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INTRODUCTION

The groat value and wide range of application of

conformational analysis in sugar chemistry has been realised
1-6

for some time. Examples of its use are tile interpretation

both of positions of equilibria (e.g. of mutarotation"'' and the
1 7

formation of 1,6-anhydro-aIdoses from the free sugars ' ) and

of the relative rates of reaction of stereoisomer!c compounds
6 5 13

(e.g. glycoside hydrolysis, and periodate oxidation ' of

various types of sugar derivatives).

Notwithstanding the slight distortion of the pyranose

sugar ring caused by the shortness of the C-0 bond relative to

'the C-C bond, the principles employed in the conformational
8

analysis of six-oembered alicyclic rings can be extended to

the carbohydrates.

These principles ares

1. Six-membered rings generally take up strainless, puckered

chair forms. The result of this is that substituents can have

an "axial" or "equatorial" orientation, depending on the direction

of the substituent-ring bond relative to the axis of the ring.

(See Figure 1).

fv



The two possible chair forms are interchangeable, although

separated by a low energy barrier, and exist in equilibrium

with each other. Boat forms (e.g. Figure 2) are also free from

angle-strain, but normally chairs are preferred energetically.

2. In general the steric (i.e. non-bonded) interactions

encountered by a substituent are greater when it has an axial

orientation than when it is equatorial.

3. The preferred, i.e. most stable conformation of a

molecule is usually that possessing the greatest number of

substituents oriented equatorially, since in this way the steric

interactions are minimised.

The aim of the investigation of which the present work

is a part Is to examine and assess, if possible on a

quantitative basis, the various factors affecting reactivities

in carbohydrate chemistry. Considerable progress lias been

made already in assessing the magnitudes of steric interactions
9 10

in cyclohexane chemistry; including that of the inositols .

However, comparatively little quantitative work has been done

in carbohydrate chemistry, although Leaieux, in preliminary
11 12

communications, * has estimated the interactions in sugar
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cetates by the use of nuclear magnetic resonance spectroscopy

in measurements of anomerie equilibria. An attempt by Barker

and Shaw"^ to calculate the relative magnitudes of steric

interactions from the overlap of van der Wauls radii is also

of interest.

In the work described here, the approach has boon to

ercamine the alkaline cyclisation of several pyranose mono¬

saccharide 6-p-tolueneoulphonates (tosylates) to the 3,6—

anhydro-coapounds• The reason for choosing this reaction,

which is the standard method of preparing these derivatives^
is that a change of the conformation of the molecule is necessary

before cyclisation can take place. It is definitely known that

in solution the preferred conformation of most pyranose sugar

derivatives is the MC1". (See Figure 3)^»^*>»1

F,3
Hence in those sugars in which it is possible to have ring-closure,

via, the ones having the 3-hydroxyl group on the same side of the

ring as the 6-carbon atom, the reacting groups are equatorially



oriented, and so are too far separated to react. But after

a change to the less favoured chair conformtion (1C) these

groups are both axial and are suitably placed for ring-closure.

The relative rates of reaction of stereoisomeric 6-tosylates

should therefore depend on the relative differences between

the non-bonded interactions in the two chair conformations.

The above reaction has already been studied from a
17

quantitative point of view by R. Baker (unpublished work dons

in the Chemistry Department at Edinburgh). In the present

work, the conditions of the reaction have been modified, and

the work has been extended to cover a wider range of compounds

and a new solvent system.
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DISCUSSION

A - Kinetic and Conformational Aspects

1. The Kinetics of Gvclisation of Sugar 6-Tosylates to

3.6-Anh.Tdro-derivat ives

Formation of 3*6-anhydro-compounds by the action of alkali on

the 6-p-toluenesulphonate3 (tosylates) of hexopyranose derivatives

is an intramolecular S^2 reaction, in which the 3-hydroxyl group of
the sugar is ionised by the basej the resulting alkoxide ion makes

a nucleophilic attack on and tosylate ion is produced.

(See Figure 4).

R-,4.

Methyl u-B-glucopyranoside Methyl 3,6-anhydro-a-fi--
6-tosylate glucopyranoside

The rates of cyclisation of the 6-tosylates of 1,5-anhydro-fi-

glucitol, 1.5-anlivdro-2-deoxv-D~arabino-hexltol. methyl a-and p-B-

glucopyranoside and methyl a- and p-B-galactopyranoside have been
17

studied by R. Baker , It was found that the reactions could be

conveniently followed spectrophotometries!^, since at the wavelength
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265 mji the absorption of the tostriate ion is much less than that of

tosyl esters« (For details, see Experimental, 5.)*

The reactions were carried out in a large excess of sodiusa

hydroxide, so that the concentration of alkali was practically

constant - under these conditions first-order kinetics were observed.

The cyclisation of 6-tosylates is formally similar to the cyclisation

of ethylene chlorohydrin with alkali to give ethylene oxide, a reaction
18a

which is usually considered to be second-order, i.e. first-order

with respect to the chlorohydrin and to the base.

It was therefore expected that the first-order rate constants

(k^) for the cyclisation of the tosylates would be directly proport¬
ional to the hydroxide concentration. However, Baker found that for

the 6-tosylates of 1,5-anhydro-D-giucitol and of methyl a- and f>-2-

glucopyranoside the ratio k^/ was not constant, but increased
considerably as the hydroxide concentration was increased* Hence

the order with respect to base is greater than one (less than two,

however)* It was shown that this behaviour was not due to a salt

effect, since it persisted even when a medium of high and constant

ionic strength (3M, using sodium chloride) was used. (It is of
19

interest that recent work has shown that the cyclisation of ethylene

chlorohydrin is not strictly first-order with respect to hydroxide

concentration either).

The unexpected results with the 6-tosylates mentioned can be

explained by assuming that the cyclisation reaction occurs not only

via the 3-mono-anion mentioned earlier, but also (to some extent)

via di-anions. The following reaction scheme was postulatedg



Table 1. Statistically Determined Data for Cyclisation

of Monosaccharide 6-Tosylates with Excess Sodium

Hydroxide at Various Concentrations, at Ionic

Strength 3 M. at 20°.

Compound lO^k^ lO^k^ Z

1,5-anhydro-D-glucitol 6-Ts 102 366 3.3

1.5-anHydro-2-deoxy-D-arabino-hexitol 6-Ts 95.0

Me a-JJ-glucopyranoside 6-Ts 10,0 134 2.3

Me p-fi-glucopyranoside 6-Ts 6.77 57 2.1

Me a-D-galactopyranoside 6-Ts 78.3 110 2
79.3 177 3

Me p-p-galactopyranoside 6-Ts 55.1 92 2
55.2 143 3

k2 is in l./mol./sec. Me = methyl Ts = tosylate
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6-tosylate
—̂

Fast

It can. be shown that this leads to the relation

kx/ [or] = k2 + k3 [oir] (1)
i + z [oh"]

between the experimental first-order rate constants (k^) and the
hydroxide concentration. In this equation k0 and are rate

constants representing cyclisation via the mono- and di-ions

respectively, and Z is related to the ionisation constant of the

sugar* The experimental results for the three glucopyranose tosylates

mentioned earlier could be fitted to the above equation, and by using

a statistical procedure, Baker calculated values for kg, k^ and Z,
xdaich are shown in Table 1, For the methyl a- and fi-galactoside

6-tosylates, k^/[oH~] showed only a slight increase with increasing
hydroxide concentration, and it seems probable that the reason for

this is that kyfeg H Z for these compounds. The values of kg and k^
shown in Table 1. for the galactosides were calculated by using

assumed values (2 and 3) of Z similar to those obtained for the

glucose derivatives, and it is clear that the value of kg is
practically unaffected by the assumptions made about Z* (For 1,5-

anhydro-2-deoxv-D-arabino-hexitol 6-tosylate k,/ [0H~*] was

independent of [0H~], i.e. the cyolisation of this compound was

mono-anion
oh

di-anion

Fast

Slow

Slow

3,6-anliyd.ro-compound
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strictly second-order, and the value given for kg is the average of

From the above discussion it is clear that the values of

the first-order rate constant for cyclication of the various

compounds at one particular hydroxide concentration would not really

be suitable for conformational comparisons between the compounds,

since k^ is a composite quantity. From the conformational point of
view, the most suitable quantity to take for the purpose is kg,
the rate constant representing reaction via a mono-ion, and this was

the quantity used by Baker as the basis for conformational discussions.

However, the aim of the present work was to examine a much wider

range of compounds and to study the effects of altering the solvent,

and in these circumstances an approach depending on the rigorous

determination of kg for the various compounds was considered
undesirable. The main reasons for this were that the determination

of kg is extremely tedious and that the necessity of maintaining a

constant, high ionic strength precludes the use of media containing

large amounts of organic solvents.

In the present work the rates of cyclisation (k^) have
therefore been measured at only one hydroxide concentration, viz. 0.02 M.

Baker's work has shown that at this very low concentration the cyclis-

ations proceed mainly via the mono-ion, since in every case the value

of k^/ [oifj was then within I0(i of the corresponding value of kg
obtained statistically. This being so, the values of obtained in

0.02 M-base axe a suitable basis for Conformational comparisons.
20

This approach was used by Bender and Thomas in the study of the
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hydrolysis of acetanilides in alkali, which reaction also involves

both mono- and di-ions. This particular concentration of base was

also convenient in that it was low enough to permit the measurement

of the most reactive compounds involved.

The detailed procedure used in the rate measurements is

described in the Experimental (Section 5.) and the preparation of

the required 6-tosylates is discussed in Part B of this Discussion.

For the slot compounds which are not mentioned in the Experimental,

samples were used which had previously been made by R. Baker. The

concentration of tosylate used was 0.00M and the resulting excess

of alkali was sufficient to give first-order kinetics, within the

limits of experimental error. (See Appendix II), The average first-

order rate constants (k^) obtained for the twelve tosylates included
in the present study are shown in Table 2. below. It may be noted

that the relative magnitudes of the rate constants found for the

compounds already examined by Baker are very similar to those obtained

by him (Table 1.).

2. Interpretation ox' the Relative Rates of Cvclisation in

Alkali of a Number of Monosaccharide 6-Tosvlates.

(a) The conformation of the transition state.

Taking account of conformations, the reaction sequence for

formation of methyl 3,6-anhydro-a-p-glucopyranoside may be written as:
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An alternative possibility to the conformational change (CI - 1C)

shown in this scheme is that only one end of the molecule should

change its shape in the rearrangement which must take place before

cyclisation can occur. We would then have, for the formation of

methyl 3,6-anhydro-u-D-glucoside s
j

CRpTs CHa

OH oMe OH oMe

Clearly in this case the boat form of the transition state and of the

3,6-anhydro-product is highly unfavoured, owing to the severe "bow
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and stern" interaction between the glycosidic methoxyl and the 4-

hydroxyl group. But in other cases the possibility of a boat

transition state cannot be excluded x/ith certainty.

Circumstantial evidence against this type of transition

state has been summarised by Baker1" ^ in particular, the constancy

of the ratio of the rates of cyclisation of the a- and p-anomers

of methyl fi-galacto- and gluco-pyranoside 6-tosylates (which was

confirmed in the present work for the corresponding anomeric 2-

deoxy-glycoside 6-tosylates) suggests that boat forms, which would

be more favoured in the galactose series, do not play a significant

part.

In connection with the possible participation of boat forms,

the reaction of 1,2-O^etliylene-p-B-glucopyranoSQ 6-tosylate with

alkali was examined, since this compound (shown in the Figure) can

3,6-anhydro-derivative

cyclise only in the boat conformation (owing to the rigidity of the

trans-ring juncture at and C^)). It is significant that no
reaction occurred under conditions in which other 6-tosylates cyclise

rapidly. Under vigorous conditions, several products were formed

(see Discussion B, 2. and Experimental, 3.) and it is clear that 3,6-
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Table
2.

First-order
Rate

Constanta
(Average)
for

Reaction
of

6-Tosylates

fn

.

4.,.

0

--

TT—-i_
.

J_
_J.

oz-O

Compound

Half-life(min.)
in

water

Rate

constants
(k^)
in

units
10

sec."

Water

50/fa

Aqueous
dioxan

1,

5-anhydro-D-glucitol
6-Ts

23

51.4

107

l,5-anhydro-2-deoxy-2-arabino-hexitol
6~Ts

23

50.5

74.5

Me

a-D-glucopyranoside
6-Ts

230

5.00

9.89

Me

ji-J)-glucopyranoside
6-Ts

345

3.33

8.68

Me

2-deoxy-o-D-glucopyranoside
6-Ts

42

27.3

33.4

Me

2-deoxy-ji-D-glucopyranoside
6-Ts

57

20.4

27.7

1,5-anhydro-D-galactitol
6-Ts

2.0

531

1210

1.

5-anhydro-2-deoxv-D-lyxo-hexitol
6-Ts

7.5

157

373

Me

a-D-galactopyranoside
6-Ts

27

42.6

78.3

Me

p-D-galactopyranoside
6-Ts

40

28.8

81.5

■Me

2-deoxy-u-D-galactopyranoside
6-Ts

ca.
21

53.1

91.6

Me

2-deoxy-p-D-galactopyranoside
6-Ts

40

28.9

56.7

Me
=

methyl

Ts
=

tosylate

Apart
from

compound
which
was

made
in

two
ways

(averages
are
of
8

values)
each

number

is

the

average
of
A

values
reported
in

the

Experimental,
5.
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anhydro-ring formation does not take place easily, if at all.

For the above reasons boat conformations have been disregarded

in the following discussion, but further evidence (e.g. the determin¬

ation of the conformations of 3,6-anhydro-sugar derivatives by

nuclear magnetic resonance spectroscopy) would obviously be of

interest. This is especially so since it is claimed that certain

reactions in the cyclohexane series proceed via boat conformations

rather than via an alternative chair. For example, the reaction of

trans-2-benzamido-trans-4-t-butvlcvclohexyl metlaanasulphonat3

(b) Rate comparisons.

(i) In Table 2. are given the average first-order rate

constants for cyclisation of the 6-tosylates. The footnotes to

Table 9., given on p.83A, mention any peculiarities associated

with the rate determinations. Table 3. contains rate constant ratios

for certain pairs of compounds, for the purpose of comparison.

(ii) Before the rate constants are discussed in terms of

conformational differences, it must be said that the observed differ¬

ences in rate are not entirely due to stereochemical factors.

According to the reaction scheme given earlier, the rate of cyclis¬

ation of the tosylates depends on the ionisation constant of the 3-

hydroxyl group of the tosylate, as well as on the ease with which the

with
^

21
is thought ' to proceed via a boat form.



Table 3. Ratios of Rate Constants for Qyclisation of

6-Tosylates in 0.02N-Sodiuifl Hydroxide.

G = glucose
Ga = galactose
1 = 1-deoxy

a = a-glycoside
{J = p-glycoside
2 = 2-deoxy

Galactose/glucose pairs Water 50,!s Aaueous

Gaa/Ga 3.5 7.9
Gafj/Gf) 3.65 9.4
Gal/Gl 11.3 11.3

2-Deoxy-series.
Ga2a/G2a 1.95 2.74
Ga2p/G2p 1.42 2.05
Gal2/G12 3.11 5.00

Anomeric pairss u/b ratio

Galactosides 1.48 0.96
Glucosides 1.50 1.14

2-Deoxy-galactosides 1.34 1.62
2-Deoxy-glucosides 1.34 1.21

1-deoxy/a-glycoside pairs

Gal/Gaa 13.6 15.5
Gl/Ga 10.3 10.3

2-Deoxy-series.
Gal2/Ga2a

2/G2G12/G2a
2.96
1.35

4.07
2.23

Effect of removing': the hydroxyl at C/^x from?

(a) 1-deoxy compounds
Gal/Gal2
G1/G12

(b) Glycosides
Gaa/Ga2a
Gap/Ga2p
Ga/G2a
Gfc>/G2fJ

(2)

3.70
1.02

3.24
1.44

0.80 0.85
1.00 0.70
0.183 0.296
0.163 0.314
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resulting ion undergoes qyclisation. In the present exposition

it is assumed that this ionisation constant remains approximately

constant in compounds of the same type, q.p:. the tosylates of all

the ordinary methyl glycosides. The differences in the ionisation

constant of which will be produced by removal of the hydroxyl

group on or of the methoxyl group on are discussed later on.

(iii) Comparison between galactose and rlucose isomers.

The first feature which is apparent from the results given in Tables

Z and 3. is that compounds in the galactose series react much faster

than corresponding ones in the glucose series, the actual rate ratio

in water being ca. 8.5 for the a- and ^-glycosides and 11.4- for the

1,5-anhydro-E-hsxitol 6-tosylates. (In aqueous dioxan the figures are

similar). This finding is easily explained sterically, in the

following way. Consider the ease of the 6-tosylates of 1,5-ahhydro-

D-galactitol and - glucitol. In the galactitol case the product

OH

1,5:5,6-d.ianhydro-D-glucitol
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possesses fewer non-bonded interactions than in the glucitol case,

since the latter product contains two axial hydroxyls, while there

is only one in 1,5 t 3>6-dianhydro-D-galactitol. On the other hand,

in the tosylates in their normal conformation (CI) the total of non-

bonded interactions is greater in the galactitol than in the glucitol.

Since this means that the G1 ^ 1C conformational equilibrium is more

to the right in the case of the galactitol, its rate of reaction will

be greater. Hence it can be said that the presence of an axial

substituent in the original 6-tosylate constitutes an accelerating

factor, and that the opposite is true for an equatorially oriented

substituent. The argument given above holds equally for the methyl

glueoside and galactoside 6-tosylates (See Table 3.)•

The fact that the galactose/glucose rate ratio in 2-deoxy-

compounds is less than In the 2-hydroxy-series (see Table 3.)» being

(in water) only 3 for the 1,5-anhydro-2-deoxy»hexitols, and 2 and 1.4

respectively for the a-anoaers and fS-anomers of the methyl 2-deoxy-

glycopyranosides, is also easily accounted for. Since the sever©

retarding factor in the normal glucose derivatives (represented by

an diaxial interaction in the lC-conforraation) is absent

from the 2-deoxy-derivatives, the latter compounds are expected to

cyclise faster. In the galactose series there is no such great

difference between the normal and the 2-deoxy-comnounds, so that the

galactose/glucose ratio is reduced.

(iv) Comparison between a- and fl-anomers of glycosides. The

next noteworthy aspect of the data is the value of the ratio of

cyclisation rates for a- and p-anomers of glycoside 6-tosylates.
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Table 3. shows this to be much smaller than the galactose/glucose

ratio. Thus it is between 1.3 and 1.8 (in water) for all four a/p

pairs examined. Steric arguments do not explain this low value j

they predict, if anything, an even higher one than is observed for

the galactose/glucose ratios, since in the iC-conformation an axial

group at Cpy such as occurs in the p-glycosides, is subjected to
steric compression by two other axial groups, vis. 0^ and 0^),
and not just one. Comparison of the formulae given below with those

on p.13 illustrate the point.

Two possible explanations of the low a/p rate ratio are

(1) Passing interactions and (2) Pinole interactions.

(1) "Passing interaction" is the name given by Newth^ to the

steric interaction which might be expected to occur between adjacent

cis-substituents on a 6-membered ring, during a change of conformation:-
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In such a Changs, two cis groups must pass each other, and provided

they are sufficiently bulky, the resulting steric hindrance will

constitute an added barrier to the change. (See below, however).

Newt!** suggested passing interactions as an explanation for the

facts that 1,6-anbydro-p-B-altrose 2-tosylate and 1,6-arl*ydro-p-g-
altrose 3,4-ditosylate do not form epoxides on treatment with alkali

(the 3-mono-tosylate does), and that methyl 4,6-0-benzylidme-o-g-
glucoside 2-tosylate forms an epoxide much less easily than 1,5-

anhydro-4,6-0-benzylidene-D-glucito1 2-tosylate. It may be noted,

however, that these observations can also be explained in terras of

electronic effects.

In regard to the present work, there are two points to be

made. Firstly, since a passing interaction is a contribution to the

energy barrier separating molecular conformations (here the CI- and

lC-chair forms), it can only affect the rate of attainment of the

conformational equilibrium, not its position. Hence it can only

affect the rate of cyclisation if the conformational change is a rate-

determining step. This is contrary to the assumptions usually made in
g 9b

the discussion of reactions which involve a change of conformation. '

Furthermore it may be noted that passing interactions cannot explain

the low a/p rate ratio shown by the kg values derived by Baker, since
from equation (1) given earlier, k0 = Lira k,/ jjDIi"] , and since* [OH-j^O *
the conformational change cannot remain the rate-determining step at

infinitesimal hydroxide concentrations.

Secondly, if passing interactions did have any effect on the

reactivities of the derivatives dealt with here, certain differences
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in behaviour would be observed between the normal sugars (having a

hydroxy1 group on C^) and their 2-deoxy-analogues. Taking the
example of anomeric glycosides and considering a possible 1,2-

passing interaction, it is clear that such an interaction can occur

only in the a-anomer of methyl p-gluco- or galacto-pyranoside 6-
tosylates, since the two substituents concerned have to be cis.

A 1,2-passing interaction would retard the cyclisation rate of the
a-anomers with respect to the p-anomers. But in the corresponding

2-deoxy-glycosides, no 1,2-passing interaction can exist (hydrogen

being too small), so that the a/p-anomeric rate ratio would be higher
for the 2-deoxy-derivatives than for the normal sugars. In fact, it
is lower (ca. 1.3) for the 2-deoxy-glucosides and higher (ca. 1.3)
for the 2-deoxy-galactosides. It is therefore unlikely that

appreciable 1,2-passing interactions exist in the "2-hydroxy"-

glycoside derivatives described here.

(2) An alternative explanation for the observed low value of

the a/p cyclisation rate ratio for anomeric 6-tosylates is the

existence of important dipole interactions between the dipoles of

the ring-oxygen atom, i.e. 0^, and the glycosidic oxygen, i.e. 0^.
Tentative calculations of the energies of interaction between

these dipoles (see Appendix I) are promising. They indicate that the

signs and magnitudes of the interactions will result in a disfavouring

of conformations which have an equatorial glycosidic methoxyl group,

i.e. p-glycosides in the 01, unreactive, conformation, and a-glycosides
in the 10, reactive, conformation. On the other hand, for axial

methoxyl groups, as in a-glycosides in the 01- and p-glycosides in
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the IC-conformation, the dipole interactions are either zero or

slightly favourable (sea Appendix I). The net result will therefore

be an increase in the energy difference in the CI t 10 conformational

equilibrium of a-anomers, and a decrease for the ^-anomers, As

explained earlier, this would lower the cyclisation rate for the

former, and raise it for the latter, which would explain the

unexpectedly low value of the a/p rate ratio.

The above ideas about dipole interactions are relevant to

the problem of anomeric equilibria. In equilibration of the common

methyl hexopyranosides with methanolic hydrogen chloride, the a-anomer

usually predominates. This is not expected on steric grounds, since

in the preferred conformation (CI) of the hexosides a-anomers have

the methoxyl group axially oriented, so that in equilibrations the fi-

anomers (equatorial methoxyl, sterically favoured) shouldpredominate.
22

The "anomalous" behaviour observed has been explained by Edward in

terms of electrostatic repulsions between the lone pairs of the ring-

oxygen and the anomeric oxygen which destabilise the equatorial
11 12

orientation. In an alternative approach, Lemieux ' has postulated

an "anomeric effect",^8, consisting of an electrostatic attraction

between the oxygen atom of an axially oriented (a) methoxyl group and

a residual positive charge on . A weakness common to both of

these views is that they do not take account of the effect on the

interactions concerned of the conformational orientation of the

glycosidic methyl group with respect to rotation about the C^- 0^
bond. (Hordvik mentions this point). An approach along the lines

suggested in Appendix I seems more satisfactory in this respect.
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An interesting point now arises. If the assumption is

correct that only the dipole interactions between 0^ and 0^
are important, then the absence of any or all of the other oxygen

atoms of the sugar molecule should not affect its behaviour. In

the cyclisation reactions of the present work this assumption appears

to be substantiated, since the 2-deoxy-glycoside 6-tosylates have

nearly the same a/p rate ratio (1.3# 1.8) as the normal glycoside

6-tosylates do (1.5). Data for anomerisation of the methyl 2-deoxy-
25

p-galactopyranosides also lend weight to the assumption, since

again the o-anomer is preferred. (The ratio a-anoaer/P-anomer at

equilibrium is 2, if the optical rotation of the p-anomer in methanol

is taken as - 40°, the value found in the present work).

Furthermore, the same results were obtained by Edward, Morand and

Puskas2**a,k for sugar analogues possessing only a ring-oxygen and a

"glycosidic" oxygen. These authors found that in equilibration of

3-u- and p-methoxy-4-oxa-5o-cholestane with hydrogen chloride in

methanol-tetrahydrofuran (111), the ratio of a-enomer to p-anomer

at equilibrium was 3. Similar predominance of the o-anomer was

found in equilibrations of the corresponding 3-isopropoxy, cyclo-

hexylexy, pheaoxy and benzyloxy derivatives. In these steroids,

ring 4 (the analogue of the pyranose ring) is fixed in what corres¬

ponds to the Cl-conformation, so that the situation is in every way

similar to that in the true sugars (apart, of course, from the absence

of several oxygen functions).

It seeias likely, in the light of these considerations, that

any dipole interactions involving the 2-hydroxyl group in glycosides
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can be neglected,, although more comprehensive calculations of these

interactions are desirable. (They would be vary complicated, however,

since both substituents can assume different rotational orientations).
1 26

Also the " A-2 effect" of Reeves * would soon to be (sailed in

question to some extent by the above kinetic results.

Since the magnitude of any electrostatic interaction is

inversely proportional to the dielectric constant of the medium

concerned, the use of a 3ess polar solvent should enhance any dipole
27

effects. Aqueous dioxan (50,j v/v), with a dielectric constant of 35

at 25°, was chosen as a suitable medium. The value for water at 25°
is 78.

It would be expected that in the less polar solvent the a/jjs-

amomeric rate ratio would be smaller, and in fact this was observed,

the value for the methyl D-glucoside 6-tosylates being 1.1, compared

with 1.5 in water, end for the methyl D-galactoside 6-tosylates

0.95, compared with 1.5 in water. In the 2-deoxy-glycosides the

effect is less j for the 2-deoxy-glucoside 6-tasylatos the a/j>-

ratio in aqueous dio::an is 1.2, compared with £&. 1.3 in water, and

for the 2-deoxy-galaetosidas it is 1.6 in aqueous dioxan, compared

with sg,. X.8 in water. (See Table 3»).

(v) Comparison of 1-deoxv-conpounde and a-vlvcosides. Another

aspect of the data which is of interest in connection with the ideas

described in the preceding section is the comparison of 1-deoxy-

compounds (l,5-anhydro-p-he2citol 6-tosylates) with o-glycosides (methyl-

a-5-glycosido 6-tosylates). The 1-deoxy-coapounds cyclise much more

rapidly than the a-glycosides, the ratio being 10.2 for the glucose
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series and 13.6 for the galactose isomers, in water. The factors

involved will now be considered in turn.

On steric grounds this result is not expected, since removal

of the axial mathoxyl group of the a-glycosides constitutes the

removal of an accelerating factor (in the form of a reduction of the

steric compressions suffered by the axial substituent, when the ring

conformation changes from 01 to 1C). The results can be explained,

however, by invoking the dipole interactions discussed in (iv).

Since these favour the axial orientation of the methoxyl group, they

would retard the cyclisations of the u-glycosides relative to those

of the 1-deoxy-compounds.

Unfortunately, there are certain difficulties here. It would

b© expected that the 1-deoxy-compound / a-glycoside rate ratio would

be considerably increased on changing the solvent to aqueous dioxan,

but in fact the observed increase was very small, being from 10.2 to

10.S in the glucose series, and from 13.6 to 15.5 in the galactose

isomers (See Table 3. )• In addition, it was found that the rate

differences between the 1-deoxy-compounds and a-glycosides were much smaller

when there v/as no hydroxyl group at , in spite of the fact that the

dipole factor should be equally important for the 2-deoxy-analogues.

The observed ratio 1,2-dideoxy-compound / 2-deoxy-a-glycoside was 1.3

and 3 for the glucose series and galaotose series respectively. Again

there was a small increase on changing to aqueous dioxan. (See Table 3.).

An alternative explanation of the greater rate of cyclisation of

the 1-deoxy-compounds compared with the a-glycosides is that the difference

is due to an inductive electronic effect on C^. It is thought that S^2
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p-v
reactions of tosyl esters have some S^l character''"', i.e. that the
carbon atom attached to the tosyl group becomes slightly positive

in the transition state. Hence the introduction of an electron-

attracting methoxyl group at could lead to a decrease in the

rate of reaction, because of a destabilisation of the transition

state. However, this argument is not entirely convincing either,

for two reasons. First, is rather remote from the -

position, and second, the electronic retarding effect mentioned

might be expected to be largely compensated by the accelerating

effect of the glycosidic nethoxyl group in increasing the ionisation

constant of OH^.
(vi) The effects of introducing a 2-hydroxvl grout) into

certain of the compounds. It is interesting to compare the relative

rates of the 1-deoxy-compounds and the 1,2-dideoxy-compounds (i.e. th©

l,5-anhydro-2-deoxy-£-hexitol 6-tosylates). A consideration of the

probable results of introduction of an equatorial hydroxyl group at

carbon-2 of one of the latter leads to the following.

Firstly, the hydroxyl group is electron-attracting and will

increase the acidity of the 3-hydroxyl group, thereby accelerating

the reaction. On the other hand, the introduction at of an

equatorial group, which will become axial during the conformational

change and thereby encounter a serious 1,3-diaxial steric repulsion,

will retard reaction. The fact that the cyclisation rates (in water)

of the 6-tosylates of 1,5-anhydro-i-glucitol and its 2-deoxy-derivative

are equal indicates that these opposing effects happen to cancel each

other. However, in the galactose series it is clear that the steric



-23-

effect (retardation) of the 2-hydroxyl group must bo loss than in

the glucose series. For in the latter the diaxial repulsion

involved upon change of conformation of the ring is between two

hydroxy! groups, QH^) and OH^, whereas in the galactose isomer
the diaxial impulsion is between hydroxyl and hydrogen, and is

therefore less severe. Consequently the staric factor in the

galactose case should be outweighed by the electronic inductive

effect, which is the same in both series, and so the cyclisation

of the 1,2-dideoxy-galactose compound would be expected to be

slower than that of the l-deoxy-galactose derivative. In fact this

was found to be the case, and the ratio 1-deoxy-galactose 6-tosylate /

1,2-dideoxy-galactose 6-tosylate was 3.7 (water).

It is interesting to compare the above with the effect of

introducing a hydroxyl group at of the 2-deoxy-glycoside 6-

tosylates. For both a- and p-2-deoxy-glucosides this reduced the

rates to about one-fifbh (in water) while for the 2-dooxy-galactosides

there was little or no change. (See Table 3»)• The balance of steric

and electronic effects is therefore different here than for the 1-deoxy-

corapounds mentioned above, and the reason for this is not clear,

(vii) The effect of solvent on the rates of cyclisation. Some

comment on the effect of change of solvent on the rates is necessary.

The cyclisation of every compound was faster in aqueous dioxan than in

water. This is expected, because of the fact that, in an 3^2 reaction
involving a charged nucleophile, there is a spreading of elecrtric

charge in the transition state in the region of the three atoms directly

concerned in the reaction (in the present case olkoxld© ion at
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C^j, and O^j), and this spreading will bo facilitated by a fall
18b.29

in the dielectric constant of the solvent. ' *

The data obtained here show that the factor of rate increase

is almost the same in certain compounds of the same type, via. 2.0

for the methyl a-glucoside 6-tosylate and 1.8 for the galactose

isomerj 2.7 for the methyl jJ-giucQside ester and 2.8 for the p-

galactosidej 2.1 for both 1,5-sniydra-hexitol esters. It will be

noted that all these compounds possess a 2-hydroxyl group. In the

5-doosiy-series the amount of acceleration varies more. Thus the

factor of rate increase is 1.2 for metlyl 2-deoiry-a-glucoside 6-

tosylate, but 1.7 for the 2-deoxy-a-galactosidef for the 2-d©035y-p-

glucoside it is 1.35, while for the ^-galaetoside isomer it is 2.0.

Even greater divergence is found in the l,5-ar&ydro-2-deo;Ky-h.0Xiiol

esters, the value being 1.5 for the "glucose" (arabino) isomer and

2.4 for the "galactose" (lyxo) isomer. These apparent discrepancies

are so far not accounted for.

3. Reaction of 6-Tosvlates in the Absence of Sodium Hydroxide.

17 30
Baker and Mathewson^ have found that aqueous solutions of

6-tosylates show a slow decrease in light absorption at wavelength

265 mji, even in the absence of alkali. This is presumably the result

of conversion of tosyl ester into tosylate ion. Although the compounds

all reacted too slowly for accurate rate measurements to be made, it

was found possible in the present work to obtain (spectrophotometrically)

approximate rate constants for the more reactive tosylates, and the

corresponding half-lives are given in Table.4. It was established that



all of the compounds (excepting the methyl 2-deoxy-fJ-galactoside

tosylate) reacted at a rate less than 2^ of the reaction rate of

the corresponding tosylate in 0.02N-Sodium hydroxide.

We 4

6-Tosylate oft

1,5-anhydro-2-deoxy-|}-lyxo-hexitol
1,5-anhydro-D-galactIto1

Me 2-deoxy-a-J3-galactopyranoside

Me 2-deoxy-p-J^-galactopyranoside

Half-life at 22°

ca. 31 hr.

ca. 113 hr.

ca. 11.5 days

ca. 36 hr.

Me u-D-galactopyranoside

Me p-D-galactopyranoside

by the action of ethanethiol and hydrochloric acid on an aqueous solution

for 3 days, and it therefore seems likely that the above reactions

involve the formation of 3,6-arihydro-compounds by a neighbouring-group

Mathewson also found (by conductivity measurements) that methyl

£-2-galactopyranoside 6-tosylate reacted considerably faster (ca. 4 times)

than its a-anomer, and in the present work (see Table 4.) a similar

relationship was demonstrated for the anomerio 2-deoxy-galactoside

tosylates. This behaviour is remarkable, since in the reactions with

sodium hydroxide the a-anomers were always more reactive. One possible

explanation of the results is that for reactions in the absence of base,

the diaxial repulsions between and 0^ in the 13-conformation of jj-

of methyl ji-2-galactopyranoside 6-tosylate which had been heated at 50°

displacement of tosylate b/ the hydroxyl group on C^.
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glycosides are less than in the reactions in alkali, because of the

lesser solvation of the neutral hydroxy! group compared with that of

the charged alk03d.de group. (As explained earlier, these diaxial

repulsions constitute a retarding factor for p-anomers). It was

previously pointed out that the kinetic consequence of a change of

configuration at involves a balance of steric and dipole factors,

and it is reasonable to assume that the suggested decrease in steric

interactions involving could lead to the observed reversal of the

relative rates of cyclisation of anomers.

It was found that removal of the 2-hydroxyl group of galactoside

or of 1,5-anhydro-galactitol 6-tosylates caused a considerable increase

in rates of reaction (see Table 4.). This would be expected on

steric grounds.

Mathewson found that the rates of reaction in water of the

methyl glucoside 6-tosylates were too slow to allow the relative

reactivities of the anomers to be compared, and in the present work,

the rates for the 2-deoxy-glucoside derivatives turned out to be too

sIoxj for measurement by spectrophotometry.

It is clear that further work both on the products and rates of

the reaction of 6-tosylates in water is desirable.

4, Conclusions, and Suggestions for Further Work.

Although the relative rates of cyclisation of the monosaccharide

6-tosylates show some features which are at present inexplicable, the

general consistency of the rate ratios is encouraging. Although many of

the observations can readily be explained (at least qualitatively) in

conformational terras, the evidence obtained regarding the significance
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of dipole interactions is of special interest.

A preliminary attempt lias been made to interpret the observed

rates in terms of the quantitative interaction energies derived by

Angyal^0,^^J but this has met with difficulties, and the quantitative

aspects of interpretation of the results are therefore not discussed

in detail here.

A continuation of the work described here, along the same lines,

but supplemented by data for other 6-tosylates, is obviously required,

and the following suggestions are made as the basis for further study.

(a) The 6-tosylates of methyl a- and p-D-raannopyranosids and of

1,5-anhydro-S-mannitol (all of which have hitherto been

obtained as syrups) would, be of interest.

(b) It would be of great interest to compare the behaviour of the

6-tosylates of 4-deo^y derivatives with that of the 2-deoxy

compounds described here. However, the only known 4-deoxy-

hexose with the right stereochemistry at is 4-d©oxy-5-glucosl?

(c) Useful information might be obtained by comparing the rates of

cyclisation of the various compounds in a range of alkaline

water-dioxan mixtures, e.g. proportions It2, I14 etc., in order

to see whether the trends already observed are continued consist¬

ently as the dielectric constant of the solvent is reduced.

33
(d) A study of the cyclisation of 6-tosylates of anomoric ©-glycosides ,

especially of those with large substituents on of thio-

glycosides, and of glycosides possessing bulky aglycones (e.g.

the t-butyl group) would probably be rewarding.
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D. PREPARATIVE ASPECTS

X. Comments on the Synthesis of 6-Toaviates

In the course of synthesis of monosaccharide 6-tosylates

for the rate measurements which are the basis of PART I of the

present work, a number of new compounds were prepared. All were

obtained by tosylation with 1.1 mole of tosyl chloride. This

method usually gives the 6-tosylates, which were confirmed as such

by periodate oxidation. (See p.70 and Table 5.)»

1,5-Anhydro-D-galactitol 6-tosylato (unusual for its

slight solubility in all the usual organic solvents, excepting

acetone) was made by tosylation of 1,5-anhydro-D-gaLactitol^f'''
The tetra-acetate of the latter compound was obtained from acetobromo-

D-galactose by a slight modification of the hydrogenolytic method

of Zervas and Zioudrou and was deacetylated by methanolic

ammonia. The Zemplen method of deacetylation (transesterification

using a catalytic amount of sodium methoxide in methanol) was

unsuitable, owing to acidic by-products formed in the hydrogenslysis.

Tosylation of 1,5-anhydro-2-deoxy-D-lyxo-hexitol yielded

1,5-&nhydro-2-deoxy-D-lyxo-hexitol 6-tosylate, along with a ditosylate,

which was not fully characterised.

The 6-tosylates were desired of all four methyl 2-deo:xy-D-

hexop.yranoside s having the 3-hyclroxyl group on the same side of the

ring as C^, and this led to the dovelopmcmt of new synthetic routes
to these glycosides. One of the methods involved methoxymereuration,
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and tliis part of the work is treatod separately in PART II.
37

The known methyl 2-deoxy-[i-D-glucopyranoside triacetate^'
was obtained from D-glucal triacetate by addition of hydrogen

s

38
bromide , followed by reaction with methanol and silver carbonate j

and also via methoxymercuration of the glycal (sec p. 108). The

latter method is in fact more convenient, and gives a higher yield

of methyl 2-deo:y-^ -D-glucopyranoside triacetate. After
deacetylation of this compound and tosylation of the resulting

37 39
methyl 2-deoxy- [I -D-glucopyranoside, * crystalline methyl 2-deoxy-

p, -D-glucopyranoside 6-tosylato was obtained.
Methyl 2-deoxy- (X!-D-glucopyranoside was prepared via

ZS

methoxymercuration of D-glucal, as well as by treatment of 2-deoxy-

D-glucose with methanolic hydrogen chloride. The overall yield

from D-glucal is better by the former route.

The previously unknown methyl 2-deoxy-p -D-galactopyranoside
triacetate was made in 10 - 15$ yield by addition of hydrogen

bromide to D-galactal triacetate^ followed by reaction of the

product with methanol and silver carbonate. Paper chromatography

showed that the crude product consisted of approximately equal

amounts of the methyl 2-deoxy- U-and -(i -galactopyranoside acetates.
The ^3-acetate could be separated from the mixture either by
crystallisation, which was slow and inefficient, or by partition

chromatography on silica gel, using dimethyl sulphoxide as

41 , *

stationary phase. The latter method gave a better yield (15%).

Deacetylation of the acetate gave crystalline methyl 2-deoxy- -

D-galactopyranoside, (previously known only as a syrup^*^) which
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was also obtained by treatment of D-galactal with methanolic

hydrogen chloride^ removal of the bulk of the methyl 2-deoxy-

(X-D-gal ctopyranoalde by crystallisation, and chromatography

of the mother-liquors on a cellulose column (yield ca. 3% by

this route). The structure of the glycoside was confirmed by

showing that 1 mole of periodato was consumed during oxidation

with sodium pcriodate, and that in this process no formaldehyde

was produced^ Tosylation of the glycoside gave methyl 2-deoxy-

-D-galactopyranoside 6-tosylate. The yield in this stage was

unexpectedly low (ca. 35%)•

Difficulties were experienced with methyl 2-dcoxy-£K-D-

galactopyranoside 6-tosylate, which was prepared by two methods.

The compound is reported to be a syrup by Foster, Overend, Stacey
L5

and Vaughan. It was obtained first by the method of these

authors by tosylation of methyl 2-deoxy- o(-D-galactopyr-moside,

and could not bo crystallised, even after chromatography of the

crude product on silica gel.

An attempt was made to characterise the material by

reaction with acetone and sine chloride, in the hope of obtaining

the known methyl 2-deoxy-3,4^0-isopropylidsne- 0<-D-galactopyranoside

6-toaylate^ This gave only syrup, whieh apparently was incompletely

substituted (appreciable hydroxyl absorption in the infrared spectrum).

However, the above isopropylidene derivative was obtined

by the method of Foster, Overend and Stacey^ by tosylation of

methyl 2-deoxy-3,^-0-isopropylidene- o(-D-galactopyranoside^»47
(see below). Uemoval of "the isopropylidene group by treatment
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with dilute raethanolic hydrogen chloride provided the second

route to methyl 2-deo;/y- 0(-2~galactopyranoside 6-tosylate, which

was again obtained as a syrup (but slightly impure)#

Thin-layer chromatography (silica) using two solvent

systems (see Experimental p. 51 ) showed that the product of

hydrolysis comprised three substances, viz. methyl 2-deoxy-0<-

D-galactopyranoside 6-tosylate (R^ 0.4-5)» along with a little
of the original isopropylidene compound (Rp 0,80) and a very
small amount of material with 0.55. The latter may bo 2-deoxy-

6-0-tosyl-O-galactose dimethyl acotal. Despite these impurities,

the syrupy tosylates obtained by the two methods had similar

optical rotations, travelled at the same rate on thin-layer

chromatograms, rind cyclised at the same rate with sodium hydroxide (

Experimental 5, Table 5 )• In each case the product of reaction

with alkali was practically unaffected by periodate. The product

of the acid hydrolysis rapidly consumed ca. 1.1 mole of periodate.

The rather high value could bo explained by over-oxidation, or by

the presence of the above-mentioned acetal, which would consume

two moles of periodate. The product is therefore methyl 2-dsoxy-

0(-D-galactopyranoside 6-tosylate. The specimen of the 2-deoxy-

0( -galactoside 6-tosylate prepared by direct tosylation of the

glycoside consumed only 0.7 moles of periodate, after oxidation

for 2 and for 3 hours.

An interesting complication was encountered in the isopro-

pylidenation^*'^ of methyl 2-deoxy- o<(-D-galactopyranoside. This

reaction gave four substances, as 3horn by paper chromatography
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(see Experimental p.4-9 )• The major constituents were the fastest-

travelling (Rp, 0.58), and a derivative with Rp 0.46 present in
slightly smaller amount. Tosylation of the crude mixture increased

the number of constituents to ten, but once more the largest 3pot

on chromatograms (Rp ca. 0.75 on paper and on thin-layer) was the
quickest moving, while the second-largest had ftp 0.4- - 0.5 (on
paper) and 0.55 - 0.65 (on thin-layer). The crude syrup yielded

crystals (A, 22%) with m. p. 92.5 - 94°, [oC]J +39° ^ 1,8 in
acetone). In paper chromatography this material travelled with

Rp 0.66, and contained a little of the slower-moving substance
(Rp 0.44)* The authors mentioned previously^ report as methyl
2-daa:<y-3,4"0-i3opropylidene- (X -B-galactopyranoside 6-tosylate a

substance with s. p. 92 - 93° and [o<l 20 +44° (c 0.9 in acetone),
D

but they did not confirm its structure. The mother-liquor of A

gave crystals (|j) in greater yield {32%), These had ra. p. 82 - 85°

(softened at 81°) and [f<J^ +71° (c 1.9 in acetone). A paper

chromatogram showed that the bulk of B was the slower-moving compound

(Rp 0.45)» but that a large proportion of the faster material
(A, Rp 0.68) was present.

Since neither of the crude fractions A and B could be

purified by recrystallisations, fraction A was chromatographed on

a column of silica gel. The homogeneous material thus obtained

load m. p. 94 - 95.5° ^nd (exfj^ +33° (c 2 in acetone). This was
proved to be methyl 2-deoxy-3,4-0-isopropylidene- -D-galactopyranoside

6-tosylate by the fact that mild acid hydrolysis gave methyl 2-deojy- oC -
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D-galactopyranoside 6-tosylate, characterised as above. The

second tosylate was not further investigated, but it is probably

methyl 2-deo2y-4.»6-0-isopropylidenQ— o( -B-galactopyranoside 3-

tosylate, formed from methyl 2-deo3y-A#6-0-iaopylidene-aC-£-

galactopyranoside present in the crude isopropylidenation product.

Although condensation of acetone with sugars usually gives cyclic

ketals with a 5-Q©mbered ring, a 6-membered ring may b© obtained;

for example Jones^ prepared methyl ^,6-^-isopropylidene- 0( -D-

glucopyranoside.

Tosylation of l,2-0-ethylene-^3-D-»glucopyranose gave
1,2-0-othylene- ^3 -D-»glucopyranoso 6-tosylate. The former was
made by the method of Helferich and Uernerf^ namely by simultaneous

/

hydrolysis and cyclisation of 2-chloroethyl -D-glucopyranoside

te fcra-acetate, using sodium hydroxide. (Difficulty was experienced

in separating the product from the large quantity of sodium acetate

produced. This could have been avoided by carrying out the

deacetylation by the Zemplen method prior to the eyeliset!on, a

sequence already described by Helferich and Werner"'0).
Dote The m. p. of some of the tosylates was affected by

the presence or absence of pyridine. It is difficult to remove

the last traces of this solvent, and it was found that the m. p.

of some compounds fell on recrystallisation, only to be raised

again, when pyridine was added to the solvent being used. No

doubt tho explanation of this phenomenon is that in the presence

of pyridine, minute amounts of acidic impurities or decomposition
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products are prevented from causing early decomposition during

heating. Even so, all the tosylatos, (except for those of

1.5-anhvdro-2-deoxv-D-lyxo-hexitol and methyl 2-deoxy- (5 -D-
galactopyranoside), decomposed during melting, or immediately

afterwards, and one or two had a higher n. p. when heated

rapidly than with slow heating.

2. Reaction of 1,2—0—Ethylene— /3 —D—>?lucopyranose 6—Ton/late

with Sodium Methoxide.

The above reaction was investigated for reasons discussed

earlier (p. 11 ). Under mild conditions (3-fold excess of 0.5 N-

aodium methoxide in methanol for 25 hr. at room temperature,

followed by 2 hr. at 40°), ca. 80$ of the tosylate was recovered,

and no other products were isolated.

With vigorous treatment (12-fold excess of 0.9 N-sodium

methoxide solution, refluxing for 4& hr., followed by 3 days at
4 ' • ! ' v

room temperature), all the tosylate appeared to react and sodium

tosylate was isolated. The remainder of the product was a

mixture (partly crystalline, partly syrupy), which requires further

investigation. Chromatographic evidence indicated the presence

of 1,2-0-ethyleno- -D-glucopyranose in both the solid and the

syrupy portions of the mixture, and it is clear that, even though

some of the 3,6-a.nhydro-derivative may be produced, a number of

side rerations are occurring.

The above results suggest that formation of a 3,

6-anhydro-ring via a boat transition state is very slow.
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3. Methods Used in Sodium Periodate Oxidations

The usual and the most accurate method of determining

uptake of periodate is to liberate iodine from the unreactod periodate

ion by means of iodide ion, the solution being buffered to pH 6-7.

The iodine is then titrated with sodiims arson!te. However, R,

Baker found that oxidation of 1,5-anhydro-2-deoxy-D-arabino-hexitol

and its 6-tosylate gave products which, in neutral solution, reduce

iodine to iodide, so that the above method was useless in these

cases!2 In acid solution this reduction does not take place,

which allows an alternative method to be used, viz. liberation of

iodine by means of iodide in ca. O.lIJ-sulphuric acid, and titration
of the iodine with sodium thiosulphate. The disadvantage of this

method is that in these conditions iodine is liberated not only

from the unreached periodate, but also from the iodate produced

during oxidation of the organic compound. As a result the

accuracy obtainable is less. This alternative method was used in

the present work for structure confirmations, since a number of
53

2-deoxy compounds were involved.

In the investigation of the completeness of cyclisation

of the tosylates with caustic soda (see below) the "neutral" method

was thought to be suitable, since none of the 3,6-anhydro-compounds

expected to be formed would be affected by periodate.

<4. Products of Reaction of 6-Tosylates with Alkali

Previous work by R. Baker^ has confirmed that the sole

product of cyclisation (in dilute aqueous alkali) of the known
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6-tosylates mentioned in the present discussion is the corresponding

3,6-anhydro-compound. The evidence for this was the isolation of

the lattor and non-oxidation of the final reaction mixture by

sodium periodate, For various reasons preparation of the 3,6-

anhydro-dorivatives of the four new monocyclic tosylates (see p. 28)

has not been carried out. The only one known is l,5»3,6-dianhydro-

D-galactitol^
However, control runs, carried out in the same conditions

as the kinetic experiments, gave final solutions which wore

practically unaffected by sodium periodate, (See p. 72 and

Table 6 ), This suggests that the 3,6-onhydro-compounds are

in fact the sole products, since the glycosides which might

have been formed if detosylation had occurred without cyclisation

would have consumed periodate.
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EXPERIMENTAL

1. General Information on Experimental Procedure a

(a) Evaporations were carried out under reduced pressure at 4-0°

or below, usually on a rotary evaporator. Optical rotations were

measured in 1 dm. tubes (5 ml. or 10 ml.) and infrared spectra were

obtained with a Perkin-Elmer Model 137 Infracord spectrophotometer.

The methanol used in deacetylations and. metho:xymorcurationa was

54a
dried according to Vogel. The light petroleum usod had b. p.

60 - 80°. Solutions were deionised by stirring with portions of

Amberlite ion-exchange resins (IRA-400 for anions, IRC-50 for cations),

or by passage of the solution through a column of the appropriate

resin.

(b) Paper chromatography (descending) was done on Whatman Wo. 1

paper, using the following solvent systemsJ

(i) n-butanol-ethanol-water (4*1*5, upper layer),

(ii) dimethyl sulphoxide as stationary phase and di-isopropyl
55

ether as mobile phase. The procedure of Ivlekberg was used, except

that after application of the dimethyl sulphoxide as a solution (25/')

in toluene, the papers were heated at ca. 80% for 1 min., instead

of at 60°. At the lower temperature the solvent front tended to be

slow-moving and uneven, and the spots of applied compounds spread out

to a large size. '.hen dimethyl sulphoxide was used as stationary

phase, the papers were heated at 120° for 10 min. before being sprayed.
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(iii) dimethyl sulphoxide as stationary phase and di-isopropyl

ether-bensene (lsl) as mobile phase.

(iiia) dimethyl sulphoxide as stationary phase and di-isopropyl

ether-bensene-diaethy1 sulphoxide (5$5si) as mobile phase. This

system was used only with 6-tosylates, but whs less satisfactory

than system (iv), owing to lack of reproducibility of Hp-values,
even on the same chromatogram.

(iv) propane~l,2-diol-water (4,:1) as stationary phase and

benaene-chlorofona (111) as mobile phase. The procedure used here

was that of Bolliger and Meyer. This system was the most suitable

for tosylates. Owing to the slow rate of travel of these compounds

with the system, Rp-vslues were usually not obtained. Instead the
rate relative to that of methyl of-D-mannopyranoside 3-tosylate

was used as a measure of comparison between compounds.

Sprays used were:

(a) a mixture of <4 parts of 2% aqueous sodium periodste solution

with 1 part of a solution (1%) of potassium permanganate in aqueous

57
sodium carbonate {?-%)• This is a generally useful spray, which,

however, attacks the paper after 30 - 50 min.

(b) aqueous sodium periodate {2%), followed by a solution (1/5) of
58

p-nitroanilino in ethanolic hydrogen chloride (20% VA)» This spray

is specific for 2-deoxy derivatives, including glycals, and is very

sensitive. Yellow or orange spots appear, which give a strong

yellow fluorescence, when viewed in ultraviolet light.
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(c) O.lN-sodium hydroxide in 50% aqueous ethanol, followed

after 15 niin. by treatment (b). This spray had the same specificity

as (b), but was suitable for acetyl esters.
59

(d) a solution (0.04%) of llhodamine G in ethanol, preceded by

two immersions of the paper in a saturated solution of iodine in

light petroleum. This spray was suitable for sugar mercurials.

(e) a solution (1%) of diphenylamina in ethanol.0 This spray

was very sensitive for tosylates, which showed up as light-blue

fluorescent spots in ultraviolet light, after irradiation for a few

seconds.

(f) a solution (0.001%) of phenol red indicator in aqueous

O.Oli-sodium hydroxide. This spray was suitable for tosylates,

which appeared as yellow spots (not permanent) on a red background

but was less sensitive than (e).

(g) a solution (2%) of aniline sulphate in 50% aqueous ethanol.

This spray is suitable for 3,6-anhydro-compounds, in addition to

glycosides and free sugars. Heating is required (usually for 1 hr.

at j2§. 130°.)
(h) a solution (0.2%) of 2,4-dinitrophenylhydrazIne in aqueous

2-W-hydrochloric acid. Gf. Vogelf^3 This spray is specific for

isopropylidene-compounds, ©fsmge-red spots being produced immediately

on spraying. Heating at ca. 90° (cautiously, to prevent disintegration

of the paper) changed these to brown.

<J) an ethanolic solution of 0.5N-sodium hydroxide, preceded by

passage of the paper through a dilute solution of silver nitrate in

acetone containing the minimum of water. After a suitable time the

paper was immersed briefly in aqueous 6 K-ammonlum hydroxide solution.
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Thls spray^ was generally applicable, but did not detect 2-deoxy-

glycosides.
62

Tliin-layer chromatography (ascending) was done on glass

plates (20 x 5 cm.), coated with Merck silica gel G by means of a

Desaga spreader. The silica was highly activated by heating the

plates at 120° for 1 hr. The solvent front was allowed to travel

10 cm. beyond the starting-line.

Solvent systems used were:

(v) benaena-ether (lsl)

(vi) ethyl acetate

(vii) water as stationary phase (applied by spraying lightly

and allowing to dry in air) and solvent (i) (butanol-ethanol-water,

4,ili5) as mobile phase. This system was used for substances which

normally would be chromatographed on paper, using solvent (i), but

which could not easily be shown up without attack of the paper by

the spray reagents required. It gave as efficient separation as

did paper, and had the advantage of rapid solvent flow (ca. 3 hr.

for 10 cm. travel).

Sprays used werei (a), (e) and (g) (see above).

(c) It was found to bo convenient to remove di- or

tri-tosylates from methyl 2-deoay- o< -D-galactopyranoside 6-tosylats

by adsorption chromatography on silica. Methyl 2-dooxy-3,4-0-

isopropylidene- 0(-D-galactopyranoside 6-tosylate was also easily

purified in this way.

Columns 18 - 20 cm, long, diameter 1.7 - 2.5 cm., were prepared
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by slurrying silica gel (Hopkins and Williams' M.F.C. grade) in

an appropriate solvent, pouring the suspension into the glass

column, and allowing it to settle. The progress of the elution

was followed by spotting each fraction of the effluent on paper

impregnated with spray (e), the presence of tosylato being shown

by the appearance of a fluorescent spot upon illumination with

ultraviolet light. The identity and purity of the material in

the various fractions were obtained by thin-layer chromatography

of these on silica gel, using solvent (v) or(vi) and spray (e).

The volume of fractions was 10 - 15 ml.

(d) Tosylations were carried out as follows, unless

otherwise stated. A solution of the carbohydrate (10^ or less,

depending on solubility) in AnalaR pyridine (dried by distillation

from barium oxide) was cooled to between 0° and -10° and then

rapidly stirred, with the exclusion of moisture, while a solution

(10 - 20^) of tosyl chloride (1.05 or 1.10 moles) in the pyridine

was added dropwise during a period of 20 min. to 1 hr. The solution

was then stirred at 0° or below for a short time, after which the

well-stoppered flask was left In the cooling bath overnight (17 - 24 hr.

to reach room temperature. (For tosylations of 0.2 g. of material

or less, the reaction was 4oue in a 10 ml. ^uickfit flask, the

solution of to3yl chloride being added dropwise during 5-7 min.

from a pipotte (2 ml.) fitted tightly into the mouth of the flask

by a perforated cork. During the addition the flask was swirled

and cooled in the ice-salt bath). The mixture was then cooled to
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below 5° tund water (10 - 20 moles) was added dropwise, with stirring,

to decompose excess tosyl chloride. After at least an hour at

room temperature the pyridine was removed by repeated (2-6 times)

evaporation in the presence of ethanol, followed by dissolution in

chloroform and washing of the solution with 0.2 - 0.5N-sulphuric acid

solution. Since some of the tosylates are appreciably water-soluble,

this operation was kept to a minimum (2-4 times) and was sometimes

omitted. Before being dried with anhydrous sodium sulphate or

magnesium sulphate (usually in the presence of a little solid sodium

bicarbonate) the chloroform solution was washed with saturated aqueous

sodium bicarbonate solution.

2. Preparation of Monosaccharide 6-Ioaylatea

(a) 415-A^?9ih'.alactjtol 6-tqsylatq
1.5-anhvdro-D-galactitol^^"^ Ace tobromo-D-galactose

(a g., o.i mole, m. p. 74 - 7&°) made by the method of Baresai-Martos

and K8r8sy^ was dissolved in ethyl acetate (350 ml.) containing

triethylamine (0.1 mole) and liydrogonated according to the method of
36

Zervas and Zioudrou, except that lianey nickel (46 g.) was used in

place of palladised charcoal. The uptake of hydrogen (at 18° and

750 mm. pressure) after 125 hr. was 1800 ml. or 75$ of the theoretical

amount. After the catalyst had been removed by filtration, the

solution was washed twice with water to remove triothylamine, dried

(magnesium sulphate) and evaporated to dryness. The crude, solid

1,5-anhydro-B-galactito1 tetra-acetate was dissolved in methanol

(300 ml.) and deacetylated by addition of a solution of anhydrous
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ammonia in methanol^'^ (300 ml., saturated at 0°), followed by

storage in the refrigerator for 21 hr. Since neither evaporation

to dryness nor repeated extraction of the solid with boiling

chloroform removed all the acetamide, it was destroyed by heating

the solid product in N-sodium hydroxide solution (75 ml.) at 55°

for 1 hr. After the sodium ions had been removed by passage of

the resulting solution through IRG-50 cation-exchange resin, the

product was crystallised by evaporating to dryness and warming the

resulting syrup with ethanol. The solid obtained (6.2 g., m. p.

110 - 1110) was recrystallised from ethanol (50 ml.) to give pale-

brown needles (5.0 g.) with is. p. 112 - 113-5° and ^ +78°

(c 0.9 in IlgO). The mother liquor yielded white crystals (0.40 g.)
with m. p. 112.5 - 113° and [*] 19 +80° (^ 0.6 in II 0). Fletcher

u

and Hudson give •» p. 114 - 115° and [o<] » + 76.7° (c 1.1 in IL^O)^
and m. p. 113 - 134** [°<] jf +78° (c 0.8 in All the
material obtained was shown to be pure by paper chromatography using

solvent (i) and spray (j). It travelled as a single spot (R ca.
F

0.21). Yield 33%.

Tos/lation Using the mothod described above 1,5-anhydro-D-galactitol

(4,10 g., 25 sanoles) dissolved in pyridine (50 ml., not dried) was

tre ted with tosyl chloride (5.25 g., 27.5 mmoles). During working-

up the product crystallised, when ethanol was added to the syrup

obtained after evaporation of the pyridine. The shiny plates

produced (A, 2.87 g.) had m. p. 137° and [o(.] ^ +42° (c 0,3 in C^H^W).
The mother-liquor was repeatedly evaporated with ethanol and the
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resalting syrup dissolved in chloroform (40 ml.). When the

solution obtained was washed with water, crystallisation occurred,

and filtration of the two liquid layers gave crystals (B, 1.3 g.)

with m. p. 137 - 138° (decamp.). Attempts to obtain further solid

from the mother-liquor were unsuccessful. Yield 52%,

Recrystallisation of J and J (combined) from methanol (100 ml.)

gave plates (1.60 g,, m. p. 142 - 143° on slow heating, 151 - 152°
on rapid heating, both values being unchanged by a second recrystalli¬

sation from methanol) which had jo(J^ +41° (c 0.7 in C^H^N)
(Founds C, 49.4? H, 5.9? S, 9.7. C^H^O^S requires 0, 49.1?
H, 5.7? S, 10.051). The mother-liquor yielded shiny plates (0.32 g.)

with ra. p. 142 - 144° (slow heating) and 149 - 151° (rapid heating).

In every case the compound gave a brown melt. The 1.5-anhvdro-D-

gilactitol 6-toaviate so obtained travelled as one spot (R ^ ca.
0.35) in paper chromatography, using system (iv) and spray (f), and

in thin-layer chromatography (Ry ca. 0.1), using solvent (vi) and
spray (a).

(b) 1.5-anhvdro-2-deoxv-D-lvxo-hexitol 6-tosvlnte and

1.5-anhvdro-2-deo5gr-D-lyxo-he:d,tol ditosylate

. 25,46,64,65-70D-galactal

67
Using tho procedure of Uelferich, Muloahy and Ziegler, and

68
Kuhn and Baer, (slightly modified by starting with solid acetobromo-

D-galactose instead of making it in situ). D-galactal triacetate was

prepared as a syrup. Since this could not be distilled without

partial decomposition* and evolution of acetic acid, even at 175-190°

* It was Inter found that the crude product could be distilled without
decomposition, by using an annular still at 150 - 170° (bath)/0.3 mm.
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(bath)/0.002 mm., the acetote was not purified, but wis deacetylated

with sodium methoxide in methanol# The pale yellow solid so

obtained was extracted (4 times) with boiling ethyl acetate, and

the extracts yielded crystalline D-galaotal. In a typical

preparation the yield of galactal £ll.4 g», m. p# 94 - 104°,
-20° (s 1 in MeOH)J from the acetobromo-sugar (76 g., m.p. 74 - 73°)
was L?S* The material (R^, ca. 0.47) was shown by paper chromato¬
graphy xd.th solvent (i) and spray (j) to contain small amounts of

D-galactose (R^ 0.13) and 1,5-anhydro-D-galactitol (Rp 0.22). The
physical constant* of D-galactal reported in the literature vary

widely J Tamm and Reichstein^ give m. p. 90 - 92°, Montigel^0
gives m. p. 108 - 112°; Foster, Overend and Stacey^ quote fijCfl^

25
-29° (c 2 in MeOH), while Overend, Shafizadeh and Stacey report

25
Fo<] +5° (c 1.2 in MeOH). 1.5-anhvdro-2-d.eoxy-D-lvxo-hoxitolL J D 25
was obtained by the method of Overend, Shafizadeh and Stacey •

D-galactal [5.0 g., m. p. 94 - 104°, [<4]J7 -20° (c 1 in MeOH)]
was hydrogenated at atmospheric pressure in methanol (200 ml.) in

the presence of Haney nickel catalyst (5 g.) for 4 hr., the final

uptake of hydrogen being 91% of the theoretical amount. The product

was obtained by crystallisation from othanol as elongated prisms

(2.67 g.) with m. p. 126.5 - 123° and +43° (c. 0.4 in I^O).
The mother-liquors yielded further arterial (1.14 g., m. p. 125 - 127°).

Yield 75%» Paper chromatography of the compound (R 0.35) usingF

solvent (i), spray (j) showed the presence of a little impurity

(R 0.21), which was probably 1,5-anhydro-D-galactitol (R 0.21).
F = F
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25
The authors mentioned give m. p. 123 - 129° , +42°
(c 0.5 in H20).
Toaviation Using the method described earlier, 1,5-anhydro-2-

deoxjr-D-lyxo-hexitol (3.70 g., 25 nrmoles), pyridine (45 ml., not

dried) was esterified with tosyl chloride (5.25 g.# 27.5 mnoles).
The product was crystallised from chloroform-light petroleum as

fine needles (2.13 g., 28a) with m. p. 105 - 105.5°. The mother-

liquor yielded further material (0.11 g.) with some difficulty.

Two recrystallisations from the same solvent gave 1.5-anliydro-2-

deoJcy-D-lyxo-hexitol 6-toaylate (1,42 g.) with m. p. 109 - 110°

(no decomp.) and Qx]p +15° (c 1 in CIICl^), these constants being
unaltered on a third recrystallisation. (With rapid heating the

m. p. was 113 - 114°, no decomp.) (Founds C, 51.7s H, 5.3; S,

10.2. C13H1g°6S rQ9uire0 G# 51.7; H, 6.0; S, 10,6*. The
compound tr-veiled as one spot on thin-layer chroma tograms 0.39,

solvent (vi) and spray (e)J and on paper 2.1, system (iv)
and spray (f) J .

Attempts to obtain more mono-tosylete from the combined

mother-liquors were unsuccessful, but after evaporation to dryness,

dissolution in chloroform, and washing with aqueous cadmium chloride

solution (5a) to remove traces of pyridine, crystallisation from

ethanol-light petroleum gave white prisms (0.69 g.s 6%) with m. p.

117 - 119°, [°<]J7 +47° (c 0.6 in 0HC13). Recryatallisation
from chloroform-light petroleum produced prisms 6f a l,5-anhydro-2-

daoxv-D-lyxo-hexitol ditosylate with m. p. 121 - 122°, unchanged on
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reerystsllisation from the same solvents (Found: G, 52.6} II, 5.4}

S, 13.9. C H O S requires C, 52.6} H, 5.3} S, 14.0%).
20 2^
(c) Methyl 2-doox/- Q< -b-yelactopyranoside G-tosvlnte^

was made in two ways.

(i) From methvl 2-deoxv- CJ -jK'ralactopyranoside, ^»^»4o,66a,69,71
which was obtained from D-galactal (14 g.) by the action of 0,2%

methanolic hydrogen chloride (150 ml.) according to the method of
25

Overend, Shafizadeh and Stacey* Crystallisation from ethyl

acetate gave the glycoside as elongated prisms (6.23 g*» 51%) with

m. p. Ill - 113° and ftX.!'"0 +174° (c 1 in MeOH). These constants
D 25,66a

agree with the literature values, and the compound showed infrared

absorption at ")) 830 (m) and 870 (w) cm.^ (Nujolmull). B"rker,

Bourne, Stephens and Whiffen''2 report V 817 (s) and 868 (m) cm?1
max.

Paper chromatography of the compound (R^ 0,48) \-rith solvent (i) and
spray (b) showed it to contain very small amounts of 2-dooxy-D-ga lac tos e

(R 0.26) and D-galactose (R 0.15)# which were not completely removedF ss F

by rocrystallisation of a portion (3*0 g.) of the product from ethyl

acetate-ethanol (12:1, 30 ml.). The material thus obtained had

ra. p. 112 - 114.5°.

The mother-liquor of the original product yielded sticky

crystals (2.2 g.) with [<*] +117° (c 0.5 in MoOH), which turned

yellow after 2 weeks and were rejected. The remaining mixture

gave a syrup (A, 7.4 g.) with 23 +50° (c 1 in MoOH), from which

the 2-deoxy- jb -glycoside was obtained by chromatography, as described
later.



Tosvlation. Using the method given earlier, methyl 2-dooxy- o( -

D-galactopyranoside (0.50 g., 2,8|mmoles) in pyridine (10 ml.)

was treated with tosyl chloride (0.56 g,, 2.94- mmoles) in pyridine

(10 ml.). The bulk ox' the pyridine was removed by rope-ted

evaporation with ethanol and the last traces were removed by washing

the chloroform solution of the resulting syrup with aqueous cadmium

chloride solution (5%)» The syrupy product •was purified by chromato¬

graphy on 3ilica gel, as described earlier. The eluant was ether

(dried with sodium) and 20 fractions (15 ml.) were collected.

Methyl 2-dooxy- o( -D-galactopyranoside 6-tosylate was obtained from
Id

fractions 9 - 14- as a colourless syrup (0.50 g., 54-V-)> which had JVJ ^
+ 90° (c 1.7, CHGl^) and travelled as one spot (R^ 0.4 - 0,5) in
chromatography on paper, using system (ilia) and spray (e), and

on silica (thin-layer, R ca. 0.5) using solvent (vi). Fractions
r

2-4, contained three tosylates, which travelled fast in thin-layer

chromatography using solvent (v) (ftp 0.35, 0.43, and 0.70).
(ii) From methyl 2-deoxv-3.4-0-isopropylidene- -D-go.lactopyranoside

6-tosalate^

Methyl 2-deo3ty-3,4-0-isopropylidene- o( -D-galactopyranoside '

was made by the method of Foster, Qvercnd and Stacoy^ by shaking methyl

2-deoxy- o< -D-galactopyranoside (2.79 g.) in acetone (50 ml.) with sine

chloride (5 g«) for 20 hr„ in the presence of calcium sulphate (3 g.)

as drying agent. Working up was by addition of the theoretical amount

of potassium bicarbonate solution (50 ml.), filtration and washing

of the residue with acetone (60 ml.). Concentration to 50 ml. and
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extraction with 4. x 25 ml. of chloroform gave a syrupy product

(3.5 g.), which had {j^Jp +?9° (c 2 in acetone) and showed very
sharp hydroxyl absorption in the infrared. The syrup consisted

mainly of two substances, as shown by paper chromatography,

using system (ii) and spray (h). The major component (lip 0.58)
was the faster-moving, while the minor one had Rp 0.4-6. The two
other constituents were only traces.

Toaviation. The product (3.38 g., 15.5 ramoles) in pyridine (20 ml.)

was treated with tosyl chloride (3.28 g., J.7.2 mmoles) in pyridine

(15 ml.), using the method described earlier. After 19 hr. water

was added to decompose the excess of tosyl chloride. After

removal of the pyridine by evaporation, dissolution of the

resulting syrup in chloroform (50 ml.), washing of the solution

with sodium bicarbonate, drying, and docolourisation with charcoal,

a syrup was obtained, which crystallised with difficulty in the

presence of a little chloroform. Chromatography of the crude

product on paper using system (ii) and spray (e) showed ten tosyla to

constituents. The largest spot had Rp 0.73 and the next largest
had Hp 0.55* Crystallisation from ethanol-light petroleum (2:1,
30 ml.) gave fine needles (A, 1.26 g«, 22$) with m. p. 92.5 - 94°
and [«0 ^ +39° (5 in 1.8 in acetone). Evaporation of the
nother-liquor of A gave a solid mass, which was recrystalli3ed from

ethanol-light petroleum (1:3, 14 ml.) to give shiny prisms (B,
1.86 g., 32$) which had m. p. 82 - 85° (softened 81°) and [o<] J8
♦71° (c 1.9 in acetone). Only syrup and sticky crystals could be
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obtained from the mother-liquor of B. The infrared spectra of A

and £ differed markedly. Paper chromatography as above showed that

A consisted of a substance travelling with R 0.66, contaminated
r

with a small amount of material with IL, 0.44, while B appeared to

be a mixture of the same two compounds, there being somewhat more

of the slower-moving one than of the faster. Neither A or B could

be purified by recrystallisations, and since A had constants similar

to those of the methyl 2-deoxy--3,4-O-isopropyliclene- o( -D-galactopyranoslde
46

6-tosylate reported by Foster, Ovcrend and Stacey, portion B was not

further investigated. After two recrystallisations, first from

ethanol-light petroleum (li20) and then from acetone-light petroleum

(l»30) the m. p. of A had risen to 93.5 - 94»5°» but paper chromato¬

graphy showed that a little of the slower-moving material was still

present.

A portion (o.5 g.) of the product thus obtained was purified

by chromatography on a column of silica gel (35 g., 1.7 x 22 cm.),

using benzene-ether (19*1) aa eluent. (The ether was sodium-dried

and the benzene was distilled AnalaR grade). The material was

dissolved in the eluent (10 ml.), applied to the column and eluted

with the solvent (300 ml.). In all 31 fractions (9 - 10 ml.) were

collected. Spotting of these on paper sprayed with diphenylamine —

spray (e) — showed that fractions 12 - 30 contained tosylate material.

Thin-layer chromatography of these on silies, using solvent (v),

showed that fractions 20, 23 and 26 contained only fast-moving tosylate

(Rp 0.70), while 29 contained a trace of the slower material (R^ 0.60)
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2-d.eo:<y-3,4-0-i•opropylidone- 0( -|)-gal ctopyranoside 6-tosylate

(0.4.7 g.| 94$ recovery) as short needles, which x-rcre recrystallised

from ethanol-light petroleum (lsl7, 5.3 ml*) to give elongated

prisms with in. p. 94 - 95*5° and [p(] ^ +33° (c 2 in acetone)
(Found? C, 55.2j H, 6.6} S, 8.65. Calc. for C, 54*3;

H, 6.5? S, 8.6$).

Pg-isopropyliclenation to give methyl 2-dcoxy- (X-D-gal: ctomrranoside 6-

tosyl-'te. The isopropylidene-tosylate was found to be unaffected

by O.OOlII-methanolic hydrogen chloride at room temporeture in the

course of 30 min. The optical rotation of the compound in the

solution was [*718 +28° (c 1 in MeOH-HCl),u JD
A repeat experiment was carried out at 19° using stronger

acid. The compound (50 mg.) was dissolved in 0.05N-mcthanolic hydrogen

chloride, using a volumetric flask. The optical rotation of the

solution increased from +0.29°, 5 min after dissolution to +0.75°,

130 min. after dissolution. When the solution was neutralised

with silver carbonate 40 min. later, the rotation had not changed

further. Assuming complete conversion to methyl 2-deoxy- CK-E-

galactopyranoside 6-tosylate, the final optical rotation of the

product was [VJ^9 +84° (c 0.89 in MeOH-HCl).
Thin-layer chromatography of the reaction solution [oilica;

solvent (vi), spray (e)J showed that the bulk of the product was
the expected 6-tosylate (R ca. 0.45), while there was a little
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unreacted isopropylidene-compound (R^ ca. 0.80), besides a trace
of an unknown substance (R ca. 0.55)* Chrom?xtogrophy, using

F

heavy spotting of the starting material, confirmed that the unknown

was absent from it, and that it must therefore have been produced

by the action of the acid. Chromatography as above also showed

that the impurity was not methyl 2-deoxy- ji -D«galactopyranoside 6-
tosylate, which could not be resolved from the o( -anomor, but

travelled more slowly than the impurity. The latter is possibly

the 2-deoxy- CK -D-galactofuranoside isomer, or else 2-d©oxy-6-0-

tosyl-D-galuctose dimethyl acetal.

(d) Methyl 2-deoxy- f* -D~galactopvrano3ide 6-tosylate
pc /p

Ifethvl 2-deoxy- /3> lactopyranoside ' was made in

two ways:- (i) by c'.iromatogmphy of syrup A mentioned in (c)

above, (ii) from D-galactal triacetate.

(i) Using a column of powdered cellulose (56 x 3*2 cm., dry-

packed tightly) syrup A was chromatographed in two equal portions

by alution with n-butanol half-saturated with water. Prior tests

of various solvent systems on paper showed that this mixture was the

best elimit and gave almost complete separation of the anomers

of methyl 2-deoxy -D-galactopyranoside (R -values ca. 0.4,0 and ca.
ZZ F

0.35> respectively, for the D(» and j2> -anomers). The butanol used
was ".reagent grade", refluxed over potassium hydroxide and then

distilled. The progress of the elution was followed by the convenient

and sensitive method of spotting each of the fractions on paper,

which was then sprayed with sprays (b). The fractions were collected
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automaticallyj in the first rim of the column 25 ml. fractions

were taken, but for the second the volume was changed to 10 ml.,

so that better separation of the desired glycoside would be

obtained. The optical rotation of every fraction containing

material was measured and the purity of the fractions containing

methyl 2-deoxy-D-galac toside s was checked by paper chromatography,

using solvent (i), spray (b). The graph of optical rotation vs.

fraction number is shown in Fig.5 for the second run. In fact

the corresponding graph for the first run showed the same peaks

and troughs, despite the greater fraction volume. However, as

expect d, the amplitudes of the peaks and troughs were smaller.

All the material obtained in the first run was contained in

fractions 16 - 31. The last fraction with a positive rotation

(No. 25, 0( = +0.75°) contained a considerable amount of p -glycoside,
and so it was added to the portion of syrup being dealt with in the

second run. The distribution of the various components of the

mixture among the fractions in the second run is apparent from

Fig. 5 •

Evaporation of all the laevorotatory fractions (from both

runs) containing only the p-glycoside gave crystals of mothyl-2-deoxv-

P -D-galactonvranoside (0.64 g»)» which on crystallisation from

-40° (c 1 in MeOH). Ilecxystallisation from the same solvent gave

material with m. p. 123 - 124°, unaltered by further recrystallisation

(Foundi C, 47.4J H, 7.6j G^H^O^ requires C, 47.2j H, 7*9%),

ethyl acetate gave needles
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25
Overend, Shafizadeh and Stacey record methyl 2-deoxy- {3 -D-galacto-
pyranoslde as being a syrup with jjxfj^ 0° (in MeOH), and Hedgley^

19
reports a syrup with zero rotation (MeOil) and n D 1.4869* Fractions
53 and 54 of the second run contained a little of the o<-anomor,

despite their negative rotation. On evaporation, these fractions gave

syrups, which soon crystallised spontaneously. Rccrystallisation

from ethyl acetate yielded white needles (0.1 g.) with m. p. 122 - 124°
(shrinking at 120°) and £pCj^ -38° (c 1 in HeOH). This material,
like that obtained from the pure chromatographic fractions, travelled

as a single spot (R 0.41) on paper chromatogrvins, using solvent (i),F

spray (b). Total yield 3.6$.
72

Like other p -glycosides, the compound showed no infrared
absorption in the region 790 - 850 cirn1 It had

r.ax 855 (s) and
770 (a) cmT1
Mote. The fastest-travelling material appeared in fractions 16 - 18

of the first run and fractions 31 - 35 of the second. It was a

liquid with the following properties; LKlp C£U +24° (2 ca» 1 in
n-butanol), ultraviolet absorption (in water) 215mji, £ r

£3* 7500} \ Qax 274 mji, £ mx ca« 190, assuming molecular weight
128, infrared absorption Vmx 1505 (m) cmr1 and 1640-1700 (m) cm.^"
The compound travelled as one spot (Rp 0.75) in paper chromatography
using solvent (i) and spray (b), and on treatment with benzoyl chloride

in sodium hydroxide gave a poor yield of yellowish prisms with ia. p.

83 - 85? When D-glucal^ and D-galactal^ were treated with dilute

sulphuric acid, a liquid was obtained, which had +15° (in MeOH)

and ultraviolet absorption ( A mx 215 mji). It formed a dibenzoate
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witfa m.p. 35° and was taken to be 3-hydroxy-2-bydroxymethyL-pyran
Hoy* ,oH (Molecular weight 128). However, their evidence
N="^

>0 /°H u
does not exclude the structure ft • Philpott

\_J \«Z<M
obtained a similar liquid to these mentioned, by the action of

methanolic hydrogen chloride (1%) on D-glucal.

(ii) Using the method of Davoll and Lythgoe^® and Cleaver,

Foster and Overend^0 for acetobromo-2-deoxy-sugars, 2-deoxy- 0( -D-

galactopyranosyl bromide triacetate was made by adding hydrogen

bromide^0 (1.09 g., 13 •5 mmolesj freed from bromine by bubbling

through phenol in carbon tetrachloride) in dried benzene (10 ml.)

to distilled D-galactal triacetate (2.00 g., 7.35 mmoles) in

benzene (10 ml.) containing benzoyl peroxide (25 mg.), the mixture

being cooled under the tap. The solution immediately developed

a high positive optical rotation, which rose slowly and was constant

after about 20 min., at +26.6° ( ca. +205°)• It was then

concentrated at 30° to a pale yellow syrup, which was evaporated

with benzene. The product was immediately dissolved in benzene

(15 ml.) and to the solution methanol (1 ml.) was gradually added,

in the presence of silver carbonate (3.5 g.). More methanol (4 ml.)

was added without further reaction occurring, and after storage

over the weekend, the solution was filtered and concentrated. The

syrupy product was shown by paper chromatography, using system (ii),

spray (c), to be a mixture of the methyl 2-deoxy-and ^3 -D-
galac topyranoside triacatntes (Rp 0.50 and 0.35, respectively).
Crystallisation from ether-light petroleum gave, with difficulty,
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neodlc3 of methyl 2-deoxv- -D-galactopyranosido triacetate (0.21 g.,

9%), which had m. p. 82 » 34°, undepressed by an authentic specimen

(in* p. 83 - 84-. 5°) prepared by acetylation of the parent glycoside

(20 mg.)• Several recrystallisations from chloroform - light

petroleum and ethanol-light petroleum gave crystals with m. p. 85 - 86°
and |V]p0 -15° (c 2 in CHCI3) (Founds C, 51.1? H, 6.8. C13 IL,0
0g requires C, 51.3? H, 6.6$). Deacetylation with sodium methoxide
in methanol, and crystallisation of the product from ethyl acetate-

acetone yielded needles with in. p. 120 - 122° (undepressed by an
-1 90

authentic specimen of methyl 2-deoxy- |3 -D-galactopyranoside) and [p<Jp
-38° (c 0.8 in MeOH).

In a later preparation, hydrogen bromide (44- g.» 54-3 mmoles)

in benzene (500 ml.) was quickly poured into a cooled solution

(ice-water) of the glycal (distilled, 83 g., 305 mraoles) in bensene

(4-00 ml.) containing benzoyl peroxide (1.15 g»). Ho evolution of

heat occurred, but the solution became yellow after a few minutes.

The optical rotation was almost the ssune (+ 25.0°, £§• +210°)
30 rain, after the addition as at 20 min. The solution was then

evaporated at 25° to a syrup, which was twice re-evaporated with

benzene, and the psle-yellow product was dissolved in benzene (500 ml.).

Silver carbonate (42 g.) was added, followed by the addition;during
5 minof methanol (50 ml.). Rapid evolution of carbon dioxide

occurred, and since heat was given out, the mixture was cooled under

the tap. Soon (10 min.) after the addition of methanol more methanol

(150 ml.) and silver carbonate (42 g.) were added, without further
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reaction occurring. Next day the mixture was filtered, the residue

being washed with ethanol, and the filtrate was evaporated down to

give a yellow, turbid syrup, which was dissolved in chloroform.

Filtration of the solution and evaporation of the filtrate at 30°

gave the turbid pale yellow syrup B (ca. 130 g.). Baper chromatography

as described earlier (p. 55 ) again indicated that the product

consisted almost completely of roughly equal proportions of the anomeric

methyl 2-deoiy-B-galactopyranoside triacetates.

Treatment of syrup B - (1) The bulk of the product was

divided into four roughly equal portions. Each was dissolved in a

mixture (vol. $0 - 100 ml.) of ether, di-isooropyl ether and light

petroleum, the proportions of the solvents being adjusted sc that

in the refrigerator the solutions did not quite separate into two

layers. After seeding of the solutions with authentic ^-triacetate,
white needles appeared* These slowly accumulated during 3-4 weeks,

after vjhich time they were filtered off, giving sticky soaid (in

all 7.73 g.). During reerystallisation from ethanol-light petroleum

(20j1, 42 ml.), a small amount of syrup separated, from which the

supernatant liquid was decanted. On slow cooling, this deposited

long, shiny prisms of the (i> -acetate (3.10 g., m. p. 85 - 86°)»
(2) The remainder of the syrup B (10.0 g.) was chromatographed

as follows, using the procedure of Wlekberg* A suspension of silica

gel (400 g., Hopkins and Williams "M.F.C." grade) in a solution {5% v/v)

of dimethyl sulphoxide (DMS) in chloroform was poured into a separating

funnel fitted into the top of a chromatographic tube (5.9 x 60 cm.)



containing more of the solvent mixture (1 1.). Without the use of

compressed air, (a difference from Wlckberg's method) the suspension

was run into the tube and allowed to settle, the resulting column of

silica being 31 cm. deep. The silica, now impregnated with DMS,

was washed with ether (A 1») fy5 saturated with a solution V./V)

of water in DMS, followed by ether (500 ml.), followed by di-isopropyl

ether (1800 ml.) ^/5 saturated with the aqueous DMS, this mixture being

the eluent. (In the washing, when a change of solvent was being made,

care was taken to prevent the formation of liquid-liquid interfaces.

Since DMS is strongly hygroscopic, the separating funnel was kept

stoppered to exclude moisture).

Two separations (I and II) were carried out. In each case

half (5»0 g.) of the remainder of syrup B was dissolved in the eluent

(5 - 10 ml.) and washed on to the column with a further quantity

(10 - 15 ml.). Elution was then carried out, using 1800 ml. of

eluent. In each case AO fractions (ca. A5 ml.) were collected.

Spotting of each fraction on paper and applying spray (c) showed that

in separation I the acetates were contained in fractions 19 - AO,

while in II the material was in fractions 15 - AO. This indicates

a rapid passage of the compounds down the column, and may explain why

a separation of the anoiners was not effected, despite the good resolution

(relative ca. 1.5) obtainable on paper with a closely similar system

(DMS/di-isopropyl ether, (ii), see Appendix (III). Paper chromatography

using system (ii), spray (c) indicated that, although complete separation

had not been achieved, fractions 29-AO of separation I and 30 - AO of
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II contained only the [5 -acetate, while fractions 19 - 23 and 15 - 19
(respectively) contained only the p( -anomer. Fractions 25 - 29

of separation II appeared to contain |3 -anomor contaminated with only
a trace of Oi-anomer. Fractions 28 - 40 of separation I and 25 - 40

of separation II were combined and evaporated down to give syrup, from

which the bulk of the DMS was removed by dissolution in chloroform

(70 ml.) and extraction of the solution with three portions (20 ml.

each) of water. The chloroform layer yielded pale yellow syrup

(2.7 g.), which crystallised spontaneously. Hecrystallisation from

ethanol-Hght petroleum (10*1, 20 ml.), with slow cooling, gave long

prisms (1.28 g.) with m. p. 85 - 86°. The mother-liquor yielded less

pure material (0.24 g», m. p. 81 - 84°, with softening at 77°).

Total recoverj'- 15%. The recovery was slightly poorer (ea. 11$) in

a small-scale separation carried out as above, using a column 1.7 cm.

in diameter with proportionate amounts of silica (40 g.) and syrup B

(0.50 g.). The extent of separation was the same as on the large

scale.

Deacetylation of methyl 2-deoxy- -D-galactopyr noside triacetate

(4.36 g., m. p. 85 - 86°) with sodium methoxlde in methanol, and

crystallisation of the product from ethanol-ethyl acetate (1:30, 31 ml.)
gave long, thin noodles of methyl 2-dooxy- |3 -D-galactopyranoside
(1.70 g., 67$) with m. p. 123 - 124°. From the mother liquor were

obtained crystals (0.42 g., 16%) with m. p. 112 - 118°.

Tosvlation. Using the method described previously, methyl 2-deosy-16 -D-
galactopyranoside (0.700 g,, 3*94 insoles) in pyridine (10 ml.) was



-60-

esterified vdth tosyl chloride (0.825 g.» 4.32 mmoles) in pyridine

(15 ml*), more pyridine (5 ml.) being used for rinsing of the

separating funnel containing the reagent. After removal of the

pyridine by evaporation in the presence of ethanol, the resulting

red syrup was dissolved in chloroform (50 ml.) and the solution

washed with 0.5 N-sulphuric acid (20 ml.) and aqueous sodium

bicarbonate solution (20 ml.). Evaporation of the dried organic

layer gave solid, which was crystallised from acetone-light

petroleum (2:1, 15 ml.) containing 3% of pyridine. The long

wispy needles obtained (0.36 g., 28%) clung together, forming a

spongy mass on the filter, but were easily powdered after being

dried. They had m. p. 93.5 - 95° (shrinking at 93°), and were

shown by thin-layer chromatography, using system (v), spray (a),

to contain small amounts of fast-moving impurities. jjThe mother-

liquor yielded crystals (0.10 g., 8%, m. p. 90 - 9-4°) with a larger

proportion of these impuritiesJ . Recrystallisation from acetone-

chloroform-light petroleum (3:1:5, 9 ml.) containing 3% of

pyridine gave ne-'dlea (0.225 g.) with m. p. 98 - 99° and -?7°

(c 2 in CHCl^). These contained only a trace of fast-moving
material (Rp 0.68) as shown by thin-layer chromatography, using the
above solvents. A second recrystallisation from acetone-chloroform-

light petroleum (6:1:10) containing ca. 3% of pyridine gave material

with m. p. 96.5 - 97.5, travelling as one spot (Rp ca. 0.05) in thin-
layer chromatography, using system (v). (Heavy loading showed no

impurity) (Found: C, 5*0.6? H, 6.2 ? S, 9.9.
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C, 50.6j H, 6.1| S, 9.6%), In every case the compound melted

with bubbling, but without discolouration.

In previous experiments on a smaller scale it was found that

recrystallisation in the absence of pyridine lowered the m. p. by

ca. 15°, and an attempt to remove the impurities mentioned above

by adsorption chromatography on silica gel (as for the 2-dooxy-cc-

galactoside tosylate, see p.48) was unsuccessful. The solid

obtained from this procedure had a very low in. p. and contained a

greater proportion of impurities (as shown by thin-layer chromato¬

graphy) than the material applied to the column.

(e) Methvl 2-deoxv- PC -D-^luconyranoside 6-to,?5
Mcthvl 2-dooxv- <X -b-Hlucopyranoside39>& *71,74,76,77 was

made by two methods.

(i) A solution of 2-deoxy-D-glucose (5 g.) in methanolie

hydrogen chloride (2'|, 180 ml.) was warmed at 4-0° for 50 min.

forking up in the usual way, by neutralisation with silver carbonate,

and crystallisation from ethyl acetate gave, with a little difficulty,

large prisms (1.46 g.) with m. p. 91 - 92.5° (unchanged on

recrystallisation from acetone) and +135° (c 1 in HgO). The
mother-liquor yielded further material (0.86 g.), with m. p. 91 - 93°
and [W] ^ +159° (e 1 in MeOH). These constants agree with the
values in the literature, except that Shafizadeh and Stacey^ report

[«] jp +145° (in MeOH). The infrared spectrum of the compound showed

absorption at V Kiax 87° (s) and 837 (vs) cmT^" Barker, Bourne, Stephens
and Whiffen^ give V „ 877 (s) and 842 (s) crC*" The materialmax
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obtained travelled as a single spot (Hp 0.55) in paper chromato¬
graphy, using solvent (i) and spray (b). Total yield 44%.

(ii) Methyl 2-deoxy- o(-D-glucopyranoside was also made

by reduction (with potassium borohydride) of methyl 2-acetoxymercuri-

2-deoxy- CK -D-manno(?)pyranoside, which was obtained by treatment of

D-glucal in methanol with mercuric acetate (see PART II).

Tosvlation. Using the previously described method, methyl 2-deoxy-

oc -g-glucopyranoside (1.31 g», 7.36 mmoles) in pyridine (10 ml.)
was tosylated with tosyl chloride (1.55 g., 8.14 mmoles). Methyl

2-deoxy- oc -D-glucopyranoside 6-tosylate was obtained by crystallisation

from chloroform-light petroleum (1:2) as prisms (1.15 g.) with m, p.

119 - 120.5° and [oc]J8 +76° (c 1 in GHC13). The mother-liquor
gave more product (0.25 g.) with m. p. 118.5 - 120° (no decomp.).

Yield 57%. The compound travelled as one spot (R^, 2.6) in paper
chromatography using system (iv) and spray (h). Hedgley^ reports

m. p. 114 - 115° and 0*0 +78° (c 0.6 in CHCl^), while Brooks and
Overend^ quote m. p. 120° (decomp.) and [<x]+77° (c 3.8 in CHCl^).
After storage in a desiccator for 6 months the crystals had become

dark grey. Hecrystallisation as above, after decolourisation with

charcoal, gave crystals with m. p. 117 - 117.5° (decomp. after melting),

unchanged on further recrystallisation. The compound travelled as

one spot (RF ca. 0.6) in thin-layer chromatography (silica) using

solvent (vi), spray (e).

(f) i'leth 1 2-deoxy- /3 -D-.-lucopyranoside 6-tosvlate.

Methyl 2-deo^y- p -D-glucopyrano3ide triacetate^ was made in
two waysj- (i) by reduction of methyl 2-chloromercuri-2-deoxy- /3 -D-
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glucopyranosi.de triacetate, and (ii) from D-glueal triacetate.

(i) Methyl 2-chlororaercuri~2-deoxy~ ^3 -D-glucopyranoside
triacetate (10.33 2*> m. p. 171 - 172°) made in the manner described

later in Part II was reduced with potassium borohydride in alkaline

aqueous dioxan solution, the method also being described later. Methyl

2-deoxy- -D-glucopyranoaide triacetate (4-.21 g., m. p. 96.5 - 98°)

was obtained as large prisms by crystallisation from ethanol-light

petroleum (1:2), further material (0.51 g., m. p. 94- - 97°) being

obtained from the mother-liquor. Total yield 77%,

(ii) Acetobromo-D-glucose (m. p. 87 - 88°) was made by the method
63

of liarczai—i-iartos and KBrBsy, except that the time of reaction with

hydrogen bromide was increased from l|- - 2 hr. at room temperature

to 16 hr. at 0°. When the time given by these authors was used,

only c< -D-glucopyranose penta-acetate was obtained.
78

D-glucal triacetate was then made from the acetobromo-sugar

by the method already described for the galactose isomer. In a typical

experiment the product m. p. 53 - 55°, [°0E -13° (c 17 in MeOH)
was obtained in 75% yield by crys tallisation from chloroform-ethanol

light petroleum, or from ethanol. Using the method of Davoll and

Lythgoe"^ and Bonner^ which has already been described [see (a)],
hydrogen bromide (6 g., 74 mraoles) in benzene (65 ml.) was added to

a solution of g-glucal triacetate (10 g., 37 mraoles) in benzene

(35 ml.). After 50 min. the reaction solution was concentrated as

before, but the syrupy acetobromo-2-deoxy-D-gluc0se was dissolved
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in dry methanol (75 ml.) instead of benzene, and the silver carbonate

(15 g.) was added in portions. Crystallisation of the product from

acetone-light petroleum, ether-light petroleum, and from ethanol-

light petroleum gave (with some difficulty) methyl 2-deoxy- fi -D-
glucopyranoside triacetate (2.23 g., 20$), m. p. 93 - 96°, which after
recrystallisation had m. p. 96 - 98° [o(]^ -24.0 (g 1.5 in CHC1 ).D 3

A second rocrystallisation raised the m. p. to 97.5 - 98.5 , the

rotation being unchanged. The m. p. was unaffected by further

recrys talli3c tion. Fischer, Bergmann and Schotte report m. p.

96 - 97° and -30° (in acetylene tetrachloride).

Methvl 2-deoxv- ^3 -D-; - lucopyranoside~^*was made by
deacetylation of the triacetate in dry methanol containing a catalytic

amount of sodium methoxide, the alkaline solution being neutralised

before working-up, by stirring with Amberlite r< sin IRC-50.

A portion (0«87 g.) of acetate made by method (ii) yielded

granular crystals of the 2-deoxy-glucoside (0.31 g.) with m. p. 121 -

122° and [o<] -48° (c 1 in HgO). These constants agree with
the values in the literature^'^. The mother-liquor yielded crystals

(0.13 g.) with m. p. 118 - 120°. Yield 85$.

In a subsequent preparation from triacetate (4.70 g.) made

by method (i), the deoxy-glucoside was obtained as elongated prisms

(1.57 g., 57$, m. p. 120 - 122°). In the infrared spectrum absorption

occurred at V 901 (o), 889 (s) and 870 (vs) cm7\ there being
max

no absptn. maxima in the region 750 - 8$0 cm. Barker, Bourne,
72

Stephens and Whiffen report identical behaviour for the |3-anomer
of 2-deoxy-( ^D-glucopyr'nose, except for the presence of a broad



-6 5-

peak v/ith V 812 (m) cm."*" (perhaps due to contamination with o(-
raax

anomer). The material obtained from both deacetylafions travelled

as a single spot on paper chroma tograms (R^ 0.47), using solvent (i)
and spray (b).

Tosvlation. Using the methods described previously methyl 2-deoxy- (5 -

D-glucopyranoside (200 Kg., 1.12 mmoles) in pyridine (3 ml.) was

tosylated x-ath tosyl chloride (24.0 ag., 1.26 mmoles) in pyridine (3 ml.).

After removal of the pyridine by evaporation, dissolution of the

resulting syrup in chloroform (10 ml.) and washing of this solution

with sodium bicarbonate solution, a syrup was finally obtained , which

crystallised spontaneously. Crystallisation from ethanol-light

petroleum (1*2) gave needles (194- mg., 5?$) with m. p. 124- - 124*5°

(decomp.), lowered to 116 - 116.5°, then 114. - 114*5° on further

recrystallisations from the same solvent. Reerystallisstdon of the

last mentioned as above, but in the presence of a little added

pyridine, raised the m. p. 118 - 118.5°• A final reerystallisation

from the same solvent, in the absence of pyridine, produced needles

with m. p. 115.5 - 116° (decamp.) (Found: C, 50.8f H, 5.9? S, 9*3*

C14^0°7S re9uires G* 50.6? H, 6.1j S, 9*6%).
In a subsequent preparation using more cf the glucoside

(1.57 g.) the last traces of pyridine were removed from the chloroform

solution by washing it with aqueous cadmium chloride solution (5$).

Needles (1.68 g.) were obtained from benzene-chloroform (3:2) which

had m. p. 115.5 - 116° (decomp. after melting) and [< -42°
(c 1.9 in CHC1-). The mother-liquor yielded needles (0.16 g.) with

3

m. p. 116 - 116.5°* Yield 63$. The compound travelled as a single

spot in paper chromatography using system (iiia) and in thin-layer
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chroraatography using solvent (vi) (R^ ca. 0,4.5) Spray (e) was used,
(g) 1.2-0-ethvlcne- /3 -D-glucopyranose 6-tosvlate.

/,Q 'TQ 00
2 '-Chloroethvl fi> -D-gluconvrancside tetra-aestate * * . Using the

method of Coles, Dodds and Bergeim^0 acetobromo-D-glucose (70 g.) was

converted into the chloroethyl ^S-glucosids by dissolution in ethylene
chlorohydrin (185 si. 220 g.), followed by portiomd.se addition of silver

carbonate (84 g«), during 45 min., with cooling under the tap. Stirring

was continued at room temperature for 4 hr», after which the mixture was

left at 0° for 18 hr. before being filtered. The filtrate was concentrated

to 200 ml. Addition of water (700 ml.) then gave the product as needles

(47.5 g», 68^) with m. p. 116 - 117.5°» The above authors report m. p. 114°,
79 o

while Helferich and Lutzmann give m. p. 119 - 120 .

lr2-0-ethylene- ^6 -D-glueopyranose^''*0 was made by the method of
Helferich and Werner.® The chloroethyl ^3-gluco3ide (46*5 g») was refluxed
in aqueous ethanolic (50%) N-sodium hydroxide (1 1.) for 6 hr. After

neutralisation of the solution with sulphuric acid and removal of the sodium

sulphate-sodium acetate precipitate, concentration of tie filtrate and addition

of ethanol gave a brown liquid from which needles (A, 28 g.) containing the

desired product mixed with sodium salts were obtained on cooling. Further

concentration of the mother-liquor and addition of ethanol gave at first only

sodium acetate, but then the desired product as elongated prisms (B, 3.60 g.)
with m. p. 209 - 211 and £o<]^ +57° (c 1 in ^2^' anc^ finally impure product
(£» 5.5 g«)» Recrystallisatioa of B from water-ethanol (1*9) raised the

m.p. to 211 - 213° (unchanged by further recrystallisation). Fixtraction

of J. and C with acetone in a Soxhlet extractor for 50 'nr. gave fine needles

of the product in several portions (together 13.5 g.) with m. p.*s in the

range 210 — 213°. Yield 73%, The constants obtained agree with the
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literature values.

Tosvlatioa. Using the method given earlier, 1,2-0-ethylene-p-S-

glucopyranose (1.03 g., 5.0 mmoles) suspended in pyridine (10 ml.)

was tosylated with tosyl chloride (1.05 g., 5.5 mmoles) in pyridine

(5 ml.). The pyridine was removed by evaporations with ethanol,

aad 1.2-0-ethvlene-p-D-glucopyranose 6-tosylate was obtained

by crystallisation froijj chloroform as fine needles (0.93 g.,

54v) with m.p. 170-173°. One recrystallisation from the same

solvent gave crystals with m.p. 172-173.5°, and a second gave

needles with m.p. 172° and [V]j^ + 33° (c 0.8 in CHCl^)
(Founds C, 50.255 H, 5.7$ S, 8.9. requires C, 50.0$

H, 5.6$ S, 8.9^>).

In a later preparation the 1,2-O-ethyleno-sugar (10.30 g.)

in pyridine (150 ml.) yielded crystals (12.55 g., 70£) with m.p.

169-171°. Recrystallisation from chloroform-acetone (40si)

gave elongated prisms and needles (11.5 g.) in three fractions,

the major one (7.50 g.) having m.p. 172-174° and + 33°
(e 1 in CHC13).
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3. Reaction of 1.2-0-Ethvlene-tj-D-glucopyranose xrith Sodium Methoxide,

(a) Mild conditions. Powdered 1,2-^ethylene-p-D-glucopyranos e 6-tosylate

(1 g., 2.73 mmoles, m.p. 172-174°) was added to Q.5g-sodium inethoxide in
methanol (20 ml., 10 mmoles). Since a little of the solid remained

undissolved, the mixture was shaken for 1^/2 hr., after which a white

suspension of small particles was obtained. The mixture was filtered

after standing for 2 hr. The residue (0.15 g., m.p. 159-161°) was

shown to be impure starting material by means of its infrared spectrum.

The filtrate was diluted with methanol (7 ml.), warmed at 40° on the

water-bath for 2 hr., then left at room temperature overnight. The

insignificant residue was filtered off and the filtrate evaporated

at 30° to give white solid, whichwas then distributed between chloro¬

form (30 ml.) and water (25 ml.). The organic layer yielded starting

material (0.25 g. with m.p. 170-171°, 0.33 g. with m.p. 165-168°,
neither m.p. being depressed by authentic tosylate). The aqueous

layer also gave starting material (0.03 g.» m.p. 168-170°). In all

ca. BO^to of the original tosylate was recovered and sodium tosylate

could not be isolated from the reaction mixture.

(b) Vigorous conditions. Powdered 1,2-0-athylene-p-2-glucopyranose

6-tosylate (0.5 g., 1.39 mmoles) was refluxed in 0.9N-Sodium methoxide

in methanol (20 ml., 13 mmoles) for 43 hr. and then left at room

temperature for 3 days. No solid separated out, apart from a little

scum, which was removed by filtration. Evaporation of the filtrate

at 30° gave syrup (2 ml.) containing a little white solid. The whole

of this mixture dissolved easily in water (10 ml.), and the resulting solution

was diluted with water (10 ml.) before being shaken with chloroform (25 ml.).
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Thsre was 110 residue left, when the organic layer had been evaporated

to dryness. The aqueous layer was neutralised by passage through a

column of weak-acid cation-exchange resin (Amberlite IRC-50). Its

optical rotation was then +0,15° (vol. 115 ml.), which corresponds

to +66°, on the assumption that the sole product of reaction was

3,6-anhydro-l,2-0-ethylene-ji-P-glucopyranose. Evaporation of the

solution to dryness at 30° gave a hard, tough solid (0.70 g,), which

was extracted with chloroform (25 ml.) by standing at room temperature

for 3 days, followed by heating briefly at 65°. The mixture was

then filtered. Evaporation of the filtrate gave turbid syrup (0.23 g.),

which crystallised in 4 hr« Crystallisation from chloroform-light

petroleum (2»3, 2,5 ml.) by heating at 50°, cooling to room temperature,

and leaving for 5 days, gave granular crystals (4, 40 mg.) with m.p.

167-170° (shrinking from 149-157°). The infrared spectrum (Nujol

mull) showed very sharp hydroxyl absorption V 3420 era.""'*'. Althoughmax

the best reagent for detection of the substances concerned here was (a)

(permanganate-ueriodate), long development times (3-20 hr.) were

needed, so that paper was unsuitable as a support for chromatography.

Instead the thin-layer technique [system (vii)J was used. 4 travelled
as three spots. The largest of these had Rj, ca. 0.65, but there was a

large amount of 1,2-O^ethylene-p-S-glucopyranose (R^ ca. 0.35) and
very little of a compound with Rp ca. 0.45. Evaporation of the
mother-liquor of 4 gave a colourless, mobile syrup (B, 0.15 g.),

which could not be crystallised. The syrup had infrared absorption

quite similar to that of 4, except for having a broad hydroxyl peak

and two additional weak, sharp peaks at V 1665 and 1710 cm.-"*".* c * max
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Thin-layer chromatography of the syrup showed the presence of the

three constituents of 4 (in different proportions^ and in addition a

slow-moving substance (R^ ca. 0.07). The same results were obtained
by using spray (g), which was less sensitive than (a).

The residue (0.49 g.) from the chloroform extraction described

was extracted with acetone (100 ml.) in a Soxhlet extractor for 21-2 hr.
The acetone yielded crystals (20 mg.) which did not melt below 235°*
and had an infrared spectrum similar to that of sodium tosylate.

The final residue (0.37 g.) of this extraction also had an infrared

spectrum like that of sodium tosylate.

4. Sodium Periodate Oxidations

Proceduret (a) In confirmations of structure.

To an appropriate amount of the compound (10-20 mg.) weighed

out in a Quickfit R.B. flask (25 ml.) was added 0.G25M-sodium mata-

periodate solution (5 ml., if the expected uptake was 1 mole of

periodate, 10 ml. if 2 moles vrere expected to be consumed). A blank

solution of periodate (5 ml. or 10 ml. as required) was pipetted into

a flask and afterwards treated in exactly the same way as the oxidation

solution. The weights of the various compounds were chosen so that

roughly half of the aliquot of pariodate solution (5 ml. or 10 ml.)

was reduced to iodate in the oxidation. The flasks were kept in the

dark to prevent photo-decomposition of the periodate. Two of the

tosylates concerned were very insoluble in water, so shaking overnight

was employed, the flasks being covered with black polythene sheet to

exclude light. At appropriate intervals samples (1 ml.) of oxidation



TABLE5.

SODIUMPiSBIODATEOXIDATIONSINSTRUCTURECONFIRMATIONS
CompoundUptakeofperiodata(moles1afterthetimes?tven 1,5-anhydro-D-galactitol6-Ts

2.07

(23hr.)

2.13

(45hr.)

1,5-anhydro-2-deoxy-D-lyxo-hexitol6-Ts
1.04

(26hr.)

1.05

(51hr.)

Me2-deoxy-/3-D-glucopyranoside6-Ts
0.99

(6hr.)

1.05

(8hr.)

(0.70
(2hr.)

0.70

(3hr.)

Me2-deoxy-o<-D-galactopyranosido6-Ts
0.99

(1.1hr.)

1.08

(2.2hr.)

Me2-deoxy-|3-D-galactopyranoside
1.04

(2.5hr.)

1.06

(3.7hr.)

Me2-deoxy-fl-D-galactopyranoside6-Ts
1.00

(3.8hr.)

1.00

(5.5hr.)

1,2-^0-ethylene-p-D-glucopyranose
0.99

(24hr.)

1.02

(46hr.)

1,2-0-ethylone-(3-D-glucopyranose6-Ts
0.95

(3days)

1.06

(10days)

Me<K-D-glucopyranoside(control)
1.94

(24hr.)

2.04

(46hr.)

Me -methylTs=tosylate
ThesefiguresrefertoasampleoftosyLatepreparedbyacidhydrolysis

ofthe3,4.-£-isopropylidene-derivative.
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solution and of blank were withdrawn and added to a mixture of 0.2g-

sulphuric acid (3 ml.) and 0.4l-potassium iodide solution (2 ml.),
the liberated iodine being titrated with 0.05j|-sodium thiosulphate
solution from a micro-burette (5 ml.), using starch indicator.

The procedars was altered slightly for methyl 2-aeoxy-a-D-

galactopyranoside 6-tosylate prepared from its 3,4-fr-isopropylidane-

dorivative. Methanol!c hydrogen chloride (0.05H, 5 ml.) was added

to the isopropylidene-compound (ca. 23 mg.) in a Qoickfit flask

(R.B., 25 ml.). After 3 hr., phosphate buffer (5 ml., made as

described on p. 72 ) was added and the solution was evaporated to

"dryness" twice in the presence of added water. The residual syrup

was transferred to a volumetric flask (10 ml.) containing the

periodate solution (5 ml.), and the mixture was made up to the mark.
31

Since both methanol and chloride ion affect periodate, a blank

was prepared simultaneously in exactly the same way, only the

tosylate being omitted. At suitable intervals, portions (2 ml.)
of the solutions were withdrawn and dealt with as described earlier,

except that stronger acid (4g-sulphuric acid, 1 ml.) was used, to

ensure a low enough pH in the presence of the buffer for complete

liberation of iodine.

In the oxidation procedure 1,2-0-etliylene-p-P-glucopyranos e

6-tosylate gave fine needles with in.p. 101-104°, but since attempts

to recrystallise these from ethanol, water, acetone or aqueous dioxan

lowered the m.p., the product was not further examined.

The data for uptake of periodate are given in Table 5.

The uptakes (moles of periodate consumed per mole of 6-tosylate)



Table6.

SodiumPeriodateOxidationsinDeterminationofExtentof Cyclisationof6-Tos:/lates Half-lifeTimeofPeriodate%ofuncyc-
-,(min.)ofreactionuptake(moles)Usedmaterialp reactioninwithNaOHafterca.20 water.(hr.)hr.

Meo-D-glucopyranoside(control)
-

-

2.23

114

Mep-D-galactopyranoside6-Ts(control)
40

IS

0.010

0.5/6

1,5-anhydro-D-galactito16-Ts
2

2

0.006

0.3/6

1«5~anhydro-2-deoxy-D-lyxo-hexitol6-Ts
7.5

3

0.005

0.5/6

Me2-deoxy-a-D-glucopyranoside6-Ts
42

23

0.010

1*

Me2-deoxy-p-D-glucopyranoside6-Ts
57

23

0.014

1.4a

Me2-deoxy-o-D-galactopyranoside6-Ts
21

16

(0.037

3.7*

(*0.017

*1.7/o

Me2-deoxy-p-D-galactopyranoside6-Ts
40

24

0.003

0.3/b

Me=methyl

Ts=tosylate

*Thesefiguresrefertoasampleoftosylatepreparedbyacidhydrolysis ofthe3,4-Q-isopropylidene-derivative.
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were determined relative to blank solutions, and methyl a-D-

glucopyranoside was used in a control experiment.

(b) In confirmation that the cyclisation of the 6-tosylates

with sodium hydroxide was complete.

In every case it was shown (see Table 6.) that the uptake of

periodate corresponded to less than 7$ of detosylation without

cyclisation, except for the specimen of methyl 2-daoxy-a-B-

galactopyranoside 6-tosylate obtained directly by tosylation, when

the value was 3,% •

17
The procedure was similar to that used by Baker for the

6-tosylates of methyl a- and £-g-gluco- and galacto- pyranosides,

1,5-anhydro-g-glucitol and 1.5-anhydro-2-deoxv-D-arabino-he:dLtol.
To the powdered tosylate (20-25 mg.) in a conical flask

(25 ml.) was added (by pipette) aqueous 0.02g-sodium hydroxide
solution (10 ml.). Swirling for some time was necessary to dissolve

the tosylates. To simulate the conditions employed in the rate

measurements (see below, Section 5.), the duration of the alkali

treatment was varied in each case to correspond to ea. 15 half-lives

of the reaction of the particular tosylate in water. At the end of

the time allowed for cyclisation buffer solution (l ml. of a solution

0.25M with respect to potassium dihydrogen phosphate and to disodium

hydrogen phosphate) was added, followed by ^-sulphuric acid (0.19 ml.).

The pH of the resulting mixture was found to be 6.9 (by pH-meter).

At this stage 0.1^-sodium periodate solution (2 ml.) was pipetted into
the mixture, which was then left stoppered in the dark for 20-24. hr.

Solid sodium bicarbonate (ca. 100 mg.) was then added to the oxidation
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solution, followed by 204 potassium iodide solution (4 ml,). The

liberated iodine was titrated with O.Q464M-sodium arsenite solution,

using a micro-burette (5 ml.) and starch indicator. The uptakes

of periodate were determined relative to a blank solution (alkali,

acid, buffer and periodate), and in Table 6. are given the data for

uptake, calculated in moles per mole of the original 6-tosylate.

Methyl a-2-glucopyranoside and methyl p-2-galactopyranoside

6-tosylate were used in control experiments.

Methyl 2-deoxy-a-|^galactopyranoside 6-tosylate prepared
from the 3,4-O^isopropylidea© derivative was used as well as the

specimen obtained by direct tosylation of the parent glycoside.

The isopropylidene-compound (ca. 25 mg.) was de-isopropylidenated

by the method described earlier (p.51). After neutralisation of

the acid with silver carbonate, Celite was added and the mixture

filtered, the residue being washed with ethanol. Evaporation of

the filtrate to dryness at 30° and re-evaporation once with water

gave a syrup, which was dealt with by the procedure described here.

5. Experimental Procedure in Rate Measurements of the Cvclisation

of Sugar 6-Tos.vlates in Alkali.

(a) Materials

(I) The tosylates were prepared as described earlier, and

stored at 0° over calcium chloride. Those not mentioned in detail

17
in Section 2. above had been made previously (1957-59) by Baker.

(ii) The sodium hydroxide was made by dilution of stock

0.1^-solution, which in turn was obtained by dilution (to 500 ml.)
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of the contents of ampoules of sodium hydroxide solution (B.D.H.

Concentrated Volumetric Solution). Stock solutions, which were not

kept for longer than a month, were stored under nitrogen in polythene

bottles. The water used for dilution was distilled water, from which

ions and carbon dioxide had been removed by passage through an"Elgastat"

resin deioniser (Elga Products Ltd.).

Potentiometric titrations of the sodium hydroxide were done,

using a pH-meter, with the exclusion of atmospheric carbon dioxide by

passage of nitrogen (carbon dioxide-free) through the solution being

titrated. These showed that, despite all the precautions, both the

stock O.lg-alkali and the 0,02|J-solution contained ca.2^ of carbonate.

The titrant used was O.lN-sulphuric acid solution (also from B.D.H.

concentrated solution). The pH of the titration solution was read after

each addition ( Av ml.) of acid, and the ratio (ApH/AV) of pH change

to volume change for each addition was plotted against the total amount

(V ml.) of acid added up to the middle of each addition. Two maxima

were obtained, the lower one (at pH ca. 3.5) corresponding to conversion

of carbonate to bicarbonate, and the higher (at pH ca, 6) corresponding

to conversion of bicarbonate to carbonic acid.

(iii) The 1,4-dioxan used was B.D.H. "Special for Spectroscopy"

grade. It was stored in the dark under nitrogen. Prom one freshly

opened bottle, this product had a light transmission of ca. 80/u (optical

density ca. 0.100) at wavelength 265 mp, compared with water. From

another bottle (one year after being opened) the product had trans¬

mission 86.7}o (optical density 0.062). B.D.H. "AnalaR" grade and

May and Baker "Reagent" grade dioxan had loiter transmissions (55% and
*
Pye Universal pH-Meter No. 11066
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42^> respectively, relative to water), and since a spectrophotometry

method was being used for the rate measurements, these products were
- V. .<3 ; l ': . > ;

considered to be unsatisfactory. Purification of B.D.H. AnalaR
go

dioxan by the method of Cavell, Chapman and Johnson gave dioxan

with transmission. Freezing is recommended'"^ as a good method

of purifying dioxan, but when the purified AnalaR product was 90,o

frozen at 11-12°, the liquid obtained by warming the resulting solid

had 71$ transmission, only a slight improvement. Since repeated

freezing would have been wasteful, and because 71^ transmission was

too low, the method was abandoned.

By means of potentiometric titrations (as described above) of

nominally 0.021J-Sodium hydroxide in 5Qo aqueous dioxan (v/v) with 0.1||—

sulphuric acid, it was confirmed that any acidic impurities present

in the dioxan did not reduce the concentration of alkali in the

mixtures used for rate measurements by more than 2fo.

Tests made on dioxan from a freshly opened bottle showed that

the light transmission of a solution (0.5$) of sodium hydroxide in 50^

aqueous dioxan did not change appreciably during 20 hr. (During this

time the optical density of the mixture, relative to water, fell by

0.001, i.e. the transmission increased from 92.0 to 92.2fo). However,

10 months later the dioxan from the same bottle became more transparent

in the presence of alkali. When this dioxan (5 ml.) was mixed with

0.04^-sodium hydroxide solution (5 ml.) to simulate the conditions
lisad in the rate measurements, the optical density at 265 mji, relative

to water, was constant at 0.057 (corresponding to 87.7jt> transmission)

for over 4 hr., but fell progressively to 0.055 at 20 hr., 0.053 at
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48 hr., aid 0.051 at 94 hr. after mixing. In all the transmission

tests on dioxan calibrated silica cells (lxl cm.) were used.

When equal volumes of water and dioxan are mixed, a

contraction in volume (%>) occurs and heat is evolved. The method

used for preparation of the reactants (see below) ensured that in

the actual reaction mixtures the contraction was only and since

precise comparisons between rates of reaction in water and in

aqueous dioxan were not required, no correction was made for this

small effect.

(b) Experimental technique in rate measurements. The rates of reaction

of monosaccharide 6-tosylates (0.001H) with sodium hydroxide (0.02|£)

were measured spectrophotometer!cally at a wavelength of 265 mn, using

a Unicam SP 500 spectrophotometer. Equal volumes of tosylate (0.G02M)

and base solutions were mixed and the reaction followed by a differential

method, by taking readings of the optical density difference (E) between

the reaction solution and a suitable blank solution at convenient time

intervals.

Details are given below i

(i) The volumetric glassware used was shown by calibration to be well

within the tolerances for "Grade B" apparatus.

(ii) Tosylate solutions (ca. 0.002^) were made by dissolution of the

compound (15-17.5 mg., depending on the molecular weight of the tosylate)

in deionised water or aqueous dioxan (50,o v/v), as required, and dilution

to 25 ml. in a volumetric flask. The procedure for methyl 2-deoxy-u-g-

galactopyranos ide 6-tosylate prepared from methyl 2-^ieoxy-3,4-0-

isopropylidene-a-5-galactopyranoside 6-tosylate was to deisopropylidenate
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the latter compound (ca. 20 mg.) by the method given earlier (p. 51).

The syrup obtained after neutralisation of the acid used was then

evaporated down at 30° once with water (almost to dryness) for cyclis-

ations in water, or once with dioxan (to dryness) for cyclisations in

aqueous dioxan.

Owing to its slight solubility in water, a 0.0005M-aqueous

solution of methyl o-^-galactopyranoside 6-tosylate was used.
Since the tosylates react slowly with water, the solutions

were always used immediately after preparation, and as a precaution

the remainder was kept overnight in the refrigerator, if the duplicate

run had to be done next day.

(iii) For reactions in water; A portion of tosylate solution (10 ml.)

was pipetted into one arm of the two-limbed vessel shown in Fig. 5

Bl4-M
20*nl.

and the latter was then flushed out with nitrogen (freed from carbon dioxide

by passage through a U-tube containing "Sofnolite" absorbent). Sodium

hydroxide solution (0.041, 10 ml.) freshly prepared from stock was pipetted

into the other arm. (The same dilute solution of alkali was used for

the repeat run).

To prevent the later development of air bubbles, the lightly

stoppered mixing vessel was warmed in a water-bath at 40° for 5 min.

For reactions in acrueous dioxan; A portion (10 ml,) of tosylate

solution in aqueous dioxan (50> v/v) was pipetted into one arm of the
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vessel. Into the other was then pipetted sodium hydroxide solution

(O.OSJJ, 5 ml.) freshly made from stock, followed by dioxan (5 ml.).

In this way the disturbing effect of the heat of mixing of water and

dioxan was avoided. Flushing with nitrogen and expulsion of dissolved

air were carried out as above.

(iv) The reactions were followed at wavelength 265 mp in a stoppered

silica cell (1 x 1 cm.) in conjunction with a blank solution (0.001^)
of sodium tosylate in water or 50> aqueous dioxan, as required,

contained in a similar cell. Owing to the slight solubility of

methyl a-D-galactopyranoside 6-tosylate in water, the cyclisation

of this compound in water was folloi-red using longer cells (4x1 cm.).

Since the initial concentration of sugar tosyl ester in the reaction

mixture is 0.001^, the same strength as the sodium tosylate in the
blank, the optical densities of the two solutions should be practically

the same at the end of the reaction, and the reading of the spectro¬

photometer should be approx. zero. In practice the end-values varied

considerably, being mostly in the region 0.01 to 0.04, but occasionally

higher. For exceptionally highmlues, see the Notes on Table 9. The

tosylate concentration was chosen as 0.001^, since it gave initial
values of the optical density reading of 0.45-0.55 (in water, the

value being 0.40-0.45 in aqueous dioxan). As a result, the readings

for the early part of the reaction fell in the most accurate region

(0.6 to 0.2) of the optical density scale.

The spectrophotometer was provided with a jacketed cell-

compartment (SP 570), through which water was pumped from a large bath,

containing a Shandon "Circotherm II" thermostat stirring unit, by means
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of a Stuart-Turner No. 10 circulating pump in the return load. The

thermostat was set so that the temperature in the cell-compartment

was 25° - 0.05. Although the temperature in the compartment

usually varied over a range of only 0.02° during a run, the thermostat

could not always be adjusted to 25° exactly. The cell temperature

was measured by inserting a thermometer (with 0.1° graduations) throu^i

a hole in the compartment lid into a cell filled with liquid paraffin.

The thermometer was compared with one calibrated by the National Physical

Laboratory (stated accuracy i 0.02°). The apparatus was in a room thena-

ostatted at 22-22.5°, and since the circulating pump heated the water

above 25°, the temperature of the reservoir bath was kept down by¬

passing cold tap-water through copper coils placed in it. The rate

of flow of the cooling water was adjusted so that the heater in the

Circotherm unit switched itself on and off for roughly equal periods

of time, since this condition keeps the temperature variation of the

system to a minimum.

After the mixing vessel containing the reactants had been kept

in the thermostat bath for 20-60 min., the reactants were mixed by

repeated inversions (10-20) of the vessel, and the instant of first

mixing was noted. The reaction mixture was then transferred to the

reaction cell, ready in its compartment, by means of a wide-nozsle

pipette (2.5 ml.), and the cell stopper was fitted. All the pipetting

was done using a Griffin and George rubber pipette-filler, to exclude

carbon dioxide.

(v) The reason for choosing the wavelength of 265 mp was that this

wavelength corresponds to the shoulder of a flat absorption maximum
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(water, £. ca.730) of tosyl esterq and a minimum ca.220) of

the tosylate anion. In aqueous dioxan the esters have £ ca.620

at 265 mp, while tosylate ion has £ ca. 210 at this wavelength, and

£a*200 at 266 mp. All the rate measurements were carried out

at 265 mp. The ultraviolet spectra of sodium tosylate and a typical

tosyl ester are given in Figure 7 . lor each solvent (water and 50/6

aqueous dioxan) the measurements were made relative to a blank of

that solvent. The fact that the initial values of the optical density

difference (E) were smaller (eg.. 0.45) for reactions done in aqueous

dioxan than for water (ca. 0.55) is accounted for by the nature of the

spectra.

(vi) Runs for each reaction were repeated only once, since agreement

was always good. In each case the reaction was followed for 5-6 half-

lives, i.e. to 97-9&/J completion, by talcing readings of optical

density (Ej.) between reaction and blank solutions at various times t.

End-values (E^,) were obtained after a total of 10-12 half-lives (more

than 99.9/6 reaction). Between 10 and 30 readings were taken during

each half-life, in the early stages of reaction. (The frequency

decreased as the reaction proceeded). Normally readings were taken

at intervals which made the optical density difference between

successive readings 0.005 or more. The fastest reaction had a half-

life of 1 min., while that of the slowest was 5.5 hr.

(c) Calculation of first-order rate constants

First-order rate constants for the cyclisations were obtained

from the readings (E^) of optical density at times t in two ways,

(i) The usual method, requiring an end-value (Eg,), of plotting
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log,-. (E. - E ) vs. t. This depends on the equation for a first-XL/ 00

F •«» F
order process, via. log,„ t 00 = -kt/2.303 where k = rate

E - Eft.o 00
constant, and E and E^ are the initial and final values of the

optical density, respectively. Hence a plot of log-^Q (E^ - E^)
vs. t. gives a straight line with slope -k/2.303. Usually the graphs

obtained by this method were straight for at least four half-lives.

(ii) The other method was that of Swinbourne . In this pairs of

the actual readings (E^.s E^ + ^)» which were separated by a constant
time interval (At), were plotted one against the other. This procedure

gives a straight line with a slope related to the rate constant !<. by

the equation k = 1 . In (slope).
At

No end-value is needed in this method, which is obviously an advantage

when, as in the present work, the end-value is uncertain. (See below).

Another procedure which does not require an end-value is that

of OuKonhsta35. In thin log^ («, - , At) is plotted gainst t,
giving a straight line with slope -k/2.303. The Guggenheim approach

17
was used by R. Baker in his studies of tosylate cyclisation, and a

comparison of the two methods is of interest.

Svinboume's method is more convenient, both because the

"unprocessed" data can be used, and because the same scale is suitable

for plotting all the reactions, no matter what their rate. A more

telling advantage of Swinbourne's method, from the point of view of

the present work, is that it biases the early part of the reaction*,

* Footnotej It was found that half the length of a "Swinbourne"
plot corresponded to the first half-life of a reaction.
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particularly when the time interval (At) is small. (The recommendation

of Swinbourne0"* that At should be about 0.5-1 half-lives was followed

here). Since the readings for the early stages of the reaction occupy

the most reliable part of the optical density scale, and since they

vri.ll be least affected by slow changes in optical density caused by

any impurities, the Swinbourne method was thought to be preferable

for the present work.

It was found that the "linearity" of end-value plots is a

more sensitive test for departures from first-order behaviour than

either the Swinbourne or Guggenheim plots.

In some runs the end-value (Ew) increased slowly, the most

marked rise (ca. 0.03 optical density units between 7 and 60 half-lives)

occurring in the case of the sample of methyl 2-deoxy-a-D-galacto-

pyranoside 6-tosylate obtained by direct tosylation. In cases where

the end-value rises, it is possible that even the apparent end-value,

i.e. the minimum reading, may be too high, and this could produce

appreciable error in the rate constants. In some of the runs done

in aqueous dioxan there was a slight downward drift in the end-value,

and similar errors might arise here. Because of these complications,

the rate constants for each run were calculated by both the Swinbourne

and the end-value methods. Since good agreement (usually less than 1#

and never more than %) was obtained between the rate constants

calculated for single runs by the two methods, it is likely that the

alterations in end-value did not seriously reduce the accuracy of the

results.



Table 7 Rate Data for Reaction of Q.001M. 1.5-AnhydTO-2-deoxy-D-

arabino-hexitol 6-Tosylate with Q.Q2N-Sodiua Hydroxide

at 25° - 0.05. Solvent 50w Actueous Dioxari (v/v).

t (mta.) Et 2+log^-Kj % E^ S+log^-E^)

1 .439 .406 1.609 22 .190 .157 1.196
1-2- .438 .395 1.597 23 .1325 .3495 1.175
2 .420 .387 1.538 24 .176 .143 1.155
2|- .410 .377 1.576 25 .170 .137 1.137
3, .401 .363 1.566 26 .I64 .131 1.117
3'k .392 .359 1.555 27 .159 .126 1.100
4 .384 .351 1.545 28 .1525 .1195 1.077
4't .377 .344 1.537 29 .147 .114 1.057
5. .369 .336 1.526 30 .U25 .1095 1.04O
5t .361 .328 1.516 31 .1375 .1045 1.019
6i .354 .321 1.507 32 .133 .100 1.000
61" .347 .314 1.497 33 .128 .095 0.973
7, .340 .307 1.487 34 .1245 .0915 0.961
72 .3325 .2995 1.476 35 .1205 .0375 0.942

S* .327 .294 1.468 36 .1165 .0335 0.923
.320 .237 1.453 33 .110 .077 0.887

?* .313 .280 1.447 40 .103 .070 0.845
.3075 .2745 1.439 42 .097 .064 0.806

10* .3005 .2675 1.427 44 .0915 .0535 0.767
lot .2955 .2625 1.419 46 .086 .053 0.724
11, .2395 .2565 1.409 43 .0815 .0485 0.686
lit .283 .250 1.398 50 .078 .045 0.653
12̂

J
.278 .245 1.389 52 .074 .041 0.613

121 .272 .239 1.378 54 .0705 .0375 0.574

13 2
.266 .233 1.367 53 •O64 .031 0.491
.2615 .2285 1.359 62 .059 .026 0.415

U2
.2575 .2245 1.351 66 .055 .022 0.342
.252 .219 1.340 70 .051 .013 0.255

15 .2475 .2145 1.331 78 .045 .012 0.079
16 .2375 .2045 1.311 86 .0415
17 .2285 .1955 1.291 94 .039
13 .220 .187 1.272 110 .035 E =

00 0.03319 .2115 .1785 1.252 126 .033
20 .203 .170 1.230 150 .0325
21 .1965 .1635 1.214 130 .0325
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Table 3 "Swinbourne" Data for the Reaction, of 1.5-Anhvdro-

2-deoxy-D-arabino-hexitol 6-Tosylate with Alkali.

(min.) Et Et+12 t(min.) Et Et+12

1 .439 .266 19 .2115 .1375

Is .428 .2615 20 .203 .133

2 .420 .2575 21 .1965 .128

2 i .410 .252 22 .190 .1245

3 .401 .2475 23 .1325 .1205

4 .334 .2375 24 .176 .1165

5 .369 .2285 26 .164 .110

6 .354 .220 28 .1525 .103

7 . 340 .2115 30 .1425 .097

8 .327 .203 32 .133 .0915

9 .313 .1965 34 .1245 .086

10 .3005 .190 36 .1165 .0815

11 .2895 .1825 38 .110 .078

12 .278 .176 40 .103 .074

13 .266 .170 42 .097 .0705

14 .2575 .164 46 .036 .064

15 .2475 .159 50 .078 .059

16 .2375 .1525 54 .0705 .055

17 .2235 .147 53 .064 .051

18 .220 .3425 66 .055 .045

Since the half-life is ca. 15.5 min., the interval between
the sets of readings (At = 12) is ca. 0.77 X (half-life).

The plot of vs. is slightly curved.
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The Swinbourne method allows an estimation of the end-value

(by extrapolation of the straight-line plot), since when the reaction

is complete, E^. - + In most cases, the values of EM obtained
by this procedure agreed with the experimental values to within 0.002.

Specimen data for a typical run are given (Tables 7. and 8.),

along with the corresponding end-value and Swinbourne plots. Because

of congestion, some of the points in the end-value plot have been

omitted from the diagram.

The values of the rate constants obtained by the two procedures

are collected in Table 9., and a table of mean values is given in Part

A of the Discussion. It will be seen that the agreement between the

rate constants for duplicate runs (obtained by either method) was

usually less than 2fc.



Table9
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First-orderRateConstantsinUnits10sec.
Compounds(6-Tosylates)WATER50^AQUEOUSDIOXAU Swinbouro©End-valueSwinbourneEnd-value

1.

2.

1.

2.

1.

2.

1.

2.

1,5-anhydro-D-glucitol

52.la

52.la

50.7b

50.5b

107.9°

103.1°

105.7d

106.0d

1.5-anlivdro-2-deoxv-D-arabino-hexito1
51.0

50.4

50.3

50.2

75.2C

74.6°

74.5

73.8

Mea-D-glueopyranoside

5.01c

5.02

5.00

4.95

9.94

9.89

9.37

9.37

Mep-D-glucopyranoside^

3.33

3.35

3.30

3.34

8.75

8.48

8.73

8.77

Me2-deosy-a-B-glucopyranoside
27.2

27.4cf

27.3

27.2

33.6°

33.4°

33.5

33.0

Me2-deoxy-p-D-glucopyranoside
20.6

20.6

20.1

20.4

27.4

27.3

27.7

27.7

1,5-anliydro-D-galactitol"
576

573

583

535

1200

1230

1170h

1230h

1,5-anhvdro-2-deoxv-D-lv:co-hexitol
158

157

157

157

364

374

373

382

Mea-D-galactopyranoside^
43.0

42.0

42.8

42.6

77.5

80.6

77.7

77.2

Mep-D-galactopyranoside

29.2

23.6°

28.8

28.5

82.7

81.1

81.5

80.5

Me2-deoxy-a-D-galactop3rranoside(i)m
54.2

52.6

55.2n

54.9n

93.5°

92.9°

90.5P

39.8

(ii)q

52.0

52.6

51.f

52.lr

91.6

91.5

92.0

90.9

Me2-deosy-p-D-galactopyranoside
29.1

29.1

23.8

28.6

56.4

56.7

57.0

56.6

Me=methyl(i)Bydirecttosylation(ii)From3,4-O-isopropylidene-derivative. Lettersrefertonotesonp.83A,B
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Notes on Table 9

(a) Discontinuity in Swinbourne plot - parallel lines obtained.

(b) Discontinuity in end-value plot - two lines of nearly equal slope

intersecting at ca. 1.5 half-lives,

(c) Slightly curved Swinbourne plot.

(d) Sane as (b), but with intersection at c&. 1 half-life.

(e) For the runs in aqueous dioxan, a fresh solution of tosylate was

made for each.

(f) The tosylato solution used for the duplicate was 3 days old.

(g) Owing to the short half-life (1 min.) of the cyclisation in

aqueous dioxan, the reaction was 5Q& complete by the time of
the first reading.

(h) The end-value plot showed pronounced curvature towards smaller
rate after ca. 2 half-lives. Usually any curvature was in the
opposite direction, and not serious.

(j) Unusually high end-values in water (0.067 optical density units
in Run 1., and 0.040 in Run 2.).

(k) Same as (j), the values being 0.0665 for Run 1. and 0.0625 for Run 2.

(m) High end-values in water, rising markedly. The values weare s

0.110 for Run 1. (rising to 0.137 between 7 and 45 half-lives),
and 0.109 for Run 2. (rising to 0.140 between 7 and 60 half-lives).

Rather high end-values in aqueous dioxan, falling markedly. The
values weres 0.055 for Run 1. (falling to 0.035 between 13.5
and 90 half-lives) and 0.060 for Run 2. (falling to O.O36
between 11 and 105 half-lives).

(n) Pronounced curvature towards greater rate, noticeable after ca.

2 half-lives. (The Swinboume plots, however, were almost straight).

(p) Curvature to smaller rate appeared in the end-value plot (for Run l.j
apparent after 2 half-lives).
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(q) High end-values in water, steady at 0.078 (Run 1., between
11.5 and 52 half-lives) and at 0.079 (Run 2., between 13
and 65 half-lives).

High end-values in aqueous dioxan, rising from 0.094 to 0.107
between 12 and 90 half-lives in Run 1., and from 0.099 to
0.111 between 12 and 115 half-lives in Run 2.

(r) Same as (p), except that the curvature was slight, and only-
apparent after c&. 3 half-lives.

(s) High end-values in water, 0.082 in both cases, rising very

slightly in Run 1. (to 0.085) between 8.5 and 33 half-lives.
In aqueous dioxan the end-values were very high (0.204 and

0.202 for Runs 1. and 2. respectively), but steady for the
period of observation (Run 1. was stopped at 65 half-lives,
Run 2. at 210 half-lives).

(t) This compound reacted in water, in the absence of alkali, at
a rate which was 2£> of the rate in 0.021 sodium hydroxide.
No allowance has been made for this fact in obtaining the

average rate constants (Table 2.) for making rate comparisons.
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APP5MDIX I

Calculation of Pinole Interactions

(a) The object of the calculations given below was to

estimate the possible effect of dipole interactions on the preference

of the glycosidic methoxyl group in glycosides for the axial or

equatorial orientation, and to find out whether the equatorial

orientation (normally preferred on steric ground.') is disfavoured

as a result of these interactions, in comparison with the axial

orientation.

Before details are given, however, the theoretical

position must be dealt with. The dipol.es concerned here are those

associated v/ith the oxygen atom of the pyranose sugar ring

and that of the glycosidic methoxyl group, and the simplest approach

is to consider these oxygens as belonging to saturated aliphatic

ether structures. The dipoles will then lie on the bisector of the

C-O-C angle and in the plane of the triangle formed by these three

atoms. The position and length of the dipole of the C-O-C system are

more difficult to assess, and no definite information is available on

these points. However, the following is probably a reasonable approach.
86a 87

It has been shown * that in "triangular" molecules

like water, alcohols and ethers, the predominating factor contributing

to the total dipole moment of the molecule is associated with the two

lone pairs of electrons of the oxygen atom. Because of the partial

hybridisation of all the oxygen atomic orbitals, which results from
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bond formation, the lone-pair p-orbitals are distorted in such a way

that their centroids are no longer at the oxygen nucleus, but are on

the far side of it from the atoms to which the oxygen is bonded.

The centroids of negative and positive charge in the atom (and the

molecule) are therefore different, with the existence of a dipole as

the consequence. Since this "lone-pair" factor outweighs all the

other effects which contribute to the total dipole moment of ethers

etc. (or, as in the present case, ether moieties of molecules), it

is reasonable to assume that the dipole of ethers is quite short,

and lies within the oxygen atom, probably on the far side of the

oxygen from the carbons linked to it.

Although it is obviously a drastic over-simplification of

the situation, it was further assumed, for the purpose of the calcul¬

ations, that the dipole of etheric oxygen is a point dipole, placed

at the oxygen nucleus, and as stated above, lying in the plane of the

triangle formed by the oxygen atom and the two carbons bonded to it,

and bisecting the C-O-C angle. This assumption of point dipoles

makes the calculations simpler, since the formula used (see below)

is strictly valid only for the interaction of dipoles which are

infinitesimally short compared with the distance separating them.

(b) Calculations. The energy (E) of interaction of two dipoles (4
88

and B) can be calculated from the formula s

O

E = (sin Q^.sin Q^.cos 0 - 2cos0a. cos0^). ^a^/(£r (l)
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A

A
R3-

Fiyl

where n and ^ axe the dipole moments of the dipoles A and B, r is
the distance between their mid-points, and A is the dielectric constant

of the medium between the dipoles. The arrow-heads represent like-

charged ends of the dipoles. ©a and 91q are the angles betvreen the
dipoles and the line joining their mid-points, measured anticlockwise

as shown, and 0 is the angle, measured clockwise, between the projections

of the lines of the dipoles on a plane normal to the line joining the mid¬

points, dipole B being nearer the viewer and dipole 4 being used as the

reference line. (See Fig. 2), When the value of E is negative, there

is an attraction between the dipoles3 when its value is positive,

there is a repulsion.

As stated above, the dipoles concerned are those of the

etheric groups and C^-O^-GH^ The value of the
dipole moment of oxygen in aliphatic ethers0 is eg,. 1.2 D, i.e.
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—13 89
1.2 x 10 e.s.u. of energy. From tables of molecular dimensions

the value of the g(5)"*c(i)"*g(i) angle in a-glucopyranose is 112° and
the length of the bond is 1.42 ft. The length of the

bond in methyl glycosides has bean taken as the same. Using these values

the distance (£) between the centres of and 0^ is 2.36 ft, which
is also the distance between the oxygen dipoles, on the assumption made

earlier about their location. The value of £ is of course the same for

axial or equatorial glycosidic methoxyl groups, in either chair

conformation.

The quantities described so far are obviously the same for

all conformations of the sugar ring and of the O^-GH^ bond. But the
magnitude and even the sign of the interaction between the dipoles will

obviously be determined by the conformation of the 0^-CEU bond with
regard to rotation about the bond, and in this respect there

is no reason to believe that the resulting interaction will be the

same for axial and equatorial orientations of the methoxyl group.

The conclusions made from the calculations arebased on the

assumption that the actual positions adopted by the O^-CH^ bond for
axial and equatorial aethoxyl are those for which the steric inter¬

actions suffered by the methyl group are least. However, it was thought

desirable to calculate the dipole interactions for various orientations

of the O^-CH^ bond, both for axial and equatorial methoxyl. It is
clear that the variations occurring in dipole interaction as the

0(1)-CH3 bond is rotated are expressed by the trigonometric factor
(sin G^.cos 9^. cos 0-2 cos 9a»cos 6^) in Formula (1) above, and before
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an account is given of this aspect of the calculations, it is

appropriate to consider first the value of the constant term, viz*

•Vb 4r3.
The value of £ (the dielectric constant of the medim

separating the dipoles) is not certain, since the value of the dielectric

constant inside a molecule will be less than the bulk dielectric constant

of the medium (in this case solvent) surrounding the molecule. Kirkwood
90

and Westheimer suggested that in cases like this the "internal"

dielectric constant of a molecule should be taken as ca. 2 and this

approach has been followed by other authors, for example Allinger and
91

Allinger , who used £ = 2 in calculations of the energy of interaction

of the 0=0 and C-Br dipoles in 2-bromocyclohexanone, and Bell and
92

Wright , who assumed £ = 3 in making dipole calculations on potassium

carboxylate sulphonates. In the present work £. is taken as approximately

2. (It should be said that the value of the "molecular" dielectric

constant would still be expected to vary somewhat with changes in the

dielectric constant of the solvent, so that the arguments advanced in

the Discussion about the effects of altering the solvent are valid).

The values |i& = = 1.2 x 10 e.s.u. of energy, r = 2.36a = 2.36 x 10
cm. (measurements on the molecular model described below gave the value

2.42 i), and £ a 2,
-*18 2 * - *

give _ (1.2 x 10 ) e.s.u. of energy/molecule,

£ r 2 x (2.36 x 10 ) i.e. ergs/molecule

1.22 x 10"12
x 6 x 1023 kcals./mole.

26.4

0.73 kcals./mole.

X

26.4 4.2 x 107 x 103
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The actual values of the interactions will then be this amount

multiplied by the values of the trigonometric expression in (1) for

the various orientations of the 0,^-CIL, bond.
The calculation of the values of the trigonometric factor

iri.ll now be described. A model of the pyranose sugar ring was made

up with ball and rod components obtained from Crystal Structures Ltd.,

Cambridge. The balls (wooden) were 1 in. in diameter and had 26 sockets

ready drilled in each, these being set so that the rods (thick brass)

could be fitted in to give a great variety of bond angles. The rods

were supplied in lengths which made the scale of the bonds 2 in. to

1 2. The length of C-C bonds was equivalent to 1.54 2 and that of

G-0 bonds was 1.40 2. A thin wooden rod, cut to the right length,

was used to mark the line joining the point dipoles at the centres of

0/ and 0^ and to show the direction of the dipoles, rods were
inserted into appropriate sockets in the balls. In the model, as

expected, the ring-oxygen dipole remains fixed at an angle (©a) of 90° to
the line 0^ )"~0(i) dipoles, in the case of an equatorial
methoxyl group (see Fig. 3), and at 140° for an axial methoxyl.

The procedure adopted was to measure the angles (9^) between the
direction of the Opj-dipole (^) and the line at twelve
orientations of the Opj-GH^ bond (30° intervals), and the corresponding
values of 0S f \

(CHj
Equatorial ft /"

methoxyl

Fig. 3
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starting at ft=Q° * This was done for both axial and equatorial aethoxyl.

(The angles were measured with a protractor cut so that whan the

instrument wa3 fitted over one of the ball-atoms, its origin coincided

with the atomic nucleus)* With the values so obtained, a set of values

of (sin 9a.sin 9^.cos 0-2 cos 0a»cos 'was prepared for the various
orientations of the Q^-CH^ bond, for both the axial and equatorial
methoxyl cases* Those values, multiplied by the value (0.78 kcals.)
of the constant term tyV6 r3) in the expression for g, are shown
in Fig. 4, alongside the orientations of the O^-GH^ bond to which
they correspond. These patterns of variation of energy contribution

apply to either chair conformation of the ring.

The axial and equatorial cases xri.il now be considered in

detail. In the case of equatorial methoxyl in the Gl-conformation,

orientations k, 1,, m, b, c, d and e are obviously strongly hindered

sterically by interactions of the methyl group with the axial hydrogen

on C^2j (axial hydroxyl on in the IC-conformation) and the vacant
p-orbitals of the ring oxygen, which are large enough to cause steric

hindrance. In addition, orientation ± will be unfavoured, because of

a strong interaction with equatorial OH (or H) on C^2)» and orientation
£ will be unfavoured by eclipsing of the methyl group with

This leaves orientations f and g as the sterically favoured ones and,

as the diagram sho*ws, these positions are disfavoured strongly by dipole

interactions. Hence the Gl-conformation of ^-glycosides and the 1C-

conformation of their o-anomers (equatorial methoxyl in each) will be

disfavoured by dipole interactions.
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In the case of axial aethoxyl, similar considerations

indicate that the sterically favoured orientations of the O^j-CEU
bond are a 011(1 k« Of these (m) actually corresponds to a dipolo

attraction, so that this orientation is favoured by both steric and

dipole effects. Hence it is likely that the Cl-conformation of u-

glycosides and the 1G-conformation of ^glycosides are favoured by

dipole interactions (or at least not disfavoured).

Summing up, the above (tentative) conclusions imply that

dipole interactions will provide a retarding factor in the conformational

change (01 to 10) of a-glycosides (aethoxyl going from the axial,

favoured, to the equatorial, disfavoured orientation), and an equal

accelerating factor in the conformational change of ^-glycosides.

The above calculations ai*e obviously crude, bearing in mind

the doubt there is about the correct value of the dielectric constant

to use and the lack of precision with which the effective orientation

of the O^-jj-CE^ bond of the glycosidic group can be assessed. Further
uncertainties are brought in by the lack of information concerning the

position and length of the oxygen dipoles, (which are certainly not
93

point dipoles ). Although the molecular model used in the present

case was not highly accurate regarding bond lengths and especially bond

angles (in the model, the 0(5)™^(i)~Q(i) was 110° and the
C(i)-0(i)-0H> angle was 106°), it is unlikely that materially different
conclusions would be reached by using a better model. The chief

uncertainties in the calculations lie in the assumptions which have to

be mad©.
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APPEEDIX II

Treatment of Pseudo-unimolecular Rate Data

(i) The study of bimolecular reactions is often expedited

by employing a large excess of one reactant, so that the observed

kinetics are first-order and the derivation of the rate constant is

simplified. This approach was used in the present work and in that
17

of Baker . It is often assumed that a 9-fold excess of one

reactant is sufficient to sake a bimolecular reaction pseudo-unimole-

cular (i.e. show first-order kinetics), but the considerations below

show that such an assumption is not strictly valid, even for the 19-

fold excess used in the present work.

Artificial data for a second-order reaction were calculated,

with the initial concentration (a) of one reactant (4) 20 times the

concentration (b) of the other (B). A plot of log^ £a (b-x)/b(a-x)J
vs. t, where x = no. of moles of each reactant consumed at time t,

gave a straight line, as expected for second-order kinetics. But when

loglO (b—x) was plotted against t on the same scale as the kinetic
runs in the present work, the resulting graph was, unexpectedly,

curved slightly. The curvature was joist detectable after three half-

lives, and was towards lower rate as the later stages of "reaction"

were approached. However, in the actual runs curvature of this type

was obscured by random error. In fact, in the later stages of reaction

curvature in the opposite direction was usually observed (presumably

because of rising end-values, see PAST I, Experimental, 5.).
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When pairs of values (b-xj^, (b-x)^ + At being constant,
were obtained from a graph of (b-x) vs. t and plotted against each

other according to the Swinbourne method1"^ (with At = 0.35 half-lives),

a straight line was obtained. The result was the same with the

Guggenheim method^. A plot of log^ [[(b-x)^ - (b-x)^ + vs. t,
with t = 2.5 half-lives, was a straight line. The interesting point

is that the first-order rate constants derived from the Swinbourne

and Guggenheim plots and from the early, straight part of the end-

value plot (the first three half-lives) were all ca. 2& lower than the

"first-order" rate constant derived from the true second-order plot

(by multiplying the second-order rate constant by the initial concen¬

tration of 4). Nevertheless, the first-order treatment was used in

the present work, because of its simplicity and because precise

absolute data for the rates were not necessary.
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DISCUSSIOSJ

Mercury-compounds of Sugars

The work described here was done to obtain better methods

for preparing the methyl 3-deoxy-o<. - and j3-D-glucopyranosides
necessary for synthesis of 6-tosylates for kinetic studies. Both

compounds have previously been prepared from D-glucal, via 2-deoxy-

D-glucose, by two-stage^»^ancl five-stage^syntheses respectively,

the overall .yields being ea. 20% and ca. 151'. A four-stage synthesis

of the p -anomer from JjJ-glucal triacetate with an overall yield of
/

ca. 10%. has also been described.

A major factor limiting the yields in syntheses via

2-deoxy-I)-glucose is that the hydration of D-glucal to the 2-dooxy-
K

sugar is complicated by the formation of an unsaturated by-product.

Despite a report by Hughes, Overend and Stacey^that methyl 2-deoxy- oc-
D-glucopv-ranoside can be obtained in 59% yield by the acid-catalysed

addition of methanol to D-glucal, this reaction gave unpromising
p

results. In addition to the conditions used by the above authors

the following were also tried J- 0.9% methanolic hydrogen chloride

at 60° for l£ hr., 0.2% methanolic hydrogen chloride at room

temperature for 16 min. and for 19 hr. All these attempts were

equally unsuccessful. The infrared spectra of the products showed

C=C or C=0 absorption, or both. Paper chromatography of the reaction

products, using solvent (i) with sprays (a) and (b), showed that, in

addition to the 2-dooxy- 06,-glucoside and a little of the /3-anomer,
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several fast-moving by-products (not identified) "ore present. These

evidently prevented crystallisation of the desired glucoside. It
(S *7

lias already been noted '' that large amounts of a furan derivative

are produced when this reaction is carried out under milder conditions.

In view of "the complications which seem to beset acid-catalysed

additions to D-glucal, it appeared profitable to investigate indirect
8 d

methods of adding methanol to the double bond, Q.i>» mothoxymcrcuration »7

followed by reduction C.CIhCH, —► .CH(HgOAc),CH(0Me) • —> ,CKp.CH
(OMe),J • Since the methoxymercuration of D-glucal can be regarded^'
as a typical electrophilic addition to a vinyl ether, it was anticipated

that the mercury atom and methoxyl group would become attached to

C(2) an^ respectively, and that trans-addition would occur.

(The trans-configuration of the product of nethoxymercuration of

cyclohexene has recently been establishedby nuclear magnetic

resonance spectroscopy. However, Wright and his co-^uorkers^hav©
expressed a contrary view of methoxymercuration. They point out

13
that earlier X-ray evidence * for the occurrence of trans-addition

in the methoxymercuration of cyclohexene is inconclusive). Hence

the most likely products in mo thoxymercura tion of D-glucal are mo thy132

2-acetoxyraercuri-O-deoxy- ot -^-mannopyranoside (I; R = H, X ~ OAc)

and the A-D-aluco-isomor (II| R = H, X = OAc). The foraor

H3X
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compound sight b© expected to predominate, since it would be formed

by di-axial addition^to the more stable half-chair conformation

of D-glucal, which has and equatorial, and quasi-

equatorial.

In fact, optical rotation measurements showed that D-glucal

reacted rapidly with mercuric acetate in methanol and a crystalline

methoxymercuriacetate was isolated in 60 - 70?i yield. On reduction

with potassium borohydride in the presence of alkali, this gave

methyl 2-deoxy- o<. -D-glucopyranosids, which was freed from boratesa *

by acetylation^j? Reduction with sodium in ethanol or sodiisa

amalgam, or hydrogenation idHa Haney nickel catalyst resulted in

the formation of unidentifiable products, besides small amounts of

J)-glucal and the expected methyl 2-deoxy- o£ -D-glueopyrmoside.

The configuration at in the raercuriacetate is therefore

established and, if trans-addition is assumed, the compound must

be methyl 2-acetoxymoreuri-2-deoxy- oc -D-mamiopyranosida (Ij R = H,

X = OAc), the isomer expected on conformational grounds. To

confirm this, Dr. H.W.W, Ehrlich kindly undertook an X-ray examination

of the compound. Unfortunately this proved unpromising (see

Experimental). Attempts wore made to prepare the corresponding

mercurichlorid© and mercuribensoate in the hope that these compounds

might be more suitable for X-ray structure determination! however

only syrups were obtained when a solution of the mercuriacotate in methanol

was percolated through a column of amberlite IRA A00 resin in the

chloride or benzoate form.
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The procedure described above provides a convenient route

to methyl 2-deoxy-<K-$-glucopyranoaide, the overall yield from

D-glucal being - 50^. When the reduction was carried out without

prior isolation of the mereuriacetate, the overall yield was 32/2.

Paper chromatography and optical rotations indicated that only a

small proportion of methyl-2-deoxy- fb -D-glucopyranoslde was formed
in the latter reduction, showing that the methoxymorcure.tion is highly

steraospecific.

Hie reaction of D-glucal triacetate with mercuric acetate

in methanol was also studied# The syrupy product was clearly a

mixture, and although a solid mercuriacetate (m. p. variable)

could be obtained from it in poor yield, it was found to be more

convenient to replace the ionic acetate by chloride. Tliis yielded

two crystalline mereurichlorides. The less soluble (dextrorotatory,

38% yield) was shown by an X-ray analysis, kindly undertaken by
16

Dr. H.W.W. Ehrlich , to be methyl 2-ehloromercuri-2-deoxy- ^3 -J)-
glucopyranoside triacetate, (IIj R = Ac, X = CI). This agrees

with the assumption made earlier that raothoxymercuration is a trans-

addition. Reductive demercuration of this mereurichloride with

potassium borohydride in the presence of alkali was accompanied by

deacetylation and yielded methyl 2-deoxy- jl -D-glucopyranoside, which
was isolated as the triacetate. This confirms the stereochemistry

at and constitutes a convenient preparation of methyl 2-deoxy-/3 -
D-glucopyranoside, the overall yield of the triacetate from D-glucal

triacetate being 28%, Reduction of the mcrcuration solution without

separation of the mercurials gave the same yield of methyl 2-deoxy- jZ -
D-glucopyranoside triacetate.
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Th© second, more soluble isomer (laevorotatory, lfl% yield)

is probably methyl 2-chloromercuri-2-deo^y- <X-^-aannopvranoslde

triacetate (If R - Ac, X = 01). On reduction it gave a solution

with a high positive optical rotation, from which methyl 2-deoxy-

OC -O-glucopyranoside was isolated in Jg.% yield. Although this

evidence partly confirms that the laevorotatory mercuriehloride lias

the oC »D-manno«-configuration. ths c*-4)-gluco structure cannot as

yet be excluded, except on theoretical grounds.

Attempts to correlate the configuration of the mercury atom

in the two <X-g2ycosidlc mercurials via. If R = H, X = OAc and If

R = Ac, X = G1 by conversion of each into the other were unsuccessful.

It is interesting that, whereas D-glucal gives mainly the

expected D<-D-nanno(?)-isaner, D-glucal triacetate (Illf ft » Ac)

gives a high proportion (ca. 40$) of the /3 °-D-:clueo-isooor (V).
~

17
The formation of the latter may proceed via a boat form , since

oy)R HoMe
i

W

I
ch3

1C



-99-

the lC-chalr transition state (IV) which fulfils the stereochemical

requirements of electrophilic addition has all of the substituents

axial. But an equally likely explanation of the observed behaviour

is that this transition state, although diflfavourod because of its

1,3-diaxial interactions, is in fact stabilised by comploxing between

the mercury atom and the carbonyl oxygen of the ^-acetosy group.

This type of directing effect has been postulated by Henbest and ids
9

co-workers to explain their observations in mothoyxoercuration of

cyclohoxenes.

On the explanation suggested above it would be expected

that raercuration of both jg^galactal (¥15 R = H) and its triacetate

(VIj Ii = Ac) should give only OC-D-talo-mercuriglycosides (VIIIj

R = H and R = Ac, respectively), since in the galactose series the

sterically favoured Cl-transition state (VII) for the triacetate has

OR

OMe
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th© 4^GQtoxy group axial. Hone© if coaplexing does occur, it will

fix the ring in the sterically favoured chair form (CI). In fact,

complexing of the type suggested might enhance the rate of mercuration

of D-galactal triacetate in comparison with that of D-glucal triacetate.
18

Work by Riddoll and Schwarz has shown that Jg-galactal triacetate reacts

more than twice as fast as the glucos© isomer and gives a crystalline

mereurichloride (in ca. 90j£ yield), which is converted by reduction to

methyl 2-deosy- OC -g-galactopyranosid©»

The reason for the almost exclusive formation of the cX-D-manno-

aercuriglycoside from D-glucal (Illj R = H) is possibly the following.

Since the hydroxyl group is smaller than the acetoxy group, greater

distortion of the sugar ring would be necessary to allow it to complex

with the mercury atom. Inspection of models shows that the type of

distortion required would force the axial groups on and C^) in
the transition state (IX) closer together, so that this affect might

cancel any stabilisation achieved by completing,
19

While the present work was in progress, an abstract appeared

in which it is stated that tire methoxymoreuration of D-glucal and its

triacetate gives methyl 2-acetoxymercuri-2-deoxy- ji -D-mannopyranoside
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and the methyl 2-ace toxymercuri-»2-dcoxy- ^ •^Vglucopyranosid.e triacetate
respectively. The former conclusion appears to be incompatible

with the above results.

Further investigation of carbohydrate mercurials of the type

described here would clearly be of interest, both in connection with

tho directing effects discussed above and with regard to the

preparative implications. Examples of the latter are the possibilities

of synthesising o(-.linked disaecharides and of replacing the mercury

by groups other "than hydrogen.

MOTE. Most of the work described in PART II
has already been published .
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EXPERIMENTAL

1. General Inform tion

For experimental procedures not described below see General

Information in PART I.

In paper chromatography of mercury-compounds spray (d) showed

them as yellow or orange spots on a pink background. The spots

fluoresced strongly (yellow) in ultraviolet light, and although they

were not always permanent when viewed in daylight, the fluorescence

was permanent.

The oc- and -anomers of methyl 2-deoxy-D-glucopyranoside

could not readily be distinguished in solvent (i), but the correspond¬

ing triacetates were clearly resolved in solvent (ii) (Rp ca. 0.5 and
0.4 respectively).

Although D-glucal and methyl 2-deo;y- <rt-D-glucopyranoside

travelled at the same rate (Rp ca. 0.5) in solvent (i), the former

could be detected in the presence of the latter, since it gave a

spot instantaneously with spray (a).

The mercuric acetate used in raothoxymercurations was

obtained from Hopkins and Villiams Ltd.5 some other commercial

samples smelt strongly of acetic acid.

In potassium borohydrlde reductions of the mercurials the

deposition of finely-divided mercury was instantaneous, but the

solutions were left for several hours to clear and a further quantity

of borohydride was then added to check that the reduction was

complete. Before acetylation, the products were evaporated

repeatedly with methanol, dioxan or acetone, to remove water.
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Acetylations were don© in a large excess of acetic-anhydride

in Arm laR pyridine. The bulk of the pyridine was evaporated off,

the reminder being removed by dissolution of the resulting syrup in

chloroform and extraction with Jf-sulphuric acid solution. The
chloroform layer was then washed with aqueous sodium bicaroonate

solution and dried, before being evaporated to dryness. The working-

up or further treatment of the product was then continued,

2, Mercury-compounds and Associated Derivatives

(a) Methoxvm rceration of P-glucal
(y 21 °2D-Glucal'* ' was made by deacetylation of D-glucal triacetate

6
with a catalytic amount of sodium aeth02d.de in methanol, The product,

which is strongly hygroscopic, was obtained as elongated prisms with

m. p. 58-61° and [ccjf - 8.5° (o 1 in H20), and travelled as a single
spot (Ry ca. 0,5) on paper chromatograms, using solvent (i), spray (a)
or (b).

Me-fchoxyraercoration. D-Glucal (6.12 g,, 41*9 mmoles) in methanol

(30 ml,) was added to mercuric acetate (13.71 g., 43,0 mmoles) in

methanol (150 ml,), with cooling under the tap. The optical rotetion

rapidly became positive and rose to a constant value within 25 min.

After 1 hr. a little flocculont material was filtered off and the

solution was evaporated to 60 ml. On standing, methyl 2-acetoxvnercuri-

2-deoxy-«-D-mamio(?jpyranoeide separated as shiny prisms (9.07 g., 50%),
with m. p. 152.5-153° (decoinp.), unchanged by recrystallisation from

methanol, [oC♦ 18° (c 1 in MeOll), and ))^ 1570 and 1590 cmT1
(Nujol mull) [Foundi C, 25.2? H, 3.7%, M (X-ray) 433.

Hg O7 requires C, 24.7? H. 3.7? M, 437 ♦ The mother-liquor yielded
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identical material (1,88 g», 10$). A similar preparation, in which

ethanol was added during the working up, gave 70$ yield. On paper

chromatograms, using solvent (i) and sprays (a) and (b), the compound

streaked badly and appeared to be decomposed.

X-l:lay data-^'on methyl 2-acetoxymercuri-2-deoxy- <K -D-taanno (?)

pyranoside (kindly determined by Dr. H.W.W. bhrlich). Orthorhombic,

§ « 14.3, b = 20.4, c = S.l S, = 2.43 (by flotation), Z = 8.

Weissenberg photographs about the c-axis suggested that the compound

had a very high temperature factor, which is unusual in substances

that permit hydrogen-bonding. It appeared probable that the substance

had a disordered structure! detailed analysis would have been very

time-consuming and was not attempted.

:i-cducfrion to give methyl 2-doo-y- <* -D-glqcopymnoqjde. Potassium

borohydride (130 mg«, 2.4 mmoles) in J-sodium hydroxide (3.1 ml.) was

added dropwise to the mercurial (4.0 g., 9.15 maoles) in a mixture of

methanol (60 ml.) and J-sodium hydroxide (11,2 ml.). Additional
potassium borohydride (90 mg.) was added as a solid in three portions

at intervals. 98% of the theoretical quantity of mercury was recovered

and the optical rotation of the resulting solution corresponded

approximately to quantitative formation of methyl 2-d©o:y- OC

glucopyranoside. Evaporation, followed by acetylstion and deacetylation,

yielded a syrup, which began to crystallise spontaneously. Crystallisation

from acetone-dry ethyl acetate-light petroleum gave methyl 2-deoxy- D< -D~

glucopyranoside (1.2 g., 73$) with a, p. 89 - 91.5° and [oc]«® ♦ 135°
2 1 in HgO). The mixed melting-point with a specimen prepared from

2-deoxy-JD-glucose^»^a,s undepressed! this specimen had [V] * 157°
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(c 1 in MeOH) and [o(J^ +144° (c 1 in 50% aqueous MeOH). Literature
values^* are ^kJI3 +135° and +145° in water and MthttOi respectively.

Paper chromatography of the product, before acetylation, using

solvent (i) and spray (a), suggested the absence of D-glucal, although

in another experiment, in which less alkali was used, chromatographic

evidence showed that some B-glucal was formed, presumably by elimin¬

ation^**^, and the acetylated product then had V ca. 1650 ecu"'*' " max ■=*~

(C=C)« The product obtained on deacetylation could not be crystallised.

Reduction of the reaction mixture obtained bv methoxmercuration

of D-glucal. D-Glucal (2,00 g., 13.7 mmoles) in methanol (15 ml.)

was added to mercuric acefete (4.80 g., 15 nanoles) in methanol (30 ml.)

with cooling under the tap. After 1 hr., solid mercuric acetnte

(0.43 g.) was added. Thirty minutes later, H-sodium hydroxide (49 ml.)

was added with cooling. Potassium borohydride (0.36 g., 6.7 mmoles)

in Jj-sodium hydroxide (7 ml.) was then added dropwise and after 5 hr.

solid potassium borohydrld© (0.18 g.) was added. The optical rotation

(+2.42°) of the resulting solution (vol. 118 ml.) was ca. 80$ of the

theoretical value expected for the quantitative formation of methyl

2-deoxy- <X -J)-glucopyranoside. Evaporation, followed by acetylstion,

yielded a syrup, which was shown by paper chromatography, using solvent

(ii), spray (c), to contain mainly methyl 2-deoxy- o( -D-glucopyranoside

triacetate (ftp. 0.50) together with a very small proportion of the
-anonsor (R^ 0.40). The latter could not have been j^-glucal triacetate,

which has the same iip-value as the oC -anomer. Deacetylation of the
mixture gave a syrup, which crystallised with difficulty from acetone-

dry ethyl-acefeto as large prisms (1.13 g.) with m. p. 75-85°•
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Recrystallis: tion from the same solvent (proportions 1:1) yielded

methyl 2-deo3sy- 0(-D-glucopyranoside (0,78 g., 32$) with m. p. and25

mixed ra. p. 89 - 92°.

(b) Action of aethanollc hydrogen chloride on D-ylucal.

Hughes, Qvorend and Stacey^ obtained methyl 2-deo^y- OC -D-

glucopyranoaide in 59$ yield, by heating a solution of D-glucal in

methanolic hydrogen chloride (2.5$) at 60° for 1 hr. When this

preparation was repeated, using Jg-glucal (1.10 g., m. p. 58 - 61°)

in the some reagent (28 ml.), tho mobile syrup obtained could not

be crystallised. Papor chromatography using solvent (i) and

spray (b) showed the desired product (Rp 0.50) along with a considerable
amount of fast-travelling material (Rp 0.9) and a trace of 2-deoxy-D-
glucose (Hp 0.30). Using spray (a) an additional spot (Rp 0.78)
was visible. The infrared spectrum of the syrup had an intense

carhonyl peak, V^ 1720 - 17^0 cia7^. Distillation of the mixture
at 4-0 - 50° (bath)/0.01 mm. gave a thick, colourless syrup (0.33 g.)

as the distillate. The residue (0.72 g.) was a stiff, yellow syrup,

which could not be crystallised. Paper chromatography as above,

using spray (a) showed that it contained tho desired glucoside,

besides some 2-deo3<y-sugar and a considerable amount of fast-travelling

material.

(c) Characterisation of methyl 2-deoxy- ofrD-ftluoopyranoside

Methyl 2-deoxy- C< -4)-glucopyranoside was sometimes found to

be hard to crystallise? anhydrous conditions and slow cooling are

advisable. Because of these difficulties in crystallisation, attempts
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were mad© to obtain suitable crystalline derivatives, in addition

to the 6-tosylate and 4,6-0-benzylidene-conpourid •

Acetvlation. Only a syrup^-^was obtained when the glucoside

(100 rag.) was acetylated with acetic anhydride in pyridine. The

product showed only a small hyclroxyl peak in the infrared spectrum,

and travelled as one spot in paper chromatography using solvent (ii)

and spray (c), except for a trace of the £> -anorner.
Benzoylstion. The glucoaide (100 rag., 0.56 ramoles) was

benzoylated at 0° in pyridine (1.25 ml.) and ethanol-fre© chloroform

(1.5 si*) by dropwise addition of benzoyl chloride (0.26 ml., 2,22

mraoles). After storage in the refrigerator for 48 hr., the excess

of benzoyl chloride was decomposed by addition of water (0.12 ml.).

The resulting mixture was taken up in chloroform (15 ml.) and this

solution washed with K-sulphurie acid, then saturated aqueous sodium

bicarbonate solution, and dried. Evaporation to dryness gave a

syrup, which had no hydroxyl adsorption in the infrared region, but

could be crystallised only with some difficulty. The most suatable

solvent was acetone-light petroleum (1»20). The crude product

(elongated prisms) had ra. p. 104 - 106°. ilecrystallisrtion from

the same solvent gave methyl 2-deoxy- -IW.'lucopyranoside tribenzoate

(58 mg., 21$) with m. p. 105.5 - 106°, unchanged on further

recrystallisation (Found* C, 68.9| H, 5*5* H26 Oq requires

C, 68.6$ H, 5.3$).
Phonylurethane. When the glucoside (50 rag., 0.28 ramoles) in

dried pyridine (1.0 ml.) was treated with phenyl isocyanate (0.15 ml.,

1.38 xnmolos) at 95° for 75 rain,, then at room temperature for 20 hr.,
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a crumbly, amorphous solid (190 mg.) was obtained. Crystallisation

from acetone-benzene-light petroleum gave with difficulty a low yield

(23 mg.) of similar material (A), with m. p. 229 - 231° (shrinking at

222 - 223°, no decomp., mixed m. p. with diphenylurea 210 - 235°)• A

had no hydroxyl absorption in the infrared. The mother liquor of A

yielded, with difficulty, two portions of amorphous solid (40 mg. and

14. mg. respectively), which had different melting points, both lower

than that of A. In view of these difficulties the phenylurethane is

not a suitable derivative, and this approach was therefore abandoned.
P

Benzylidenation. Using the method of Hughes, Overend and Stacey ,

the deojy-glueoside (200 mg.) was shaken 'with zinc chloride (250 isg.)

in AnalaR benzaldehyde (1.05 ml.) for 23 hr. Some of the product had

separated out as fine needles. For working up, the mixture was poured

into a mixture of light petroleum and excess of saturated aqueous

sodium carbonate solution (5 ml. of each), the precipitated solid being

repeatedly extracted with portions (5 ml.) of boiling chloroform (50 ml.

in all). The extracts yielded 3olid (150 rag.), which was crystallised

from chloroform-light petroleum (1:4.) to give long needles (110 mg.,

37, ) of methyl 4.,6-0-benzylidene-2-deoxy-0(-D-glucopyranoside with m. p.

14B - 150° (shrinking at I460), this being raised to 149 - 150°

(shrinking at 148°) on recrystailisation from the same solvent (Found:

C, 63.1? H, 6.4. Calo. for Hlg 0? C, 63.1? H, 6.8$). The
above-mentioned authors report m. p. 137 - 139°•

(d) Methoxvmoreuration of D-glucal triacetate

The glycal (15.00 g., 55*2 nanoles) in methanol (70 ml.) was

added to mercuric acetate (18.45 g.» 57.9 mmoles), which had been almost
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completely dissolved in methanol (200 ml.), methanol (30 ml.) being

used for washing. The reaction mixture was cooled under the tap,

and no solid remained after 5 min. After a further 50 min. sodium

chloride (3.55 g., 60.7 amolea) in water (150 ml.) was added,

followed by water (50 ml.). Methyl 2-chloroDercuri-2-deoxy-j2>-D-
glucopyranoside triacetate crystallised and was collected after

storage overnight in the refrigerator. The needles obtained (11.33 g.,

38%) had m. p. 171 - 172°. The elongated prisms obtained by

recrystallisation from acetone-ethanol (1:3) had in. p. 172 - 174° and

p° + (c 1 in CHCl^). After two recrystallis'tions from
the same solvent the m. p. was 173 - 17A0J the optical rotation was

unaltered (Found: C, 29.0; H, 4.1; CI, 6.4. H-^ CI Hg Og
requires C, 28.9; H, 3.5; 01, 6.6%).

Addition of ether (4-0 ml.) to the mother-liquor of the

-gluco-mercurial caused crystallisation. Water (50 ml.) was then

added, and after storage overnight in the refrigerator elongated

prisms (A, 8.21 g., 27.6%) wore collected and washed with ether. They

had m. p. Ill - 113° and [°(]J -37° (c 1 in CHCl^). Recrystallisation
from ethanol gave material with m. p. 112 - 114° and [o^]p0 -29°
(c 1 in MeOH), which was dissolved in chloroform. After extraction

of the solution with water to remove any sodium salts present, material

was obtained which on crystallisation from ethyl acetate-light petroleum

(1:2) gave prisms of methyl 2-chlororaarcuri-2-deoxv- o< -D-nanno(?)pyranoside

triacetate with m. p. 112 - 113.5°» unchanged on recrys tallisation from

the same solvent, and [ocj^ -33° (c 1 in CHCl^) (Found: C, 29.0;
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H, 3.9; CI, 7.2. C13 CI Hg 03 requires C, 28.9; H, 3.5;
CI, 6.6%). The mother-liquor of A yielded crystals (6.53 g.)

with a low m. p. They were dissolved in chloroform (50 ml.) and

the solution shaken with iTiater (4-0 ml.) to remove sodium salts.

Drying and evaporation of the chloroform gave a syrup, which on

crystallisation from ethyl acetate-light petroleum (1:3, 20 ml.)

yielded crystals (5.82 g., 19.5%) with m. p. Ill - 114°. Total

yield 47%.

Each of the two mereurichlorides described above travelled

as a single spot on paper chronr tograms, using solvent (iii), spray

(d), and were clearly resolved (relative Rj, ca. 1.3, the A -gluco-
isoraer being the faster).

Reduction of the ^-gluco-mercurial to idve methyl 2-<l oxv-|3-
D-glucopyranoside triacetate. Potassium borohydride (100 rag.,

I.85 mraoles) in D-sodium hydroxide (7.0 ml.) was added dropwise at

intervals to the mercurial (1.90 g., 3.52 raaoles) in dioxan (30 ml.)

and N-sodiura hydroxide (10.5 ml.). (The compound is insufficiently

soluble in methanol). Additional borohydride (50 mg.) was added as

a solid after 2 hr., no further darkening being observed. Evaporation,

followed by acetylation and crystallisation of the product from

ethanol-light petroleum gave methyl S-deoxy- -JD-glucopyr noside

triacetate (0.79 g., 74%) with m. p. 96 - 98° and [o(J 22
(c 1 in CHCl^), identical (mixed m. p. and infrared spectrum) with a
specimen prepared as described in PART I, Experimental, 2. (f) (ii).

Paper chromatography of the mother-liquor, using solvent (ii), spray

(c), showed that in addition to methyl 2-deoxy- fb -D-glucopyranoside
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triacetute (Rg, 0,37) tiiere were at least four impurities (Rp-vilues
0,12, 0,20, 0,4.7 and 0,74)# one of these being the 0( -anomer

(Rp 0.47).
.Reduction of tfee <ft-roanno(?)-Bcrcuri.al to "ivo methy.l 2-deo:;y- o< -

jD-glueopyranoside. Potassium borohyaride (75 mg., 1.39 mraoles) in
n-sodium hydroxide (4,5 mi.) whs added dropwiee to the mercurial

(2,50 g,, 4.64 mmolea) in methanol (25 ml.) and J-sodium hydroxide

(18.5 ml,). Additional borohydride was added after 20 rain. (75 rag.)

and after 3 hr. (10 mg,), there being no sign of darkening on either

occasion. The optical rotation of the solution (after being made up

to 50 ml, with water) was now strongly positive (+2,29°) and corresponded

to ft yield of $$£ of the 2-deoxy- oc -glucosido, which has [o<]p +144°
in 50% aqueous methanol. Acetylation of the product gave a syrup,

which travelled as one spot in paper chromatography with solvent (li),

spray (g), except for a trace of slow-moving material (relative Hp 1.4),
After daacetylation of the acetate, crystallisation from ethyl acetate-

acetone gave, with difficulty, prisms of methyl 2-deo;^- OC -D-gluco-

pyranoside (o,12 g.) with m. p. 91 - 92°, The mother-liquor gave

prisms (0.23 g.) with m. p. 88 - 91° (shrinking at 83°). Total yield U?.%,

In a previous methoxymcrcuration using less glycol (2.50 g.) the

<K -manno(?)-isomer was obtained only as a colourless syrup, by concentration

of the mother-liquor of the fi -wluco-isomer. followed by addition of
water and repeated extraction with chloroform. This syrup (3,5 g.,

including some solvent) travelled on chromatograms at the same rate as

the authentic << -mr.nno (?)-mercurial. and heavy spotting? showed that little,
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if any, of the other isomer was present. On reduction, and

acetylation of the product followed by deacetylation, a syrup was

obtained, which could not be crystallised, although D-glucal appeared

to be absent j~as indicated by the infrared spectrum of the acetate
and by chromatography of the deacetylated product in solvent (i),

(0.5 g.) yielded methyl 4,6-O-benzyXid0ne-2«-deoxy- 0( -D-glucapyranoside

(0.36 g.) with m. p. 14.3 - 150° (undepressed by a specimen prepared

(c 1 in CHCLj) and +83° (c 1 in EtOH). The infrared spectrum of the
product was identical with that of the authentic specimen.

reduction of the reaction mixture obtained by racthoxymercoration of

D-ftlucal triacetate. The gl/cal (4.00 g., 14*7 mmoles) in methanol

(20 ml.) was added to a solution of mercuric acetate (4.69 g», 14-.7

mmoles) in methanol (60 ml.), 10 ml. of solvent being using for

washing. The optical rotation (-0.35°) of the solution (vol. 93 mis.,

the expansion resulting from the high concentration of solutes) was

the same after reaction for 2k hr» as after 1 hr. At 2k hr, H-sodium

hydroxide (37 ml.) was added, with cooling under the tap. A yellow

colour developed. Potassium borohydride (0,20 g., 3.70 ramoles) in

N-sodium hydroxide (7 ml.) was added, followed after 50 min. by a

further quantity (0.14 g.) in the alkali (5 ml.). Next day the optical

rotation of the solution was strongly positive (+0.93°, volume 143 ml.).

Acetylation of the product and crystallisation from acetone-light

petroleum, and from ethanol-light petroleum gave me thy1 2-deoxy- -D-

glucopyrano3ide triacetate (total, 1.27 g., 28%) with m.p. 95 - 93°.

Attempts to obtain the 0(~anomer from the deacetylated mother-liquor

were unsuccessful.

Reaction with benzaldehyde (2 ml.) and zinc chloride

from authentic methyl 2-deoxy- o< -Ig-glucopyranoside)
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APESMDIX III

Tables of iy-Values in Paper epd Thin-layer Chromatography

In the tables which follow are collected data of Rp-values
observed in the paper and thin-layer chromatography of most of the

compounds described in PARTS I and II.

It was found that although the reproducibility of Rp-
values was mostly quite good, it was poorer when a stationary phase

had to be applied to paper, and particularly in the case of propane-

1,2-diol-water. In thin-layer chromatography Rp-values were also
less reproducible and varied considerably with loading, the Hp
going down as loading was increased. By "reproducibility" is

meant reproducibility of behaviour compared with reference substances

on the same piece of paper, so that the appearance of a wide range of

Rp-value in the tables does not necessarily imply corresponding
unreliability. However, with the system dimethyl sulphoxide /

benaene-di-isopropyl ether-dimethyl sulphoxide (5 s 5 J 1) the

same substance travelled at widely varying rates, even on the same

chromatogram .

When only one value of Rp is given, it means that only
one determination of IL-valuo was made.



Table10

R^-ValuesinPaperChromatograph,;'
AppliedStationaryMobile PhasePhase

Compound

None

Butanol-ethanol- water(4sis5)

Dimethylsulphoxide.Di-isopropyl ether.

Dimethylsulphoxide.Di-isopropyl ether-benzene(Isl)
Dimethylsulphoxide.Di-isopropyl ether-benzene- dimethylsulph¬ oxide(5s5si)

Propane-1,2-diol- water(4si)

Chloroform- benzene(lsl)

1,5-anliydro-D-galactitol 1,5-anhvdro-2-deoxy-D-lvxo-hexitol Me2-deoxy-a-D-galactopyranoside Me2-deoxy-p-D-galactopyranoside Me2-deoxy-a-B-glucopyranoside Me2-deoxy-p-B-glueopyranoside D-galactal D-glucal 2-deoxy-D-galactose 2-deoxy-|j-glucose Me2-deoxy-a-D-galactopyranosideT.A. Me2-deoxy-p-B-galactopyranosideT.A. Me2-deoxy-a-D-glucopyranosideT.A. Me2-deoxy-p-13-glucopyranosideT.A. D-galactalT.l. D-glucalT.A. He2-deoxy-3>4-0-isopropylidene-u-D- galactopyranoside6-Ts
Me2-deoxy-2-ehloromercuri-a-D-Eianno(?) pyranosidetriacetate"

Me2-deoxy-2-chloromereuri-(5-D-gluco- pyranosidetriacetate"
Me2-deoxy-a-D-galactopyranoside6-Ts

Me2-deoxy-a-I5-glueopyranoside6-Ts 1,5-anhydro-D-galactitol6-Ts 1 f5-anhvdro-2-deoxv-D-lyxo-hexitol6-Ts Me2-deoxy-a-D-galac^opyranoside6-Ts Me2-deoxy-u-S-glucopyranoside6-Ts
Mea-D-galactopyranoside6-Ts Me p-D-galactopyranoside6-Ts Meu-D-glucopyranoside6-Ts

ObservedRange ofRp 0.13-021 0.35only 0.47-0.50 0.38-0.43 0.49-0.55 0.46-0.55 0.45-0.49 0.52-0.55 0.25-0.28 0.28-0.31 0.50-0.58 0.33-0.38 0.4—0.5 0.3—0.4 ca.0.3 ca.0.50 0.6-0.7 ca.0.23)Relative ca.0.29)1.3. 0.4-0.5 ca.0.2 RangeofR^ 0.33-0.39 2.1 2.6^-5.4(Rp0.15-0.2) 2.6(Rp.0.35) 0.9(Rn.0.12) 0.9 0.8

••triacetate-methylTs=tosylate=distancetravelledrelativetomethvla-JJ-mannonvranosid



Table11.R^-ValuesinThin-layerChromatography(Silica)
AppliedStationaryMobile PhasePhase

Compound

ObservedRange OfRy

None

Ethylacetate
None

Benzene-ether (111)
Water

Butanol-ethanol- water(4sIs5)

1,5-anhydro-D-galactitol6-Ts0.03-0.13 1.5-anhvdro-2-deoxy-D-lvxo-hexitol6-Ts0.39 Me2-deoxy-a-D-galactopyranoside6-Ts0.^+7-0.60 Me2-deoxy-p-D-galactopyranoside6-Ts0.53-0.55 Me2-deoxy-a-p-glucopyranoside6-Ts0,53-0,67 Me2-deoxy-p-p-glucopyranoside6-Ts0,43-0.45 Mea-D-galactopyranoside6-Ts0.07
Me2-deoi?y-3,4-0^isopropylidene-a-0.3-0.9 D-galactopyranoside6-Ts 1,5-anhydro-D-glucitol6-Ts0.12 Me2-deoxy-a-2-galactopyranoside6-Ts0.05-0.1 Me2-deoxy-p-P-galactopyranoside6-Ts0.06-0.07

Me2-deoxy-a-D-glucopyranoside6-Ts0.07 Me2-deoxy-p-5-glucopyranoside6-Ts0.04
Me2-deoxy-3,4-0^isopropylidene-a-0.7-0.8 B-galactopyranoside6-Ts 1,2-6-ethylene-p-D-glucopyranose0.31-0.33

Me=methyl

Ts=tosylate
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190. The Methoxymercuration of n-Glucal and Tri-0-acetyl-T>-
glucal: a New Route to 2-Deoxyglycopyranosides.

By G. R. Inglis, J. C. P. Schwarz, and (in part) Lilian McLaren.
Methoxymercuration of D-glucal gives mainly methyl 2-acetoxymercuri-

2-deoxy-a-D-manno(?)pyranoside. Tri-O-acetyl-D-glucal yields methyl 3,4,6-
tri-0-acetyl-2-chloromercuri-2-deoxy-[3-D-glucopyranoside and a syrup,
probably the a-D-manno-isomer. Reduction of the mercurials gives the
corresponding 2-deoxyglucopyranosides in good yield.

The work described here was undertaken in search of better methods for the preparation
of the methyl 2-deoxy-a- and -p-D-glucopyranosides, which were required in another
investigation. Both compounds have previously been prepared from D-glucal, through
2-deoxy-D-glucose, by two-stage1,2 and five-stage3 syntheses, respectively, the overall
yields being ca. 20% and ca. 15%. A four-stage synthesis of the (3-anomer from tri-O-
acetyl-d-glucal with an overall yield of ca. 10% has also been described.4 A major factor
limiting the yields in syntheses by way of 2-deoxy-D-glucose is that the hydration of
d-glucal to this compound is complicated by the formation of an unsaturated by-product.5
Despite a report 2 that methyl 2-deoxy-a-D-glucopyranoside can be obtained in 59%
yield by the acid-catalysed addition of methanol to D-glucal, this reaction gave
unpromising results in our hands; chromatographic evidence showed the presence of the
desired compound but by-products prevented its crystallisation. It has already been
noted 6 that large amounts of a furan derivative are produced when this reaction is carried
out under milder conditions. i

In view of the complications which seem to beset acid-catalysed additions to D-glucal,
it appeared profitable to investigate indirect methods of adding the elements of
methanol to the double bond, e.g., methoxymercuration7,8 followed by reduction
[•CHICH- —*CH(Hg*0Ac)-CH(OMe)• —>- ' -CH2-CH(OMe)-]. Since the methoxy¬
mercuration of D-glucal can be regarded 7>8'9 as a typical electrophilic addition to a vinyl
ether, it was expected that the mercury atom and the methoxyl group would become
attached to C(2) and C(1), respectively, and that iwms-addition would occur.* Hence the
most likely products are methyl 2-acetoxymercuri-2-deoxy-a-D-mannopyranoside (I; R =
H, X = OAc) and the (3-D-gluco-isomer (II; R = H, X = OAc). The former compound

might be expected to predominate, since it would be formed by diaxial addition 12 to the
most stable half-chair conformation 13 of D-glucal (C(6) and 0($ equatorial, 0(3) quasi-
equatorial) .

In fact, optical-rotation measurements showed that D-glucal reacted rapidly with
mercuric acetate in methanol, and a crystalline methoxymercuriacetate was isolated in
60—70% yield. On reduction with potassium borohydride in the presence of alkali, this
gave methyl 2-deoxy-a-D-glucopyranoside which was freed from borate by acetylation.14
The configuration at C(1) in the mercuriacetate is therefore established and, if ^tms-addition
is assumed, the compound must be methyl 2-acetoxymercuri-2-deoxy-a-D-mannopyranoside
(I; R = H, X = OAc), the isomer expected on conformational grounds. To confirm
this, Dr. H. W. W. Ehrlich kindly undertook an X-ray examination of the compound.

* A contrary view of methoxymercuration has been expressed by Wright and his co-workers,10
who have pointed out that earlier X-ray evidence 11 for the occurrence of Iraws-addition in the
methoxymercuration of cyclohexene is inconclusive.

(I)

HgX



Unfortunately, this proved unpromising (see Experimental section). Attempts were
made to prepare the corresponding mercurichloride and mercuribenzoate in the hope that
these compounds might be more suitable for X-ray structure determination; however,
only syrups were obtained when a solution of the mercuriacetate in methanol was
percolated through a column of Amberlite IRA-400 resin in the chloride or benzoate form.

The procedure described above provides a convenient route to methyl 2-deoxy-a-D-
glucopyranoside, the overall yield from D-glucal being 45—50%. When the reduction
was carried out without prior isolation of the mercuriacetate, the overall yield was 32%.
Paper chromatography and optical rotations indicated that only a small proportion of
methyl 2-deoxy-(3-D-glucopyranoside was formed in the latter reduction, showing that the
methoxymercuration is highly stereospecific.

The reaction of tri-O-acetyl-D-glucal with mercuric acetate in methanol was also
studied. The syrupy product was clearly a mixture and, although a solid mercuriacetate
could be obtained from it, it was more convenient to replace the ionic acetate by chloride.
This yielded a crystalline mercurichloride (38% yield) and a syrupy residue which failed
to crystallise.* An X-ray structure analysis, kindly undertaken by Dr. H. W. W. Ehrlich,15
showed that the crystalline compound was meth}d 3,4,6-tri-0-acetyl-2-chloromercuri-2-
deoxy-p-n-glucopyranoside (II; R = Ac, X = CI). This agrees with the assumption
made earlier that methoxymercuration is a ^raws-addition. Reductive demercuration of
the crystalline mercurichloride with potassium borohydride in the presence of alkali was
accompanied by deacetylation and yielded methyl 2-deoxy-(3-D-glucopyranoside, which
was isolated as the triacetate. This confirms the stereochemistry at C(1) and constitutes a
convenient preparation of methyl 2-deoxy-(3-D-glucopyranoside, the overall yield of the
triacetate from tri-O-acetyl-D-glucal being 28%.

Reduction of the syrupy residue from the crystalline mercurichloride was again
accompanied by deacetylation, and optical-rotation measurements and paper chrom¬
atography suggested that the product was mainly methyl 2-deoxy-a-D-glucopyranoside
together with a little of the (3-anomer. The former was isolated as the 4,6-O-benzylidene
compound; 2 we have confirmed that the triacetate is a syrup.16 The above evidence
suggests that the syrupy mercurichloride is mainly methyl 3,4,6-tri-0-acetyl-2-chloro-
mercuri-2-deoxy-a-D-mannopyranoside (I; R = Ac, X = CI), although the a-D-gluco-
configuration cannot be excluded except on theoretical grounds.
It is interesting that, whereas D-glucal gives mainly the expected a-D-wtawwo-isomer,

tri-O-acetyl-D-glucal gives a high proportion of the p-D-g/wco-isomer. Detailed discussion
of this difference is postponed until further work, particularly in the galactose series, is
complete. The formation of the fS-D-gA<co-isomer may proceed through a boat form 17
since the chair intermediate which fulfils the stereochemical requirements of electrophilic
addition has all the substituents axial (the latter conformation may, however, be stabilised
by complex-formation between the mercury atom and the 4-acetoxy-group, as postulated
by Henbest and his co-workers 8).

While the present work was in progress, an abstract18 appeared in which it is stated
that methoxymercuration of D-glucal and its triacetate gives methyl 2-acetoxymercuri-2-
deoxy-p-D-mannopyranoside and the methyl 2-acetoxymercuri-3,4,6-tri-0-acetyl-2-deoxy-
[3-D-glucopyranoside, respectively. The former conclusion appears to be incompatible
with our results.

Methyl tri-0-acetyl-2-deoxy-(3-D-glucopyranoside has also been obtained by addition
of hydrogen bromide to tri-O-acetyl-D-glucal19 followed by reaction of the crude product
with methanol and silver carbonate; this procedure gave a lower yield (ca. 20%) than
the mercuration route and is also less convenient.

* [Added in Proof, January 23rd, 1962.—In a later experiment, the second isomer crystallised spon¬
taneously (47% yield, m. p. Ill—113°) on addition of ether to the mother liquor from the /J-D-gluco-
compound. After crystallisation from ethvl acetate-light petroleum, it had m. p. II2— 114°, [a]i> —37°
(c 1 in CHC13) (Found: C, 29-0; H, 4-0; CI, 7-2. Ct3HlsClHgOs requires C, 28-9; H, 3-5; CI, 6-6%).
Reduction in the manner described for the syrup gave crystalline methyl 2-deoxy-a-D-glucopyranoside].



Experimental

Paper chromatography (descending) was done on Whatman No. 1 paper with the following
solvent systems: (i) butanol-ethanol-water (4:1:5, upper layer); (ii) dimethyl sulphoxide
as stationary phase and di-isopropyl ether as mobile phase; 20 (iii) dimethyl sulphoxide as
stationary phase and di-isopropyl ether-benzene (1 : 1) as mobile phase. Sprays were: (a)
sodium periodate-potassium permanganate; 21 (b) 2% sodium periodate solution followed by
^j-nitroaniline; 22 (c) O ln-sodium hydroxide in 50% ethanol, followed after 10 min. by treat¬
ment (fc); (d) 0-04% of Rhodamine 6G23 in ethanol, preceded by one or two immersions
of the paper in a saturated solution of iodine in light petroleum (this treatment revealed the
mercurichlorides as yellow spots on a pink background; the spots fluoresced strongly in ultra¬
violet light). When dimethyl sulphoxide was used as stationary phase, the papers were heated
at 125° for 10 min. before spraying. The a- and the (1-anomer of methyl 2-deoxy-n-gluco-
pyranoside could not be readily distinguished in solvent (i), but the corresponding triacetates
were clearly resolved in solvent (ii) (R$ ca. 0-50 and 0-42, respectively). Although d-glucal and
methyl 2-deoxy-a-n-glucopyranoside travelled at the same rate (Hp ca. 0-5) in solvent (i), the
former could be detected in presence of the latter, since it gave an instantaneous spot with
spray (a).

Evaporations were carried out under reduced pressure at 40° or below, usually on a rotatory
evaporator. Optical rotations were measured in a 1-dm. tube, and infrared spectra were
obtained with a Perkin-Elmer model 137 Infracord spectrophotometer. Methanol used in
methoxymercurations and deacetylations was dried according to Vogel's directions.24 The
light petroleum used had b. p. 60—80°.

Methoxymercurations.—Mercuric acetate was obtained from Hopkin and Williams Ltd.;
some other commercial samples smelt strongly of acetic acid.

Methoxymercuration of o-Glucal.—D-Glucal (6-12 g., 41-9 mmoles) in methanol (30 ml.) was
added to mercuric acetate (13-71 g., 43-0 mmoles) in methanol (150 ml.) with cooling under the
tap. The optical rotation rapidly became positive and rose to a constant value within 25 min.
After 1 hr., a little flocculent material was filtered off and the solution was evaporated to 60 ml.
Methyl 2-acetoxymercuri-2-deoxy-<x.-'D-manno(7)pyranoside (I; R = H, X = OAc) gradually
separated as prisms (9-07 g., 50%), m. p. 152-5—153° (decomp.), unchanged by crystallisation
from methanol, [a]D20 +18° (c 1 in MeOH) vlnax 1570 and 1590 cm."1 (in Nujol) [Found: C, 25-2;
H, 3-7%; M (W-ray), 433. C9H16Hg07 requires C, 24-7; H, 3-7%; M, 437]. The mother-
liquor yielded identical material (1-88 g., 10%). A similar preparation in which ethanol was
added during the working-up gave 70% yield.

X-i?ay data on methyl 2-acetoxymercuri-2-deoxy-a.-o-manno[7)pyranoside (kindly determined
by Dr. H. W. W. Ehrlich). Orthorhombic, a = 14-3, b = 20-4, c = 8-1 A, Dm = 2-43 (by
flotation), Z = 8. Weissenberg photographs about the c-axis suggested that the compound
had a very high temperature factor, which is unusual in substances that permit hydrogen-
bonding. It appeared probable that the substance had a disordered structure; detailed
analysis would have been very time-consuming and was not attempted.

Methoxymercuration of Tri-O-acetyl-D-glucal.—The glycal (2-50 g., 9-2 mmoles) in methanol
(10 ml.) was added to mercuric acetate (3-07 g., 9-6 mmoles) in methanol (35 ml.). After
2 hr., sodium chloride (0-565 g., 9-65 mmoles) in water (10 ml.) was added, followed by water
(20 ml.). Methyl 'i,i,&-tri-0-acetyl-2-chloromercuri-2-deoxy-$-r>-glucopyranoside (II; R = Ac,
X = CI) crystallised and was collected after storage in the refrigerator overnight. The prisms
(1-90 g., 38-5%) had m. p. 172—174°, [a]D18 +11° (c 1 in CHC13), unchanged by crystallisation
from ethanol-acetone (Found: C, 29-0; H, 4-1; CI, 6-4. C13HI9ClHg08 requires C, 28-9; H,
3-5; CI, 6-6%). The mother-liquor was concentrated, dioxan (20 ml.) being added to reduce
frothing, and extracted three times with chloroform after addition of water. The extract,
which had a negative optical rotation, was evaporated to a syrup [A; probably methyl 3,4,6-
tri-0-acetyl-2-chloromercuri-2-deoxy-a-d-manno(?)pyranoside] (3-5 g.) which still contained
some solvent.

The two mercurichlorides were clearly resolved on chromatography in solvent (iii) (spray d);
heavy spotting revealed that the syrup A contained little, if any, of the faster-moving crystalline
mercurichloride (relative R-p ca. 1-3).

Reductions of the Mercurials by Potassium Borohydride.—In these, the deposition of finely
divided mercury was instantaneous, but the solutions were left for several hours to clear and a
further quantity of borohydride was then added to check that the reduction was complete.



Before acetylation, the products were evaporated repeatedly with methanol, dioxan, or acetone
to remove water. Acetylations were done with a large excess of acetic anhjrdride in " AnalaR "
pyridine, and the products were worked up by addition of water and extraction with chloroform.
Deacetylations were carried out with a catalytic quantity of sodium methoxide in methanol;
after being kept overnight, the solutions were neutralised with Amberlite IRC-50.

Methyl 2-deoxy-tx-n-ghtcopyranoside from methyl 2-acetoxymercuri-2-deoxy-x-~D-manno(?)-
pyranoside. Potassium borohydride (O-l.'l g., 2-4 mmoles) in N-sodium hydroxide (3-1 ml.) was
added dropwise to the mercurial (4-0 g., 9-15 mmoles) in a mixture of methanol (60 ml.) and
N-sodium hydroxide (11-2 ml.). Additional potassium borohydride (0-09 g.) was added as a
solid in three portions at intervals. 98% of the theoretical quantity of mercury was recovered
and the optical rotation of the resulting solution corresponded approximately to quantitative
formation of methyl 2-deoxy-a-D-glucopyranoside. Evaporation, followed by acetylation and
deacetylation, yielded a syrup which began to crystallise spontaneously. Crystallisation
from dry ethyl acetate-acetone-light petroleum gave methyl 2-deoxy-a-D-glucopyranoside
(1-2 g., 73%), m. p. 89—91-5°, [a]D20 +135° (c 1 in HX>). The mixed m. p. with a specimen
prepared from 2-deoxy-D-glucose 1,2 was undepressed; this specimen had [a]^20 +157° (c I in
MeOH) and [a]D22 +144° (c 1 in 50% aqueous MeOH). Recorded values2'6 are [a]D +135°
and +145° in water and methanol, respectively.

Chromatography [solvent (i), spray (a)] of the product before acetylation suggested the
absence of D-glucal, although in another experiment in which less alkali was used chromato¬
graphic evidence showed that some D-glucal was formed, presumably by elimination; 7>8 the
acetylated product, as a film, then had vmax. ca. 1650 cm.-1 (C=C), and the deacetylated product
did not crystallise. Methyl 2-deoxy-a-D-glucopyranoside is sometimes difficult to crystallise;
anhydrous conditions and slow cooling are advisable.

Methyl 2-deoxyfr-D-glucopyranoside triacetate from methyl Z,i,6-tri-0-acetyl-2-chloromercuri-2-
deoxyfr-D-glucopyranoside. Potassium borohydride (0-10 g., 1-85 mmoles) in N-sodium hydr¬
oxide (7-0 ml.) was added dropwise at intervals to the mercurial (1-90 g., 3-52 mmoles) in dioxan
(30 ml.) and N-sodium hydroxide (10-5 ml.). Additional borohydride (0-05 g.) was added as a
solid after 2 hr., no further darkening being observed. Evaporation followed by acetylation
and crystallisation of the product from ethanol-light petroleum gave methyl 2-deoxy-(3-D-
glucopyranoside triacetate (0-79 g., 74%), m. p. 96—98°, [a]D22 —24° (c 1 in CHC13), identical
(mixed m. p. and infrared spectrum) with a specimen prepared as described below.
Fischer, Bergmann, and Schotte4 give m. p. 96—97°, [a]D19 —30° in tetrachloroethane.
Chromatography [solvent (ii), spray (c)] of the mother-liquor showed that at least three by¬
products were formed.

Reduction of the syrup A. Potassium borohydride (0-15 g., 2-78 mmoles) in N-sodium
hydroxide (6-9 ml.) was added dropwise at intervals to the syrup (2-5 g., <4-6 mmoles) in
methanol (30 ml.) and N-sodium hydroxide (14 ml.). The optical rotation of the solution
became strongly positive (1-50°; volume 55 ml.). Evaporation and acetylation yielded a
syrup. Chromatography [solvent (ii), spray (c)] gave a large spot travelling at the same rate
as authentic methyl 2-deoxy-a-D-glucopyranoside triacetate and a trace corresponding to the
P-anomer. Deacetylation gave a syrup and, although D-glucal appeared to be absent [as
indicated by the infrared spectrum of the acetate and by chromatography of the deacetylated
product in solvent (i)], this did not crystallise. Reaction with benzaldehyde (2 ml.) and zinc
chloride (0-5 g.) yielded methyl 4,6-0-benzylidene-2-deoxy-a-D-glucopyranoside (0-36 g.), m. p.
148—150°, undepressed by a specimen prepared from authentic methyl 2-deoxy-a-D-gluco-
pyranoside. The authentic benzylidene compound had nr. p. 149—150° (Found: C, 63-1;
H, 6-4. Calc. for C14H1805: C, 63-1; H, 6-8%). Hughes, Overend, and Stacey 2 give m. p.
137—139°.

Reduction of the reaction mixture obtained by methoxymercuration ofD-glucal. D-Glucal (2-0 g.,
13-7 mmoles) in methanol (15 ml.) was added to mercuric acetate (4-80 g., 15 mmoles) in
methanol (30 ml.) with cooling under the tap. After 1 hr., solid mercuric acetate (0-43 g.) was
added. Thirty minutes later, N-sodium hydroxide (49 ml.) was added with cooling. Potassium
borohydride (0-36 g., 6-7 mmoles) in N-sodium hydroxide (7 ml.) was then added dropwise.
After 5 hr., solid potassium borohydride (0-18 g.) was added. The optical rotation of the
resulting solution was ca. 80% of the theoretical value expected for the quantitative formation
of methyl 2-deoxy-a-D-glucopyranoside. Evaporation, followed by acetylation, yielded a
syrup which was shown by chromatography [solvent (ii), spray (c)] to contain mainly



methyl 2-deoxy-a-d-glucopyranoside triacetate with a very small proportion of the j3-anomer.
Deacetylation gave a syrup which crystallised from dry ethyl acetate-acetone (m. p. 75—85°;
1-13 g.). Recrystallisation yielded methyl 2-deoxy-a-d-glucopyranoside (0-78 g., 32%), m. p.
and mixed m. p. 89—92°.

Methyl 2-Deoxy-fi-io-glucopyranoside Triacetate from Tri-O-acetyl-o-glucal through the Aceto-
bromo-compound.—Hydrogen bromide 25 (6 g., 74 mmoles; freed from bromine by bubbling
through phenol in carbon tetrachloride) in dried benzene (05 ml.) was added to tri-O-acetyl-d-
glucal (10 g., 37 mmoles) in benzene (35 ml.) containing benzoyl peroxide (0-09 g.), the mixture
being cooled under the tap. After 50 min. the solution had a high positive optical rotation
(25-4°, i.e., [a]D ca. +200°). It was then concentrated at 30° to a pale yellow, mobile syrup
which was evaporated with benzene. The product was immediately dissolved in methanol
(75 ml.), and silver carbonate (15 g.) was added in portions. After being kept overnight, the
mixture was filtered and concentrated. Crystallisation from acetone-light petroleum, ether-
light petroleum, and ethanol-light petroleum gave (with some difficulty) methyl 2-deoxy-(3-d-
glucopyranoside triacetate (2-23 g., 20%), m. p. 93—-96°, which after further crystallisation
had m. p. 96—98°, [a]D18 —24° (c 1-5 in CHC13). Deacetylation gave methyl 2-deoxy-p-d-
glucopyranoside, m. p. 121—122°, [a]D17 —48° (c 1 in H,0). Fischer, Bergmann, and Schotte 4
give m. p. 121—122°, [a]D17 —48° (in water).
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