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INTRODUCTION

The factors which influence the chemical behaviour of a

compound - for example, its rate of reaction, its preferential conversion

to one of several possible products - have long been the subject of

intensive study. In the last decade, the application of conformational

analysis to alicyclic compounds and, in particular, to derivatives of
1 2

the cyclohexane series * has resulted in a much greater understanding

of their properties. The existence of these compounds in a number of

diastereoisomeric forms - for example, nine isomeric inositols are known -

permits the study of a particular reaction in a variety of related systems

and this might reasonably be expected to yield some information about the

steric and electronic effects which govern their reactivity.

Carbohydrate derivatives with a cyclic structure readily lend

themselves to studies of the above nature. One such system in this field

is the alkaline cyclisation of hexo3ide-6-toluene-p-sulphonates (tosylates)

to the corresponding 3,6-anhydro-compounds. This is a well established
3

reaction in carbohydrate chemistry, though subject to certain conditions:

1. The hydroxyl group on if not involved in rung formation

as in a pyranoid-type structure, must be otherwise substituted or 5,6-

anhydro-ring formation is an effective competing reaction.

2. A free, or potentially free, hydroxyl group must be available on

and, for steric reasons, must be on the same side of the ring as the

C^g^-side chain.
These restrictions apart, the reaction provides the preferred

method of obtaining 3,6-anhydro-compounds and, in addition to its
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usefulness in synthesis, has certain features which are of kinetic as

well as conformational interest.

Kinetic aspects of the reaction:

3,6-Anhydro-ring formation bears a formal similarity to the

reaction between ethylene chlorohydrin (i) and sodium hydroxide to form

ethylene oxide (ill) a reaction shown by several investigators to be

first order with respect to chlorohydrin and first order with respect to
L—6

base, leading to overall second-order kineticsf . More recently, the

experimentally determined second-order rate constant has been shown to be

a function of the initial concentration of the reactants, decreasing when

the concentration of either reactant was increased. A simple bi-molecular

mechanism does not provide an adequate interpretation of this behaviour and

Twigg and his co-workers suggested that this deviation could be explained

if the reaction proceeded through an intermediate ion (II), considered

OH HO ,u

\ _>h \ viiH ,/°\
H--'C C, * H-y- C\ * W'f
H h H/ (\ H' \ _

. r + CLJ_ 1L ill

to be present in significant amounts as soon as the reactants are mixed*7.
A steady state treatment of the above reaction scheme gave

calculated values for the rate constant in good agreement with those

obtained experimentally over a fairly wide range of concentration of the

initial reactants. Conductivity studies and an investigation of isotope
8 9

effects ' also indicate the formation of an intermediate alkoxide ion in

appreciable amounts.

On this basis the formation of 3,6-anhydro-compoundc (Vl) from



hexosi.de 6-tosylates (IV) is regarded as occurring throu^i ionization

of the hydroxy! group at C^ followed by an intra-molecular S^2 attack
by the anion so formed (V) at e.g.;

Ts OHjC TsOHC

H,OM<

JV V. ' YJ-
The kinetics of the cyclisation of several 6-tosylates (Table 1)

10
were investigated by Baker using a spectrophotometry method . The

reactions were carried out in an excess of sodium hydroxide - at least

twenty-fold - under which conditions first-order kinetics were obtained.

The ratio of the experimental first-order rate constant, k^, to the
hydroxide-ion concentration [OH*] did not remain constant however, a

marked increase in /[qhfincreasing [OH'] being observed in most
cases. Rate measurements carried out in media of constant ionic strength

(3M, sodium chloride) indicated that this increase was not attributable

to salt effects.

To explain the above results, it was suggested that the effect

of alkali was to promote cyclisation via di-anions as well as the mono-

anion shown. The following reaction scheme was proposed:

T OH/,
•fa.lt

T 7 OH'

sle

-fa.it

' ErpduXt

y //
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TABLE 1. Statistically Determined Data for the Cyclisation
of Hexoside 6-Tosylates -with Excess Sodium Hydroxide

Q
at Various Concentrations, at Ionic Strength 5 M, at 20 * '

Compound 102|1C2 10^ Z

1 ,5-anhydro-D-glucitol 6-Ts 102 866 5.5

1.5 anhydro-2-deaxy-D-arahino-hexitol 6-Ts 95.0 - -

Me o-D-glueopyranoside 6-Ts 10.0 154 2.5

Me p-D-glueopyranoside 6-Ts 6.77 57 2.1

Me c^-D-galactopyranoside 6-Ts 78.8 110 2

79.5 177 5

Me p-D-galactopyranoside 6-Ts 55.1 92 2

55.2 145 5

Me = Methyl, Ts = tosylate.

kg measured in l./mol./sec.
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where T represents the unionized tosylate and T' and T" mono- and di-

anions formed by ionization of hydroxyl groups. A steady-state treatment

of the above scheme leads to the expression :

= *2 ^ k3 t°H'^
"[OH'] 1 + Z [OH1]

where k^ is the experimental first order rate constant,

kgjk- are rate constants for cyclisatian via mono- and
di-anions respectively,

2 = KA, ,

K
where K^ = the ionization constant of the tosylate,

K,.r = the ionic product of water.
•I

The experimental results obtained for the above compounds

were interpreted on this basis and values for kg, k^ and Z were calcul¬
ated for compounds of the gluco-configuration by a statistical method.

The following features are noteworthy :

1. For the anomeric methyl D-glueopyranoside^ and 1 ,5-anhydro-D-

glucitol 6-tosylates which showed the greatest variation of

k1 /[OH * ] with [OH' ], k3/kg = ca. 10,
i.e. oyclisaticai via di-anions is significant at higher concentrations

of alkali.

2. For the corresponding galactosides, a slight decrease in ^/[OH1]
with increasing [OH*3 was observed. -This suggests that reaction via a

di-anion is much less important in this case. The value of k3/kg could
not be obtained unambiguously from the results but if it is assumed that

Z has approximately the same value (2 - 3) as for the glucosides, a

measure of k3/kg is possible. Here, k3/k2 = ca. 2, which is a much



smaller value than that found for the gLucosides and it may be assumed

that the reaction proceeds mainly via a mono-anian.

A qualitative interpretation of the above behaviour is

possible on conformational grounds (see below).

Conformational aspects of the reaction:

The principles which emerge from an application of conformational

analysis to cyclohexane derivatives have been used, with considerable success,

to explain the reactivity of carbohydrate compounds which have a pyranose

11-15
structure. The replacement of a methylene unit in the cyclohexane

ring by an oxygen atom introduces a slight degree of distortion : the

shortening of the bonds relative to the C-C bond brings

substituents on and into slightly closer proximity. Further,

the presence of an electron lone-pair on the hetero-atom and the bond

moments associated with the C^-O-C^ bonds introduces into the skeletal
structure effects not previously present. The interaction of these with

substituents attached to the ring may assume considerable importance.

The "size" of an electron lone-pair on a hetero-atom in a six-

membered ring has been investigated in some detail. Values obtained for

the dipole moments of piperidine and N-methyl piperldine (in benzene

solution at 25°C) led Aroney and Le Fevre to suggest that the hydrogen

and methyl substituents attached to nitrogen were axial, implying a
>' 16

preferred equatorial orientation of the lone-pair electrons ; more

17
recent investigations, however, indicate the contrary . The earlier

observation by Barton and Cookson that the steric requirements of an

electron lone-pair were somewhat larger than for hydrogen but less than
18

for other substituents has been modified by Brown, Katritzky and Waring .

The latter workers suggested that solvation of the electron lone-pair, in



systems where this is possible, may modify its size and they proposed

the following order of interactions; (hydrogen-solvated electron-pair)^)
(hydrogen-hydrogen)^ (hydrogen-free electron-pair). A study of comparable
effects for an electron lone-pair on oxygen does not appear to have been

made but it seems reasonable to assume "that any differences in size between

an electron lone-pair and a hydrogen atom are small enough to be neglected

for most conformational studies. The conformational characteristics of

the cyclohexane series are therefore relevant to pyranoses. In general,

1_. Chair forms are energetically preferred to boat and skew-boat

(flexible) forms.

2. Conformations which allow substituents to adopt an equatorial

orientation are usually more stable than those in which the substituents

are axial. However, this is not always the case for polar substituents.

Equilibrium mixtures of the anomeric methyl D-xylosides, for example,
19

contain nearly twice as much of the a- as the {3-anomer . The tendency

of polar groups (alkoxy, acylaxy, halogen) to assume an axial rather than

an equatorial orientation, when attached to the anomeric centre of an aldo-

pyranose is now firmly established, in particular, by nuclear magnetic
20

resonance spectroscopy , as a general feature of these compounds. This

phenomenon - the anomeric effect - is not explicable on purely steric grounds

and the greater stability of the a-anomer is attributed to favourable dipole-

dipole interactions between the ring oxygen and the axial substituent;

these interactions are unfavourable for a polar group in an equatorial

orientation and the (3-anomer is correspondingly destabilised. The magnitude

of the effect obviously depends on the nature of the aglycon and the polarity

of the reaction medium; free energy values ranging from 0.55 - 1.60 kcal/mole
21

have been variously assigned # A measure of non-bonded interaction energies
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between substituents attached to the ring has been derived from studies in
22

the inositol series, vis.,

OH - OH (skew interaction) - 0.35 kcal/mole ,

OH - OH (1,3,diaxial interaction) -1.9 kcaO/mole,
H - OH (1,3, diaxial interaction)- 0-2(5 kcal/W-e.

and these have been used to calculate differences in free energy between
22

alternative conformations for pyranose compounds

On the above basis the most stable conformation for pyranoside 6-

tosylates is that allowing the maximum number of bulky substituents to be

equatorial. For example, methyl (3-D-glucopyranoside 6-tosylate adopts the

C1 conformation (VII) in which all substituents other than hydrogen are

in equatorial positions. Thus in the "resting1,molecule, the groups involved

in 3,6-anhydro-ring formtion are too far apart and the "reacting" molecule

must adopt the less stable 1C conformation (IX) in which the reactive centres

approach each other more closely and are in an orientation more favourable

for an Sjj2 reaction. The formation of methyl 3,6-anhydro-^D-glueopyrano-
side (x) can be visualized as :



If [A] represents the concentration of the non-reactive

conformer of the anion and [B] that of the reactive 1C species, then

[A] K ' [B] ^ > Products (i)
and the overall rate for the reaction is

rate = r, [B] = r., K [A], (ii)
where K = the equilibrium constant between the two conformers,

r^ = the specific rate constant for 3,6,-anhydro-ring formation.
The rate is also given by

rate = [T] (iii)

where k.j = the experimental rate constant ,

and [T] = the total concentration of tosylate,

i.e.[T] = [A] + [B] .

Equating (ii) and (iii)

^ [T] = ^ K [A] (iv)
If [B] is small compared with [A], then [T] = [A]

and k,j = K (v)
The experimental rate constant, k^, is thus a composite term

incorporating an equilibrium constant K which is a measure of the inter-

conversion of conformers and must reflect the conformational effects

involved in the reaction.

10 23
The scope of Baker's investigation was extended by Inglis

and the first-order rate constant for the cyclisation of a number of

compounds in 0.02 N sodium hydroxide at 25°C determined (Table 2 ).

The results were interpreted in terms of the conformational and electronic

factors involved. An exact analysis requires the use of kg, the rate
constant for cyclisation via a mono-anion but at the low concentration

of alkali chosen the reaction proceeds mainly via the mono-anion and the
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TABLS 2. First order Rate Constants for Reaction of 6-Tosylates

(0.01 M) with 0.02 N Sodium Hydroxide at 25°

Compound

Half-
life

(min.)
in
vra.ter«

Rate constants (kj) in units
-5 -1

10 3 sec

"Water Aqueous Dioocan
(50% v/v)

1,5-anhydro-D-glucitol 6-Ts 23 51.4 107

1.5-anhvdro-2-deaxy-D-anabino-hexitol 6-Ts 23 50.5 74.5

Me-a-D-glucopyranoside 6-Ts 230 5.00 9.89

Me-j3-D-glucopyranoside 6-Ts 345 3.33 8.68

Me 2-deozy-ar-D-glucopyranoside 6-Ts 42 27.3 33.4

Me 2-deoxy-j3-D-glucopyranoside 6-Ts 57 20.4 27.7

1 #5-anhydro-D-galactitol 6-Ts 2.0 581 1210

1.5-anhvdro-2-deary-D-lygo-hexi tol 6-Ts 7.5 157 373

Me c&-g-galactopyranoside 6-Ts 27 42.6 78.3

Me j3-D-galactopyranoside 6-Ts 40 28.8 81.5

Me 2-deoxy-a—D-galaetopyranoside 6-Ts ca.21 53.1 91.6

Me 2-deosy-i3-D.-galactopyranoside 6-Ts 40 28.9 56.7

Me = methyl, Ts = tosylate.
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difference between kg and k^ is small enough to justify use of the latter :

1. Reactivity of glucose and galactose compounds : In every case, the rate

of reaction of the galactose derivatives was found to be greater than that

of the corresponding glucose compound.

In the ^lactose series, a change from the C1 to

the 1C conformation (XI—»XIII) results in a release of steric compression

for the hydroxyl group at j which changes from an axial to an equatorial
orientation; the converse is true in the glucose series (XIV—>XVI):

Here, the transition state is further destabilised by a 2,4-di-

axial interaction of the hydroxyl groups. These two effects combine to

lower the change in free energy for the C1^=i 1C conversion in the first

case and to increase it in the second and the galactose compounds therefore

react faster.

2. The anomeric ratio: By a similar argument, o-anomers should show a

faster rate of reaction than (3-anomers; this is in fact found, but the

observed ratio is unexpectedly low. In the 1C conformation, an axial
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substituent at C ^ -j is subjected to non-bonded interactions with axial
substituents on and Since these are greater than those for

an axial hydroxyl at in the sane confonnation, a ratio larger than

that observed in the galactose/glucose series should be obtained. The

anomeric effect has been invoked to explain this apparent anomaly :

an axial methoxyl group at C^ is stabilised by favourable dipole-dipole
interactions with the dipole associated with the )~0(5)"*^(5) ^onds an^-
an equatorial substituent is correspondingly destabilised. This electronic

effect lowers the reaction rate for the cv-anorner but increases it for the (3-

and a low a/(3 rate ratio results.

3. Removal of oxygen functions: (i) Substitution of a hydrogen atom for

a methoxyl group (1,5-anhydro-alditols) eliminates the retarding steric and

electronic effects associated with the methyl glycosides and an increase in

the reaction rate for the 6-tosylates of 1,5-anhydro-alditols is observed.

(ii) An increase in rate is also found on replacing the

hydroxyl group at by hydrogen (2-deoxy compounds); this substitution

eliminates the unfavourable OH^-OH^ di-axial interactions present in
the fully substituted glucosides. As this interaction is absent in the 1C

conformation for the corresponding galactosides, the substitution has a

less important steric effect and the galactose/glucose rate ratio is

lowered.

(iii) A comparison of the rate constants for the 1,5-anhydro-

alditol 6-tosylates and their 2-deoxy analogues is instructive as it provides

an indication of the interplay of steric and electronic effects. The hydro¬

xyl group on exerts an inductive effect on the adjacent hydroxyl

group, increasing the tendency of the latter to ionize and, consequently,

the reaction rate. For the galactose derivatives, the electronic effect



evidently outweighs the unfavourable steric effect of replacing hydrogen

by hydroxyl and leads to an increase in the rate of cyclisation. In the

glucose compounds, the accelerating electronic effect is counterbalanced by

the severe QH^-QH^) interaction introduced and the rate is
approximately the same for both compounds.

it-. Solvent effects: In all cases (Table 2), an increase in the rate of

cyclisation was observed when the reaction was carried out in 5C$ aqueous
r* o»

dioxan (dielectric constant, 35 at 25 C) , a less polar solvent than water

(dielectric constant,75 at 25°C). The electric charge, originally on the

alkoxide ion at is dispersed in the transition state of the reaction

over 0(3^» C^ and 0^; a decrease in the polarity and, hence, in the
ion-solvating power of the reaction medium should assist the dispersion

of charge and therefore accelerate the reaction. In addition, the use

of a low polar solvent should enhance effects due to dipole interactions, since

the latter are inversely proportional to the dielectric constant of the medium,

and a smaller c/p-anomeric rate ratio should result This was found to be

the case; for example, the value for the methyl D-glucoside 6-tosylates

(1.5 in water) was reduced to 1.1 (in aqueous dioxan, 5Q^ v/v), the values

for the corresponding galactose compounds being 1.5 and 0.95 respectively.

5. Bait effects: The reaction involves a neutral molecule and a negatively

charged ion and under the usual experimental conditions (lor/ concentration

of hydroxide ions), salt effects are probably of little significance.

However, the charge distribution is more diffuse in the transition state

of the reaction than in the initial reactants and any factor which inhibits

this dispersion will also retard the reaction rate. This was found to be

the case; when the reaction was carried out in a medium of higher ionic

strength (3_M, sodium chloride), decreases of up to 2C$ in the value of

were observed.
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The possibility that di-anions play an important part in the

cyclisation of the glucose derivatives has been mentioned above.

Although the 1C conformation, in this case, is destabilised by OK^-GH^)
interactions, the di-axial orientation of these groups permits a

sufficiently close approach for hydrogen-bonding to occur (XVII, XVIII),
thus partially offsetting the unfavourable steric effect. Such hydrogen-

bonding would tend to be stronger if one of the hydroxy1 groups

were ionized and therefore reaction via the 1C conformation would be

facilitated in a di-anion. It is ignificant that this process seems

to be of little importance in the galactose series where hydrogen-banding

of this type cannot occur. Further, it is interesting that the 3,6-anhydro-

glucopyranosides have been found to be unusually acidic, presumably because

of stabilisation of the ion by intramolecular hydrogen-bonding.

The omission of boat and skew-boat forms from the above analysis

requires some comment. The skew-boat form of cyclohexane is less stable,

by about 5.5 kca1/mole, than the chair form and the boat form is further
22

destabilised, relative to the latter, by about 1.6 kcal/mole . In the

present case, an examination of models shows that no skew-boat conformation

is possible in which the reacting centres in the molecule are sufficiently

close for 3,6-anhydro-ring formation. The true boat form does satisfy

this condition but interactions between eclipsed atoms and between the

"bow and stern flagpoles" mi^ht be expected to raise the free energy of
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26this f02m to a prohibitive value. In fact, n.m.r. measurements

have shown that methyl 3,6-anhydro-(3-D- glueopyranoside adopts the 1C
27

conformation, contrary to some earlier speculations . There is

circumstantial evidence that the transition state for 316-anhydro-ring

formation also has this conformation. Thus IngLis found that the q/j3

rate ratio for the cyclisation of the anomeric methyl D-gluco- and

galactopyranoside 6-tosylates and their 2-deoxy analogues was

approximately constant. The different "bow and stern flagpole"

interaction energies involved in the boat forms of compounds of the

gluco- and galacto-configuration (for the latter, the interactions

should be less) ought to result in considerable variation in the

above rates,

Inglis also prepared 1,2-0-ethylene-(3-D-glueopyranose

6-tosylate (XIX) in an attempt to assess tire importance of boat

conformations in 3,6-anhydro-ring formation and found the compound

to be unreactive under the usual experimental conditions. The

kinetics of the reaction of the above compound with alkali have now

been investigated (Part II), The rate of loss of tosylate ion is

extremely slow. The main structural feature of the compound is the

presence of two sixs-raembered rings with a trans-ring junction at

C(1) ^ C(2):



This ring-junction prevents the pyranose ring from adopting a

chair conformation in the transition state and cyclisation can occur only

via a boat form (XX), The slow reaction rate indicates that this conform¬

ation is assumed only with difficulty. In fact, 3,6-anhydro-ring formation

may not be occurring at all and the reaction observed may be an external

S^2 replacement of the tosylate group by hydroxide ion as, for example,
in the hydrolysis of 3*-tosyl 1,2-0-is opropylidene-D-glueofuranose to

1,2-0-isopropylidene-D-glucof'uranosel The role of boat conformations in

the cyclisations of the confomationally more mobile 6-tosylates thus

appears to be very small.

In view of the importance of the anameric effect generally, and

its relevance to the above work, it was thought that useful information

could be obtained by extending these studies to include compounds in which

the methoxyl group was replaced by other aglycons. The synthesis of the 6-

tosylates of the anomeric methyl 1-thio-D-glucopyranosides was therefore

undertaken. The A values (i.e. the difference in free energy calculated

for substituents in the equatorial and axial positions) for the methylthio

group is of the same order of magnitude as that obtained for the methycxyl
20

group viz.T 0.5-0.7 kcal/mole . Thus, to a first approximation, differ¬
ences in the reactivity of -0-methyl and Symethyl gLucopyranoside 6-

tosylates might be ascribed to differences in the anomeric and other

electronic effects resulting from the substitution of -SMe for -(Me.

The kinetics of the cyclisation of methyl 1 -thio-p-D-glucopyranoside

6-tosylate were found to be complicated by a nei$ibour!ng group reaction

involving the methylthio-group and, as indicated in Part (n), only a

qualitative interpretation of the results is possible. However, the above

neighbouring group reaction is of considerable interest; as indicated
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later, it is not without relevance to the main theme of the research

and it v/as therefore investigated in some detail (see Bart I).

The preparative work related to the above projects is

described in Bart I. During this work an attempt was made to separate

mixtures of the anomeric methyl 1-thio-D-glucopyranosides on a strong-

base ion-exchange resin in the hydroxide form, AlthoujJi this was only

partly successful, the method was found to be a very valuable separ¬

ation technique for related systems and a detailed examination of such

separations was undertaken (Part III),



PART I

SYNTHESIS AND REACTIONS OF SOME l-THIOGLYCOSIDES

I. Some differences in the properties of 0- and S-glycosides.

II, General methods of synthesis of j3-glycosides.

III. Synthesis of the anomeric methyl 1-thio-D-glucosides.

IV. Synthesis and characterisation of 1-thioglycoside 6-tosylates.

V. Solvolysis of 1-thioglycoside 6-tosylates.
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I. DIFFERENCES BETV1BN £b AMD £- GLYCOSIDES;

The existence of 1-thioglycosid.es was known as early as

29
1831 with the isolation of sinalbin, a mustard oil glycoside .

The naturally occurring (^-glycosides have been investigated in more

detail than the less abundant sulphur analogues but an impressive

volume of information about the latter has been gradually collected

and it provides interesting examples of variations in the properties
30 — 32

of the two series of compounds .

Sulphur and oxygen belong to the same group in the Periodic

Table and this gives rise to a formal similarity between their derivat¬

ives. However, differences in the electronic configuration of their

inner valency shells are reflected in the properties of the elements.

The sulphur atom has an inner core of ten electrons whereas oxygen has

only two. Sulphur atoms thus have a lower electronegativity and the

electrons in the outermost shell are less ti^itly heldj consequently,

sulphur compounds have smaller ionization potentials and inductive

effects but they are more polarisable than oxygen compounds. Sulphur is

able, by using the d orbitals available, to expand its valence shell to

ten electronsj it can therefore, unlike oxygen, stabilise an adjacent

carbanion by resonance and this may lead to differences in the reaction

mechanisms of compounds of similar type. In addition, the greater size

of the sulphur atom may give rise to steric effects, but in the systems

studied so far, differences between oxygen and sulphur, in this respect,

appear to be small^.
The replacement of ocxygen by sulphur leads to several modific¬

ations in the properties of the corresponding glycosides; those relevant



-19-

to the present study are discussed briefly below:

(i) Hydrolysis: In general, 1 -thic lycosid.es are more stable to acid-

induced hydrolysis than their oxygen analogues . The ratio of the

rate constants obtained for the acid hydrolysis of selected j3-D-glucosides

(Table 3) indicates that phenyll-thio-jS-D-glucopyranoside is more stable

than its etnyl analogue whereas these stabilities are reversed for the 0-

glycosides:

TABLE 3: Relative Rate of Hydrolysis

of Some Glucosides

AfA7con Relative Rate

- SPh 1

- OPh 350
Ph = Phenyl

- SEt 25
Et = Ethyl

- OEt 80

The first step in the hydrolysis is probably an equilibrium

controlled protonation of the heteroatom of the agLycon (XXI) followed

by a slow unimolecular heterolysis of the conjugate acid (XXIl).to give
36

a cyclic carbonium ion (XXIII) . The latter rapidly adds on a

water molecule to give the observed products. The slower rate of reaction

of the ^-glycosides is attributed to the lower basicity of sulphur compared
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to oxygen and, hence, a smaller tendency for the former to accept a

protonj indeed, the hydrolysis of S- lycosides may occur by an

CHpH CHpH

H

4-gl* t
HO

XXL XXIV

CHPH

f>-rooL«.cts < ^

GKOH
-OH

HO OH

XXVL

/0H2

XR

OH XXV

alternative mechanism which involves protonation of the ring ccxygen atom (XXIV)

and heterolysis of the to give an acyclic carbonium ion (XXV)j

this is followed by rapid addition of a water molecule to give another

carbonium ion (XXVI) which in turn decomposes to give the observed reaction

products. Such a mechanism must operate in the conversion of ethyl 1-thio-

a-D-glueofuranosi de (XXVII) by 0.01 K hydrochloric acid at 100° to a

CHpH
HOCH

CKOH CHpH CHPH

HOCH O. SEt

SEt

XXVII XXVIII m
OH

XXX

mixture of ethyl 1-thio-a (and p)-D-glucopyranosides (XXIX, XXX). The

above mechanism (XXIY—>XXVI, X = 0) has also been proposed for the
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37
O-glycosides ' but is not widely accepted. The experimental evidence

available at present does not permit a decision to be made between the

proposed mechanisms.

(ii) Oxidation: The reaction of O-glycosides with acidising agents

follows the pattern established for cyclic glycols. Thus, oxidation

with periodate provides a method of determining their structure.

Willi ^-glycosides the reaction with periodate is more complex, one mole
20

of reagent in excess of the stoichiometric amount being consumed"'1"7.

The reason for this behaviour is not clear but probably results from the

conversion of the sulphur atom to a higher oxidation ' For

example, phenyl 2,3,4,6-tetra-0-acetyl-1-thio-^-D-glucopyranoside (XXXI)
is converted by potassium permanganate in acetic acid to the corres¬

ponding sulphone (XXXII) ^.

AcO

JiHAc/KMnQ,

AcO

HjjOAc
0, SO.PK

OAc

OAc

xxxl XXXII

The usefulness of periodate oxidation for structure investigat¬

ion is obviously reduced by the above behaviour; an alternative method

involves prior conversion of the thioglycoside to the sulphone (XX1L.II)

which then reacts with the stoichiometric amount of periodate required

for glycol cleavage (XXXIII—► XXXIV) :

,40
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CHpn
/ °\SOtPh

K ^ ^Ho\p |/
OH

XXXIII XXXIV

(iii) Reductive De3ulphuriaation: Treatment of thioglycosides with

Raney nickel in suitable solvents results in cleavage of the C-S bond
| ft J 2

and replacement of the thio-group by hydrogen4" * . The reaction is

used generally to determine the position at which a thio-group is

attached to the ring. In addition, desulphurisation is a useful

diagnostic tool in structural studies on thio-sugars since it is

unaccompanied by ring isomerisation^"^. The structure of the

methyl 1-thio-a»-and 3-D-glycosides prepared during the present woric

(see experimental section) was determined by this method.

(iv) Reaction with Mercury (II) Salts: The high selectivity of

sulphur for heavy metals makes the reaction of 1-thioglycosides with

mercury (n) salts a special feature of these compounds. The reaction

is useful in synthetic and structural woric since it can convert

derivatives of thioglycosides to oxygen compounds. Thus ethyl 2-

acetamido-2-deoxy-1-thio-a^D-xyiofuranoside is converted by mercuric
i 7

chloride in aqueous solution to 2-acetamido~2-deoxy-p-xylose .

In the present work, the structure of the anorneric methyl 1-thio-6-0-tosyl-

D-glucopyranosides was determined by their conversion to known derivatives

of 6-0-tosyl-D-glucopyrano3e.

CHtOH

"°\5QPH
CHO

OHC
/

+ HCOOH
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II. METHODS OF SYNTHESIS OF l-HHIOGLYCOSIDES:

The methods of preparing 1-thiogIycosides fall into four well-

defined classes:

(i) Reactions involving mereaptans: These include direct reaction

of a thiol with (a) a free sugar (mercaptalation) in the presence of

strong acids (usually concentrated hydrochloric acid), (b) fully-

substituted esters (mercaptolysis) in the presence of zinc chloride.

At lew temperatures and short reaction times, mercaptalation

produces acyclic dithioacetals in hi^ti yield but at slightly elevated

temperatures and longer reaction times, 1-thioglycosides are among the

main reaction products obtainsd^*^. The anomeric ethyl 1-thio-D-

mannopyranosides (isolated as the tetraacetates) were first synthesized

by this route (XXXV-XXXVIII)^® and the corresponding 1 -thio-D-gluco-and

D-galactopyrano3ides have been similarly prepared in lew/ yield^^*^0.

XXXV

H,OH RSH
Cone HCl

HO

CHpH
-OH

OH HO

XXXVI

H(SR\

: HpAc

AcO

Acag>
in |»y T-ictc i-se.

HO

CHtOH

OH H
H,SR

XXXVIII R a Methyl, Ethyl XXXVII
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Ibl: The mercaptolysis of sugar esters results in the formation of 1-

thioglycosid.es in hi^i yield; however, neilabouring group participation

of substituents at usually influences the steric course of the

reaction and one anomer is preferentially obtained, for example, j3-D-

glucose penta-acetate (XXXIX) is rapidly converted by the action of

ethanethiol and anhydrous zinc chloride to ethyl 2,3,4,6-tetra-O-acetyl-
jr-i

1 -thio-|3-E>-glucopyranoside (XLI) in 7C^ yield . Under the same expeiv

imental conditions o-D-glucose penta-acetate (XLIl) reacts slowly to give

the same product in only 15^ yield. In the former case, removal of the

acetoxy group from the anomeric centre is accompanied by neighbouring

group participation of the acetoxy group at J the 1 ,2-cyclic

acetoxonium ion formed (XL) effectively prevents attack by a nucleophile

below the plane of the ring and ethyl 2,3,4,6-tetra-0^acetyl-1-thio-(3-D-

glucopyranoside is obtained. The configuration of o-D-glucose penta-

acetate (XLIl) prevents departure of the acetoxy group with
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simultaneous neilabouring group participation of the substituent

and the reaction is retarded.

(ii) Demercaptalation of dithioacetals; Dithioacetals are converted

52
by mercuric chloride in the presence of a base to 1-thioglycosides .

The products were originally assigned a pyranoside structure but
53

oxidation studies with periodate clearly indicate a furanoside structure .

33 5L
The method has been modified by Pacsu ' but is not altogether satis¬

factory} under the reaction conditions, the 1-thiogIycoside may react

further with mercuric chloride to give the free sugar even when the
55

reagent is present in less than stoichiometric amounts . The suitability

of the method depends on the relative rates r^, r2 of ihe reactions
involved521-'55:

r1 r2
Dithioacetal ■ > thioglycoside > free sugar

Por the ribose and glucose derivatives, r, rg and the thio¬
glycoside can be isolated in good yield. Por the corresponding xylose

and mannose derivatives, the rates are reversed and the free sugar is the

major product. Iyxose and galactose derivatives show intermediate

behaviour.

(iii) Direct alleviation of 1-thioaldoses: This method was one of the

56
earliest developed for synthesis of 1-thioglycqpyranosides and, recently,

its scope has been greatly increased by the work of the Czech school of
57

chemists' • The reaction involves treatment of the 2,3,4,6-tetra-O-acetyl-
1 -tliio-j3-D-aldose or its sodium salt with the appropriate alkyl iodide under

slightly alkaline conditions. No change in ring size or anomeric configur¬

ation occurs and a wide range of acetylsted 1-thio-p-D-gluco-and galacto-
57 58

pyranosides has been prepared by this method * . The method has more
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recently been extended to the corresponding ribose and xylose
59

derivatives' .

(iv) From glycosyl bromides: Acetylated a-D-glucosyl and galactosyl

bromides (XLIIl) undergo net inversion when reacted with the alkali

metal salt of a thiol to give the corresponding 1-thio-j3-D-glycoside (XLIV).

Phenyl 2,3,2f,6-tetra-0-acetyl-1-thio-(3-D-glucopyranoside - the first

synthetic thioglycoside to be recorded in the literature - was prepared
60

by this method . The thioglycoside so obtained has the same ring size

as the starting material and the method is suitable for preparing both

alkyl- and aryl-thioglycoside61-6^
. . I
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III. PREPARATION OP THE ANOMERIC METHYL 1 -QMO-^GLUCOFYRANOSIDES:

Methyl 2,3 ,4,6-tetra-O-acetyl-1-thio-p-D-glucopyranoside

has "been previously obtained by the reaction of the potassium salt of
52a

methanethiol on 2 ,3 ,4, 6-tetra-O-acety1-co-D-glucopyranosyl bromide

and also by treating 2,3,4,6-tetra-0-acetyl-1 -thio-^-D-glucopyranose

with an ethereal solution of diazomethane or with methyl iodide in
57

slifiitly alkaline media . The free glycoside was subsequently

obtained as a syrup by deacetylation of the above product"^3".
Of the methods of synthesis described in the preceding

section, that developed by Cerny and his school was chosen for the

preparation of methyl 1-thio-p-D-glueopyranoside. The method has

certain cibvious advantages:

(i) It eliminates the use of the very volatile and unpleasant

methyl mereaptan;

(ii) The reaction is easily adaptable to large scale preparations!

(iii) Althou^i several steps are involved in the synthesis, each is

characterised by a hi^i yield. The complete reaction sequence is

outlined below:

XLV
XLVI
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CHpAc
O

)At &r
in. Ace ton.c

HPAc N Hx
°vS<^JHX Br"

XLVf
OAc OAc

XLVH

Naj.^4"

CHvOAc
O SMe

NcdkU.
in- Ke.C>H

CHxOH

Me. I/Leo.

JAeSOjH
Su.1 t>k»U-kt.^

CHxOAc

Acd

XLVHI

SMe

The free sugar (XLV) is first converted to the fully acetylated gLycosyl

bromide (XLVI) which is then condensed with thio-urea in acetone solution

to give idie isothiouronium salt (XLVTl). The latter is reduced by sodium

metabisulphite, in aqueous solution, to 2,3,4,6-tetra-0-acetyl-1 -thio-p-D-

glucopyranose (XLVIIl)j the thiosugar is removed from the reaction as it

is formed by extraction into an immiscible organic phase, carbon tetra¬

chloride, and the crude reaction product can be alkylated directly with

methyl iodide to the corresponding 1-thioglycoside (XLIX). Deacetylation
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of the latter -with catalytic amounts of sodium in absolute methanol

gives methyl 1-thio-|3-D-glucopyranoside (L). As in previous preparations,

the product was obtained as a syrupj the latter, however, crystallised

after long standing and subsequent preparations crystallised without

any difficulty.

The o-ancmer (LII) has not, so far, been prepared although the
33 h.8

ethyl analogue is known ' ' * * . The methyl 1-thio-cwD-glucoside,

reported by Schneider, Sepp and Stiehler^2a, is almost certainly the

furanosidej it was obtained by demercaptalation of glucose dimethyl

thioacetal with mercuric chloride and other 1-thio-o-D-glycosides,

prepared by this method, have been shown by periodate oxidation to have
53

a furanoside structure .

Of the above synthetic routes (Section II) only the first is

applicable to the preparation of 1-thio-a-D-glycosides. As this did not

seem particularly convenient, anomerisation of the acetylated p-anomer

(XLIX) was investilted as an alternative method. A variety of acid

catalysts has been used to effect anomerisation of the corresponding 0^
67 68

glycosides e.g. stannic chloride , titanium tetrachloride , mercuric

bromide and hydrogen bromide^*, boron trifluoride^0. Unsuccessful

attempts to anomerise P-D-thioglucoside tetraacetates with stannic chloride
6A

have been reported j this is not altogether surprising since the reagent,
fry 71

although it anomerises sugar acetates quite readily * , is less

effective for the corresponding O-glycosides under the same experimental

conditions^. In this context, it is also significant that 1-thio-(3-D-

glucose pentaacetate is unaffected by sulphuric acid in acetic anhydride
72

under conditions which readily effect anomerisation of the oxygen analogue .
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The fully acetylated ethyl 1-thio-D-glycopyranoside3 have
73

been reported to be highly resistant to anomerisation , but a detailed

investigation of this particular reaction does not appear to have been

made. In the present work, the reaction between methyl 2,3,4,6-tetra-O-

acetyl-1-thio-p-D-glucopyranoside and a number of anomerising agents has

been examined. The mechanistic aspects of the reaction were not

investigated in any detail since the principal objective was the

synthesis, on a preparative scale, of the <*-anomer;

(i) Titanium tetrachloride: Treatment of the above glycoside (XUX)

with titanium tetrachloride in absolute chloroform, under the experimental

conditions used for the oxygen analogue, resulted in the formation of

2,3,4,6-tetra-O-acety1-o-D-glueopyranosy1 chloride (LIII) in 60ja yield.

When the reaction was terminated after 1 hour instead of 5 hours, only

unchanged starting material could be isolfced from the reaction mixture.

The above reaction provides a further example of the differences

in chemical behaviour which result from the replacement of oxygen by sulphur

in corresponding compounds. However,the variations observed in the reaction

between titanium tetrachloride and acetylated-O-glycosides must also be

considered: The acetylated (3-D-glycosides of primary and secondary alcohols

are readily converted to the or-anamers but glycosides of tertiary alcohols

give acetochlorosugarsj phenolic glycosides and polysaccharides, on the

XLIX L III
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other hand, do not react

Two general features have so far emerged from anomerisation

studies of a number of acetylated glycosides:

(a) Anomerisation is essentially an intra-molecular reaction. Thus

treatment of a mixture of isopropyl tetra-O-acetyl-(3~D-glueopyranoside

and ethyl hepta-G-acetyl-p-cellobioside with titanium tetrachloride in

chloroform gave isppropyl tetra-O-acetyl-a^D-glucopyranoside and ethyl

hepta-O-acetyl o-cellobioside in 66 and 75/-' yield, respectively^".
Similarly, when methyl tetra-0-acetyl-j3-D-glucopyranoside, labelled

4 1

in the methyl group with C, was anomerised with either titanium tetra¬

chloride or boron trifluoride in the presence of non-radioactive methyl

tetra-O-acetyl-P-L-glucopyranoside, the radioactivity wa3 found to be

confined entirely to the methyl tetra-O-acetyl-o-D-glucopyranoside
75

portion of the product .

(b) The ease of anomerisation depends on the nature of the aglycon. A

study of the rates of anomerisation of various glycosides showed that the

rate decreased in the series:

(ch3)3 c - o > (ch3)2 ch - o> ch3 ch2-o> ch3 - o> ch2ci.ch2 - 0,
indicating "that the reaction is favoured by an increase in the availability

of electrons from the aglycon^4".
Two mechanisms of anomerisation have been proposed which incor¬

porate the above features:
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:hvoa*
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In the above mechanism^4", the first step in the anoinerisation reaction

involves coordination of the acid catalyst (M) with the ring oxygen atom

(LV) followed by fission of the C(1 )~C(5) ^ond "to S^-Ve ^ acyclic carbanium
ion (LVI) which can re-close to give the af-anomer (LVII).

Alternatively, the first stage in the reaction may be coordination

of the catalyst with the oxygen atom of the aglycon (LVIIl). This is followed
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by incomplete dissociation of the C^-OR bond giving rise to an ion
76

pair (LIX) which can collapse to form the a^anomer (LX (scheme B) .

A serious objection to the second mechanism is that, in cases

involving a positively charged ion (e.g. M = CH^CO+) as the attacking
species, it requires the formation of an ion pair between a neutral residue

and a positively charged carbon atom. The first mechanism, although its

validity has also been questioned, seems the more acceptable of the two.

It does not, however, explain the formation of a-D-acetochloroglucose from

methyl 2,3,4,6-tetra-0-acetyl-1-thio-i3-D-glucopyranoside (XLIX). Here,

the initial step may be irreversible dissociation of the C^-SCH^ bond
via complexing of the methyl thio-group with the central atom of the catalyst:

(AcO);G-SCH3 + TcCL^r *(Ac.O)-G*
XLIX L X I

CHjS—T <• C I n

G = Ghjuto se.

The carbonium ion formed (LXI) can be stabilised by neighbouring group

participation of the acetoxy group at to give the 1,2-cyclic

carbonium ion (LXII). Attack by a chloride ion (derived from the catalyst)

HPAc HP At

C HpAt
■o

A <lQ

lxiv

QAc

6At

AcO

LXIII
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above the plane of the ring results in the formation of ]3-D-acetochloro-

glucose (LXIII) which is known to rearrange to the o^anomer (LXIV) even

77
in weakly polar solvents such as chloroform .

A similar mechanism may operate in the case of tertiary alkyl

glycosides (LXV) which also give a-D-acetochloroglucose. The +1 effect

exerted by a tertiary alkyl group could increase the electron density

around the glycosidic oxygen atom, making it a more favourable site than

the ring oxygen atom for coordination with the catalyst:

CH£>Ac
+ RpOM

Complete dissociation of the C^-aglycon bond then occurs giving the
carbonium ion (LXVl) which then goes through the sequence outlined above

(LXI) » (LXIV).

The reaction route suggested for the thioglycoside (XLIX)

assumes that the catalyst complexes with the sulphur atom of the agLycon

rather than with the ring-oxygen. Most metals in their common valency
78 79

states are classified as A-type acceptors * , i.e. they form their

most stable complexes with the first ligand atom (e.g. Oxygen) of each

G-roup in the Periodic Table rather than with the second (e.g. Sulphur) or

subsequent ligand atom as do B-type acceptors. However, antimony trichloride

and stannic tetrachloride-Lewis acids similar to titanium tetrachloride -

have been shown to form more stable complexes with diethyl sulphide than
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gO 0^
with diethyl ether * , although they are formally classified as A-type

"78
acceptors . On this basis, the above mechanism seems plausible but the

situation is still open to question. A more detailed investigation of

the reaction is desirable but the heterogeneous nature of the medium

poses considerable difficulty.

(ii) Acetic acid - acetic anhydride ~ sulphuric acid; This system has

been extensively used in anomerisation studies of the fully acetylated
82-84

sugars and the corresponding glycosides . Its superiority over the

more effective catalysts e.g. boron trifluorides, titanium tetrachloride,

is that it provides a homogeneous reaction medium and is therefore more

suitable for kinetic measurements.

Reaction of methyl 2,3,4,6-tetra-0-acetyl-1-thio-p-D-glucopyrano-
side with this reagent led to a rapid increase in the optical rotation of

the reaction solution within ten minutes, the value remaining constant

thereafter. The reaction resulted in the removal of the methylthio-group

from the anomeric centre and ar-D-glucose penta-acetate was isolated in 65fo

yield, '/lien the reaction was carried out under conditions which suppress

acetolysis (shorter reaction time and lower concentration of sulphuric
"71 2Q

acid) , the product isolated had a low specific rotation MS" ♦ 27.4
(c_ 2.0 in chloroform) and was shown by chromatography to be a mixture of

a- and p-D-gLucose penta-acetates.

A variety of me chanisms has been proposed for the anomerisation

and acetolysis of acetylated P-D-glycosides in the above system^"' but

the available experimental information does not permit differentiation among

them. With the above thiogLycoside the reaction route may be similar to
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that suggested above for the formation of 2,3,4,6-tetra-O-aoetyl-a-D

glueopyranosyl chloride (the catalytic species CHr,C0+ behaving as a B-

type acceptor) but further speculation at the moment seems unprofitable.

(iii) Trifluoroacetic acid: Trifluoroacetic acid, either in chloroform

(0.5 M) or by itself, had virtually no effect on the thioglycoside. Only

a very slight increase in the optical rotation of the solutions was

observed even after twenty-four hours.

(iv) Boron trifluoride-etherate: Methyl 2,3,4,6-tetra-0-acetyI-1-thio-

|3-D-glucopyranoside dissolved readily in this reagent at room temperature

to give a dextro-rotatory solution. Attempts to follow the reaction by

optical polarimetry were only partly successful as the initially colourless

solution darkened fairly rapidly. Chr omatography of the product indicated

anamerisation of the starting material but the anomeric mixture thus

obtained was isolated in low yield, at best 1($, and its composition

was not reproducible when the experiment was repeated.

(v) Sulphuric acid in tetrahydrothiophene-1. 1-dioxide (sulpholane):

Solutions of the thioglycoside in sulpholane containing concentrated

sulphuric acid showed no change in optical rotation when the acid concen¬

tration was less than 1.0 M. At higher concentrations anomerisation

occurred but, as in the above case, the results were variable.

(vi) Methanesulphonic acid in sulpholane; Of all the systems

investigated, methanesulphonic acid in sulpholane (3:5, v/v) proved to

be the most satisfactory for anomerisation. The reaction was followed

by optical polarimetry but the reaction solution darkened after ca. thirty-

minutes and no accurate measurements were possible beyond this stage.

The composition of the equilibrium mixture is thus not known with any



-37-

degree of certainty. The anomeric ratio (a : (3) in the isolated product

is ca. 1 i 2. hut, since equilibrium may not have "been reached before the

reaction was quenched and a longer reaction time would have led to

subsequent transformations of the initial product, this value provides

no information about the relative thermodynamic stabilities of the anomers.

The anomeric mixture was conveniently separated by partition

chromatography on silica gel impregnated with dimethyl sulphoxide as the
85

stationary phase using di-isopropyl ether as the mobile phase . Methyl

2,3,4,6-1etra-O-acetyl-1-thio-a-D-glueopyranoside thus obtained was

converted to crystalline methyl 1-thio-o^D-gLucopyranoside on

deacetylation.

Sulpholane, like nitromethane, is a dipolar aprotic solvent of

low basicity and relatively high dielectric constant^0* ^. It is thus a

poor medium for solvating ions and solutions of acids in sulpholane show
7

highly acidic behaviour, even at low acid concentrations . In the

present case, since ion-solvation is unlikely, the first step in the

anomerisation must involve protonation of either the ring-oxygen or the

sulphur atom of the aglycon by a "bare" proton as it is the only electro-

phile present. The lower basicity of sulphur suggests that the first

alternative is the more likely;

XLIX LXVII L XVIII
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The acyclic carbonium ion intermediate (LXVTI) can recyclise to give

either the cwanomer (LXVTIl) or the initial compound. Sufficient

experimental evidence is not available to confirm or disprove the above

mechanism and further investigation of the reaction is required.

Under the same experimental conditions, methyl 2,3,4,6-tetra-

O-acetyl-j3-D-glueopyranoside shewed a rapid increase in optical rotation,

the value of the latter reaching a maximum after ca. 10 minutes then decreas¬

ing at a slower rate to a constant positive value. This behaviour parallels

that observed by Montgomery, Hann and Hudson for the compound in the acetic
82

acid-acetic anhydride-sulphuric acid system and is due, presumably, to

the formation of the anomeric methaneeulphonates but the reaction was not

investigated further.

The above method of anamerisation has since been extended to

88
the synthesis of methyl 1-thio-a-D-galacto- and mannopyranosides .

In both cases, the anomeric mixture was deacetylated and the free glyco¬

sides were then separated by chromatography on strong base ion-exchange

resins in the hydroxide form. This method of separation was also used for

the anomeric methyl 1-thio-a-D-glucopyranosides but several re-cyclings

of intermediate fractions were necessary.

The oxygen analogues in the glucose series can be separated by
89

forming the potassium acetate conplex of the (3-anomer . Although it was

found that methyl 1 -thio-(3-D-giucopyranoside forms a 1 : 1 potassium

acetate complex, this compound could not be obtained from a mixture of the

two anomers. However, they could be separated by extracting the deacety¬

lated anomeric mixture with ethyl acetate in which the cwanomer is virtually

insoluble.
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TAJBIiE 4. Fhysical Constants of Some

1 -thioflycosides.

Compound I. P. [a] [MJ
in water D

2A 2B

Methyl 1 -thio- j—D-glueopyrano3ide

Methyl 1 -thio-[3-D-glucopyranos ide

Methyl 1 -thio-o-D-galactopyranos ide'

Methyl 1 - thio-p-D-galactopyranos ide

88
Methyl 1-thio-o-p-mannopyranoside

Methyl-1-thio-p-B-mannopyranoside'

Tetra-acetates of

Methyl 1-thio-a-D-glucopyranoside

Methyl 1-thio-p-D-glueopyranoside

88

62

88

167-8

127-8°

145-6°

174-5°

152-4°

158-9°

108-9

96°

52,000
(47,900)

69,720
(66,200)

+279 58,590

-31.4 -6,590 65,180

+321 67,410

+11 2,310 65,100

+203 42,630

-82 -17,220 59,850 25,410

in chloro¬
form

+193.4 73,110

-15.6 -5,900 79,000 67,210
(65,970)

The physical constants for the 1-thio-a-D-glycosides prepared "by the above method

are given in Table 4. The values for the p-anomers are included for comparison.

The A values for the methylthio-group, obtained from the glucose and galactose

compounds, are in good agreement with each otherj that obtained from the mannose

derivative is lower as in the case of the corresponding oxygen confounds. This

apparent anomaly is attributable to differences in configuration near the

anomeric centre. In every case, the B values are considerably hi^ier than
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CA

those quoted by Pried and Vvalz for the ethyl 1 -thioglycosides. (These

are given in brackets in the Table). The reason for this deviation is

not altogether clear.

The structure of the above 1-thioglycosides was confirmed,

in each case, by reductive desulphurisation with Raney nickel to the
88

corresponding 1,5-anhydro glycitol .
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IV. PREPARATION AND CHARACTERISATION OP SOME THIOG-LYCOSIDE 6-TOSYLATES:

The 6-O-tosyl derivatives of the anomeric methyl 1-thio-D-

glucopyranosides were obtained by reaction of the latter with toluene-p«

sulphonyl chloride in anhydrous pyridine at -10°. In preliminary

experiments, methyl 1-thio-6-0-tosyl-[3-D-glucopyranoside was isolated
90

from the reaction mixture by the standard procedures and recrystallised

from ethanol. Hotever samples obtained from this or other hydroxylic

solvents were ill-defined and unstable, decomposing after a few days.

This behaviour was subsequently found to be due to solvolysis of the

compound and the experimental procedure was therefore modified for both

anomers (see Experimental Section).

Because of the non-stoichiometric behaviour of 1-tnioglycosides

in the Malaprade reaction, the position of the tosylate group in the

above compounds could not be confirmed by periodate oxidation. Instead,

they were converted to derivatives of 6-0-tosyl-D-glucose by reaction

with mercuric acetate in anhydrous acetic acid at room temperature. The

reaction proceeds predominantly with net inversion at the anomeric centre.

With methyl 1 -thio-6-O-tosyl-cv-D-glucopyranoside (LXIX, R = H) a rapid

decrease in the optical rotation of the reaction solution to a small

positive value was observed within the first fifteen minutes. Acetylation

of the reaction intermediate (LXX) with acetic anhydride in pyridine at 0°
91

gave the known 1,2 ,3,4-tetra-0-acetyl-6-0-tosyl-j3-I)-glucopyranose (LXXl) .

Under similar reaction conditions, methyl 1-thio-6-0-tosyl-j3-D-glucopyrano-

side gave 1 ,2,3,4-tetra-0-acetyl-6-0-tosyl-a-D-glucopyranose; the latter
91

has been obtained, hitherto, only as a syrup but a crystalline sanple
was prepared by anomsrising the j3-anomer with perchloric acid in acetic

anhydride s
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LXIX, R-U LXX LXXI, R.ftc

Methyl 2,3 ,4-tri-O-acetyl-1 -thio-6-^tosyl-j3-D-glucapyranoside

(LXXIl) and the corresponding galactoside were required for the solvolysis
92

studies outlined below. The oxygen analogues were prepared by Compton

by tosylating the free glycoside followed by acetylation of the resulting

reaction solution; a similar procedure was adopted for the synthesis of

the above compounds. The glucose derivative was also obtained by acetyl¬

ation of methyl 1-thio~6-0-tosyl-|3-I)-glucopyranoside, the product from

both preparations having the same physical constants.

Surprisingly, the triacetate (LXXIl) was recovered unchanged

when treated with mercuric acetate under the experimental conditions used

for the unacetylated compound. Presumably, the presence of an electron-

withdrawing substituent at effectively reduces the electron density

around the anomeric centre and the tendency of the methylthio-group to

complex with mercury as well as the stability of the carbonium ion

are decreased correspondingly.
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V. S0LV0LY5I3 OF THIOGLYCOSIDE 6-TOSYLATES:

The methyl 1-thio-6-0-tosyl-D-glueopyranosides described

above were required, primarily, for kinetic studies of the alkaline

cyclisaticm of glycoside 6-tosylates to the corresponding 3,6-anhydro-

compounds. For such studies to be valid, the rate of reaction of the

tosylate with solvent alone must be small compared to the rate observed

in the presence of alkali. This was always found to be the case in

previous work. However, preliminary experiments with methyl 1-thio-6-0-

tosyl-j3-D-glucopyranoside showed that the compound decomposed with the

liberation of tosylate ions in neutral aqueous solution, the half-life of

the reaction being about 30 hours at room temperature. Under the same

conditions, methyl 1-thio-6-0-tosyl-a-D-glucopyranoside and the oxygen

analogues (methyl 6-0-tosyl-o-and (3-D-glueopyranosides) were quite stable.

Moreover, a methanolic solution of the above compound, which had a negative

optical rotation initially, became strongly dextro-rotatory on standing,

the rotation reaching a constant value after ca. 15 days. This suggested

that the reactivity of the P-anomer was due to neighbouring group partici¬

pation by the methylthio-group at C^, and the behaviour of this compound
was therefore examined in more detail:

(i) Hydrolysis: Hydrolysis of methyl 1 -thi<>»6-0-tosyl-|3-D-gluoopyrano-

side (LXXIII, R = H) under neutral conditions yielded a single product

(LXXV) which, on chromatography, gave a positive reaction with aniline

oxalate spray reagent, indicative of a reducing sugar. The latter on

acetylation, gave a crystalline derivative, identified as 6-deoxy-6-methyl-

thio-(3-p-glueopyranose tetra-acetate (LXXVIII) by (a) its nuclear magnetic
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Ts O—H£

HO

LXXVI

°^C-CH:
LXXVI 1

HO

H,OH

LXXV
No-Ofcc.,
ACjO

CHjSC Hj
OAc

AcO OAc

OAc

LXXV HI

resonance spectrum and (b) its conversion to the known 6-deaxy-|3-I)-glucose

tetra-acetate on reductive desulphurisation with Raney Nickel (see experimental

section). The forrration of 6-deoxy-6-methylthio-D-glucopyranose (LXXV)

indicates that the hydrolysis of the tosylate proceeds with neighbouring

group participation by the methylthio-group via the cyclic sulphonium inter¬

mediate (LXXIV, R = H). Similar reactions involving a three-membered
93

sulphonium ring have already been observed in carbohydrate derivatives

and a cyclic sulphide analogous to the sulphonium intermediate has been

prepared92*-.
(ii) Reaction with methanol: The above hydrolysis provides no information

about the stereochemistry of the opening of the sulphonium ring and the

reaction of the toluene-p-sulphonate with methanol was investigated. Since

toluene-p-sulphonic acid, liberated during the reaction, could effect

anomerisatian of the product, calcium carbonate was added to neutralise the
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acid and the reaction medium was kept anhydrous try the addition of

"Drierite". The main product obtained was methyl 6-deoxy-6-methylthio-

o-D-glucopyranoside (LXXVl), isolated as its triacetate# The latter

was characterised by nuclear magnetic resonance spectroscopy and reductive
92

desulphurisation to methyl 6-deoxy-a-D-glueopyranoside triacetate .

Chromatographic evidence indicated the presence of a small amount of a

second product in the reaction mixture, presumably methyl 6-deoxy-6-

methylthio-p-D-glucopyranoside but sufficient pure material was not

obtained for characterisation. The isolation of the o-glycoside as the

main product, in the absence of anomerising agents, suggests that the

reaction proceeds predominantly with inversion at

The methanolysis of the triacetate derivative of methyl 1-thio-

6-O-tosyl-3-D-glueopyranoside (LXXIII, R = Ac) was then investigated to

see if neighbouring group participation by the C ^ acetosy group would
influence the stereochemical course of the reaction. The compound,

however, was unreactive under the conditions used for the parent compound

and the use of a longer reaction time apparently led to extensive deacety-

lation of the starting material. It is possible that the acetoxy group

at exerts an inductive effect (-1) on the anomeric centre, thereby

reducing the tendency of the methylthio-group to undergo an intra¬

molecular Sjj2-type reaction at C
(iii) Reaction with acetic acid: Methyl 1-thio-2,3,4-tri-0-acetyl-

6-0-tosyl-j3-D-glueopyranoside reacted quite smoothly at 100° with anhydrous

acetic acid buffered with sodium acetate to give mainly 6-deoxy-6-methylthio-

j3-D-glucose tetra-acetate (LXXVIII) and about 1C$ of a second component;

the latter was chromatographically identical with the tetra-acetate, an
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authentic sample of which was obtained by anomerisation of the 0-anomer

with zinc chloride.

The preferential formation of the (3-tetrad-acetate suggests

that the intermediate cyclic sulphonium ion (LXXIV, R = Ac) rearranges to

the 1,2-cyclic acetoxonium ion (IjXXVII). The stereochemical configuration

of the latter prevents attack by a nucleophile below the plane of the ring

and the acetolysis thus proceeds with retention of configuration at

Formation of the acetoxonium ion is supported by the results obtained when

the reaction is carried out in the presence of water. Quantitative

chromatographic studies of the reaction in acetic acid containing 1 %

water revealed that the (3-tetra-acetate was formed in less than 10fo yield.

The main products were partially acetylated compounds - probably the tri-

acetates of 6-deoxy-6-methylthio-D-glucose, since they gave the anomeric

tetra-acetates of this compound on acetylation. This behaviour is
95

chc /-acterastic of reactions proceeding via acetoxonium ions .

The acetolysis of methyl 1-thio-2,3,4-tri-0~acetyl-6-0-tosyl-

(3-D-galactopyranoside (LXXIX) proceeded similarly with migration of the

TsO~
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methylthio-group to give 6-deaxy-6-methylthio-p-D-@alactopyranose tetra¬

acetate as the main product (LXXXIl). Preliminary experiments with the

corresponding mannose derivative indicate that, in this case, acetolysis

occurs even more readilyj however the stereochemistry of the molecule

effectively prevents neighbouring group participation by the C^ acetoxy
group and the sulphonium ring is opened by nucleophilic attack below the

plane of the ring to give the tetra-acetate with the o-configuration

(LXmil) (LXXXV):
TsO" KC-

SCH

OA:

LXXXIl! LXXXIV LXXXV

Attempts to effect solvolysis of methyl 2,3,4-tri-0-acetyl-6-0-

tosyl-{3-I)-glucopyranoside have so far proved unsuccessful. The compound

was completely unreactive under the experimental conditions used for the

corresponding 1-thio compound and the use of more drastic reaction

conditions (24-96 hrs at the reflux temperature of acetic acid) resulted

only in extensive degradation of the starting material. This apparent

lack of reactivity suggests that -OMe is a much less effective nucleo-

phile than -SMe under the above conditions and formation of a cyclic

oxonium ion (LXXXVT) similar to the sulphonium intermediate (LXXXV)
"OCH,

LXXXVI
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does not- occur readily.

However, a case of methoxy-group migration has recently been
96

reported for an acyclic derivative of D-ribose . Treatment of 2,3,5-tri-

O-benzyl-4-O-tosyl-D-ribose dimethyl acetal (LXXXVIl) with tetra-n-butyl-

ammonium benzoate in H-inethylpyrrolidone gave 1 -O-benzoy1-2,3,5-tri-O-

benzy1-4-0-methy1-L-lyxose methyl hemiacetal (XC). The raethoxyl migration

occurs via a cyclic o.conium ion (LXXXVIIl) which may be opened up either by

H\ = benzy L.

j^eO-CH-OMe
OR

-OR
-OTs

Mio
n

CH—OMe

CH^OR
LXXXVIl

PKCOO'^m *CH=one Phcoocn—0Me

■OR
•OR

MeO-

CHpR
LXXXV 111

■OR
-OR

MeO-

CHpR
LXXXIX

■OR
-OR

cup R
XG

direct attack of the benzoate ion to give the product or by a mesomeric

ef "ect of the other methaxy group at to give the acyclic ion (LXXXIX)

which then undergoes nucleophilic attack to give the same product.

Here, the nucleophilicity of the methoxy group is enhanced by the use of

a dipolar aprotic solvent and the migration becomes feasible. Under these

conditions, methyl 2,3,4-tri-0-acetyl-6-0-tos3/l-(B-D-glucopyranoside xaay

behave similarly although the stereochemical requirements of the reaction

are not the same. Further investigation is obviously required,

(iv) Conclusion: The wain feature of the above reactions - the 1,6-

migration of the methylthio-group - is the result of two mutually assisting

factors, viz. the presence of (a) a good "leaving group" at » (b) a

potentially strong nucleophile capable of effecting an intramolecular Sjj2-
type reaction.
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Perhaps the most interesting aspect of "these migrations is

that they must proceed via an unstable conformation of the original

tosylate (XCI —> XCIIl). The reaction may thus provide a suitable

system for conformational study, Unlike 3,6-aiihydro-ring formation from

6-toluene-p-sulphanates in alkaline media the rate determining step is not

preceded by ionization and the results should therefore be easier to

interpret.

Several lines of investigation appear to be possiblei

1_. A study of the relative reactivities of the corresponding alhyl 1-thio-

6-0-tosyl-,3-D-glycopyranosides of glucose, galactose and mannose.

2. The dependence of the rate of cyclisation, within a series, on the

nature of the aglycon.

Ji, The effect of neighbouring group participation on the reaction products

by studying, for example, the corresponding 2-0-methyl and 2-decocy derivat¬

ives. Neither of these compounds have so far been prepared but their

synthesis should not prove insuperable.

One obvious limitation of the above system is that the migration

does not occur in 1-thio-o^-D-glycoside derivatives and the reaction can

therefore furnish no information on anomeric effects. This apart, investi¬

gations along the lines suggested could prove rewarding.
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EXPBRIIi'ISI-JTAL

General Information

Deacetylations were carried out using catalytic amounts of
97

sodium methoxide in methanol dried according to Vogel's instructions .

The solutions were left at room temperature overnight, then neutralised

with Amberlite IRC - 50 (H+) or IR - 120 (H+). Anhydrous pyridine,

required for tosylations, was obtained by leaving the Analar reagent

over barium oxide overnight and then distilling the mixture; the

fraction distilling between 115-117° was collected. Ethanol-free
98

chloroform was obtained according to Vogel and was used immediately

after preparation to avoid excessive decomposition of the pure solvent.

Sulpholane was purified try distillation at ca. 150° and 0.2 mm Hg;

the first 10fo of the distillate was discarded. The remainder was stored

under nitrogen in a tightly stoppered flask. The compound is a solid

at room temperature; when required for reactions, the flask was closed

with a calcium chloride dzying tube and gently heated until enough

liquid was obtained. The required amount of the latter was quickly

transferred to the reaction vessel with a pipette and the flask was

re-sealed. Methanesulphonic acid was redistilled prior to use, the

fraction distilling between 125-130° at 0.2 mm Hg being collected.

Anhydrous acetic acid was obtained by distilling the Analar reagent
99

from boron triacetate .

Chloroform extracts were dried with anhydrous sodium sulphate.

The li^it petroleum used had b.p. 60-80°. Evaporations were carried out

under reduced pressure on a rotary evaporator at ca. 50° unless
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otherwise stated. Products were dried in a vacuum dessicator over

phosphorus pentoxide. Optical rotations were measured at ca. 20° in

1 or 2 dm. tubes.

Chromatographic methods:

Paper chromatography (descending) was done on Whatman No. 1

paper using the following solvent systems:

(i) butan-1-ol-ethanol-water (J^: 1:5, upper layer)

(££) dimethyl sulphoxide as stationary phase and di-isopropyl ether
100

as mobile phase. The procedure used was that of ffickberg except

that after the application of the stationary phase as a solution (20-2££o)
in toluene, the paper was dried at 85-90° for 1 min., instead of at 60°.
Sprays used were (a) a solution of silver nitrate in acetone containing

the minimum amount of water, followed by an ethanolic solution of 0.5 N
101

sodium hydroxide • After development the paper was passed throu^i a

saturated solution of sodium thiosulphate and then thoroughly washed with

water, (b) a saturated solution of aniline oxalate in methanol, followed

by heating at 110° for 15 minutes. This spray detects free sugars.

Thin layer chromatography was done on glass plates (20 x 5 cm.),
coated with Kieselgel G (Merck) by means of a Desaga spreader. The

silica was activated by heating the plates at 120° for 30 min. Plates

were developed over a distance of 10 cm. from the starting line.

Benzene-ethanol (2:1) was used as the solvent system. Sprays used were:

102
(c) anisaldebyde-sulphuiic acid in ethanol (0.5:0.5:9.0) . The plates

were heated at 110-120° for 5 min. Sugar derivatives are detected as blue-

green spots on a pink background, (d) a solution (1$) of diphenylaaine in
103

ethanol . This spray is very sensitive for tosylates which show up as
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greenish-fluorescent spots on irradiation by ultraviolet li^it for

oa. 5 min.

Nuclear magnetic resonance spectra:

Spectra were obtained at 60 Mc./s. on a Perkin-Elmer R 10 spectro¬

meter using 10-2&/o solutions of the confounds in deuterochloroform.

Tetramethylsilane was used as an internal standard. The spectra all show

multiplet signals, assigned to the ring protons, in "the region 4.00 - 6.00 T.

Usually the signals furthest dcwnfield due to the anoneric proton were

sufficiently well resolved to permit unambiguous assignments. In each

case, integration of the spectrum gave the correct ratios for the differ¬

ent types of protons in the molecule.

(i) Methyl 2.3.4.6-tetra-0-acetyl-1 -thio-3-D-glueopvranoside:
v / 57

The above compound was prepared as described by Cerny at al. .

The product obtained had m.p. 96°, [a]^ - 15.6 (c 2.0 in chloroform)
(lit,, m,p. 96°, [a]p - 12.2 in chloroform).
(ii) Methyl 1-thio-i3-D-glucopyranoside:

Methyl 2,3,4, 6-tetra-O-acety1-1-thio-(3-D-glucopyranoside (30 g)
in anhydrous methanol (120 ml) was treated with 0,1 N sodium methoxide

(30 ml). The solution was kept overnight at room temperature, then

neutralized with Amberlite Resin IRC - 50 (H+). The solution was

filtered and the resin was washed with warm methanol. The combined

filtrate and washings were evaporated to a syrup which crystallized after

long standing (2 months). Recrystallisation of the crude product from

ethanol gave colourless, irregular prisms (16.0 g,, 95fi), m.p. 127-8°,
52a

[a]D -31.4 (c, 2.0 in water) (lit., syrup, [aj^ -18 in water).
Pound: C, 39.8j H, 6.6j S, 15.2. Calc. for : C, 40.0;
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H, 6.7 j S, 15.25$).
A potassium acetate complex crystallised when the above

glycoside (0.2 g) in hot ethanol (1 ml) was treated with potassium

acetate (0.2 g) in ethanol (1 ml). This had [a]^ -20° (c_ 2.7 in
water) (Calculated [aj^ for a 1;1 complex : -29°).
(iii) Desulphurisatian of methyl 1 -thio-3-D-f-lucopyranoside:

The above compound (200 mg) was treated with excess Rancy

nickel (ca. 2.5 g) in ethanol (25 ml) at reflux temperature of the

latter. After 5 hr«, the reaction mixture was filtered hot through

glass-fibre paper; two filtrations gave a clear filtrate which was

evaporated to a thick syrup (117 mg). Recrystallisation of the latter

from methanol gave 1,5-anhydro-D-glueitol (75 mg, 37$), m,p, and mixed

m.p. 141°.

(iv) Reaction of methyl 2.3.4.6-tetra-0-acetyl-1 ~thio-3-D-glucop'7ranoside
with titanium tetrachloride:

The above compound (2.5 g) was dissolved in ethanol-free chloro¬

form (20 ml) and a solution of titanium tetrachloride (1.0 ml) in chloro¬

form (15 ml) added. The mixture was gently heated under reflux on a

water bath for 5 hours, then allowed to cool to room temperature. It

was shaken with a saturated solution of sodium bicarbonate, washed with

water, dried over anhydrous sodium sulphate and finally evaporated at 30°
to a syrup (1.33 g). The latter was chrornatographed on a column (20 cm

x 1.5 cm) of silica gel (Hopkins and Williams' "H.F.C." grade) eluted with

benzene/ether (70/30 : v/v) and the fractions (15 ml) examinedpolarimetri-

cally. No fractions with a negative rotation were observed and optical

activity was confined to fractions 17-27. These were combined, evaporated
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and recxystallised from ether to give colourless crystals (1.1 g, 45/0

m.p. 75-76°, [ajp +166° (c_ 2.0 in chloroform). A mixed m.p. with an
68

authentic sample of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl chloride

(m.p, 76°, [ajD +166° in chloroform) remained undepressed.

(v) Reaction of methyl 2.5.4.6-tetra-0-acetyl-1 -thio-3-D-gluco-pyranoside
with acetic anhydride - acetic acid - sulphuric acid;

The above compound (2.5 g) was dissolved in acetic anhydride/

acetic acid : 10/3, v/v (100 ml) made 1,5 M with respect to sulphuric acid.

The optical rotation of the solution rose rapidly (-1.7 +2,78, 1 dm.tube)
and remained unchanged after 10 minutes. The reaction mixture was poured

into iced vzater (100 ml) containing sodium acetate (5 g). The solution

was extracted with chloroform (2 x 100 ml) and the combined extracts were

washed with saturated sodium bicarbonate solution (4 x 50 ml), water (4 x 50

ml), and then dried over anhydrous sodium sulphate and concentrated by

evaporation. The residue was recrystallised from ethanol to give needles

(1 «5 g) m.p, and mixed m.p. 113°, [u.]^ +101.6 (c 2.3 in chloroform).
o-D-Glucose pentaacetate has m.p. 112-113°, Mp +101.6 in chloroform*
(vi) Methyl 2.3.4.6-tetra-0-acetyi-1 -thio-a-D-riucopyranoside:

Methyl 2,3,4,6-tetra-0-acetyl~1-thio-5-p-glucopyranoside (2.0 g)
was dissolved in a mixture of methanesulphonic acid (15 nil) and sulpholane

(25 ml, redistilled) to give a colourless solution which rapidly became

deep-red. After 30 minutes at room temperature, the solution was poured,

with stirring, into ice-cold saturated sodium bicarbonate solution (500 ml),
and extracted with chloroform (4 x 50 ml). The combined extracts were

washed repeatedly (8-10 times) with water to remove as much sulphclane as

possible, dried over anhydrous sodium sulphate and evaporated at 40°.
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The oily residue was washed with water (80 ml) and kept at 0-5° for 2

hours, after which it solidified. Paper chromatography of the crude

product (1.4 g) (solvent ii, spray a) showed two spots: (i) Bp ca. 0.51
corresponding to the starting material and (ii) Bp ca. 0.63, corresponding
to the o-anomer.

A quantity (2.3 g) of this mixture was chromatographed on a

column (65 cm x 2.5 cm) of silica gel (Hopkins and Williams' "M.F.C." grade)
Or

impregnated with dimethyl sulphoxide using di-isopropyl ether as eluant

(flow rate 50-60 m2/hrt fraction size, 20 ml). The elutian was followed

"by polar!metry and paper chromatography. Fractions 37-58, containing only

the o^anomer, were combined and evaporated at 25°. The residual liquid
less

was diluted with ethanol and, cm standing, colour/needles of methyl 2.3.4.6-

tetra-O-acetyI-1 -thio-u-D-glucopyranoside were deposited (0.6 g). A further

crop of crystals (0.1 g) was obtained from the mother liquor. Two recrystall-

isatians from ethanol gave colourless needles (0.6 g, 15/), ^.p. 108-109°,

[a]^ +193.4 (c 2.0 in chloroform) (Found: C, 47.7J H, 5.6; S, 8,2. C^H^O^S
requires C, 47.6; K, 5.8; S, 8,45/).

Fractions 60-120, on similar treatment, gave unchanged j3-anomer

(1.4 g).

(vii) Methyl 1-thio-a-D-glucopyranoside:

(a) Methyl 2,3,4,6-tetra-&-acetyl-1-thio-o-D-glucopyranoside (1.0 g)
in anhydrous methanol (5 ml) was treated with 0.1 H sodium methoxide (5 ml)

and the solution was kept overnight at room temperature. The solution was

neutralised to pH 7 with Amberlite IRC-50 (H+), filtered and the residue wa3

washed with warm ethanol. The combined filtrate and washings were evaporated

to a syrup and the latter was crystallised from ethanol to give
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methyi-1 -thlo-a-D-glucopyranoside (0.5 g, 9C$) m.p. 168-169°, [a]jj +279°
(£ 2.0 in water) (Found: C, 39.9; H, 6.4; S, 15.4. ^7^14.^5^ re<lu^res
C, 40.0; H, 6.7, S, 15,29$).

(b) The crude product (2.8 g) resulting from the anoraerisation of

methyl 2,3,4,6-tetra-0-acetyl-1-thio-(3-D-glucopyranoside (5.0 g) was

recrystallised from ethanol, dried and deacetylated under the above

conditions. The product, methyl 1-thio-o- and (3-D-glueopyranosides (0.9 g)
was extracted with boiling ethyl acetate (3 x 10 ml) which removed the (3-

anomer selectively. The residue was recrystallised from ethanol to

constant m.p. 168° giving the a-anomer (0.6 g).

(viii) Methyl 1-thio-6-0-tosyl-3-D-glueopyranoside;

Toluene-^-sulphonyl chloride (2.2 g) in anhydrous pyridine

(20 ml) was added dropwise during 2 hrs, with stirring, to a solution of

methyl 1 -thio-(3-D-glueopyranosi de (2.1 g) in pyridine (20 ml) maintained

at -10° in an ice-salt mixture. The mixture was kept at -10° for a further

2 hours then allowed to come to room temperature overnight. It was then

poured into li^it petroleum (250 ml) and kept at roam temperature till the

initial turbidity disappeared. The clear, supernatant liquid was decanted

and the residual syrup was dissolved in chloroform (30 ml) and poured with

vigorous stirring into ice-cold 2 N sulphuric acid (100 ml) to remove the

remaining pyridine. A white precipitate separatedj it was filtered off,
washed thoroughly with water and dried under suction. Crystallisation from

chloroform light petroleum gave the 6-0-tosyl ester as white prisms (1.6 g,

44$), ®.P« 108° (decomp.), [a]^ -10° (c 2.0 in ethanol) (Found: C, 46.1;
H, 5.5; S, 17.6. c-j2)H20°7S2 quires c» ^.1; H, 5.5; S, 17.6$).

The above material was fairly stable but samples prepared
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using a different vrork-up which included crystallisation from ethanol

decomposed with blackening in a few days.

(ix) Methyl 2.3.4-tri-Q-acetyl-1-thio-6-Q-tosy1-fi-D-glueopyranoside:

(a) Methyl 1-thio-fW)-glueopyranoside (2,1 g) in anhydrous

pyridine (20 ml) was treated with toluene-^-sulphonyl chloride as

described above. After the reaction mixture had stood overnight, it

was again cooled to -10° and acetic anhydride (5 ml) was added dropwise.

After 15 hr at room temperature the solution was poured with vigorous

stirring into ice-cold water (300 ml) to give a white, flocculent

precipitate of the triacetate: recrystalligation of the latter from

ethanol gave needles (3.1 g, 63^) m.p. 146-148° (decomp.), [a]^ +8.8
ic 2.0 in chloroform) (Found: C, 49.Oj K, 5.3; S, 12.5. C20H26°10^2
requires C, 49.Oj H, 5.3} S, 13.1^).

(b) The same tri-acetate, m.p. and mixed m.p. 146-148° (decamp.),

[ajjj +8.8° (c 2,2 in chloroform), was obtained when methyl 1-thio-6-&-
tosyl-(3-D-glucopyranoside (0.5 g) was dissolved in pyridine (10 ml)

and acetic anhydride (2 ml) added dropwise to the cooled solution (-10°).
The reaction mixture was kept over-night at room temperature then poured

into ice-cold water (50 ml). The precipitate formed was filtered, dried

and recrystallised from ethanol. The yield was 0.58 g,

(x) Methyl 1 -thio-6-O-tosyl-ew-D-glucopyranoside:

Toluene-j>-sulphonyl chloride (0.2 g) in anhydrous pyridine

(2 ml) was added dropwise to methyl 1 -thio-a-D- glueopyranoside (0.2 g)

in pyridine (2 ml) at -10°. The mixture was kept at -10° for 2 hr.

then at room temperature overnight. The flask was re-cooled to -10° and
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excess toluene-^sulphonyl chloride was decomposed "by drop-wise addition

of water (0.5 ml). The solution was kept at room temperature for 1 hr.

and pyridine was removed "by repeated evaporation with ethanol. The

residue was dissolved in chloroform (10 ml) and the solution v/as washed

with 2 N sulphuric acid, saturated soclium "bicarbonate solution and

then dried over anhydrous sodium sulphate in the presence of a little

solid sodium bicarbonate. Evaporation and recrystallisation from ethyl

acetate-light petroleum gave the toluene-p-sulphonate (0,15 g, 45/o) as

white, glistening plates m.p. 114° (decomp.), [a]^ +169.5° (j* 1.3 in.
ethanol). On standing in air the material (60 mg) absorbed water (1.5 mg)

corresponding to the formation of a hemi-hydrate m.p. 80-82° (decomp.)

(Found: C,45.1; H, 5.6; S, 16.85. C14H20°7S2*2 H*° c» 45.Oj
H, 5.6} S, 17.^2). On drying over phosphorus pentoxide, the original

toluene-p-sulphonate m.p. 114° (decomp.) was re-formed.

(xi) Reaction of methyl 1-thio-6-0-tos7/l-3-D-glucopyranoslde with
mercuric acetate.

The toluene-jj-sulphonate (0.34 g) was dissolved at room temper¬

ature in acetic acid (10 ml, anhydrous) containing mercuric acetate (1.1 g).
After 1 hr. at roan temperature, the excess of acetic acid was removed by

evaporation at 50° and the residue dried over phosphorus pentoxide; then

dissolved in pyridine (10 ml). The solution was cooled to 0° and acetic

anhydride (5 ml) added drop-wise. The reaction solution was left over¬

night at roan temperature and, during this time, a yellow precipitate

(presumably a mercuration product of pyridine) separated. The entire

mixture was poured into an ice-cold solution of potassium iodide (10 g)

in water (50 ml) in which the precipitate dissolved to give a colourless
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solution. The latter was extracted with chloroform (2 x 25 ml) and the

combined extracts washed successively with saturated sodium bicarbonate

solution (2 x 15 ml), water (2 x 15 ml), then dried over anhydrous

sodium sulphate. The chloroform solution was evaporated to a syrup

(0.4 g) which, on paper chromatography (solvent il. spray a), was shown

to be mainly 6-0~to3.yl-a.-D~glucose tetraacetate (see xiii) ca. 0.24)

and a small amount of the j3-anomer (R^, ca. 0.12). The syrup was dissolved
in warm carbon tetrachloride in which the (3-anomer was less soluble.

The cold solution was filtered, evaporated to dryness and the above

process repeated until solution in carbon tetrachloride was complete.

Evaporation of the solution and crystallisation of the residue from

ethanol gave the pure o-anomer as needles (0.37 g, 79?0 128-129°,

[cOp +91.5° (c 1,2 in chloroform).
(xii) Reaction of methyl 1 -thlo-6-0-1osyl-a-D-/lucopyranoside with

mercuric acetate:

The toluene-£-sulphonate (0.1 g), dissolved in anhydrous

acetic acid (10 ml), containing mercuric acetate (0.4 g), was treated

as described for the (3-anomer (xi). After acetylation, the yellow

precipitate formed (see above) was removed by filtration; the filtrate

was poured with stirring into ice-oold water (20 ml) and a white crystalline

precipitate separated. The mixture was kept at room temperature for 1 hr.,

after which the precipitate was removed by filtration, washed thoroughly

with water and dried at the pump. Chromatography of the crude product

(solvent ii,spray a) showed it to be mainly 1,2,3,4-tetra--0-acetyl-6-0-

tosyl-|3-D-glucopyranose (R^ ca. 0,12) with slight traces of the o-anamer
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R_, ca. 0.24). One crystallisation of the product from ethanol gave the

pure j3-anomer as needles (0.09 g, 70), m.p. and mixed m.p. 204-205°
(decomp.), [a]^ + 25.7 (c. 1.1 in chloroform) (lit^*^0^ m.p. 203-204°,
[a] + 25.9 in chloroform),

(xiii) Anomerisation of 1.2.3.4-tetra-O-acety1-6-1osyl-3-D-,-iucopyranose:

The above compound (0.5 g) was added portion-wise to acetic

anhydride (10 ml) containing 60 perchloric acid (0.2 ml) so that the

reaction temperature remained between 30-40°; the mixture was kept at

the same temperature for 50 min., then poured into iced water (50 ml).
The product solidified and the entire mixture was extracted with chloro¬

form (2 x 15 ml); the chloroform solution had [a]^ + 79°. Evaporation
of the solution gave a syrup which solidified on drying. The residue

(0.48 g) was dissolved in warm carbon tetrachloride and the remaining

starting material filtered off from the cold solution. The latter was

evaporated to dryness, redissolved in warm carbon tetrachloride and the

solution allowed to cool to room tenperature. The procedure was

repeated once more to give a solid which moved as one spot on chromato¬

graphy (solvent id, spray a) Rg, ca. 0.24. Crystallisation of the solid
from ethanol gave the ct-anomer as needles (0.37 g, 70) t m.p. 128-129°,
[a]E + 92° (£ 2.0 in chloroform) (Pound: C, 50.4, H, 5.5; S, 6.4.
C21H26°12S quires C, 50.2; H, 5.2; S, 6.0),
(xiv) Reaction of methyl 1-thlo-6-0-tosyl-:3-D-glucop;yTanoside with water:

The toluene-£-sulphonate (1.2 g) in water (50 ml) was heated

for 2 hr. at 70-75° on a water bath. Thin layer chromatography using

spray d showed that the starting material (Sj, 0.45) had disappeared
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after 90 min. ; spray _c revealed the product (R^ 0.19)« Paper chromato¬
graphy (solvent i, spray b) showed the presence of a free sugar (Rg^UC03e 3.
no additional products were detected with spray a.

The 3oltion was buffered with sodium acetate (0.5 g) and evapor¬

ated to dryness. The residue was dried over phosphorus pentoxide and then

heated at 100° with anhydrous sodium acetate (0.5 g) and acetic anhydride

(20 ml) for 12).0 minutes. The solution was poured into ice-cold water and

the entire mixture was extracted with chloroform (3 x 15 £l). The combined

extracts were washed with saturated sodium bicarbonate solution, then with

water and dried over anhydrous sodium sulphate. Evaporation of the chloro¬

form solution gave a syrup; paper chromatography (solvent ii. spray a)

showed it to be mainly 6-deoxy-6-methyIthio-3-D-glueonvranose tetra-acetate

(see xviia) together with some of the o-anomer. Pour crystallisations

from ethanol gave the pure f3-anomer (0.75 g, 60f&), m.p. 103-1Q2f°«

(xv) Methanolvsis of methyl 1 -thio-6-0-tosyl-jB-D-glucopyranoside:

The toluene-]D-sulphonate (1.2 g), calcium carbonate (1.0 g) and

anhydrous calcium sulphate - "Drierite" (1.0 g) in anhydrous methanol (50

ml) were heated under reflux for 5 hr. Thin layer chromatography, sprays

_c, d, showed that the starting material was completely converted to a

product with Bp 0.35. The mixture was filtered and the residue washed
with warm methanol. The combined filtrate and washings were evaporated

to dtyness and the residue was chromatographed on a column (70 cm x 2 cm)

of Dowex 1-x 2, (200-2fO0 mesh, OH* formjL The column was eluted with

deionized water (flow rate 15 ril/hrt fraction size 5 ®l)t and the

fractions examined polarimetrically and, in some cases, by paper chrom¬

atography after acetylation (solvent Ii. spray a). Fractions 125-160,
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containing only the a-glycoside, were combined and evaporated to give

a solid (0.4 g, 55#). Of this, 0.32 g was dissolved in pyridine (10 ml)
and the solution cooled to 0°. Acetic anhydride (5 ml) was added drop-

wise and the reaction mixture kept overnight at room temperature. The

solution was poured into ice-cold water (100 ml) and a colourless,

crystalline precipitate separated. The mixture was left for 2 hr.,

after which the precipitate was filtered off. Recrystallisation from

ethanol gave pure methyl 2.3.4-tri-0-acetyl-6-deaxy-6-methylthio-c*-D-

f!ucopyranoside as needles (0.45 g), m.p. 119°, [a]D + 143.9° (o 1.6 in
chloroform) (Found: C, 48.2j H, 6.0; S, 9.0; C-|^I22^8S re1u^re3
C, 48.0; H, 6.3} S, 9.1#).

The remaining fractions, 161-180, were evaporated and acetyl-

ated to give a product which was shown by paper chromatography (solvent

ii, spray a) to consist of the above triacetate (Bp ca. 0.78) and a

slower-moving component (Bp ca. 0.62), presumably the ,3-anomer.
Sufficient pure material was not obtained for characterisation of the

latter.

The structure of methyl 2,3,4~tri-(>-aceiyi-6-deQxy-6-methylthio-

o-D-glucopyranoside was confirmed by the following signals in its nuclear

magnetic resonance spectrum: ca. 6.20 T (unresolved multiplet, 1 proton,

H(5))» 6*55 r (singlet, 3 protons, -OCH^), ca. 7.39 T (rou^i doublet with
separation 5.5 c./s., 2 protons, -CHgS-), 7.82, 7.93, 7.97 and 8.00 T
(12 protons, -SCH, and three acetoxy groups).
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(xvi) Deaulphurisation of methyl 2«3.4-tri-0-aoetyl-6-deo:xy-6-methylthio-
o-D- flueopyranoside:

The above compound (0.4 g) was dissolved in ethanol (25 ml) and

heated under reflux with excess Raney Nickel (ca. 3 g) for 24 hr. The

mixture was filtered and the residue washed with hot ethanol (2 x 10 ml);

the combined filtrate and washings were evaporated to a syrup (0.27 g).

Crystallisation of the latter from light petroleum (40-60°) gave methyl

2,3,A-tri-O-acetyl-6-deoxy-a-D-glucopyranoside as prisms; a second

crystallisation from the same solvent gave pure material (0.2 g, 58p),

m.p, 76-77° [a.]p + 153.2° (c 1.6 in chloroform) (lit.^2 m.p, 77-78°
[a]p + 153.6° in chloroform).

The compound gave n.m.r. signals at ca. 6,20 T (unresolved raulti-

plet, 1 proton - H^), 6.57 T (3 protons, -OCH^), 7.93 , 7.97 and 8.00 T
(9 protons, three acetoxy groups) and 8.80 T(doublet with separation

6.5 c./s,, 3 protons -C-CH^).
(xvii) Acetolysis of methyl 2.3.4-tri-0-acetyl-1-thlo-6-0-tosyl-3-D-

aLucopyranoside i

(a) In anhydrous acetic acid:

A solution of the toluene-j3-sulphonate (0.98 g) in anhydrous

acetic acid (50 ml), buffered with anhydrous sodium acetate (0.53 g) was

heated on an oil-bath at 100° for 2 hr. with the exclusion of moisture.

The excess of acetic acid was removed by evaporation at 50°. The solid

residue was extracted with chloroform (2 x 20 ml) and the extract washed

with saturated sodium bicarbonate solution (4 x 20 ml), water (2 x 20 ml)
and then dried over anhydrous sodium sulphate. Evaporation of the chloro¬

form solution gave a syrup (0.73 g) which was shown by paper chromatography
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(solvent ii, spray a) to be mainly 1,2,3,4-tetra~0-acetyl-6-deoxy-6-

methylthio-f3-I)-glucopyranose (R^ 0,62) together with a little of the a-
anomer (R^ 0,74) (see below) and faint traces of two slower-moving
materials. The syrup had [aj^ + 17,8° in chloroform suggesting that
the (3-anomer was formed in more than 9C$> yield. Two c rystallisations

from ethanol gave the pure p-anomer as needles (0.56 g, 75?0, &.P. 104°,
[a]D + 10.0° (c, 2.75 in chloroform)(Founds C, 47.6; H, 5.7; S, 8.7;

C15H22°9S re(luires c* 47.6; H, 5.8, S, 8.5?0,
The structure of the (3-tetra-acetate was confirmed by the

following sigials in its n.m.r, spectrum: 4.30 T (doublet with separ¬

ation 7»2 c,/s., (1 proton, anomeric proton), ca. 6,10 T*(unresolved

multiplet, 1 proton, H^j), 7.36 T (rou^i doublet with separation 5 c./s.,
2 protons, -CHgS-), 7.87, 7.90, 7.97, 7.98 and 7.99 T (15 protons, -SCH^
and four acetozy groups).

Attempts to estimate the anomeric ratio in the crude product

by gas-liquid chromatography were unsuccessful. No separation of the

mixture was possible using Jfa XE-60, a polar silicone polymer, on 80-100

mesh Gas Chrom P. or f/c SE-52, a non-polar silicone polymer on the same

support. In both cases argon was used as the carrier gp.s (flow rate

60 ml./min.) and the columns were operated at 200°.
(b) In acetic acid containing of water;

The toluene-£-sulphonate (0.98 g) was treated as in (a) using

acetic acid containing Y/o of water. On working up as above, evaporation

of the chloroform gave a syrup (0,55 g) which, when examined by paper

chromatography (solvent ii. spray a), gave intense spots with Rp <lo.25
and only faint spots corresponding to the two tetra-acetates of 6-deoxy-6-
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methylthio-D-glucose, The proportion of the j3-tetra-acetate (the major tetra¬

acetate component) was judged to he less than 5$ by comparison with the

intensities of the spots given by known weights of this compound. After

acetylation of the syrup with acetic anhydride and sodium acetate, as

described above for the parent sugar, chromatography showed the presence

of the two tetra-acetates only. Pour crystallisations of the acetylation

product from ethanol gave 1,2,3,4-tetra-0-acetyl-6-deoxy-6-methylthio-^-D-

glucopyranose (0,49 g, 65ft) m.p. and mixed m.p, 103-104°.

(xviii) Desulphurisation of 1.2.3.4-tetra-0-acetyl-6-deox.y-6-metbylthio-|3-D-
gluc opyranos e:

The above compound (0.3 g) was added to an excess of Raney nickel

(ca. 3 g) slurried in ethanol (25 ml). The mixture was heated under reflux

for 10 hr., then filtered. The use of hardened filter paper or glass-fibre

paper was necessary to remove the last traces of nickel by filtration. The

residue was washed with hot ethanol (2x10 ml) and the combined filtrate

and washings were evaporated to dryness to afford a crystalline residue.

Recrystallisation of the latter from ethanol gave 1,2,3,4-tetra-0-acetyl-

6-deoxy-|3-D-glucopyranose as white needles (0.18 g, 6%), m.p. 149-150°,
91

[a]p + 22,3° (c 1.4 in chloroform) (lit., m.p. 151°, [ajp + 22° in
chloroform).

The compound had the following signals in its n.m.r. spectrum:

4.28 T (doublet with separation 7.5 c./s., anomeric proton) ca. 6.20 T

(unresolved multiplet, 1 proton, H^), 7.90, 7.96, 7.98 and 8.00 T*
(12 protons, 4 acetoxy groups) and 8.77 T (doublet with separation

6 c./s., 3 protons, -C-CH^).
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(xix) Anomerisation of 1.2.3.4-tetra-0-acetyl-6-degxy-6-fflethylthio-3-D-
glucopyranos e:

The above compound (0.2f g) was dissolved in acetic anhydride

(5 ml) and anhydrous zinc chloride (0.1 g) was added. The mixture was

heated for 30 minutes on a steam bath and then poured with stirring into

ice-cold water (25 ml). The product separated as a dark-brown syrup and

the entire mixture was extracted with chloroform (2 x 15 ml)j the

combined extracts were washed successively with water (2 x 10 ml),

saturated sodium bicarbonate (2 x 15 ml), water (2 x 10 ml) and then

dried over anhydrous sodium sulphate. Evaporation of the solution gave

a syrup which crystallised readily from ethanol. A second crystallisation

gave 1.2.3.A-1etra-O-acety1-6-deoxy-6-nethy!thio-o-D-glueopyranos e as

white needles (0.15 g, 37.5$), m.p. 132-134°, + 115° (c 1,6 in

chloroform) (Pound: C, 47.5j H, 5.5j S, 8.5. C15H22°9S c» 47.6,
H, 5.8j S, 8.5$).

The n.m.r. spectrum of the cv-anomer showed the following

signals: 3.70 T (doublet with separation 3 c./s., anomeric proton,

ca. 5.85 T (unresolved raultiplet, 1 proton, 7.39 T (rough
doublet with separation 5 c./s., 2 protons, -CHgS-) 7.82, 7.86, 7.95,
7.98 T (15 protons, -SCII^ and four acetoocy groups).
(xx) Attempted acetolysis of methyl 2.3.4-tri-0-acetyl-6-0-tosyl-3-D-

glucopyranoside:

The toluene-£-sulphonate (0.23 g) was dissolved in anhydrous

acetic acid (10 ml) buffered with sodium acetate (0.09 g) and treated as

described for the thio-analogue (jj.v.). On working up the reaction

mixture, only unchanged starting material was isolated ( 86$ recovery).
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V/hen the reaction was repeated at the reflux temperature of acetic

acid (118°) for a longer reaction time (24-96 hr.) extensive decompos¬

ition of the starting material occurred (20fc recovery at 96 hr. reaction

time) but no other material could be isolated from the reaction mixture.

(xxi) Methyl 2.3 .4. 6-tetra-0-acetyl-1 -thio-fi-D-aalactopyranoslde i

The above compound was prepared as described by Cerny, Stanek

and Pacakr3^. The product obtained had m.p. 108-109° (lit.^° m.p.

110-111°. [a]D + 4 in chloroform),
(xxii) Methyl 1-thio-3-D-galactopyranoside:

Methyl 2,3,4,6-tetra-0-acetyl-1-thio-P-D-galactopyranoside

(21 g) in anhydrous methanol (84- ml) was treated with 0.1 N sodium

methoxide (21 ml). The mixture was shaken until the tetra-acetate

dissolved completely and then left for 2 hr. at room temperature.

The product partially separated as a crystalline precipitate (7.1 g).

This was filtered off and the filtrate neutralised with Amberlite IB.-

120 (H+). The resin was washed with warm methanol and the combined

filtrate and washings were evaporated to dryness. Recrystallisatian

of the residue (4.0 g) and the above precipitate from 95^ ethanol ^tve

colourless crystals (10.0 g, Qffo) m.p. 174-175°> [a]p + 11° (c 2.0 in
water) (lit., m,p. 174-175 , +11 in water).

(xxiii) Methyl 2.3.4-tri-0-aoetyl-1 -thio-6-0-1osy1-3-D-galactopyranoside;

Toluene-^sulphonyl chloride (4.4 g) in anhydrous pyridine

(40 ml) was added dropwise during 2 hr. with stirring to a solution of

methyl 1-thio-j3-D-galactopyranoside (4.0 g) in anhydrous pyridine (40 ml)

cooled to -10° in an ice-salt bath. The reaction mixture was kept at
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-10° for a further 2 hr. then overnight at 0°-5°. Thin layer chroma¬

tography (sprays £, d) showed that the starting material had been

largely converted to a product (R^ ca, 0,60) showing the characteristic
tosylate fluorescence with spray d, The reaction mixture was re-cooled

to -10° and acetic anhydride (7.2 ml) added dropwise with shaking. The

acetylated mixture was kept at -10° for 2 hr. then at room temperature

for 15 hr. It was then poured with vigorous stirring into ice-cold

water (600 ml) to give a flocculent precipitate which was filtered and

dried thoroughly. Four recrystallisations from ethanol gave the pure

triacetate as needles (2.85 g, 31^), a.p. 115°, 0° (c 2.0 in

chloroform) (Found: C, 49.0; H, 5.3; S, 12.9. C'2CH26010S2 re9u^res
C, 49.Oj H, 5.3; S, 13.1 %)•

(xxiv) Reaction of methyl 2.3.4-tri-0-aeetyl-1-thio-6-0-tosyl-3-D-
galactopyranoside with anhydrous acetic acid:

The toluene-£-sulphanate (0.98 g) was dissolved in anhydrous

acetic acid (50 ml). The solution was buffered with anhydrous sodium

acetate (0.53 g), then heated with the exclusion of moisture on an oil

bath at 100° for 2 hr. The excess of acetic acid was removed by evap¬

oration at 50°. The solid residue was extracted with warm chloroform

(2 x 20 ml) and the extract was washed with saturated sodium bicarbonate

solution (4 x 20 ml), water (2 x 20 ml) and then dried over anhydrous

sodium sulphate. The solution was evaporated to a syrup which on

chromatography (solvent ii. spray a) was shown to be mainly 1.2.3.4-

tetra-0-acetyl-6-deoxy-6-methvlthio-i3-D-gaiactopyrano3e (Rg, ca. 0.28)
together with a small amount of a faster moving component (Rg, ca. 0.55)
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presumably the o^anoxner. The syrup had [a]^ + 7.1 (o 1,0 in chloroform)
and the o-anomer was estimated at ca. 8fo "by Hudson's Rules of Isorotation.

Three recrystallisations of the crude product from ethanol gave the pure

(3-tetra-acetate as prisms (0.52, 7C$), m.p, 104-106°, [aj^ + 1° (c 2.0
in chloroform) (Round: C, 47.8; H, 5.9} S, 7.9. re9u^-res

C, 47.6} H, 5.8; S, 8.#).
The structure of the {3-tetra-acetate was confirmed by the

following signals in its n.m,r. spectrum: 4.17-4.80 T (multiplet

corresponding to 4 protons} two peaks furthest downfield, centred

around 4.27 7 with a separation of 7 c./s. are assigned to the anomeric

proton), 6.00 T (triplet assigned to Hf>), 7.38 T (unsymmetrical quartet
with a separation of 6.5 c./s. between the two main peaks and a separ¬

ation of 2 and 3 c./s. between each doublet, 2 protons, -CHgS-), 7.83,
7.89, 7.97 and 8.02 T (15 protons, -SCH^ and 4 acetoxy groups, the
signal at 7.89 T being twice the intensity of the other signals in this

group).

As in the case of the glucose derivative no separation of the

crude product was achieved by gas-liquid chromatography.



PAEP II

THE KINETICS OF THE REACTION OF 3ffl.CS MONOSACCHARIDE 6-

TOSYLATES V.ITH SODIUM HYDROXIDE
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10
As pointed out in the Introduction, the work of Baker

23
and Inglis on the formation of 3,6-anhydro confounds from the

corresponding 6-toluene-p-sulphonates indicated three features of

special interest:

1_. The non-linear dependence of k^ , the first-order rate constant
for the cyclisation, on the hydroxide ion concentration. This

behaviour was particularly noticeable in compounds of the D-gluco-

configuration.

2. The relative unimportance of boat or skew-boat forms in the

conformational changes involved in the reaction.

The influence of the anomeric effect on the rate of cyclisation.

The present work describes some attempts to assess these

factors. The first was attributed to the formation at hi^h [OHf]

of di-anions of the type:

x-h,och3

and stabilisation of the reactive 1C conformation by hydrogen bonding

between substituents (see p.14)« This suggests that a

similar stabilisation should be achieved by complex formation between

the above species and suitable acceptor ions. The effect of calcium and
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borate ions on the rate of cyclisation of 1,5-anhydro-6-0-tosyl-D-

glucitol and methyl 6-0-tosyl-{3-D-glucopyranoside respectively were

therefore examined.

Some information about the other two features has been obtained

from the kinetics of the reaction with alkali of 1,2-0-ethy1ene-6-0-tosy1-

j3-D-glueopyranose and the 6-tosyl derivatives of methyl 1-thio-u-and j3—D—

glueopyranosides.

1_. Effect of completing agents:

Contrary to expectations, the presence of Ca++ or ions in

the reaction system resulted in a decrease in the value of the first-order

rate constant k (Table 5). In the second case, the value for k is less

Table 5. Rate constants for the reaotion of 6-0-

to3.yl esters (0.001 M) with sodium hydro¬

xide in the presence of calcium and borate

ions at 25° ± 0.0?.

Compound
Cone.of

NaOH
Cone,of
Ca+*

Cone, of

V/ k«o x 10^"sec~* k x 1O^sec"^
s

1,5-anhydro-6- 0.02,21 mm 10.43 10.46
O-tosyl-D-
glucitol" 10.46 10.43

ft O.Ql^T o.om - 9.32 9.36

9.10 9.03

methyl 6-O-tosyl 0.40N _ — 13.62 13.63
{3-D-glueopyran-
oslde 13.68 13.61

0.40N - 0.1M 5.84 5.85

5.87 5.88

nate constant obtained graphically from end-value plot.
k = rate constant obtained graphically by Swinburne method,

than half the original value. However, the effect is largely irrelevant,

arising from the removal of hydroxide ions by borate ions by reactions



-72-

of the type:

B^Oy + 20H* > 4B0^ + H20 •

The hydroxide ion concentration is thus reduced to about half

its nominal value and the cyclisation rate is correspondingly decreased.

In fact the ratio of the rate constants (13*65 : 5.86 = 2.3) is approx¬

imately the same as that for the cyclisation of methyl 6-0-tosyl-{3-D—
o 0

glucopyranoside in O.J+N and 0.2N sodium hydroxide at 20 viz.. 2.1' .

The results indicate quite clearly that there is no stabilisation of

the reactive conformation by complexing with borate ions.

The reduction (ca. 10fe) in the value of k in the presence of

Ca++ is possibly due to a similar effect, viz:

Ca++ + OH' y " CaOH* _

The equilibrium constant K for the above reaction has been
1 oS

determined by a number of methods . Using a value of K = 9.1, it

can be shown that formation of the species CaOH+ results in the
-3

removal of ca. 5 x 10 equivalents of hydroxide ion i.e. the concen¬

tration of hydroxide ion is reduced by somewhat more than 1Cft which is

roughly equivalent to the observed reduction in the value of the rate

constant.

Studies of the above type are severely hampered by restrictions

on the choice of possible complexing agents imposed by the system itself

and also by the photometric method used for kinetic measurements (see

experimental section). Thus, the most obvious acceptor ions e.g. ions

of the transition metals, cannot be used here since the majority are

chroraophoric and, more important, would be precipitated from the alkaline

reaction solution as hydroxides or oxides.
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An additional feature of the reaction must "be borne in mind.

In the transition state of the reaction, incipient formation of the 3,6-

anhydro bridge forces the axial 0^ and 0^ suhstituents slightly
nearer to each other. This would undoubtedly favour hydrogen bonding

of the type shown (p. 14), and to this extent the reactive 1C conform¬

ation would be stabilised. This conformation, however, does not

necessarily have the correct stereochemistry for complex formation.

In particular, the distance between the snd C^ substitutents
may be too small to allow stable complexing with an acceptor ion,

2. 1.2-0-ethylene-6-0-1osyl-3-D-glueopyranose:

Of all the 6-O-tosyl esters examined in this and previous

7/ork, the above compound showed by far the slowest rate of reaction

with alkali. Here

—6 —1
k s 1.25 x 10 sec

in 0.2)11 sodium hydroxide at 25°. Measurements were carried out on

solutions 0.001M with respect to tosyl ester. The above value of k

corresponds to a half-life of ca. 150 hours. Under the same exper¬

imental conditions a half-life of 8.5 minutes is observed for methyl

6-0-tosyl-j3-D-glueopyranoside which, apart from the corresponding 1-thio

derivative (see Table 6), shows the slowest rate of cyclisatian of all

the remaining 6-O-tosyl compounds.

The significant stereochemical features of the compound

investigated and the possibility of some reaction other than 3,6-

anhydro-ring formation occurring have already been discussed (p. 15).

The results provides strong presumptive evidence of the non-partici¬

pation of boat forms in these cyclisations and the interpretation of the
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conformational aspects of the reaction in terms of chair conformations

only appear to be justified.

The anomeric methyl 1 -thio-6-O-tosyl-D-rlucopyranosides:

The values of the rate constants for the above compounds are

listed in Table 6. The values for the (3-anomer have been corrected to

account for the formation of 6-deoxy-6-methylthio-D-glucose (see below)

which results from the 1 ,6-migration of the methyIthio-group discussed

in Part 1.

Table 6. Rate constants for the reaction of the

anoxaeric methyl 1-thio-6-O-tosyl-D-

glucopyranosides with sodium hydroxide

at 25° - 0.05.

Compound
Cone.of
ester

Cone.of
NaGH

"■ii- —1
k^x 10 sec" k x 10^sec""^

s

Methyl 1-thio-6-0-tosyl- O.OCCifM 0.02N 8.03 7.96
o-D-glueopyranoside

8.07 7.99

tt a o.cy^N 17.50 17.30

17.43 17.26

Methyl 1 -tMo-6-O-tosyl- 0.001M O.ZOM + 2.48 2.32
(3-D- glueopyranoside

0.20K Na01 2.48 2.32

tt .001M 0.4® 6.28 5.79

6.24 5.80

Note: The values of k for the 3-anomer have been corrected to

account for the formation of 6-deoxy-6-methylthio-D-glueose.
The experimental values are given in Table 7.

The rate constants for both compounds show the expected increase in the

value of k1/[0H»] with increasing [OH'jj the effect is less noticeable
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for the cx-anomer since the kinetics were measured at a ranch lower

alkali concentration viz.. in O.OZN and O.OAN sodium hydroxide.

This behaviour thus parallels that found for the corresponding 0-

glycosides.

The anomeric ratio:

An exact value of' the anomeric ratio cannot be given since

the values of k^ for the P-anomer were obtained at fairly high concen¬
trations of sodium hydroxide. Under these conditions, the rate constants

observed are much larger due to the non-linear dependence of k^/[0H'] on

[OH*3 J species other than mono-anions are undoubtedly involved in the

cyclisation and the rate constants, therefore, do not provide a suitable

basis for conformational analysis. For all the other compounds so far
10 23

investigated * the kinetics were measured at 0.02N sodium hydroxide

and the conformational features of the reaction were discussed in terms

of mono-anions which are the predominant reactive species at low alkali

concentrations. However, under these conditions, conversion of methyl

1-thio-6-0-tosyl-jB-D-glucopyranoside to the corresponding 3,6-anhydro

compound is very slow and the proportion of 6-deo2y-6-metbylthio-D-

glucose formed increases, thus introducing further uncertainties in

the value of k. Nevertheless, the rate constants for the p-anomer

do provide useful information and an approximate evaluation of the

anomeric ratio is instructive.

Assuming, for simplicity, a direct proportionality between

kp-SMe an<* a va;Lue (inaximum) can be deduced for at 0.02N
-5 -1

sodium hydroxide viz.. 2.90 x 10 sec . The anomeric ratio for the
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above confounds is thus ca. 27 compared to a value of 1.5 for the

corresponding 0 compounds. This difference in reactivity of the two

sets of glycosides is possibty due to the anomeric effect being

smaller for the thioglycosides. The anomeric effect is considered to

be largely due to interactions between the dipole associated with the

ring oxygen atom and that associated with the C^^-aglycon group (XCXV,
XCV). The classical electrostatic interaction energy of two dipoles

is given by

E = ^2 (cos X - 3 cos a, cos cm)
Dr3

where are ihe magnitudes of the dipole moments,

r = the distance between them ,

D = the dielectric constant of the medium ,

i 0*7 100
X, ^» a2 = angular terms defining their relative orientation *

Qualitatively, a smaller value of E may be expected for the thioglycosides

since the greater length of the C^-S bond (1.82 R) compared to the
C^-0 bond (1 .U2 R) increases r (which occurs to the third power in the
denominator of the above equation), thereby decreasing E.

On this basis, stabilisation of the C1 conformation of the

o-anomer by the anomeric effect is small and the C1 ■ ■■■■> 1C conversion
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(XCVZ - XC7II) is thus favoured by the release of steric compression

TsO HX
CHOTs

XCV1 SCH,

SGH,

XCVII

associated with the transition of the methylthio- group from an axial

to an equatorial orientation. For the -anomer, on the other hand,

?CHJ
HO- ^

H OXCVII I XCIX
OH

the 0 1—»1C conversion (XCVTII - XCIX) is less favoured since the

retarding steric interaction associated with the methylthio- group in

the 1C conformation is offset to a lesser degree by the anomeric

effect. The net result is an increase in the rate of cyclisation of the

«-anomer and a corresponding decrease in the case of the/ -anomer and a

larger value for the anomeric ratio is thus produced.

However, a similar comparison of the rate constants for the

and & -thioglycosides with those of the corresponding oxygen

compounds, viz •> tf-OMe
= 5.00 x 10""-'sec""1 in 0.02N NaOH23,
= 13.62 x lO^sec"1 in O.^ON NaOH,ys-OMe

introduces certain difficulties. The above argument suggests that

fi-OMe
= k

<x -6 Me

£-5Me OMe

whereas the ratios are 2.3 and 16 respectively.

There are various possible explanations of this discrepancy!

(a) Because of the high polarisability of the sulphur atom, the
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interaction between the latter and the partial charges on the incipient

3>6- anhydro-bridge in the transition state of the reaction is in fact

attractive (due to dispersion forces) rather than repulsive.

(b) It is possible that displacement of the tosylate group from is

favoured in the i, glycosides by the operation of an additional electronic

effect. There is some indication that the S„2 reactions of tosyl asters
109

have some 8^1 character , i.e. the carbon atom to which the tosyl
group is attached becomes slightly positive in the transition state.

Hence replacement of the electron-attracting methoxy group at by

the methylthio-group, which is essentially nucleophilic, stabilises the

transition state and produces an increase in the reaction rate. The

greater reactivity of 1,5-anhydro-6-l-tosyl-£!-glucitol over methyl
23

6-O-togyl-K-2-glucopyranoside has been partly explained on this basis.
However, this argument is not entirely convincing* it requires the

transmission of an inductive effect from through an essentially

saturated system to .

(c) The ionisation constant of the hydroxyl group at is larger in

the 10 conformation of the /3—methylthio compound than that of the

corresponding oxygen analogue. This situation is analogous to that

existing in the 01 conformations of methyl l-thio-*-Q-ribopyranoside

(C) and methyl c^-D-ribopyranoside (01). The higher acidity of the

HOA \ HO

former has been attributed to stabilisation of the anion at (C^) by
88

charge transfer to the d orbitals of the sulphur atom •
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Formation of 6-deoy/-6-methylthio-D-gluco s e:

An estimate of the amount of free sugar formed in the

alkaline cyclisation of methyl 1 -thio-6-0-tosyl-f3-D-glucopyranoside

was required so that the experimental value obtained for the rate

constant (Table 7) could be corrected to account for the solvolysis

reaction. A colorimetric method was used for the above estimation

(see Experimental Section).

Table 7. Rate constants for the reaction of

methyl 1 -thio-6-Q-tosyl-ff-D-aIuco-

pyranoside (O.OOIM) with sodium hydro¬

xide at constant ionic strength at
1 o.Qp.

Cone.of
NaOH

Cone, of
NaCl k^x 10^sec~1 k x 10^sec"*^

s % sugar formed

— O.ACM 0.100 mm Complete con¬
version

0.20N 0.2CM 2.73 2.58 8.90

2.72 2.55

0.40N - 6.76 6.27 6.55

6.67 6.21

in water only at 20°,
k = 6.53 ,n-6 -1x 10 sec

In addition it seemed likely that the formation of free sugar

could be accelerated by alkali in the same way as was found for 3,6-

anhydro formation. By analogy with the latter (p.5), the rate constant
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k& for the formation of free sugar is given by

kr » k. + *B a)a A
1 + ZIOH'J

where k^ = the rate constant for the reaction in neutral solution,
and kg = the rate constant for the alkali-catalysed reaction.

For 3,6-anhydro formation,

*1 = *2 + k3t®'1 (11)
TohT 1 + z [oh'J

• k£ 1 kA (1 [OH'] (U1)
■ • k7 =[SFT ' k2 + k3 ton']

1 kA +(kB + kA
'TWT ' k2 , k3 Loh'J— (ly)

kg/k^ therefore decreases with increasing [Oil1], i.e. the fraction of
sugar formed decreases with increasing [OH']. This was found to he the

case, the percentage of free sugar formed decreasing from 8.9 to 6.55$
in 0.2QN and 0.2{jQN sodium hydrocd.de.

Experimentally kr = ^ohs x ' 'jUSarW 100

Thus at 0.20N NaOH, kg = 2.29 x 10_5sec"*1.
-5 -1

Now, kA » 1.00 x 10 sec
The above kinetics do not provide any information about Zj the latter

was shewn by Baker to have a value of 2 - 3. (see Introduction, p.5).

Using Z = 3 and applying equation (i),

2.29 X ID"5 = 1.00 x 10-5 + 0.20 kg
, 1 + 0.60

whence kg = 1.03 x 10 sec" .
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-5 -1
Similarly at 0.4CN NaOH, k^ = 4.09 x 10 sec ,

whence kg= 1.69 x 10"^"sec""^ .

For Z = 2, the values for kg at 0.2QN and 0.4QN NaOH are 9.1 x 10~*?
-5 -1

and 14.0 x 10 sec respectively.*

The agreement between the values for kg is obviously poor
but this is partly accounted for by errors in the coloriaetric method

used to determine the amount of sugar present. However, comparisons

of the value of k& in alkali with kA (the rate in 0.4N sodium chloride)
leave little doubt that the reaction is, to some extent, alkali-

catalysed. As indicated earlier, this may be due to stabilisation

of 1he reactive 1C conformation by hydrogen bonding. However, it is

also possible that the greater reactivity of the anion (C11) stems

from an electron-donating effect of the anionic charge. This would

Cll

both tend to increase the nucleophilicity of the methylthio-group and

to ease the departure of the tosyl group.

( The values of used to calculate k& are the averaged
Swinbourne values, kg, for the rate constant, as these are
considered to be more reliable than k^).
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BgPERIMENTAL

Apparatus for kinetic work:

Kinetic measurements were made by the spectrophotometry
10 23

method developed by Baker and Inglis . The method is based on

the reduction in optical density (oa. 0.4-0.5 units) at 265 mji

which results from the conversion of undissociated tosyl ester to

the less chromophoric tosylate ion. Measurements were carried out

on solutions (usually 0,001 M) of the ester against a sodium tosylate

blank of the same molarity.

The instrument used was a Unicorn SP 500 spectrophotometer

fitted with a iMcam SP 570 constant temperature cell housing.

Water from a bath, thermostatted at ca. 25° was circulated through

the cell housing by means of a Stuart Turner No.10 pump inserted in

the return stream from the cell housing. The temperature of the water

bath was controlled by a Shandon Circotherm thermostat unit together

with a copper cooling coil immersed in the bath to counteract the

heating effect of the Circotherm motor. The cell temperature was

measured by inserting a thermometer through a hole in the lid of the

cell compartment into a cell filled with liquid paraffin. It was found

that the proximity of the hydrogen lamp to the cell housing caused a

slight rise (ca. 0.2°) in the temperature of the latter. The hydrogen

lamp was therefore switched on 2-3 hours prior to each kinetic run to

allow the system to come to thermal equilibrium. The thermostat was

then set to give a cell temperature of 25° - 0.Q5, The flow rate of

water through the cooling coil was adjusted so that the heating unit

remained on and off for approximately equal intervals of time as this
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rfn.nim.ises temperature fluctuations in the system. The thermometers

used were corrected against a calibrated National Physical ILaboratoiy

thermometer (stated accuracy i 0.02°). The apparatus was kept in a

room thermostatted at 21-22°.

Preparation of reactant solutions:

The synthesis of the 6-O-tosyl derivatives of methyl 1-thio

o-and (3-D-glueopyranoside is described in Part I. The other tosylates
23

were previously prepared by Inglis . Resin de-ionized water was used

in all the kinetic work. Solutions of the tosyl esters, usually 0.002M,

were prepared by dissolving the appropriate amount of solid in 15-20 ml

water in a graduated flask of 25 ml capacity and making the solution up

to the mark. Solution was effected by manual shaking or, with the less

soluble compounds, by the use of a mechanical shaker. For the very

insoluble methyl 1-thio-6-0-tosyl a-D-glucopyranoside, 0.0005M solutions

were prepared. In cases where the reaction was carried out in "the

presence of completing agents, a weighed amount of the latter was added

to the ester solution before it was made up to the markj the required

amount was incorporated into the sodium tosylate blank.

Sodium hydroxide solutions of the appropriate normality were

prepared as required by diluting 1N or 0.1N standard solutions made from

B.D.H. concentrated volumetric solutions. These were previously shown
10 pz

by Baker and Inglis to be essentially free of carbonate. Stock

solutions were stored in polythene bottles under nitrogen and were

usually discarded after a month.



Procedure for kinetic measurements:

(i) General: The glass reaction flask consisted of a two limbed

vessel (Fig.1) connected by a hollow bridge which permitted rapid mixing

of the reactant solutions. The ester solution (5ral) was pipetted into

A

\0 ml
V - Fig t

one arm of the reaction vessel. The latter was then flushed out with

nitrogen (freed from carbon dioxide by passage through a U-tube containing

"Sofnolite" absorbent). An equal volume of freshly prepared sodium hydro¬

xide solution was pipetted into the other arm. A Griffin and George

rubber pipette-filler was used in handling the above solution to prevent

absorption of carbon dioxide.

The reaction flask, lightly stoppered, was warmed in a water

bath at ca. UO° for 5-10 minutes to expel dissolved air, then placed in

the thermostat bath for 30-60 minutes to allow the solutions to come to

the reaction temperature (25°). In the meantime, two matched, stoppered

silica cells, one containing an aqueous solution 0.001M of sodium tosylate,

were placed in the cell compartment of the spectrophotometer and allowed

to reach thermal equilibrium. 1 x 1 cm cells were used for all measure¬

ments except for those on methyl 1 -thio-6-O-tosyl-oi-D-glucOpyranoside;

longer cells (if. x 1 cm) were required far this compound as more dilute

solutions (0.0005M) had to be used. The molarity of the sodium tosylate

solution for the blank was reduced correspondingly.



-85-

Immediately prior to mixing the reactant solutions, the

instrument was set at the required wavelength (265 mp) and the

sensitivity was checked; the dark current was set to zero and the

blank solution (sodium tosylate) was "zeroed" using the slit width

control. The solutions were then mixed by rapid inversion (10-20

times) of the reaction vessel, the time of initial mixing was noted

and the solution (ca. 2.0 - 2.5 ml) was then transferred by means of a

fast-flowing pipette to the cell. The cell stopper was quickly fitted,

the compartment was closed and the optical density of the reaction

solution was immediately measured. The above operations could usually

be performed sufficiently rapidly to allow a first measurement of the

optical density to be made within 1-1.5 minutes of mixing the reactants.

Readings were taken at constant intervals over at least three or

preferably four half-lives; the difference in optical density between

successive readings being 0.005 or more. In this way, 20-30 measure¬

ments could be made during the first two half-lives but this number

decreased as the reaction progressed. A final reading (E^) was usually

taken after some 10-12 half-lives, after which time the reaction was

complete (99.S^) within the limits of detection of the spectrophotometer.

The absorption of the blank against air was measured at the beginning and

end of each run and readings on the slit width scale were taken as

frequently as the rate of the reaction permitted; the absence of large

fluctuations in the stability of the instrument and of variations in

the blank due to evaporation, air bubbles etc., could thus be confirmed.

All measurements were made at 265 np. This wavelength corres¬

ponds to the shoulder of a flat absorption maximum (water, ca. 700)
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of tosyl esters and a minimum (£mj_n £&• 200) of the tosylate ion
(Fig. 2). For equal concentrations (e.g. 0.001M) of tosyl ester in

the reaction solution and of tosylate ion in the "blank, the initial

value of the optical density E^ should "be ca. 0.40-0.50 units.
Consequently, the readings for the early part of the reaction fall in

the most accurate region (0.6 - 0.2) of the optical density scale.

On the same basis, the absorption of the two solutions should be

essentially the same at the end of the reaction i.e. E ^should be
zero. In practice, the end values varied between 0.01 - 0,04, probably

due to the presence of traces of absorbing impurities in the solutions.

Duplicate runs were made for each compound} where possible,

these were done on the same day to minimise errors due to changes in

the reactant solutions. The latter were discarded after 48 hr. and

fresh solutions were prepared as required.

(ii) The above procedure was followed in the runs on methyl 1-thio-

6-0-tosyl-|3-p-glucopyranoside but the ester solutions were used immed¬

iately after being prepared since the compound, even in neutral aqueous

solution, showed a comparatively fast rate of solvolysis. The latter

rate was determined by withdrawing samples (ca. 2.0 - 2,5 ml) from a

solution (O.OOIM) of the above compound kept at 25° - 0.05 in the

thermostatted water bath and measuring the absorbance against a sodium

tosylate blank (0.001M), The rate of solvolysis in 0.k& sodium

chloride solution was similarly determined,

(iii) For 1 ,2-0-ethylene-6-0-tosyl-{3-p-glucopyranose, which showed

an extremely slow rate of reaction with alkali, equal volumes (50 ml)
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Figure 2. Ultraviolet Spectra of the anomeric methyl 1-thio-
6-0-tosyl-S-glucopyranosides* Solvent: water.

sodium tosylate.

140 If® 15 O "ft.

oc-anomer.
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of the reactant solutions were mixed and the reaction solution (0.001M

w.r.t. tosyl ester) was kept in a tightly stoppered flask. The tempei*-

ature of the solution was maintained at 25° - 0.Q5 by immersing the

flask in the thermostatted water "bath. Samples (ca. 2.5 ml) of the

solution were withdrawn at suitable intervals (25 hr) and transferred

by means of a pipette to a silica cell (1x1 cm) kept in the cell

compartment of the spectrophotometer. The absorbance of the solution

was then measured against a sodium tosylate blank (0.001j).

Calculation of rate constants.

First-order rate constants were determined in two ways:

(i) from the first order rate equation derived for photometric

rate measurement, viz.,

kt = 2.303 lo&n Eo-^
St - 3*0

where EQ, = the initial and final values of the optical
density E,

E^ « the value at time t.
Hence a plot of logj0 (E^. - E,^) vs. t gives a straight line with slope
-V2.303. The graphs obtained by this method were usually straight for

at least four half-lives.

110 *
(ii) by Swinboume1 s method : This is based on the equation

v - v j. v k f>tEt ~ °o» - 8 ' + ^t+ >t e

where E^, E^_ ^ ± and E ^ are the optical densities at times t, T+> t
and o<3, and>t is a constant time interval usually chosen to be between

0.5 - 1.0 half-life. A plot of E^ against thus gives a straight
line of slope e^" ^ whence

k = logg (slope).
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One obvious advantage of the Swinbourne method is that an end

value is not required. It should therefore give more reliable results

than the first method in cases -where E ^ may not be known with certainty.
The method also biases the early part of the reaction especially when the

interval t> t is small and the initial readings fall within the most

accurate region of the optical density scale; they are also less likely

to be affected by slow changes in optical density due either to absorbing

impurities present or to the formation of products which absorb in the

ultraviolet region. In addition, the method allows the use of unprocessed

data and since t is not required as a parameter, the graphs for all the

compounds can be drawn to the same scale, irrespective of their rate.

On the other hand, the "linearity" of the end value plots provides a

more sensitive indication of deviation from first order behaviour than

the Swiribourne plots. The values of the rate constants obtained by

both methods were usually in close agreement (within 1%), Atypical sets

of experimental data are given in Tables 8 and 9 and the corresponding

end-value and Swinbourne plots in Figs. 3 and 4.

The kinetics of the alkaline cyclisation of methyl 1-thio-

6-0-to^7l-|3-D-glucqpyranoside were complicated by the solvolysis reaction

discussed in Part I. The 1,6-migration of the methylthio-group also

results in loss of tosylate ion; the kinetic method therefore gives too

high a value for the rate constant kj for 3,6-anhydro-forsnation. The
formation of free sugar in the presence of alkali probably gives rise

to absorbing species and this introduces errors in the value of E^.,
Such errors would undoubtedly become more significant as the reaction
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proceeds, i^e. at lover values of Bt and this means the value of ^
is not known with certainty. For this reason, the value obtained by

the Swinboume method is considered to be the more reliable. Both

the end-value and Swinbourne methods give plots (e.g. Fig. 5) which

are strai^it for only the first two half-lives. However the values

of Icj obtained by both methods differ by only ca. The amount of
6-cleoxy-6-methylthio-B-glueose formed was estimated by a colorimetric

method (see below) and this allows a correction to be made to the

observed value of k^. The values given in Table 6 are the corrected
values.



Table 8 Rate Data for the Reaction of Methyl 1-thio-6-O-tosyl-u^D
p-lucopyranoside (0.00C25&Q with 0.02N Sodium Hydroxide at~
25° t 0*05. Solvent: "..ater.

t(oin.} Et
2 +

iog^CBt-Ej t(min.) Et E.-E
t <0

2 +

10^o(VEoo)
2,0 0.441 0,418 1.621 23 0,1805 0.1575 1.197

2.5 0.434 0.411 1.619 24 0.175 0.152 1.182

3.0 0.427 0.404 1.606 25 0.1655 0.1425 1.154

3.5 0.420 0.397 1.599 26 0.160 0.137 1.137

4.0 0.410 0.387 1.588 27 0.153 0.130 1.114

4.5 0.400 0.377 1.576 28 0.147 0.124 1.093

5.0 0.391 0.368 1.566 29 0.1405 0.1175 1.070

5.5 0.384 0.361 1.558 30 0.135 0.112 1.049

6.0 0.377 0.354 1.549 31 0.130 0.107 1.029

6.5 0.368 0.345 1.538 32 0.125 0.102 1.009

7.0 0.360 0.337 1.528 33 0.120 0.097 0.987

7.5 0.353 0.330 1.519 34 0.116 0.093 0.969

8.0 0.343 0.320 1.505 35 0.1115 0.0885 0.947

8.5 0.337 0.314 1.497 36 0.1075 0.0845 0.927

9.0 0.330 0.307 1.487 38 0.100 0.077 0.887

9.5 0.322 0.299 1.476 40 0.093 0.070 0.845

10.0 0.318 0.295 1.470 42 0.086 0.063 0.799

11.0 0.301 0.278 1.440 44 0,0805 O.Q575 0.760
11.5 0.297 0.274 00•*r- 46 0.075 0.052 0.716

12.0 0.290 0.267 1.427 48 0.0705 0.0475 0.678

12.5 0.282 0.259 1.413 50 0.066 0.043 0.634
13.0 0.277 0.254 1.405 52 0.062 0.039 0.591

13.5 0.27C 0.247 1.393 56 0.055 0.032 0.505

14.0 0.264 0.241 1.382 60 0.050 0.027 0.431

14.5 0.2595 0.2365 1.374 64 0.(345 0.022 0.342

15.0 0.251 0.228 1.358 68 0.041 0.018 0.255

16. 0.242 0.219 1.340 72 0.038 0.015 0.176
17 0.232 0.209 1.320 90 0.0295

18 0.222 0.199 1.299 105 0.025

19 0.213 0.190 1.279 120 0.0245 0.023

20 0.206 0.183 1.263 150 0.023

21 0.1955 0.1725 1.237 180 0.023
22 0.189 0.166 1.220 210 0.023
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Table 9 Swinbourne Data for the Reaction of Methyl 1 -thio-
6-0-tosyl-a-D-pJ.ucopyra.noside (0«Cr with 0.02N
Sodium Hydroxide at 25° ± 0.05.

t min. Et t (min.) Et E^

2 0.441 0.290 18.0 0.222 0.147

2.5 0.434 0.282 19.0 0.213 0.1405

3.0 0.427 0.277 20,0 0.206 0.135

3.5 0.420 0.270 21.0 0.1955 0.130

4.0 0.410 0.264 22.0 0.189 0.125

4.5 0.400 0.2595 23.0 0.18Q5 0.120

5.0 0.391 0.251 24.0 0.175 0.116

6.0 0.377 0.242 25.0 0.1655 0.1115

7.0 0.360 0.232 26.0 0.160 0.1075

8.0 0.343 0.222 28.0 0.147 0.100

9.0 0.330 0.213 30.0 0.135 0.093

10.0 0.318 0.206 32.0 0.125 0.086

11.0 0.301 0.1955 34.0 0.116 0.0805

12.0 0.290 0.189 36.0 0.1075 0.075

13.0 0.277 0.1805 38.0 0.100 0.0705

14.0 0.264 0.175 40.0 0.093 0.066

15.0 0.251 0.1655 42.0 0.086 0.062

16.0 0.242 0.160 46.0 0.075 O.Q55

17.0 0.232 0.153 50.0 O.066 0.050

Since the half-life is 14.5 min., the interval ( D> t = 10)
between the sets of readings is .ca, 0.7 half-life.
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Estimation of 6-deoxy-6-methylthio-D-Flucose:

The amount of the above free sugar formed in the reaction of

methyl 1 -thio-6-^tosy l-j3-D-glucopyranoside with sodium hydroxide was

determined by colorimetzy. A large number of colorimetric methods is

available for the estimation of free sugars but the nature of the above

reaction imposes certain restrictions. Methods which require the use

111
of strong acids, e.g. the phenol-sulphuric and anthrone colorimetric

112
methods , are inapplicable since they are not specific for reducing

sugars and would therefore give the total carbohydrate concentration.

Similarly, the tendency for sulphur to complex with metal ions
1 i ^

eliminates those methods which involve the reduction of copper (il)
4 4 1

or ferricyanide ions f in weakly alkaline solution.

ditetrazolium salts (C111) in strongly alkaline solution to the

The method eventually used was that developed by Cheronis
115

and Zymaris which depends on the reduction of colourless

C III
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corresponding faraazans (CIV) which are highly coloured. Of the ditetra¬

zolium salts investigated jo-anisyl tetrazolium blue (C111, R^ = 3,3'-
dimethoxy-4,4,-diphenylene> R^ = jD-anisyl) was found to be the most

115
suitable for the micro-determination of reducing sugars but the

more readily available blue tetrazolium (C111, = 3,3'dimethGxy-4,4'-

diphenylene, R^ = phenyl) was used in the present work. As a check
of its reliability, calibration curves were first determined for D-

glucose. The absorption, measured at 615 mp, followed Beer's law over

the range investigated (5 - 100 hg of D-glucose), the lower limit of

detection being 5 Hg of D-glucose. The earlier method of Fairbourne

et al.^^ which uses mono-tetrazolium salts e.g. 2,3,5-triphenyl-

tetrazolium bromide was also examined but the results obtained were

not reproducible.

Experimental procedure:

A solution (1 fo) of blue tetrazolium was prepared by trans¬

ferring a weighed amount of the solid (250 mg) to a graduated flask

(25 ml) and dissolving it in hot, absolute ethanol (8-10 ml). The

solution was then made up to the mark with distilled water and protected

from li$rt. The alkaline reagent was prepared as required by mixing

the above solution (1 part) with 0.3M sodium hydroxide (3 parts).

All colorimetric measurements were made on a Unicam SP 500

spectrophotometer using matched silica cells (1x1 cm).

Calibration curves:

(i) D-alucose; 5 M-l of a standard solution of D-glucose containing

1 mg/ml were transferred with a micro-pipette to a graduated tube (25 ml)
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containing deionized water (0.5 nil). The alkaline ditetrazolium

reagent solution (0.5 ml) was added and the mixture heated for a

total time of 45 seconds over a micro-burner. The tube was then

cooled by immersion for 5 minutes in a water bath (1020°), The

reaction mixture was diluted to 25 ml with dioxan and the optical

density measured at 615 ap. against a blank similarly prepared but

without the addition of D-glucose. The above procedure was repeated

using different amounts of thO standard solution and a calibration

curve (Fig.6) constructed for the range 5 - 100 fig of D-glucose.

The absorbance of the solutions were measured within 30-60 minutes

after dilution to minimise errors due to fading of the coloured sol¬

utions,

(ii) 6-deoxy-6-methylthio-D-glucose: A solution containing 1 rag/ml

of the sugar was prepared by dissolving the stoichiometric amount of

methyl l-thio-6-O-tosyl-p-D-glucopyranoside (17.34 mg) in deionized

water (ca. 7-8 ml) contained in a graduated flask (10 ml) and heating

the solution for 10 minutes on a water bath maintained at 75°. The

flask was then cooled to room temperature and the solution made up to

the mark. A calibration curve (Fig. 7(a)) was plotted using the above

procedure for D-glucose. The absorbance follows Beer's law over the

range examined (5-100 fig).

Although dioxan is the recommended solvent in which absorbances
A A C

should be measured , the above measurements were repeated (Fig. 7(b))
in ethanol for the following reason: A determination of the amount of

free sugar formed in the alkaline eyelisation of methyl 1-thio-6-0-

tosyl-p-D-glucopyranoside and its dependence on [cH1] requires the
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_ Figure 6. Calibration curve for D-glucose.
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reaction to "be performed in media of constant ionic strength. This

was achieved "by adjusting the ionic concentrations of the solutions as

required with sodium chloride but the latter precipitated when sauqples

of the reaction solution were diluted with dioxan for colorimetric

measurements. All subsequent measurements were therefore carried out

in ethanol.

Reaction solutions:

(i) 0*^0 H NaOH; A wei^ied amount (7.28 mg) of the tosyl ester was

carefully transferred to a QuieM'it conical flask (25 ml). 0.40N sodium

hydroxide (5 ml) was added with a pipette and the stoppered flask was

gently shaken until the solid was completely dissolved and then placed in

a thermostatted water bath (25°). After a reaction time of 10 half-lives,

the solution (0.3 ml) was transferred with a micro-pipette to a graduated

test tube (25 ml) and a 0.25^2 solution of blue tetrazolium in aqueous

ethanol (0.5 ml) was added. The solution was adjusted to a volume of

1 ml with water (0,2 ml) and then treated as described for D-glucose, the

volume being made up to 25 ml with ethanol. Readings were talcen against

a blank similarly prepared.

(ii) 0.20 N ITaOH + 0.20 M NaCl: The above procedure was followed

except that the solution was adjusted to a volume of 1 ml with 0.25N

sodium hydroxide (0.2 ml) instead of water. The final concentrations

of both sodium hydroxide and blue tetrazolium were thus kept at

approximately the same level for all colorimetric measurements viz..

0.113N and 0.125^ respectively.
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The concentration of tosyl ester used in the above measurements

viz.. 0.002)1! was increased to this value so that a reasonable reading

(0.08 - 0.12) could be obtained on the optical density scale. At this

concentration, there is still a large excess of alkali so that the

reaction will still be a first-order one.

Preliminary experiments with methyl 1 -thio-6-0-tosyl o-D-

glucopyranoside under the same conditions gave absorptions of 0.002 -

0.007, corresponding to less than 0.1^ sugar formed! thus interference

from the 3,6-anhydro-compound in the above experiments is regarded as

minimal since the readings for the a-anomer are within the limits of

experimental error.



PART III

THE SEPARATION OP GLYCOSIDES ON

STRONG ANION-EXCHANGE RESINS



102-

Ion-exchange resins have "been widely applied in carbo¬

hydrate chemistry both as reagents in preparative work and for the

resolution of mixtures of sugars and of their derivatives. Most

of the early work in this field centred on the use of cation-exchange

resins, due mainly to their greater availability and chemical stability

under a wide range of experimental conditions. The early anion

exchangers, however, were condensation polymers and their replacement

in recent years by the more stable addition polymers has considerably

increased their usefulness.

117
Rosemann and his co-workers , in 1952, reported the

retention of glucosamine on columns of a strong base resin, Amberlite

IRA-400, in the hydroxide form and also the retention of reducing sugars

present in sulphite waste liquors. The rates of elution with water of a

variety of reducing and non-reducing sugars were determined and the

results indicated the possibility of separating reducing and non-

reducing sugars e.g. D~glucose from D-glucitol (sorbitol), and methyl

a-D-glucopyranoside from mixtures containing D-glucose. No significant

retention of the various compounds was observed on columns of the resin

in the chloride, acetate or carbonate forms.
118

It was shown , subsequently, that the retention of reducing

sugars e.g. D-fructose and D-glucose on Amberlite IRA-400 or any other

strong base resin in the hydroxide form results in progressive

degradation of the sugar. The high alkalinity of the resin effects

an ene-diol transformation of the reducing sugar resulting in epimer

formation followed by degradation to saccharinic acids. This obviously
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limits the usefulness of the method -when recovery of the free sugar is

desired. However, mixtures of reducing sugars have been resolved on

119
strong base resins in the borate form . The separation is based on

the formation of negatively charged borate complexes, the extent of

their adsorption and consequent ease of elutian from the resin. The

original method requires a large volume of eluant for separating milli¬

gram quantities of sugars, but the method has recently been improved by
120

Hallen . Separations of free sugars on strong base resins in the

sulphate form have also been reported; thus, mixtures of D-xylose,

D-glucose and naltose have been resolved on Dowex 1-X8 (sulphate form)
121

with aqueous ethanol as eluant . Similarly, mixtures of D-glucose,

sucrose and raffinose have been separated on De-Acidite FF, a strong base

resin, but no significant differences in resolution between the chloride,
122

carbonate, or bicarbonate forms of the resin viere found ; the above

mixture could not be resolved on polystyrene beads (which form the

matrix of the resin) and the separation was considered to be due to an

122
ionic bonding mechanism rather than a molecular sieve effect , although

the compounds were eluted in order of decreasing molecular size.

This size effect is reversed in the elution of sugar glycols on

the hydroxide form of strong base resins. Separation of a mixture of

these compounds on Amberlite IRA-400 (hydroxide form) by gradient elution

with ammonium carbonate gave the following order of elution: ethylene
123

glycol, glycerol, erythritol, D-arabitol and D-mannitol . It is

interesting to note that this order parallels that of increasing acidity

of these compounds.

In contrast to the resolution of mixtures of reducing sugars
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or the separation of reducing from non-reducing sugars, Chambers, Zill
i 2L

and Noggle found that methyl (3-D-arabinopyranoside and the corres¬

ponding "benzyl derivative could be separated on the borate form of

strong-base resins. The separation was attributed to direct adsorption

of the aromatic glycoside on the highly aromatic matrix of the resin.

In the course of the present work, a method of separating the

anomeric methyl 1-thio-D-glucqpyranosides was required. At the same

time, a preliminary study of the behaviour of a number of glycosides on

paper electrophoresis in the presence of sodium hydroxide revealed small
88

but significant differences in their relative rates of migration ;

these differences were largely attributed to differences in the degree of

ionization and, hence, in the acidity of these compounds. It therefore

seemed likely that resolution of glyeosidic mixtures could be effected

on strong-base resins in the hydroxide form. It was found that a

mixture of methyl o-and (3-D-glueqpyranosides was almost completely

separated on columns of Dowex 1-X2 (hydroxide form) by elution with

water.

The above separation was developed independently by Buchanan
125

and his co-workers in Newcastle to provide a very sinple and elegant

method of resolving the isomeric glycosides produced by the Fischer

glycoside synthesis. Couplete separations of the anomeric methyl

pyranosides and furanosides of £-glucose and of ^-galactose were reported.

Only a partial separation of methyl 1-thio-u-and (3-D-glueo-

pyranosides 7,-as achieved by this method but, because of its general

usefulness, it was studied in some detail. A number of investi^tions

of a theoretical nature into the behaviour of carbohydrates on cation
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exchange resins has been made but apart from the work of Samuelson
1

and his school on the sorption of free sugars on various salt forms

of strong base exchangers, very few studies of this sort have been

carried out for anion exchangers. In addition to the separation of

glycosides, the behaviour of compounds of low, intermediate and high

acidity typified by methyl {3-D-glucopyranoside, oo-trehalose, and

sucrose respectively, has been examined.

Results and Disoussion:

I. General features: The separation of glycosidic mixtures on anion

exchange resins in the hydroxide form is considered to be due principally

to differences in the relative acidities of the individual components.

Glycosides are very weak acids and consequently show little tendency to

undergo ion exchange with the salt forms of anion exchangers. Thus

neither methyl a-D-glucopyranoside (K = 2,25 x 10"^) or the (3-anomer
~ a

(K = 3.05 x is sorbed by Dawex 1-X2 in the chloride formGL

to any significant extent; no separation of the two compounds could

be effected on this form of the resin even at loadings of less than

0.01 meq/ial of resin (see experimental section). In the same way, no
••1 ^ 1PQ

retention of sucrose (K = 2,5 x 10~ ) was observed on the chloride
C+

or carbonate forms of the resin. In these cases, there is little or no

differentiation by the solute molecules between solvent molecules in the

external solution and solvent molecules in the pore solution of the resin

1.e. the distribution coefficient /V is small and of the same order of

magnitude for each component. Here

K = [SK]/[ha] (i)
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where [M] = concentration of solute inside the resin

[HA] = concentration of solute in the external
solution.

With the hydroxide form of the resin, penetration of the solute

molecules into the pore solution of the resin is followed "by an ionization

step:
_____ K
HA + OH' A' + H20 (ii)

Retention of glycosides on the hydroxide form of anion exchange resins

is due essentially to the above step. An equilibrium is thus established

between unionized molecules HA in the external solution and molecules

(unionized and ionized i.e. HA and A*) in the pore solution:

HA
external
solution

K _ ,
HA + OH*

^ A' + H20 ,.. (iii)
pore solution

(ii) K = 1 = ~ (iv)

Prom (i), [SA] = A! [ha]

[HA][OH1] KW

[!•] = K[HA][Sf»]

= K k[ha][5h'] (v)

Total concentration of the solute inside the resin S is given bys

= [HK] + [a*]

= K HA+ K K[Haj[S!,] (vi)

C. . K

C
•

*♦*£[«■] (TU)s w v '

where C = concentration of solute in the external solution,
s
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Thus the distribution coefficient (C3/Cs) is a direct function of the
ionization constant K of the glycosides. In elution of the sorbedSi

glycosides from the resin, the excess of water shifts the above equil¬

ibrium (equation ii) to the left and the less acidic glycosides appear

first in the eluate. This was borne out experimentally. Of more than
88

twenty compounds examined , the order of elution was found to parallel

the relative acidities in each case except for methyl 5-thio-a-D-

xylopyranoside and its oxygen analogue. Although the former is less

acidic, it is more strongly retained on the hydroxide form of

Dowex 1-X2 or De-Acidite K. The reason for this reversal is not

altogether clear; it may be due to the greater polarisability of the

sulphur heteroatom resulting in stronger electrostatic attraction

between the sarbed molecule and the positively charged matrix. Alter¬

natively, the stronger retention my be due to adsorption of the less

hydrophilic sulphur atom on the polystyrene surface of the resin.

For column operations, it can be shown*that
V*

7?T 7V" + P (viii)

where V1 = the volume required to elute the peak (band maximum) from

a column.

V" = the overall bed volume including the void volume.

& the column distribution ratio

p = the fractional void volume of the bed

Now /V = X. (1 - p).

-$r = K (1 - p) + p.
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Thus the peak elation volume V is proportional to the distribution

coefficient A!. Equation (vii) thus implies than an increase in the

hydroxide ion concentration i.e. in the ion exchange capacity of the

resin should lead to a higher retention of glycosides on the resin.

This was found to be the case for a, o-trehalose and sucrose. The

peak elution volumes for these glycosides on Dowex 1-X2 (OH* form,

capacity: 0.36 meq/ral) are 2.8 and 15.0 bed volumes respectively!

on Dowex 1-X8 (OH' form, capacity: 1.22 meq/ml) these volumes are

increased to 6.0 and 75.0 bed volumes respectively (see Tables 10,

11). On the other hand, the peak elution volumes of methyl a-and j3-

D-glucopyranosides are virtually unchanged and their reparation is

only fractionally improved on Dowex 1-X8. An additional feature also

emerges: The fractional void volume of a packed resin bed may be taken
1 *51

as j3 = 0.40 j substituting this value in equation (viii) and using

the above values of V it can easily be shown that

for a,a-trehalose, \"T = 2.4
and for sucrose M'. =14.6

A"
on Dowex 1-X2. Thus -^r- = 6.1.

A-r

Similarly, on Dowex 1-X8 = 5.6
^ = 74.6

and -£r* = 13.3/V-T

The increase in the ratio of distribution coefficients cannot be

explained on the basis of the argument outlined above. Comparison of

the distribution coefficients of a,a-'trehalose and methyl j3-D-gluco-

pyranoside shows a similar trend, viz., an increase in the above ratio

from 2,4 to 4.7.
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Table 10. Blution chromtography of glycosides

on anion-exchange resins, Vater as eluant.

Glycoside 1
Elution Volumes

Dowex 1-X1
OH' form

Dowex 1-X8
OH' form

De-Acidite K
OH1form

De-Acidite G^

Methyl o-D-gluco-
pyranoside

1.4 - 1.8 1.4 - 2.0 1.0 - 2.0 -

Methyl j3-D-gluco
pyranoside

1.8 - 3.2
_

1.0 - 2.4
_ 2_*° r 3_*2_
1.0 - 3.5

1.0 - 2.0 3
1.2 - 1.4

mm

a, a-Trehalose 2.6 - 4.6 5.4 - 11.2 1.6 - 3.6 1.6 - 3.1

Sucrose 13.8 - 37.0 72.8 - 172.0 9.0 - 33.4 11.1 - 25.1

Table 11. Peak elutlon yoluiaes for methyl ff-D-

r?lucopyranoside. a. u-trehalose and

sucrose on Dowex 1. Eluant; Water.

Compound
Dowex 1-X2

OH' form
Dowex 1-X8

OH' form

Methyl f3-D-gluco- 1.4 1.6
pyranoside

a, ^Trehalose 2.8 6.0

Sucrose 15.0 75.0

1. Elution volumes expressed as bed volumes.
Volume of resin bed = 25 ml; flow-rate of eluant =15 ml/hr.

2. Regenerated with 1N sodium hydroxide.

3. Values observed for separation of a- and |3-anomers.
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These results, although somewhat puzzling, may be explained

on a kinetic basis. Because of their low acidity, methyl a..and j3-D-

glucopyranosides are only weakly retained in the outer layer of the

resin and the tendency to diffuse further into the resin is small.

Thu3 the molecules do not penetrate into the narrower pores of the

higher crosslinked resin i.e. they are sorbed only on the more readily

available active sites and the increased capacity of the resin is not

fully utilised. Consequently, the elution pattern is similar to that

obtained for the lower crosslinked resin. However, the more acidic

glycosides e.g. sucrose are strongly retained on the outer layer of the

resin and a comparatively large concentration gradient is set up within

the resin; this facilitates diffusion towards the interior and, hence,

a more efficient use of the reactive sites. Also, the more acidic

glycosides move more slowly down the resin column on elution and there

is therefore more time for local equilibrium to be established at each

stage.

In addition, there is some evidence which suggests that, in

highly alkaline solutions, sucrose behaves as a polybasic acid, the
129

ratio of Kj, to ICj being smaller, for example, than for gLucose .

The pronounced retention of sucrose on the hydroxide form of the above

resins may thus be due, in part, to the setting up of further ionisation

equilibria which convert the mono-anion into a di-anion. The first

ionisation equilibrium (equation ii) is shifted further to the right

resulting in further retention.

The kinetic interpretation could also explain why methyl a-,

and p-D-glucopyranosides are not retained by De-Acidite K in the
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hydroxide form whereas both a, o-trehalose and sucrose are retained and

mixtures containing these glycosides can "be resolved (Table 10).

De-Acidite K, a macroreticular resin, differs in its internal structure

from conventional anion exchangers such as Dowex 1. The latter is

considered to have a largely homogeneous crosslinked polyelectrolyte

gel structure with ion exchange sites distributed statistically through¬

out the resin particle. The porosity of such resins is not known with

any degree of certainty since the distance between polymer chains and

crosslinkages depends an the experimental conditions e.g. the nature of

solvent, the type of ions (fixed and mobile) within the resin and the
132

temperature f in general, the pores are usually below 30 A in

diameter. Macroreticular resins, on the other hand, are characterised

by a fairly rigid, open structure containing comparatively highly cross-
133

linked nuclei joined by chains of substantially linear polymers .

The resin pores are larger than atomic distances, up to 200 A in

diameter, and their size and shape are not greatly influenced by

experimental conditions. In these resins, the areas of high charge

density i.e. the active sites are identified with the nuclei. It is

thus possible for molecules of the less acidic glycosides e.g. methyl

(3-D-glueopyranoside to be washed out of the macrqpores without being

sorbed on these relatively inaccessible active sites. The more hi^ily

ionized a, o-trehalose and sucrose are retained since they travel more

slowly and therefore have more time to penetrate further into the

hif^ily crosslinked nuclei of the resinj however the retention of both

compounds is significantly less than on Dowex 1-X2 (OH' form) which has

a lower capacity*
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II. Behaviour of 3ucrose an De-Acidite G-: De-Aoidite & is a weak

anion exchange resin containing diethylaroino-groups on a polystyrene

matrix. In general, the apparent capacity of weak base resins for weak

acids is lowj Ms is due mainly to the low degree of ionization of

the free base form. Thus even glycosides of relatively high acidity

e.g. sucrose are not retained an columns of the resin prepared by

regeneration of the latter with 1N sodium carbonate (see experimental

section). However, then the resin is regenerated with 1N sodium

hydroxide, both a, or-trehalose and sucrose are sorted by the resin and

mixtures of the two can be resolved (Table 10). ELution of the resin,

prepared by regeneration with 1N sodium hydroxide, with 0.1M sodium

chloride solution results in the appearance of sodium hydroxide in the

effluent. The above separation of a, a-trehalose and sucrose is therefore

attributed to the presence of strong base sites i.e. quaternary ammonium

groups in the resin which are activated by sodium hydroxide but not by

sodium carbonate. The proportion of these sites in the resin was

estimated at ca. 8fi> of the total capacity (see experimental section).

III, Elution curves: The curves obtained for theeLution of methyl

p-D-glueopyranoside, a, a-trehalose and sucrose on the hydroxide form of

strong base resins show well defined self-sharpening fronts with diffuse

rear boundaries (Fig. 8). In general, tiae shape of an elution curve is

determined principally by the following factors:

(a) the sorption isotherm of the compound sorbed by the resin,

(b) the selectivity of the resin for the species initially in the

resin over species in the eluant,
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(c) "experimental variables" e.g. the non-attainment of local

equilibrium between the resin and the solution due to slow

diffusion and non-uniform flow of the solution through the

column (channeling).

The sorption isotherm obtained for sucrose (see below, Pig- 10)
lies completely above the strai^it line Cg = Cg, where Sg, Cg are the
concentrations of sucrose in the resin and the solution respectively.

The shape of the isotherm and, also, the graph of against C s

indicates that A. and therefore the retention increases with decreasing

concentration of the external solution. As a result, molecules which

move ahead of the front are preferentially retained until the front reaches

them. Thus any disturbances which tend to level out the front are counter¬

acted by the favourable equilibrium and a self-sharpening front is

obtained. When water is used as the eluant, the second factor does not

affect the front since there are no counter ions present. However, once

the front is eluted, because of the increased retention of sucrose by

the resin with increasing dilution of the external solution, the concen¬

tration of sucrose in the eluate falls off rapidly (the shape of the

curve suggests an approximately exponential decrease) and a large volume

of eluant is required to remove the sucrose still sorbed on the resin.

A diffuse rear boundary thus results.

(rv) Effect of eluting agent: The above behaviour illustrates the

main disadvantage of elution chromatography as a separation technique

for gLycosidic mixtures viz., the large volume of eluant required for
125

the removal of the more acidic components e.g. sucrose and gLycofuranosxdes ,

and the tendency of these components to "tail" on Hie resin. An attempt was
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made to eliminate the latter for a, a-trehalose and sucrose by using

eluants other than water. The effect of ammonium hydroacide and aqueous

methanol was investigated:

(a) Ammonium hydroxide: Slution of a mixture of methyl p-D-gluco-

pyranoside, a, ct-trehalose and sucrose on columns of Dowex 1-X2 in the

hydroxide form with 1,5N ammonium hydroxide solution gave essentially

the same elution pattern as that observed with water. Contrary to
1 3k-

preliminary results obtained in another laboratory which seemed to

indicate that sucrose was more easily eluted by ammonium hydroxide, the

elution volumes obtained suggested slightly stronger retention of both

a,a*.trehalose and sucrose (Table 12). The earlier result is possibly

due to partial conversion of the resin to other ionic forms by inorganic

salts which were present in the sugar mixture prior to chromatography.

(b) Aqueous methanol: Elution of the above glycosidic mixture under

the same experimental conditions with water containing 3Cmethanol

(v/v) resulted in a decrease in the elution volumes for both a, o-trehalose

and sucrose but the shape of the elution curves remained unchanged.

V". Elutian of mixtures on partially neutralised resins: In convent¬

ional anion exchange resins such as Dowex 1, the degree of cros slinking

is an averaged quantity i.e. even when the stated crosslinkage is low,

there are regions which are more highly crosslinked than others; the

hi^ier degree of reactivity associated with these regions has already

been mentioned. It was felt that selective elimination of these active

sites might reduce the degree of "tailing" shown by a, a-trehalose and

sucrose on the fully basic form of the resin. Not surprisingly, the
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Table
12.

Elution
volumes
for

methyl

ft-D-gluco-

pyranoside.
a.

a-trehalose
and

sucrose

on

Dowex
1.

Resin

Eluant

Methyl
(3-D-glucopyranoside

at
a-

trehalose
Sucrose

Dowex
1-X2

(OH*
form)

Water

1.0
-

2.4

2.6
-

4.6

13.8
-

37.0

*1

1.5N
NH,
OH

1.4
-

2.6

3.0
-

5.6

15.0
-

38.4

tt

30^
MeOH

1.4
-

2.2

2.2
-

4.4

9.0
-

22.0

Dowex
1-X2

(OH*
form)

with
ca.

30?e

OAc')

Water

1.2
-

1.6

1.8
-

3.2

6.6
-

17.2

Dowex
1-X8

(OH*
form)

Water

1.0
-

3.0

5.4
-

11.2

72.8
-

172.0

Dowex
1-X8

(OH*
form)

with
ca.
3Q^

OAc1)

Water

1.2
-

2.4

3.0
-

7.2

28.4
-

72.6

•i
"

Elution
volumes
expressed
as

bed

volumes.

Volume
of

resin
bed

=

25

ml.

Plop/-rate
of

eluant
=15

mi/hr.
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campounds were less strongly retained (see Table 12) on Dowex 1-X2 and

Dowex 1-X8 when the hydroxide form of the resins was partially converted

to the acetate form (ca. J>0?6 conversion). The shape of the elation curves

remained unchanged and there was no significant reduction in the "tailing"

of these compounds.

As stated earlier (p. 115 ), "the shape of the rear boundary of

the elution curves for both a,o-trehalose and sucrose suggested an

approximately exponential decrease in the concentration of the external

solution as the eluticn progresses. A plot of log^Q vs. V\
where = concentration of solute in fraction i

V, = the difference between the peak elution volume

V1 and the volume containing fraction i

should therefore give a straight line. This was found to be the case

(see, for example, fig. 9) although some deviation from linearity

occurred after 2g- - 3 half lives. This analysis allows an approximate

measure of the "spread" of the rear boundaries of the eluticn curves to

be madej

By analogy with a first-order reaction, the ratio of the "half

life" of the elution Vj i.e. the volume of eluant required to halve the

concentration of solute in the effluent to the peak elutian volume V'

should be of the same order of magnitude for elution curves which shew

the same degree of tailing. The above ratio (X = Vp/V) for the elution

of a,a*-trehalose and sucrose under the conditions discussed above are

given in Table 13. The results suggest that even in cases where the

elution volumes are decreased (e.g. with 3C$> aqueous methanol as eluant)



Figure9»ElutionofsucroseonDowex1-X2(200-400mesh,OH'form),BatchNo.5068. Plotoflog^Cconc.)vs.(V^-V').

bedvolumes>

I.Eluant'«Water.Concentrationdeterminedbycolorimetry^""'""'"* II.Eluant!1.5Nammoniumhydroxide." III.Eluant!30%methanol(aq.)Concentrationdeterminedbyphotoelectricpolarimetry.(sc«i.ux10*).



Table
13.

Experimental
Data
for
the

retention
of

a.

a-trehalose
and

sucrose
on

Dowex
1.

a,a-Trehalose

Sucrose
r

Resin

Eluant
V'

Vi2

Yi

Y

—

—

A

~

y»

V'

2

Vi

Y

_

—2.

A

-

yt

Dcrwex
1-Z2,
OH*

form.

Water

2.8

0.5

0.18

15.0

5.6

0.37

n

1,5N
NH,
OH

4

3.2

0.5

0.16

16.0

5.8

0.36

tt

3Q£
MeOH

2.8

0.2

0.07

9.6

3.0

0.51

Dowex
1-X2,
OH*

form

with
ca.
yy/o
QA.c'

Water
2.0

0.3

0.15

8.0

2.6

0.33

Dowex
1-X8,
OH*

form

Water
6.0

1.2

0.20

75.0

30.0

0.40

Dowex
1-X8f
OH*

form

with
ca.

3O/0
OAc
•

Water
3.6

0.66

0.18

30.0

10.0

0.33

V',
Vj_

are

expressed,
in

bed

volumes.

2Volume
of

resin
bed

=

25

ml.

Flow-rate
of

eluant
=15
ml/hr.
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the extent of spreading, X, is about the same, i.e. the above

modifications in the eluant as well as in the resin do not give

improved separations. The only possible exception to this is the

elutian of a, ci-trehalose on Dowex 1-X2 (OH* form) with water

(X = 0.07) tut in this case the graph obtained by plotting log^0 Ch
vs. "Vh showed a relatively large deviation from linearity. The

above analysis was not applied to the elution curves for methyl j3-D-

glucopyranoside since the rear boundaries of the curves are relatively

short, i.e. the number of values obtained for and V^ under the usual
experimental conditions is small and an adequate plot of log^Q Ch
vs. Vj_ cannot be made.

It is interesting to note that for all the systems examined

the "extent of spreading" (X) is greater for sucrose than for

a, a-trehalose. This may be explained in terms of the kinetic argument

developed earlierj the slower-moving sucrose "sees" a wider range of

crosslinking because of its greater penetration into the narrower pores

of the resin,

VI. Variation in elution volumes: Some variation in the elution

volumes of a,a-trehalose and sucrose is observed when different batches

of resin are used for chromatography (Table 14). This is not unexpected

since in the preparation of resins as with other macromolecules, slight

differences in the three dimensional structure may arise unless the

experimental conditions are rigidly controlled in the preparation.

The above variation is small for weakly acidic glycosides and does not

appear to have any significant effect on the overall results; never¬

theless, as an added precaution, the same batch of a particular resin
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Table 14. Elution volumes of a. o-trehalose and
sucrose on different batches of

Dowex 1-X2 (OH* form. 200-4-00 mesh).

Batch Ho.

3564

5068

g.a-Trehalose Sucrose

Unknown

2,6 - 4,8 b,v 12,0 - 34 b.v

2.6 - 4.6 " 13.8 - 37 "

2.9 - 6.4 " 16.7 - 34 "

was used to study the behaviour of mixtures of methyl j3-D-glueo-

pyranoside, a, a-trehalose and sucrose under different conditions.

VII. Displacement chromatography of glycosides on strong-base ion

exchange resins; This chromatographic technique is less exten¬

sively used than elutian chromatography for separating mixtures of

sugars or their derivatives. In displacement chromatography, the

mixture to be separated moves as a continuous zone along the resin

column; within this zone, the constituents of the mixture separate

into contiguous bands and, unless the resin shows a fair degree of

selectivity between the individual constituents, considerable overlap

of the latter occurs. The technique is not suitable for separating

glycosides which show little difference in acidity e.g. anomeric

glycopyranosides but it can be used to resolve mixtures in which this

difference i3 more pronounced. Thus a mixture of methyl a-D-gluco-

pyranoside, a, a-trehalose and sucrose was separated by displacement

chromatography on Dowex 1-X2 (OH* form) using 0.2N acetic acid as the
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displacing agent. Not surprisingly, complete separation was not

achieved, and the recovery of pure material was less than that

usually obtained by elution chromatography.

The main advantage of displacement chromatography is

the smaller volume of solution required for complete development of

a mixture. In the above case, the total volume of solution required

for complete development is less than 5 bed volumes compared with 34

bed volumes for elution chromatography of the same mixture (see

experimental section). This makes the method a suitable one for

preparative separation of anomeric glycofuranosides (which require

a fairly large volume of water for elution chromatography on the hydroxide

form of strong anion exchange resins) since these differ considerably

in acidity. For example, a mixture (4.5 g) of the isomeric galactosides

containing a high proportion of furanosides was developed by displace¬

ment chromatography on Dowex 1-X2 (OH* form, 50 ml resin) with 0.2N

acetic acid to yield 0.65 g and 2,54 g respectively of pure methyl o-

and (3-D-galactofuranos ide .

VIII. Determination of the sorption isotherm for sucrose on Dowex

1-X2 (OH* form. 50-100 mesh) at 25°; A sorption isotherm

describes the relation between the equilibrium concentration of a solute

in the sorbent and its concentration in the external solution at a

given constant temperature. For conventional sorbents such as silica,

alumina or the activated carbons, the concentration of the solute in
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the sorbent is usually given per unit weight of sorbent.
For ion exchange resins, the concentration in both phases i.e.

in the ion exchanger and the solution is usually expressed per

unit weight of solvent or per unit volume of the phase. Thus two

types of isotherms, one corresponding to each of these concentration

units, can be constructed. For non-rigorous treatment of the

properties associated with resins, the latter are usually regarded

as having a sponge-like structure i.e. a fairly open, elastic frame¬

work (the matrix) permeated by solution} since some distinction is

made between the pore liquid and the matrix, the first type of

isotherm is the more appropriate. In addition if the actual volume

of solvent inside the resin can be determined, a third type of

isotherm can be constructed in which the concentration is expressed

per unit volume of pore liquid rather than per unit volume of resin
135

phase. This type of isotherm, first described by l$ieaton and Bauman

was used in the present work.

Two general methods are available for determining sorption

isotherms:

(a) "Point try point" method; A known weight of the resin in the

fully swollen state is equilibrated with, a known volume of solution of

a certain initial concentration of solute. After equilibration, the

external solution is removed and analysed. The amount of solute within

the resin may then be found from the difference in the initial and

equilibrium concentrations of the external solution. Determination

of the actual concentration of solute inside the resin requires a

knowledge of the solvent content of the resin. The ratio
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concentration of solute in the resin 5
— C

c
concentration of solute in the external solution

gives the distribution coefficient K.. The latter corresponds to

one point on the isotherm and. by repeating the above equilibration

process with solutions of different initial concentration, the complete

isotherm can be constructed.,

0>) Progressive-batch methoclf^ In this method, a sample of the ion

exchanger is equilibrated with a solution of known concentration.

After determining the equilibrium concentration of the external

solution, more solute is added and the equilibrium concentration is

again determined. In this way, the sorption isotherm can be measured

with a single sample of resin by stepwise increased sorption.

The first method is obviously more time-consuming but it

gives the more reliable results and was therefore used. The equilibrium

concentrations are given by
W v/

5 _ and C = (ii)8 V+tf 3 V + V
3 W S W

where ? = volume of solute inside the resin
s

V = volume of water inside the resin
w

f = weight of solute inside the resin,s

The "unbarred" symbols refer to similar terms for the external solution.

Also, fa + ?■ = t (iii)* s W x '

and V + V * V (iv)s w

where V, V refer to the total volume of internal and external solution

respectively. If C°, V° refer to initial conditions, then
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cY - c v =
s s

= 5 V
s

- S°7°
s

Experimentally C^V° =s O

5 cY
: S

- C V
s

• • s

7

c

C
s

1_
V „4*J!o
V °y°B

C V
s

(vi)

- V

-1 (vii)

The sorption of weak electrolytes usually causes very little change

in resin volume except at quite higtx concentrations of sorbed material,

Therefore to a first approximation,

V° = Y

V
C°

s
- ( (viii)

CQ is easily determined hy colorimetry for solutions of low concen¬

tration of sucrose or polarimetrically for stranger solutions.

Provided f is known, can "be calculated from equation (vi) and an

isotherm can "be constructed; similarly, the variation in K. with

Cg can be determined from equation (viii). The values of Sg, Cg
and V are given in Table 15J the isotherm constructed from these

values and the graph of /V against C are given in Pig, 10 and 11,

The i sotherm shows that over the concentration range

investigated, the sorption equilibrium favours retention of sucrose

on the resin i.e. AI 1. Tbe uptake of sucrose increases with

increasing concentration of the external solution but the distribution
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coefflcient decreases. This is partly due to the fact that even

at moderately low concentrations of sucrose in the external solution,

the concentration of sucrose inside the resin is such that much of

the hydroxide is neutralised; hence as the concentration of sucrose

increases, the distribution coefficient decreases. However, other

factors may be involved, e.g. the high values of V obtained for

very low concentrations of the external solution may be associated

with a small number of very active sites i.e. highly crosslinks!

portions of the re3in.



•127-

Table 15. Sorption of sucrose on Dowex

1-X2 (50-100 mesh. OH*

at 25°.
form)

C

a: Method of
determinationmg/ml m.mole/ml mg/ml m.mole/ml

0.37 0.00108 28.3 0.0829 77.56 P - S

0.93 0.00272 49.07 0*144 53.02 P - s

2.48 0.00727 88.72 0.260 36.12 P - s

5.75 0,0167 160 0.469 27.9 P - s

7.44 0.0218 178 0.524 23.9 P - s

9.99 0.0293 195 0.570 19.5 P

21.3 0.0624 219 0.645 10.27 p

30.4 0.0891 265 0.776 8.81 p

39.8 0.117 295 0.864 7.39 p

92.7 0.272 380 1.11 4.09 p

185 0.541 460 1.35 2.48

P - S = Phenol-sulphuric coloriraetric determination.

P = Optical polarimetric determination.
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EXFEEBENTAL

Chromatographic procedure:

Paper chromatography (descending) was done on T.hatman

No. 1. paper using the following solvents:

(i) butan-1-ol-ethanol-water (4:1:5, upper layer).

(ii) butan-1 -ol-ethanol-water-aamonia (d 0.88) (40:10:49:1).^^
(iii) pyridine-ethyl acetate-water (10:4:3).

(iv) dimethyl sulphoxide as stationary phase and di-i3opropyl ether

as mobile phase (see p.51).

Sprays used were:

(a) silver nitrate-sodium hydroxide (see p.51).
138

(b) potassium periodatocuprate . This spray is general for

a-glycols. Carbohydrates show up as white spots against a

yellow background. The latter usually fades after 5-10

minutes.

Preparation of columns:

Resins used were Dowex 1 (2 and &/b crosslinkage, 200-400

mesh, chloride form), De-Acidite & SRA 94 (2-3$£ crosslinkage, 200

me3h), De-Acidite K, a macroreticular resin (-14 to 52 mesh, CI* form).
The latter is commercially available only in this size which is too

large for efficient column operation. The resin (ca. 200 g) was

slurried in de-ionized water and ground in a ball mill (1 pint total

capacity) for 1-g- hours on a mechanical roller. The resin was then

washed through a series of sieves (50 - 200 mesh, British Standard
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Specification) and the fraction retained by the 100 mesh sieve

(corresponding to a dry mesh size < 200 mesh size) was collected

and stored under water until required for use.

The resins were converted to the hydroxide form by treating

the chloride form with 1N sodium hydroxide. Since the conversion is

usually accompanied by an appreciable increase in volume of the

resin, the chloride form of the resin was first slurried with sodium

hydroxide solution. After ca. 20 minutes, the supernatant liquid and

fines were decanted and the procedure was repeated 3-4 times. The

resin was then transferred to a column and conversion to the hydroxide

form was conpGLeted by passing sodium hydroxide through the resin bed

until the eluate, after neutralisation with dilute nitric acid, gave

a negative test for chloride ions on the addition of silver nitrate

solution. The above process usually required 15-20 bed volumes of

sodium hydroxide solution. The resin was removed from the column,

slurried with de-ionized carbon dioxide-free water and repacked in

the column. The latter was then eluted with water until the eluate

was free of alkali and no further expansion in the volume of the resin

bed occurred. At this stage the resin was assumed to be fully swollen

and ready for use. Reconversion to the chloride form was effected by

treating columns of the hydroxide form with 1M sodium chloride solution

until the effluent was neutral to litmus, followed by removal of inter¬

stitial chloride solution by washing with water. Fresh batches of

resin were taken through the chloride-hydroxide-chloride cycle ip-5

times to condition the resin properly prior to use. The resin was

usually stored in the chloride form under water.
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\7hen eluants other -than water were used, columns of

the resin in the required form were equilibrated with the eluant

"by passing 3-4 bed volumes of the latter through the column before

applying the mixture to be separated.

Application of mixtures:

The mixture was dissolved in the minimum amount of

eluant and transferred to the column with a pipette. The solution

was added in small amounts so that it formed a narrow, concentrated

zone at the top of the column.

Elution of columns:

Columns were eluted at a constant flew rate (usually

13 ml/hr). This was easily achieved by using a moveable reservoir

with a constant pressure head and adjusting the height of the

reservoir until the required flow-rate was obtained. The eluate was

collected (usually as 5 ml fractions) an a time-adjustable fractionator.

Monitoring of columns:

The elution was followed by optical polarimetry (0,5 or 1

dm. tubes) or with a photoelectric polarimeter (E.T.L.-N.P.L, Automatic

Polarimeter 3type 143 A - Bendix, Ericeson, 0.2 dm. tube used) and by
111

the phenol-sulphuric colorimetrio method . The latter was used

mainly to determine the approximate range of each component elutedj

in the case of sucrose, it was used quantitatively to determine the

elution curve since the concentration of sucrose in the eluate

fractions was too low for optical polarimetry. Alternatively, elution

curves for sucrose were obtained by measuring rotations on the photo¬

electric polarimeter.
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In cases where the above methods did not clearly

indicate complete separation of components in the mixture, the

extent of overlap, if any, was determined by paper chromatography

of the relevant fractions.

I. Separation of methyl a- and 3-D-;lucorvranosides:

(i) On Dowex 1-X2 (200 - 400 mesh. OH' form)

(a) Small scale: Equal amounts (0.10 g) of the two glycosides were

chromatographed on a column (22.1 x 1.2 cm, 25 ml resin). The column

was eluted with deionized carbon-dioxide-free water (flow-rate 15 ml/hr)

and the eluate was collected in fractions (5.0 £ 0*1 ml). The total

mixture was shown by colorimetzy to be confined to fractions 7-16.

Optical polarimetry indicated sli^it overlap of the two components.

Selected fractions were therefore evaporated to dryness, acetylated

(acetic anhydride in pyridine) and chrornatocraphed (solvent iv, spray a).
Fractions 7 - 8 (1.4 - 1.6 bed volumes) contained methyl o-D-

glucopyranoside (0.083 g, 83$), m.p. 167°, [a]D + 156°,
(c. 1.0 in water).

9 contained both Of- and 3-glycosides (0.03 g).

10-16 (2.0 - 3.2 bed volumes) contained methyl |3—D—

glucopyranoside (0.085 g, 85$), m.p. 107°, [a]D - 32°,
(c. 1.0 in water).

The total amount of glycoside chromatographed corresponds to a loading

of 0.04 meq/ml of resin.

Capacity of resin in OH' form = 0.36 meq/ml.
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(b) Large scale: Equal amounts (1.0 g) of the two glycosides v/ere

chromatographed on a column (70.0 x 2.5 cm, 420 ml resin). The

column was eluted with water (flow*-rate, 60 nH/hr) fractions

(10 ml) collected. The fractions were monitored as described above:

Fractions 50 - 59 (1.2-1.4 bed volumes) contained methyl a-D-

gLucopyranoside (0,82 g, 82$) m.p. 166°, [a]^ + 157
(o, 2.0 in water).

60 - 65 contained both a*, and ^glycosides (0.21 g).

66 - 89 (1.6 - 2.1 bed volumes) contained methyl j3-D-

glucopyranoside (0.87 g, 87$), m.p. 107°, [a-ljj - 32
(c. 1.6 in water).

The weight of the original mixture corresponds to a loading of

0,02 meq/ml of resin. Data for the above separation are given in

Table 16 and the elution curve is sham in Fig. 12.

(ii) On Dowex 1-X8 (200 - 400 mesh. Oil* form): Equal amounts (0.1 g)

of the two glycosides were chromatographed on the above resin under

the same conditions as for chromatography on Dowex 1-X2 [see (i) - a]

Fractions 7-9 (1.4-1.8 bed volumes) contained methyl a-D-

giucopyranoside (0.09 g, 9C$).
10 contained a mixture of both glycosides (0.01 g).

11 - 16 (2.2 - 3.2 bed volumes) contained methyl j3-D-

glucopyranoside (0.094 g, %$).

Loading - 0.05 meq/ml of resin.

Capacity of resin in OH' form - 1.22 meq/ml.
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Table 16. Elution profile for the separation

of methyl a- and ;3-D- ,r;lucopyranosides

on Dowex 1-X2 (200 - 400 mesh. OH*

form). Sluant: "Water.

Fraction No. a Fraction No. a

1 - 49 - 70 -0.30

50 0.07 71 -0.27

51 0.86 72 -0.27

52 2.50 73 -0.23

53 2.36 74 -0.21

54 2.04 75 -0.17

55 1.73 76 -0.15

56 1.42 77 -0.14

57 1.15 78 -0.14

58 0.90 79 -0.13

59 0.65 80 -0.10

6o 0.46 81 -0.08
61 0.27 82 -0.07

62 0.16 83 -0.07

63 0,08 34 -0.05

64 0.02 85 -0.04

65 0,01 86 —0,02

66 0.01 87 -

67 —0,04 88 -

68 -0.18 89 -

69 -0.30 90

Fractions monitored by optical polarixaetry.

Volume of resin bed = 420 ml.

Flow-rate of water = 60 ml/hr.

Volume of fractions =10 ml.
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(iil) On De-Aci&ite K ( <. 200 mesh. OH* form): Chromatography

of the gLycosidic mixture using the same experimental conditions

described in (i) gave no separation, Colorimetzy indicated that

the mixture was eluted by 1,0 - 2,0 bed volumes of water (fractions

5 - 10), the mixture being largely confined to fraction 6 (0,19 g).
Evaporation and chromatography (solvent iv. spray a) of the individual

fractions after acetylation showed that both components were eluted

at approximately the same rate, A second separation carried out

under the same conditions gave identical results,

(iv) On Dowex 1-X2 (200 - 400 mesh, CI* form); Equal amounts

(0,3 g) of the two glycosides were chromatographed on a column

(71.5 x 2,5 cm, 430 ml resin) with water as eluant (flow-rate,
60 m3/hr). The eluate was collected in fractions (10 ml) which

were examined colorimetrically and by optical polarimetiy. The

mixture was contained in fractions 25 - 35 (0,58 - 0,77 bed volumes),
none of which showed a negative rotation. The fractions were evapor¬

ated to dryness in previously weighed flasksj the weights of the

residues showed that the bulk of the mixture was confined to fractions

26 (0,17 g), 27 (0.23 g) and 28 (0,15 g)« Consequently, no separation

was achieved,

II. Separation of a, u-Trehalose and Sucrose on De-Aoidite G-

SEA 94 (2 - % crosslinkage < 200 mesh):
V

The resin was prepared for column chromatography by

regeneration with 1N sodium hydroxide,

A mixture of a, a-trehalose (0.20 g) and sucrose (0.20 g)

was chromatographed on a column (25 x 1,2 em, 28 ml resin) with
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water as eluant (flow-rate, 15 ml/hr). eluate was collected in

fractions which were monitored as described previously:

Fractions 11 - 21 (1.6 - 3.1 bed volumes) contained a, a-trehalose

(0.19 g, 95$).
61 - 142 (11.1 - 25.1 bed volumes) contained sucrose

(0.18 g, 9C$).

III. Determination of strong base sites in De-Acidite 0:

A column (22,5 x 2.3 cm, 93.3 ml resin) prepared by

regenerating the resin (120 g) with 1N sodium hydroxide was eluted

with 0.1M sodium chloride solution (flow-rate, 36 m3/hr). The eluate

was collected in fractions (9 ml) and the latter were titrated with

0.01N sulphuric acid using screened methyl orange as indicator. The

total volume of acid required to neutralise the eluate was determined

and hence the number of milliequivalents of sodium hydroxide eluted

from the resin. The latter corresponded to 8.2^ of the total

capacity (3.5 meq/g) of the resin.

IV. Slution of sucrose on De-Acidite G- regenerated with IN

sodium carbonate:

Sucrose (0.2 g) was eluted from a column (44 x 1.2 cm,

49.8 ml resin) with water (flow-rate, 22 ril/hr). The eluate was

collected in fractions (5.5 ml) which were monitored colorimetrically.

Fractions 8-14 (0.9 -1.5 bed volumes) contained sucrose (0.19 g ,

95$).

The retention of 3ucrose is thus very slight and the above separation

of a,a-trehalose and sucrose (see II) is attributed to the fraction of

strong base sites activated by regeneration of the resin with sodium

hydroxide.
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V. Separation of methyl o-D-glacop--ranoside. a. ^trehalose

and sucrose on Dowex 1-X2 (200 - 400 mesh. OK* form):

(i) Small scale: A mixture of methyl o-D-glueopyranoside (0.15 g)

a, a-trehalose (0.21 g) and sucrose (0.20 g) was chromatographed on

a column (25 x 1.2 cm, 28.2 ml resin) with water as eluant (flow-rate,
15 ml/hr)* Fractions (5 ml) were collected and monitored.

Fractions 9-14 (1.6 - 2.5 "bed volumes) contained methyl a-D-

glucopyranoside (0.14 g, 91$), m.p. 167°, [^1^ + 158°
(cj . 1.4 in water).

18 - Mi- (2.96 - 6.4 bed volumes) contained a, a,-trehalose

(0.19 g, 90^2) m.p. 97°, [a]D + 178,5° (c. 1,9 in water).
92 - 187 (16.7 - 34.0 bed volumes) contained sucrose (0.18 g,

9C^)» [alp + (£• 1.8 in water).
Loading - 0.06 meq/ml resin.

(ii) Large scale: Conqplete separation of the above components was

possible at nearly three times the above loading. Chromatography of

a mixture containing 0.78 g, 1.12 g, 1.03 g respectively of the

compounds on a column (48 x 1.2 cm, 60 ml resin) with water as eluant

(flow-rate, 15-20 ml/hr) gave the following separations:

Fractions 15 - 25 (1.38 - 2.29 bed volumes), methyl a-D-gluco-

pyranoside (0.77 g, 98fi),
28 - 58 (2.57 - 5.33 bed volumes), a,o-trehalose (1.07 g, 95fo).

127 - 375 03.3 - 42.0 bed volumes), sucrose (1.01 g, 9$),
Loading - 0.17 meq/ml resin.
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VI. Separation of methyl g-D-slucop.yranosxde« a. a-trehalose

and suorose:

(i) On Dot;ex 1-X2 (200 - 400 mesh. OH* form). Batch No. 5068,

A mixture containing equal amounts (0.20 g) of the

above compounds was chromatographed on a column (22.2 x 1.2 cm.,

25 ml resin). A flow-rate of 15 ml/hr was used and fractions (5 ml)

of the eluate were collected and examined by colorimetry and polar-

imetry. The following elution volumes were obtained:

(a) With water as eluant:

Methyl j3-D-glucopyranoside : Fractions 5-12 (1.0 - 2.4 bed volumes)

a, o-trehalose s Fractions 13-23 (2.6 - 4.6 bed volumes)
Sucrose : Fractions 69 - 185 (13.8 - 37.0 bed volumes).

Chromatography (solvent iii. spray b) indicated complete separation of

the three components.

(b) With aqueous methanol (3C^>):

Methyl (3-D-glucopyranoside : Fractions 7-11 (1.4 - 2.2 bed volumes)

a, o-trehalose j Fractions 11-21 (2.2 - 4.2 bed volumes)
Sucrose : Fractions 45 - 108 (9.0 - 21.6 bed volumes)

A repeat of the above separation under the same experimental conditions

gave essentially the same elution pattern viz.,

Methyl (3-D-glucopyranoside : Fractions 7-11 (1.4 - 2.2 bed volumes)

a, a-trehalose : Fractions 11-22 (2.2 - 4.4 bed volumes)

Sucrose : Fractions 45 - 110 (9.0 - 22.0 bed volumes).

In both runs, chromatography (solvent iii. spray b) showed a slight

overlap between the first two components, confined to fraction 11.
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(c) Ammonium hydroxide (1.5 N):

Methyl £-D-glucopyranoside : Fractions 7 - 13 (1.4 - 2.6 "bed volumes)

a,a-trehalose : Fractions 15 - 28 (3.0 - 5.6 "bed volumes)

Sucrose : Fractions 75 - 92 (15.0 - 38.4 "bed volumes).

The loading in the above elutions (i) - (iii) was 0.08 meq/ml resin.

(ii) On Dowex 1-X2 (200 - A00 mesh. CH' form). Batch IIo. 3564.

Chromatography of the above mixture on a different batch of

resin under the same experimental conditions gave the following elution

volumes:

Methyl j3-D-glucopyranoside : Fractions 7 - 12 (1.4 - 2.4 bed volumes)

a,^trehalose : Fractions 13 - 24 (2.6 - 4.8 bed volumes)
Sucrose : Fractions 60 - 170 (12.0 - 34.0 bed volumes).

(iii) On Dowex 1-X6 (200 - 40C mesh. OH* form).

A mixture containing equal amounts (0.20 g) of the above

compounds was chromatographed on a column (22.1 x 1.2 cm, 25 ml resin)
with water as eluant (flow-rate, 15 ml/hr). The eluate was collected

in fractions (5 ml) which were monitored as before. The following

elution volumes were observed:

Methyl j3-D-glucopyranoside : Fractions 5-15 (1.0 - 3.0 bed volumes)

a,or-trehalose : Fractions 27 - 56 (5.4 - 11.2 bed volumes)
Sucrose : Fractions 364 - 860 (72.8 - 172,0 bed volumes).

(iv) On De-Acidite K ( ^ 200 mesh. OH* form).

A mixture containing equal amounts (0.2 g) of the three

glycosides was cliromatographed on a column (22.2 x 1.2 cm, 25 ml

resin) with water as eluant (flow-rate, 15 ml/hr). Polarimetry and
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colorimetric examination of the fractions (5 ml) indicated that

the first two components moved closely to each other but no overlap

was detected by chromatography (solvent ili. spray b). The following

elution volumes were observed:

Methyl (3-D-glucopyranoside : Fractions 6 - 7 (1.2 - 1.4 bed volumes)

a,a-trehalose : Fractions 8 - 18 (1.6 - 3.6 bed volumes)
Sucrose : Fractions 45-167 (9.0 - 33.4 bed volumes).

A repeat of the above separation gave essentially the same

results viz..

Methyl j3-D-glucopyranoside : Fractions 6 - 7 (1.2 - 1.4 ted volumes)

a, cfr-trehalose : Fractions 8 - 17 (1.6 - 3.4 ted volumes)
Sucrose : Fractions 45-165 (9.0 - 33.0 bed volumes).
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VII. Separation of methyl g-D-r-lucopyranoside. a. a-trehalose and

sucrose on partially neutralised resins:

(i) On Dowex 1-X2 (200 - 400 mesh. OH* form, ca. 3Qjo neutralised

with OAc'). Batch No, 5068:

A mixture containing equal amounts (0,2 g) of the above

compounds was chromatographed on a column (22,1 x 1,2 cm, 25 ml

resin) using the same experimental conditions as for the resin in

the fully regenerated GH' form [VI, (i) - a], The eluticn volumes

obtained were:

Methyl {3-D-glueop^rranoside : Fractions 6 - 8 (1,2 - 1 .6 bed volumes)

a,Op-trehalose : Fractions 9 - 16 (1.8 - 3.2 bed volumes)

Sucrose : Fractions 33 - 86 (6,6 - 17,2 bed volumes).

No overlap of components was detected by paper chromatography (solvent

iii, spray b).

(il) On Dowex 1-X8 ( 200 - 400 mesh, OK * form, ca. 30/ neutralised

by OAc'):

A mixture containing equal amounts (0.2 g) of the above

compounds was chromatographed on a column (22.1 x 1.2 cm, 25 ml

resin) as described above. The elution volumes obtained were:

Methyl (3-D-glueopyranoside : Fractions 6 - 12 (1,2 - 2,4 bed volumes)

a, o.trehalose : Fractions 15 - 36 (3.0 - 7.2 bed volumes)
Sucrose : Fractions 148 - 363 (29.6 - 72.6 bed volumes).

VIII. Separation of glycosides by Displacement Chromatography:

(i) Separation of methyl a-D-/rlucopyranoside. a.ob-trehalose and sucrose:

A mixture containing 0.78 g, 1.13 g and 1.12 g respectively

of each of the above compounds was dissolved in water (5 ml) and
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transferred to a column (44.2 x 1.2 cm, 50 ml resin) of Dowex 1-X2

(200 - 400 me3h, OH* form). The column was developed with a small
amount of water (5 ml) and then with 0.2N acetic acid (flow-rate,

6-9 ml/hr). Fractions (2-3 ml) were collected and monitored by-

paper chromatography (solvent iii. spray b). The mixture was

confined to fractions 18 - 103.

Fractions 18 - 34 (1.08 - 2.1 bed volumes) contained methyl o-D-

glucopyranoside (0,71 g, 92$).

34-36 were blank

37 - 76 (2.2 - 4.2 bed volumes) contained a,a-trehalose

(0.99 e, &$)•
77 - 80 contained a mixture of a, a-trehalose and sucrose

(0.3 g).

81 - 100 (4.3 - 4.7 bed volumes) contained sucrose (0.80 g,

79$),
Fractions 101 - 103 contained traces of acetic acid and were therefore

discarded.

A similar separation was achieved using 0.2N ammonium

carbonate as the displacing agent. However, the fractions were found,

on evaporation, to be contaminated with inorganic material.

1 59
(ii) Preparation of methyl a- and 3-D-galactofuranosides s

D-&alactose (25 g) was refluxed with anhydrous methanol^
(200 ml) containing sulphuric acid : v/v) until-the sugar was

completely dissolved (ca. 2 hr). The reaction was terminated by

cooling the flask and the reaction mixture was then neutralised with
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lead carbonate and filtered. The filtrate was evaporated to a thick

syrupj paper chromatography (solvent jL, spray a) of the latter showed

it to be a mixture of unreacted galactose and the isomeric glycosides.

The syrup was repeatedly extracted with cold ethyl acetate to remove

the parent sugar and the extract was evaporated to a colourless syrup

(4.53 g).

The syrup was dissolved in the minimum amount of water and

transferred to a column (44.2 x 1.2 cm, 50 ml resin) of Dowex 1-X2

(200 - 400 mesh, QH* form). The latter was first developed with a

small volume of water (5 ml) and the mixture was then displaced by 0.£|[

acetic acid (flow-rate 6-9 md/h**). The eluate was collected in

fractions (2-3 ml). Colorimetry of the latter showed that the sugar

mixture was confined to fractions 14 - 84. Fractions 82 - 84 were found

by titration with 0.02N sodium hydroxide (phenolphthalein indicator)

to contain acetic acid and were therefore discarded. The degree of

overlap of the four glycosidic components was determined by paper

chromatography (solvent ii. spray a).

Fraction 14 contained methyl a-D-galactopyranoside (0.08 g).

15-17 contained a mixture of methyl a- and (3-D-galacto-

pyranosides (0.45 g)

18 contained a mixture of methyl j3-D-galactopyranoside

and methyl a-D-galactofuranoside (0.05 g)
19-26 contained methyl a-D-galactofuranoside (O.65 g),

m.p.91°, [alp + 105° (c 1.0 in water).
27 - 33 contained a mixture of methyl a<- and p-D-galacto-

furanosides (0.41 g).
34 - 81 contained methyl (3-D-galactofuranoside (2.54 g),

m.p, 68 , [a]D - 112° (jC 1,2 in water).
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IX. Elution Curves:

Separate elution curves were obtained for methyl p-g-

glucopyranoside, a,a-trehalose and sucrose by chromatographing the

compound (0.15 - 0.20 g) on a column (22,1 x 1.2 cm, 25 ml) of the

resin in the required ionic form using water as eluant (flow-rate

15 mll/hr). The eluate was colleoted in fractions (5 ml) and these

were examined both by polarimetzy and quantitative colorimetzy, A

typical set of results is given for methyl (3-D-glueopyranosiae, a,a-

trehalose and sucrose in Table 17 and for the separation of the three

compounds on Dowex 1-X2 (200 - 400 mesh, OH' form) in Table 18. The

separate elution curves are shown above in Fig. 8 (p. 113). The

curves obtained when mixtures of the three compounds are chromato-

graphed are very similar to the individual elution curves and

therefore are not reproduced here.

X. Preparation of partially neutralised resins:

A known volume (ca. 50 ml) of resin in the hydroxide form

was slurried with de-ionized water in a flask fitted with a mechanical

stirrer. The required amount of aceit acid was added drqpwise with

stirring. During the addition the flask was continuously flushed out

with nitrogen to minimise absorption of atmospheric carbon dioxide.

The resin was then transferred to a column and washed with de-ionized water

(4-5 bed volumes), after which it was ready for use.

The fraction of resin in the acetate form was checked by

displacing acetate ions from a known volume (ca. 25 ml) of the resin

with 1N hydrochloric acid. A colour change, from reddish-brown to pale

yellow, occurs when the resin is converted from the acetate + hydroxide
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Table 17. Data for elation curves of methyl .3-D-rlucopyranoside

g.g-trehalose and sucrose on Dowex 1-X2 (200 - 400

mesh. OH* form). Batch Ho, 5068. Eluant: D'ater.

Methyl p-D-flucopyranoside
1

a. g-Trehalose

Fraction No. Fraction No. a Fraction No. a

1 - 6 - 1 - 11 17 +0.90

7 -0.25 12 +0.08 18 +0.54

8 -0.45 13 +1.14 19 +0.32

9 —0.18 14 +1.82 20 +0,16
10 -0.06 15 +1.54 21 -

11 - 16 +1.12

Range: Fraction No. 6 - 14,

(1.2 - 2.8 "bed volumes).

Range: Fraction No. 12 - 24,'

(2.4 - 4.8 "bed volumes)

2
Sucrose;

Fraction No. Volume of Absorption Fraction No, Volume of Absorption
solution solution

70 100 111 0.00 120 100 |il 0.33

75 50 0.54 130 tt 0.25

80 ft 0.50 140 it 0.18

85 ti 0.43 150 ft 0,11

90 tt 0.38 160 t! 0.08

100 100 |il 0.55 170 ft 0.04

110 ti 0.44 180 ft
—

Range: Fraction No. 70 - 186 (14.0 - 37.2 bed volumes)
*

1. Determined by optical polarimetry (1 dm tube)
111

2. " " phenol sulphuric colorimetric method j

absorption measured at 490 m|i (1 x 1 cm. cells).
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Table 18. Elution data for the separation of methyl

3-D-.flueot>yranos ide. a. o>trehalose and

sucrose on Dowex 1-X2 (200 - 400 mesh.

OH* form). Batch No. 5068. Sluant: ater.

Details of column elution given in VI,(i)-a.

1 1
Fraction No. a Fraction No. a

1 - 4 . - 14 +1,66

5 -0.C4 15 1.34

6 0.30 16 1.06

7 0.54 17 0.80

8 0.24 18 0.58

9 0.08 19 0.44

10 - 20 0.28

11 +0.02 21 0.18

12 0.02 22 0.01

13 0.92 23 0.01

Fractions 24-68 were void

2 2
Practical No, Absorption Fraction No. Absorption

70 0.054 130 0.257

75 0.972 140 0.181

80 0.890 150 0.133

85 0,760 160 0,083

90 0.703 170 0.043

95 0.610 180 0.018

100 0.538

110 0.420

120 0.347

1. Fractions monitored by optical polarimetry (1 dm tube).
111

2. Fractions monitored by phenol-sulphuric coloriroetzy
(Volume of each fraction taken - 100 pi. Absorption viewed
at 4-90 up (1 x 1 cm. cells).
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form to the chloride form. The displacing chloride zone on the

column could thus be detected and the flow of hydrochloric acid

through the column was stopped when the acetate zone was completely

displaced. The eluate, containing both acetic acid and a slight

excess of hydrochloric acid, was titrated conductiometrically

agiinst 0.1N sodium hydroxide solution - a standard method for
4 1 Q

analysing mixtures of strong and weak acids .

In a typical experiment, 1N acetic acid (25.2 ml, i.e.

25.2 milliequivalents) was used to convert 70 ml Dowex 1-X8 (OH*

form, 200 - 400 mesh, capacity 1.22 meq/ml) into the acetate form.
25 2

i.e. fraction of acetate on resin = yg ^^ '^g

fraction of acetate determined= 0.29

conductiometrically= 0.27.

XI. Determination of ion exchange capacities :

(a) Chloride form; The resin (ca. 50 ml), previously converted to

the hydroxide form was placed in a column (1.2 cm. diameter) and 1M

sodium chloride was passed through the resin (flow-rate, 20 ml/hr)
until the effluent was neutral. The resin was then washed with de-

ionized water until free of chloride and then extruded from the column.

A sample (ca. 3 nil) was transferred to a measuring cylinder (10 ml)

and allowed to settle to a constant volumej the latter was noted and

the resin was then washed into a conical flask (250 ml) with de-

ionized water (100 ml). Concentrated sulphuric acid (3 nil) was added

and the flask was heated at 70-80° for 5 minutes. The sample was cooled

to room temperature, 5N nitric acid (5 ml) was added and an excess of

0.1N silver nitrate (25 - 30 ml) was run into the flask from a burette.
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The precipitated silver chloride was coagulated with nitrobenzene

(2 ml) and the excess of silver nitrate was titrated against a

standard solution of 0.1N potassium thiocyanate, using furic

ammonium sulphate as indicator^. The wet-volume strong-base

capacity of the resin was then determined:

Capacity (CI* form) = Net volume of AgRO^ x normality of meq/ml
ml of resin sample

The remainder of the resin was treated in a column with 1N hydro¬

chloric acid and the above steps were repeated. Application of the

above relation then gives the total capacity (i.e. a measure of strong

and weak base sites present) of the resin.

(b) Hydroxide form: 1M sodium chloride solution was passed throu^i a

column (1,2 cm diameter) containing a known colume (ca. 25 ml) of ihe

resin in the hydroxide form until the latter was completely converted

to the chloride form. The eluate, containing displaced hydroxide

ions, was collected in a graduated flask (100 ml) and the solution

was made up to the mark. Aliquots were titrated against standard

solutions of 0,1 - 1.CN hydrochloric acid and the total number of

milliequivalents of hydroxide ion and, hence, the capacity of the

resin was determined.
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Table_JJ§;. Ion-exchange capacities of
strong-base resins.

CI' form

Resin Strong-base
capacity

Total

capacity
OH'

form

Dowex 1-X2
(Batch No. 3564)

0.54 0.56 0.33

Dowex 1-X2
(Batch No. 5068)

0.59 0.62 0.36

Dowex 1-X8 1.05 1.23 1.22

De-Acidite K 0.46 0.47 0.43

Units: Capacities expressed as

meq/ml of wet resin.
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XII. Determination of a sorption isotherm for sucrose on Dowex

1-X2 (50 - 100 mesh. Oil' form) at 25°:

Hie sorption isotherm was plotted using the equation
C c°

K - r - * <<r - 1>
s V s

which has "been derived above (p. 125). C°, CE, V are measured
quantities for a given set of experimental conditions but a value

for V, the volume of water inside the resin, has to be obtained
-JIT

separately. The method used was that of Pepper and his co-workers

which involves the determination of both the volume and weight of the

resin (a) in the fully swollen form,

(b) in the dry form.

The value obtained for V viz., 75.8?o, is subject to error. Some decom¬

position of the resin occurs on drying even at the relatively low

temperature (30°) used. However, the errors introduced in the value

of V from this source do not appear to affect the results significantly.

Procedure: An aliquot (1 - 2 g) of resin previously centrifuged to

remove adhering moisture was transferred to a round-bottom flask (25 ml).

A measured amount (10 - 20 ml) of a freshly prepared solution of sucrose

of known concentration was added. The flask was securely stoppered

and immersed in a water bath thermostatted at 25°. The contents of

the flask were shaken mechanically for 90 minutes. (A preliminary

experiment showed that the minimum time required for equilibration

was 60 - 70 minutes). A known volume of the external solution was

removed with a micro~syringe, diluted to an appropriate volume vdth

water, and the concentration of sucrose was determined by the phenol-
111

sulphuric colorimetric method . Alternatively, for solutions



-151-

containing a relatively large amount of sucrose, the concentration

of the latter was determined polazimetrically, By equilibrating

batches of resin with solutions of sucrose of different initial

concentration the sorption isotherm could be constructed. The

values of C_, C and K are given above in Table 15 (p. 127)S 3

and the isotherm as well as a graph of K. against Cg are given in
Fig. 10, 11 (p. 128).

Note: Although chromatographic experiments were carried out on

resins of mesh size <(, 200, a larger size of resin bead viz..

50 - 100 mesh was used for sorption measurements. In the deter¬

mination of the vreight of the resin in the fully swollen form, the

resin is allowed to sorb solvent until no further increase in the

resin volume is apparent. Removal of the excess of solvent is

usually effected by centrifugation but this process is seldom

efficient when the resin beads are small as interstitial solvent

is held more firmly. In addition, it is difficult to obtain

complete removal of the fines associated with small beads from the

external solution when the concentration of solute in the latter

is to be determined during sorption experiments.
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