the isotropic liquid (see chapter 4 for illustration). These textures are
characteristic of a smectic A phase45. In a smectic A phase the molecules are packed in layers in
which the molecular axes are orthogonal to the layers themselves, but within the layers there is no
positional order. The layers are not necessarily monomolecular. Bimolecular layers and bilayers,
which are partially interdigitized occur frequently46. At the clearing point a transition into the
isotropic liquid phase is observed. The temperatures at which the phase transitions occur, and the
uptake or release of heat during these transitions, for the compounds 52-55 were determined
accurately by means of DSC measurements. These data are shown in Table 3. A typical heating and
cooling curve is shown in Figure 7.

Fig. 6 : The "oily streak" texture with spherolites and psuedo isotropic areas obtained upon
heating (144°C) a sample of 3-0-hexadecyl-D-glucitol (55).
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Fig 7

The DSC heating and cooling curves of 3-0-hexadecyl-D-glucitol (55)

100
120
Twnperaftj« (C)

Table 3

Transitions temperatures and enthalpies of a series of 3-0-alkyl-D-glucitols
(52-55), 3-0-dodecyl-D-manmtol (57) and mixtures of 3-0-alkyl-D-mannitols
and 3-O-alkyl-D-glucitols

Compound

Mpa
(°C)

ΔΗ
(kJ mol' 1 )

Cpa
(°C)

ΔΗ
(kJ mol"1)

52

54 0-56 9
(56-59)

37 0

17

53

607647
(59 63)

42 3

54

68 6-72 1
(69 72)

52 1

55

706-75 2
(75-79)

54 0

57

94 8 96 6
(97)

56 9

52 and 56
54 and 58
55 and 59

(54 61)
(43 47)
(55 59)

143 7-144 3
142 5-142 9 b
(144)
162 2-164 2
161 4-162 3 b
(165 166)
175 5-176 9
174 0-174 7 b
(174)
175 8-176 6
b
174 0-174 6
(175)
167 1-167 4
165 9-166 5 b
(168 169)
(139-140)
(156-158)
(166-167)

~

24

24
22

23

-

a Transition temperatures in parenthesis are determined by polarisation microscopy
The other values were determined by DSC (scanning rate 5°C min ' )
b Determined from the cooling curve
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Fig. 8: Phase transition temperatures for the 3-O-alkyl-D-gluciloIs 52-55
and 4-O-alkyl-D-glucitols 77-80.
180

-

160 -j
140 -j

— · — m . p . 3-O-aUcyl-D-glucitols
- · -c.p. î-O-alkyl-D-glucitoIs

120 •;

- - *- - c.p. 4-O-alkyl-D-glucitols
A m.p. 4-O-alkyl-D-glucitols

100 -j
80 -j
60 r
40
20

—I

1
Γ
12
14
alkyl chain length (n)
ΙΟ

16

18

The melting behaviour of the 3-O-alkyl-D-glucitols 52-55 was compared with the melting
behaviour of a series of known 32 4-O-alkyl-D-glucitols 76-80. This is shown in Figure 8. In both
series of positional isomers the alkyl substituent is situated in the middle of the carbohydrate
backbone, and their melting behaviour would therefore be expected to be similar. The 4-O-alkyl-Dglucitols 77-79 were shown to be liquid crystalline at room temperature, except for the hexyl and
decyl ethers 76 and 80, which were isotropic and solid, respectively, at room temperature. The 4-0decyl-D-glucitol (80) melted at a lower temperature (33°C) than the corresponding 3-O-decyl ether 52
(54-57°C). The difference in clearing points were however much smaller. The clearing points of the
heptyl to decyl ethers 77-80 exhibited a strong dependence on the length of the alkyl chain. The
clearing points of the shorter chain alkyl-D-glucitols (C6 - C10) are expected to be comparable to
those of compounds 76-79. The melting points of the 3-O-alkyl-D-glucitols would be expected to
remain relatively constant.
A similar melting behaviour was observed for scries of homologous N-alkyl D-gluconamides47,
some aldose dialkyl dithioacetals48, 1-O-alkyl-D-glucitols31 and 1-O-alkyl-D-mannitols30. In these
series of compounds the transition temperatures from the crystal to the liquid crystal phases were
almost independent of the alkyl chain lengths, whereas the transition temperatures from liquid crystal
to isotropic liquid increased regularly with the alkyl chain lengths.
This melting behaviour could be explained in the following manner. In the solid phase the
molecules are probably arranged in a manner such that strong hydrogen-bonding occurring between
the carbohydrate headgroups is the predominant feature which determines the melting point, so that
they remain relatively constant. The higher melting point for the 3-O-decyl-D-glucilol (52) compared
to the 4-O-decyl-D-glucitol (80) is probably due to the forming of a more intrinsic hydrogen bonded
network in 52. It has been suggested 47 · 49 · 50 that in the transition from the crystal to the liquid crystal
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phase a "core" of stacked alkyl chains is retained in the bilayer structure of the smectic A phase rather
than the intermolecular hydrogen bonded network of the carbohydrate moieties. The dominant
features that stabilise the mesophase are intermolecular Van der Waals cohesion forces between the
intercalated alkyl chains, and a dependence of the clearing point on the alkyl chain-length is,
therefore, observed. A model has been described32 for the smetic A phase of the 4-0-alkyI-D-alditols
possessing a bilayer structure in which the alkyl chains form the central region and resembling the
fluid lamellar (La) lyotropic phase, albeit without water present. A similar model could be proposed
for 52-55, which is shown in Scheme 6. X-ray analysis would provide additional evidence for this
model.
Thermotropic liquid crystal behaviour was also observed for 3-0-dodecyl-D-mannitol (57), and
for mixtures of the epimers 52-55 and 56-59. Textures similar to those as described for pure
compounds 52-55 were observed, and the mesophases could be classified as smectic A. The mannitol
ether 57 melted at a higher temperature (97eC) than the corresponding D-glucitol epimer 53, whereas
the clearing points were comparable. Compound 57 probably forms a stronger intermolecular
hydrogen bonded network. The transition temperatures of the mixtures of 52-55 and 56-59 are given
in Table 3.
Scheme 6:

CH 2 OH

The alditol ethers 52-55 and 57 were also found to display lyotropic liquid crystal properties.
The formation of these was demonstrated qualitatively under a polarisation microscope by contact
preparations of material in the smectic A phase plus a drop of water. Depending on the structure of
the amphiphile, concentration and temperature, different lyomesophases may be formed, which differ
in the packing of molecules in aggregates. The most common lyomesophases arc e.g. the lamellar
(La) phase (parallel molecular bilayers separated by water layers), the hexagonal (Hi) phase (rod
micelles in hexagonal packing), and the cubic (Vi) phase (spherical micelles in a cubic lattice). The
sequence in which these appear is a function of increasing water content. This sequence was
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investigateci for the 3-0-dodecyl-D-mannitol (57) at different temperatures. A solid-Hj-isotropic
solution sequence was observed at 59°C (Fig. 9), a solid - Vj - Hj - isotropic solution at 64.5 °C (Fig
10), and a solid-La - Vi - Hi - isotropic solution at 73.5°C (Fig. 11). The cubic phase is optically
isotropic and, therefore, not visible by polarisation microscopy. It is also possible to determine
quantitatively the lyotropic phase behaviour using these contact preparations51. Phase diagrams of the
lyotropic behaviour as a function of temperature and concentration can be obtained easily using this
technique. This could be an interesting topic for further investigations. The lyotropic liquid crystal
behaviour of carbohydrate amphiphiles has received less attention than the thermotropic liquid crystal
behaviour.
It can be concluded from these results that interesting amphiphilic 3-O-alkyl-D-glucitols and -Dmannitols can be prepared from l,2;4,5-di-0-isopropylidene-D-fructose (7) and l,2;5,6-di-0isopropylidene-D-glucose (39) by simple chemical transformations, and with minimum use of column
chromatography. It would be of interest to investigate further the physical properties of these
compounds to evaluate their potential application as (bio)detergents, or emulsifiers.

Fig. 9: A contact preparation of 57 (left) and water at 59°C.
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Fig 10: A contact preparation of 57 (left) and water at 64.5 °C.

Fig. 11: A contact preparation of 57 (left) and water at 73.5 °C.
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3.6

Experimental

General methods. Optical rotations were determined with a Perkin-EImer automatic
Polarimeter, model 241 MC on 1% solutions at 20°C in the solvents indicated. Melting points and
clearing points were determined using a Reichert thermopan microscope equipped with crossed
polarisers, and are uncorrected. Quantitative thermal analyses were performed using a Perkin Elmer
Delta Series DSC 7. Textural observations were carried out with a Mettler FP 82 hot stage (Mettler
FP 80 processor) mounted on a Nikon microscope. Pictures were taken with a minolte 7000 camera
using Kodak electrachrome Professional 160 film and Kodak processing. Thin-layer chromatography
(TLC) on pre-coated plates of silica gel (Merck) was performed in the solvent mixtures indicated.
Detection was affected by spraying with 3% H2SO4 in ethanol and heating at 140°C. Column
chromatography was performed on Silicagel 60 (Merck) with the eluents indicated. GLC was
conducted with a Hewlett-Packard HP 5890 gas Chromatograph, using a capillary column (25 m) of
HP-1, a temperature program from 100 - 250°C at 15CC / min, followed by 10 min at 250°C
(isothermal), and nitrogen at 2 ml / min (0.5 atm) as the carrier gas. Compounds were identified by
co-injection with authentic samples. Ή and 1 3 C NMR on a Bruker AM 400 spectrometer operating at
400 and 100.6 MHz, respectively, on solutions in CDCI3 (internal Me4Si), D2O (external dioxane at
67.8 ppm for 1 3 C) or DMSO-D6. Chemical ionisation mass spectra, induced with methane gas at
200°C and emission current 0.5 mAmp, were determined on a VG 7070E spectrometer. Inulin (ex
dahlia tubers) purchased from Sigma Chemicals, and sucrose were powdered finely and dried in
vacuo (80°C / 15 mmHg) prior to use. Diethyl ether was pre-dried over calcium chloride, then re
distilled from calcium hydride. Hexane was distilled from calcium hydride, letrahydrofuran and 1,2dimethoxyethane from sodium hydride.
2'-Chloroethyl ß-D-fructopyranoside (6)12. (a) From D-fructose (1). Powdered D-fructose (1,
50.6 g, 0.28 mol) was added to 2-chloroethanol (400 ml) containing acetyl chloride (10 ml). The
mixture was stirred at room temperature for 2 h and processed as described12. 'Ihe crude product (65
g, 89%) was recrystallised from 5% aqueous sodium acetate to give pure 6 (49.4 g, 68%), m.p. 135138°C (dec). [ct]D -147.5° (water); lit12.m.p. 146-147°C, [a] D -148° (water).
The original filtrate from the above reaction mixture, kept apart from the washings, was treated
with additional amounts of 1 (50 - 55 g) for a total of 4 limes to give further amounts of 6 (80 90%)12.
In another reaction 1 ( 2.5 g, 1.4 mmol) was added to 2-chloroethanol (20 ml) without
addendum and the mixture stirred at room temperature for 4h to give 6 (3.0 g, 90%), m.p. 136-138°C
(dec), [a]o-148° (water).
(b) From sucrose (2). Finely powdered 2 (5g, 14.6 mmol) was treated with a 1% solution of
hydrogen chloride in 2-chloroethanol (16 ml) for 48 h at room temperature and processed as
described in (a) to give 6 (2.37 g, 67%), m.p. 137-140°C (dec), [a]o -146° (water).
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In another experiment the crude reaction product obtained from 2 (2g) in the same manner, was
acetylated in the usual way (acetic anhydride - pyridine) to give a mixture (TLC, hexane- ethyl
acetate, 1:3)) of two compounds (4.63 g). GLC identified these as the peracetate 9 1 2 and a-Dglucopyranose penta acetate 10 by comparison with authentic samples.
(c) From Inulin (4). Finely powdered 4 (2.0 g) was treated with 2-chloroethanol containing 1%
hydrogen chloride for 72 h at room temperature and then processed as described in (a) to give 6 (1.56
g, 58%), m.p. 136-138°C, [a] D -148° (water).
I'-Bromoethyl ß-D-fructopyranoside (11). (a) From D-fruclose (1). D-fructose (1, 2.0 g, 11
mmol) was added to a stirred mixture of 2-bromoethanol (16ml) and acetyl chloride (0.3 ml) and then
set aside at room temperature for 2 h. The mixture was filtered and the crude product (3.0 g, 94%)
recrystallised from 5% aqueous sodium acetate to give pure 11 (2.55 g, 80%), m.p. 127-129°C (dec),
[a] D -131.5° (water). C 8 Hi 5 Br0 6 (287.108) Caled: С, 33.47; H 5.27. Found: С, 33.79;, H, 5.33%.
Μ/ζ 257 (M+ - CH2OH), 255 (М+ - СН2ОН), 163 (М+ - СН2СН2Вг). Treatment of 1 (30.0 g, 0.17
mol) with 2-bromoethanol (100 ml) without any addendum at room temperature for 5 h followed by
processing in the above manner, yielded 11 (24.5 g, 51%), m.p. 126-129°C (dec), [a]o -133.6°
(water).
Treatment of a sample (175 mg, 0.6 mmol) of pure 11 with acetic anhydride (0.41 ml) and
pyridine (1.6 ml) in the usual manner yielded 2'-bromoethyl 1,3,4,5-tetra-O-acetyl-ß-Dfructopyranoside (15) as a syrup (0.29 g, 72%). [a] D -104° (chloroform). ІН NMR (CDCI3): δ 1.99,
2.07,2.11, 2.17 (4s, each 3H, acetyl CH3), 3.50-3.56 (m, 211, H-2'a, H-2'b). 3.80-3.87 (m, 3H, H-6eq,
H-l'a, H-l'b), 4.09 (d, IH, Jiajb = -11.9 Hz, H-la), 4.12 (dd. IH, J5i6ax = 1.3 Hz. J&x.ôeq = -13.1 Hz,
H-6ax), 4.30 (d, IH, Jia,i b = -11.9 Hz, H-lb), 5.39 (m, 2H, ПЛ and H-5), 5.53 (d, IH, J 3 , 4 = 10.4 Hz,
H-3) ppm. " C NMR (CDCI3): δ 170.3. 170.1. 169.9 ( acetyl, C=0), 99.0 (C-2), 68.8, 68.2, 67.5 (C3, C-4, C-5), 62.9. 62.2. 61.9 (C-l, C-6 and С-Г), 29.9 (C-2'). 20.9, 20.7 (acetyl CH3) ppm. M/z 499
and 497 (0.1; M + C 3 H 7 + ). 439 and 437 (0.01; M + C 3 H 7 + - AcOH), 383 and 381 (10.1; M+ CH2OAc), 331 (21.5; M + - OCH2CH2Br).
(b) From sucrose (2). Treatment of 2 (5g, 14.6 mmol) with 1% hydrogen chloride in 2bromoethanol (20 ml) for 48 h at room temperature, followed by processing as in (a) gave 11 (2.80 g,
67%), m.p. 126 - 129°C (dec). [ a ] D -130° (water).
(c) From Inulin (4). Treatment of 4 (2g) in the manner described above, but for 72 h, yielded
11(1.31 g, 41%), m.p. 128-131°C(dec), [ a ] D -133° (water).
З'-Chloropropyl ß-D-fructopyranoside (9). (a) From D-fructose (1). D-fructose (1, 9.8 g, 54
mmol) was added to a stirred mixture of 3-chloropropan-l-ol (70ml) and acetyl chloride (1.75 ml)
and then set aside at room temperature for 3 h. The solid material (5.29 g, 37%) was collected by
filtration and the filtrate treated with a further amount of 1 (9.46 g, 53 mmol) in the same manner.
This process was repeated a further three times and the combined crude material (44.57 g, 66%)
recrystallised from 5% aqueous sodium acetate to give pure 12 (33.1 g, 47%), 136-138°C (dec), [α]ρ
-145° (water). CgHnOeCl (256.684) Caled: С, 42.11; Η, 6.88. Found: С, 42.15; Η. 6.65%. Μ/ζ 225
(50.41; М+-СН2ОН), 163 (16.1; М+-ОСН2СН2СН2С1).
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Acetylation of 12 (125 mg) in the usual manner with acetic anhydride (0.4 ml) and pyridine (1.6
ml) gave the tetra-acetate 16 as a syrup (140 mg, 65%). [ a b -118° (CHCI3); ^ - N M R (CDCI3): δ
2.09-2.05 (m, 2H, Н-2'а, H-2'b), 1.98, 2.07, 2.10, 2.16 (4s, each 3H, acetyl CH3), 3.63-3.74 (m, 4H,
Н-1'а, Н-1Ъ, Н-З'а and H-3'b), 3.83 (dd, IH, J6eq,6ax = -13.1, H-6ax, J5,6ax = 1.8 Hz, H-6ax), 3.90
(dd, IH, J5>6eq = 1.4 Hz, H-6eq), 4.12 (d. IH, J^ib

= -11.9 Hz, H-la), 4.31 (d, IH, H-lb), 5.30 (dd.

IH, J4,5 = 3.5 Hz, H-4), 5.36 (m, IH, H-5), 5.52 (d, IH, J 3 i 4 = 10.6 Hz, H-3) ppm; " C - N M R
(CDCI3): δ 170.3,170.1, 169.8 (acetyl C=0), 98.8 (C-2), 68.8, 68.3, 67.6 (C-3, CAy C-5), 62.8, 61.9
(C-6, C-I). 57.8 (С-Г), 41.3 (C-3'), 32.3 (C-2'), 20.9, 20.8, 20.7 (acetyl CH3) ppm; M/z 449 (M +
+C3H7), 425 (M + H+), 365 (M+ + H + - AcOH) 351 (M+ - CH2OAc), 331 (M+ - 0CH 2 CH 2 CH 2 C1),
271 (M+ - OCH 2 CH 2 CH 2 Cl - AcOH), 21 l.(M+ - 0CH 2 CH 2 CH 2 C1 - 2AcOH).
(b) From sucrose (2). Sucrose (5.0 g, 14.6 mmol) was treated with 1% hydrogen chloride in 3chloropropan-1-ol (20 ml) at room temperature for 9 days and then processed as above in (a) to give
12 (2.70 g, 70%), m.p. 136-139°C (dec), [a] D -143° (water).
(c) From inulin (4). Treatment of 4 (2.0 g) in the same above manner but for a period of 11 days
yielded 12 (1.25 g, 43%), m.p. 137-142°C (dec) [a] D -143° (water).
4'-Chlorobutyl ß-D-fructopyranoside (13). Finely powdered D-fructose (1, 2.0 g, 11 mmol) was
added to a stirred mixture of 4-chlorobutan-l-ol (10 ml) and acetyl chloride (0.2 ml), set aside at
room temperature for 4 h, and then stored at 5°C for 16 h. The resultant solid material (0.71 g, 24%)
was recrystallised from 5% aqueous sodium acetate to give compound 13 (0.4 g, 14%), m.p. 111113°C (dec) [cc]D -126° (water). СюЩдСЮб (270.711) Caled: С. 44.37; H, 7.07. Found; С, 44.38;
H, 7.02%. Μ/ζ 271 (M + Η+), 253 (М+ + Н+ - 2Н 2 0), 239 (М+ - СН2ОН), 163 (М+ + Н + - НО(СН2)4-С1), 145 (М+ + Н+ - НО-(СН2)4-С1 - Н 2 0), 127 (М+ + Н+ - НО-(СН2)4-С1 -2Н 2 0).
In another experiment 1 ( 8,0 g, 44 mmol) was added portionwise with stirring to 4chlorobutan-1-ol (35 ml) and the mixture set aside at room temperature for 8 h. The resultant solid
material was washed with ice-cold propan-2-ol and recrystallised as above to give 13 (2.48 g, 21%),
m.p. 114-116°C, [CC]D -126° (water).
A portion of compound 13 (0.2 g, 0.7 mmol) was acetylated as described for compound 12 to
give the tetra-acetatel7 as a syrup (0.276 g, 85%), [ a ] D -94.4° (CHCI3). ] H NMR (CDCI3) δ , 1.77
(m, 211, Н-З'а, H-3'b) 1.87 (m, 2Н, H-2'а, H-2'b), 1.98, 2.06, 2.10, 2.16 (4s, ЗН each, acetyl CH 3 ),
3.47-3.65 (m, 411, H-l' and H-*'), 3.81 (dd, IH, W.óeq = -13.0 Hz, J5,6ax = 1.6 Hz, H-6ax), 3.86 (dd,
IH. J5,6eq =1-1 Hz, H-6eq), 4.08 (d, IH, Jia,i b = -11.9 Hz, H-lb), 4.29 (d, IH, Hz, Hla), 5.30 (dd,
IH, J4i5 = 3.5 Hz, H^t), 5.36 (m, IH, H-5), 5.51.(d, IH, J3,4 = 10.5 Hz, H-3) ppm 13C-NMR (CDCI3)
170.3, 170.1, 169.8 (acetyl C=0), 98.8 (C-2), 68.8, 68.3, 67.6 (C-3, C-4, C-5), 62.7, 61.8, 60.9 (C-6.
C-I. C-a),44.5 (C-δ), 29.5, 27.0 (C-ß. C-γ). 20.9, 20.6 (acetyl CH3) ppm. M/z 481(M + C 3 H 7 + ).421
(M + C 3 H 7 + - AcOH)-439 (M + H+), 379 (M + H+ - AcOH), 331 (M + H+ - H0(CH2)4C1), 271 (M +
H+ - H0(CH 2 ) 4 C1- AcOH). 211 (M + H+ - H0(CH2)4C1- AcOH)
Ethyl ß-D-fructopyranoside (18). (a) From compound 6. A suspension of б (2.0 g, 8.2 mmol) in
water (100 ml) was treated with sodium hydrogen carbonate (1.0 g) and palladised charcoal (5%, 200
mg) and the mixture hydrogenated at 45-50°C for 16h. A further portion palladised charcoal (200 mg)
was then added and hydrogénation was continued or a further 16 h at 45-50°C. The insoluble material
n&

was removed byfiltration,washed with water, and the combined filtrate and washings concentrated/«
vacuo. A solution of the residue in water (20 ml) was de-ionised by successive percolation through
columns (21x 3 cm) of IRA-400 (HCO3- form) and IRA-120 (H+ form) ion-exchange resins. The
combined eluates and washings were concentrated in vacuo and the residue (1.62 g, 94%)
recrystallised from ethanol to give compound 18 (1.28 g, 75%), m.p. 153-155'C, [<X]D -155°
(methanol) [ lit8, m.p. 157-157.9°C. [CZ]D -134° (methanol); lit. 8 m.p. 150-151°C, [alo -136°
(methanol)].13C-NMR (D2O): δ 101.8 (C-2). 70.9,70.4(C-3. CA), 69.4 (C-5). 65.0. 62.5 (C-l, C-6),
57.9 (С-Г). 15.9 (C-2') ppm. M/z 177 (M+-CH2OH). 163 (M+-OC2H5). 145 (M + -0C 2 H5-H 2 0), 127
(M+-OC2H5-2H20).
(b) From compound 11 Hydrogenolysis of 11 (5.0 g, 17.5 mmol) in the presence of sodium
hydrogen carbonate (3.0 g) and palladised charcoal (5%, 500 mg) for 16 h at 45-50°C followed by
treatment as described above in (a) yielded 18 (2.95 g, 81%), m.p. 152-154°C (from ethanol), [ a b
-155° (methanol).
η-Propyl ß-D-fructopyranoside (19). Hydrogenolysis of compound 12 (1.35 g, 16 mmol) in the
above described manner gave 19 (0.878 g, 51%), m.p. 161-163°C (from ethanol), [ a b -151°
(methanol); lit.8 m.p. 157-158°C, l a b -142° (methanol). ,3C-NMR (D 2 0): δ 101.7 (C-2), 70.9, 70.4
(C-3, C-4), 69.5 (C-5), 65.0, 63.4 (C-l, C-6), 62.6 (С-Г), 23.8 (C-2'), 11.2 (C-3') ppm. M/z 191 (M+
- CH2OH), 163 (M+ - OC3H7). 145 (М+-ОСзН7-Н20), 127 (M+-OC3H7-2H20).
η-Butyl ß-D-fructopyranoside (20). Hydrogenolysis of compound 13 (1.0 g, 3.7 mmol) as
descibed above in (b) gave 20 (0.35 g, 41%), m.p. 156-158°C (ethanol), [ a b -145° (methanol). 13 CNMR (Е>гО): δ 101.7 (C-2), 70.9,70.4 (C-3, C^l), 69.5 (C-5), 65.1, 62.5 (C-l, C-6), 62.1 (С-Г), 32.6
(C-21). 20.1 (C-31), 14.4 (C-41) ppm. M/z 205 (M+-CH2OH), 177 (M + -CH 2 OH-H 2 0), 163 (M+OC4H9), 145 (M+-OC4H9-H20), 127 (M+-OC4H9-2H20).
Reaction of 3'chloropropyl ß-D-fructopyranoside (12). (a) With 1M sodium methoxide. A
solution of compound 12 ( 4.8 g, 19 mmol) in IM sodium methoxide (50 ml) was heated under reflux
for 16h. The cooled mixture was treated with water (50 mL) and then percolated through columns (21
χ 3 cm) of Amberlite IR-45 (OH- form) and IR 120 (H + form) ion-exchange resins. The combined
eluates and washings were concentrated in vacuo and a cooled (0°C) solution of the residue (3.4 g) in
pyridine (20 mL) was treated with acetic anhydride (12 mL), set aside at room temperature overnight,
and processed in the usual manner. The syrupy crude material (4.53 g) consisted of two major
products in the ratio 1 : 3 (GLC). Column chromatography (hexane - ethyl acetate, 1:1) gave pure 3'methoxypropyl-l,3,4,5-tetra-0-acetyl-ß-D-fructo-pyranoside (23, 2.04 g) as a colourless syrup, [ a b
-123° (CHCI3); M/z 463 (M + + C 3 H 7 ), 403 (M + +C3H7 - AcOH), 361 (M + H+ - AcOH), 331 (M +
H+ - HO(CH2)3OCH3), 271 (M + H+ - HO(CH2)3OCH3 - AcOH), 211(M + H+ - НО(СН2)зОСН3 2AcOH). !H-NMR (CDCI3): δ 5.51 (d, IH. J3.4 = 10.3 Hz, H-3), 5.36 (m. IH, H-5), 5.33 (dd. IH,
J4.5 = 3.4 Hz. J3.4 = 10.3 Hz. H-4), 4.30 (d. IH. Jla.lb =11.8 Hz. II-la). 4.10 (d. IH. Jla,lb - -11.8
Hz. H-b). 3.90 (dd. IH. J6ax.6eq = -13.1 Hz. J5.6eq = 1.1 Hz, h-6eq.), 3.80 (dd, IH, J6ax.6eq = -13.1
Hz. J5,6ax = 1.6Hz.H-6ax), 3.66 (m, IH, H-3'a or H-l'a ), 3.58-3.44 (m, 3H, H-l'b, H-3'b.and H-l'a
or H-3'a), 3.34 (s, 3H, OCH 3 ), 2.16. 2.11. 2.06, 1.98 (4s, 12Н, СН3 (acetates)), 1.89 (m. 2H, Η-β)
ppm. 13C-NMR (CDCI3): δ 170.4, 170.2, 170.1. 169.9 (C=0), 98.9 (C-2). 69.0 (C-5). 68.4. 67.5 (C75

3, CM), 62.8 (C-l), 61.9 (C-6). 58.6 (O-CH3), 58.4 (2C, С-Г and C-3'), 29.7 (C-2'), 21.0, 20.7 (CH3
(acetates)) ppm.
Further elution gave crystalline l,2-0-propylene-3,4,5-tri-0-acetyl-ß-D-fructopyranoside

(24)

+

(180 mg), m.p. 119-12ГС ; [a] D -161.5° (CHCI3); M/z 347 (M + H), 275, 244, 233, 227 (M+ + H 2AcOH), 215, 185. !H-NMR (CDCI3): δ 5.32 (s, ЗН, ІІ-З, Н-4, Н-5), 4.02 (d. Ш, Ла.ІЬ = -13.8 Hz,
Н-Іа), 3.97 (dd, IH, J5,6e = 1.0 Hz, J6a,6e = -12.8 Hz, H-6e), 4.02-3.96 (m, 2H, Н-1'а or Н-3'а), 3.84
(m, IH, J = 2.7 Hz, J = -12.6 Hz H-l'b or H-3'b), 3.72 (dd, IH, J5,6a = 1.4 Hz, J6a,6e = -12.8 Hz, H6a), 3.55 (d, IH, Jla,lb = -13.8 Hz, H-lb), 3.47 (ddd, IH, J = -11.9 Hz, J = -11.9 Hz, J = 3.6 Hz, HЗЪ or Н-1Ъ), 2.14, 2.08, 1.97 (3s, 9H, CH3 (acetates)), 2.17-2.08 (m, 2H, H-2'a and Н-2Ъ) ppm. 1 3 CNMR (CDCI3): d 170.5, 170.3, 170.0 (C=0), 100.1 (C-2), 76.2, 73.2 (C-6. C-l), 70.4, 69.0, 68.0 (C3.C-4, C-5), 61.7, 61.3, (C-l', C-3'). 32.6 (C-2'), 20.9, 20.7, 20.6 (CH3(acetates)) ppm. C15 H22O9
(346.334) Caled: С, 52.02 ; H, 6.40. Found: С, 51.81; H, 6.20%.
A solution of 23 (160 mg) in methanol (20 ml) containing potassium cyanide (5 mg) was stirred
at room temperature for 18h, and then filtered through a layer (3 χ 3.5 cm) of Silica Gel 60. The
inorganic material was washed with methanol (60 ml) and the combined filtrate and washings were
concentrated in vacuo to give З'-mcthoxypropyl-ß-D-fructopyranoside (30, 50 mg, 52%), m.p. 111114°C (from ethanol), [a] D -127° (MeOH). JH-NMR (D 2 0): δ 3.94-3.50 (m, 1 IH, H-la, Η-lb, H-3,
Н-4, Н-5, Н-6а, Н-6е, H-Га, H-1'b, Н-З'а, H-3'b), 3.00 (s, ЗН, 0-СН 3 ), 1.80 (m, 2Н, Н-2'а, H-2'b)
ppm. 13 C-NMR (Р2О): 101.7 (C-2), 70.9, 70.4, 69.6 (C-3, CA, C-5), 70.6, 65.1, 62.5,58.9 (C-l, C6, C-l', C-3'), 60.0 (OCH3), 30.1 (C-2') ppm. C10H20O7 (252.265) Caled: С, 47.61; H, 7.99. Found:
С, 47.37; H, 7.78%.
(b)with potassium tert. butoxide in Ν,Ν-dimethylformamide. A stirred mixture of 12 (2.0 g, 7.8
mmol), potassium tert.butoxide (0.87 g, 7.8 mmol) in /V./V-dimethylformamide (50 ml) was heated for
3 h at 80°C and then set aside at room temperature for 16 h. The inorganic material was removed by
filtration, washed with N.N-dimethylformamide (10 ml) and the combined filtrate and washings
concentrated in vacuo . A cooled (0°C) solution of the residue (2.82 g) in pyridine (15 mL) was
treated with acetic anhydride (10 mL), stored at room temperature overnight, and then processed in
the usual manner. Column chromatography (hcxane - ethyl acetate, 1:1) of the crude product (3.2 g)
gave allyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside (25, 1.47 g, 48%) as a syrup.[a]o -127.5°
(CHCI3); M/z 389 (M+ + H), 331 (M+ + H - CH2=CH-CH2OH), 315 (M+ - CH2OAc), 271 (M+ + H
- CII2=CH-CH2OH - AcOH), 211 (M+ + H - CH2=CH-CH2OH - 2AcOH) !H-NMR (CDCI3) δ 5.92
(m, IH, Η-β), 5.55 (d, IH. J 3 | 4 = 10.2 Hz, H-3), 5.38-5.31 (m, ЗН, Н-3'а, НА, Н-5, unresolved). 5.22
(dd, IH, J 3-8,3-b = 1.4 Hz, J2-,3'b = 10.5 Hz, H-3'b), 4.29 (d, IH, Jia,, b = -11.9 Hz, H-la), 4.08 (d, IH,
Jia,ib = -11.9 Hz, H-lb), 4.15-4.05 (m, 3H, H-α, H-α', H-lb), 2.17, 2.10, 2.08, 1.99 (4s, each 3H,
acetyl CH3).
13

C-NMR (CDCI3): 170.3, 170.1, 170.0, 169.9 (C=0), 133.6 (CH 2 -CH=CH 2 ), 118.8 (CH 2 -

CH=CH 2 ), 99.2 (C-2). 68.8, 68.3, 67.4 (C-3, CA, C-5), 62.8. 62.5, 62.0 (C-l, C-6, C_H2-CH=CH2),
20.92, 20.69, 20.59 (acetyl CH3) ppm.
Further elution gave compound 24 (0.41 g, 15%) as a syrup which was crystallised from
diisopropyl ether (0.132 g), m.p. 118-120°C; [a] D -160° (CHCI3)
7Ä

(c)wiíh O.IM sodium butoxide. A stirred suspension of 12 (1 g, 3.9 mmol) in 0.1 M sodium
butoxide (30 ml) was heated at 100-1 ÎO'C for 36 h. The cooled mixture was filtered, the organic
material washed with 1-butanol, and the combined filtrate and washings concentrated in vacuo. A
solution of the residue in water (20 ml) was percolated through columns of IRA 400 (HCO3"). and
IRA 120 (H+) ion-exchange resins and the combined eluates and washings concentrated in vacuo .
The residue was treated with pyridine (3.5 ml) and acetic anhydride (0.9 ml), and then processed in
the usual manner to give material (0.3 g), consisting of 2 major products in a 1:1 ratio (GLC).
Column chromatography (hexane - ethyl acetate, 1:1) of the product gave allyl 1,3,4,5-tetra-O-acetylß-D-fructopyranoside (25) (40 mg) as a syrup.[a]o -127.5° (CHCI3). Further elution then gave
compound 24 (60 mg) as a solid, mp 119-121°C, [d] D -161° (CHCI3).
(d) With sodium hydroxide in ethanol. A mixture of 12 (4.0 g, 15.6 mmol) and IM ethanolic
potassium hydroxide (30 ml) was heated under reflux for 5 h. Water (30 ml) was added and the
resulting solution percolated through columns of IRA 400 (НСОз-), and IRA 120 (H+) ion-exchange
resins. The eluent was concentrated in vacuo to give a crude product (3.04 g), which was acetylated
in the usual manner (pyridine - acetic anhydride, 15: 5 (v/v)) to give a yellow syrup (5.3 g), which
consisted (GLC) of З'-ethoxypropyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside (26), allyl 1,3,4,5tetra-0-acetyl-ß-D-fructo-pyranoside (25) and l,2-0-propylene-3,4,5-tri-0-acetyl-ß-Dfructopyranoside (24) in a ration of 43 : 22 : 29, respectively. 'H-NMR (CDCI3) δ 5.9 (m,
ОСН2СЫ=СН2). 5.3 (s, H-3.H-4 and H-5 of 24), 1.20 (t, J = 6.9 Hz) 0(СІІ2)зОСН2СЫэ).
The reaction of 4'-chlorobutyl ß-D-fructopyranoside (13) with IM sodium methoxide. A
solution of 13 (0.5 g, 1.8 mmol) in IM sodium methoxide was heated under reflux for 16 h. The
reaction mixture was then diluted with water, percolated through columns of IRA 400 (HCO3"), and
IRA 120 (H+) ion exchange resins., and the combined eluates and washings concentrated in vacuo .
The crude material (0.59 g) was acetylated in the usual manner (pyridine - acetic anhydride, 6:2, v/v)
to give a syrup (0.57 g), which consisted (GLC) of 4'-chlorobutyl 1,3,4,5-tetra-O-acetyl ß-Dfructopyranoside (17) and 4'-methoxybuiyl 1,3,4,5-tetra-O-acetyl ß-D-fructopyranoside (27) in a ratio
of 1 : 1.2. Column chromatography (hexane -ethyl acetate, 1 : 1) gave pure 27 (0.28 g, 35%), m.p. 8688eC (isopropyl ether), [a] D -117° (CHCI3); ^-NMR (CDCI3) δ 5.51 (d, IH, J 3 , 4 = 10.5 Hz, H-3),
5.35 (m, IH, H-5), 5.32 (dd, IH, J3.4 =10.5 Hz, J4.5 = 3.5 Hz, H^), 4.30, (d. IH, J l a , l b = -11.8 Hz,
H-la), 4.08 (d, IH, Jiajb = -11.8 Hz, H-lb), 3.88 (d, IH, J^ee = -12.9 Hz, J 5 i 6 e = 0-1 Hz, h-6e), 3.79
(dd, IH, J5,6a = 1.1 Hz, J6a,6e = -12.9 Hz, H-6a). 3.59 (m, IH, Н-Га), 3.49 (m, IH, H-l'b), 3.41 (t,
2H, J = 5.8 Hz, H-4'a, Н-4Ъ), 3.34 (s, ЗН, ОСН3), 2.17, 2.10, 2.06, 1.98 (4s, each ЗН, acetyl СН3),
3
1.67 (m, 4H, H-2'a, H-2'b, Н-З'а, Н-ЗЪ) ppm; 1 C-NMR (CDCI3) d 170.4,170.2. 170.1, 169.9 (acetyl
C=0), 98.9 (C-2), 72.3, 62.8, 61.8, 61.5 (C-l, C-6, C-l', C-4'), 68.9, 68.4, 67.5 (C-3, C-4, C-5), 58.6
(OCH3), 26.6, 26.4 (C-2', C-3'), 21.0, 20.7 (acetyl CH3) ppm. M/z 361 (M+ - CH2OAc), 331 (M + +
0(CH 2 )40CH 3 ), 271 (M - 0(СН 2 ) 4 ОСН 3 - AcOH), 211 (M+ - 0(CH 2 ) 4 OCH 3 - 2AcOH).
C19H30O11 (434.442) Caled: С, 52.53; H, 6.96; found: С. 52.62; H, 6.93%.
Allyl ß-D-fructopyranoside (28). (a) From allyl 1,3,4,5-tetra-O-acetyl-ß-D-fructopyranoside
(25). A stirred solution of 25 (0.55 g, 1.4 mmol) in methanol (30 ml) containing potassium cyanide
(5 mg) was maintained at room temperature for 16h, then filtered through silicagel and the filtrate
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concentrated in vacuo to give a solid residue (0.31 g, 99%). Recrystallisation from ethanol gave pure
28 (0.203 g, 65%). m.p. 159-161°C; [a] D -147° (CH3OH); Ul-NMR (D2O) δ 5.95-5.85 (m, Ш, H2'). 5.28 (dd, IH. h'.r* = 17.3 Hz. J 3 a ,3b = 15 Hz. Н-З'а). 5.15 (dd, IH. J2',3'b = 10.5 Hz, J 3 ' e ,r b =
1.5 Hz, Н-ЗЪ), 4.08-3.29 (m, 9H, Н-1а. H-lb. Н-3. НА, Н-5. Н-6а. Н-6е. H-Га, Н-ГЬ) ррт. 1 3 С NMR (Ü20) δ 135.6 (С-2'). 117.8 (С-З'). 102.1 (С-2), 70.9, 70.4. 69.4 (С-3. С-4. С-5), 65.2, 63.1,
62.6 (С-1. С-6. С-Г) ррт. Μ/ζ 189 (М+ - СН2ОН), 163 (М + - СН 2 СН=СН 2 ). СсНібОб (220.223)
Caled: С, 49.09; Η. 7.32. Found: С, 48.46; Η. 7.10%.
(b) from the reaction ofD-fructose (1) with ally I alcohol. Compound 1 ( 20 g, 0.11 mol) was
added to a stirred mixture of allyl alcohol (100 ml) and acetyl chloride (2 ml) and then set aside for
16 h. The solid material (12.43 g, 49%) was collected by filtration washed with ethanol and ether.
The originalfiltrate,not mixed with the washings was treated with 1 (20 g. 0.11 mol) to give a further
crop of 28 (7.88 g, 31%). The glycoside was sufficiently pure for subsequent reactions but could be
recrystallised from ethanol containing a few drop of 25% aqueous ammonia solution, m.p. 162-164°C,
[ o b -149.9° (CH3OH).
A sample of compound 28 (lg, 4.35 mmol) was benzoylated in the usual manner using pyridine
(10 ml) and benzoyl chloride (2.1 ml, 18.3 mmol) to give a quantitative yield (2.9 g) of the
corresponding tetrabenzoate. Recrystallisation from ethanol gave pure allyl 1,3,4,5-letra-O-benzoylß-D-fructopyranoside (29) (2.58 g, 89%), m.p. 133-135°C, [a] D -169° (CHCl3).M/z 579 (M+ OCH 2 CH=CH 2 ). 501 (M+ - CH2OBz). 105 (C 6 H 5 C=0+). 13 C-NMR (CDC13) δ 165.7, 165.6
(benzoyl. C=0), 133.8 (ОСНг£Н=СН2), 133.2. 133.1, 129.7, 129.2, 129.0. 128.3. 128.2 (агот. С),
116.8 (OCH 2 CH=CH 2 ), 99.7 (С-2), 70.0. 69.5. 68.3 (С-3. C A С-5), 62.7, 62.6, 62.1 (С-1, С-6.
0£Н 2 СН=СН2) ррт. 'H-NMR (CDC13) δ 8.08-7.22 ( т . 20Н, агот Н). 6.38 (d. IH. J 2 , 3 = 10.5 Hz.
Н-3). 6.07-6.00 (m, IH, H-2'), 5.48 (dd. IH. J2\3'a = 17.2 Hz. J 3 vTb = 15 Hz, НЗ'а), 5.28 (dd, IH.
Іг.зъ = 10.5 Hz. h^Tb = 1.5 Hz. Н-ЗЪ). 4.82 (d. IH. Ji a ,i b = -П.8 Hz,H-la), 4.33 (d.lH. J ] a ,ib =
-11.8 Hz. H-lb), 4.34-4.24 (m, 2H, НГа, H-l'b), 4.16 (dd. IH. J 5 t 6 e = 1.2 Hz, J6a,6e = -13.1 Hz. H6e),
4.09 (dd. III. J5,6a = 1.8 Hz. J6a,6e = -13.1 Hz, Н-6а) ррт. Сз7Н 3 2 0ю (636.659) Caled: С, 69.80; H.
5.07; found: С. 69.73; H, 4.95.
η-Propyl ß-D-fructopyranoside (19) from altyl ß-D-fructopyranoside (28). A solution of
compound 28 in water containing triethylamine (0.1 ml) and palladised charcoal (5%, 100 mg) was
hydrogenated for 5 h. The insoluble material was removed by filtration, washed with water, and the
combined filtrate and washings evaporated in vacuo. The residue was recrystallised from ethanol to
give pure 19 (1.71g. 86%). m.p. 160-163 °C; [a] D -151° (CH3OH), [lit.8 m.p. 157-158 °C, [a] D -142°
(CH3OH)].
1,2-O-Ethylene-ß-D-fructopyranoside (22). A suspension of compound 6 (20 g, 82.5 mmmol)
in Щ sodium methoxide was heated under reflux and processed as described12 to give 22 (12.1 g.
72%). m.p 131-132°C. [a] D -142°. [lit.12 m.p. 131.5-132.5. [a] D -143° (CH3OH)].
1.2-0-Ethylene-4,5-0-isopropylidene-ß-D-fructopyranoside (35). -(a) From 1,2-O-ethylene-ßD-fructopyranoside (22) and 2,2-dimethoxypropane containing p-toluenesulphonic acid A mixture of
compound 22 (15 g, 72.8 mmol), 1,2-dimethoxyethane (150 ml), 2,2-dimethoxypropane (60 ml) and
a catalytic amount of p-toluenesulphonic acid (75 mg) was stirred at room temperature for 2h, when
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TLC (CH2CI2 / CH3OH, 4:1) indicated that the reaction was complete. The mixture was neutralised
by addition of NaHC03, the solid inorganic material removed by filtration, washed with 1,2dimethoxyethane and the combined washings concentrated in vacuo. Recrystallisation of the residue
(CH2CI2 / diisopropyl ether) gave compound 35 (16.63 g, 93%). m.p. 112-113°C, [ a ] D -146.4°
(H2O). M/z 247 (M++1), 231 (M+-CH3). 229 (M+-H20). ІЦ-NMR (CDCI3): 4.24 (dd, IH, J4,5 = 5.8
Hz, J5.6e = 0-1.5 Hz, J5,6a = 2.4 Hz, H-5), 4.18 (dd, IH, J 3 > 4 = 6.4 Hz. H^t), 4.08 (d. IH, J6a,6e =
-13.4 Hz, H-6e), (dd.d, IH. ]укГ9 = -11.5 Hz. J i ^ ' a = 11.3 Hz. J ra ,2'e = 3.3 Hz. H-l'a), 3.93 (d. IH,
H-6a), 3.90 (d, IH, Ju,ie = -H.7 Hz, H-la), 3.77 (dd, IH, Jie.2'a = 2.9 Hz. Jre,2'e = 0-1.5 Hz), 3.70
(ddd, IH, J2-a.2'e = -H.6 Hz. J 2 W ' e = 2.7 Hz, H-2'a). 3.65 (d, IH, Hl-e), 3.59 (dd, IH. H2'e), 3.43
(dd. J 3 > OH = 6.6 Hz. H-3), 2.91 (d. IH. C-3-OH). 1.52 (s, 3H. CH3). 1.37 (s. 3H. CH3) ppm.

13

C-

NMR (CDCI3): 109.1 (C(CH3)2). 94.8 (C-2). 76.4, 73.3, 71.2 (C-3, C-4, C-5). 68.5, 65.3 (C-l, C-6),
60.0, 59.5 (C-l', C-2'), 27.9, 25.8 (С(СНз)2) ppm. С ц Н і 8 0 6 (246.261) Caled: С 53.65, H 7.37.
Found: С 53.51, H 7.46%.
-(b) From 1,2-O-ethylene-ß-D-fructopyranoside (22) and 2,2-dimethoxypropane containing
iodine. A mixture of compound 22 (1 g, 4 mmol), dimethoxyethane (10 ml), 2,2-dimethoxypropane
(4 ml) and a catalytic amount of iodine (70 mg) was stirred at room temperature for 3h. GLC analysis
of the reaction mixture indicated the presence of only one product (99%, GLC), which was identified
as 35 by co-injection.
-(c) From 1,2-O-ethylene-ß-D-fructopyranoside (22) and acetone containing iodine. A mixture
of compound 22 (lg, 4mmol), acetone (50 ml) and a catalytic amount of iodine (70 mg) was stirred at
room temperature for lh, when TLC (CH2CI2 / CH3OH, 4:1) indicated that the reaction was
complete. The mixture was treated with 0.5M aqueous Na2S203 (10 ml) the acetone removed in
vacuo, and the residual aqueous solution was extracted with CH2CI2. The combined extracis were
washed with water, 10% aqueous NaCl, dried (Na2S04), and concentrated in vacuo to give 35 (0.5g,
43%);.mplll-113°C.
3-0-Acetyl-I,2-0-ethylene-4,5-0-isopropylidene-ß-D-fructopyranose (36). Compound 35 (2g,
8.13 mmol) was acetylated in the usual manner to give crude sirupy (1.85 g, 79%). The crude
material was crystallised from hexane to give pure 36 (1.51 g, 65%). m.p. 105-106°C, [a]o -151.2°
(CHCI3). IR (KBr): ν шах 2980,2940 (aliph. СН), 1735 (С=0), 1240 (С-О, ester), 1130,1110. 1085,
1070, 1030 (С-О. carbohydrate) cm' 1 . Μ/ζ 289 (М+ +1), 288 (М+), 273 (М + -СН3), 228 (М+ АсОН). ! H - N M R (CDCI3): see 3.3.4; ІЗС-NMR (CDCI3): δ 170.2 (СО), 109.3 (£Ме 2 ), 94.8 (С-2),
73.7, 73.6, 71,2 (C-3, CA, С-5), 67.9, 65.2, 60.1, 59.3 (С-1. С-6. С-2'. С-2'). 27.6, 26.2 (С-(£Н 3 ) 2 ),
20.8 (СОСНз) ppm. С13Н20О7 (288.299) Caled: С 54.16. Η 6.99. Found: С 54.29. Η 6.98%.
3-0-Decyl-l,2-0-ethylene-4,5-0-isopropylidene-ß-D-fructopyranose (38). (a) By reaction of 35
with sodium hydroxide and 1-bromodecane in DMSO. 1-Bromodecane (6.2 ml, 30 mmol) was added
dropwise to a stirred mixture of compound 35 (2.5 g, 10 mmol) and powdered sodium hydroxide (1.2
g, 30 mmol) in DMSO (10 ml), and then stirred for a further 2 h. at room temperature. Water (30 ml)
was added and the mixture was extracted with dichloromethane. The organic layers were dried
(NaS04) and concentrated in vacuo. The excess of 1-bromodecane was removed by distillation in
vacuo (80°C, 1 mmHg) to give crude 38 (2.15 g, 55%). Column chromatography (hexane - ethyl
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acétate, 3:1) of the residue gave pure 38 (1.96 g. 50%) as a colourless syrup. [a]o -94° (CHCI3); M/z
387 (M+ +1). 371 (M+ -CH3), 229 (M+ +1 - C10H21OH). iH-NMR (CDCI3) δ 4.29 (dd, IH. J3.4 =
7.4 Hz. J4.5 = 5.7 Hz, H-4). 4.24 (dd, IH, J4,5 = 5,7 Hz, J5>6a = 2.6 Hz, J5l6e = 0-1 Hz. H-5), 4.08 (d,
IH. J6a,6e = -13.4 Hz, J5t6e = 0-1 Hz, H-6e). 3.88 (d. IH. J l a , l e = -11.4 Hz. Hla). 3.96-3.84 (2m. 6H.
Нба, Η-α, Н-1'а, H-l'e, H-2'a, H-2'e), 3.58 (d. IH, J U | e = -11.4 Hz. H-le). 3.48 (m, IH. Ja,Œ· = -9.3
Hz. J a .ß = 7.4 Hz, H-a'), 3.13 (d. IH. J3.4 = 7.4 Hz, H-3), 1.60 (m, 2H, H-ß). 1.55. 1.37 (2s, 6H.
C ( C H J ) 2 ) . 126 (m. 14 H, OCH a H a 'CHßHß(CIl2)7CH3), 0.88 (t. 3H. J = 7.0 Hz,
OCHaHa'CHßHß(CH2)7CH3) ppm; 13C-NMR (CDCI3) 6 108.5 (£(CH 3 ) 2 ), 95.5 (C-2), 78.8, 76.7.
73.8 (C-3, (M, C-5). 72.7, 68.0. 65.3, 59.9. 59.2 (C-l, C-6, C-l'. C-2'. C-a). 31.7, 29.7, 29.4, 29.2.
29.1. 25.8, 22.5 (ОСН2(СН2)8СНз), 28.1. 26.1 (C(CH3)2). 13.9 ((OCH2(CH2)8CH3) ppm.
(b) By reaction of 35 with sodium hydride and 1-bromodecane in THF. A stirred mixture of
sodium hydride (1.5 g, 62.5 mmol), compound 35 (5 g, 17.4 mmol), 1-bromodecane (8.4 ml, 40
mmol) and a catalytic amount of tetrabutylammonium bromide (20 mg) was heated under reflux for
24 h. The excess of sodium hydride was destroyed by the dropwise addition of methanol (60 ml) to
the mixture, which was then poured into ice-water (250 ml), and extracted with diethyl ether (3x 50
ml). The combined organic layers were washed with a 10% aqueous NaCl solution, dried (Na 2 S04)
and concentrated in vacuo. The excess of 1-bromodecane, and the 1-decene formed during the
reaction were removed by distillation in vacuo (t = 20°C, ρ = 0.3 mmHg) to give a syrupy residue of
38 (6.9 g, 88%), which was shown (GLC) to be 92% pure, [ a b -90° (CHCI3).
3~0-Aceryl-l,2;4,5-di-0-isopropylidene-ß-D-fruciopyranose (37). Compound 7 5 2 (5 g, 19.2
mmol) was added to a mixture of sodium acetate (2 g, 24.3 mmol) and acetic anhydride at 80°C and
then heated under reflux for 1.5 h. The mixture was poored into ice-water (100 ml) to give a
precipitate, which was collected by filtration (4.51 g. 78%). Recrystallisation (ethanol - water, 6:1)
gave pure compound 37 (2.33 g, 40%), mp 72-73°C, [a] D -177° (EtOH), [lit.53 mp 76-77°C, [a] D
-175.9° (EtOH)]. iH-NMR (CDCI3) Ь 5.12 (d. IH, J 3 , 4 = 7.9 Hz, H-3), 4.28 (dd, IH, J3,4 = 7.9 Hz.
J4,5 = 5.3 Hz, H-4). 4.23 (dd. 111. J4,5 = 5.3 Hz, J 5 , 6 a = 1.9 Hz, J5,6e = 0-lHz, H-5), 4.14 (dd, IH.
J5.6a = 1.9 Hz, J6a,6e = -13.4 Hz. II-6a), 4.08 (d. IH, J6a,6e = -13.4, J5,6e = 0-lHz, H-6e), 3.95. 3.84
(2d, each IH, Jia, I b = -9.3 Hz, Η-la and H-lb), 2.14 (s, 3H, acetyl CH3), 1.56. 1.49, 1.40. 1.36 (4s,
each 3H, isopropylidene CH3) ppm (see also 3.3.4).
3-0-Decyl-l,2:4,5-di-0-isopropylidene-ß-D-fructopyranose
(40). (a) From compound 7, 1bromodecane and sodium hydride in THF. A stirred mixture of sodium hydride (1.4 g, 60 mmol),
compound 7 5 2 (5 g, 19 mmol), 1-bromodecane (9 ml, 43 mmol) and a catalytic amount of
tetrabutylammonium bromide (20 mg) in dry tetrahydrofuran (100 ml) was heated under reflux for 40
h.The excess of sodium hydride was destroyed by the dropwise addition of methanol (60 ml) to the
mixture, which was then poured into ice-water (250 ml), and extracted with diethyl ether.(3x 50 ml)
The combined organic layers were washed with a 10% aqueous NaCl solution, dried (Na2S04) and
concentrated in vacuo. The excess of 1-bromodecane and 1-decene formed during the reaction, were
removed by distillation in vacuo (t = 50°C, ρ = 0.25 mmHg) to give a sirupy residue (7.6 g, 98%).
Column chromatography (hexane - ethyl acetate, 6:1) of the residue gave pure 40 (6.21 g, 80%) as a
colourless syrup, [ a ] D -96.4° (CHCI3). ^-NMR (CDCI3) δ 4.26 (dd, IH, J 3 , 4 = 7.3 Hz, J4,5 = 5.6
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Hz, H-4). 4.18 (dd, IH, J5,6a • 2.4 Hz. J5,6e = 0-1 Hz. J4>5 = 5.6 Hz, H-5)„ 4.11 (dd IH. Jóe.óa =
-13.4 Hz, J5,6a = 2.4 Hz, H-6a), 4.10 (d, IH, Jia,i b = 8.3 Hz, H-la), 3.98 (d, IH, J6e,6a = -134
HzJ5,6e = 0-1 Hz,H-6e). 3.94 (d, IH, J a i b = 8 3 Hz,H-lb), 3.88 (m. IH, J ^ · = -9.2Hz, Ja,p = 6.4
Hz, H-α), 3.47 (m. IH. J a . a · = -9.2 Hz. J a > P = 6.4 Hz. H-α), 3.34 (d, IH, J 3 > 4 = 7.3 Hz. H-3). 1.58
(m, 2H, H-ß). 1.54, 1.49, 1.40, 1.36 (4s. each 3H, isopropylidene CH 3 ), 1.25 (m. 14 H, OCHaHa-CHßHß-(CH2)7CH3). 0.88 (t. 3H. J = 6.6 Hz, ОСН а Н а СНрНр-(СН 2 ) 7 СНз) ppm.,3C-NMR
(CDCI3) δ 112.1, 108.8 (£(CH 3 ) 2 ). 104.6 (C-2). 77.7,77.0,73.8 (C-3, CA, C-5). 72.2. 71.7, 60.1 (C1. C-6, C-a),.28.1, 27.0, 26.2, 25.9 (C(£H 3 ) 2 ), 31.9, 30.1, 29.6. 29.4, 29.3, 26.2. 26.0, 22.6
(ОСН 2 (£Н 2 ) 8 СНз), 14.0 (ОСН2(СН2)8СНз) ppm. M/z 400 (M+). 399 (M+ -H). 385 (M + -CH3).
(b) From compound 7, 1-bromodecane and sodium hydroxide in DMSO. 1-Bromodecane (20
ml, 0.132 mol) was added dropwise to a stirred mixture of compound 7 5 2 (11.5 g, 44 mmol),
powdered sodium hydroxide (5.3 g, 0,13 mol) in DMSO (50 ml) and maintained at room temperature
for 3 h, when TLC (hexane - ethyl acetate, 3:1) indicated the absence of starting material. The
mixture was treated with water (130 ml) was and then extracted with dichloromethane (3x 50ml). The
combined organic layers were washed with 2M aqueous HCl, aqueous saturated NaHCC>3 solution,
dried (Na2SC>4) and concentrated in vacuo. Column chromatography (hexane - ethyl acetate, 6:1) of
the residue (26.52 g) yielded pure 40 (15.32 g. 86%). [ a ] D -96° (CHCI3).
3-0-Decyl-I,2-0-ethylene-ß-D-fructopyranose

(44). A solution of 38 (6.4 g, 16.6 mmol) in

methanol (180 ml) containing 3% HCl (by the prior addition of acetyl chloride 9.5 ml ) was stirred
for 3h at room temperature when TLC (hexane - ethyl acetate, 1:1) indicated a single slower moving
product. The reaction mixture was neutralised with ЫаНСОз, filtrered, and thefiltrateconcentrated in
vacuo to give crude 44 (5.75 g, 95%) as a yellow syrup, which crystallised on storage at 5°C.
Recrystallisation from diethyl ether / hexane gave pure 44 (1.3 g , 25%). m.p. 64°^. [a]o -79.6°
(CHCI3). M/z: 347 (M+ +1), 189 (M+ +1 - CioH 21 OH). JH-NMR (CDC13): d 4.02-3.96 (m, 3H, H-4,
H-5, Hl'a), 3.85-3.54 (m, 9H, H6a, H6e. Hla, H-le. Hl'e, H2'a, H2'e, H-α. H-α'). 3.27 (d, IH, J 3 > 4 =
9.0 Hz, H-3), 2.71 (s, IH, OH), 2.58 (d, IH, OH), 1.63 (m, 2H, Hß alkyl chain), 1.26 (m, 14H, OСН2СН2-(СШ)7-СНз), 0.88 (I, 3H. J = 7.0 Hz, 0-(СН2)9-СНз) ppm. "C-NMR (CDCI3): 96.7 (C2), 78.5, 69.7(2C) (C-3, CA, C-5), 74.6, 68.5, 65.7, 62.8, 60.0 (C-l, C-6, C-l', C-2', C-α alkyl chain),
31.9, 30.2, 29.6, 29.4, 29.3, 26.1, 22.6 (0-(CH 2 ) 9 -CH 3 ), 14.1 (0-(CH2)9-C_II3) р р т . С і 8 Н з 4 0 6
(346.466) caled: С. 62.40; H, 9.89. Found: С, 63.51; H, 10.55%.
3-0-Decyl-4,5-di-0-acetyl-l,2-0-ethylene-ß-D-fructopyranose

(47). Compound 44 (0.35g, 1

mmol) was acetylated in the usual manner using pyridine (1.25 ml) acetic anhydride (0.9 ml) to give
compound 47 (0.33 g. 76%) as a colourless syrup. [a] D -87° (CHCI3). M/z 459 (M + + C 2 H 5 ), 431
(M+ +1). 399 (M + + C 2 H 5 - AcOH), 339 (M + +C2H5 - 2AcOH), 273 (M+ +1 - C10H21OH), 213 (M+
+1 - CioH21OH - AcOH). 1H-NMR (CDCI3): δ 5.33 (dd, IH, J 4 > 5 = 3.5 Hz, HA), 5.31 (m, IH. H-5),
3.99 (ddd, IH, Н-1'ах), 3.90 (dd,J6a,6e =-12.4Hz. J5.6a= 1.2 Hz, H6-a). 3.87 (d, IH, Ji a ,ie = -П.4
Hz. H-la), 3.77-3.61 (m, 6H. H-le. H-2'a. H2e, H-le, H-α', H-6e), 3.50 (m, IH. Ja,a· = -9.1 Hz, Ja>ß
= 6.9 Hz, H-α). 3.41 (d, IH. J3,4 = 9.5 Hz. H-3). 2.14 . 2.03 (2s. each 311, CH3 acetates), 1.64 ( т . 2H,
H-ß). 1.26 (m, 14 H. 0-CH2CH2-(CÜ2)7-CH3), 0.88 (t. ЗН. J = 6.7 Hz, 0-СІІ 2 СН 2 -(СН 2 ) 7 -СНз)
ppm. »C-NMR (CDCI3): δ 170.3. 169.7 (CO). 96.6 (C-2), 75.8, 69.8 (C-3. CA, C-5), 74.2. 68.2.
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65.6, 61.1, 60.1 (C-I, C-6, С-Γ, C2'. C-α), 31.8; 30,1; 29,5; 29,4; 29.3,26.1, 22.6 (0-СН 2 -(£Н 2 ) 8 СНз), 20.9, 20.8 (СОСНз). 14.0 (0-СН2-(СН2)8-£Нз) PP™.
l,2-0-Ethylene-3-0-(2-(S)-hydroxydecyl)-4,5-0-isopropylidene-ß-D-fructopyranose
(S-42)
and l,2-0-ethylene-3-0-(2-(R)-hydroxydecyl)-4,5-0-isopropylidene-ß-D-fructopyranose
(R-42).
Racemic 1,2-Epoxydecane (7.2 ml, 2 equiv) was added dropwise to a stirred mixture of 35 (5 g, 17.4
mmol) and sodium ethoxide (136 mg) was treated for 3 days at 145-150°C. Water (100 ml) was
added to the cooled reaction mixture and the resulting solution was extracted with 2-butanone (3x 30
ml). The combined organic layers were dried (Na 2 S0 4 ) and concentrated in vacuo. Column
chromatography (hexane - ethyl acetate, 1:1) of the residue gave a mixture of S-42 and R-42 (5.3 g,
63%) as a homogeneous (GLC) syrup, [ a b -76° (CHCI3). M/z 403 (M+ +1), 387 (M+ - CH3). 229
(M + +1 - HOCH2CH(OH)-(CH2)7CH3). !H-NMR (CDC13): 4.3^4.27 (m, 2H, H ^ and H-5). 4.09
(d, IH, J6ax,6eq = H-6eq), 3.96-3.35 (m, 10.5H, H-6a, Hla, Hie, Hl'a, H-le, H2'a, H-2'e. H-α H-α'.
Hß and OH of S-42 or R-42), 3.22, 3.19 (2d, J 3i4 = H-3), 2.99 (br s, 0.5 H, OH of S-42 or R-42), 1.55.
1.37 (2s, each 3H, isopropylidene CH3), 1.44 (m. 2H. 0-СН а Н а <:Нр(ОН)СШ-(СН 2 )бСНз). 1.27
(m, 12H, 0-СНаН а СН Р (ОН)СН 2 -(СШ)бСНз), 0.87 (t. 3H, 0-CHaHaO^(OH)CH 2 -(CH 2 )6CIÌ3)
ppm. 13C-NMR (CDCI3): d 109.0, 109.1 (£(CH3)2), 95.6 (C-2). 81.3, 79.8,76.0, 73.7,71.2, 70.2 (C3, CA. C-5. C-ß), 79.0, 77.3, 68.1, 65.3, 60.1,59.3 (C-6, C-l, C-l', C-2', C-a). 32.8. 32.5, 31.7, 29.5.
29.4, 29.1, 25.5, 22.5 (-ОСН 2 СН(ОН)СН 2 -(£Н 2 ) б СН 3 , 27.9, 26.0 (C(C_H3)2). 14.0 (ОСН2СН(ОН)СН2-(СН2)бСНз) ppm
A mixture of the diastereoisomers S-42 and R-42 (0.51 g, 1.24 mmol) was acetylated in the
usual manner using pyridine (4ml) acetic anhydride to give a mixture of the corresponding 3-0-((R)2-0-acetyldecyl)-l,2-0-ethylene-4,5-0-isopropylidcne-ß-D-fructopyranose (R-43) and 3-0-((S)-2-0acetyldecyl)-l,2-0-ethylene-4,5-0-isopropylidene-ß-D-fructopyranose (S-43) (0.45 g, 80%), [a]o
-74° (CHCI3); M/z: 445 (M+ +1). 429 (M+ - CH3), 385 (M+ +1 - AcOH), 229 (M+ +1HOCH2CH(OAc)-(CH2)7-CH3). 'H-NMR (CDC13): 5.05 (m, IH, -ОСН а Н а СЩ(ОАс)С 8 Ні7).
4.32^.22 (m. 2H. Н Ч H-5), 4.08 (d, IH, J6e,6a = -13.4 Hz. H-6e). 3.96-3.51 (m, 9H, Η-la, H-le, H6a, H-l'a, Н-Ге, H-2'a, H2'e. H-α, Н-а'), 3.23. 3.16 (2d, IH, J 3 > 4 = 7.19 Hz. J 3 , 4 = 7.49 Hz, H-3
separate for S-43 or R-43) 2.06 (s, 3H, acetyl CH3). 1.55, 1.37 (2s, each 3H, isopropylidene CH3),
1.55 (m, 2H, 0-СН а Н а СН р (ОАс)СН 2 -(СН 2 )бСНз), 1.27 (m, 12 H, 0-CH a H a CHß(OAc)CH 2 (СШ)бСНз). 0.87 (t. 3H, J = 6.7 Hz, 0-CH a H a CHß(OAc)CH 2 -(CH 2 ) 6 CHj) ppm. 13 C-NMR
(CDCI3): 170.4 (C=0). 108.8 (£(CH 3 ) 2 ), 95.3. 95.2 (C-2, separate for S-43 or R-43), 79.6, 78.6,
76.5, 76.4, 73.8 (C-3. C-4, C-5, C-ß). 73.4, 72.1, 68.1. 67.9, 65.4, 60.0, 59.4 (C-l. C-6, C-l'. C-2', Co), 28.1, 26.2 (C(CH 3 ) 2 ). 21.1 (acetyl CH3), 14.0 (CH3, alkyl chain). 31.7, 30.8. 29.3, 29.1, 25.2,
25.0, 22.5 (CH2 alkyl chain) ppm.
l,2-0-Ethylene-3-0-(2-(R)-2-hydroxydecyl)-ß-D-fructopyranose (R-45) and l,2-0-ethylene-30-(2-(S)-2-hydroxydecyl)-ß-D-fructopyranose (S-45). The mixture of S-42 and R-42 (1.5 g, 3.7
mmol) was treated with methanol (10 ml) containing 2.5% hydrochloric acid (by prior addition of
acetyl chloride (0.6 ml)) at room temperature for 2 h. The reaction mixture was neutralised with
NaHC03, filtered, and the filtrate concentrated in vacuo to give a diastereomeric mixture of S-45 and
R-45 (1.3 g, 96 %), [ a ] D -94° (CHCI3). M/z: 301, 283, 253. 229, 211, 189 (M+
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-C8Hi7CH(OH)CH2OH). 'H-NMR (CDC13): 5.22,4.92,4.50,4.17, 2.88 (5 br. s. ЗН, OH), 4.15-3.17
(m, 14H, H-3, H-4. Н-5. Н-ба, Н-6е, H-la, Н-Іе, H-Га, Н-1е, Н-2'а. Н-2'е, H-α, H-α', H-ß). 1.501.27 (m. 14H. СН2, alkyl chain), 0.88 (t, ЗН, J = 6.6 Hz, CH3, alkyl chain) ppm. 13C-NMR (CDCI3):
S 96.7,96.4 (C-2). 81.0,78.7, 72.0,70.5. 69.6. 69.4,68.9 (C-3. С Ч C-5. C-ß). 79.6.76.7. 68.3, 65.6,
62.8. 59.9 (C-l. C-6. CI', C-2'. C-α). 32.9, 32.7, 31.7, 29.5. 29.4, 29.2, 25.7. 25.3. 22.5 (CH 2 alkyl
chain), 14.0 (CH3 alkyl chain) ppm.
Acetylation of a sample of the product (120 mg) in the usual manner using pyridine ( 6 ml) and
acetic anhydride (2 ml) gave the corresponding acetates S-48 or R-48 (160 mg, 99%), [α]ο -65.0*
(СНСІз); 'H-NMR (CDCI3) δ 5.36-5.30 ( m. 2H. H-4 and Н-5). 4.93-4.89 (m. IH. H-ß), 3.97-3.49 (
m. ЮН. H-la, Η-lb, Н-ба, H-6e. Н-1'а, НГе. Н2'а, Н-2'е. H-α, H-α'), 3.45 (2 d, J3>4 = Ю.1 Hz, J3,4
= 10.0 Hz. H-3 of S-48 or R-48), 2.14, 2.06. 2.05. 2.03 (4s, 9H, acetyl CH3 ), 1.59 (m, 2H, OСН2СН(ОАс)-(СН2)бСШСНз). 1.26 (m, 12Н,0-СН2СН(ОАс)-(СЫ2)бСН2СН3). 0.87 (t, 3H, J =
6.3 Hz. 0-СН2СН(ОАс)-(СН2)7СНз) ppm.13C-NMR (CDCI3) 6 170.5, 170.2, 169.7 (C=0). 96.4 (C2), 76.1,76.0, 73.2, 73.0, 69.9, 69.7 (C-3, C-4, C-5, C-ß), 74.1,73.6, 68.2, 68.0, 67.6,65.6.61.1. 60.0
( C-l. C-6, C-l', C-2'. C-α). 31.7. 30.8. 30.6. 29.4, 29.1, 25.2, 22.5 (0-CH 2 CH(OAcH£H 2 ) 7 CH 3 ),
21.1, 20.9, 20.8 (acetyl CH3), 14.0 (CH3 alkyl chain) ppm. M/z 429 (M+ H - AcOH). 387, 371, 363,
350, 327, 254. 223, 215. 199 (+CH2CH(OAc)C8Hi7).
3-0-Decyl-l,2-0-isopropylidene-ß-D-fructopyranose (46). (a) by the reaction of 40 with 80%
aqeous acetic acid. Compound 40 (0.54 g, 1.35 mmol) was stirred in 80% aqueous acetic acid (4 ml)
at room temperature, until TLC (hexane - ethyl acetate, 1:1) indicated that the starting material was
converted to a slower moving product. The reaction mixture was concentrated in vacuo to give a
waxy solid (0.45 g, 92%), which crystallised from ether - hexane to give pure 46 (0.23g). mp 61
-62°C; [a]o -90° (CHCI3); ]H-NMR (CDC13) δ 4.07-3.73 (m, 7H. Н-Іа, H-lb, Н-4, Н-5, Н-6а, Н6е. H-a'), 3.56 (m,, IH. H-a). 3.50 (d. IH, J 3 > 4 = 9.0 Hz, H-3). 2.98, 2.90 (2 br. s, 2H, C^-OH and C5-OH),

1.60

(m, 2H, H-ß).

1.48 . 1.41 (2s, 6H, C(CH 3 ) 2 ),

125 (m,

14 H.

OCHaHa'CHßHß(CH2)7CH3). 0.88 (t, 3H, OCHaHaCHßHß(CH2)7CH3) ppm. 13C-NMR (CDCI3) d
111.8 (£(CH 3 ) 2 ). 105.7 (C-2), 76.7 . 71.2, 69.6 (C-3, C-4, C-5). 74.1. 71.6. (C-l, C-6). 63.6 (C-α).
31.8, 30.3, 29.5, 29.4, 29.3, 26.0. 22.6 (OCH 2 (£H 2 ) 8 CH 3 ). 26.9. 26.0 ( isopropylidene CH3), 14.0
(OCH2(CH2)8Ç_H3) ppm. M/z 331 (M+ - C 2 H 5 ), 313 ((M+ - C 2 H 5 - H 2 0). 283, 270, 254. 241.
СідНзбОб (360.491) Caled: С, 63.31 ; H, 10.07. Found : С, 63.45; H, 9.99%.
(b) By the reaction of 40 in 1,4-dioxane - water in the presence ofAmbertyst XN 1010 cation
exchange resin. A stirred solution of compound 40 (0.95 g, 2.4 mmol) in 1,4-dioxan -water (10 : 2,
v/v) was treated with Amberlyst XN 1010 cation exchange resin (2.5 g) at room temperature for 16 h,
filtered and the filtrate concentrated in vacuo to give a syrup ( 0.84 g. 98%) which crystallised from
ether -hexane to give 46 (0.57 g, 67%), mp 60-62°C, [ a ] D -90° (CHCI3).
3-0-Decyi-4,5-di-0-acetyl-l,2-0-isopropyUdene-ß-D-fructopyranose (49). Compound 46 (100
mg) was acetylated in the usual manner using pyridine (3 ml) / acetic anhydride (1 ml) to give 49 (70
mg. 57 %) as a syrup. [a] D -91.4» (CHC13). M/z 458 (M + CH2+), 415 (M + CH 2 + - C3H7), 355 (M +
CH2+- C3H7 - AcOH), 295 (M + CH 2 + - C3H7 - 2AcOH). 'H-NMR (CDCI3) δ 5.32 (m, IH, Н-5).
5.21(dd. IH, J4,5 = 3.3 Hz, J 3 , 4 = 10.3 Hz, H-4), 4.09 (d. IH. J l a , i b = -8.5 Hz, Н-1а). 4.05 (d. IH.
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Jóa,6e = -13.2 Hz, J5)6e = 0-1 Hz, H-6e), 4.00 (d, IH, J U i b = -8.5 Hz), 3.72 (m, IH, Jo,a· = -8.7 Hz,
J a>P = 6.7 Hz, H-α), 3.68 (dd,.J6a,6e = -13.2 Hz, J5,6a = 2.2 Hz, H-6a). 3.62 (d, IH, J3,4 = Ю.З Hz, H3), 2.13and 2.03 (2s, 6H, acetyl CH 3 ), 1.55 (m, 2H, H-ß), 1.49 and 1.41 (2s, 6H, С(СНз)2). 1-25 (m,
14H, C>CHaHaCHßHß(CH2)7CH3), 0.87 (t, 3H, J = 6.4 Hz. 0(CH2)7CHj) ppm.13C-NMR (CDCI3) d
170.3. 169.9 (C=0), 112.4 (£(CH3)2), 105.8 (C-2), 74.0. 71.8. 69.8 (C-3, C-4, C-5), 73.8, 71.7. 61.9
(C-l. C-6 C-α), 31.9, 30.2. 29.6. 29.4. 29.3. 26.1, 22.7 (ОСНаНо(СН2)8СНз). 27.0. 25.9 (C(CH 3 ) 2 ).
21.0. 20.9 (С(О)СНз). 14.1 ( (0(CH 2 ) 9 £H 3 ) ppm.
3-0-Dodecyl-I,2:4,5-di-0-isopropylidene-ß-D-fructopyranose
(73). Compound 7 (5 g, 19
mmol) was treated with 1-bromododccane (14.5 ml, 60.4 mmol) and powdered sodium hydroxide
(2.4 g) in DMSO (50 ml) and processed as described for compound 40 (reaction b) to give pure 73
(7.39 g, 89%), [ a ] D -86.5" (CHCI3), ^i-NMR (CDCI3) δ 4.26 (dd, IH, J 3 i 4 = 7.3 Hz, J 4 i 5 = 5.6 Hz,
H^), 4.19 (dd, IH, J 5 i 6 a = 2.4 Hz, J 5 > 6 e = 0-1 Hz, J4.5 = 5.6 Hz, H-5). 4.11 (dd, IH, Jfe.óa = -13.4Hz,
J5>6a = 2.4 Hz, H-6a). 4.10 (d, IH, J la ,ib = 8.2 Hz, H-la). 3.98 (d, IH, Jfe.óa = -13.4 Hz,J5)6e = 0-1
Hz, H-6e), 3.94 (d, IH, Ju,ib = 8.2 Hz, H-lb), 3.88 (m, IH, J a>a · = -9.2 Hz, J a>p = 6.4 Hz, H-a), 3.47
(m, IH. J a ,a' = -9.2 Hz, J a ,ß = 6.4 Hz, H-a'), 3.34 (d, IH, J 3j4 = 7.3 Hz, H-3). 1.58 (m, 2H, H-ß).
1.54. 1.50, 1.40, 1.37 (4s, each 3H, isopropylidene CH3), 1.26 (m, 18 H, 0-CH a H a €HßHß(СШ)9СНз), 0.88 (t, 3H, J = 6.6 Hz, OCHaHaCHßHß-(CH2)9CH3) ppm.l3C-NMR (CDCI3) δ
112.1, 108.8 (£(CH 3 ) 2 ), 104.6 (C-2), 77.7, 77.0, 73.8 (C-3, CA, C-5), 72.3, 71.8, 60.1 (C-l, C-6, Ca),.28.2, 27.0, 26.2, 25.9 (isopropylidene CH3), 31.9, 30.1, 29.6, 29.4, 29.3, 26.0, 22.6
(OCH 2 (£H 2 )ioCH 3 ), 14.0 (OCH2(CH2)ioCH3) ppm. M/z 428 (M+), 427 (M+ -H), 413 (M+ -CH3).
3-0-Tetradecyl-l,2:4,5-di-0-isopropylidene-ß-D-fructopyranose (74). Treatment of compound
7 (5 g, 19 mmol) with 1-bromotetradecane (17.0 ml, 57 mmol) and powdered sodium hydroxide (2.89
g, 60 mmol) in DMSO (50 ml) and processing as above gave pure 74 (8.51 g, 97%), [а]р -84.4°
(CHC13). Ή-NMR (CDCI3) δ 4.26 (dd, IH, J 3 , 4 = 7.3 Hz, J 4 j 5 = 5.6 Hz, HA), 4.19 (dd, IH, J 5 i 6 a =
2.4 Hz, J5,6e = 0-1 Hz, J 4 > 5 = 5.6 Hz, H-5), 4.11 (dd, IH, Jfe.óa = -13.4 Hz, J5i6a = 2.4 Hz, H-6a). 4.10
(d, lH,Jia,ib = 8.2 Hz. H-la), 3.98 (d, lH,J6e,6a=-13.4 Hz,J5i6e = 0-1 Hz, H-6e), 3.94 (d, IH, Jia,ib
= 8.2 Hz, 1Mb), 3.88 (m, IH, J a>a ' = -9.2 Hz, Ja,ß = 6.4 Hz, H-a), 3.47 (m, IH, J a , a · = -9.2 Hz, J a ,ß
= 6.4 Hz, H-a'), 3.34 (d, IH, J 3i4 = 7.3 Hz, H-3), 1.58 (m, 2H. H-ß), 1.54, 1.50, 1.40, 1.37 (4s, each
3H. isopropylidene CH3), 1.26 (m, 22 H, О-СНаНцС^^ЧСШЫСНз), 0.88 (t, 3H, J = 6.6 Hz,
13
ОСН а Н а СН р Н р -(СН 2 )цСНз) ppm. C-NMR (CDCI3) δ 112.1, 108.8 (C_(CH3)2), 104.6 (C-2),
77.7, 77.0. 73.8 (C-3. C-4. C-5), 72.3, 71.8, 60.1 (C-l, C-6. C-a)..28.2, 27.0, 26.2, 25.9
(isopropylidene CH 3 ), 31.9. 30.1. 29.6. 29.4. 29.3. 26.0. 22.6 (OCH 2 (Ç_H 2 )i 2 CH 3 ). 14.0
(OCH2(CH2)]2CH3) ppm. M/z 456 (M+), 455 (M+ - H).
3-0-Hexadecyl-l,2:4,5-di-0-isopropylidene-ß-D-fructopyranose (75). Treatment of compound
7 (5 g, 19 mmol) with 1-bromohexadecane (17.4 ml, 57 mmol) and powdered sodium hydroxide
(2.89 g, 60 mmol) in DMSO (50 ml) and processing as above gave pure 75 (8.48 g, 91%), [a]o
-78.9o (CHC13). 1H-NMR (CDC13) δ 4.26 (dd, IH, J 3 > 4 = 7.3 Hz, J 4 , 5 = 5.6 Hz, H-4), 4.19 (dd, IH,
J5.6a = 2.4 Hz. J5,6e = 0-1 Hz, J 4 > 5 = 5.6 Hz, H-5). 4.11 (dd, IH, Jfe.óa = -13.4 Hz, J5,6a = 2.4 Hz. H6a). 4.10 (d, IH, Jia,ib= 8.2 Hz, H-la), 3.98 (d, IH, Jfe.óa = -13.4 Hz.J5.6e = 0-1 Hz. H-6e). 3.94 (d.
Я4

IH, Jia,ib = 8-2 Hz, Η-lb), 3.88 (m, IH, J a > a · = -9.2 Hz, Ja,ß = 6.4 Hz, H-α), 3.47 (m, IH, J a ,a· = -9.2
Hz, J a ,ß = 6.4 Hz, H-α'), 3.34 (d, IH, J3,4 = 7.3 Hz, H-3), 1.58 (m, 2H, H-ß), 1.54, 1.50, 1.40, 1.37
(4s, each 3H, isopropylidene CH3). 1.26 (m, 26 H, 0-СНаНаСНрНр-(СЫ2)ізСНз), 0.88 (t, 3H, J =
6.6 Hz, OCHaHaCHßHp-(CH2)i3CH3) ppm.l3C-NMR (CDCI3) δ 112.1, 108.8 (£(CH 3 ) 2 ), 104.6
(C-2), 77.7. 77.0, 73.8 (C-3, C-4. C-5). 72.3, 71.8, 60.1 (C-l, C-6, C-a)..28.2, 27.0, 26.2, 25.9
(isopropylidene CH3). 31.9, 30.1, 29.6, 29.4, 29.3. 26.0, 22.6 (OCH 2 (£H2)l4CH 3 ), 14.0
(ОСН2(СН2)і4£Нз) ppm. M/z 484 (M+). 483 (M+ - H),
3-0-Decyl-l,2:5,6-di-0-isopropylidene-a-D-glucofuranose (60). Compound 3 9 1 5 (4.0 g, 15.4
mmol) was treated with 1-bromodecane (7.0 ml, 46.1 mmol) and powdered sodium hydroxide (1.84
g, 46.1 mmol) in DMSO (50 ml) and processing as described above to give pure 5a (4.22 g, 69%) as
a colourless syrup, [ a ] D -24.2° (CHCI3), Ш-NMR (CDCI3) 5 5.87 (d, IH, J 1 > 2 = 3.7 Hz, H-l), 4.52
(d, IH, Ji,2 = 3.7 Hz, J2>3 = 0-1 Hz, H-2), 4.30 (ddd, III, J5,6a = 6.3 Hz, J5,6b = 6.0 Hz, J4,5 = 7.4 Hz,
H-5). 4.12 ( dd, IH, J 3 > 4 = 3.0 Hz. J4,5 = 7.4 Hz, H-4), 4.07 (dd, IH, J6a,6b = -8.5 Hz, J 5 . 6 a = 6.3 Hz,
H-6a). 3.98 (dd, IH, J5,6b = 6.0 Hz, J ^ a , = -8.5 Hz, H-6b), 3.85 (d, IH, J3.4 = 3.0 Hz, H-3), 3.60 (m,
IH, J a ,a' = -9-2 Hz, Ja>ß = 6.4 Hz, H-a), 3.50 (m, IH, J a ,a' = -9.2 Hz, J^ß = 6.4 Hz, H-a'), 1.56 (m,
2H, H-ß), 1.50. 1.42, 1.35, 1.31 (4s, each 3H. isopropylidene CH 3 ), 1.27 (m, 14 H,
OCHaHa-CHßHß(CH2)7CH3), 0.88 (t, 3H, J = 7.0 Hz, OCHaHaCHßHß(CH2)7CH3) Ppm. 13C-NMR
(CDCI3) d 111.7, 108.8 (C(CH3)2). 105.3 (C-l), 82.6, 82.1, 81.2, 72.5 (C-2, C-3, C-4, C-5), 70.7,
67.2 (C-6, C-α), 31.9, 29.7, 29.6, 29.4, 29.3, 26.0, 22.7 (OCH 2 (CH 2 ) 8 CH 3 ), 26.8, 26.7, 26.2, 25.4
(isopropylidene CH 3 ), 14.0 (OCH2(CH2)gCH3) ppm. M/z 401 (M+ + H), 385 (M+ - CH3).
3-0-Dodecyl-l,2:5,6-di-0-isopropylidene-a-D-glucofuranose (61). Treatment of compound 39
(5 g, 19 mmol) with 1-bromododecane (14.0 ml, 58 mmol) and powdered sodium hydroxide (2.33 g,
58 mmol) in DMSO (50 ml) with processing as above gave pure 61 (7.1 g, 86%) as a colourless
syrup,[a]D -22.0° (CHCI3), Ή-NMR (CDCI3) δ 5.87 (d. Ш. J l i 2 = 3.7 Hz. H-l). 4.52 (d. IH. Ji > 2 =
3.7 Hz, J2,3 = 0-1 Hz, H-2), 4.30 (ddd, IH, J 5 , 6 a = 6.3 Hz, J5,6b = 6.0 Hz, J 4 , 5 = 7.4 Hz, H-5). 4.13 (
dd. IH, J3,4 = 3.0 Hz. J4,5 = 7.4 Hz, H-4), 4.07 (dd, IH, J6a,6b = -8.5 Hz. J 5 . 6 a = 6.3 Hz, H-6a). 3.98
(dd, IH, J5.6b = 6.0 Hz, Jöaöb = -8.5 Hz. H-6b), 3.85 (d. IH. J3.4 = 3.0 Hz, H-3), 3.60 (m. IH, J a , a · =
-9.2 Hz, J a>p = 6.4 Hz, H-a), 3.50 (m, IH, J a , a · = -9.2 Ilz, Ja>p = 6.4 Hz, H-a'). 1.56 (m, 2H, H-ß),
1.49,

1.43,

1.35.

1.31

(4s.

each

3H.

isopropylidene

CH 3 ), 1.27 (m, 18 H,

ОСН а Н а СН р Н Р (СШ)9СН 3 ), 0.88 (t. 3H. J = 7.0 Hz, ОСНаНаСНрНр(СН2)9СНз) ppm. 13C-NMR
(CDCI3) δ 111.7, 108.8 (С(СНз)2), 105.3 (C-l), 82.5, 82.1. 81.2, 72.5 (C-2. C-3. C-4. C-5), 70.7,
67.2 (C-6. C-α), 31.9, 29.7. 29.6, 29.4. 29.3, 26.0, 22.7 (OCH 2 (CH 2 )i 0 CH 3 ), 26.8, 26.7. 26.2. 25.4
(isopropylidene CH3), 14.0 (OCH2(CH2)ioCH3) ppm. M/z 429 (M+ + H). 413 (M+ - CH3).
3-0-Tetradecyl-l,2:5,6-di-0-isopropylidene-a-D-glucofuranose (62). Treatment of compound
39 (4.0 g, 15.4 mmol) with 1-bromotetradecane (13.4 ml, 45 mmol) and powdered sodium hydroxide
(1.8 g, 45 mmol) in DMSO (25 ml) with processing as above gave pure 62 (6.21 g, 89%) as a
colourless syrup.[a] D -20.3° (CIICI3); ^-NMR (CDCI3) δ 5.87 (d, IH, J

u

= 3.7 Hz, H-l), 4.52 (d,

IH, Ji,2 = 3.7 Hz, J2>3 = 0-1 Hz, H-2), 4.30 (ddd, IH, J 5>6 a = 6.3 Hz, J 5 , 6 b = 6.0 Hz, J4,5 = 7.4 Hz, H5), 4.12 ( dd, IH, J 3 , 4 = 3.0 Hz, J 4 i 5 = 7.4 Hz, UA), 4.07 (dd, IH, J6a,6b = -8.5 Hz, J5.6a = 6.3 Hz, II6a), 3.97 (dd. IH. J 5 , 6 b = 6.0 Hz. J6a6b = -85 Hz. H-6b). 3.85 (d. IH. J3.4 = 3.0 Hz. H-3). 3.60 (m.
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IH, Ja,o· = -9.2 Hz, J a ,ß = 6.4 Hz, H-α), 3.50 (m, IH, J a . a · = -9.2 Hz. Ja>ß = 6.4 Hz, H-α'). 1.56 (m,
2H. H-ß), 1.50, 1.43, 1.35, 1.32 (4s, each 3H, isopropylidene СН 3 ), 1.26 (m, 22 H,
OCHaHaCHßHß(CH2)iiCH 3 ). 0.88 (t. 3H, J = 7.0 Hz. OCHaHa-CHßHßiObhiOb) PP™. 1 3 CNMR (CDCI3) 5 111.7, 108.8 (£(CH3)2), 105.3 (C-l), 82.6, 82.1, 81.2. 72.5 (C-2. C-3, C A C-5),
70.7. 67.2 (C-6, C-a), 31.9. 29.6, 29.4, 26.0, 22.7 (OCH 2 (£H 2 )i2CH 3 ). 26.8, 26.7, 26.2, 25.4
(isopropylidene CH3), 14.0 (OCH2(CH2)i2£H3) ppm. M/z 457 (M+ + H), 441 (M+ - CH3).
3-0-Hexadecyl-l,2:5,6-di-0-isopropylidene-a-D-glucofuranose (63). Treatment of compound
39 (4.0 g, 15.4 mmol) with 1-bromohexadecane (13.8 ml, 45 mmol) and powdered sodium hydroxide
(1.8 g, 45 mmol) in DMSO (25 ml) with processing as above gave pure 63 (6.68 g, 90%) as a
colourless syrup, [ a b -19.6° (CHC13), 'H-NMR (CDC13) δ 5.87 (d, IH, h,2 = 3.7 Hz, H-l), 4.52 (d,
IH, Ji,2 = 3.7 Hz, J 2 > 3 = 0-1 Hz, H-2), 4.30 (ddd, IH, J5,6a = 6.3 Hz. J5,6b = 6.0 Hz, J 4 j 5 = 7.5 Hz, H5), 4.12 ( dd, IH, J 3 > 4 = 3.0 Hz, J 4 j 5 = 7.5 Hz, H-4). 4.07 (dd, IH. J6a,6b = -8.5 Hz, J5.6a = 6.3 Hz, H6a), 3.98 (dd, IH. J 5 , 6 b = 6.0 Hz, Jfcrfb = -8.5 Hz, H-6b), 3.85 (d, IH, J3.4 = 3.0 Hz, H-3). 3.60 (m.
IH. J a > a· = -9.2 Hz, J a ,ß = 6.4 Hz, H-a). 3.50 (m, IH, J a , a · = -9.2 Hz, Ja,ß = 6.4 Hz. H-a'). 1.56 (m,
2H, H-ß), 1.50, 1.42, 1.35, 1.32 (4s, each 3H, isopropylidene CH 3 ), 1.27 (m, 14 H,
OCH a HaCHßHß(CIl2)l3CH 3 ). 0.88 (t. 3H. J = 7.0 Hz, ОСНаНа-СНрНР(СН2)і3СЫз) ppm.
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NMR (CDC13) δ 111.7. 108.9 (£(CH 3 )2), 105.3 (C-l), 82.6. 82.1. 81.2. 72.5 (C-2. C-3, C-4, C-5),
70.7, 67.2 (C-6, C-α), 31.9, 29.7, 29.4, 26.0. 22.7 (OCH 2 (CH 2 )i 4 CH 3 ), 26.8, 26.7, 26.2, 25.4
(isopropylidene CH 3 ). 14.0 (OCH 2 (CH 2 )i 4 CH 3 ) ppm. M/z 485 (M + H) + . 469 (M + - CH 3 ).
3-O-decyl-D-glucitol (52). (a) The reduction of 3-O-decyl-D-glucose (64) with sodium
borohydride in THF and aqueous sodium hydroxide. A solution of 60 (2.0 g, 5.0 mmol) in 1,4dioxane - water (50 ml, 3: 1, v/v) containing Amberlyst XN1010 (H+) cation-exchange resin (3 g)
was heated under reflux for 6 h, when TLC (CH2C12 - MeOH, 9:1) indicated that all of the starting
material had been consumed. The resin was removed by filtration, washed with 1,4-dioxane - water
(3:1, v/v) and the combined filtrates extracted with ether (3x20 ml). The combined organic layers
were dried (NaS0 4 ) and concentrated in vacuo to give crude 64 (1.27 g, 79%).
A sample of the crude product (250 mg) was purified by means of column chromatography
(CH 2 C1 2 - MeOH, 9:1) to give pure З-0-decyl-ß-D-glucopyranoside (150 mg), mp 116-124°C, c.p
142°C, lit 34a mp 141-143°C, [a] D +13.8° - • +41.1° (CH3OH). "C-NMR (DMSO-D6): δ 96.9 (C-l),
85.1 (C-4), 76.7 (C-5), 74.5 (C-2), 71.9 (C-α, alkyl chain), 61.0 (C-6), 31.3, 29.9, 29.0, 28.7, 25.6,
22.1 (OCH 2 (£H 2 )8CH 3 ), 13.9 (0(CH 2 )9£H 3 ) ppm. СібН 3 2 0б (320.426) Caled: С. 59.97; Η, 10.06.
Found: С. 59.90; Η, 9.64.
A solution of the crude 64 (740 mg, 2.3 mmol) in THF (20 ml) and 2.5% aqueous sodium
hydroxide (3.5 ml) was treated with sodium borohydride (0.87 g, 23 mmol) at room temperature for
16 h. Methanol (50 ml) was added and the excess sodium borohydride was destroyed by treatment
with C 0 2 . The resulting solution was treated with Amberlite IR 120 (H+) ion-exchange resin and
methanol. The resin was removed by filtration and the filtrate was concentrated in vacuo and
methanol was repeatedly distilled in vacuo from the residue to give a crude solid material (0.725 g,
98%), m.p. 57-59°C, c.p. 144°C, [ a ] D -1.9° (CH3OH). С і б Н 3 4 0 6 (322.443) Caled; С, 59.60; H,
10.63. Found: С, 58.49; H 10.59%.
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A sample of the crude material (0.26 g) was acetylated in the usual manner with pyridine (4.5
ml) and acetic anhydride (1.5 ml) to give a mixture of 68 and 69 in the ratio of 5:1, as determined
from the integration of the separate signals for H-2 appearing at 5.17 and 5.03 ppm, respectively, in
the 'H-NMR spectram.of the product.
(b) The reduction of 64 with sodium borohydride in methanol. A stirred solution of 60 (6.0 g,
15 mmol) in 1,4-dioxane water (100 ml, 3: 1, v/v) containing Amberlyst XN1010 (H+) cationexchange resin (6 g) was heated under reflux for 6 h. The catalyst was removed by filtration, washed
with methanol, and the combined filtrate and washings concentrated in vacuo. The resultant material
was dissolved in methanol (400 ml) and treated with sodium borohydride (3.78 g, 0.1 mol) at room
temperature for 16 h. The excess sodium borohydride was destroyed by treatment with CO2, and the
the mixture was then treated with formic acid (5 ml) for 5 h at room temperature and concentrated in
vacuo . The residue was dissolved in water-methanol (200 ml, 1:1) and percolated through a column
of IR 120 (H + form) ion-exchange resin. The eluate and washings were concentrated in vacuo and
the remaining aqueous solution was then lyophilised. Recrystallisation of the crude material (3.83 g,
79%) from dichloromethane- diisopropyl ether gave pure 52 (2.34 g, 48%), mp.56-59°C, cp 145°C,
[ a ] D -1-8° (CH3OH). JH-NMR (DMSO-D6) δ 4.56,4.40,4.32 (3d, each IH, J = 4.9,4.9 and 5.8 Hz,
2-OH, 4-OH, 5-OH)54,, 4.48, 4.29, (2t, each IH, J = 5.5 and 5.4 Hz, 1-OH and 6-OH) 54 , 3.67-3.33
(m, 10H, H-la,H-lb, H-2, H-3, H-4, H-5, H-6a, H-6b, H-α and H-α'), 1.48 (m, 2H, Η-β), 1.24 (m,
14H, OCHaHa<:HßHß(CH2)7CH3), 0.85 (t, 3H, J = 6.5 Hz, 0(СН2)9СЫз) ppm. 13 C-NMR (DMSOD6) δ 77.9, 73.0, 71.7, 71.2 (C-2, C-3, CA and C-5), 71.8, 63.6, 62.5 (C-α, C-l and C-6), 31.3, 30.0,
29.0, 28.7, 25.7, 22.1 (OCH2(CH2)8CH3), 13.9 (0(CH 2 ) 9 CH 3 ) ppm; M/z 323 (M + H+). 305 (M +
H+ - H 2 0 ) , 273, 261, 243, 231. 213. 183, 169; Сі 6 Нз 4 0б (322.443) Caled; С, 59.60; Η, 10.63.
Found: С, 59.31; Η, 10.46%.
3-O-Dodecyl-D-glucitol (S3). A stirred solution of compound 61 (8.0 g, 18.7 mmol) in 1,4dioxane - water (100 ml, 3: 1, v/v) containing Amberlyst XN1010 (H+) cation-exchange resin (8 g)
was heated under reflux for 6 h. The catalyst was removed by filtration washed with methanol and the
filtrate and washings concentrated in vacuo A solution of the residue in methanol (400 ml) was
treated with sodium borohydride (3.78 g, 0.1 mol) at room temperature for 16 h, and the mixture was
then treated with CO2 and Amberlite IR120 (H+) ion-exchange resin. The resin was removed by
filtration and the filtrate concentrated in vacuo and methanol (3x 100 ml) was distilled in vacuo from
the residue Recrystallisation of the resultant material (6.0 g. 91%) from ethanol - ether gave 53 ( 3.86
g. 59%), mp 59-63°C, cp 160-161°C, [ a b -1.9° (CH3OII). A second re-crystallisation of a sample
(200 mg) from water gave pure 53 (193 mg), mp 68-69°C, cp. 165-166°C, [ a ] D -1.7° (CH3OH). Ή NMR (DMSO-D6) δ 4.54,4.38 and 4.30 (3d, each IH, J = 4.8,4.8 and 5.5 Hz, 2-OH. 4-OH and 5OH) 5 4 , 4.47 and 4.27 (2t, each IH, J= 5.4 and 5.3 Hz, 1-OH and 6-OH)54, 3.64-3.36 (m, 10H, Hla,H-lb. H-2, H-3, H-4, H-5, H-6a, H-6b. H-α and H-α'), 1.47 (m, 2H, Η-β), 1.23 (m, 18H,
ОСН а Н а СІІрН р (СН2)9СНз), 0.84 (t, 3H, J = 6.3 Hz, 0(СН 2 )цСНз) ppm. 13 C-NMR (DMSO-D6)
δ 77.9, 72.9, 71.7, 71.2 (C-2, C-3, C-4. C-5), 71.8. 63.6, 62.5 (C-l. C-6. C-α), 31.3, 30.0, 29.1, 28.7,
25.7, 22.1 (ОСН2(£Н2)іиСНз), 13.9 (0(СН 2 )пСН 3 ) ppm; M/z 351 (M+ + H), 333 (M+ + H - H 2 0),
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289, 271, 259, 241, 197, 183, 169. Сі 8 Н 3 8 0б (350.497) Caled: С, 61.68; H, 10.93. Found: С, 60.67;
H, 10.37%.
A sample of 53 ( 200 mg, 0.57 mmol) was acetylated in the usual manner with pyridine (6ml) acetic anhydride (2 ml) to give the corresponding peracetate 68 (305 mg, 95%) as a syrup, [a]p
44.0° (CHCI3), !H-NMR (CDCI3) δ 5.34 (t, IH, J 3 , 4 =J4,5 = 5.1 Hz, H^t), 5.26 (m, IH, H-5). 5.17
(m, H-2), 4.40 (dd, IH, Jia,i b = -11.9 Hz, J u > 2 = 3.6 Hz, H-la**), 4.34 (dd, IH, J6a,6b = -12.3 Hz,
J5,6a= 3.4 Hz, H-6a2),4.17 (dd, IH, J6a,6b = -12.3 Hz, J5,6b = 6.5 Hz. H-6b)56,4.12 (dd, IH, Jiajb =
-11.9 Hz, Ji b ,2 = 7.0 Hz, H-lb 3 ), 3.63 (t, IH, J 2 > 3 = J3>4 = 5.1 Hz, H-3), 3.62-3.47 (m, 2H, H-α), 2.13,
2.12.

2.07,

2.06

(4s,

15H. acetyl

CH3). 1.53

(m, 2H, Η-β), 1.25

(m, 18H,

ОСН а Н а СНрНр(СШ)9СНз). 0.88 (t, 3H, J = 6.5 Нг,0(СН 2 )цСЫз) ppm. ІЗС-NMR (CDCI3) δ
170.5, 170.3, 169.8 (acetyl C=0), 76.4, 70.4, 70.3, 70.2 (C-2, C-3. CM. C-5). 73.6, 62.3. 61.7 (C-l.
C-6, C-α). 31.9, 30.0, 29.6. 29.5, 29.3, 26.0, 22.6 (O-CH 2 (£H 2 )i 0 CH 3 ), 20.8, 20.7 (acetyl CH3). 14.0
(0-(CH 2 )iiCH 3 ) ppm. M/z 561 (M + H + ), 501 (M + H+ - AcOH). 375 (M + H+ - Ci 2 H 2 5 OH).
3-O-Tetradecyl-D-glucitol (54). Compound 62 (6.0 g, 13.2 mmol) was hydrolysed in the above
described manner.The resulting material was dissolved in methanol (400 ml) and treated with sodium
borohydride (4.8 g, 0.13 mol) for 16 h at room temperature. Formic acid (5 mL) was then added to
the mixture which was set aside for 15 h, concentrated in vacuo (ca 30 ml) and treated with ice-water.
The white precipitated material was collected by filtration, and recrystallised (ethyl acetate) to give
54 (3.31 g. 67%), mp 69-72°C, cp 174°C, [ a ] D -1.4° (CH3OH). !H-NMR (DMSO-D6) δ 4.55. 4.39,
4.31 (3d, each III, J = 4.9,4.9 and 5.6 Hz, 2-OH, 4-OH and 5-OH)54,4.48.4.28 (2t, each IH, J = 5.4
Hz, 1-OH and 6-OH)54, 3.67-3.34 (m, 10H, H-la,H-lb. H-2, H-3, H-4, H-5, H-6a, H-6b, H-α and Ha'), 1.48 (m, 2H, Η-β). 1.23 (m, 22H. OCHaHaCHßHß(CH2)llCH3). 0.85 (t, ЗН. 0(СН 2 )і 3 СИз)
ppm. 13C-NMR (DMSO-D6).d 77.9.72.9,71.6, 71.2 (C-2, C-3, C-4, C-5), 71.8, 63.6, 62.5 (C-l, C-6.
C-a), 31.3, 31.0, 30.1. 28.7, 25.7, 22.1 (OCH 2 (CH 2 )i 2 CH 3 ), 13.9 (0(СН 2 )ц£Нз) ppm. M/z 379
(M+ + H). 361 (M+ + H - H 2 0). 317. 299. 287. 269. 225, 197, 183! C 2 0 H 4 2 O 6 (378.551) Caled: С.
63.46; H, 11.18. Found: С, 62.50; H, 10.78%.
3-O-Hexadecyl-D-glucitol (55). Treatment of compound 63 (6.5 g, 13.4 mmol) in the above
manner gave pure 55 (2.88 g,52%), mp 75-79°C, cp 175°C, [ a ] D -2.1° (CH3OH). !H-NMR (DMSOD6) δ 4.56. 4.40. 4.32 (3d, each 1H,J = 4.9 , 4.8 and 5.6 Hz, 2-OH. 4-OH and 5-OH)54, 4.48, 4.28
(2t, each IH, J = 5.4 and 5.3 Hz, 1-OH and 6-OH)54, 3.65-3.35 (m, 1011, H-la,H-lb, H-2, H-3, H-4,
H-5, H-6a, H-6b, H-α and H-α"), 1.48 (m, 2H, Η-β), 1.23 (m, 26 Η, ОСН а Н а СН р Н р (СН 2 )ізСН 3 ),
0.85 (t, ЗН, 0(СН 2 )і 5 СЫз) ppm. 13C-NMR (DMSO-D6) δ 78.9. 73.0, 71.9. 71.4 (C-2, C-3, C-4, C5), 73.0 (C-α), 63.8, 63.1 (C-l and C-6), 32.4. 30.9. 30.4, 29.9, 26.6, 23.0 (OCH 2 (CH 2 )i 4 CH 3 ), 14.4
(ОСН 2 (СН 2 )і 4 £Нз) ppm. M/z 407 (M + H+). 389 (M + H+ - H 2 0), 371 (M + H+ - 2H 2 0). 353. 345,
327, 315, 297, 253, 241, 225, 183. C ^ ^ g O e (408.621) Caled: С, 64.67; H, 11.84. Found: С. 64.18;
H, 11.49%.
3-O-Dodecyl-D-mannitol (57). 1-Bromododecane (2.1 ml, 8.7 mmol) was added dropwise to a
stirred mixture of compound 70 (2.28 g, 8.7 mmol), powdered sodium hydroxide (0.49 g, 8.7 mmol)
in DMSO (5 ml) which was set aside for 16 h at room temperature and then concentrated in vacuo.
Column chromatography (hexane - ethyl acetate, 3:1) of the residue gave 71 (1.1 g, 29%) as a
КЯ

colourless syrup. A solution of 71 (0.92 g, 2.12 mmol) in 1,4-dioxane - water (9:3, v/v) containing
Amberlyst XN1010 (H + ) ion exchange resin (1 g) was heated under reflux for 4, h.filtered, and the
resin washed with methanol. The combined filtrate and washings were concentrated in vacuo to give
a residue (0.75 g) which was recrystallised from water to give pure 57 (0.52 g, 69%). mp 97°C; cp
168-169°C; [ot]D +8.7° (CH3OH). iH-NMR (DMSO-D6) δ 4.49,4.35,4.00 (3d, each IH. J = 5.1,5.2
and 7.2 Hz, 2-OH, 3-OH and 4-OH) 54 , 4.37, 4.28 (2t. each IH, 1-OH and 6-OH) 54 , 3.64-3.36 (m,
10H, Н-ІаЛ-lb, H-2, H-3, Н Ч H-5, H-6a, H-6b, H-α and H-a').1.44 (m, 2H, Η-β), 1.22 (m, 18H,
OCHaHaCHpHß(CH2)9CH3). 0.84 (t. 3H, J = 6.5 Hz, 0(СН 2 )цСНз) ppm. 13C-NMR (DMSO-D6)
δ 77.6, 77.1, 71.0, 70.3 (C-2, C-3, C-4 andC-5), 71.4. 64.1 and 63.0 (C-l, C-6 and C-α), 31.3, 30.0,
29.1, 28.7, 25.7. 22.1 (0-СН2(СН2)юСН3), 13.9 (ОЧСН2)цСНз) ppm. M/z 351 (M + H+), 333 (M
+ H+ - H 2 0). 289.271, 259,241, 197,183, 169, 165 ; Ci8H 3 8 0 6 (350.497) Cald: C, 61.68; H, 10.93.
Found: С, 61.26; H, 10.44%.
A sample of compound 57 (200 mg, 0.57 mmol) was acetylated in the usual manner with
pyridine(6 ml) - acetic anhydride (2 ml) to give the corresponding peracetate 69 (310 mg, 97%). [α]ο
+25.1° (СНСІз); 'H-NMR (CDCI3) δ 5.33 (dd. IH, J 3 i 4 = 2.8 Hz, J4,5 = 6.8 Hz, H-4), 5.26 (m, IH,
J4,5 = 6.8 Hz, Js,6a = 2.4 Hz, H-5). 5.02 (m, IH. J 2 > 3 = 7.6 Hz, ha,2 = 2.5 Hz, Ji b > 2 = 5.0 Hz, H-2),
4.53 (dd. IH, Jia,2 = 2.5 Hz. Ji^ib = -12.4 Hz, H-la 5 5 ), 4.42 (dd, IH, J 5 i 6 a = 2.4 Hz, J6a>6b = -12.5
Hz. H-6a5), 4.14 (dd. IH, J^ôb = -124 Hz, J5i6b = 5.7 Hz, Н-бЬ56). 4.10 (dd, IH, Jiajb = -12.4 Hz,
Jla, 2 = 5.0 Hz, Hlb 6 ). 3.71 (dd, IH, J 2 , 3 = 7.6 Hz, J 2 , 3 =2.8 Hz, H-3), 3.54-3.45 (m, 2H, H-α), 2.10,
2.07, 2.05. 2.03 (4s, 15H. acetyl C H 3 ) , 1.57-1.52 (m. 2H, Η-β), 1.25 (m. 18H.
ОСН а Н а СН р Н р (СШ)9СНз). 0.88 (t. 3H, J = 6.5 Hz, 0(СН 2 )цСШ) ppm. 13 C-NMR (CDCI3)
170.6, 170.5, 169.9, 169.8 (C=0, acetyl), 76.2. 70.1. 69.7. 69.6 (C-2, C-3, C-4, C-5), 73.5 (C-α),
62.3, 61.9 (C-l. C-6), 31.9, 30.0, 29.6, 29.5, 29.3, 26.0, 22.7 (ОСН2(С_Н2)юСНз), 20.9. 20.7 (acetyl
СНз), 14.0 ((0(СН 2 )пС_Нз) ppm. Μ/ζ 561 (M + Η+), 501 (M + Η+ - AcOH), 375 (M + H+ Ci 2 H 2 5 OH).
3-O-Decyl-D-glucitol (52) and 3-O-decyl-D-mannitol (56) from

3-0-decyl-l,2;4,5-di-0-

isopropylidene-ß-D-fructopyranose (40). A stirred solution of compound 40.(7.0 g, 17.5 mmol) in
1,4-dioxane - water (100 ml, 3: 1, v/v) containing Amberlyst XN1010 (H+) cation-exchange resin (7
g) was heated under reflux for 6 h. The resin was removed by filtration and the filtrate concentrated
in vacuo The resultant material (5.5 g, 97%) was dissolved in methanol (400 ml) and treated with
sodium borohydride (3.0 g, 79 mmol) for 16 h at room temperature. The excess of sodium
borohydride was destroyed with C0 2 . and then treated with Amberlite IR120 (H+) ion-exchange
resin. The resin was removed by filtration, the filtrate concentrated in vacuo, and methanol (3 χ 100
ml) distilled from the residue. Recryslallisation of the resultant material (5.5 g) from ethanol - ether
gave a mixture of 52 and 56 (2.11 g, 38%), m.p. 54-61eC, cp. 139-140°C, ]H-NMR (DMSO-D6): δ
4.55^.00 (m, 5H. 1-OH. 2-OH, 4-OH. 5-OH. 6-OH)54. 3.64-3.36 (m. 10H. Η-la, Η-lb, H-2, H-3. H4, H-5 H-6a. H-6b. H-α and H-α'), 1.46 (m, 2H, Η-β), 1.23 (m, 14Η, ОСН а Н а СНрН р (СН2)7СНз),
0.84 (t. ЗН. J = 6.4 Hz, 0(СН2)9СЫз) ppm 13C-NMR (DMSO-D6) δ 77.9,73.0,71.7.71.2 (C-2, C-3.
CA, C-5 of 52), 77.6, 71.1, 71.0 70.3 (C-2. C-3. CA, C-5 of 56). 71.9, 63.6, 62.5 (C-l, C-6 and C-α
of 52), 71.4, 64.1, 63.0 (C-l, C-6, C-α of 56) 31.3. 30.0, 29.0, 28.7, 25.7 (ОСНгШНг^СІІз). 14.0
ко

(0£CH 2 ) 9 CH 3 ) ppm. M/z 323 (M + Η+), 305 (M + Η+ - H 2 0). 273, 261. 243, 231. 213. 183, 169 ;
СібНз40б (322.443) Caled; С, 59.60; H, 10.63. Found: С, 58.34; H, 10.46%.
A sample (0.35 g, 1 mmol) of the mixture was acetylated in the usual manner with pyridine (6
ml) and acetic anhydride (2 ml) to give a mixture of 68 and 69 (0.46 g, 79%) in the ratio 2:1. ! H NMR: (CDCI3) δ 5.17 (m, 0.65 H. II-2, of 68), 5.03 (m, 0.35 H, H-2 of 69) ppm.
3-O-Dodecyl-D-mannitol

(57)

from

3-0-dodecyl-l,2;4,5-di-0-isopropylidene-ß-D-

fructopyranose (73). Compound 73.(7.58 g, 17.7 mmol) was hydrolysed in the same way as described
for 40. The resultant crude material (6.06 g, 98%) was dissolved in methanol (400 ml) treated with
sodium borohydride (3.3.g, 87 mmol) for 16 h at room temperature. The mixture was stirred with
formic acid for 5h and then concentrated in vacuo to a volume of ca 30 ml. Ice-water was added to
the mixture to give a precipitate, which was collected by filtration and recrystallised from ethyl
acetate to give 3-0-dodecyl-D-mannitol (57) (1.3 g. 21%), mp 95-96°C, cp 178-179°C. Ή-NMR
(DMSO-D6) δ 4.50. 4.28, 4.01 (3d, each IH, J = 5.4, 5.3, 7.2 Hz. 2-OH. 4-OH, and 6-OH) 54 ,4.39,
4.29 (2t, each IH, J = 5.3 and 7.2. 1-OH, and 6-OH)54, 3.65 - 3.36 (m, 10H. Η-la, Η-lb, H-2. H-3.
H-4, H-5, H-6a, H-6b, H-α, H-α'), 1.45 (m, 2H, ОСНаНа'СН£Щ(СН 2 ) 9 СНз), 1.24 (m, 18H,
ОСН а ІІ а СН р Н Р (СН2)9СНз), 0.85 (t, ЗН, 0(СН2)пСЫз) ppm. 13C-NMR (DMSO-D6) d 77,6, 71.1,
71.0, 70.3 (C-2. C-3, С Ч C-5), 71.4, 64.1. 63.1(C-a. C-l and C-6). 31.3,30.0, 29.1, 28.7, 25.7, 22.1
(ОСН а Н а <£Н2)юСНз), 14.0 (О(СН 2 ) 10 £Нз) ppm. M/z 351 (M + H+), 333 (M + H+ - H 2 0), 289.
271, 259, 241, 197.183, 169, 165; .CigH 3 80 6 (350.497) Caled: С. 61.68; H, 10.93. Found: С. 61.00;
H, 10.54%.
3-O-tetradecyl-D-glucitol (54) and 3-O-telradecyl-D-mannitol (58) front 3-O-ietradecyll,2;4,5-di-0-isopropylidene-ß-D-fructopyranose (74). Treatment of compound 74.(8 g, 17.5 mmol)
in the same manner as described for 73 gave a crystalline mixture of 54 and 58 (2.71 g, 41 %), mp 4347°C. cp 156-158°C,

13

C-NMR (DMSO-D6) δ 78.8, 73.0, 71.8. 71.6 (C-2. C-3, C-4, C-5 of 54),

78.1, 71.6, 71.6, 70.5 (C-2, C-3. C-4, C-5 of 58), 72.9, 63.8. 63.0 <C-1, C-6 and C-α of 54), 72.6.
64.2, 63.1 (C-l, C-6, C-α of 58), 33.1, 32.3, 30.8. 30.2. 29.8. 26.6. 23.0 (ОСН 2 (СН 2 )і 2 СНз), 13.9
(0(СН 2 )ізС_Н 3 ) ppm. M/z 379 (M + H + ),361. 317. 299. 287, 269, 225, 197, 183; C 2 0 H 4 2 O 6
(378.551) Caled: С, 63.46; Η, 11.18. Found: С, 63.24; Η. 11.04%.
3-O-Hexadecyl-D-glucitol (55) and 3-O-hexadecyl-D-mannitol (59) from 3-O-hexadecyll,2;4,5-di-0-isopropylidene-ß-D-fructopyranose (75). Treatment of compound 75.(8 g, 16.5 mmol) in
the same way as described for 73 gave a crystalline mixture of 55 and 59 (3.86 g, 58%), mp 55-59°C,
cp 166-167'C.

13

C-NMR (DMSO-D6) 77.9, 72.9, 71.6, 71.2 (C-2. C-3. C-4, C-5 of 55), 77.6, 71.1,

71.0 70.3 (C-2, C-3. C-4, C-5 of 59). 71.8, 63.6. 62.5 (C-α, C-l and C-6 of 55), 71.4, 64.1,63.1 (C-a,
C-landC-6 of 59), 31.4,30.1, 29.8. 29.1. 28.8. 25.7. 22.1 (OCH2(£H2)l4CH3). 13.9 (0(CH 2 )i5CH 3 )
ppm.; M/z 407 (M + H+). 389 (M + H + - H 2 0). 345, 327. 315. 297, 253. 225. 183.; С 2 2 Н4бО б
(406.605) Caled: С. 64.99; Η. 11.40. Found: С. 64.50; Η. 10.98%.
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Chapter 4
SYNTHESIS AND PROPERTIES OF SOME (MESOGENIC) CARBOHYDRATE
AMPmPHILES DERIVED FROM D-GLUCURONO-é^-LACTONE.

4.1

Introduction.

D-Glucuronic acid is the most widely distributed of the naturally occurring hexuronic acids, i.e.
D-glucuronic, D-galacturonic and D-mannuronic acid1-2. It is not found free in nature, but occurs in a
wide variety of polysaccharides and mucopeptides of plant, animal and bacterial origin. It plays an
important role in many organisms in the metabolism of drugs and other foreign organic compounds
(detoxification). Some foreign organic compounds, such as menthol or camphor, induce the
production of D-glucuronic acid, when fed to animals. The D-glucuronic acid is produced in order to
form conjugates (D-glucuronides) with these glucurogenic compounds which are excreted via the
urinary system. This synthetic capacity of many species, especially the rabbit, provided the most
convenient source of D-glucuronic acid until synthetic D-glucuronic acid became available1.
D-Glucuronic acid can form three constitutional isomers, i.e. aWeAydo-D-glucuronic acid (1), Dglucopyranuronic acid (2), and D-glucofuranuronic acid (3), all of which can cyclise further to
provide lactones of varying stability3. The thermodynamically most stable of these is Dglucofuranosidurono-6,3-lactone (4) (D-glucurono-6,3-lactone). This compound is formed when an
aqueous solution of D-glucuronic acid is concentrated, and can be isolated easily in a crystalline state
CHO
H— - O H
HO — —H
H— - O H
H— - O H

согн

CO,H

СОгН
HO-

/он \ - ~ O H
но^~^
OH

1

The lactone 4 is commercially available, also on a bulk scale. The most important route to 4 is
probably via hydrolysis of N2<34-oxidised starch or cellulose4. Other methods for the synthesis of 4
are the selective oxidation of D-glucose at the C-6 position by fermentation, using Ustilina deusta or
Bacterium industrium var. hoshigaki under aerobic conditions5, or the catalytic oxidation of Dglucose derivatives, suitably protected at the readily oxidizable anomeric centre, using Pt/C and
oxygen6. 1,2-O-isopropylidene-a-D-glucofuranose was thus converted to the corresponding 1,2-0isopropylidene-D-glucuronic acid in 50 - 60% yield in the presence of a formaldehyde reduced Pt/C
catalyst in the pH range of 8-9. Free D-glucuronic acid was obtained quantitatively by subsequent
cleavage of the 1,2-0-isopropylidene group with oxalic acid. The overall yield from D-glucose was
30%. The catalytic oxidation of melhyl-D-glucopyranoside to the corresponding methyl D93

glucopyranuronic acid in the presence of Pt/C was achieved in 85% yield, but the subsequent
hydrolysis to 4 proceeded in a low yield (30%).
The chemistry of D-glucurono-6,3-lactone and some of its derivatives has been reviewed3·7
some 17 years ago.
The lactone 4 can also function as an intermediate in the synthesis of L-ascorbic acid (vitamin
Q8,9B-C A potential application of 4 could be to serve as a starting material for certain novel types of
(non-ionic) surfactants. The acid-catalysed glycosidation of 4 using long chain alcohols was therefore
investigated in the current study. The preparation of long chain alkyl-glycosides of 4 has not been
described hitherto.
The synthesis of methyl and ethyl D-glucofuranosides via reduction of the corresponding alkylD-glucofuranosidurono-6,3-lactones with NaBU» has been described10 in the older literature, but no
attempt was made so far to apply this route to the synthesis of long chain alkyl-D-glucofuranosides.

4.2

Results and discussion.

The Fischer-type glycosidation of 4 using short chain alcohols has been described1 l a " d
previously. Treatment of 4 with mclhanolic hydrogen chloride at room temperature gave crystalline
methyl ß-D-glucofuranosidurono-6,3-lactone 5a as the main product. When this compound was
heated under reflux with acid methanol, the reaction afforded an anomeric mixture of methyl (methyl
D-glucopyranosid)-uronates 7a and 7b. A mixture of the two epimcric glycosides 5a and 6a was
obtained from 4 and methanol cation exchange resins as the acid catalyst. The ratio ß-/a-glycoside
under equilibrium conditions was shown to be 4:1.
Treatment of the lactone 4 with octanol containing p-toluenesulphonic acid-hydrate (1 wt%)
for 6h at 110°C, with subsequent stirring at room temperature for 2 days, gave a mixture containing 4
components according to a TLC analysis (hexane / ethylacetate, 1:3). The 13C-NMR spectrum of the
crude product mixture showed the presence of four signals expected for the anomeric carbon atoms
(±90-110 ppm). The 4 components were assigned the structures 5b (6(C-1): 108.8 ppm), 6b (8(C1): 102.4 ppm), 7c (6(C-1): 100.4 ppm) and 7d (6(C-1): 107.5 ppm), on the basis of these signals and
by comparison with the values for the corresponding methyl glycosides given in the literature12. The
spectra were recorded using an inverse gate decoupling technique13 (Tj = 1.4 s), and integration of
the 13C signals thus gave an indication of the product ratio 5b: 6b:7c:7d, which amounted to 71 : 13 :
6 : 10. The octyl glycosides 5b and 6b were isolated from the reaction mixture using column
chromatography. Compounds 5h, 6b, and their corresponding acetates 5g and 6f were characterised
by ·Η and 13 C-NMR spectroscopy. The 2D-COSY ]H-NMR spectra were recorded and D2O
exchange experiments were carried out to assign the ^ - N M R signals. In addition, ' H - , 3 C 13
correlation spectra were recorded in order to assign the C-NMR signals. The NMR data are
summarised in Tables 3 and 4.
The proton coupling constants of the compounds 5b-f and 6b-c correspond with the known
values 14 for the methyl-D-glucofuranosidurono-6,3-lactones 5a and 6a. It may be concluded that the
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carbohydrate headgroups of 5b-f and 6b-e probably exist in similar conformations, i.e. а 3 Тг
conformation for the furanose rings. The differences in 13,4 and 14,5 between the β- and α-glycosides
could be attributed to the higher degree of puckering of the lactone ring in the cc-anomer.
0

Anw

OH'

5a
5b
5c
5d
5e
5f
5g

R = CH3.R=H
R=CgH 1 7 .R' = H
R = C9Hi9,R'=H
R = C 1 0 H2i.R'=H
R = C n H23.R' = H
R = C 1 2 H 2 5 . R' = Η
R = C g H 1 7 ,R' = Ac

:

*Ъ

1—fon
OR'

6a R = СНЭ, R = Η
6Ь R = C 8 H 1 7 l R' = H
6c R = C,Hi9.R=H
6d R = C 1 oH 2 i,R , = H
6e R = Ci2H25.R" = 11
6f R = C 8 H 17 , R' = Ac

CO,R

Î-O
/он V O R

HcM-Y

OH

7a
7b
7c
7b
7d
7e

a. R = CH3
β. R = CH3
a, R = C 8 H l 7
ß.R = C8H17
a, R = C10H2i
ß, R = C 10 H 2 i

The reaction of 4 with various other long chain alcohols was then investigated. A crystalline
product was isolated after the addition of hexane to the crude product mixture obtained from the
reaction of 4 with 1-dodecanol under the same reaction conditions, and after neutralisation and
removal of excess dodecanol by distillation in vacuo. The solid material (42%) consisted principally
of docecyl ß-D-glucofuranosidurono-6.3-lactone 5f together with a small amount of docecyl Ct-Dglucofuranosidurono-6,3-lactone 6e. Recrystallisation (ether / hexane, 2:3) gave pure 5f. Column
chromatography of the solid material obtained from the mother liquor yielded pure compound 6e.
The course of the glycosidation of 4 with 1-decanol under the above reaction conditions was
followed qualitatively, and it was found (TLC) that the highest proportion of decyl ß-Dglucofuranosidurono-6,3-lactone was formed after a short reaction period (3h). Prolonged reaction at
110°C resulted (TLC) probably in the formation of increased amounts of the decyl (decyl-Dglucopyranosiduronates) 7e and 7f, together with extensive browning. No attempts were made to
separate this complex product mixture.
From the results described above a general procedure for the synthesis of a homologous series
of alkyl ß-D-glucofuranosidurono-6,3-lactones 5b-f was developed. Thus, a suspension of 4 in an
excess of fatty alcohol containing a catalytic amount of /э-toluenesulphonic acid (3 wt%) is heated
(110-120°C) until all of the starting material has dissolved. The mixture is then neutralised and the
excess fatty alcohol recovered by distillation in vacuo. The recovered fatty alcohol can be re-used
subsequently thereby increasing the overall efficiency of the procedure. When the crude syrupy
material is treated at 5°C with hexane, a crystalline product is isolated, consisting of a mixture of
epimeric alkyl D-glucofuranosidurono-6,3-lactones (36 - 67%). The ß-/a-gIycoside ratio can be
determined from the optical rotation of the mixture and the pure glycosides. The pure ß-glycosides
are obtained by repeated recrystallisation from ether / hexane (2:3). The pure α-glycosides can be
obtained by column chromatography of the solid material obtained from the mother liquor after the
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first recrystallisation. The results of these experiments are summarised in Table 1. The products were
characterised by J H- and 13C-NMR spectroscopy (Table 3 and 4).
Table 1 : Acid catalysed glycosidation of 4 with long chain alcohols.
R-OH

reaction conditions

lab

crude yield
(5 and 6)

la]D
(5 and 6)

ratio
5/6

yield
pure 5

(a]D
(pure 5)

(pure 6)

1-dodecanol

ДН0-120°С, 3.5 h,
3 % p-TosOH

55%

-15°

4.7

23%

-35.6°

+81.5°

1-undecanol

Д110-120°С,5Іі,
3 % p-TosOH

48%

-27.7°

-

28%

-36.7°

-

1-decanol

A110-120 o C.3h,
3 % p-TosOH

67%

-10.9°

3.7

26%

-38.5°

+92.7°

1-nonanol

Д110-120°С.2.5Ь,
3 % p-TosOH

56%

-17°

4.8

19%

-40.8°

+98°

1-octanol

Д110-120°С, 1.5 h,
3 % p-TosOH

36%

-38.4"

39

28%

-41.9°

+97°

Thus, reaction of 4 with long chain alcohols to give long chain alkyl ß-D-glucofuranosidurono6,3-lactones as the major products proceeds in a similar fashion to that observed for its reactions with
the lower alcohols. The products are the expected3 thermodynamically preferred compounds. The cisfused five-membered ring system in the alkyl D-glucofuranosidurono-6,3-lactones 5 and 6 is
apparently thermodynamically more stable than ihe alkyl (alkyl D-glucopyranosid)uronates 7. The
alkyl ß-D-glucofuranosidurono-6,3-lactones 5 are more stable than the epimeric α-glycosides, which
could possibly be explained by the larger non-bonding interactions of the vicinal C-l-OR and C-2OH substituents in the α-glycosides.
The melting behaviour of the compounds 5b-f and 6b-e was then investigated by polarisation
microscopy and DSC measurements. The results are summarised in table 2 and plotted in figure 1.
The DSC data were in good agreement with polarisation microscopy observations. The alkyl aD-glucofuranosidurono-6,3-lactones 6Ъ-е are highly crystalline compounds with melting points
higher than those of the corresponding ß-glycosides. Prior to melting one or more crystal-to-crystal
transitions were observed (DSC). Compounds 6b-e melted into isotropic liquids and upon cooling
recrystallisation occurred at temperatures not far below the observed melting points. No liquid
crystalline phase could be observed. The alkyl ß-D-glucofuranosidurono-6,3-lactones 5b-f exhibited
thermotropic liquid crystalline behaviour. A mesophase was observed above the melting points of
compound 5d-f, which could be tentatively classified as smectic A by its texture (focal conic with
oily streaks and pseudo isotropic areas). At the clearing point a transition to the isotropic liquid phase
was observed. The clearing points of 5b and 5c were lower than their melting points, and could be
detected by supercooling of the samples after they had been heated above the melting point. The
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mesophases of 5b and 5c are metastable, since eventual crystallisation occurs to give the
thermodynamically more stable solid state.
Table 2: Phase transitions of compound 5b-f and 6b-e as determined by polarisation
microscopy and DSC measurements.

Compound

5b
5c
5d
5e
5f
6b
6c
6d
6e

Cr-Cr
(°C)

ΔΗ
(kJ/mol)

-

-

ΔΗ
(kJ/mol)

c.pAb
(°C)

ΔΗ
(kJ/mol)

(71-73)
(77-78)
(81-83)
(86-88)
(88-89)
(91-92)

20.3
23.1
23.2
26.9
28.0
n.d.

41.6
70.9 (74)
90.9 (92)
104.9 (105)
116.0 (117)
n.d.

1.38
1.26
1.74
1.82
2.00
n.d

91.1
(90-92)
94.8
(95-96)
95.8 (95-97)

25.6

-

-

37.1

•

"

35.3

"

"

m.p.8
(°C)
71.8
77.4
82.4
86.8
89.5
n.d.

n.d.

n.d.

72.2
80.4
65.1
68.5
81.5

1.18
1.60
2.31
4.01
10.80

a: The values in parentheses were obtained by polarisation microscopy.
b: The clearing points (c.p.) were determined from the DSC curves on cooling.
Cr - Cr: Crystal to crystal transition.

Fig. 1:

Phase transition temperature plot for the
alkylD-glucofuranosidurono-6,3-lactones.
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The difference in melting behaviour between the two sets of epimeric glycosides is noteworthy
and merits further comments. Most liquid crystalline materials are composed of rod-like molecules
with a rigid polarisable unit. The current two sets of anomers possess these structural features and
they would be expected to exhibit liquid crystal phases. There are two factors which may play a role
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in stabilising a carbohydrate mesophase i.e. the presence of a hydrogen bonding network15 between
the carbohydrate head groups, and the intercalation 16a - b of the lipophilic moieties in the bilayer
structure of the smectic A phase. In the latter case a strong dependence of the clearing point on the
alkyl chain-length is observed. It can be concluded from figure 1 that this intercalation probably is the
major stabilising factor for the mesophase of the alkyl-ß-D-glucofuranosidurono-6,3-lactones, since
an increased alkyl chain length results in an increased clearing point for these compounds, whereas
the melting points remain relatively constant.
This behaviour has also been observed for the 3-0-alkyl-D-glucitols (see 3.4) and other
carbohydrate mesogens16a-b'17a-b, and could possibly be explained by the fact that a "core" of stacked
alkyl-chains is retained in the bilayer structure of the mesophase rather than the intermolecular
hydrogebonding network. The melting points are most likely determined by the strength of the
hydrogen bonding network between the carbohydrate headgroups, and therefore remain relatively
constant.
The absence of a liquid crystal mesophase for the ct-D-glycosides could be due to their clearing
points being lower than the observed melting points. A mesophase cannot be formed since
crystallisation occurs before a metastable mesophase can be formed. The anomeric configuration
probably prevents the efficient intercalation of the lipophilic entities. This would result in a decreased
stabilization of the mesophase and consequently lead to lower clearing points.
There is however no further proof for this hypothesis and supportive evidence is still required,
e.g. by X-ray crystallography.
The water solubility of the long chain alkyl ß-D-glucofuranosidurono-6,3-lactones 5b-f was
very poor, even at higher temperatures. The solubility of compound 5f at 60°C was lower than 1 mM.
This is not surprising, since these compounds contain only two free hydroxyl groups in the polar
headgroup which contributes to the overall water solubility. Attempts to measure the surface tension
and critical micelle concentrations were unsuccessful due to this low solubility. The Krafft
temperature of 5d was determined18 as 53 °C. This is the temperature at which the solubility and
critical micelle concentration curves, plotted as functions of temperature, intersect. Micelles only
exist above the Krafft point. The solubility of a surfactant increases above the Krafft point due to the
formation of micelles or other aggregates in water. High Krafft points (>50°C) exclude the surfactant
from washing applications.
The water solubility of dodecyl ß-D-glucofuranosidurono-6,3-lactone (51) increased in aqueous
potassium hydroxide solutions, due probably to the formation of the more soluble potassium dodecyl
ß-D-glucofuranosiduronate 8 (Scheme 1). The addition of 1 equivalent of IN potassium hydroxide
solution to a suspension of 5f in water, resulted in the formation of a clear yellow solution that
foamed. Freeze drying gave a yellow hygroscopic solid, probably 8 according to the IR-spectrum.
Treatment of compound 5Γ with aqueous alkali must be carefully controlled to avoid base-catalysed
degradation reactions leading to unsaturated compounds1 lb.d.19
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The water solubility of 5b-f may also be improved by transformation into derivatives with more
hydrophilic substituents, e.g. reduction to the corresponding alkyl ß-D-glucofuranosides or by the
reaction with various hydrophilic amines, such as 2-aminoethanol or /V,N-(dimethyl)ethylene-diamine
to give the corresponding amides (vide infra).
The synthesis of long chain alkyl ß-D-glucofuranosides 9 via the reduction of the corresponding
alkyl ß-D-glucofuranosidurono-6,3-lactones with NaBtLt was subsequently investigated. Treatment
of an ethanolic solution of the lactones 5b-f with 2 equivalents of NaBHj at room temperature for 16
h resulted in the complete conversion (as was deduced from TLC (CH2CI2 - MeOH, 9:1)) to the
corresponding alkyl ß-D-glucofuranosides 9a-e, which could be isolated crystalline in 65-85% yields.
These compounds, and a representative peracetate 9f, were characterised by 'H- and 13 C-NMR
spectroscopy. 2D-COSY JH-NMR spectra were recorded in CDCI3 and D2O exchange experiments
were performed in order to assign the JH-NMR signals. Likewise 'H-13C-correlation spectra were
recorded in order to assign the 13C-NMR signals. The various NMR data are summarised in Tables 3
and 4.
This glycosidation / reduction pathway using D-glucurono-6,3-lactone is a convenient route to
alkyl D-glucofuranosides. It is difficult to prepare these compounds directly from D-glucose and longchain alcohols. Fischer-type glycosidation procedures are difficult to control and invariably yield
syrupy mixtures. These are difficult to separate and direct isolation of crystalline glucofuranosides
can be rarely achieved. Alternative routes using protecting groups are tedious and require the use of
toxic reagents20. In conclusion, the present method has attractive prospects.

CH2OH
H'O-

H

CH2OH

o . OR

но-\Х-~°\

CHjOH

но\,*«-^Л
OHI
OR

OH

OR'
9a
9b
9c
9d
9e
9f

R = C 8 Hi7.R' = H
R = C9H19,R=H
R = CioH 2 i, R' = H
R = C n H 2 3, R' = H
R = C12H25, R' = H
R = C12H25,R' = Ac

10a
10b
10c
lOd
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R = C 8 Hi7
R = C9H19
R = CwH2i
R =0^425

11a
lib
lie
lid

R = C 8 Hi7
R = C9H,9
R = CioH 2 1
R = C12H25

Table 3 λΗ- and 13C-NMR data (δ, ppm) for the compounds Sb-g, 6b-f and 9a-f
Nucleus

5b-P

δ*3

6b-e a

61«

9a-« b

9P

Η1
H-2
H-3
H4
H5
H6
Η 6'
Η-α (alkyl chain)
Η α' (alkyl chain)
Η β (alkyl chain)
(CH 2 )n
СНз(а1ку1 chain)
CH3 (acetates)

5 10(s)
4 40(d c )
4 93 (d)
5 03 (dd)
d
4 47 (dd )

5 08 (s)
5 21 (s)
4 99 (d)
514(dd)
5 25 (d)

5 28 (d)
4 39 (dd·1)
4 78 (d)
4 83 (dd)
4 51(d)

5 39 (d)
4 99(d)
5 07 (d)
4 91 (dd)
5 48 (d)

3 68 (m)
4 41(m)
1 52 (m)
1 26 (m)
0 88 (t)

-

3 76 (m)
3 35 (m)
1 55 (m)
1 30 (m)
0 88 (t)
2 22 (s)
2 H (s)

-

3 89 (m)
3 60 (m)
1 63 (m)
1 27 (m)
0 88 (t)

-

3 72 (m)
3 40 (m)
1 52 (m)
1 27 (m)
0 88 (t)

4 90 (s)
4 12 (s)
4 18 (s)
4 15(d)
3 90 (m)
3 82 (dd)
3 71 (dd)
3 66 (m)
3 38 (m)
1 56 (m)
1 26 (m)
0 88 (t)

4 99 (s)
5 00 (s)
5 36(d)
4 49 (dd)
5 27 (ddd)
4 64 (dd)
4 18(dd)
3 68 (m)
3 42 (m)
1 58 (m)
1 26 (m)
0 88 (t)
2 11 (s)
2 08 (s)
2 05 (s)
2 00 (s)

CI
C-2
C3
C4
C5
C6
Ca

1090
77 2
83 4
77 0
69 1
175
691
nr
14 0

105 4
78 1
814
75 3
68 7
170
68 4
28 8
13 7
20 2
19 8
169 3
169 2

102 4
75 8
84 7
76 2
70 2
174
69 7
29 3
140

102 5
78 4
83 2
73 0
686
170
69 1
nr
140
2020

107 7
79 7
75 9
80 8
70 3
63 9
68 5
nr
140

1062
80 2
73 4
77 4
68 7
631
68 4
nr
140
20 6
20 5
170 5
169 5
169 1

.
-

c-ß

СНз (alkyl chain)
СНз (acetates)

-

C = 0 (acetates)

-

-

169 5

a lH NMR spectra were recorded in CDCI3 b 'HNMR spectra were recorded in CDCI3 / D2O
с A singlet was observed in the presence of D2O d A doublet was observed in the presence of D2O
η r not resolved
ι

ι

Table 4 Ή.- Ή. coupling constants (J l d . Hz) for the compounds 5b-g, 6b-f and 9a-f
J.U

5b-f

5в

бЬ-е

6Г

9а-е

9Г

1,2
2,3
3,4
4,5
5,6
5.6'
6,6'
α,α'
α,β
п.ß

0-15
0-15
48
66

0-15
0-1 5
52
70

47
0-1.5
33
48

45
0-1 5
31
55

-

-

0-15
0-15
0-15
44
24
47
-118
94
70
70

0-15
0-15
51
94
23
48
-12 3
94
68
68

-9 3
69
69

89
66
66

-

95
67
67

100

92
68
68

Some physical properlies of various alkyl a- and alkyl-ß-D-glucopyranosides have been
described in the literature. CMC values of a homologues series of the ß-D-anomers have been
determined and it was found21 that the octyl-and nonyl-ß-D-glycosides (lla,b) are better suited for
applications as membrane protein solubilising agents than the corresponding α-glycosides. The
thermotropic liquid crystalline behaviour of the long chain alkyl-D-glucopyranosides have also been
studied 22 · 23 and the mesophases have been identified as smectic A. In the current study it was found
that the long chain alkyl-ß-D-glucofuranosides 9a-d also exhibited similar thermotropic liquid
crystalline behaviour and the mesophases were again identified as smectic A by their textures. The
characteristic textures of this mesophase is a focal-conic fan-like texture with pseudo isoptropic areas
and so called 'oily streaks'. This is illustrated in figures 3 and 4.
The phase transition temperatures were determined accurately by DSC and these are
summarised in Table 5 and plotted in Figure 2. The phase transition temperatures for the alkyl-Dglucopyranosides lOa-d and lla-d are also given for comparison. The melting points and clearing
points of the alkyl-ß-D-glucofuranosides 9a-e did not differ much from those of the corresponding
alkyl-D-glucopyranosides. The temperature range of the mesophases were comparable, reaching a
maximum for the C-l 1 glycoside (78.5°C). No solid state transitions were observed.
Surface tension (γ) and critical micelle concentrations of the compounds 9b-d were also determined.
These measurements were carried out above the Krafft temperature (57-60°C), since aggregate
formation 2 4 · 2 5 only occurs above this temperature. The Krafft point for the dodecyl ß-Dglucofuranoside 9e was shown26 to be 55°C. The Krafft temperatures for the lower homologues 9b-d
are lower than 55°C. A decrease in the length of the hydrocarbon chain results in a decreased Krafft
point. The octyl- and nonyl-ß-D-glucofuranosides are highly soluble in water at room temperature,
possess relatively high CMC values ( >1 mM) and, because of their non-ionic character are expected
to have mild detergency properties. These compounds could therefore be of interest for further
application.
Fig. 2: Phase transition temperatures for the alkyl-ß-D-glucofuranosides 9a-e.
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Fig. 3: The 'oily streak' texture obtained after cooling (25°C) of a sample of undecyl ß-Dglucofuranoside (9d) which had been heated above the clearing point.

Fig. 4: The focal conic fan-like texture of obtained after cooling (25°C) of a sample of
undecyl ß-D-glucofuranoside (9d) which had been heated above the clearing point.
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Table 5 : Phase transitions, CMC and Y(CMQ for the compounds 9a-e, lOa-d and lla-d.
Compound

a

mp. (°C)

54.«
52.0
67.7
62.5
76.3

9a
9b
9c
9d
9e
10a
10b
10c
lOd
IIa
IIb
11c
lld

(52-54)
(46-50)
(67-68)
(61-62)
(74-75)

(71.8)°
(65)°
(76)°
(77)°
c
(67-69)
c
(68-7 l )
(70-75)°
(80)°

ΔΗ
(kJ/mol)

с.рЛ

ь

(°C)

ΔΗ
(kJ/mol)

27.4
25 2
39 9
34 0
46.7

94 (95)
112 0 (112)
131.1 (131)
141.1 (141)
148 3 (149)

1.1
1.4
2.2
2.4
2.5

-

(Иву:

-

(130)°
(138)«=
(151)°
(106.4)°
(113)°
(135.5)°
(143.4)°

CMC
(M)

Y (CMC)
(mN/m)

.
3

2.15 . IO"
4
7.77 . 1СГ
4
4.15 . I O
4
2.16. 1 0
4 6
(9.4. IO" )

-

3 d

(23.2. 10- )
3 d
(6.5.10" )
3 d
(2.19. 10- )
d
(1.6.10^)

28
29
26
26

-

a: The values ID parentheses were obtained by polarisation microscopy, the other values by DSC.
b: The clearing points (c ρ ) were obtained from the DSC curves on cooling,
c: Values obtained From reference 22
d: Values obtained from reference 21.
e: Value obtained from reference 25

In an attempt to improve their solubility and performance characteristics, the reaction of the long
chain alkyl ß-D-glucofuranosidurono-6,3-lactones 5d-f with various amines was then investigated.
Treatment of the lactones 5d-f with equimolar amounts of 2-aminoethanol in boiling ethanol for 4
hours resulted in the formation of the corresponding alkyl ß-D-glucofuranosidurono-(N-2'hydroxyethyl) amides 12a-c. These were isolated by column chromatography and recrystalhsation
(diisopropyl ether) in 44-53% yields. Acetylation of the amide 12c (acetic anhydride and pyridine)
gave crystalline dodecyl 2,3,4-tn-0-acetyl-ß-D-gIucofuranosidurono-(/v'-2'-acetoxyethyl) amide 12f.
о
и

R'O—I—Η
О

12a
12b
12c
12d
12e
12f

R'OОЯ

O
II
C-NHCHjCHjN^CHjhl-

О
II
C-NHCH 2 CH 2 N(CH3) 2

C-NHCHjCHjOR'

R'O-

-Η

•H

О OR
л
J>.

OR'

OR'

OR'

R = CioH 2 i. R' = H
R =CnH23>R' = H
R = Ci2ll25,R' = H
R = C 1 0 H 2 i . R'= Ac
R = CMH2J,R=Ac
R = C 1 2 H 2 5 > R'= Ac

13a R = C | 2 H 2 5 , R' = Η
13b R = C 1 2 H 2 5 > R'= Ac

14a R = C, 2 H 2 5 , R' = Η
14b R = CnH25, R' = Ac

Treatment of'the lactones 5d-f with 2-aminoethanol in the same manner, followed directly by
acetylation of the crude product (АсгО / pyr.) gave the corresponding acetates 12d-f (±74%).
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Deacetylation of these compounds in methanol containing a catalytic amount of potassium cyanide27
gave 12a-c. The overall yield of this acetylation - deacetylation route was approximately 56% starting
from 5d-f. Compounds 12a-c and the corresponding acetates 12d-f were characterised by Ή - and
13C-NMR spectroscopy. 2D-COSY JH-NMR and 4î- 1 3 C correlation spectra were determined to
assign accurately the individual signals (see Tables 5 and 6).
The amides 12a-c also exhibited thermotropic liquid crystalline behaviour, and the mesophases
were characterised as smectic A by their textures. The phase transition temperatures are plotted in
Figure 5. It was shown however that decomposition occurred above the clearing points. The amides
12a-c were readily soluble in water and formed clear foaming solutions. The surface tension and
CMC of these compounds were not determined.
Treatment of a boiling solution of dodecyl ß-D-glucofuranosidurono-6,3-lactone 5f in ethanol
with an equimolar amount of MN-(dimethyl)ethylenediamine gave the corresponding dodecyl ß-Dglucofuranosidurono-N-(W,/V'-dimethylaminoethyl) amide 13a (73%). Compound 13a was
characterised as its acetate 13b, which was isolated as a waxy solid (40%).
Compound 13a presents the possibility of the synthesis of cationic surfactants by
quartemisation of the W.W-dimethylaminoethyl function. Thus, treatment of 13a in diisopropyl ether
with an excess of iodomethane resulted in the formation of the corresponding dodecyl ß-Dglucofuranosiduronamido-AKyV'.N'.N'-trimethylethyl ammonium) iodide 14a. Quaternisation of the
acetate 13b in the same manner gave the corresponding ammonium salt 14b. The compounds 13a,b
and 14a,b have been characterised by 'H- and 13C-NMR spectroscopy (see Tables 5 and 6).
The compounds 13a,b and 14a,b were all highly soluble in water and formed clear foaming
solutions. The high solubility of the acetate 13b both in water and diisopropyl ether is especially
noteworthy. No CMC's and surface tensions were determined. Compound 14a melted at 105°C into a
liquid crystal phase, which was tentatively assigned as smectic A by its oily streak texture with
pseudo isotropic areas. Above the clearing point decomposition occurred.

Fig. 5: Phase transition temperature plot for the alkyl ß-D-glucofuranosidurono-(N-2'hydroxyethyl) amides 12a-c.
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Table 5: U- and C-NMR data (δ, ppm) for the compounds 12a-f, 13a,b and 14a,b.

Nucleus
H-l
H-2
H3
H-4
H-5
H-α (alkyl chain)
Η-α' (alkyl chain)
H-ß (alkyl chain)
СНз (alkyl chain)
(CH 2 )n
N-H
N-CÜ2CH2
N-CH2CÜ2
N-CH3

12a<»

4.90 (s)
5.00 (s)
4.14 (br. s) 5.08 (br. s)
4.24 (bf. s) 5.40 (dd)
4.58 (dd)
4.70 (dd)
4.41 (d)
5.26 (d)
3.70 (m)
3.68 (m)
3.33 (m)
3.45 (m)
1.59 (m)
1.58 (m)
0.88 (t)
0.88 (t)
1.26 (m)
1.26 (m)
7.38 (t)
7.40 ( t c )
3.64 (m)
3.58 (m)
3.41 (m)

4.18 (m)

-

-

CH3 (acetates)

C-l
C-2
C-3
C-4
C-5
C-6
C-α (alkyl chain)
C-P (alkyl chain)
ÇH3 (alkyl chain)
C(0)-N-Ç_H2CH2
C(0)-N-CH2£H2
N-CH3
CH3 (acetates)

C=0 (acetates)

12d-f»

2.12
2.10
2.07
2.03

13a a

13ba

14ab

14b»

4.93 (s)
4.12 (s)
4.23 (d)
4.64 (dd)
4.40 (d)
3.75 (m)
3.44 (m)
1.57 (m)
0.88 (t)
1.26 (m)
7.38 (t)
3.66 (m)
3.20 (m)
2.50 (m)
2.27 (s)

5.00 (s)
5.06 (s)
5.40 (dd)
4.69 (dd)
5.22 (d)
3.73 (m)
3.44 (m)
1.58 (m)
0.88 (t)
1.26 (m)
6.84 (t)
3.35 (m)

4.68 (s)
3.79 (br. s)
3.89 (dd)
4.20 (dd)
4.16(d)
3.56 (m)
3.24 (m)
1.42 (m)
0.80 (t)
1.18 (m)
3.52 (m)

5.00 (s)
5.09 (br. s)
5.38 (dd)
4.70 (s)
5.25 (d)
3.75 (m)
3.40 (m)
1.57 (m)
0.88 (t)
1.26 (m)
8.04 (t)
3.86 (m)

2.42 (m)
2.18 (s)

3.34 (t)
3.04 (s)

3.86 (m)
3.42 (s)

(s)
(s)
(s)
(s)

-

2.13 (s)
2.07 (s)

108.2
82.1
76.7
80.4
71.3
173.2
69.1
n.r.
14.1
41.7
61.0

106.7
79.7
73.7
78.3
70.6
167.3
69.0
n.r.
14.1
38.8
62.8

"

-

108.2
82.6
77.1
80.6
71.4
172.8
68.7
n.r.
14.0
44
58.1
45.0

20.6

"

170.9
169.5
169.3
169.1

106.5
79.7
73.6
78.5
70.6
167.1
68.7
29.2
14.0
36.7
57.2
44.9
20.6
20.5
169.4
169.2
169.1

2.22 (s)
2.11 (s)
2.08 (s)

107.9
81.2
75.7
79.7
71.2
174.0
69.4
n.r.
14.1
33.6
64.3
54.0

"

106.5
79.6
73.7
78.6
71.4
n.r.
69.0
n.r.
14.0
34.2
65.1
54.5
21.4
20.8
170.0
169.4
168.9

a) Spectra were recorded in CDCI3. b) Spectra were recorded in DMSO / D2O. c) Signal disappeared after the
addittion of D2O.
nj\: not resolved
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Table 6:
J

г

H- ^-coupling constants (J¡ j , Hz) for the compounds 12a-f, 13a,b and 14a,b.

ij

1,2
2,3
3,4
4,5

α,α'
α,β

12a-c

12d-f

13a

13b

14a

14b

0-1.5
0-1.5
4.4
4.6
n.r.

0-1.5
1.8
5.2
8.7
-9.4
6.6
6.6

0-1.5
0-1.5
5.1
5.0
-9.5
6.9
6.9

0-1.5
1.5
5.2
8.9
-9.3
6.7
6.7

0-1.5
1.7
4.7
5.8
-9.5
6.7
6.7

0-1.5
1.6
5.6
7.7
-9.2
6.6
6.6

П.Г.

α',Ρ

nr.

It may be concluded from the results of these experiments, that D-glucurono-6,3-lactone is a
versatile starting material for the synthesis of various amphiphiles. It is possible to prepare
carbohydrate-based surfactants possessing non-ionic, cationic or anionic polar headgroups with
interesting physical properties, by simple chemical transformations of D-glucurono-6,3-lactone. Some
of these compounds could possibly find use as novel type detergents, emulsifiers or membrane
protein solubilising agents.

4.3

Experimental.

General procedures.
^ - N M R spectra were recorded with a Bruker AM 400 (400 MHz, FT) spectrometer in СІЭСІз, or
CDCI3 /D2O solutions (internal Me4Si). 13C-NMR-spectra were recorded with a Bruker AM 400
spectrometer operating at 100.6 Mhz on solutions in CDCI3 or CDCI3 /D2O (internal Me4Si). IR
spectra were recorded as KBr discs, unless stated otherwise, using a Perkin Elmer 298
spectrophotometer. Chemical Ionisation mass spectra, induced with methane gas were determined on
a double focussing VG 7070E spectrometer. The determination of melting points and clearing points
and textural observations were carried out using a Reichert thermopan microscope equipped with
crossed polarisers. A Mettler FP 82 hot stage mounted on a Nikon microscope was used for the
textural observations illustrated in figures 3 and 4. Pictures were taken with a Minolta 7000 camera
using Kodak Elektrachrome Professional 160 film and Kodak processing. Differential Scanning
Calorimetry (DSC) traces were determined using a Mettler TCI 1 with a TA 4000 Thermal Analysis
System, and a DSC 30 measuring cell, and the measurements were conducted under a nitrogen
atmosphere. Data were processed using the Mettler Graphware TA 72.2A5 software for thermal
analysis. Surface tensions and critical micelle concentrations were determined using a Krüss K12
Tensiometer. Optical rotations were determined with a Perkin Elmer 241 automatic Polarimeter on
1% solutions at 20°C, in the solvents indicated. Column chromatography was performed on silicagel
60 with the eluents indicated. TLC was performed on silicagel 60 supported on plastic (0.2 mm,
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F254, Merck 5735) in the solvent mixtures indicated, the compounds were detected by spraying with
5% H2SO4 in ethanol, followed by charring at 140°C for 15 minutes. Diethyl ether was pre-dried
over calcium chloride, then re-distilled from calcium hydride. Hexane was distilled from calcium
hydride.
(a) Octyl a-D-glucofuranosidurono-6,3-lactone (6b) and ß-D-glucofuranosidurono-6,3-lactone
(Sb). A stirred suspension of D-glucurono-6,3-lactone (4) (10 g, 56.8 mmol) in 1-octanol (200 ml)
containing a catalytic amount of p-toluenesulphonic acid monohydrate (300 mg, 1.6 mmol) was
maintained under N2 at 110-120eC until solution was obtained (1.5 h). The water formed during the
reaction was removed continuously using a Dean-Stark assembly. The reaction mixture was cooled
and treated with diethyl ether (300 ml). The solution was washed successively with saturated aqueous
sodium hydrogen carbonate, 10% aqueous sodium chloride solution, dried (Na2S04) and
concentrated in vacuo. Excess 1-octanol was removed by distillation in vacuo (0.01 mmHg, 43°C),
and the residue treated with hexane (400 ml), and set aside at 5°C. The crystalline material (5.96 g,
36%), [a]o -38.4° (acetone), was shown to be a mixture of two compounds (TLC, hexane - ethyl
acetate, 1 : 1). Recrystallisation (ether - hexane, 2:3) gave pure 5b (4.65 g, 28%), m.p. 71-73*C, [CX]D
-41.9° (acetone). M/z 289 (M+ +1), 213 (M+ + 1 - C2H4O3), 159 (M+ +1 - C8H17OH). 141 (M+ +1 CgHnOH - H2O). 113 (+C8H17), 101 ( + C4H 5 0 3 ). IR (KBr): v m a x 3460 (OH), 2920, 2850 (aliph
CH). 1770 (C=0 5-ring lactone), 1460 (aliph CH), 1180, 1140, 1110, 1070, 1025, 1000 (C-O) cm 1 .
C14H24O6 (288.340) Caled: С, 58.32; H, 8.39. Found: С, 58.54; H, 8.26% .
The hexane mother liquor from the initial crystallisation step was concentrated in vacuo and
and column chromatography (hexane / ethyl acetate, 1:1) of the resulting residue gave 6b (0.15 g,
0.9%), m.p. 91-92°C, [a] D +97° (acetone). M/z 289 (M++1). 213 (M + + 1 - C2H4O3), 159 (M + +1 CgHnOH), 141 (M+ +1 -CgHnOH - H 2 0), 113 (+C8H17), 101 (+C4H 5 0 3 ). IR (KBr): v m a x 3460
(OH), 2950, 2910, 2850 (aliph CH), 1760 (C=0 5-ring lactone), 1465 (aliph CH), 1235 (C-0
lactone), 1170, 1135, 1105, 1070, 1000 (C-O) cm-». Ci 4 H 2 40 6 (288.340) Caled: С, 58.32; H, 8.39.
Found: С. 58.25; H. 8.48%.
(b) Nonyl a-D-glucofuranosidurono-6,3-lactone (6c) and ß-D-glucofuranosidurono-6,3-lactone
(Sc). Compound 4 ( 10 g, 56.8 mmol) was treated with 1-nonanol (200 ml) and p-toluenesulphonic
acid (300 mg) for 3h, and processed as described in (a). The excess 1-nonanol was removed by
distillation (0.01 mmHg, 59°C), and the crude material was treated with hexane (400 ml), stored at
5°C. Several «crystallisations (ether - hexane, 2 : 3) of the resultant crystalline mixture of 5c and 6c
(9.56 g, 56%), [a] D -17° (acetone), yielded pure 5c (3.27 g. 19%), m.p. 77-78°C. c.p. 74°C. [ct]D
-40.8° (acetone). M/z 303 (M+ +1), 227 (M+ + 1 - С2Н40з).159 (M+ +1 - C 9 H 1 9 OH). 127 (+C9H19),
101 ( + C4H 5 0 3 ). IR (KBr): v m a x 3460 (OH), 2920,2850 (aliph CH), 1770 (C=0 5-ring lactone), 1460
1
(aliph CH). 1180, 1140. 1110, 1070. 1025. 1000 (C-O) cm . Сі5Н 2 б0 6 (302.369) Caled: С 59.59. H
8.67. Found: С 59.50, II 8.44%.
Column chromatography (hexane - ethyl acetate, 1 : 1) of the residue (6.0 g) resulting from the
concentration in vacuo of the combined mother liquors gave pure 6c ( 1.25 g, 11 %), m.p. 90-92°C.
[ a ] D +98° (acetone). M/z 303 (M+ +1). 227 (M+ +1 -C2H4O3), 159 (M+ +1 - C 9 H 1 9 OH), 127
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(+C9H19). 101 (+С4Н5Оз). IR (KBr): Vmax 3460 (OH), 2950. 2910. 2850 (aliph CH). 1760 (C=0 5ring lactone). 1465 (aliph CH). 1235 (C-0 lactone), 1170, 1135. 1105. 1070, 1000 (C-O) cm" 1 .
C15H26O6 (302.369) Caled: С, 59.59; H. 8.67. Found: С, 59.43; H, 8.48%.
(c) Decyl a-D-glucofuranosidurono-6,3-lactone (6d) and ß-D-glucofuranosidurono-6,3-lactone
(Sd). Compound 4 ( 10 g, 56.8 mmol) was treated with 1-decanol (200 ml) and p-toluene sulphonic
acid (300 mg) for 5 h, processed in the above manner and the crystalline product mixture of 5d and
6d (11.97 g, 56%), [α]ο -10.9° (acetone), repeatedly recrystallised (ether - hexane, 2 : 3) to give pure
5d (4.24 g, 24%), m.p. 81-83°C, c.p. 92°C, [α] Δ -38.5° (acetone). M/z 317 (M+ +1), 241 (M+ +1 C2H4O3). 159 (M + +1 - C10H21OH), 141 ( + CioH 2 i), 101 (+C4H5O3). Ш (KBr): v m a x 3460 (OH),
2920, 2850 (aliph CH), 1770 (C=0 5-ring lactone). 1460 (aliph CH). 1180, 1140. 1110. 1070. 1025,
1000 (C-O) c m 1 . СібН280б (316.396) Caled: С, 60.74; Η, 8.92. Found: С, 61.17; Η 8.68%.
Column chromatography (hexane - ethyl acetate, 1:1) of the concentrated mother liquor residue
gave pure 6d (2.16 g, 18%), m.p.: 95-96°C. [ct]D +92.7° (acetone). M/z 317 (M+ +1), 241 (M+ +1 C2H4O3), 159 (M + +1 - C10H21OH), 141 ГС10Н21), 101 ( + C 4 H 5 0 3 ). IR (KBr): v m a x 3460 (OH).
2950. 2910, 2850 (aliph CH), 1760 (C=0 5-ring lactone), 1465 (aliph CH), 1235 (C-0 lactone), 1170,
1135, 1105. 1070, 1000 (C-O) cm"1. C i 6 H 2 8 0 6 (316.396) Caled: С, 60.74; Η, 8.92%. Found: С,
61.00; Η, 8.91%.
(d) Undecyl ß-D-glucofuranosidurono-6,3-lactone (Se). Treatment of 4 ( 10 g, 56.8 mmol) with
1-undccanol (200 ml) in the above manner, followed by fractional recrystallization (ether - hexane, 2
: 3) of the resultant crystalline mixture (8.92 g. 48%), [а]д -27.7° (acetone), gave pure 5e (5.20 g,
28%), m.p. 86-88°C. c.p. 105°C, [ a ] D -36.7° (acetone). M/z 331 (M + +1), 255 (M+ +1 С 2 Н 4 0з).159 (M+ +1 - СцН 2 зОН), 155 ( + С ц Н 2 з ) , 141 (M+ +1 - СцН 2 зОН - Н 2 0 ) . 101
( + С 4 Н 5 0з). IR (KBr): v m a x 3460 (OH), 2920. 2850 (aliph CH), 1770 (C=0 5-ring lactone). 1460
(aliph CH). 1180, 1140, 1110, 1070, 1025, 1000 (C-O) cm"1. C17H30O6 (330.423) Caled: С, 61.80;
H, 9.15. Found: С, 62.20, H. 8.97%.
(e) Dodecyl a-D-glucofuranosidurono-6,3-lactone (6e) and ß-D-glucofuranosidurono-6,3lactone (5f). Treatment of 4 ( 10 g, 56.8 mmol) with 1-dodecanol (200 ml) in the above manner
followed by selective recrystallization (ether - hexane, 2 : 3) of the resulting crystalline mixture of 5f
and 6e (10.74 g, 55%), [a] D -15° (acetone), gave pure 5f (4.42 g, 23%), m.p. 88-89°C. c.p. 117°C,
[ a ] D -35.6° (acetone). M/z 345 (M+ +1), 269 (M+ +1 - C2H4O3), 169 ГС12ІІ25), 159 (M+ +1 C12H25OH), 141 (M+ +1 - C12H25OH - H2O), 101 (+C4H5O3). IR (KBr): v m a x 3460 (OH), 2920,
2850 (aliph CH), 1770 (C=0 5-ring lactone), 1460 (aliph CH). 1180, 1140, 1110, 1070, 1025, 1000
(C-O) cm-i. Сі 8 Н 3 2 0б (344.450) Caled: С, 62.77; II, 9.36. Found: С, 63.27; H, 9.16%.
Column chromatography (hexane - ethyl acetate, 1 : 1) of the material resulting from
concentration in vacuo of the combined crystallization mother liquors gave pure 6e (1.26 g, 11.7%),
m.p. 95-97°C, [d] D +81.5° (acetone). M/z 345 (M+ +1), 269 (M+ +1 - C2H4O3), 169 ( + Ci 2 H 2 5), 159
(M+ +1 - C12H25OH), 141 (M+ +1 - C 9 H 1 9 OH - H 2 0). 101 ( + C 4 H 5 0 3 ). IR (KBr): v m a x 3460 (OH),
2920, 2850 (aliph CH). 1770 (C=0 5-ring lactone), 1460 (aliph CH), 1180, 1140, 1110, 1070, 1025,
1000 (C-O) cm"1. C18H32O6 (344.450) Caled: С, 62.77; H, 9.36%. Found: С, 62.70; H, 9.13%.
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Octyl 2,4-di-0-acetyl-ß-D-glucofuranosidurono-6,3-lactone 5g. A solution of 5b (0.59 g, 2
mmol) in pyridine (6 ml) was treated with acetic anhydride (2 ml) at room temperature for 16 h and
then processed in the usual manner. Column chromatography (hexane / ethyl acetate, 3:1) yielded
pure 5g (0.63 g. 83%) as a syrup, [a] D +64° (CHCI3). IR (film): v m a x 2960, 2920, 2850 (aliph CH),
1805 (C=0. 5-ring lactone), 1750 (C=0, acetate). 1220 (C-O, ester), 1170, 1110, 1075, 1040, 1015
(C-O, carbohydrate) cm"1. M/z 373 (M+ + 1), 330 (M+ + I-CH3CO). 313 (M+ + 1 - AcOH), 243 (M+
+ 1 - CgHnOH), 201 (M+ + 1 - CgHnOH - H2C=C=0), 183 (M+ + 1 - CgHnOH - AcOH), 128 (M+
+ 1 - CgHnOH - 2AcOH), 43 (CH3C-0+. + C 3 H 7 ).
Octyl 2,4-di-0-acetyl-a-D-glucofuranosidurono-6,3-lactone 6f. Treatment of 6b (0.15 g, 0.52
mmol) in the same manner as described above gave 6f (0.14 g, 72%) as a syrup, [GC]D +181° (CHCI3).
Ш. (film): Vmax 2960, 2920, 2850 (aliph CH), 1815 (C=0,5-ring lactone), 1755 (C=0, acetate), 1220
(C-O, ester), 1160, 1125, 1075, 1035, 1005 (C-O, carbohydrate) cm"1. M/z 373 (M+ + 1), 330 (M+ +
I-CH3CO), 313 (M + + 1 - AcOH), 243 (M+ + 1 - CgHnOH), 201 (M+ + 1 - CgHnOH - H 2 C=C=0),
183 (M+ + 1 - CgHnOH - AcOH), 128 (M+ + 1 - CgHnOH - 2AcOH).
Octyl ß-D-glucofuranoside (9a). A stirred solution of the lactone 5b (2 g, 7 mmol) in ethanol
(100 ml) was treated with sodium borohydride (0.53 g, 14 mmol) and then set aside at room
temperature for 16 h. The mixture was diluted with methanol (100 ml), and the excess of reagent
destroyed by treatment with CO2, and then percolated through a column (21x3 cm) of Amberlite IR120 (H+-form) ion-exchange resin. The combined eluate and washings were concentrated in vacuo.,
and methanol (3x 20 ml) distilled from the residue. A solution of the material in dichloromethane methanol (9:1) was filtered through a layer of silica gel and the filtrate was concentrated in vacuo .
Recrystallization (diisopropyl ether) of the resultant material gave 9a (1.5 g, 74%), m.p. 52-54°C, c.p.
95°C, [a] D -71.5° (acetone). M/z 293 (M+ +1), 163 (M+ +1 - CgHnOH), 145 (M+ +1 - CgHnOH H2O), 127 (M+ +1 - CgHnOH - 2 H2O), 113 (+CgHn), 101 (+C4H503). IR (KBr): v m a x 3435 (OH),
2950,2910,2840 (aliph. CH), 1460 (aliph. CH), 1205, 1080, 1030 (C-O) cm"1. С і 4 Н 2 8 0 6 (292.374)
Caled: С, 57,51; H, 9.65. Found: С. 57.45; H, 9.35%.
Nonyl ß-D-glucofuranoside (9b). Treatment of the lactone 5c (2 g, 6.6 mmol) in the foregoing
manner yielded 9b (1.31 g, 65%), m.p. 46-50°C, c.p. 112°C, [a] D -66.8° (acetone). M/z 307 (M+ +1),
163 (M+ +1 - C9H19OH). 145 (M+ +1 - C9H19OH - H 2 0), 127 (+C9H19), 101 (+C4H5O3). IR (KBr):
Vmax 3435 (OH), 2950,2910,2840 (aliph. CH), 1460 (aliph. CH), 1205, 1080, 1030 (C-O ) cm"1.
C15H30O6 (306.401) Caled: С, 58.80; H, 9.87. Found: С, 58.01; H, 9.63%.
Decyl ß-D-glucofuranoside (9c). Treatment of the lactone 5d (2 g, 6.3 mmol) as described
above gave 9c (1.41 g, 70%), m.p. 67-68°C, c.p. 131°C, [a] D -66.8° (acetone). M/z 321 (M+ +1), 163
(M+ +1 - C10H21OH), 145 (M+ +1 - CioH2iOH - H 2 0), 141 (CioH2i), 127 (M+ +1 - CioH21OH - 2
H 2 0). 101 ( + C4H 5 0 3 ). IR (KBr): v m a x 3435 (OH), 2950,2910,2840 (aliph. CH), 1460 (aliph. CH),
1205, 1080. 1030 (C-O ) cm"1. СібН 3 2 0 6 (320.428) Caled: С. 59.98; H, 10.07. Found: С, 60.36; H,
9.84%.
Undecyl ß-D-glucofuranoside (9d). Treatment of the lactone 5e (2 g, 6.1 mmol) in the above
manner yielded 9d (1.18 g, 58%), m.p. 61-62°C, c.p. 141°C, [cc]D -62.5° (acetone). M/z 335 (M+ +1),
163 (M + +1 - С ц Н 2 3 О Н ) . 155 ( + С ц Н 2 3 ) . 145 (M + +1 - С ц Н 2 3 О Н - Ы 2 0), 127 (М + +1 109

СцНгзОН - 2 Ы 2 0), 101 ( + С 4 Н 5 Оз). IR (КВг): \тах

3435 (ОН), 2950,2910,2840 (aliph. CH). 1460

1

(aliph. СН), 1205, 1080, 1030 (С-0 ) c m . C17H34O6 (334.455) Caled: С, 61.05; H, 10.25. Found:
С, 61.03; H, 10.01%.
Dodecyl ß-D-glucofuranoside (9e). Teatment of the lactone 5f (2 g, 5.7 mmol) in the above
manner gave9e (1.64 g, 81%), m.p. 74-75°C, c.p. 149°C, [a] D -58.5° (acetone). M/z 349 (M+ +1).
169 ( + Ci2H 2 5). 163 (M+ +1 - C12H25OH), 145 (M+ +1 - C12H25OH - H 2 0), 127 (M+ +1 C12H25OH - 2 H 2 0), 101 (+С4Н50з). IR (KBr): ν,™ 3435 (ОН), 2950,2910,2840 (aliph. СН), 1460
(aliph. СН), 1205, 1080, 1030 (С-0 ) c m 1 . Сі 8 Нзб0 6 (348.482) Caled: С. 62.04; Η, 10.41. Found:
С, 61.76; Η, 10.50%.
Dodecyl 2,3.5,6-tetra-O-acetyl-ß-D-glucofuranoside 9f. A cooled solution of compound 9e
(0.5 g, 1.45 mmol) in pyridine (12 ml) was treated with acetic anhydride (4 ml), set aside at room
temperature for 48 h, and processed in the usual manner. Column chromatography (hexane-ethyl
acetate, 3:1) of the resultant material gave pure (GLC, 99.2%) 9f (0.57 g, 77%) as a syrup, [ a b
-33.3° (acetone). IR: v m a x 2920, 2850 (aliph. CH), 1745 (C=0), 1225 (C-O. acetates), 1110, 1070,
1040, 1020 (C-O) cm-1. M/z (C16H44O10) 559 (M+ + 43 ), 515 (M+ -1), 517(M+ +1), 516 (M+), 457
(M+ +1 - AcOH), 397 ( M+ +1 - 2AcOH), 331 (M+ +1 - C12H25OH), 289 (M+ +1 - C12H25OH H 2 C=C=0), 229 (M+ +1 - C12H25OH - H2C=C=0 - AcOH), 169 (+Ci2H25).
Decyl ß-D-glucofuranosidurono-(N-2' hydroxyethyl) amide (12a). (a) By deacetylation ofl2d.
A stirred solution of compound 12d (0.5 g, 0.9 mmol) in methanol containing KCN (5 mg, 0.08
mmol) was maintained at room temperature for 4h, then filtered through silica gel, and the filtrate
concentrated in vacuo. The residue was treated with diisopropyl ether, stored at 5°C, and the
crystalline 12a (0.305 g, 88%) collected by filtration, m.p. 39-41°C, c.p. 89°C. [a] D -54.3° (acetone).
IR (KBr): v m a x 3400 (OH, NH), 2920, 2840 (aliph. СИ). 1650 (C=0. amide I), 1525 (NH, amide II),
1450 (aliph CH), 1160, 1110, 1075, 1030 (C-O, carbohydrate) cm"1. М/с 378 (M++1), 220 (M++1C10H21OH), 202 (М++1-СюІІ2іОН-ІІ20), 184 (M++l-CioH2iOH-2H20). C18H35NO7 (377.480)
Caled: С 57.27, Η 9.35. Ν 3.71 . Found: С 55.81, Η 9.28, Ν 3.62%.
(b) By a direct reaction ofSd with 2-aminoethanol. A solution of 5d (2 g, 6.3 mmol) in ethyl
alcohol (20 ml) containing 2-aminoethanol (0.38 ml, 6.3 mmol) was heated under reflux for 4 h and
then concentrated in vacuo. Column chromatography (СНСІз-МеОН, 9:1) of the residue gave a syrup
(2.26 g, 95%), which was crystallised (diisopropyl ether) at 5°C to yield 12a (1.06 g, 44%), m.p. 3036°C, c.p. 83-85°C. [a] D -52.4° (acetone).
Undecyl ß-D-glucofuranosidurono-(N-2'-hydroxyethyl) amide (12b). (a) By the deacetylation of
12e. Compound 12e (0.5 g, 0.9 mmol) was treated with methanol containing a catalytic amount of
KCN (5 mg, 0.08 mmol) at room temperature for 4h. The resulting solution was filtered through
silica gel and the combined filtrate and washings concentrated in vauo. Crystallisation of the residue
(diisopropyl ether) at 5°C yielded 12b (0.279 g, 80%), m.p. 40-42°C, c.p. 121°C, [a] D -47.5°
(acetone). IR (KBr): \max 3400 (OH, NH), 2920, 2840 (aliph. CH), 1650 (C=0, amide I).1525 (NH.
amide П), 1450 (aliph CH). 1160. 1110,1075,1030 (C-O, carbohydrate) cm' 1 . M/z 420 (M++C2H5),
+
392 (M++1), 374 (M++1-H20), 220 (M +l-CioH2iOII), 202 (M++l-CioH2iOH-H20), 184 (M++1110

CioH 2 iOH-2H 2 0). C19H37NO7 (391.507) Caled: С, 58.29; H, 9.52; Ν. 3.58. Found: С, 56.78; Η,
9.50; Ν, 3.49%.
(Ъ) By a direct reaction of Se with 2-aminoethanol. A solution of 5e (1 g, 3.0 mmol) and 2aminoethanol (0.18 ml, 3 mmol) in ethyl alcohol (10 ml) was heated under reflux for 4 h. and the
reaction mixture was concentrated in vacuo. Column chromatography (CHCI3 - MeOH , 9:1) of the
residue yielded a syrup (1.03 g, 87%), which was crystallised (diisopropyl ether) at 5°C to yield 12b
(0.63 g. 53%). iap. 38-41eC, c.p. 108°C, [a] D -50° (acetone).
Dodecyl ß-D-glucofuranosidurono-(bl-2'-hydroxyethyl) amide (12c). (a) By a direct reaction of
Sfwith 2-aminoethanol. A mixture of Sf (1 g, 3.0 mmol) and 2-aminoethanol (0.18 ml, 3 mmol) in
ethyl alcohol (10 ml) was heated under reflux for 4 h. and the reaction mixture was then concentrated
in vacuo. Column chromatography (СНСІз-МеОН. 9:1) of the residue gave a syrup, which was
crystallised (diisopropyl ether) at 5°C to yield 12c (1.17 g, 50%), [a]o -51° (acetone), m.p. 58-60°C,
c.p. 133°C (polarisatiom microscopy), m.p. (DSC) 61.5°C, ΔΗ 46.2 kJ/mol, c.p.(DSC) 130.7°C. ΔΗ
2.04 U/mol. No isotropic liquid to liquid crystal transition was observed on cooling due to
concommitant decomposition above the melting point. IR (KBr): v m a x 3400 (OH. NH). 2920, 2840
(aliph. CH), 1650 (C=0. amide D.1525 (NH. amide П). 1450 (aliph CH). П60. 1110. 1075. 1030 (CO, carbohydrate) cm-'. M/z 434 (M++C 2 H 5 ), 406 (M++1). 220 (M + +l-Ci 2 H 2 50H). 202 (M++1Ci 2 H 2 5 OH-H 2 0). 184 (M + +l-Ci 2 H 2 5 OH-2H 2 0). C20H39NO7 (405.534) Caled.: С. 59.24; H. 9.69;
Ν. 3.45. Found: С, 59.34; Η. 9.80; Ν 3.56%.
(Ъ) By the deacetylation ofl2f. A stirred solution of compound 12f (100 mg. 0.02 mmol) in
methanol containing KCN (5 mg, 0.08 mmol) was maintained at room temperature for 4h, then
filtered through silica gel and the combined filtrate and washings concentrated in vacuo.
Crystallisation of the residue (diisopropyl ether) at 5°C yielded 12c (55.3 mg, 87%), m.p. 59-60°C,
c.p. 135°C, [a]o=-51.8° (acetone).
Decyl 2,3,4-tri-0-acetyl-ß-D-glucofuranosidurono-(N-2' acetoxyethyl) amide (12d). A stirred
mixture of 5d (2 g, 6.3 mmol) and 2-aminoethanol (0.38 ml, 6.3 mmol) in ethyl alcohol (20 ml) was
heated under reflux for 4 h and concentrated in vacuo. A solution of the residue in pyridine (15 ml)
was treated with acetic anhydride (5 ml) at room temperature (16 h), processed in the usual manner,
and the crystalline material «crystallised (hexane-diethyl ether) to give 12d (1.21 g, 35%), m.p. 5153°C. [a] D -26.5° (acetone). M/z 546 (M+ + 1). 486 (M+ + 1 - AcOH). 443 (M+ + 1 - AcOH - C3H7).
426 (M+ + 1 - 2AcOH), 388 (M+ + 1 - CioH2iOH), 328 (M+ + 1 - CioH2iOH - AcOH). 268 (M+ + 1
- СюНгіОН - AcOH). IR (KBr): v m a x 3460 (NH amide). 2960, 2910. 2850 (aliph CH). 1740 (C=0.
acetates), 1660 C=0, amide I). 1530 (C=0. amide II), 1240 (C-O, acatates), 1130, 1090, 1070. 1040
(C-O. carbohydrate) cm"1. C 26 H4 3 NOii (545.630) Caled.: Ν 2.56, С 57.23 Η 7.94. Found: Ν 2.60, С
57.32, Η 7.98%.
Undecyl 2,3,4-tri-0-acetyl-ß-D-glucofuranosidurono-(H-2'-acetoxyethyl)

amide (12e).

Treatment of the lactone 5e in the foregoing manner yielded compound 12e (1.76 g, 52%), m.p. 5455°C, [a] D = -19.2° (acetone). M/z 560 (M+ + 1). 500 (M+ + 1 - AcOH), 457 (M+ + 1 - AcOH C3H7), 440 (M++l-2AcOH), 388 (М + +1-СнН 23 ОН). 328 (М++1-СцН2зОН-АсОН). 268 (M++1СцН 23 ОН-АсОН). IR (KBr): v m a x 3460 (NH amide), 2960. 2910. 2850 (aliph CH), 1740 (C=0,
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acetates), 1660 C=0, amide I), 1530 (C=0, amide II), 1240 (C-O, acatates). 1130, 1090, 1070, 1040
(C-O, carbohydrate) cm" 1 . C27H45NO11 (559.657) Caled.: С, 57.95; H, 8.10; Ν. 2.50. Found: С,
57.87; Η, 8.12; Ν. 2.55%.
Dodecyl 2,3,4-tri-0-acetyl-ß-D-glucofuranosidurono-fN-2'-acetoxyethyl)
amide (I2f).
Treatment of the lactone 5f (2 g, 5.8 mmol) with 2-aminoethanol (0.35 ml, 5.8 mmol) as described
above yielded compound 12f (1.76 g, 52%), m.p. 59-61°C, [O]D= -25° (acetone). M/z 574 (M+ + 1),
514 (M+ + 1 - AcOH), 471 (M+ + 1 - AcOH - C3H7), 454 (M+ + 1 - 2AcOH), 388 (M+ + 1 C12H25OH). 328 (M+ + 1 - C12H25OH - AcOH), 268 (M+ + 1 - C12H25OH - AcOH). IR (KBr): v m a x
3460 (NH amide), 2960, 2910, 2850 (aliph CH). 1740 (C=0, acetates), 1660 C=0, amide I), 1530
(C=0, amide II), 1240 (C-O, acatates), 1130, 1090, 1070, 1040 (C-O, carbohydrate) cm"1.
C28II47NO11 (573.684) Caled.: С. 58.62; Η, 8.26;.N. 2.44. Found: С, 58.54; Η, 8.32N; 2.50%.
Dodecyl ß-D-glucofuranosidurono-N-(N',N'-dimethylaminoethyl)
amide (13a). A stirred
mixture of 5f (1 g, 2.9 mmol) and/V,A4dimethyl)ethylenediamine (0.4 ml, 3.5 mmol) in ethyl
alcohol (50 ml) was heated under reflux for 3 h andconcentrated in vacuo. Column chromatography
(CH2CI2 - MeOH, 4:1) of the residue gave 13a (0.92 g, 73%) as a syrup, [CC]D= -50.0° (acetone). IR
(film): v m a x 3430 (OH, NH), 2920, 2850 (aliph CH), 1650 (C=0, amide I), 1525 (N-H, amide Π),
1460 (aliph CH), 1110, 1080, 1030 (C-O) cm-1.
Dodecyl 2,3,4-tri-0-acetyl-ß-D-glucofuranosidurono-N-(N\N'-dimethylaminoethyl)
amide
(13b). A solution of 5f (2 g, 5.8 mmol) in ethyl alcohol (20 ml) containing W./V-dimethyl
ethylenediamine (0.64 ml, 5.8 mmol) was heated under reflux for 3 h and concentrated in vacuo. A
solution of the residue was treated with pyridine (15 ml) and acetic anhydride (5 ml), set aside at
room temperature for 16 h, and then processed in the usual manner to give 13b (1.27 g, 40%) as a
hygroscopic waxy solid, m.p. 45-51°C, [a] D -12.6° (acetone). M/z (C28H50O9N2) 559 (M++1), 499
(M++l-AcOH), 373 (M++l-Ci2H25OH), 313 (M++l-Ci2H250H-AcOH), 253 (M + +l-Ci 2 H 2 50H2AcOH). IR (CCI4): v m a x 3450 (NH), 2910, 2850 (aliph. CH), 1750 (C=0 acetates), 1690 (C=0,
amide I), 1510 (N-H, amide II), 1460 (aliph. CH), 1220 (C-O, acetates), 1120,1070,1040 (C-O,
carbohydrate) cm"1. C28H50N2O9 (558.718) Caled.: С, 60.19; H, 9.02; Ν, 5.01. Found: С, 60.15; Η,
9.08; Ν 5.00%.
Dodecyl ß-D-glucofuranosiduronamido-N-(N',N',K-trimethylethyl ammonium) iodide (14a). A
solution of compound 13a (0.82 g, 1.9 mmol) in diisoproyl ether (25 ml) was treated with
iodomethane (0.24 ml, 4 mmol), and set aside at room temperature for 3 h to give 14a (0.93 g, 84%),
m.p. 105°C, c.p. 192 °C. The product decomposed above the clearing point. [a] D -32.2° (CHCI3). IR
(KBr): Vmax 3420 (OH, NH), 2910, 2840 (aliph. CH). 1660 (C=0. amide Γ). 1520 (NH, amide II),
1160, 1105, 1060,1020 (C-O, carbohydrate) cm"1. M/z 433 (M+- CH3I), 415 (M+- CH 3 I-H 2 0), 169
( + Ci 2 H 2 5). C23H47IN2O6 (574.542) Caled.: С, 48.08; H, 8.25;.N 4.88. Found: С, 47.12; H, 8.23; Ν,
4.89%.
Dodecyl
2,3,5-tri-0-acetyl-ß-D-glucofuranosiduronamido-N-(N\N',N'-trimethylethylammonium) iodide 14b. A solution of 13b (0.5 g, 0.9 mmol) in diethyl ether (20 ml) was treated with an
excess of iodomethane (0.83 ml, 9 mmol), set aside at room temperature for 5 h, and then
concentrated in vacuo to give 14b (0.6 g, 95%) as a yellow hygroscopic waxy solid, mp 35-40°C,
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[ a ] D -11.2e (CHCI3). Μ/ζ 559 (Μ+- CH 3 I). 499 (М+- СН3І-АсОН). IR (ССІ4): ν„„« 3450 (N-H).
2920, 2850 (aliph. СН). 1750 (С=0, acetates), 1670 (С=0. amide I), 1505 (NH, amide И). 1460
(aliph. СН), 1215 (C-O. acetates), 1120. 1070. 1040 (C-O. carbohydrate) c n r 1 . C29H53IN2O7
(700.655) Caled.: С, 49.71; Η, 7.62; Ν, 4.00. Found: С. 48.81; Η, 7.61; Ν, 3.93%. The product forms
a clear foaming solution in water.
Potassium dodecyl ß-D-glucofuranosiduronate (8). Aqueous potassium hydroxide (IM. 1.58
ml) was added slowly to a suspension of 5f (0.5 g, 1.58 mmol) in water (50 ml). The resulting clear
yellow solution was lyophilized to give a very hygroscopic yellow solid, probably containing (8),
some unreacted starting material and traces of other unidentified material (TLC). IR (KBr): v m a x
3400 (ОН), 2920, 2850 (aliph СН), 1770 (C=0,w. lactone), 1610, 1400 (COO), 1460 (aliph CH).
1140, 1115. 1080, 1015 (C-O. carbohydrate) cnr^The product was difficult to characterise. It was
soluble in water and formed a clear foaming solution.
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Chapter 5
THE SYNTHESIS OF 2-0- AND 3-0-DODECYLOXYCARBONYL DERIVATIVES OF
METHYL a-D-GLUCOPYRANOSIDE.
A NOVEL TYPE OF NON-IONIC SURFACTANT.

5.1

Introduction.

Methyl a-D-glucopyranoside (1) is inexpensive and readily available in nearly quantitative
yield by the methanolysis of starch1. It can be considered as a potentially useful building block for
the synthesis of non-ionic surfactants. It already finds use industrially as an "anchor" unit for the large
scale production of polyurethanes2.
The selective esterification of 1 at the C-6 position by base-catalysed transesterification with
methyl esters of fatty acids, or via enzyme mediated esterification with fatty acids, both in the
absence of solvents, has been described3·4. Mono-0-acyl derivatives of 1 may be useful as
emulsifiers in food processing, as detergents, or in paint and varnishes5. All of the possible positional
isomers of methyl mono-0-tetradecanoyl-a-D-glucopyranoside have been synthesized using
appropriate protecting group sequences. Their spectroscopic characteristics ('H and 13C-NMR) were
also reported6.
Methyl 4,6-O-benzylidene-a-D-glucopyranoside (2) is one of the most useful, and extensively
studied protected derivatives of 1 for obtaining esters selectively substituted at the C-2 and C-3
positions. The acetal group at the C-4, C-6 positions is readily removed by catalytic hydrogenolysis
usually without affecting these substitueras. The esterification of 2 is normally carried out with acid
chlorides or anhydrides in the presence of pyridine, although phase-tranfer catalysis procedures have
been described recently (cf. chapter 2).
The 2,3-cyclic carbonate derivative 3 of acetal 2 is known7 to react readily with methanol and
benzyl alcohol to give the corresponding 1-0 and 3-O-alkoxycarbonate esters 4a, 5a and 4b, 5b. The
2-isomers 4a and 4b preponderated.
A relatively simple route to methyl 2-0- and methyl 3-0-dodecyloxycarbonyl-a-Dglucopyranoside 6 and 7, based on this approach was developed during this study. Compounds 6 and
7 have potential as novel non-ionic surfactants. It was demonstrated earlier (cf. Chapter 2) that
alkoxycarbonate esters have stabilities similar to ordinary acyl groups under basic conditions.
Long chain mono-O-alkoxycarbonate esters of 1 have not been described hitherto, due mainly
to the inaccessibility of the corresponding long chain alkyl chloroformâtes, which are not
commercially available.
Some mechanistic aspects of the reactions are also discussed.
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5.2

Results and discussion.

An efficient simple synthesis of acetal 2, possibly adaptable to larger scale operations, was
considered to be a prime requirement for the proposed route to compounds 6 and 7. The /rans-cyclic
carbonate 3 can be obtained from 2 under simple conditions, and in excellent yields.
Most of the procedures used for the formation of 2 are based on the original one 8 using
benzaldehyde - zinc chloride. Many of these require long reaction periods, sometimes in excess of 24
h. A brief history of the reaction has been given9.
There have been recent improvements described9·10a_d, and in one of these100 ultrasound was
used to enhance the rate of formation of pure compound 2, which could be isolated in 71% yield after
ca 1 h. An important factor in these reactions is the necessity to form an active zinc chloride benzaldehyde complex prior to the addition of 1. The complex is not formed readily and is easily
poisoned if a substrate is added to the benzaldehyde before treatment with zinc chloride. The use of
ultrasound ensures the satisfactory formation of the complex and prevents its crystallisation, which
can cause operational problems during the addition of compound 1.
Application of this procedure in the study described here provided compound 2 (64%) when
conducted on a 50 g scale. Although the procedure results in shorter reaction times, the yields are
comparable with other existing procedures, a possible disadvantage could be be that the effect of
ultrasound may be difficult to achieve efficiently when the reaction is performed on a larger scale.
An alternative procedure10·1 for the preparation of 2 was therefore investigated. Treatment of 1
with an excess of benzaldehyde in the presence of anhydrous formic acid at O'C for 24 h under
nitrogen gave 2 in 71% yield. The excess of benzaldehyde could be recovered by distillation in vacuo
and used in a further reaction with 1 and formic acid to yield a further amount of 2 (39%, calculated
from the amount of 1). The disadvantage of this procedure is that it requires longer reaction periods,
and a more involved work-up procedure.
The formation of the íraní-cyclic carbonate 3 from 2 has been described by Doane et. al. 11 .
When 2 was treated with ethyl chloroformate and triethylamine in the molar proportions of 1 : 5.6 :
3.6 a complex mixture consisting of cyclic and acyclic carbonate esters of 2 resulted. Treatment of 2
with ethyl chloroformate and triethylamine in the ratio of 1 : 30 : 10 however gave the irans-cyclic
carbonate 3 as the only product, which was isolated in 89% yield.
Reaction of 2 with ethyl chloroformate and pyridine under similar conditions gave only the
diethoxycarbonate derivative 10. The stronger base triethylamine therefore promotes the formation of
the cyclic carbonate. Replacement of ethyl chloroformate by phosgene is known to give 3 in a 98%
yield11, but the use of ethyl chloroformate rather than the severely toxic phosgene was considered to
be the most convenient route to 3.
When the mono-O-ethoxycarbonates 4c and 5c were treated11 with triethylamine no cyclisation
to the 2,3-carbonate 3 was observed, and the starting materials were recovered unchanged. It was
suggested therefore, that the mono-O-ethoxycarbonyl-derivativcs 4c or 5c were not intermediates in
the formation of 3. A mechanism for the formation of 3 was not given by Doane et α/.11.
116

CHjOR 3

\

/OF*

ОСНэ
OR 1
1

R^R^R^H
1

8

2
2

3

4a R1 = C(0)OCH3, R2 = H

R = C(0)OCi2H25.R = R = H
1

9

4b R1 = C(OX)Bn, R2 = H

R = R = H,R = C(0)OCi2H25
î

2

¿

10 R ^ R ^ p - N C ^ - B z , R = C(0)OC12H25

PhCH

4c R^CiOXJEt, R2 = H
5a R1 = H, R2 = C(0)OCH3

P/

R1 = R 2 = H

5b R1 = H, R2 = C(0)OBn

-Q
/

5c R 1 = H , R 2 = C(OpEt

0

-*•'

'OCH3

6

R1 = C(0)OCiiH 2 5, R2 = H

7

R1 = H, R2 = C(0)OCi2H25

10 R1 = R2 = C(0)OEt

The reaction of pure 5c with triethylamine was subsequently reinvestigated. This substrate was
obtained by treatment of 3 with ethanol and a catalytic amount of triethylamine (vide infra). When
individual solutions of 4c and 5c in CH2CI2 containing a catalytic amount of triethylamine were
heated under reflux for 5 days, TLC (ethyl acetate - hexane, 1:1) then indicated that both solutions
contained mixtures of 4c and 5c, but no compound 3 was detected. Analysis of the integrated signals
assigned to the C-l anomeric protons in the lH NMR spectra of compounds 4c and 5c occurring at
5.00 and 4.83 ppm, respectively, showed them to be present in an approximate ratio of 3:1 and 1:2,
respectively, in the two mixtures.This was subsequently confirmed by HPLC analysis. These values
do not necessarily represent the final equilibrium value for these transitions. These were not
determined.
The results suggest that 4c and 5c function as intermediates in the formation of 3 despite the
earlier7 negative assertion. Nucleophilic attack of an oxyanion, generated at the remaining free
hydroxyl group by reaction with triethylamine, on the carbonyl carbon atom of the ester group could
result in the intermediate formation of 3 (Scheme 1, reaction b). This would be immediately reopened by the ethoxide ions that are produced to give a mixture of 4c and 5c (reaction с and d),
11
which re-equilibrates in a similar manner. Under the usual reaction conditions in the presence of a
large excess of ethyl chloroformate the ethoxide ions that are produced are effectively removed by
reaction with the reagent to give diethyl carbonate (reaction g), thereby shifting the equilibrium in
favour of compound 3. The alternative mechanism of ethoxycarbonyl ester migration (reaction a and
e) may also be concurrent with the above proposed route. There are however no recorded examples of
this type of migration.
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The carbonyl carbon atom of the five membered fra«i-cyclic carbonate ring in compound 3 is
highly reactive towards various nucleophiles because of the torsional strain, resulting in facile
opening of the cyclic carbonate group. Ring opening reactions have been achieved with various
alcohols, thiols and amines7, e.g methanol, benzyl alcohol, a-toluenethiol, ammonia, piperidine and
glycine. The reaction of 3 with more complex molecules such as starch has also been described

12

.

The ring opening reactions of the carbonate group of 3 were investigated using ethanol and
dodecanol as nucleophiles, in the presence of a catalytic amount of triethylamine. Opening of the
trans-cyclic carbonate occurred when 3 was heated under reflux with ethanol and a catalytic amount
of triethylamine. Nucleophilic attack of ethoxide ions on the carbonyl carbon atom of the cyclic
carbonate (scheme 1) resulted in the formation of 4c (21%) and 5c (28%) (isolated by column
chromatography). A considerable amount of 2 (47%) was also obtained, probably due to subsequent
base-catalysed alcoholysis of the ethoxy carbonyl groups in compounds 4c and 5c.
The base-catalysed ring opening of 3 in dichloromethane with 3 equivalents of dodecanol at
room temperature for 16 h was then investigated. A product mixture of the desired dodecyloxycarbonyl derivatives

б and 7, and some unreacted 3 (42: 35 : 6.5) was detected by HPLC

analysis. No alcoholysis to 2 appeared to occur under these conditions. The product ratio was in
agreement with the results obtained earlier by Doanc et al? from the base catalysed ring opening of 3
using methanol, which showed a preference for the formation of the C-2-isomer rather than the C-3isomer (2.2 : 1). Compounds 6 and 7 were isolated crystalline in good yield (54% and 37%,
respectively) after column chromatography, and were characterised by their Ή - and 1 3 C-NMR
spectra.
In the final step the benzylidene protecting groups of compounds 6 and 7 were removed
quantitatively by catalytic hydrogenolysis using Pd/C (10%) as the catalyst. The 3-0-dodecyl118

oxycarbonyl-a-D-glucopyranoside 9 was isolated as a syrup , whilst the 2-isomer 8 was obtained as a
crystalline solid. A solid p-nitrobenzoate 10 was prepared in the usual manner by p-nitrobenzoylation
of compound 9 using p-nitrobenzoyl chloride and pyridine for characterisation. The overall yields of
8 and 9 starting from 1 amounted to 30 and 20% , respectively .
Compound 8 displayed interesting thermotropic liquid crystalline behaviour. The compound
melted at 73-75°C, but on supercooling a monotropic mesophase was observed. The mesophase could
be classified tentatively as smectic A by its focal conic texture with oily streaks and pseudo isotropic
areas. This behaviour can be expected for surfactants with strong intermolecular hydrogen bonding 13 .
Monotropic mesophases are however thermodynamically unstable, and reversion to the more stable
crystal structure will occur eventually.
Scheme 2:
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The procedures described here represent a convenient synthetic route to compounds 8 and 9 as
is depicted in the summaring Scheme 2. Most of the steps can be performed with minimum use of
column chromatography. All intermediates are crystalline. From a commercial point of view this
route involving 4 reaction steps would involve high production costs, but the products could find
application as specialised bio-detergents14·15.
5.3

Experimental.

General procedures.
iH-NMR spectra were recorded with a Varían EM 390 (90 MHz) or a Bruker AM 400 (400
MHz, FT) spectrometer in CDCI3 solutions (internal Me4Si). 13C-NMR-spectra were recorded with a
Bruker AM 400 spectrometer operating at 100.6 MHz on solutions in CDCI3 (internal Me4Si). IR
spectra were determined with a Perkin Elmer 298 spectrophotometer. Chemical Ionisation mass
spectra, induced with methane gas were determined on a double focussing VG 7070E spectrometer.
Melting points were determined on a Reichert thermopan microscope and are uncorrceted. Optical
rotations were determined using a Perkin Elmer 241 automatic Polarimeter on 1% solutions in the
solvents indicated at 20°C. Column chromatography was performed on silicagel 60 with the eluents
indicated. TLC was performed on silicagel 60 deposited on sheets of plastic (0.2 mm, F254, Merck
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5735) in the solvent mixtures indicated, the compounds were detected with 5% H2SO4 in ethanol,
followed by charring at 140°C for 15 minutes. Analytical HPLC was performed using a Spectra
physics 8700 solvent delivery system a Spectra physics 8400 variable wavelength UV/Vis detector
operating at 254 nm with a Spectra Physics 4100 computing integrator and an analytical HPLC
column (250 χ 4.6 mm) packed with Silicagel 60 (5 цт) using hexane / ethylacetate (3:2) as eluent at
a flow of 1 ml/min. 1,2-Dimethoxyethane was distilled from sodium hydride, and diethyl ether was
pre-dried over calcium chloride, then re-distilled from calcium hydride. Hexane was distilled from
calcium hydride.
Methyl 4,6-O-benzylidene-a-D-glucopyranoside (2). -(a) From the reaction of 1 with
benzaldehyde - ZnCfo using ultrasonication 1 0 c . Finely powdered 1 (50 g, 0,26 mol) was added to a
preformed mixture of benzaldehyde (144 ml, 1.4 mol) and anhydrous ZnCl2 (34 g, 0.25 mol) as
described 100 to give 2 (46.3 g, 64%) after «crystallisation from propan-2-ol / water (1:3). mp 165168°C, [CC]D = +104° (CHCI3); lit. 1 6 mp 164-165°C, [oc]D = +117.5°.
•(b) from the reaction of I with benzaldehyde and formic acid. The procedure of Menicagli 10d
was adopted. A stirred mixture of 1 ((60 g, 0.31 mol), benzaldehyde (250 ml, 2.46 mol) and
anhydrous formic acid (125 ml, 2.69 mol) was set aside at 5°C for 24 h, and was then concentrated in
vacuo (25°C, 1.5 mmHg) to remove formic acid , and then at (50°C, 1.5 mmHg) to remove
benzaldehyde. The crystalline residue obtained thus was dissolved in CH2CI2 and the solution
washed with saturated aqueous ЫаНСОз solution and water. The washed extract was dried (Na2SC>4),
concentrated in vacuo to ca 100 ml, and then treated with hexane (900 ml) to give impure 2, which
was collected by filtration. Recrystallisation of the crude product from propan-2-ol / water (1:3) gave
pure 2 (62.2 g, 71%). mp 165-167°C, [ a ] D = +105° (CHCI3). Treatment of a further portion of 1 (30
g) with the above recovered benzaldehyde (123 g), in the presence of formic acid (60 ml) in the same
manner yielded a further amount of 2 (17 g, 39%) in the same way. mp 164-167°C. [<X]D = +105°
(CHCI3).
Methyl 4,6-0-benzylidene-a-D-glucopyranoside-2,3-carbonate (3) n . A solution of triethylamine (100 ml) in toluene (500 ml) was added dropwise to a cooled (0°C) stirred solution of 2 (20 g,
71 mmol) in 1,2-dimelhoxyethanc at 0°C, and on completion of the addition stirring was continued
for a further 2 h. The reaction mixture was washed succesively with 2M aqueous HCl and water until
neutral, dried (Na2S04) and concentrated in vacuo to give a syrup, which crystallised upon the
addition of diethyl ether. Recrystallisation from ethyl acetate / diethyl ether gave pure 3 (17.7 g, 58
mmol, 81%). mp 122-125°C, [ a ] D = +68° (CHCI3); lit u mp 115-117°C ,[a] D = +69° (CHCI3).
IR(KBr): Vmax 3030, 3005 (arom. CH) 2950, 2880, 2860 (aliph CH), 1840, 1830,1805 {trans-cyclic
0-(C=0)-0), 1220-950 (C-O, carbohydrate and carbonate) cm"1. Ш-ЫМЯ (CDC13): δ 7.45 (m, 5H,
СбШ). 5.52 (s. Ш,СбН5СН), 5.08 (d, IH. J i i 2 = 2.89Hz,H-l),4.79 (d.d., IH, J 2 ,3= 11.3 Hz. J3>4 =
10.2 Hz, H-3). 4.23 ( d.d., IH,

бе = 9.6 Hz, Jfr.,5 = 3.9 Hz, H-6e), 4.16 (d.d., IH, Ji, 2 = 2.89 Hz.

J2.3 = 11.3 Hz, H-2), 3.96 (d.d.,lH. 1 6 3 ) 6 ε = 9.6 Hz, J 6 a , 5 = 9.6 Hz, H-6a), 3.81 (d.d., IH, J4,5 = 10.3
Hz. J 3 | 4 = 10.2 Hz, H-4), 3.75 (d.d.d, IH, Jfe.s = 3.9 Hz, J6a,5 = 9.6 Hz, J4,5 = Ю.З Hz, H-5), 3.44 (s.
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ЗН, ОСЫз) ppm. I3C-NMR (CDC13): δ 152.9 (C=0), 136.2, 129.1, 128.1,125.9 (arom. С), 101.0
(СбН5£Н). 96.2 (C-I), 79.1.77.4. 75.8, 64.7 (С-2 to С-5), 68.0 (С-6). 55.7 (QCH3) ppm.
Methyl 4,6-0-benzylidene-2-0-ethoxycarbonyl-a-D-glucopyranoside (4c) and methyl 4,6-0benzylidene-3-O-ethoxycarbonyl-a-D-glucopyranoside (Sc). A solution of 3 ( 5 g, 16.2 mmol) in
ethanol (50 ml) containing a catalytic amount of triethylamine (0.2 ml, 1.6 mmol) was heated under
reflux for 24 h. The reaction mixture was concentrated in vacuo to give a crude product (5.19 g)
consisting of 2,4c, and 5c (TLC, hexane / elhylacetate. 1:1). The material was dissolved in hexane /
ethylacetate (2:1) and crystalline 2 was collected by filtration (2.17 g. 47%). m.p. 163-165CC.
The filtrate was concentrated in vacuo and the residue separated by column chromatography
(hexane/ ethyl acetate, 2:1) to give 4c ( 1.2 g. 21%): mp 100-103°C; [ a ] D +95°, lit.: mp 100-101°C;
[ a ] D +96°; ІН NMR ( CDCI3 / D2O) δ 7.51-7.34 (m, 5H, arom. H), 5.56 (s, IH, СбН5СН). 5.00 (d,
IH. Ji,2 = 3.7 Hz. H-l), 4.65 (d.d., IH. Jh2 = 3.7 Hz, J 2 i 3 = 9.6 Hz, H-2), 4.29 (d.d. lH.J5,6e = 4.4
Hz, J6e>6e = 9.8 Hz, H-6e), 4.20 (dd, IH. J 2 , 3 = 9.7 Hz, J 3 , 4 = 9.4 Hz, H-3), 4.17 (q. 2H, J = 6.8 Hz,
OCH2CH3), 3.84 (ddd, IH, J4,5 = Js.6a = 9.6 Hz, J5,6e = 4.4 Hz, H-5), 3.78 (dd, IH, J5.6a • 9.4 Hz
J6e,6a = 9.8 Hz, H-6a), 3.57 (t. IH. J3.4 = J4.5 = 9.6 Hz, H-4), 3.42 (s, ЗН, ОСНз).143 (t, 3H, J = 7.2
Hz, ОСН2СЫ3).
Further elution gave 5c (1.59 g, 28%): mp 142-144°C; [ a b +99°; lit. 11 : mp 143-144°C; [ a ] D
+101°; J H NMR (CDC13 /D2O) δ 7.51-7.34 (m. 5H, СбШ). 5.55 (s. IH. СбН5СШ, 5.10 (t. IH. J3.4
= J2.3 = 9.6 Hz. H-3). 4.83 (d. IH. Ji, 2 = 3.8 Hz. H-l). 4.31 (dd. IH. Jfe.ôa = Ю.2 Hz. J5.6e = 4.7 Hz.
H-6e). 4.19 (q, 2H, J = 7.2 Hz. ОСЦ2СН3). 3.84 (ddd. IH, ί5& = 4.8 Hz J5>6a = Ю.2 Hz, J 4 , 5 = 9.6
Hz. H-5). 3.77 (t, IH, J6a,6e = Î6a,5 = Ю.2 Hz, H-6a). 3.75 (dd. IH. Ji ( 2 = 3.8 Hz. J 2 i 3 = 9.6 Hz. H-2).
3.62 (t, IH, J4,5 = J 3 > 4 = 9.6 Hz, IM). 3.47 (s. ЗН, ОСНд). 133 (t. 3H, J = 7.2 Hz. ОСН2СЫз) PP™·
Methyl 4,6-0-benzylidene-2-0-dodecyloxycarbonyl-a-D-glucopyranoside (6) and methyl 4,6O-benzylidene-3-O-dodecyloxycarbonyl-a-D-glucopyranoside (7). A solution of compound 3 (10 g,
32.5 mmol) in CH 2 C1 2 (30 ml) containing dodecanol ( 18.6 g, 0.1 mol) was treated with a catalytic
amount of triethylamine (0.5 ml, 10 mol%) at room temperature for 16 h and the mixture was then
concentrated in vacuo. The excess dodecanol present was removed from the residue by molecular
distillation (120°C, 0.6 mmHg) to give a crude product (17.31 g) consisting of 6 ,7 and some
unreacted 3 in the ratio of 42: 35: 6.5 (IIPLC). Column chromatography of the material (hexane /
ethyl acetate, 3:1) yielded б (8.62 g, 54%), which on recrystallisation from hexane gave pure 6 (5.26
g, 33%): mp 75-77 (from hexane), [ a b +67.5°; IR (КВг) 3460 (ОН), 1745, 1290 and 1245 c m 1
(ester);!H NMR ( CDC13) δ 7.50-7.25 (m, 5H, arom. H), 5.55 (s, IH, СбН5СН). 5.00 (d, IH, Ji, 2 =
3.7 Hz, H-l). 4.65 (d.d.. III. Ji, 2 = 3.7 Hz. J 2 l 3 = 9.7 Hz. H-2), 4.31 (dd, lH,J 5 > 6 e = 4.6 Hz. J^.óa =
10.2 Hz. H-6e), 4.22 (d.d.d. IH, J 3 ,OH = 2.5 Hz. J2,3 = 9.7 Hz. J3,4 = 9.4 Hz. H-3). 4.16 (t. 2H, J = 6.8
Hz, ОСШ-СцН 2 3 ). 3.84 (ddd. IH, J 4 , 5 = Js.óa = 9.4 Hz. J5,6e = 4.6 Hz, H-5), 3.76 (dd. IH, J5,6a =
9.4 Hz J6e.6a = Ю.2 Hz, H-6a). 3.57 (t. IH, J 3 i 4 = J 4 i 5 = 9.4 Hz, H4), 3.42 (s. 3H. OCHj). 2.78 (d.,
IH. J3.0H • 2.5 Hz, С-3-ОШ. 170 (m, 2H, ОСН 2 -СШ-СюН2і). 125 (m, 18H, OCH 2 -CH 2 (CÏÏ2)9-CH3). 0.88 (t, 3H, J = 6.7 Hz 0-(СН 2 )ц-СНз) ppm; 1 3 C NMR (CDC13) δ 154.8 (C=0),
136.9. 129.2, 128.3, 126.3 (arom. C), 101.96 (С6ІІ5СН). 97.5 (C-l), 81.3, 76.6. 68.6, and 62.0 (C-2
to C-5), 68.8 (C-6 and 0 £ Н 2 С ц Н 2 3 ) , 55.3 (OC_H3) 31.8. 29.5. 29.4. 29.3, 29.2, 28.5. 25.6, 22.6
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(£H 2 alkyl chain), 14.0 (£Нэ, alkyl chain) ppm; M/e 495 (M+ + 1). 463 (M+ + 1- CH3OH). 309 (M+
+ 1- C12H25OH), 283 (M+ + 1- C12H25OH - C2H2). 265 (M+ + 1- C12H25OCO2H), 107 ( + C7H 7 0),
91 ( + C 7 H 7 ). 77 (+СбН5). Anal. Caled for C27H42O8 (494.628): C. 65.56; H. 8.56. Found: C, 65.27;
H, 8.49%.
Further elution then gave 7 (5.99 g, 37%), which on recrystalization from hexane gave pure
material (5.41 g, 34%): mp 64 - 67 °C (from hexane). [ a ] D +69.3°; IR (KBr) 3460 (OH), 1745 and
1270 c m 1 (ester); >H NMR (CDCI3) δ 7.46-7.25 (m, 5H, CdL·). 5.49 (s, IH, QflsCH). 5.11 (t. IH,
J3>4 = J2.3 = 9.6 Hz. H-3), 4.80 (d. IH. J 1>2 = 3.8 Hz, H-l), 4.30 (d.d. IH. Jfe.óa = Ю.2 Hz, J 5 i 6 e = 4.7
Hz, H-6e), 4.14 (t, 2H, J = 6.8 Hz, OCH2-C11H23). 3.88 (d.d.d.. IH, J 5 i 6 e = 4.8 Hz J 5 > 6 a = Ю.2 Hz.
J 4 ( 5 = 9.6 Hz, H-5), 3.75 (t. IH. J ^ ^ = Jöa.5 = 10.2 Hz, H-6a). 3.72 (ddd, IH, h,2 = 3.8 Hz. J2.3 =
9.6 Hz, J2.0H = 11.3 Hz, H-2), 3.62 (t, IH, J4,5 = J3.4 = 9.6 Hz, H^t), 3.47 (s, 3H, ОСН3). 2.39 (d.,
IH,

C-2-OH., J2.0H - 11-3 Hz), 1.65 (m. 2H О С Н г С Ц г С ю Н г і ) , 1.24 (m. 18H,

ОСН2СН2(СШ)9СН3), 0.88 (t, 3H. J = 6.6 Hz, 0(СН 2 )цСЫз); 1 3 C NMR (CDCI3): 6 155.2 (C=0),
136.9, 129.0, 128.1 and 126.1 (arom. C), 101.4 (СбН5£Н), 100.0 (C-l), 78.5, 76.2,71.6 and 62.6 (C2 to C-5), 68.8 and 68.5 (C-6 and OCJI2C11H23). 55.5 (OCH3). 31.8. 29.5, 29.4. 29.3. 29.1. 28.5.
25.6 and22.6 (ОСН2(СН2)юСНз). 14.0 (0(CH 2 )uCH 3 ) ppm; M/e 495 (M+ + 1). 463 (M+ + 1CH3OH). 309 (M+ + 1- C12H25OH). 283 (M+ + 1- C12H25OH - C2H2), 265 (M+ + 1C12H25OCO2H). 107 ( + С 7 ІІ70). 91 ( + C 7 H 7 ). 77 (+СбН5). Anal. Caled for C27H42O8 (494.628): C,
65.56; H. 8.56. Found: С. 65.20; H. 8.43%.
Methyl 2-O-dodecyloxycaTbonyl-a-D-glucopyranoside (8). A solution of 6 (6 g, 12.1 mmol) in
methanol (100 ml) was hydrogenated (1 aim) in the presence of Pd/C (150 mg) for 3 h, when the
hydrogen uptake had ceased. The catalyst was removed by filtration, washed with methanol and the
combined filtrate and washings concentrated in vacuo to a syrup, which crystallised on standing.
Recrystallisation from ether / hexane gave pure 8 (4.76 g, 97%): mp 73-75°C; clearing point 4648°C; [Cito +90°; lH NMR (CDCI3 / D 2 0) δ 4.94 (d, IH. Ji, 2 = 3.6 Hz, H-l), 4.55 (dd. IH, J u = 3.6
Hz, J 2 > 3 = 9.9 Hz, H-2), 4.14 (m, 2H, ОСЩ-СцНгз). 3.92 (t, IH. J 3 , 4 = J2.3 =9.9 Hz. H-3). 3.88 (dd.
IH, J6a,6b = -12.1 Hz, J 5 i 6 a = 3.0 Hz. H-6a). 3.81 (dd, IH, J 5>6 b = 2.4 Hz, J5,6a = 3.0 Hz, H-6b), 3.66
(t, 1H„ J4.5 = J3.4 = 9.9 Hz, H-4), 3.59 (m, IH, H-5), 3.38 (s, 3H, OCH3), 1.67 (m. 2H.
ОСНгСЩСюНгі), 1.26 (m, 18H. OCH2CH2-(CH¿)9-CH3), 0.88 (t, J = 6.5 Hz. ЗН. 0-(СН 2 )цСИз) ppm; 1 3 С NMR δ 154.97 (С=0), 96.98 (C-l), 68.72 (C-6). 76.24. 71.37, 71.01 and 69.68 (C-2
to C-5), 61.12 (OCH2-C11H23), 55.16 (OCH3). 31.85 , 29.58, 29.27, 28.48, 25.61 and 22.63 (aliph.
CH2), 14.05 (0-(СН 2 )п-СНз). M/e 407 (M+ + 1), 375 (M+ + 1 - СН3ОН), 357 (М+ + 1 - СН3ОН Н 2 0), 221 (М+ + 1 - C12H25OH). 169 ( + Сі 2 Н 2 5). Anal. Caled for СгоНзвОв (406.518): С. 59.1; Η,
9.42. Found: С, 59.13; Η. 9.33%.
Methyl 3-O-dodecyloxycarbonyl-a-D-glucopyranoside (9). Hydrogénation of 7 (0.5 g, 1 mmol)
in the same manner as described for 6 yielded pure (TLC, hexane / ethyl acetate, 1:3) compound 9
(0.41 g, 98%): [a)D +98.7°; ·Η NMR (CDCI3) δ 4.79 (d. IH, Jl.2 = 3.8 Hz. H-l). 4.88 (t, IH, J2.3 =
J3.4 = 9.3 Hz, H-3) 4.14 (m, 2H, unresolved), 3.85 (br s, 2H. one OH and an unresolved signal), 3.683.57 (m, 4H, unresolved), 3.45 (s, 311, ОСЫ3). 2.67 (br s. IH, OH). 2.62 (br d. IH, J = 10.5 Hz, OH),
1.69 (m, 2H, OCH2-CH2-C10H21). 125 (m. 18H, OCH2-CH2-(CH2)9-CH3), 0.88 (t, 3H, J = 6.8 Hz,
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0-(СН2)п-СНз) ppm; " с NMR (CDCI3) δ 156.20 (C=0), 99.41 (C-l). 68.83 (C-6). 61.68 (O-CH2С ц Н 2 3 ) , 55.39 (OCH 3 ), 80.21, 71.30. 70.75 and 68.50 (C-2 to C-5). 31.84, 29.55, 29.45, 29.27,
29.20. 28.50,25.60 and 22.61 (0-СН2-(£Н2)ю-СНз), 14.04 (0-(СН 2 )ц-£Нэ) ppm; M/e 407 (M+ +
1), 375 (M+ + 1 - СНзОН), 357 (М+ + 1 - СН3ОН - Н 2 0), 221 (М+ + 1 - С і 2 Н 2 5 0 Н ) . 169
( + Сі 2 Н 2 5). MS (peak match): Caled for (M + H) + , С 2 0 Из9О 8 : 407.2645 amu. Found 407.26455 ±
0.00081 amu.
Methyl 3-0-dodecyloxycarbonyl-2,4.6-tri-0-p-nitrobenzoyl-a-D-glucopyranoside (10). A
solution of 9 (0.53 g, 1.31 mmol) in diy pyridine (10 ml) was treated with p-nitrobenzoyl chloride
(0.8 g, 4.3 mmol) at room temperature for 16 h. The reaction mixture was poured into ice cold
saturated aqueous NaHC03 (200 ml), and after standing for lh the solid material was collected by
filtration, and washed with water to give crude 10 (0.95 g, 85%). The product was purified by column
chromatography (hexane / ethylacetate, 2:1) to give a syrup ( 0.69 g), which was dissolved in DMF
and reprecipitated by pouring the solution into ice-water. Pure solid 10 (0.60 g, 54%) was collected
by filtration: mp 46-49 g C, [ a b +91.8°; ] H NMR (CDCI3) δ 8.20-8.32 (m, 12H, arom. H). 5.77 (dd,
IH, J3,4 = J4.5 = 9.8 Hz, H-3 1 7 ), 5.28 (dd, 1HJ3,4 = 9.8 Hz, J4.5 = 9.8 Hz, Н-4І? ), 5.25 (d, IH, J1.2
= 3.6 Hz, H-l), 5.20 (dd, IH, H-2), 4.66 (dd, IH, J6a,6b = -12.4 Hz, J 5 i 6 a = 2.2 Hz, H-6a). 4.50 (dd,
IH, J5,6b = 4.5 Ηζ,ΙΗ, J6a.6b = -12.4 Hz, H-6b), 4.39 ( m, IH, H-5), 3.94 (m, 2H, О-СШ-СцНгз).
3.48 (s. 3H, ОСНз). 1.36-1.03 (m, 20H. 0-СН2-(СЩ)іо-СНз). 0.87 (t, 3H, J = 6.7 Hz, 0-(СН 2 )цСНз ppm; 1 3 C NMR δ 164.24, 163.68.163.36 (C=0 p-nitrobenzoate), 154.68 (C=0 carbonate ester),
150.92, 150.72. 134.82, 134.2. 133.93. 131.10. 130.83 and 123.66 (arom C). 96.59 (C-l). 73.48,
72.29. 69.91 and 67.17 (C2 to C-5). 68.89 and 63.09 (C-6 and 0-£Н 2 -СцН 2 з). 55.82 (0£H 3 ), 31.83.
29.51. 29.41, 29.28, 28.97, 28.30, 25.30 and 22.62, (0-CH2-(£H2)io-CH3), 14.06 (0-(СН 2 )ц-СН 3 )
ppm; M/e 852 (M+ - H). 822 (M+ - OCH3), 687 (M + - p-N0 2 -C6H 4 -C(0)-0), 160 (р^Ог-СбН 4 C(0)-0 + ), 150 (p-N0 2 -Q>H 4 -C + =0). Anal. Cale, for C41H47N3O17 (853.863): C, 57.68; H, 5.55.
Found: С, 57.76; H, 4.89%.
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Chapter 6
AN ALTERNATIVE SYNTHESIS OF METHYL 2¿-ANHYDRO-4,6-0BENZYLIDENE-cc-D-ALLOPYRANOSIDE USING CARBONATE ESTERS.

6.1

Introduction.

Sugar epoxides (oxiranes) are of considerable practical importance1-4. They are usually
prepared from sulfonic esters, with unsubstituted or esterified vicinal hydroxyl groups, by treatment
with alkali. Methanesulfonic or toluene-p-sulfonic esters are commonly employed. Nitric esters
behave similarly but are preparatively unattractive. The mechanism and stereochemistry of this
process has been discussed comprehensively3·4.
Alternative syntheses of limited application include treatment of deoxyhalo sugars with
alkali 3 · 4 , nitrous acid deamination of amino sugars 3 · 4 , the treatment of certain diols with
triphenylphosphine / diethyl azodicarboxylate (DEAD)5, the reaction of unsaturated derivatives with
peroxy acids or hydrogen peroxide3·4, and the treatment of some ш-diols with Viehe's salt6.
Their chemistry has been reviewed1·2·4.
An efficient alternative synthesis of the anhydro alloside derivative 1 resulted during recent attempts
to prepare the cyclic carbonate ester 2 from the glucoside 3, by base catalysed ester-exchange with
diethyl carbonate. Details of this study and some associated aspects are reported.

6.2

Results and discussion.

Several examples of the formation of cyclic carbonate esters from carbohydrate derivatives by
transesterification with simple carbonate esters have been described7"11. A trace of alkaline catalyst is
necessary in most cases. The exchange probably proceeds9 in two stages involving a mono-ester
intermediate.
Treatment of the glucoside 3 in boiling diethyl carbonate containing a catalytic amount of potassium
carbonate yielded only the di-ester 4 (99%). When a solution of 4 in bis-(2-methoxyethyl) ether
containing potassium carbonate (10 mole %) was heated at 140°C for 48 h in the presence of a trace
of tetrabutylammonium-bromide analysis (GLC) demonstrated the presence of the desired 2, and
another component in the proportion 2:1. The other material did not correspond to either of the
k n o w n 1 2 mono-esters 5 or 6. It was isolated from the crude reaction product by selective
crystallisation from ethanol and was identified13 by 'Η-, and 13C-NMR spectroscopy as methyl 2,3anhydro-4,6-0 -benzylidene-a-D-allopyranoside (1). It was characterised by treatment with a solution
of sodium methoxide in methanol to give the known14 2-0 -methyl ether 7.
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No reaction was observed when similar mixtures were maintained at room temperature for 48 h,
or at 85°C for 22 h; component 4 was recovered unchanged.
When 4 in N,7v"-dimethylformamide was treated with potassium carbonate at 135°С the epoxide
1 became the major product (63%).
A shorter modification of this procedure was then investigated. Treatment of the glucoside 3
with a mixture of diethyl carbonate and potassium carbonate in N,W-dimethylformamide for 6 h at
135°C gave 1(72%).
The foregoing crude product mixtures contained (GLC) only traces (0.5 - 1.0%) of the
alternative epoxide 8 and small amounts (5 - 7%) of the glycoside 3, which demonstrated the high
regioselectivity of the reaction.
The formation of anhydro derivatives by base-catalysed thermal decomposition of carbonate
esters has been reported 1 5 * 1 8 , and these studies indicated that the cyclic carbonate group was
probably necessary. It had earlier18 been claimed that formation of the 3,6-anhydro derivative 9 from
the cyclic ester 10 occurred on simple thermolysis. Attempts to repeat this reaction were unsuccessful
unless a weakly basic catalyst was included17.
Analysis (GLC) of samples taken at random intervals during the course of the reactions
revealed the presence of the cyclic carbonate 2, the diester 4, and the two mono-esters 5 and 6, in
varying amounts, in addition to the epoxide 1. Accordingly, the reactions of the individual
compounds 2,5 and 6 were investigated under similar conditions.
The formation of the iranj-fused cyclic ester 2 from 3 in excellent yields has been

described 1 2 · 1 9 . Treatment of 2 with ethanol in the presence of a catalytic amount of triethylamine
yielded 12 · 19 compounds 5 and б in the proportion 1:1, after column chromatography.
Treatment of a solution of 2 in N,N-dimethylforrnamide with potassium carbonate yielded 1
(81%). Thermolysis of 2 at 235°C in vacuo failed to yield 1 thereby confirming the base-catalysed
nature of the reaction.
When compound 5 was treated in a like manner 1 (14%) was obtained, the remainder of the
material was identified as the glucoside 3. Compound б in the same way yielded only 3.
The formation of oxirane rings on pyranoid derivatives requires that the interacting groups are
trans and essentially diaxial towards each other. The glucoside 3 is locked in the 4 Ci conformation
by the benzylidene substituent, which prevents it from adopting the alternative J C4 form. The
pyranose ring must adopt a skew4 or Вг,5 boat conformation3·5 in order to attain the an/Z-periplanar
geometry required for epoxide formation.
The substantial yields of 1 obtained directly from the diester 4 or from 3 on treatment with
diethylcarbonate, contrasted the reactivity of the two mono-esters 5 and 6. With compound 4
preferred reaction at the C-2 ester group, followed by intramolecular attack by the oxyanion thus
generated at the C-3 position must account for the formation of 1. The absence of significant amounts
of epoxide 8 in the products from these reactions demonstrated that the alternative formation of an
anion at 0-3 was not preferred. There would be an unfavourable polar interaction between the C-l
methoxyl group and the ester group on C-2 in this intermediate. This would be emphasized in the
corresponding transition state as C-l and C-4 moved towards co-planarity, eventually leading to
eclipsing of the two groups. It is for this reason that compound б yielded only the glucoside 3. The
absence of substantial amounts of 3 in the product obtained from 4 demonstrated the specificity of the
reaction and suggests that it maybe a rapid and synchronous process.
Although the formation of 1 from 2 was efficient it cannot be an essential intermediate. The
cyclic ester group on 2 must be opened to achieve the required molecular geometry for the epoxide
formation. The high specificity of the subsequent reactions show that nucleophilic attack by
carbonate ions on the carbonyl carbon of 2 probably yields 15 an intermediate pyrocarbonate esteralkoxide ion 11, which undergoes intramolecular displacement to yield 1. The alternative opening of
2 at 0-3, leading to the intermediate 12, would again produce an unfavourable polar interaction
between the aglycon group and the ester group.
21 22

Evidence has been presented · that the base catalysed hydrolysis of simple aliphatic cyclic
carbonates is a two stage process leading to alkyl hydrogen carbonate intermediates. Isotopie
labelling experiments demonstrated that cleavage occurs with carbonyl-oxygen fission at both stages,
with retention of configuration.
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Our attention was then directed towards the reaction of the other /ra/ij-fused diastereoisomers
of the glucoside 3 under similar conditions for comparative purpose. The altroside 13 already
posseses the required ал/í-periplanar geometry of the diol group at C-2 and C-3 in its favoured
conformation and on reaction in the same way yielded a mixture of 1 (55%) and 8 (15%) after
column chromatography. The intermediacy of a cyclic carbonate ester is excluded completely in this
reaction, and the relative proportions of the two products suggests that generation of an anion at the
more hindered 0-3 position with subsequent attack of an ester group at C-2 is the preferred pathway.
The formation of 1 from the tosylate 14 is known23 to be an extremely facile reaction.
The mannoside 15 yielded only the cyclic ester 16 (82%) when treated in the same manner.
Compound 16 is known to be formed readily under similar conditions9 and ci'j-fused carbonate rings
undergo ring opening much less readily24. Previous attempts17 to form an epoxide from 16 were
unsuccessful.
Treatment of the alloside 17 with the reagent mixture yielded (GLC) 36% of 1, which was
isolated in 21% yield after column chromatography. This result was unexpected and is difficult to
explain, since compound 17 cannot achieve the required iranj-diaxial relationship at C-2 and C-3
whatever conformation it adopts, and would have been expected to yield only the known25 stable cisfuscd cyclic carbonate 18. The formation of 1, albeit in modest yield, suggests that 17 must have
undergone some configurational inversion at C-2. Previous studies26 have shown that neither of the
sulfonic esters 19 and 20 yield epoxides on treatment with alkali.
Supportive evidence for these mechanistic proposals may be difficult to obtain in view of the
known8 instability of hydrogen carbonate esters and related derivatives.
The simple procedures described here represent new and convenient routes to 1 from 3, which
compare favourably with the traditional routes4. Application of the method to other suitable
derivatives is currently in progress.
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Experimental.

Optical rotations were determined with a Perkin-Elmer Model 241 automatic Polarimeter on 1%
solutions in chloroform at 20°C. Column chromatography was performed on silica gel 60 with the
solvent mixtures indicated. GLC was conducted with a Hewlett-Packard HP 5890 gas Chromatograph,
using a capillary column (25 m) of HP-1, a temperature program from 100°C to 250°C at 15°C / min,
followed by 10 min at 250°C (isothermal), and nitrogen at 2 ml / min (0.5 atm) as the carrier gas.
Ν,Ν-dimethylformamide was redistilled from calcium hydride and stored over molecular sieves 4 A.
NMR spectra were recorded with a Bruker AM 400 spectrometer operating at 400 MHz for J H- and
100.6 MHz for 13C-spectroscopy, on solutions in CDCI3 (internal standard MC4S1).
Methyl 4,6-0-benzylidene-2,3-di-0-(ethoxycarbonyl)-a-O-Glucopyranoside (4). -A stined
mixture of methyl 4,6-0-benzylidene-a-D-gIucopyranoside (3, 10.0 g, 35.5 mmol), diethyl carbonate
(150 ml), and potassium carbonate (0.5 g, 3,6 mmol) was heated under reflux for 16 h, with
continuous removal of the ethanol that was formed using a Dean-Stark assembly. The cooled product
mixture was poored into a mixture of toluene (200 ml) and 2M hydrochloric acid (100 ml), and the
separated organic layer was washed with water (3x 100 ml), dried (Na2S04), and concentrated in
vacuo to yield 4 (15.05 g, 99,5%) as a colourless syrup, [ a b +65°; lit. 1 2 [a]o +67°. Ш-NMR δ
7.32-7.44 (m, 5H, aromatic H), 5,50 (s, IH, РпСЯ), 5.40 (t. III, J2,3 = 9.98 Hz, J 3 , 4 = 9.68 Hz, H-3),
5.04 (d, IH, Ji,2 = 3.66 Hz, H-l), 4.76 (dd, IH, H-2), 4.31 (dd, IH, J 5 > 6 e q = 4.70 Hz, J6ax,6eq = -10.27
Hz, H-6eq), 4.18-4.21 (m, 4H, ОСЯ2СН3). 3.93 (ddd.lH, J4,5 = 9.68 Hz J5,6ax = 10,27 Hz, H-5),
3.68 (dd.lH, H-4), 3.41 (s, 3H, OCH3), 1,24-1,31 (2t, 6H, ОСН2СЯ5).
Reaction of potassium carbonate.-(a) With compound 4 in bis-(2-methoxyethyl) ether. A stirred
mixture of 4 (2.68 g, 6mmol), anhydrous potassium carbonate (O.lg, 0,7 mmol) and tetra-nbutylammonium bromide (10 mg) in ¿>ii-(2-methoxyethyl) ether (50 ml) and maintained under
nitrogen was heated at 135-140°C for 48h, with continuous removal of the ethanol that was produced
during the reaction. The cooled mixture was treated with toluene (100 ml) and 2M hydrochloric acid
(50 ml) and the separated organic layer was washed with water (3x 50 ml), dried (Na2S04), and
concentrated in vacuo . Recrystallisation of the residue from ethanol gave methyl 2,3-anhydro-4,6-0benzylidene-a-D-alloside (1, 0.5 lg. 32%), m.p. 204-205°C, [oc]D +138°; lit.

14

m.p. 199-200°C, [a] D

+140°. iH-NMR δ 7.25-7.50 (m, 5H, aromatic H), 5.56 (s, IH, PhCtf). 4.88 (d, I H . Jh2 = 2.8 Hz, H1). 4.23 (dd, IH, J6ax.6eq = -10.1 Hz, J5,6eq = 5.1 Hz, H-6Cq), 4.08 (ddd, IH, J4,5 = 9.1 Hz, J5,6ax =
10.5 Hz, H-5), 3.95 (dd, IH, H-*), 3.68 (t, IH, H-6 a x ), 3.46 (s, 3H, OCH3), 3.45-3.51 (m, 2H. H-2,
H-3). 13C-NMR δ 137.1 (s), 129.2 (s), 128.3 (d, 2C), 126.3 (d, 2C), 102.7 (s), 95.3 (s), 77.8 (s), 68.8
(s), 60.0 (s), 55.8 (s), 53.1 (s). 50.7 (s).
Treatment of a sample of 1 with IM methanolic sodium methoxide14 yielded 7 (78 %), m.p. 96
-100° (isopropyl ether), [ a ] D +103.5°; lit. 1 4 m.p. 98°C, [ a ] D +102.7°.
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(b) With compound 4 in Nfï-dimethylformamide. A stirred solution of 4 (3.0 g, 7 mmol) in dry
N,W-dimethyIformamide (100 ml) containing anhydrous potassium carbonate (0.4 g, 2.9 mmol) and
tetra-n-butylammonium bromide (10 mg), maintained under nitrogen, was heated at 115-120°C for 5
h, with continuous removal of the ethanol that was produced. The cooled mixture was set aside to
stirr at room temperature for 16 h and then poored into ice-cold saturated aqueous sodium chloride
(150 ml). The precipitated material was collected by filtration, washed with ice water, dried in vacuo
(P2O5) and recrystallized from dichloromethane - isopropylether to give 1 (1.17 g, 63%), m.p. 198201, [a] D +138°.
(c) With methyl 4,6-O-benzylidene 2,3-0<arbonyl-a-O-glucoside (2). A stirred mixture of 2 12
( 3.08g, 10 mmol) in TV./V-dimethylformamide (30 ml) containing anhydrous potassium carbonate
(0.3g, 2.17 mmol) and tetra-n-butylammonium bromide (15 mg) heated at 125-130°C for 6h and then
processed as in (b) yielded 1 (2.14g, 81%), m.p. 201-203°C, [a] D +138°.
Reaction of diethyl carbonate- potassium carbonbate,- (a) With compound 3. A stirred mixture
of 3 (3.0g, 10.65 mmol) diethyl carbonate (12 ml), anhydrous potassium carbonate (0.3 g, 2.17 mmol)
and tetra-n-butylammonium bromide (10 mg) in MN-dimethylformamide (20 ml) maintained under
nitrogen, was heated at 130-135°C for 6 h, with continuous removal of the ethanol that was produced,
the cooled mixture was poored into ice cold saturated aqueous sodium chloride (250 ml) and then
stored at 0 e C for 18 h. The precipitated material was collected by filtration, washed with ice water,
dried in vacuo (P2O5) and recrystallized (dichloromethane - isopropylether ) to give 1 (2.02g, 72%)
m.p. 199-203°C, [cc]D +137.5°.
(b) With methyl 4,6-O-benzylidene-a-D-altropyranoside (13). A solution of 13 2 7 (1.0 g, 3.55
mmol) in N,W-dimethylformamide (Ю ml) was treated with diethyl carbonate (6 ml), anhydrous
potassium carbonate (0.12 g, 0.88 mmol) and tclra-n-butylammonium bromide (5 mg) at 130°C for 7
h and processed as in (a). Column chromatography (1,2-dimethoxyethane - cyclohexane, 3:2) of the
resulting material gave 8 (143 mg, 15%), m.p. 143-145°C, [α]ο+105°.
Further elution (ethyl acetate - light petroleum, 3:1) gave 1 (514 mg, 55%) m.p. 198-203°C,
[cito +139.5°.
(c) With methyl 4,6-O-benzylidene-a-O-mannopyranoside (15). treatment of I S 2 8 (2.0 g, 3.55
mmol) in the manner described in (a), followed by «crystallization of the resultant crude product (
9
1.966 g) from toluene - hexane gave 16 (1.79 g. 82%), m.p. 123-125°C, [Ct]D -18.5°; lit. m.p. 125.5126°C, [otto -20.9°.
(d) With methyl 4,6-O-benzylidene-a-D-allopyranoside (17). A solution of 17 2 6 (150 mg) in
/V,N-dimethylformamide (5 ml) was treated with diethyl carbonate (3 ml), anhydrous potassium
carbonate (15 mg) and tetra-n-butylammonium bromide (1 mg) at 135°C for 6.5 h as in (a). The
cooled mixture was poored into a mixture of ice water (20 ml) and dichloromethane (50 ml). The
separated dichloromethane layer was washed with water (4x 10 ml), dried (Na2S04), and
concentrated in vacuo. Column chromatography (ethyl acetate - light petroleum, 3:1) of the residue
gave 1 (29.5 mg, 21%) m.p. 199 -203°C, [ct]D +137°.

6.4

References and notes.

1

S. Peat. Advan. Carbohydr. Chem. .2(1946) 38-77.

2

F.H. Newth, Quart Rev. (London), 13 (1959) 3047.

3

R.D. Guthrie, in "The Carbohydrates", W. Pigman and D. Horton, Eds Vol IA, 2nd Edition,
Academic Press (1972), 423-478, and references therein.

4

N.R. Williams, Advan. Carbohydr. Chem. Biochem. 25 (1970) 109-179. and references therein.

5

R.D. Guthrie and I.D. Jenkins, Aust. J. Chem. 34 (1981) 1997-2000.

6

U. Sunay, D. Mootoo, B. Molino, and B. Fraser-Reid, Tetrahedron Lett. 27 (1986) 46974700.

7

E.J. Reist, R.S. Spencer, and B.R. Baker, J. Org. Chem. 23 (1958) 1958-1962.

8

L. Hough, J.E. Priddle. and R.S. Theobald, Advan. Carbohydr. Chem.. IS (1960) 91 -158.

9

L. Hough, J.E. Priddle, and R.S. Theobald, J. Chem. Soc. (1962) 1934-1938.

10

P.A. Gent, R. Gigg. and R. Conant, J. Chem. Soc, Perkin Trans. I (1972) 248-254.

11

H. Komura, T. Yoshino, and Y. Ishido, 5м«. Chem. Soc. Jpn. 46 (1973) 550-553.

12

W.M. Doane. B.S. Shasha, E.I. Stout, CR. Russell, and CE. Rist, Carbohydr. Res.4 (1967)
445-451.

13

M.M. Abdel-Malik, Q.J. Peng, and A.S. Perlin, Carbohydr. Res. 159 (1987) 11-23.

14

G.J. Robertson and CF. Griffith, J. Chem. Soc. (1935) 1193-1201.

15

S. Searles, D.G. Hummel. S. Nukina, and P.E. Throckmorton, J. Am. Chem. Soc. 82 (1960)

16

D.B. Pattison, J. Am. Chem. Soc. 79 (1957) 3455-3456.

2928-2931.
17

L.D. Hall and L. Hough. J. Chem. Soc. (1963) 5301-5307.

18

K. Freudenberg, H. Eich. С Knoevenagel, and О. Westphal, Ber. 73 (1940) 441-447.

19

W.M. Doane, B.S. Shasha, E.I. Stout, CR. Russell, and CE. Rist, Carbohydr. Res. 11 (1969)

20

Α. Klemer and G. Mersmann, Carbohydr.Res. 12 (1970) 219-224.

21

S. Sarei, I. Levin, and L.A. Pohoryes, J. Chem. Soc. (1960) 3079-3082.

22

L.A. Pohoryes, I. Levin, and S. Sarei, J. Chem. Soc.X 1960) 3082-3086.

23

K.S. Ennor, J. Honeyman, C.J.G. Shaw, and T.C. Stening. J. Chem. Soc.,(1958) 2921-2925.

321-329.

24

E.I. Stout, W.M. Doane, B.S. Shasha, CR. Russell, and CE. Rist. Tetrahedron Lett.» (1967)
4481-4482.

25

С Copeland and R.V. Sück, Austr. J. Chem. 35 (1982) 581-589.

26

B.R. Baker and D.H. Buss. J. Org. Chem. 30 (1965) 2304-2308.

27

G.J. Robertson and W. Whitehead, J. Chem. Soc. ( 1940) 319-323.

28

J.G. Buchanan and J.CP. Schwarz, J. Chem. Soc. (1962) 47704777.

131

SUMMARY
There is growing industrial interest in the use of natural, renewable chemical raw materials,
such as carbohydrates. They are available annually in large quantities. Some features which make
them attractive as potential raw material for industry are the relative low price of low molecular
weight carbohydrates, such as sucrose (1), D-fructose (2). D-glucose (3) and simple derivatives
thereof, stereochemical purity, biodegradability and non-toxic character.
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Non-ionic surfactants are one possibility for carbohydrate-derived products of industrial
interest. These compounds contain a hydrophilic carbohydrate unit which is coupled to one or more
hydrophobic aliphatic chains. These compounds have special properties, e.g. surface activity, as a
consequence of their structure. The name surfactant is a contraction of surface active agent.
Oriented monolayers are formed at phase borders, e.g water and air, which results in a decrease of
surface tension. In solution aggregate formation (micelles, vesicles, bilayers) occurs only above a
certain minimum concentration, the critical micelle concentration (CMC), which is characteristic for
a surfactant. This behaviour explains the cleaning, foaming, wetting, emulsifying, solubilising and
dispersing properties of surfactant molecules. In addittion, pure carbohydrate-based amphiphiles
may also have liquid crystalline properties. Liquid crystal phases possess some properties of a liquid
and a solid. They appear to be viscous liquids, but a certain order from the solid fase is retained in
the mesophase.
Carbohydrate-based surfactants could be used for applications as environmentally friendly
detergents or as emulsifier in food, cosmetics and farmaceuticals, as a consequence of the physical
properties described above, and in combination with the biodegradability and the non-toxic
character.
Currently, the commercially most interesting sugar surfactants are the partial fatty acid esters
of sucrose and the alkyl (poly)glucosides. These products are already produced on an industrial
scale.
In the initial period of (he research described in this thesis alternative methods for the
preparation of mono- and disubstituted fatty acid esters of sucrose were investigated (chapter 2).
The selective esterification of sucrose is difficult to achieve and results in mixtures of sucrose esters.
These differ in the degree of substitution and in the position of the substituents due to the minor
differences in reactivity of the eight hydroxyl functions present in the sucrose molecule. A classic
method for the partial esterification of sucrose via a base-catalysed iransesterification of sucrose
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with fatty acid methyl esters in Ν,Ν-dimethylformamide or dimethylsulfoxide was developed by
Osipow and Snell. The products consist of (80%) mono- and (20%) diesters, but these procedures
are no longer applicable, since traces of solvent remaining in the product make them unsuitable for
human consumption. The following alternatives were investigated:
- Phase-transfer catalysed esterifications.
- Solvent free esterifications
- The use of carbonate esters as proptecting group in the synthesis of sucrose esters.
The phase-transfer catalysed esterifications were carried out in solid / liquid and liquid / liquid
phase-transfer systems. Sucrose, a potassium hydroxide complex of sucrose, or mono sodium
sucrate were esterified using fatty acid chlorides or fatty acid anhydrides in these media. In all cases
sucrose esters obtained contained more ester units than intended. This approach is therefore not
suitable for the preparation of mono- and disubstituted fatty acid esters of sucrose.
A mixture of mono-, di- and trisubstituted fatty acid esters of sucrose was obtained, when
monosodium sucrate, or a potassium hydroxide complex of sucrose was treated with fatty acid
anhydrides or fatty acid chlorides in a melt. The yields of sucrose esters were low (5-21%)
compared with the base-catalysed solvent free transesterifications of sucrose with fatty acid methyl
esters. In addition, difficulties could be expected with the efficient mixing of these immiscible
reactants when the reactions are performed on a large scale.
The reaction of sucrose with benzyloxy- and allyloxy-carbonyl chloride in a mixture of
acetonitrile / water at pH 9-11 gave the corresponding partial carbonate esters of sucrose, which are
soluble in organic solvents such as acetone, ether, and 1,2-dimethoxyethane. These compounds were
subsequently esterified using long-chain fatty acid chlorides and triethylamine in 1,2dimethoxyethane. The benzyloxy- and allyloxy-carbonyl substituents could be removed under mild
conditions by means of catalytic hydrogenolysis, or using tetrakis(triphenylphosphine)palladium (0)
in the presence of an allyl-acceptor, respectively. Mono-, di- and tri-substituted fatty acid esters of
sucrose were obtained in this manner in 25-33% yield. A disadvantage of this route is the three steps
necessary to prepare the sucrose esters, which would result in higher production costs.
The problems and restrictions encountered in the research for the selective esterification of
sucrose led to the decision to abandon further investigations in this area.
The studies were subsequently focussed on more explorative research aimed at the efficient
and selective synthesis of new carbohydrate-based amphiphiles from readily available low cost
carbohydrate derivatives. Most of the synthetic routes described in chapters 3 - 5 led to pure
amphiphiles. These compounds are probably attractive to study the relationship between chemical
structure and physical properties, or as model compounds for naturally occurring glycolipids. Parts
of the work described in chapters 3 - 6 has been published, or submitted for publication in various
scientific journals (see list of publications).
In chapter 3 an investigation about the use of D-fructose (2) for the synthesis of non-ionic
surfactants is described. First, the selective glycosidation of 2 was studied. Reactions of 2 often
result in mixtures, due to its complex behaviour in solution, where it consists of a mixture of a- and

ß-D-anomers and ring tautomers. The Fischer type glycosidation of 2 with most alcohols gives
complex mixtures, containing anomeric D-fructofuranosides and D-fructopyranosides which are
difficult to isolate. Exceptions are the acid-catalysed reaction of 2 with 2-chloroethanol, 2bromoethanol. 3-chloropropanol, 4-chlorobutanol and allyl alcohol. The ω'-halogenoalkyl ß-Dfructopyranosides (4-7) and allyl ß-D-fructopyranoside (8) crystallize selectively from the reaction
mixture and were readily obtained in moderate to good yields (21-89%). So far, the scope of the
reaction is restricted to the alcohols mentioned above. It was also possible to use sucrose (1) or
inulin (9) instead of D-fructose as substrate in these reactions, except for the preparation of
compound 8. Catalytic hydrogenolysis (Pd / C) of 4-8 gave the corresponding short chain alkyl ß-Dfructopyranosides 10-12, which are of potential biological interest.
OR

CH 2 OH

-OH

2
4
5
6
7
8
10
11
12

HO"Y^—о
но Л—-т*Д
он]
'θ

0

CHjOH1

R=H
R=CH2CH2C1
R=CH2CH2Br
R = CH2CH2CH2C1
R = СНгСНгСНгСНгСІ
R=CH2CH=CH2
R= CH2CHj
R = CH2CH2CH3
R = CH2CH2CH2CH3

The glycosidation procedure described above could not be used for the selective synthesis of
long-chain alkyl ß-D-fructopyranosides as non-ionic surfactants. Compounds 4-8 may be of interest
as intermediates in the synthesis of non-ionic surfactants.
The synthesis of alkoxyalkyl glycosides via nucleophilic substitution reactions of compounds
4-7 with alkoxides was then investigated. Model reactions using sodium methoxide, ethanolic
potassium hydroxide and sodium butoxide were not successful however, due to competing
intramolecular substition, and intermolecular cross linking and elimination reactions.
The 2'-chloroethyl ß-D-fructopyranoside (4 ) is known to react with sodium methoxide to give
exclusively the 1,2-0-ethylene-ß-D-fructopyranoside (13), νια an intramolecular substitution. The
spiroglycoside 13 is more stable towards acid hydrolysis than other ß-D-fructopyranosides and
therefore may be of interest as a polar hcadgroup for surfactant production. The c/j-diol group at C4 and C-5 in 13 was protected as an isopropylidene acetal to give 14. The free 3-OH function in
compound 14 was then alkylated (THF / NaH / 1-bromodecane, or DMSO/ KOH/ 1-bromodecane)
to give compound 15 or transformed into an 3-0-(2-hydroxydecyl)ether 16 via a base-catalysed
epoxide opening of racemic 1,2-epoxydecane. Selective removal of the 4,5-0-isopropylidene acetal
group in compounds IS and 16 yielded the corresponding l,2-0-ethylene-3-0-decyl- and 1,2-0ethylene-3-0-(2-hydroxydecyl)-ß-D-fructopyranoside 17 and 18 in 52 and 38%, respectively. The 3Λ%ά

O-decyl-l,2-0-isopropylidene ß-D-fructopyranose (19) was prepared similarly from l,2;4,5-di-0isopropylidene-ß-D-fructopyranose (20) in 41% yield. The physical properties of these novel nonionic surfactants were not determined.
The 3-0-acetyl-l,2-0-ethylene-4,5-0-isopropylidene-ß-D-fructopyranoside (21) and 3-0acetyl-l,2;4,5-di-0-isopropylidene-ß-D-fructopyranose (22), acetylated intermediates in the above
synthetic pathways, were subjected to a detailed conformational analysis. It was concluded from low
temperature NMR-spectroscopy, in combination with spectral simulation and iteration and
molecular modelling experiments, that these compounds exist in one conformation only in which the
fructopyranose ring adopts a skew conformations and the 1,4-dioxan ring of the spiro-glycoside 21
is present in a chair conformation.
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The above synthetic strategy was also used for the synthesis of a homologous series of
epimeric 3-O-alkyl-D-glucitols (23) and 3-O-alkyl-D-mannitols (24) from l,2;4,5-di-0isopropylidene ß-D-fructopyranose (20). Alkylation of the 3-OH function in 20 followed by
complete deacetalation and sodium borohydride reduction gave these products in 21-58% yield. In
the same manner a homologous series of pure 3-O-alkyl-D-glucitols (23) was obtained in 52-67%
yield, when this reaction sequence was applied to l,2;5,6-di-0-isopropylidene-a-D-glucofuranose
(25). The alditol ethers 23 and 24 displayed thermotropic liquid crystal behaviour and the
mesophases were characterised as smectic A. The melting behaviour was in agreement with the
alternative model for the smectic A phase which consists of a bilayer structure in which the stacked
alkyl chains form the central core with the carbohydrate headgroups on the outside. The lyotropic
liquid crystal behaviour of some of the alditol ethers was investigated by polarisation microscopy of
contact preparations of these compounds with water. A hexagonal (Hi), cubic (Vi) and lamellar
(La) phase was observed for the 3-O-dodecyl-D-mannitol at 73.5°C.
11«

In chapter 4 the synthesis and properties of some long-chain alkyl-D-gIucofuranosid-6,3lactones , alkyl ß-D-glucofuranosides and some derivatives thereof are described. The acid-catalysed
glycosidation of D-glucurono-6,3-lacone (26) with long-chain aliphatic alcohols (Ce - C12) gave the
corresponding alkyl α-D- and alkyl ß-D-glucofuranosidurono-6,3-laclones 27 and 28 (36-67%). The
ß-D-anomers were the major products. Only the ß-D-anomers dispayed liquid crystalline properties
and the mesophases were characterised as smectic A. Once again the melting behaviour was in
agreement with the model already described for the 3-O-alkyl-D-glucitols. The Krafft temperatures
of the alkyl ß-D-glucurono-6,3-lactones were relatively high (53°C for the decyl glycoside), and the
water solubility of these compounds at room temperature was poor. The solubility of the dodecyl ßD-glucurono-6,3-lactone increased significantly after treatment with an equimolar amount of
aqueous potassium hydroxide, possibly due to the formation of potassium dodecyl ß-Dglucofuranosiduronate (29).
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The alkyl ß-D-glucofuranosidurono-6,3-lactones (27) were brought into reaction with
hydrophilic amines, such as 2-aminoethanol and N,N-(dimethyl)ethylenediamine, to give the
corresponding alkyl ß-D-glucofuranosidurono-N-(2'-hydroxyethyI)amides (30) and alkyl ß-Dglucofuranosidurono-N-i/V.N-dimethylaminoethyOamides (31), respectively, in order to improve
their solubility characteristics. Dodecyl ß-D-glucofuranosidurono-N-(W,W-dimethylaminoethyl)amide was quatemized with methyl iodide to give the dodecyl ß-D-glucofuranosiduronamidoΛΚΛΓ,Ν',ΛΓ-tìmemylaminoethyDiodide (32), a cationic surfactant of potential interest.
The alkyl ß-D-glucofuranosidurono-6,3-lactones were reduced with sodium borohydride to
give the corresponding alkyl ß-D-glucofuranides (33) in 65-85% yield. The thermotropic liquid
crystalline properties, Krafft temperature, CMC's and surface tensions were also determined. A
smectic A mesophase again was observed, and the melting behaviour was compared with the
corresponding known alkyl D-glucopyranosides. The octyl and nonyl ß-D-glucofuranosides are
readily soluble in water at room temperature and possess relatively high CMC's (> 1 mM).
It was concluded from these results that D-glucurono-6,3-lactone (26) is a versatile starting
material for the synthesis of various amphiphiles with interesting physical properties.
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In chapter 5 a relatively simple route to 2-0- and З-0-alkoxycarbonyl-derivaüves from methyl
α-D-glucopyranoside (34) is presented. An important intermediate in this route is the methyl 4,6-0benzylidene-a-D-glucopyranoside 2,3-carbonate (35), which is readily available from 34, via
benzylidenation using benzaldehyde and zinc chloride, followed by reaction with excess ethyl
chloroformate and triethylamine.
The formation of the 2,3-trans-cyclic carbonate 35 is most likely formed via the intermediate
mono ethoxycarbonyl esters 36 and 37, of methyl 4,6-0-benzylidene-a-D-glucopyranoside (38),
since migration of this ester group from 0-2 to 0-3 and vice versa occurred in the presence of
triethylamine.
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The reaction of the cyclic carbonate 35 with 1-dodecanol in the presence of a catalytic amount
of triethylamine, followed by reductive hydrogenolysis of the 4,6-0-benzyIidene protecting group,
gave the methyl 2-0- and methyl 3-0-dodecyloxycarbonyl-a-D-glucopyranosides 39 and 40 in 30
and 20% overall yields, respectively. Only compound 39 was crystalline and it displayed a
monotropic liquid crystal phase, which was characterised as smectic A. This synthetic route presents
the possibility for the introduction of various homologous long chain alkoxycarbonyl, thiocarbonyl
and carbamoyl substituents at the C-2 and C-3 positions in 34.
In chapter 6 an efficient alternative synthesis of methyl 2,3-anhydro-4,6-0-benzylidene-a-Dallopyranoside (41) via carbonate esters is presented. This is a spin off from the work described in
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chapter 5. An efficient synthesis of the anhydro-alloside 41 resulted during attempts to prepare the
cyclic carbonate 35 from methyl 4,6-0-benzylidene-a-D-glucopyranoside (38), using base-catalysed
ester exchange with diethyl carbonate. Compound 38 when heated with diethyl carbonate and
potassium carbonate in Ν,Ν-dimethylformamide gave compound 41 in 72% yield. Only traces (0.5
-1.0%) of the alternative methyl 2,3-anhydro-4,6-0-benzylidene-a-D-mannopyranoside (42) were
detected.
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The anhydro-alloside 41 is probably formed via intramolecular attack of the 0-2 anion on C-3
in the intermediate methyl 4,6-0-benzylidene-3-0-ethoxycarbonyl-a-D-glucopyranoside (37). In the
transition state the pyranose ring must adopt a skew conformation in order to attain the antiperiplanar geometry of the C-2 and C-3 substituents, necessary for epoxide formation. The high
selectivity of this reaction could possibly be explained by an unfavourable interaction between the
anomeric C-l methoxy group and the C-2 ethoxycarbonyl substituent of the intermediate methyl
4,6-0-benzylidene-2-0-ethoxycarbonyl4X-D-glucopyranoside

(36) in the transition state which

would lead to the formation of the anhydro-mannoside 42. Some other aspects of the reaction are
also described.
It can be concluded that the research, described in this thesis, has led to the efficient synthesis
of some new carbohydrate-based amphiphiles, with interesting physical properties. Some of these
compounds may be suitable for practical applications. In addition, the work also resulted in the
efficient synthesis some intermediates, e.g. the allyl ß-D-fructopyranoside (8) and methyl 2,3anhydro-4,6-0-benzylidene-a-D-allopyranoside (41), which may be useful in carbohydrate
chemistry.
A summary in English and Dutch concludes this thesis.

SAMENVATTING
Er bestaat een groeiende belangstelling bij de industrie om natuurlijke hernieuwbare
grondstoffen te gebruiken, zoals koolhydraten. Deze zijn ieder jaar weer in grote hoeveelheden
beschikbaar hoofdzakelijk uit landbouwprodukten. De lage prijs van enkele laagmoleculaire
suikers, zoals sucrose (1), D-fruclose (2), D-glucose (3) en eenvoudige derivaten ervan, de
stereochemische zuiverheid, de gemakkelijke biologische afbreekbaarheid en het niet-giftige
karakter zijn enkele eigenschappen, die koolhydraten interessant maken voor gebruik als grondstof
voor de chemische industrie.
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Een voor de industrie interessante groep van produkten op basis van suikers zijn de niet
ionogene surfactants. Deze verbindingen bestaan uit een hydrofiele koolhydraateenheid die is
gekoppeld aan een of meerdere hydrofobe lange alkylketens. Deze verbindingen bezitten bijzondere
fysische eigenschappen, o.a oppervlakte-aktiviteit, ten gevolge van deze amfifiele struktuur. De
naam surfactant, een samentrekking van de woorden surface active agent (oppervlakte aktieve
verbinding), is afgeleid van deze eigenschap. Dergelijke verbindingen concentreren zich in
grensvlakken (b.v. water / lucht ) waar zich monolagen kunnen vormen, hetgeen resulteert in een
verlaagde oppervlaktespanning. In oplossing vormen zich aggregaten (micellen, vesicles, bilagen)
boven een bepaalde concentratie, de critische micel concentratie (CMC), die karakteristiek is voor
iedere surfactant. Met dit gedrag kunnen ook eigenschappen als het vormen van emulsies en
dispersies, schuimvorming en de reinigende werking worden verklaard.
Zuivere koolhydraat-amfifielen bezitten in veel gevallen ook nog vloeibaar kristallijne
eigenschappen. Een vloeibaar kristallijne fase is een aggragatietoestand die zowel eigenschappen
van een vloeistof als van een vaste stof heeft. Deze ziet er vaak uit als een vloeistof, maar een zekere
mate van ordening uit de vaste fase blijft aanwezig.
Door deze bijzondere fysische eigenschappen, in combinatie met de gemakkelijke biologische
afbreekbaarheid en het niet giftige pH-neutrale karakter, zijn koolhydraat-amfifielen mogelijk
geschikt voor toepassingen als milieuvriendelijke detergentia in wasmiddelen, of als emulgator in
voedingsmiddelen, cosmetica en farmaceutische produkten.
De commercieel meest interessante koolhydraat-surfactants zijn de partiële vetzure esters van
sucrose en de alkyl-(poly)glucosiden. Deze produkten worden al door de industrie op de markt
gebracht.
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In de beginperiode van het onderzoek, dat is beschreven in dit proefschrift, werd er getracht
nieuwe alternatieve synthese routes te ontwikkelen voor mono- en / of digesubstitueerde vetzure
sucrose esters (hoofdstuk 2). De selectieve verestering van sucrose is moeilijk uitvoerbaar ten
gevolge van het geringe verschil in reactiviteit tussen de acht hydroxyl-groepen in het sucrosemolekuul, en resulteert daarom meestal in mengsels, die verschillen in substitutiegraad en de positie
van de substituent. De klassieke methode voor de bereiding van sucrose-esters door middel van een
base gekatalyseerde (K2CO3) omestering van sucrose met vetzure methylesters in N,Ndimethylformamide of dimethylsulfoxide is ontwikkeld door Osipow en Snell in 1956. De
producten bestaan uit (80%) mono- en (20%) di-esters. Deze procedure is echter niet meer
bruikbaar, omdat er resten van de giftige oplosmiddelen in de produkten achterblijven, waardoor
deze ongeschikt worden geacht voor menselijke consumptie. De volgende alternatieve methoden
werden onderzocht:
- Fase-transfer gekatalyseerde veresteringen van sucrose.
- Oplosmiddelvrije veresteringen
- Het gebruik van carbonaat-esters als beschermgroep in de synthese van sucrose-esters.
De fase-transfer gekatalyseerde veresteringen van sucrose werden uitgevoerd, zowel in vaste
stof / vloeistof als in vloeistof / vloeistof twee-fasen systemen. Sucrose, een kalium hydroxide
komplex van sucrose, of mono-natrium sucraat werden veresterd met vetzuurchloriden of vetzuuranhydriden. In alle gevallen werden hoger gesubstitueerde sucrose esters verkregen dan gewenst.
Deze benadering was daarom niet geschikt voor de synthese van mono-en di-gesubstitueerde
sucrose-esters.
Een mengsel van mono-, di- en tri-gesubstitueerde sucrose-esters werd wel verkregen wanneer
mono-natrium sucraat, of een kalium hydroxide komplex van sucrose, werd behandeld met
vetzuuranhydriden of vetzuurchloriden in een smelt. De opbrengsten van sucrose-esters waren
echter laag (5-21%) in vergelijking met base-gekatalyseerde oplosmiddelvrije omesteringen van
sucrose en vetzure methylesters. Bovendien zijn er problemen met het efficient mengen van de
reagentia te verwachten, wanneer de reactie wordt uitgevoerd op grote schaal.
De verestering van sucrose met benzyloxycarbonyl- en allyloxycarbonyl-chloride in een
mengsel van water en acetonitril bij pH 9 - 11 resulteerde in de vorming van de overeenkomstige
partiële carbonaatesters van sucrose, die goed oplosbaar zijn in organische oplosmiddelen, zoals
aceton, ether en 1,2-dimethoxyethaan. Deze produkten zijn vervolgens veresterd door middel van
een reactie met lange-keten vetzuurchloriden en triethylamine in 1,2-dimethoxyethaan als
oplosmiddel. De benzyloxycarbonyl- en de allyloxycarbonyl-substituenten konden gemakkelijk
selectief en onder milde omstandigheden worden verwijderd, respectievelijk door middel van
katalytische hydrogenolyse en het gebruik van tetrakis (triphenylfosfine)palladium (0) in
aanwezigheid van een allylacceptor. Mono-, di- en tri-gesubstitueerde vetzure esters werden zo
verkregen in een overall opbrengst van 25 - 33%. Een nadeel van deze route is dat de drie stappen,
die nodig zijn om de gewenste sucrose esters te verkrijgen, zullen leiden tot te hoge
produktiekosten.

De restricties die werden gesteld aan het onderzoek en de problemen die werden ondervonden
met de selectieve verestering van sucrose hebben ertoe geleid, verder onderzoek in deze richting
vooralsnog op te schorten.
Het onderzoek heeft zich vervolgens gericht op de selectieve synthese van nieuwe amfifielen,
uitgaande van relatief goedkope koolhydraten en gemakkelijk toegankelijke derivaten ervan. De
hieronder beschreven syntheseroutes leidden in de meeste gevallen tot zuivere produkten en deze
kunnen derhalve ook nuttig zijn voor studies naar de relatie tussen structuur en de fysische
eigenschappen of dienen als model voor in de natuur voorkomende glycolipiden. Delen van het
onderzoek, dat is beschreven in de hoofdstukken 3 t/m 6, zijn gepubliceerd of ingediend voor
publicatie in diverse wetenschappelijke tijdschriften (zie lijst van publicaties).
In hoofdstuk 3 zijn enkele mogelijkheden voor het gebruik van D-fructose (2) in de synthese
van niet-ionogene surfactants onderzocht. In eerste intstantie werd de selectieve glycosidering van 2
bestudeerd. Reacties van 2 resulteren vaak in komplexe mengsels omdat deze in oplossing aanwezig
is als een complex mengesel van α- en ß-D-anomeren en ring tautomeren. Dit geldt ook voor de
Fischer-glycosidering van 2 met diverse alcoholen. Meestal wordt een mengsel van anomere Dfructofuranosiden en D-fructopyranosiden, die moeilijk te isoleren zijn, gevormd. Uitzonderingen
hierop zijn de zuur-gekatalyseerde reacties van D-fructose met 2-chloorethanol, 2-broomethanol, 3chloorpropanol, 4-chloorbutanol en allyl alcohol bij kamertemperatuur. Het bleek dat de
overeenkomstige ω'-halogenoalkyI-ß-D-fructopyranosiden (4-7) en het allyl-ß-D-fructopyranoside
(8) selectief uitkristalliseerden in de reactiemedia en dus gemakkelijk geïsoleerd konden worden, in
matige tot goede opbrengsten (21-89%). De scope van deze reactie is tot nu toe beperkt gebleven tot
bovengenoemde alcoholen. Behalve voor de synthese van het allyl-ß-D-fructopyranoside was het
ook mogelijk sucrose of inuline i.p.v D-fructose als uitgangsmateriaal te gebruiken. Door middel van
katalytische hydrogenolyse (Pd/C) werden uit de ω'-halogenoalkyl-ß-D-fructopyranosiden (4-7) en
het allyl-ß-D-fructopyranoside (8) de overeenkomstige korte-keten alkyl-ß-D-fructopyranosiden (1012) gesynthetiseerd, die mogelijk interessante biologische eigenschappen bezitten.
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De hierboven beschreven glycosideringsprocedure bleek echter niet geschikt voor de direkte
selectieve synthese van lange-keten alkyl-ß-D-fructopyranosiden. De verbindingen 4-8 zijn mogelijk
nuttige intermedi airen in de synthese van niet-ionogene surfactants.
De synthese van alkoxyalkylglycosiden via nucleofiele substitutiereacties van de verbindingen
4-7 met alkoxiden, werd onderzocht. Model reacties met natriummethoxide, ethanolische
kaliumhydroxide en natriumbutoxide waren niet succesvol, omdat er ongewenste nevenreacties
optraden, te weten intramoleculaire substilutiereacties, intermoleculaire cross-linking- en eliminatiereacties.
De reactie van 2-chloorethanol met natriummethoxide geeft uitsluitend het 1,2-0-ethyleen-ßD-fructopyranoside (13), via een intramoleculaire substitutiereactie. Het spiro-glycoside 13 is
stabieler t.o.v. zure hydrolyse dan andere ß-D-fructopyranosiden en is daarom een potentieel
interessante polaire kopgroep voor de synthese van surfactants. De isopropylidenering van de cisdiol groep op de C-4 en C-5 positie van 13 gaf de overeenkomstige verbinding 14. De vrije
hydroxylgroep in 14 werd gealkyleerd (THF / NaH / 1-broomdecaan of DMSO/ KOH/ 1broomdecaan) tot verbinding 15, of omgezet tot de 2-hydroxydecyl ether 16 d.m.v van een basegekatalyseerde epoxide-opening van het 1,2-epoxydecaan. De verwijdering van de 4 , 5 - 0 isopropylideen beschermgroep in verbinding 15 en 16 leverde de overeenkomstige 1,2-0-ethyleen3-0-decyl- (17) en l,2-0-ethyleen-3-0-(2-hydroxydecyl)-ß-D-fructopyranosiden (18) op, in totale
opbrengsten van 52 en 38%.
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Op soorgelijke wijze werd het 3-0-decyl-l,2-0-isopropylideen-ß-D-fructopyranoside (19) uit
het l,2;4,5-di-0-isopropylideen-ß-D-fructopyranose (20) gesynthetiseerd in 41% opbrengst.
De fysische eigenschappen, zoals oppervlakte spanning en critische micelconcentratie van de
verbindingen 17,18 en 19, zijn niet bepaald.
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Een conformatieanalyse werd uitgevoerd van 3-O-acetyl-l,2-0-ethyleen-4,5-Oisopropylideen-ß-D-fructopyranoside (21) en 3-O-acetyl-l,2;4,5-di-0-isopropylideen-ß-D-fructopyranose (22), geacetyleerde intermediairen in bovenstaande syntheseroutes. Uit de resultaten van
lage temperatuur NMR-spectroscopie in combinatie met spectrumsimulatie en iteratie, en
molecular-modelling-experimenten, kon worden geconcludeerd dat deze verbindingen in één
conformatie voorkomen , waarin de fructopyranose-ring een skew-conformatie aanneemt en de 1,4dioxaan-ring van het spiro-glycoside (21) een stoel-conformatie aanneemt.
De hierboven beschreven alkylering van het l,2;4,5-di-0-isopropylideen-ß-D-fructopyranose
(20) is ook gebruikt als uitgangspunt voor de synthese van een homologe reeks van epimere 3-0alkyl-D-glucitolen (23) en 3-0-alkyl-D-mannitolen (24). Volledige ontscherming van de
isopropylideen-acetalen in de 3-0-alkyl-l,2;4,5-di-0-isopropyIideen-ß-D-fructopyranosen, gevolgd
door reduktie van het gevormde 3-0-alkyl-D-fructose met natrium boorhydride in methanol,
resulteerde in de vorming van de produkten 23 en 24 in 21-58% opbrengst. Op dezelfde manier
werd een homologe reeks van zuivere 3-0-alkyl-D-glucitolen (23) verkregen in 52-67% opbrengst,
uitgaande van l,2;5,6-di-0-isopropylideen-a-D-glucofuranose (25). Deze verbindingen vertoonden
thermotroop vloeibaar kristallijn gedrag en de mesophase kon worden gekarakteriseerd als
smectisch A. Het smeltgedrag was in overeenkomst met het alternatieve model voor de smecüsche
A-fase, die bestaat uit dubbellagen, waarvan de kern wordt gevormd uit elkaar overlappende
alkylstaarten en de polaire kopgroepen zich aan de buitenkant van deze dubbellagen bevinden. Het
lyotroop vloeibaar kristallijn gedrag van enkele alditol ethers is ook onderzocht. Een hexagonale
(Hi), cubisene (Vi), en een lamellaire (L a ) fase werden waargenomen voor 3-0-dodecyl-Dmannitol in een contact preparaat met water.
In hoofdstuk 4 worden de synthese en eigenschappen van enige lange-keten alkyl-Dglucofuranosidurono-6,3-lactonen, alkyl-ß-D-glucofuranosiden en enkele derivaten ervan
beschreven. De zuur-gekatalyseerde glycosidering van D-glucurono-6,3-lacton (26) met lange keten
alcoholen geeft de overeenkomstige alkyl-a- en alkyl-ß-D-glucofuranosidurono-6,3-lactonen 27 en
28 (36-67%), waarbij de ß-D-anomeer het hoofdprodukt is.
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eigenschappen te bezitten. Een smecüsche A mesofase werd waargenomen. Het smeltgedrag kwam
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goed overeen met het alternatieve model voor de smettisene A-fase, zoals is beschreven voor de 30-alkyl-D-glucitolen.
Deze verbindingen waren slecht oplosbaar in water en bezaten relatief hoge Krafft
temperaturen ( 53°C voor de decylglycoside). De wateroplosbaarheid kon worden verhoogd door
middel van een reactie van de alkyl-ß-D-glucofuranosidurono-6,3-lactonen (27) met hydrofiele
amines, zoals 2-aminoethanol of MN-dimethylethyleendiamine, tot de overeenkomstige alkyl-ß-Dglucofuranosidurono-N-(2'-hydroxyethyl) amiden (30) of het dodecyl-ß-D-glucofuranosidurono-W(JV'.W-dimethylaminoethyl) amide (31). Verbinding 31 werd verder gemethyleerd tot de kationische
Surfactant dodecyl-ß-D-glucofuranosiduronamido-N-(N',W,iV'-trimethyl-ammoniumethyl)

jodide

(32). De goede water-oplosbaarheid van het dodecyl-ß-D-glucofuranosidurono-6,3-lacton, dat is
behandeld met een equimolairc hoeveelheid verdunde kaliumhydroxide oplossing, is zeer
waarschijnlijk

ten gevolge

van de de vorming van het

anionische

dodecyl-ß-D-

glucofuranosiduronaat (29).
Reduktie van de alkyl-ß-D-glucofuranosidurono-6,3-lactonen (27) met natriumboorhydride
leverde een homologe reeks van alkyl-ß-D-glucofuranosiden (33) in 65-85% opbrengst. Enkele
fysische eigenschappen, zoals het thermotroop vloeibaar-kristallijn gedrag, critische micel
concentraties, oppervlaktespanningen en de Krafft temperatuur, werden bepaald. De vloeibaarkristallijne fase is gekarakteriseerd als smectisch A en het smeltgedrag vergelijkbaar met de
overeenkomstige alkyl-D-glucopyranosiden. De octyl- en nonyl-ß-D-glucofuranosiden bezitten
relatief hoge CMC's (> 1 mM).
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Uit deze resultaten kan worden geconcludeerd dat D-glucurono-6,3-lacton een veelzijdige
uitgangsstof is voor de synthese van verschillende amfifïelen, met interessante eigenschappen.
In hoofdstuk 5 wordt een relatief eenvoudige synthese van 2-0-

en 3-O-alkoxycarbonyl-

derivaten uit methyl-a-D-glucopyranoside (34) behandeld.
Een sleutelrol in de synthese speelt het methyl-4,6-0-benzylideen-a-D-glucopyranoside-2,3carbonaat (35), dat gemakkelijk te bereiden is uit 34 door een benzylidenering gebruik makend van
benzaldehyde en zink chloride, gevolgd door een reactie met een overmaat chloormierezure
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ethylester en triethylamine. Een aanwijzing dat de vorming van het cyclisch carbonaat 35 geschied
via mono-ethoxycarbonyl esters van methyl-4,6-0-benz'ylideen-a-D-glucopyranoside 36 en 37 als
intermediairen is, dat migratie van deze ester groep optreedt van de 0-3 naar de 0-2 positie en vise
versa in aanwezigheid van triethylamine als base.
CHJOR 3

|
PiK

>-°ч2

/

PhCH

O" )

4Ö

PhCH

OCH,

Д — / o C1 H 3
OR

OR1
35

34 R» =:R 2 = R 3 = H
2

3

39 R' == -C(0)-OC 1 2 H2j.R =R = H
3

j

2

40 R ! =: R = H, R = -C(0>OC12H25

36

R ' =: -C(0)-OEt, R2 = H

37

R' = H , R 2 = -C(0)-OEt

38

R ' = R2 = H

De reactie van verbinding 35 met 1-dodecanol in aanwezigheid van een katalytische
hoeveelheid triethylamine, gevolgd door reductieve hydrogcnolyse van de 4,6-O-benzylideen
beschermgroep gaf de methyl-2-0- en methyl-3-O-dodecyloxycarbonyl-a-D-glucopyranosiden 39
en 40 in respektievelijk 30 en 20 % overall opbrengst. Alleen verbinding 39 was kristallijn en
vertoonde een monotrope vloeibaar-kristallijne fase. die kon worden gekarakteriseerd als smectisch
A. Deze route biedt de mogelijkheid tot de introductie van diverse homologe carbonaat-esters,
lange-keten thiocarbonaten en carbamaten op de C-2 en C-3 positie in methyl-a-D-glucopyranoside
(34).
In hoofdstuk 6 wordt een alternatieve synthese voor methyl-2,3-anhydro-4,6-0-benzylideena-D-allopyranoside (41) via carbonaatesters behandeld. Dit werk is voortgekomen uit het in
hoofdstuk 5 beschreven onderzoek. Tijdens het zoeken naar een alternatieve synthese voor hel
cyclisch carbonaat 35 werd een efficiente syntheseroute naar verbinding 41 gevonden. De
behandeling van methyI-4,6-0-benzylidene-a-D-glucopyranoside (38) met een mengsel van
diethylcarbonaat en kaliumcarbonaat in Ν,Ν-dimethylformamide gaf verbinding 41 in 72%
opbrengst. Methyl-2,3-anhydro-4,6-0-benzylideen-a-D-mannopyranoside (42) werd hierbij slechts
in zeer kleine hoeveelheden (0. 5-1.0 %) aangetoond.
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Het hoofdprodukt wordt waarschijnlijk gevormd door intramoleculaire aanval van het 0-2
anion op C-3 in het intermediaire methyl-4,6-0-benzylideen-3-0-ethoxycarbonyl-a-D-glucopyranoside (37), waarbij in de overgangstoestand de pyranose-ring een skew of Вг,5 conformatie
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aanneemt waarin de bovengenoemde groepen /rû/u-antiparallel staan. De hoge selectiviteit van deze
reactie kan worden verklaard, doordat er in de overgangstoestand die leidt tot de vorming van het
mannoside 42 een ongunstige interaktie bestaat tussen de C-l methoxy-groep en de C-2
ethoxycarbonylgroep in het intermediaire 4,6-O-benzylideen-2-0-ethoxycarbonyl-a-Dglucopyranoside (36). Enige andere aspecten van deze reactie zijn ook beschreven.
Er kan worden geconcludeerd dat het onderzoek, dat is beschreven in dit proefschrift, heeft
geleid tot de efficiënte synthese van enkele nieuwe amfifiele koolhydraat-derivaten met interessante
fysische eigenschappen. Sommige verbindingen zijn mogelijk geschikt voor praktische
toepassingen. Daarnaast heeft het onderzoek ook geleid tot de efficiënte synthese van enkele
intermediairen, zoals het allyl-ß-D-fructopyranoside (8) en het methyl-2,3-anhydro-4,6-0benzylideen-a-D-allopyranoside (41), die van belang kunnen zijn in de koolhydraatchemie.
Een samenvatting in het Nederlands en het Engels besluit dit proefschrift.

CURRICULUM VITAE
De auteur van dit proefschrift werd op 8 april 1962 geboren te Nijmegen. Na het behalen van
het diploma Gymnasium β in 1980 aan het Elshof College te Nijmegen begon hij in datzelfde jaar
met de studie chemie aan de Katholieke Universiteit Nijmegen. In januari 1988 werd het doctoraal
examen afgelegd met als hoofdvakken Organische Chemie (Prof. Dr. B. Zwanenburg) en Chemische
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