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ABSTRACT
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group of D-galactose diethyl mercaptal was also shown to be ex-
plicable in terms of the hydrogen bonding. An appreciable reactivity
of the primary hydroxyl groups was noted and attributed to the
least steric hindrance at this position. A mechanism for the Purdie
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ABSTRACT

Sugar mercaptals were partially methylated with Purdie's reagents in
tetrahydrofuran as a solvent, and the relative reactivity of hydroxyl groups
was determined by estimation of the ratio of mono-O-methyl ethers. The
highest reactivity of the 2-hydroxyl group, followed by that of the 3-hydro-
xyl group, was accounted for by the inductive effect of the mercaptal group
and the variation of the ratios among the sugar mercaptals was further ex~
plained by the intramolecular hydrogen bonding in the zig-zag conformation
of sugar mercaptals. The exceptionally high reactivity of the 3-hydroxyl
group of g-galactose diethyl mercaptal was also shown to be explicable in
terms of the hydrogen bonding. An appreciable reactivity of the primary
hydroxyl groups was noted and attributed to the least steric hindrance at
this position. A mechanism for the Purdie methylation was proposed.

Mg values of various mono-O-methyl sugars were recorded and some modi-
fications in the separation of mono-O-methyl sugars were also described.

ngﬂmethyljg-arabinose and two crystalline derivatives were synthesized
for the first time, and Zikﬂmthyl-g-arabonolactone, hitherto known as a

sirup, was crystallized.



ii

ACKNOWLEDGEMENTS

Gratitude is expressed to Dr. G.G.S. Dutton for his guidance, counsel .
and inspiration during the author's academic training in the Department of
Chemistry. Helpful discussions on reaction mechenisms with Dr. R. Stewart
are also gratefully acknowledgede To Dr. A.M. Unrau the author expresses
thanks for his suggestions and for reading the manuscripte.

Gifts from Dr. B. Lindberg, Stockholm, Sweden, and from Dr. F. Smith,
Minnesota, U.S.A., facilitated this study. The author is also indebted
for financial support to the Research Corporation and Studentships from

the National Research Council.



iii

TABLE OF CONTENTS

Introduction
Procedure
(1) Preparation of Mercaptals
(II) Methylation of Mercaptals
(III) Hydrolysis of the Methylated Mercaptals and Isolation of
Mono-O-methyl Ethers
(IV) Examination of the Mixture of Mono-C-methyl Sugars
(1) Mono-O-methyl-D-glucoses
(2) Mono~0O-me thyl-D-mannoses
(3) Mono-O-methyl-D-galactoses
(4) Mono—g-met};}rl—g-arabinoses
(5) Mono-O-methyl-D-xyloses
(V) Examination of Fast-Running Spots
(VI) Estimation of the Ratio of Mono-~O-methyl Isomers
(ViI)

Identification of Major Components as their Crystalline
Derivatives |

(1) Z-Q—Methyl—g-ma.nnose

(2) 2-0-Methyl-D-galactose

(3) 3-0-Methyl-D-galactose

(4) &Q-Methyl—g—galactose

(5) 2-O-Methyl-L-arabinose

(6) 2-0-Methyl-D-xylose

(7) 3-0-Methyl-D-xylose

11
11

12

13
14
14
15
15
17
17
17
19

20
21
21
21
21
21

22



iv

(VIII) Synthesis of Standard Samples 22

(1) 2-0-Methyl-D-mannose 22

(2) 3-0-Methyl-D-mannose 23

(3) 6-0-Me thyl-D-mannose 23

(4) 2,3-Di-_Q-methy1-_)_Q__—ga.1actose 26

(5) Z—Q—Methyl—al__:-arabinose 26

(6) 5-0-Methyl-L-arabinose 26

(7) 3-0-Methyl-D-xylose 28

(8) 5-0-Methyl-D-xylose | 28

Results and Discussion 31
(1) D-Glucose Diethyl Mercaptal 52
(2) D-Mannose Diethyl Mercaptal 52
(3) ngalactose Diethyl Mercaptal 53
(4) L-Arabinose Diethyl Mercaptal 54
(5) g-Xylose Diethyl Mercaptal 55
Experimental 59
A. g—Glucose Diethyl Mercaptal 60

B. g—Ma.nnose Diethyl Mercaptal 64

c. g—Ga,la.ct0se Diethyl Mercaptal 86

D. E__a—Ara,binose Diethyl Mercaptal 100

E. g-Xylose Diethyl Mercaptal 111

Bibliography 126



Fig.
Fig.
Fig.
Fig.
Fig,
Fig.
Fig,
Pig.
Fig.
Fig.
Fig,
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,

Fig,

1.
2.

3.

56
6.

7.
8.

9.

10.
11.
12,
13.
14,
15.
16.
17.
18.
19,
20.
21.
22,

23,

LIST OF FIGURES

Formation of glycosides and mercaptals

Selective tosylation of primary hydroxyl groups
Selective benzoylation of primary hydroxyl groups
Selectivetritylation of primary hydroxyl groups
Selective methylation of 2-hydroxyl groups

de Bruyn-van Eckenstein transformation

Synthesis of 2-0O-methyl-D-mannose
Synthesis of 2=0-methyl-D-mannose

Synthesis of 319ﬁmethylﬁg?mannose
Deacetylation of Q-nitrated sugar
Synthesis of 61gqnethy1:2;mannose
Synthesis of 2,3—di197methy112;galactose
Synthesis of 2fg¢methy11£rarabinose
Synthesis of 5-O-methyl-L-arabinose
Synthesis of 31Qrmethy1727xylose
Synthesis of ngrmethyltgrxylose

Zig-zag structure of some glycitols

Gluconate ion

Benzylidene derivatives of L-arabinose diethyl mercaptal

Benzylidene derivatives of D-xylose diethyl mercaptal

Di-O-benzylidene-D-ribose mercaptals
Di-0-benzylidene-D-glucose diethyl mercaptal

Migration of acetyl group

24
24

25
25
27
27
29
29
30

30

42

42



Fig,
Fig.
Fig.
Fig.
PFig.
Fig,
Fig.

PFig.

24,
25.
26.
27.
28,
29.
30.

31.

vi

Mechanism of Purdie methylation
Mechanism of "transmethylation"

Zig-zag conformation of sugar mercaptals
Standard curve of B-Q-methyl—g-glucose
Standard curve of 2-O-methyl-D-mannose
Standard curve of 6~O-methyl-D-galactose
Standard curve of 5-O-methyl-L-arabinose

Standard curve of 2-O-methyl-D-xylose

48
51
65
73
95
105

118



Table I.
Table II.

Table III.

Table IV,
Table V,

Table VI.
Table VII.
Table VIII.

Table IX.
Table. X,

Table XI.

Table XII.

Table XIII.

vii

LIST OF TABLES

Mono-O-methyl ethers detected in the methylated
mercaptals and their ratios

Distances between the oxygen atoms of polyhydric
alcohols

Electrophoresis of mono-O-methyl-D-glucoses
Chromatographic separation of mono~O-methyl-D-
glucoses

Preparation of standard curve of 3-O-methyl-D-
glucose

Colorimetric analysis of monofgﬁmethylzgrglucoses(II)
Colorimetric analysis of monofgrmethyljgfglucoses(III)
Electrophoresis of monofgrmethylﬁgfnannoses(III)
Preparation of standard curve of 2197methy172;
mannose

Colorimetric analysis of monofgrmethylig;mannpses(III)
Colorimetric analysis of mono-O-methyl-D-mannoses(IV)

Chromatographic separation of standard mono-Q-methyl-

D-galactoses in butanone-water azeotrope saturated with

sodium borate decahydrate

31

49
63

63

66
67
68

71

74

75
78

90

Chromatographic separation of mixture(II) of O-methylated

D-galactoses in butanone-~water azeotrope saturated with

sodium borate decahydrate

90



Table
Table
Table
Table(

Table

Table
Table
Table
Table
Table
Table
Table

Table

Table

XIv,

m.

XVI1.

XVII.

XVIII.

XIX.

XX.

XXI1.

XXII.

XXIII.

XXIV.

XXV,

XXVI.

XXVII.

viii

Electrophoresis of the isolated components of mono-O-
methyl-D-galactoses in the mixture(II)
Electrophoresis of the isolated components of mono-0O-
methyl-D-galactoses in the mixture (III)
Electrophoresis of the isolated components of mono-0-
methyl-D~galactoses in the mixture (IV)

Preparation of standard curve of 6-O-methyl-D-
galactose

Colorimetric analysis of mono-O-methyl-D-galactoses

91

91

92

94

96

Electrophoresis of the fast- and slow-running components

of O-methylated é?arabinoses

Preparation of standard curve of 51gﬁnethyljgr
arabinose

Colorimetric analysis of the fast-running components
of O-methylated g—-arabinoses

Colorimetric analysis of the fast-running components
of O-methylated ;rarabinoses

Periodate oxidation of 5197methyljgrarabinose
Preparation of standard curve of ngrmethyljgrxylose
Colorimetric analysis of monoﬁgrmethyljgrxyloses
(mixture(III))

Colorimetric analysis of monofgrmethy112rxyloses
(mixture (mixture(V))

Colorimetric analysis of the fast-running components

of Q-methylated D-xyloses

101

104

106

106

110

117

119

122

123



i T

INTRODUCTION*

The first sugar mercaptal or dithioacetal was prepared by Fischer (1)
in 1894. Since then this cless of compounds has attracted considerable atten~
tion from carbohydrate chemists in view of the ready formation of their acy-
clic structures from the parent aldose. Unlike the acid-catalyzed reaction
of alcohols with sugars which lead to the formation of cyclic glycosides
(e.g. II), thiols, sulphur analogues of alcohols, yield acyclic dithioacetals
(e.gs III). The formation of such acyclic structures frees an additional
hydroxyl group which is involved in the ring structure of the original sugar
(e.g. I) or of the glycosidefFig. 1).

Sugar mercaptals are of importance in providing the best route to the
preparation of acyclic sugar derivatives and have sometimes been used for
the characterization of monosaccharides because of the sparing solubility
and crystallinity of the majority of mercaptals (2,3,4,5,6). The prepara-
tion: reactions, and uses of sugar merceptals have been reviewed (7,8).

The reactivity of hydroxyl groups in carbohydrate compounds is of great
interest and has been a subject of review (9). Some reactions and reactivi-
ties of hydroxyl groups in cyclic sugar derivatives are explainable and have
been discussed (10, 11) from the view-point of stereochemistry developed in
the realm of adicyclic chemistry, and an interesting application of stereo-

specific reaction has been demonstrated by Aspinall and Zweifel (12) in the

* The following conventional abbreviations are used in formulations:
R (alkyl), Me (methyl), Et (ethyl), Ph (phenyl), Tr (triphenylmethyl),
Ac (acetyl), Bz (benzoyl), and Ts (p-toluenesulphonyl). All ring-hydrogen
atoms are omitted in the Haworth structures.



CH(SE) CH(OH) CH(&EU

l
H-C-OH H-C~OH H-C-OH
HO-C-H EtSH  HO-C-H ¢ EtOH  HO-C-H 4
| < | — |
H-C-OH HC H--OH HC | H-C-OH
H-C-OH H—cl——J H-C——
CH,OH CH,OH C HyOH
(1) (1) (1)

Yig. 1. Formatinr of aglycosides and mercaphals.

C H,OH CHOTs
-0 O
(o =
HON____/OMe HON___}V/OMe
OH OH
(IV)
CH,OH CH,OTs
H-C-O H-G-O
HO-G-H CHPh > HO-GoH CHPn
H-C-O H-C-0
H-C-OH H-C-OH
C H,OH CH,OTs
(V)
CH(SRJ; CHI(SR),
H-C-OH H=G-CH
HO-CH o HO=CH
HO-C-H HO-C-H
CH,OH CH4,0Ts
(VI)

Piig. 2. Selective tosylation of primary hydroxyl
group.



syntheses of g-mannose derivatives.

Selective reactions of hydroxyl groups in carbohydrate compounds have
been known for a long time. The preferential tosylation of primary hydroxyl
groups, leaving secondary hydroxyl groups intact, is one of these selective
reactions frequently observed in carbohydrate chemistry (Fig. 2). Gompton (13)
for example, obtained the 6-O-tosyl derivatives (IV, for the a~form) of methyl
a- and B-g-glucopyranosides with tosyl chloride and pyridine, and in a similar
manner, von Vargha (14) obtained the 1,6-di-O-tosyl derivative (V) from
2,4f27benzylidene-2-glucitol. Zinmer, Wessely, and Kristen (15) have reported
successful tosylation of g-arabinose mercaptals to their 5-0O=tosyl derivatives
(IV) with tosyl chloride and pyridine at low temperature.

Selective acylation of primary hydroxyl groups has also been observed
frequently (Fig. 3). Thus, Richtmyer and Yeakel (16) obtained phenyl 6-0-
benzoyl-B-D-glucopyranoside (VII) from the corresponding glucoside, and Muller
(17) obtained l,6—di-§fbenzoylﬁg—glucitol (VIII) by direct benzoylation of
gqglucitol. The reaction of aldose mercaptals with benzoyl chloride at low
temperature gave their w-mono-O~benzoyl derivatives (e.g. IX) (18).

The most widely recognized method of selective etherification of sugars
involves the reaction of primary hydroxyl groups with triphenylmethyl (trityl)
chloride (Fig. 4). Helferich (19) has described the selective character of
this reagent, whose rate of reaction with primary hydroxyl groups is many
fold that with secondary hydroxyl groups. Ethyl a-g-arabinofuranoside, for
example, gave its 5-0-trityl derivative (X) by the reaction of trityl chlor-
ide in pyridine (20). Although Sowden (21) has stated that 'since a consid-

erable portion of the difference in reactivities may arise from steric fac-



CH,OH
Q. OPh
OH

OH

HO

CH,OH
H—C—OH
HO—C—H
H—C—OH
H—C—OH
CH,OH

CH(SR),
H—C—OH
HO—C—H
H—C—OH
CH2OH

_he

(VII)

CH,OBz
H—C—~OH
HO~C—H
H—C—OH
H—C—OH
CH,Otz
(Vi)

CH(SR),
H—CI:—OH
HO_(;—H
H*C‘:—OH
CHgOBZ
(IX)

Fig, 3. Selective benzoylation of primary hydroxyl groups.

O
Hngti__*
O+

|

CH(SR),
HO—C—H
HO—C—H

H—~C —OH

CH,OH

OEt

O~ OFt
NOH
TPOHZC\

———

OH
(X)

C,:H(SR)Q
HO—C—H
HO*(li—H

H—C'—OH

CH,OTr

(XI)

_>

Fig. 4. Selective tritylation of primary hydroxyl groups.



tors of different ring conformations, the difference between acyclic primary
and secondary hydroxyl groups may not be so great', Zinner, Braudner, and
Rembarz (22) have shown that sugar mercaptals are successfully tritylated on
their primary hydroxyl groups (e.g. XI).

Other etherifications, of which methylation has almost exclusively been
studied, have been found to be less specific toward primary and secondary
hydroxyl groups, and thus selective reaction is more dependent upon the exper-
imental conditions involved. Percival and collaborators (25, 24, 25) prepared
complexes of sugars with alkalies and then formed methyl ethers by reaction
with dimethyl sulphate. Methyl a- and B—Q-glucopyranosides yielded methyl

nnno—grmethyl-g-glucopyranosides, from which 6-Qrmethyljg-glucose, identified
as its phenylosazone, was obtained. Application of the same procedure to
maltose (41}<b2?glucopyranosylfggglucose), followed by acid hydrolysis, pro-
duced 2-0-methyl- and 2,6—difgrmethy172—glucose. In like fashion, sucrose
(Sﬁg—fructofuranosyl a—g—glucopyranoside) gave 6197methy172-glucose, and
lactose (4197312-ga1actopyranosyl-g-glucose) formed 2-O-methyl- and 2,4-di-0-
methyltg-galactoses. The position of the alkali in the complex was assumed
to be at that position where methylation occurred. Similar results were ob-
tained when methyl a—guglucopyranoside was methylated with methyl iodide in
the presence of thallous hydroxide. A mixture of tri-grmethylﬁg-glucoses was
formed in which substitution in the 2= and 6-positions predominated (26).
Apart from the stereochemical view on the reactivity of hydroxyl groups

in cyelic sugar derivatives and selective reactions of some reasgents such as

tosyl chloride and trityl chloride, the greater reactivity of 2-<hydroxyl groups

over other hydroxyl groups in both cyclic and acyclic structures toward methyl-



anhom

ation has been noted by many workers. Pacsu (27) has reported that methylation
of the 5,6-grisopropy1idenefg-glucose dibenzyl mercaptal, followed by acidic hy-
drolysis, yielded a monofgrmethyl—g-glucose, to which he erroneously assigned
the structure of ¢1gqmethy1-gaglucose, and the reaction product was re-examin-
ed by Schinle (28) to confirm that the methoxyl group was situated on carbon-2,
i.e. the product was 2-O-methyl-D-glucose (x11) (Fig. 5).

Papadakis (29) has reported the synthesis of 2-Qrmethyl~25glucose diethyl
mercaptal (XIII) by the action of methyl iodide on monoﬁgrsodio-g-glucose di-
ethyl mercaptal prepared by Fischer (30) from the mercaptal and sodium ethox-
ide, obviously indicating an acidic character of the 2-hydroxyl group (Fig. 5);

With starch and cellulose in which cyclic E—glucopyranose units are link-
ed, it has been reported by Lieser (31), by Gaver (32), and by Sugihara and
Wolfrom (33) that alkali and methyl iodide lead preponderantly to the 2-0-
methyl derivative, although recent work by Hess, Heumann, and Leipold (%4)
has demonstrated that the methylation of cellulose with the same reagents is
random in nature.

The acidity of the 2-hydroxyl group of free sugars has been attributed to
the intermediary enediol in the de:Bruyn-van Eckenstein transformation (35, 36),
for which the mechanism shown in Fig. 6 has been proposed. Sowden and Schaffer
(57) have studied the de Bruyn-van Eckenstein transformation, using g-glucose—l—

14 14

C™", D-fructose-1-C™ ", and D-glucose in heavy water, and have shown that the

radioisotopic dilution analysis for D-glucose and D-fructose could be inter-
preted in terms of the classical mechanism which includes the enediol int-

ermediate. These results have been supported by conductometric measure-

ments of reducing sugars by Hirsch and Schlags (38), who have shown that



7=

CH(SCH,Ph), CH(OH)
H—C—OH H—C~OMeé
HO—CF—H HO—C‘—H O
H—C~OH H—C—OH

Eno M2 EH,OH

(XIT)
Cr‘H(SEt)g CIZH(SE‘L)2 ClH(SEt)g
H—('Z—OH H—CE—ONG H—CI—OMe
HO—C—H HO-C—H HO—C—H
H—(;—OH H—CII—OH H-—C'—OH
H—-(IZ-—OH H—C;—OH H——(;—OH
CH,OH CH,OH CH,OH
(X1I)
Fig. 5. Selective methylation of 2-hydroxyl groups.
(lZHO (I:IHOH C|HO
H—C—OH C-OH — HO-C—H
| | |
CHOH
C=0

|

Fig, 6. de Bruyn-van Eckenstein transformation.



reducing sugars behave as weak dibasic acids.

However, Strocchi and Gliozzi (39) have reported that both conducto-
metric and polarographic measurements have indicated acidity and complex
formation in such non~reducing sugars as sucrose. Thus, the acidic charac-
ter of any reducing sugars is explainable on the basis of the acidic enol
intermediate of the de Bruyn~van Eckenstein transformationj however, since
the analogous enol would not be possible in glycosides, the observed acidity
might be the result of a permanent polarization. Sugihara (9) has pointed
out that the inductive effect of two oxygen atoms on carbon-l in non-reducing
glycosides can activate the hydroxyl group on carbon-2, resulting in acidity
and high reactivity of the 2-hydroxyl group in an alkaline medium. By anal-
ogy the high reactivity of 2-hydroxyl groups in sugar mercaptals should then
be due to the inductive effect of two sulphur atoms on carbon-l.

In addition to the above observations on the methylation of sugar mercap-
tals, Lieser and Leckzyck (40) have reported the Purdie methylation of unsub-
stituted sugar mercaptals. They were able to methylate dimethyl and dibenzyl
mercaptals of g-glucose to their 2-O-methyl derivatives, from which 2-0-
methyl-g-glucose was obtained by acid hydrolysis. This formation of the 2-0-
methyl derivative affords an easy route to 21Q7methy1—2—glucose, which is oth-
erwise prepared more tediously, and has been used by other workers (41). Sur-
prisingly, this procedure failed to methylate diethyl and dibenzyl mercaptals
of g—galactose, g-arabinose, and g—rhamnose as well as the dibenzyl mercaptal
of E—xylose.

Dutton and Yates (42) have re-investigated these results and confirmed

that only the diethyl mercaptal of D-glucose was reactive toward Purdie's



reagents and that the mercaptals of other sugars did not yield methylated
products. It seemed to them that there was no g priori reason why other
mercaptals should not react like g-glucose mercaptal. Sugar mercaptals are,
in general, insoluble in methyl iodide, but g-glucose mercaptal is appre-
ciably soluble. Hence, the lack of reactivity of sugar mercaptals, other
than.g-glucose mercaptal, towards Purdie's reagents, might be attributed to
their insolubilities in methyl iodide, and they assumed that, if methylation
was carried out in a homogeneous system, all mercaptals should be methylated
to some extent. They have re-cxamined the procedure of Lieser and Leckzyck on
g-glucose,mercaptal and have obtained 2-grmethy1-2-glucose mercaptal. They
have also demonstrated that not only g-glucose mercaptal, but also other
mercaptals were methylated when the methylation was carried out in tetrahydro-
furan, in which sugar mercaptals are soluble, and the qualitative observations
have been reported. The present study is to demonstrate some selectivity of
Purdie's methylation on sugar mercaptals by analysing the ratio of mono-0-
methyl ethers in the hydrolysate of partially methylated mercaptals.
Methylation techniques have long been employed in carbohydrate chemistry,
particularly in the structural elucidation of polysaccharides; hence the syn-
theses of methylated monosaccharides, which result from the hydrolysis of
fully methylated polysaccharides, occupy an important part of carbohydrate
chemistry. Syntheses of partially methylated monosaccharides require pre-
liminary protection of hydroxyl groups which are to be left free in the final

product, methylation of unprotected hydroxyl groups, and subsequent removal of

protecting groups, thus demanding, in many cases, several steps to synthesize

partially methylated sugars. If, as has been demonstrated by Lieser and Leck-



szyck (40), and also by Wolfrom, Lemieux, Olin, and Weisbalt (41), in the
methylation of ]=)-glucose mercaptals, selective methylation of any hydroxyl
group in sugar mercaptals be observed, partial methylation of sugar mercaptals
can supply a convenient route to the synthesis of mono-Q-methyl sugars.

The present work has thus two main objectives. The more important has
been the study of the relative reactivities towards methylation of the hydro-
xyl groups in sugar mercaptals. Complementary to this has been the possibi-
lity that if any mercaptal showed strongly selective methylation this might
provide a convenient route to certain mono-O-methyl sugars. For these reasons
this study has been restricted to the more commonly occurring sugars-: g-glu-
cose, E—mannose, g-galactose, _I___.-arabinose, and g-xylose. In the preliminary
study on the methylation of g-glucose diethyl mercaptal (42), 2—9_—methyl—2—
glucose diethyl mercaptal crystallized from the methylation product, and no
investigation was made on the mother liquor, which might have contained other
isomers. The methylation of g-glucose diethyl mercaptal was therefore re-

examined in this study.
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PROCEDURE

(I) Preparation of Mercaptals.

Only diethyl mercaptals were employed in this study, because they were
used in the preliminary investigations (42) and, of all the mercaptans, ethyl
mercaptan has been the one most commonly employed in preparing sugar mercaptals.
411 these diethyl mercaptals were prepared by Fischer's method (1) which com-
prises the action of ethyl mercaptan on aldoses in the presence of concentra-—
ted hydrochloric acid.

It was possible to prepare g—mannose diethyl mercaptal by this method in
the first experiment, but it was not possible to repeat the preparation. The
reaction mixture of gbﬂmnnose with ethyl mercaptan and concentrated hydrochlor-
ic acid gave, on addition of ice, a colorless crystalline mass, which was imme-
diately filtered, and the crystals decomposed on washing with ice-water. The
reaction mixture was therefore partially neutralized with barium carbonate
without addition of ice and, after further dilution with methanol, it was com-
pletely neutralized with excess barium carbonate. The mercaptal was then iso-
lated from the methanol solution.

Wolfrom, Newlin and Stahly (43) have prepared crystalline g-xylose diethyl
meécaptal by deacetylation of crystalline g-xylose diethyl mercaptal tetraace-
tate, which was obtained by acetylating the sirupy product of mercaptalation;
Zinner, Rembarz, Linke, and Ulbricht (44) have recently reported the direct syn-
thesis of crystalline D-xylose mercaptals from Erxylose by Fischer's method (1)
by neutralization of the reaction mixture with ion-exchange resin.

D-Xylose diethyl mercaptal used in this study was first prepared by the
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reaction of g-xylose and ethyl mercaptan in tetrahydrofuran containing 65%
dry hydrogen chloride. The starting material gradually dissolved in the
tetrahydrofuran on shaking. After all the starting materia} dissolved, the
solution was neutralized with barium carbonate, and a sirupy product was
obtained by evaporation of the neutral solution. The product failed to cry-
stallize, but paper chromatographic examination showed only one spot (Rf 0.79
in butanone-water azeotrope), and the sirup was assumed to be pure enough to
carry on the methylation study. After the methylation study was almost com—
pleted, the sirup suddenly crystallized from a concentrated solution in iso-
propyl alcohol by diluting with a small amount of petroleum ether. It was
also prepared by Zinner's method (44), and the sirupy product crystallized
on dilution with small amount of isopropyl alcohol and seeding with the cry-
stals obtained by the former method.

(II) Methylation of Mercaptals.

Optimum conditions to give a reasonable amount of mono-O-methyl ethers
were chosen for each mercaptal, and analyses of polymethylated and unchanged
sugars were not performed. No attempt was made to compare the relative reac-
tivity of the different mercaptals towards Purdie's reagents under identical
conditions.

Methylation was performed in dry tetrahydrofuran at room temperature by
shaking the solution of mercaptal with suitable amounts of silver oxide, me-
thyl iodide, and anhydrous calcium sulphate (arierite). Due to the photosen—~
sitivity of methyl iodide the reaction vessel was covered with aluminum foil:
Since g-xylose diethyl mercaptal is freely soluble in methyl iodide, methyl-

ation was first attempted in the absence of tetrahydrofuran, but only poly-



methylated g-xylose were detected by paper chromatography, and no appreciable
reaction was observed when the methylation in methyl iodide (no tetrahydro=-
furan) was performed at 09C.

(III) Hydrolysis of the Methylated Mercaptals and Isolation of Mono-Q-methyl
Ethers.

Methylated mercaptals were hydrolyzed in a boiling mixture of alcohol
and acid, and the deionized hydrolysates were examined by paper chromatography
in butanone-water azeotrope.

It was concluded from examination of reported Rf values of methylated
sugars in this solvent (45) that, due to the great similarity in structure,
all pyranose-type methyl ethers of a sugar with the same number of O-methyl
groups are hardly distinguishable in their Rf values, and that the furanose-~
type methyl ethers of the sugar travel much faster than the pyranose-type iso=~
mers, and as fast as the pyranose-type ethers with one more O-methyl group.
It is therefore necessary to exemine the components having a Rf value corres-
ponding to both mono-Q-methyl=-pyranoses and di-O-methyl-pyranoses since the
latter may contain mono-Q-methyl-furanoses, i.e. 5-O-methyl derivatives.

Although recovery from paper chromatograms by extraction often gives a
poor yield, paper chromatography was used to isolate the desired products,
whenever the deionized hydrolysates were shown to contain non-migrating com-
ponents (probably sulphur-containing impurities) which would contaminate the
cellulose column. The deionized hydrolysates were chromatographed on Whatman
No. 3MM sheets for several hours in butanone-water azeotrope, and the areas
containing the mono-O-~methyl sugars and the di-O-methyl sugars were located

by cutting guide strips from both edges of the sheet and spraying with p-—anisi-
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dine-trichloroacetic acid reagent. Longer periods of chromatography in the
same solvent tended to result in less well defined boundaries making it more
difficult to detect minor components. The mono-Q-methyl sugars thus located
were extracted with methanol (monofgrmethyl-g-arabinoses) or cold water
(monofgrmethyl derivatives of other sugars). After three extractions, the
extract gave only a faint Molisch test. Evaporation of the extracts gave a
sirupy mixture of mono-O-methyl sugars.

Column chromatography on a cellulose-hydrocellulose column in butanone-
water azeotrope was also used occasionally, when the non-migrating spots were
not detected on paper chromatograms. The desired components were found by
examining the fractions by paper chromatography.

(IV) Examination of the Mixture of Mono-Q-methyl Sugars.

The mixtures thus isolated were examined by electrophoresis in 0.05 M
sodium borate buffer, or by paper chromatography using different solvent sys-
tems. In all cases authentic samples were run concurrently and major compo-
nents were further identified by the preparation of crystalline derivatives
(see Section (VII)). The qualitative results are described below and the
quantitative results are given under Section (VI).

(1) Mono-0-me thyl-D-glucoses.

Electrophoretical examination of the mixture showed two spots, Mg 0.29
(strong) and Mg 0.86 (medium), which corresponded to 2-O-methyl- and 3- or
6-Q-methy1—]__)—glucoses, respectively. Since both 3~ and 6—_Q-methyl—2»-;gl‘u‘:~~
coses are known to have the same Mg value, 0.80 (46), the medium spot of
Mg 0.86 may contain these two isomers. Lindberg and Swan (47) have recently

reported their electrophoretical study of some carbohydrates in 0.05 M germ—
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anate buffer (pH 10.7), in which all monofgrmethyl—g-glucoses have been sep-
arated. The germanate buffer was prepared according to their procedure and

the electrophoresis was carried out on our apparatus, but no clear separation
was observed probably due to the evolution of heat. Lenz and Holmberg (48)
have successfully separated 2-, 3-, and 6-9:methyl—2—glucoses by paper chrom-
atography in 2,4,6-collidine-ethyl acetate~water (2:5:5 by volume, upper lay-
er). This solvent system was therefore tried on the mixture of mono~O-methyl-
g—glucoses, and it was shown that the mixture contained 2-, 3-, and 6~O-methyl-
2—glucoses, of which the 2fgrmethyl-2-glucose was the major component:

(2) Mono-Q-methyl-D-mannoses.

Paper chromatography in butanone-water azeotrope, both with and without
borax (x;ég_;gi;g), and in collidine—ethyl acetate-water did not seem to be
fruitful.

Electrophoresis showed that the mixture contained three isomers, one of
which was predominant judging from the size and intensity of the spots. These
three components had Mg value of 0.38, 0.54, and 0.63, and were shown to be
2=, 3=, and 6-£fﬂmthyli2—mannoses, respectively, by concurrent electrophoret-
ical examination with synthetic samples of these isomers. 2fgrmethyl-g?mmunr-
ose gave the strongest and largest spot, and the others weak and small.

(3) Mono-Q-methyl-D-galactoses.

When paper chromatography of the mixture in butanone-water azeotrope was

carried out for a long period tﬁe original compact spot of Rf 0.08 was foun& to

tecome longer and longer, indicating considerable differences in the mobilities

of monofgrmethyl-g-galactoses in comparison with mono-0-methyl ethers of other

sugars. It was hoped that it might be possible to separate the mixture taking
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advantage of this fact. It is known that many polyhydroxyl compounds form
Jionizable complexes with alkali borates or boric acid (49, 50), and that the
reaction is governed by stereochemical factors (49). A number of mixtures
have been separated by paper electrophoresis in borate buffer (51). Further-
more, it has been shown that in the presence of borate or boric acid, various
compounds which may be presumed to undergo complex formation, travel more
slowly on paper chromatograms if boric acid is added to the solvent system
(52, 53, 54), and that chromatography on paper impregnated with boric acid
facilitates the separation of certain mixtures of sugars which are otherwise
not resolved (55).

If complex formation is achieved in butanone-water azeotrope in the pre-
sence of sodium borate, separation of the mixture of monofgrmethyl—g-galacto—
ses is likely possible. Paper chromatography of standard samples of all pyra-
nose=type monofgrmethyl—g-galactoses in butanone-water azeotrope saturated with
sodium borate decahydrate (vorax) was found to be suitable to distinguish these
isomers. Rgalactose values of these isomers were: 3.60 (2-O-methyl~), 2;67
(3-0-methyl=), 2.28 (4=O-methyl-), and 3.02 (6-g-methy1-g-ga1actose) (60 hours).
The mixture of monofg;methyl-gqgalactoses was then proved to consist of 2-,
3=, and 6fgrmethy1-2hgalactoses by the same procedure. These isomers of
monoﬁgrmethyl-g-galactoses were also isolated directly from the hydrolysate
of the methylated mercaptals by this method. The solvent system, 2,4, -6-colli-
dine—-ethyl acetate-water, was found to be unsuccessful, due to streaking:

Electrophoretical examination of the mixture confirmed that 2-, 3-, and
6-{}4nethylfg-galactoses were included in the mixture, Mg values of these iso-

mers being 0.45, 0.81, and 0.90, respectively.
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(4) Mono-O-methyl-L-arabinoses.

The extract of the mono-0-methyl ethers showed only one spot (Mg 0.33)
by electrophoresis. Of three possible monoﬁgrmethyl-g-arabinoses, the 2- and
3-isomers are known, and the spot of Mg 0.35 was assumed to be the 2-Q-methyl
derivative, since examination of reported Mg values of g-glucose derivatives
(51) showed that absence of a free hydroxyl group on carbon-2 tends to lower
the Mg value. Electrophoresis of the extract with synthefic 2- and 3-0-methyl-
g—arabinoses showed that the spot of Mg O0.33 corresponded to that of 2-0-
methyl-g-arabinose.

(5) Mono-Q-methyl-D-xyloses.

The mixture of monofgrmethylfg-xyloses was first examined electrophor-
etically with a mixture of 2- and 3~Qrmethy112-xyloses isolated from a methy-
lated hemicellulose, and was shown to-be a mixture of these two compounds. The
mixture was also examined chromatographically in butanone-water azeotrope,
vhich clearly distinguished 2- and 3-O-methyl isomers in the mixture, parti-
cularly when one drop of concentrated ammonia was added to the solvent, and
development continued for at least 20 hours. The 2-0-methyl isomer showed a
stronger spot than that of 3~0-methyl isomer.

(V) Examination of Fast-Running Spots.

As stated under Section (III), the spots whose Rf values correspond to
those of pyranose-type di-QO-methyl ethers may contain the furanose-type mono-
O-methyl ether, i. es 5-O-methyl derivative, and therefore a group of fast-
running components (those running next faster than the mono-O-methyl ethers)
was also isolated from the paper chromatograms or by column chromatography

and was examined by electrophoresis. With all these components of the hexo-
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ses, strong spots of non-migrating or very slowly (slower than the 20~
methyl ether) migrating components were detected. It is true, some mono-
O-methyl ethers may migrate slower than the 2-O-methyl isomer, as in the
case of 4fgrmethy1-2-galactose, Mg 0.30 (ef. Mg 0.43 of 2fgrmethy172—gal—
actose), but it was apparent that those spots did not contain any mono-O-
methyl-pyranoses, nor mono-O-methyl-furanoses, because the former should
not be contained in the fast-running components of chromatography and the
latter is expected to have a high Mg value (see the Discussion).

In the case of g—arabinose, a weak spot of Mg 0.80 and a strong spot
of Mg 0.00 were detecteds The spot of Mg 0.80 in the mixture of di-O-me=~
thylated g-arabinoses was shown electrophoretically to be 5197methy172-
arabinose by comparison with synthetic 5fgfmethy1-£rarabinose.

Examination of the fast-running components isolated from the mixture
of O-methylated grxyloses showed three spots, Mg 1.00 (weak), Mg 0.37
(very weak), and Mg 0.00 (medium), and the fast-migrating spot (Mg 1.00)
was proved to be 5{}mmthylf£-xylose by comparison with a synthetic same~
ple of this compound.

Some poly-O-methylated sugars have high Mg values; for example, 3,4-di-
O-methyl-D-glucose (Mg 0.31) migrates faster than 2-0-methyl-D-glucose (Mg O.
23), and 3,5,6-triﬁgrmethy112-glucose has an Mg value of 0.71 (51). It is
therefore natural to expect some spots with high Mg values in the mixture of
di~-O-methyl sugars. The fact that only non-migrating or very slowly migrat-
ing spots were detected is, however, understandable because the 2-hydroxyl
group is reactive in every case, and therefore, in all di-Q-methyl derivat-—

ives, this position is presumably substituted, preventing the complex form-—
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ation between the 1,2-hydroxyl grouping and the borate, which would have an
important roie in giving a high Mg value. Consequently, the possibility of
the fast-migrating spots detected in the mixtures of di-O-methylated g-arabi—
noses and of di-O-methylated _B-xyloses being a di-O-methyl ether migrating as
fast as the 5-O-methyl ether is very small.

(VI) Estimation of the Ratio of Mono=O-methyl Isomers.

The phenol-sulphuric acid method, established by Dubois, Gilles, Hamilton,
Rebers, and Smith (56), was used to estimate the ratio of mono~O-methyl ethers.
It was assumed that all mono-Q-methyl ethers of any particular sugar give al-
nost superimposable standard curves, and therefore only readily available iso-
mers were used to make the standard curves.

By paper chromatography, mono—g-methyl-__l':)-glucoses were separated in 2,4,-
6-collidine-ethyl acetate-water, mono-_(_)_-methyl—g—galactoses in butanone-water
azeotrope saturated with borax, and mono-_o_-methyl-g-xyloses in butanone-water
azeotrope plus one drop of concentrated ammonia.

By electrophoresis, mono-g—methyl—g-mannoses, mono—g-methyl-g-xyloses, a
mixture of 5-O-methyl-and di-O-methyl-L-arabinoses, and a mixture of 5-O-methyl-
and di-O-methyl-D-xyloses were separated; in the last two cases the di-O-meth-
y1 ethers were assumed to give almost superimposable standard curves with that
of a mono-O-methyl ether of each sugar and the ratio of the 5~O-methyl ether
to the other mono-O-methyl ethers was calculated by the combination of the
colorimetric results and the weights of mono- and di-O-methyl ethers isola-~

ted®* , It is known that the borate ion interferes color development in the

**Colorimetric analysis was performed on the mixtures of mono-O-methyl-D-xylo-
ses isolated from the methylation products of both sirupy and crystalline
D-xylose mercaptalse.
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phenol-sulphuric acid method (57); and the extracts of each components and
their blanks were evaporated to dryness and the residues were refluxed for
30 minutes in 0. I methanolic hydrogen chloride in order to destroy the bor-
ate complexes.

The compounds used as standard were: Bﬁgqmethyl—g—glucose, 2~Q-methyl-
g-mannose, 6197methyl—2—galactose, S-Q:methyl-g—arabinose, and 2-O-methyl-
2—xylose. The approximate ratios are shown in Table I.

Using gas-liquid partition chromatography, Gunner, ‘Jones and Perry (58)
have recently established an elegant method of quantitative analysis of gly-
cose mixtures, which were converted to the mixture of their acetylated glyci-
tols. They have stated that the results are at least as accurate as those ob-
tained by the analysis of glycose mixtures using paper chromatographic or
colorimetric procedures and this new method has been shown to require less
time and material than the older methods and in addition it provides a very
sensitive method for the detection and estimation of minor components in glycose
mixtures. They have not described the analysis of mixture of partially methy-
lated glycoses, but this method apparently seems to be applicable equally to
the mixtures of partially methylated glycoses. This method was, however, not
used in the present study, simply because some mono-O-methyl-glycoses, e.g.

2- and 5~Q§methyl-2—mannoses, give an identical product by reduction to their
glycitolse.
(VII) Identification of Major Components as their Crystalline Derivatives.

Only major components of mono-O-methyl derivatives were identified as
crystalline derivatives, and only in a few cases was identification possible

as the free sugar. No attempt was made here to identify 2-O-methyl~D-glucose,



since it has been identified in the preliminary work (42).
(1) 2-0-Methyl-D-mannose.

The mixture of monofgrmethyl-g-mannpses was separated by electrophoresis,
and the appropriate area extracted with water. .The extract was evaporated to
a sirup, which was then treated with methanol many times (59). The residue
was condensed with phenylhydrazine in warm ethanol to give kaﬂwthyl-g-
mannose phenylhydrazone, m.p 161 = 1639C (60).

(2) 2-0-Methyl-D-galactose.

This was isolated from the mixture by paper chromatography in butanone-
water ageotrope saturated with borax. Although the extract gave negative
test on tumeric test paper, indicating the absence of borate ion, the extract
was evaporated to dryness and then treated with methanol to destroy possible
traces of bhorate complex. The treated residue was crystallized from ethanol-
ether, m.p. 152 = 154¢C (61).

(3) 3-0-Methyl-D-galactose.

Extraction from the same chromatograms provided an electrophoretically
pure sirup which failed to crystallize. It was converted into 3197methyl-2-
galactose phenylosazone, mepe. 177 = 1799C, and identified by comparison with
the same compound derived from 2,3-difgrmethy172-galactose (62).

(4) 6-0-llethyl-D-galactose.

The electrophoretically pure sirup isolated from the same chromatograms
did not crystallize. It was identified asits phenylhydrazone, m.p. 171 -
1739C (63).

(5) 2-0-Methyl-L-arabinose

The sirup was oxidized by bromine in water and the resulting 2-Q-methyl-
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;Farabonolactone was converted into 2{}mwthy1—£-arabonomide, MePe 131 -
1329C (64), which gave a negative Weerman test.
(6) 2-0-Methyl-D-xylose.

The mixture of monoﬁgrmethyljg-xylose was dissolved in absolute ethanol
and addition of petroleum ether gave a cloudy solution, from which 2-Q-methyl-
D-xylose, m.p. 133%C (65), crystallized on seeding.

(7 3-0-Methyl-D-xylose.

The mixture from which 2-Qrmethy172-xylose was crystallized still showed
a strong spot of Z{}ﬂwthyl-g—xylose by paper chromatography. The mixture was
chromatographed in butanone-water azeotrope with one drop of concentrated
ammonia added and the Bﬁgrmethyl—g-xylose was extracted with water. The re-
sulting sirup was converted into Bfgrmethyl—g—xylose phenylosazone, meps 171 -
1720¢ (66).

(VIII) Synthesis of Standard Samplese

2=, 3=, and 6-grmethy112-glucoses, 6-Qrmethyl-2-galactose, and 2-Q-methyl-
g-xylose were available in our laboratory. 2=, 3-, and 41quethylfg-galactos-
es were obtained from Dr. B. Lindberg, Stockholm, Sweden. Syntheses of other
standard compounds needed in this study are described briefly here.

(1) 2-0-Methyl-D-mannose.

This compound was synthesized by the method of Curtis and Jones, except
that they used the dimethyl mercaptal instead of diethyl, (67), following the
reaction scheme shown in Fig. 7.

It was also prepared by the method of Aspinall and Zweifel (12). This
method is the first application, in carbohydrate chemistry, of the well-~estab-

lished fact that in a cyclohexane system equatorial hydroxyl groups are more



readily esterified than are axial hydroxyl groups. In methyl.4,6-Q0-ethyli-
dene-afg—mannopyranoside (XIV) (Fig. 8) there is little doubt that the pyra-
noside ring is held in the Cl1 conformation, disposing the 2-hydroxyl group
axial, and 3%~hydroxyl group equatorial. The equatorial hydroxyl group is
selectively tosylated to give XV, from which 2-9:methy1-2—mannose is obtained
by a series of reactions.

The synthesis accerding to their procedure showed, however, that the
product was accompanied with small amount of the 3-O-methyl ether.
(2) 3~0-lethyl-D-mannose.

Starting with XIV, Aspinall and Zweifel (12) have also been able to syn-
thesize 37grmethy1-2—mannose, according to the scheme shown in Fig. 9;

Following their procedure, XIV was partially O-nitrated in acetic anhy-
dride, and the infrared spectrum of the product showed bands of QO-acetate at
5.76 4 (C=0 stretching) and at 8.13u (C~O stretching), indicating partial
acetylation during the nitration. It was assumed, however, that the attack
by nitrate is much faster than that by acetate, and therefore the Q-nitration
had taken place almost exclusively on the 3-hydroxyl groupe Bell and Synge
(68) have successfully deacetylated XVI (Fig. 10) in a mixture of methanol
and chloroform with a trace of sodium. Application of this method on the par-
tially acetylated product gave a sirup which showed no band of O-acetate in
its infrared spectrum. Completion of Aspinall and Zweifel's process with this
deacetylated product showed, however, that the final product was accompanied
with a small amount of 2-O-methyl-D-mannose.
(3) G—Q—Methyl—g—mannose.

This has been synthesized by Waters, Hockett, and Hudson (69) by a series
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of reactions shown in Fig. 1l. Their procedure was followed, but the pro-
duct was shown to be a mixture of mono-grmethyiﬂgfﬂmnnoses by electrophores—
is, presumably due to acetyl migration during methylation. A very low yield
of electrophoretically pure 6ﬁg:methy1-2-mannose was obtained by column
chromatography in butanone-water azeotrope, and the pure sirup was converted
to its phenylosazone, m.p. 1719C.

(4) 2,3-Di-0-methyl-D-galactose.

This compound was synthesized by the method of Robertson and Lamb (62)
(Fig;‘lz) and was converted into 31Qrmethy172—galactose phenylosazone, m.p.
177 - 1799C.

(5) 2-0-Methyl-L-arabinose.

The method of Jones, Kent, and Stacey (64) (Fig. 13) was used to prep-
are this compound. The 2-O-methyl-L—arabonolactone, hitherto known as a
girup, was crystallized for the first time, m.p. 889C.

(6) 5-_Q—Methyl—_£_:—arabinose.

At the beginning of this study, it was presumed that the primary hydro-
xyl group of sugar mercaptals should be methylated to some extent. This
~compound was unknown at this time, although its possible presence in the hy-
drolysis products of methylated wheat bran hemicellulose had been reported
by Adams (70). It was therefo?e synthesized (20) according to the scheme
shown in Fige. 14, and the sirupy product was characterized as its phenylosa-
zone, m.p. 154.59C, and the lactone, m.pe. 1359C. The structure of this com-
pound was confirmed by periodate oxidation, in which 3 moles of periodate were

consumed yielding 3 moles of formic acid.
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Siddiqui, Adams and Bishop (71) have recently reported the synthesis
of this compound by a similar process, in which benzyl, instead of acetyl,
was used as the blocking group for the 2- and 3-hydroxyl groups. They
claim that the possible acetyl migration which has not been observed in our
synthesis may lead to an impure product. However, examination of molecular
models shows that acetyl migration is very unlikely because of the highly
twisted ortho-ester intermediate.
(7) 3-0-Hethyl=D-xylose.

This compound was synthesized by the method of Levene and Raymond (72)

(Fig. 15). The trityl group was used to block the 5-hydroxyl group, because,

when crystalline 1,2-insopropylidene-Berbenzoyljgaxylose was methylated by
the Purdie reagents according to the procedure of Levene and Raymond, a strong
odour of methyl benzoate was experienced from the extracts of the methylation
mixture and paper chromatography of the hydrolysis product gave several strong
spotss The tritylated product of crude l,2—£§dsopropy1idenejg-xylose gave,
after methylation and hydrolysis, a sirup which showed only weak spots of
polyhﬁlqmethylated.g—xyloses by paper chromatography.
(8) Sﬁngethyl-g-Xylose.

The method of Levene and Raymond (72) (Fig. 16) provided this compound.
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RESULTS AND DISCUSSION

The mono-QO-methyl ethers detected in the methylation products are listed

in Table I, with their approximate ratios in parentheses.

TABLE I.

Mono-O-methyl ethers detected in the methylated mercaptals and their ratios.

Diethyl mercaptal ofe Mono-Q-methyl ethers detected-
D-glucose 2 (6) 3 (1) 6 (1)
D-mannose 2 (12) 3 (1) 6 (1)
D-galactose 2 (1) 5 (1) 6 (1)
L-arabinose 2 (30) 5 (1)
D-xylose 2 (16) 3(0)  5(1)

From Table I, it is seen that there is a marked tendency to yield 2-0-
methyl ethers by methylation of mercaptals, and that 3= and primary hydroxyl
groups are also reactive, but to lesser extent, with the exception of g—galac—
tose diethyl mercaptal, where approximately the same amount of 2-, 3-, and
6=O-methyl ethers were found.

The structures of sugar mercaptals are somewhat similar to those of
polyols, the reduction products of free sugars, in the sense that both mer~
captals and ployols have acyclic structures. In their study of the config-
uration of carbohydrate compounds, Macpherson and Percival (73) have observed

that D—-glucose diethyl mercaptal, as well as straight-chain polyhydroxyl com~



pounds such as dulcitol and sorbitol, showed a strongly positive effect on the
conductivity of boric acid solution.

As one of the typical and important reactions of polyhydroxyl compounds
the formation of acetals and ketals from carbonyl compounds and sugar alcohols
has been extensively explored, and an accumulation of data has led to empiri-
cal rules concerning these reactions. In order to simplify the discussion, a
code system used by Barker and Bourne (74) will be employed, whereby the posi-
tion and size of an acetal ring can be indicated precisely. The Greek letters,
a, B, and y, signify the relative positions, along the carbon chain of the pol-
yhydric alcohols, of the two hydroxyl groups engaged in the cyclisation, and C
and T indicate whether these two hydroxyl groups are disposed gis or Erans in
the usual Fischer projection formulaj C and T are required only when hoth hy-
droxyl groups are secondary. Thus a system in which an alkylidene residue
spans two secondary hydroxyl groups, located on adjacent carbon atoms and hav-
ing a trans-orientation, contains an aT-ring, whereas P-ring is present when
one of the hydroxyl groups concerned is primary and the other is situated on
the B-carbon atom.

A study of the methylene acetals of proven structure derived from dul-
¢citol, mannitol, sorbitol, and ribitol enabled Hann and Hudson (75) to reach
certain conclusions, which, when expressed in terms of the Barker-Bourne code,
were as follows: (a) a BC-ring is favoured, but a BT-ring is not; (b) a B-
ring is favoured; (c) a pPC-ring is preferred to a B-ring; (d) a yT-ring is
favoured, but a yC-ring is not; (e) an a-ring may be formed when a B-ring is

not permissible. Later, Ness, Hann and Hudson (76) added a rider to the eff-
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ect that a yI'-ring (previously believed, from considerations of the behav-
iour of methylene acetals during acetolysis, to be highly favoured) may not
be formed when B~ and BC-rings are permissible. They obsgrved, too, that
these rules were compatible with the data then available for benzylidene
acetals of the polyhydric alcohols. The Hann-Hudson rules have long been
recognized as being an outstanding contribution in this field, and have been
of great value in the interpretation of the problems of acetal formation and
in the prediction of the structures of acetals of the polyhydric alcohols;
In the light of all the relevant information concerning the acetals of
the tetritols and their higher homologues which has : been garnered since the
introduction of the Hann-Hudson rules, Barker and Bourne (74) have extended
them to cover virtually all known cases of the formation of benzylidene, ethyl=
idene, and methylene derivatives of the polyhydric alcohols.w The extended
rules are: (1) +the first preference is for a BC-ring; (2) the second for a
B-ring; (3) the third for an a-, aP-, BT=, or yI-ring; (4) in methylenation,
a BT-ring takes precedence over an al- or a yT-ring; (5) in benzylidenation
and ethylidenation, an aT-ring takes precedence over a fT- or a yI-ring; (6)
rules (4) and (5) may not apply when one (or both) of the carbon atoms carry-
ing the hydroxyl groups concerned is already part of a ring system. Rule (5)
is to be regarded as tentative because of the small number of examples upon
which it can be based. It is well known that the condensation of an aldehyde
with a polyhydric alcohol does not afford a y-, aC-, or yC-ring. It should
be noted that the participation of two hydroxyl groups, possessing a trans-

orientation, in acetal formation is made possible by free rotation within the



carbon skeleton of the polyhydric alcohol, a situation which is not encount-
ered when the carbon atoms carrying these hydroxyl groups are already part of
a ring system; it is for this reason that it is necessary to include rule (6).

These rules -~ at first sight rather arbitrary - might be expected to have
an underlying, unifying principle, and Barker, Bourne, and Whiffen (77) have
shown that the marked tendency for a carbon chain to adopt the planar zig-zag
form (78), which enables the largest groups attached to adjacent carbon atoms
to become trans to one another, is sufficient to explain the main features of
the rules, since it appears that the most favoured rings involve the least en-
ergy for distortion of the planar chain.

If it is accepted that the most stable arrangement in a polyhydric alco-
hol is that in which the carbon chain assumes a planar zig-zag form, then 2—
glucitol and D-mannitol are represented by the structures (XVII) and (XVIII),
respectively (Fige. 17), viewed perpendicularly to the plane through the car-
bon chain with bold and dotted lines to indicate the substituents on the car-
bon atoms in conventional manner; for comparison, the Fischer_ projection form=
ulae for these hexitols are also given in Fig. 17. From the comparison of
these two types of structures, it is seen that the adjacent cis-hydroxyl
groups in the Fischer projection formulse (e.g., 4~ and 5-hydroxyl groups of
g-glucitol, and 2= and 3-hydroxyl groups of g-mannitol) are threo to each oth-

er,¥

** TIn the present discussion cis- and trans—configurations refer to the Fis-
cher projection formulae or the Haworth structures and erythro- and
threo- to the zig-zag conformations.



The zig-zag form of the carbon chain as the most favoured conformation
for polyhydric alcohols has been supported by the results reported by Schw-
arz (79), who, working with hexitols, has shown that preferential attack by
periodate occurs at the 2,3%~ and 3,4~positions of g-glucitol (XVII), 344
position of grnmnnitol (XVIII), and 2,3- and 4,5-positions of g—galactitol
(x1x) (Fig. 17), all these pairs of hydroxyl groups being trans-oriented in
the Fischer projection formulae, but erythro- in the zig-zag structures.
These structures are further supported by the results reported by Courtois
and Guernet (80). By assuming thé same zig=-zag carbon chain, Bragg and
Hough (81) have explained the slower reduction of j=0-substituted aldoses
and 4-O-substituted hexuloses with potassium borohydride, in terms of steric
hindrance of these substituents toward approach of the reagent to carbon-l
of aldoses and to carbon=2 of hexuloses. Foster (46), too, emphasizing the
importance of the open—chain aldehydo-form as a contributor to the equili-
bria of borate complex formation in electrophoresis, has explained the mob-
ilities of various free sugars, for which he assumed the zig-zag structure
as the principal form in alkaline medium.

"These results,' Ferrier and Overend (11) have stated, 'do not prove
that the zig-zag conformations are adopted in solution. The phenomenon may
be due to differences in stability of the cyclic intermediates derived from
the threo- and erythro-systems.' But it is known (77) that the formation of
a cyclic acetal is a two-~stage process, involving first the formation of a
semiacetal and then cyclisation, with accompanying deh&dration, and there-

fore no cyclic intermediate is involved in the formation of an acetal.
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The conformation of sugar mercaptals is not known, but it seems to be
reasonable to assume the zig-zag carbon chain as the most favourable cone
formation. In connection with this assumption it has already been noted
that Macpherson and Percival (73) have observed parallel results between
mercaptals and:polyhydric alcohols in the conductivity of boric acid solu~-
tions, and further Littleton (82) has shown by X-ray analysis a nearly plan—
ar six-membered zig-zag carbon chain for the gluconate ion (Fig. 18) in a
crystalline state. If this assumption is accepted, then the rules proposed
for the formation of cyclic acetals of polyhydric alcohols should also be
able to explain the same reaction of sugar mercaptals.

Cyclic acetals of sugar mercaptals are known only in a limited number
of cases, because of the instability of the mercaptal group towards acidic
catalysts which are required in acetal formation. Huebner, Pankratz, and
Link (83) have obtained a di—grbenzylidenefg-arabinose diethyl mercaptal
by the action of dry hydrogen ch;oride on the mercaptal in benzaldehyde.
Since a fB-ring is permissible in g-arabinose diethyl mercaptal (XX), the
structure (XXI) (Fig. 19) is predicted from the Barker-Bourne rules, acco-
modating the first benzylidene group on the 3,5~hydroxyl groups and the
second on the 2,4~hydroxyl groups to form a less favourable PT-ring. How-
ever, they proposed the structure (XXII) (Fig. 19) for their di-O-benzyli-
dene derivative on the basis of lead tetraacetate oxidation, in glacial ace-
tic acid, of the partially hydrolyzed monofgrbenzylidene-g-arabinose diethyl
mercaptal which consumed two moles of the oxidant very rapidly and an addi-

tional two moles very slowly. They interpreted these observations to mean
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that the vicinal hydroxyl groups on carbons-4 and -5 consumed one mole of the
oxidant rapidly, one of the sulphur atoms one mole rapidly, the formaldehyde
formed from the carbon-5 one mole slowly, and the second sulphur atom one
mole slowly. Since their di-O-benzylidene derivative and D-galactose diethyl
mercaptal tetraacetate consumed one mole of the oxidant very rapidly and an
additional one mole very slowly, they suggested a fast oxidation of a sulphur
atom, followed by slow oxidation of the second sulphur atom. They have also
isolated formaldehyde, as the dimedon condensation product, using a smaller
amount of oxidant to prevent over-—oxidation of formaldehyde. They have ass=
igned the structure (XXIII) (Fig. 19) to the mono-O-benzylidene derivative
from these observations. Zinner and Wittenburg (84) have observed a partial
hydrolysis of the Q-benzylidene group during lead tetraacetate oxidation in
benzene. Since partial hydrolysis of O-benzylidene groups is more likely in
acidic medium, the observations by Huebner, Pankratz, and Link might be the
results of complex reactions involving partial hydrolysis of O-benzylidene
groups The definite formulation of their mcno- and diﬁgrbenzylideneig—arabi—
nose diethyl mercaptals must therefore await more conclusive observations con-
cerning their structures.

Zinner, Rembarz, Linke, and Ulbricht (44) were the first to prepare mono-
and di1g7benzylidene-g—xylose mercaptals. They obtained the di-O-benzylidene
derivatives by the partial hydrolysis of the former compounds. They have
assigned the structures of 2,3-mono- and 2,3;4,5—difgrbenzylidene-g-xylose
mercaptals to these derivatives (XXIV) and (XXV), respectively (Fig. 20), on

the basis of their observations that the mono-Q-benzylidene derivatives con-
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sumed one mole of lead tetraacetate and formed formaldehyde (yield not sta-
ted).v The Barker-Bourne rules predict, however, the 2,4; 3,5=-di-O-benzyli-
dene derivative (XXVII) for guxylose mercaptals. Purthermore, it is kmown
that lead tetraacetate oxidation of sugar mercaptals is an unreliable guide
to the presence of hydroxyl groups on adjacent carbon atoms, due to the
oxidation of the mercaptal group (83, 85), and Zinner, Bock, and Klocking
(86), too, have observed the oxidation of. mercaptal group by lead tetraace-
tate in benzene. Curtis and Jones (87), in connection with the synthesis

of a disaccharide, have proved that the structure (XXIV) proposed by Zinner,
Rembarz, Linke and Ulbricht (44) is to be corrected to XXVI, and consequently
XXV to XXVII. Zimmer and Wittenburg (84) have also recognized that these
compounds are to be formulated as XXVI and XXVII, but without mentioning the
correction by Curtis and Jones (87). These results suggest that the Barker-
Bourne rules can also be applied to sugar mercaptals.

Zinner and Wittenburg (84) have also prepared difgrbenzylideneﬁg-ribose
mercaptals, to which they have assigned the structure (Fig. 21) after care-
ful proof by a series of reactions, as well as lead tetraacetate oxidation
on the mono-O-benzylidene derivative and the consideration of the Barker-
Bourne rules. The structure was also supported by further chemical evidence
presented by Zinner and Schmandke (88). Here again applicability of the
Barker-Bourne rules to sugar mercaptals was proved.

Wolfrom and Tanghe (89) have reported that 6f97benzoyl-2—glucose diethyl
mercaptal obtained by selective esterification of the mercaptal afforded the
di-O-benzylidene derivative which on saponification with alkali yielded di-

O-benzylidene~D-glucose diethyl mercaptal. The position of these two ben~
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zylidene groups was not assigned; thus the compound was described as (2,3,4,—
5)—diﬁgrbenzylidene-g-glucose diethyl mercaptal. Since the favourable BC-
ring is permissible, the first benzylidene group should occupy the 2= and 4-
positions, and since the 6-position is blocked with a benzoyl group, the sec-
ond benzylidene group is forced to occupy the 3- and 5-positions forming a BT-
ring. Hence, the difgrbenzylidene-g-glucose diethyl mercaptal is very likely
to be 2,4;3,5-di~0~benzylidene-D~glucose diethyl mercaptal (Fig. 22):

Although it has been stated (74) that the Barker-Bourne rules do not
apply to the isopropylidene derivatives of polyhydric alcohols, and that there
is a marked tendency to form a five-membered ring in these derivatives, the
zig-zag structure for sugar mercaptals can also explain why the 2,3-hydroxyl
groups of g-mannose methyl mercaptal do not form an isopropylidene deriva-
tive. In the zig-zag structure of D-mannitol (Xxv1I1I) (Fig. 17), the 2,3~
hydroxyl groups which are cis-oriented in the Fischer projection formula are
threo~ in the zig-zag structure, whereas the 3,4-hydroxyl groups are in ery-
thro-relationship in the zig=-zag structure, but trans— in the Fischer project-
jon formulaj; thus from ghmannose dimethyl mercaptal the 3,4;5,6-di-O-isoprop-
ylidene derivative is obtained (67) (Fig. 7).

The mechanism of the Purdie methylation is not known, but, due to the
inevitable presence of a trace of barium hydroxide in silver oxide prepara-
tions, and also because of the basicity of silver oxide in the presence of
moisture, the methylation is considered to take place in a basic medium.

This is the reason why Purdie's reagents cause the migration of acetyl groups

during methylation; an ortho acid ester is formed as an intermediate by the
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bagic reagents (Fig; 23). The first step of the methylation should there-
fore be the ionization of an hydroxyl group ((l) in Fig. 24), and the methy-
lation is then completed by substitution with a methyl group according to the
scheme (2) (Fig. 24). It will be seen that the equilibrium of the step (1)
is shifted to the right, if any electron-withdrawing group is present near
the hydroxyl group concerned. Since in glycosides only carbon-l is linked to
two such groups, i.e. oxygen atoms, the acidity of the hydroxyl groups of gly-
cosides would be the greatest at position 2 and much less at position 3. As
Sugihara (9) has pointed out, this can explain the fact that non~reducing su-
gars exhibit a measurable acidity in conductometry and polarography, and that
methylation tends to yield 2-0O-methyl derivatives from glycosides. This is
also true in the case of sugar mercaptals in which carbon=l carries two elec-
tron-withdrawing atoms, i.e. sulphur atoms, and the greater reactivity of the
2-hydroxyl group of these compounds towards methylation can be explained in
terms of this inductive effect; some examples have been quoted in the Intro-
duction.

The present study has again demonstrated that in the Purdie methylation
of sugar mercaptals the 2-hydroxyl group has the greatest reactivity. In gen-
eral, a much lower reactivity of the 3-hydroxyl group of sugar mercaptals
compared to that of 2-hydroxyl group was demonstrated clearly for the first
time. Since the inductive effect rapidly decreases progressively down the
carbon chain, this effect on the3-carbon is very much weaker than on the a-car+
bon. The much lower reactivity of the >=hydroxyl group can thus be explained

in terms of the inductive effect of the two sulphur atoms on carbon-l. The
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appreciable reactivity of the primary hydroxyl group of sugar mercaptals is
explicable by the fact that the primary hydroxyl group is sterically the least
hindered.

Ié should be noted here that the preliminary work (42) has described the
following results. Sugar mercaptals were methylated by the method of Lieser
and Leckzyck (40)and upon separation of the products from excess methyl iodide
and silver oxide, sirups were obtained. The sirup from the reaction of 2—
glucose diethyl mercaptal crystallized spontaneously to give a 46% yield of
nymwthyljg—glucose diethyl mercaptal, the others failing to yield any cry-
stalline material except unchanged mercaptal. The mother liquor from the 2-0-
-methylﬁg-glucose merceptal and the remaining three sirups were investigated
by paper chromatography. On development of the chromatogram with iodine vap~—
our, the presence of several compounds was noted, qualitatively indicating
that the reaction is more general than had been supposed. The reaction in
"each case gave products of two types; those having a high Rf values corres—
ponded to methylated and unchanged mercaptals, while those having lower Rf
values were presumably more polar compounds whose constitution is at present
unknown. It can, however, be stated that in these slow-running compounds the
mercaptal group has not been removed completely since they gave no spot for
reducing sugar with p-anisidine hydrochloride. It is also apparent that
these compounds are probably carbohydrate in nature since their Rf values
varied from sugar to sugar, but on hydrolysis with acid they did not regener-

ate the parent sugars. It was observed that the most intense of these slow

spots can be produced by reacting the mercaptal with methyl iodide in the ab-
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sence of silver oxide.
It is well known that alkyl sulphides form stable sulphonium compounds
with alkyl halides, and that as a disulphide, mercaptals of ordinary aldehy-

des also form bis—sulphonium derivatives with halides— e.g.

SEt SEt . I
~ + 2Bt I —> o
SEt,I

CH
2~ sEt A

Kuhn and Trischmann (90) have recently observed that dimethylsulphoxide,
the basicity of the sulphur atom in which would be much lower than that of
thioethers, forms the addition compound, trimethylsulphoxonium iodide, with
methyl iodide. A similar type of reaction likely occurs in the action of
methyl iodide on sugar mercaptals. Some of the compounds having lower Rf
values which were observed in the preliminary work (42) would possibly be
these sulphonium compounds because polar compounds usually travel slowly in
paper chromatography. The low yield of QO-methyl sugars from the methylation
of sugar mercaptals can be accounted for by the formation of these polar com-
pounds during methylation since the sulphonium compounds would not be hydro-
lyzed by acid to their parent free sugars. If these sulphonium compounds are
formed, the acidity of the 2-hydroxyl group is much more enhanced than it
would be by the mercaptal group alone and the predominant methylation at the
2-hydroxyl group is equally well explained in terms of the inductive effect
of the sulphonium group.

The formation of sulphonium compounds appears to provide another mechan-
ism, in addition to the direct methylation of an activated hydroxyl group,

for the interpretation of the high reactivity of the 2-hydroxyl group towards
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Purdie's reagents. The ionized oxygen on carbon=2 is suitably located to
attack the rear-side of the methyl group on the sulphonium grouping and the
methylation on the 2-hydroxyl group may be effected through the intermediate
(XXVITI)* (Fig. 25).

This 'transmethylation' from the sulphur to the oxygen is also possible
with the 3-hydroxyl group forming a six-membered intermediate (XXIX) (Fig; 25)
which incidentally would be more stable than XXVIII. However, the much weaker
acidity of the 3-hydroxyl than the 2-hydroxyl group would account for the pre-
ponderant formation of 2-0-methyl derivatives.

A criticism may arise: why has the 2-0-ethyl derivative not been isola-
ted in the methylation of diethyl mercaptals? In these mixed sulphonium com-
pounds, transfer of the ethyl group, rather than the methyl group, from the
sulphur to the oxygen atom is very unlikely for two reasons; (1) the terminal
methyl of the ethyl group would sterically prevent the approach of the oxygen
towards the methylene of the ethyl group, and (2) the methylene carbon atom
would be.less electropositive compared with the carbon of the methyl group on
the sulphur atom because the terminal methyl of the ethyl:group tends to re-
pel the bond-electrons toward the methylene of the ethyl group, and the oxy-
gen would exclusively attack the methyl group on the sulphur atom. In this
connection a kinetic study (91) of the substitutive Hofmann degradations .of

dilute sulphonium hydroxides in water must be cited, wherein a much slower

¥ Only the mono-sulphonium compound is shown here. The bis-sulphonium com=-
pound is less probable under the mild conditions of the Purdie methylation

since the positive charge on the sulphur atom would lower the basicity of
the second sulphur atom.

Q
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reaction of the ethyl derivative compared to that of the methyl derivative
has been demonstrated. The fact that the 2-0-methylated mercaptals (not the
sulphonium compounds) have often been isolated from the Purdie methylation
products, does not eliminate the mechanism of this transmethylation. In the
presence of a neighbouring hydroxyl group (2- or 3—position) as an acceptor
of the methyl group, the sulphonium compounds would immediately be transform-
ed into the Q-methylated mercaptals.

Hydrogen bonding in sugar molecules has been observed for some time and
a chapter has been devoted to the subject in a recently published review (92).
In polyhydroxyl compounds like sugar mercaptals, the presence of intramole-
cular hydrogen bonding seems to be quite possible. In fact, in acyclic
diols, where free rotation around the carbon-carbon bonds is possible, the
five-, six-, and seven-membered intramolecular hydrogen bondings are known
(92). Poster (46) has given the distances between various oxygen atoms of
polyhydric alcohols in the zig-zag conformation (Table II). It is known that
hydrogen bonding between two oxygen atoms is possible when these oxygen atoms
are separated by 2.5 - 2.93 and that in pentaerythritol the hydrogen bond

2
distance was observed to be 2.69 + 0.03A (93). From the table it is seen that

TABLE II.

Distances between the oxygen atoms of polyhydric alcohols.

Relation of hydroxyl groups fpC,3 aT,a BT aC

0
Separating distance, A 2.51 2.83% 3.43% 3,68
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intramolecular hydrogen bonding will be possible between two hydroxyl groups
in BC=, p=~, al-, or a-relationships, but it would be definitely weak because
rectilinear hydrogen bonding, where the hydrogen bond is strong, is not poss-
ible without large distortion of the zig=zag conformation.

Several examples in which the effect of hydrogen bonding is the deter—~
mining factor of a reaction have been demonstrated (92). The hydrogen bond—
ing of the type O-=H**+*X (X : negative atom) tends to increase the basicity
of the oxygen atom, and hence its reactivity toward electrophilic reagents
is increased. Therefore, the reactivity of a hydroxyl toward methylation
would be lowered if the hydroxyl group is engaged in hydrogen bonding, i.e.
the equilibrium (1) (Fig. 24) (p. 44) would be shifted to the left. In hy-
drogen bonding between two hydroxyl groups, the electrons to form the hydro-
gen bond will be donated to the hydrogen from the more negative oxygen atom,
and in the case of sugar mercaptals, the electrons would be donated from the
oxygen atom which is located far from the mercaptal group since the electro-
negativity of the oxygen atom closer to the mercaptal group would be less
than the other due to the electron-attracting character of the two sulphur
atoms. Consequently, if the hydroxyl group is not hydrogen-bonded, the
reactivity toward methylation would be higher than that of the hydrogen-—
bonded hydroxyl group, the hydrogen atom of which is involved in the hydro-
gen bondinge.

The results obtained in this study will be discussed individually, but
only the trend of reactivity can be considered because the estimation of

the ratio of mono-O-methyl ethers involves an assumption that all mono-0-
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Fig, 26, Zig-zag conformation of sugar mercaptals.



methyl ethers of particular sugars give almost superimposable standard
curves in the colorimetric analysise. The zig-zag conformation, together
with the Fischer projection formula, of the sugar mercaptals are shown
in Fige. 26.

(1) D-Glucose Diethyl Mercaptal (xxx) .

From the methylation product of g—glucose diethyl mercaptal 2~, 3-,
and 6797methy1-£~glucoses were detected in a ratio of approximately 6 :
1:1.

The highest reactivity of the 2-hydroxyl group, followed by that of
the 3-hydroxyl can be understood by the inductive effect of the mercaptal
group or of the sulphonium group. The appreciable reactivity of the 6~
hydroxyl group is due to the least steric hindrance, as discussed before.
Methylation on the 6-hydroxyl group apparently proceeds by direct attack
of the reagents.

(2) E—Mannose Diethyl Mercaptal (XxxX1).

The 2-, 3=, and 6-Q-methyl ethers were found in the methylation mix-
ture in the approximate ratio of 12 ¢ 1 : 1. This ratio, compared with
that of monofgrmethyl-g-glucoses (6 :21 ¢ l), is more favourable to the 2-
O-methyl ether. The only possible hydrogén bonding between the secondary
hydroxyl groups of E—mannose diethyl mercaptal is that between the 3- and
4-hydroxyl groups. Since the 2- and 4-hydroxyl groups are threoc-oriented,
separating them as far as 5.43K, no interaction between these two hydroxyl
groups is permissible, but the 3- and 4-hydroxyl groups are close enough

(2.85&) to form a weak hydrogen bond, thus decreasing the reactivity of the
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3-hydroxyl group toward methylation, and furthermore, the aC-relationship
(3.682) between the 2- and 3—hydroxyl groups makes the former entirely free
from hydrogen bonding. In 2—glucose diethyl mercaptal, the reactivity of

the 2-hydroxyl group is lowered by the hydrogen bonding with the 3- or
4-hydroxyl group, and the greater degree of methylation at the 2-hydroxyl
group of D-mannose diethyl mercaptal would be accounted for by the difference
between these situations.

(3) D-Galactose Diethyl Mercaptal (XXX11)

Approximately equal amounts of 2-, 3-, and 6-Q-methyl-D-galactoses
were found in the methylation products. If the results are compared with
those for g—glucose or Eamannose diethyl mercaptals, the much higher reac-
tivity of the 3~hydroxyl group of the former is unexpected. The results of
the colorimetric analysis are supported by the fact that almost identical
ratios were obtained from the relative weights of these isomers isolated
from paper chromatograms. If the inductive effect is the most important
factor controlling the rate of methylation, somewhat similar results to
that of g-glucose diethyl mercaptal should be obtained. iIn order to explain
the high reactivity of the 3-hydroxyl group (as high as the 2-hydroxyl
group), another factor is apparently important in the methylation of E—gal—
actose diethyl mercaptal.

In E—glucose diethyl mercaptal, hydrogen bonding is expected between
243-, 2,4~, or 3,4-hydroxyl grouping, and as soon as the most reactive
2-hydroxyl group is methylated, the first two possibilities are removed,
(Hydrogen bonding between 2-methoxyl and 3- or 4-hydroxyl groups would not

be possible owing to the low basicity of the oxygen atom in the methoxyl
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group.) However, the reactivity .of the 3-hydroxyl group is still
suppressed by the hydrogen bonding from the 4-hydroxyl group. In the

case of E-galactose diethyl mercaptal the only possible hydrogen bonding
is that between the 2- and 3-hydroxyl groups, and the latter is threo-
oriented to both ﬁhe 4- and 5-hydroxyl groups so that no hydirogen

bonding is permissible among these hydroxyl groups. Thus, as discussed
before, the reactivity of the 3-hydroxyl group of g-galactose diethyl
mercaptal is expected to be higher than that of other mercaptals. This
provides support for the mechanism of "transmethylation" since the 3-
hydroxyl group, free from hydrogen bonding, could approach the sulphonium
group easily. Croon has observed (94) that in the Haworth methylation of
cyclic glucose derivatives the 3-hydroxyl group is "doubled" when the
2-hydroxyl group is methylated. He has attributed this to an increase in
the acidity of the 3-hydroxyl group when the 2-hydroxyl becomes methylated.
This finds a parallel in the present instance where the 3-hydroxyl group
of D-galactose diethyl mercaptal can not be hydrogen bonded. If the di-O-
methyl galactose ethers were examined it is likely that 2,3-di19—methy1-2-
galactose would be found as the principal component.

(4) L~Arabinose Diethyl Mercaptal (XXXIII).

Only 2- and ngrmethyl-g-arabinoses were obtained by the methylation
and their ratio was estimated to be 30 : 1 by the combination of the weights
of the fast- and slow-moving components and the colorimetric analysis of
the fast-moving components. From the comparison with a synthetic sample
of Bﬁgrmethyl-g—arabinose on electrophoresis, the presence of this compound
in the methylation mixture was denied.

The stereochemical relationship of the 2-, 3-, and 4-hydroxyl groups
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of g—arabinose diethyl mercaptal is the same as that of g—galactose diethyl
mercaptal; but the S5-hydroxyl group of the former is primary, whereas in
the latter compound it is secondary, and on account of the zig-zag confor-
mation hydrogen bonding between 3= and 5-hydroxyl groups is not possible

in the latter. In E—arabinose diethyl mercaptal, a rather strong hydrogen
bonding between 3= and 5-hydroxyl groups (2.513) is possible and particular-
ly when the 2-hydroxyl group is methylated the reactivity of the 3-hydroxyl
group is largely reduced by the hydrogen bonding with the 5-hydroxyl group;
This hydrogen bonding would be the reason for the absence of }{}ﬂmthgl-i-
arabinose in the methylation product.

(5) D-Xylose Diethyl Mercaptal (XxXxIV).

From the methylation product 2=, 3-, and 5{}mwthyl—£—xyloses were de-
tected in the approximate ratio of 16 : 10 : 1. The fact that 512qmethy172-
xylose was not detected in the electrophoresis of the methylation product of
the sirupy'gbxylose diethyl mercaptal is explicable by the weakness of the
spot detected in the methylation product of the crystalline g—xylose diethyl
mercaptal 3 5ﬁgrmethy112-xylose might be missed.

Due to the high solubility of g—xylose diethyl mercaptal in methyl io-
dide, the methylation was first carried out in the absence of the diluent,
tetrahydrofuran, yielding only poly-ggmethyl-g-xyloses. The higher ratio of
31grmethy1f2-xylose compared with that of 3fg:methy112-glucose, the stereo-
chemical relationships of the 2=, 3-, and 4~hydroxyl groups of D=glucose and
g-xylose diethyl mercaptals being equal, may be accounted for by the higher

concentration of methyl iodide in tetrahydrofuran in the methylation of D-
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xylose diethyl mercaptal (see Experimental) compared with that of g-gluc-
ose diethyl mercaptal, regardless of the hydrogen bonding between the 3=
and 5-hydroxyl groups in g—xylose diethyl mercaptal.

In the preceding discussion the 4-~0-methyl ethers of pentoses and
4- and 5-0-methyl ethers of hexoses were not mentioned. Those spots cor-
responding to 2+, 3=, or 6-O-methyl ethers may contain the 4-O-methyl deri-
vative, but when the predominant effect of the mercaptal group on the me-
thylation of the neighbouring hydroxyl groups is considered, it is natural
to assume that the 4~0-methyl derivatives are not formed in any appreciable
amount. Furthermore, the reactivity of the 4-hydroxyl group of the hexose
diethyl mercaptals would be largely depressed by the hydrogen bonding with
the 6-hydroxyl group and a similar situation exists in the case of the 3-
hydroxyl group of g-arabipose diethyl mercaptal. The 4~0-methyl ethers ex-
clude the furanose form and, therefore, the contribution of the 1,2-hydro-
xyl grouping of this form to the equilibria in borate complex formation
need not be considered; hence, a low Mg value is expected in the 4~O-methyl
ethers (e.g., 4-Q-methyl-D-glucose: Mg 0.24 (46) and 4=Q-methyl-D-galac—
tose: Mg 0.3%0 (61)). 4fngethyl-£—mannose possesses the 2,3-cis-hydroxyl
grouping in the pyranose form and may migrate relatively faster than the
4-0-methyl ethers of other sugars in which no cis-hydroxyl grouping exists
in the pyranose form, but due to the powerful effect of the mercaptal group
and the hydrogen bonding between the 4~ and 6~hydroxyl groups the presence
of this isomer in the mixture is very unlikely. Similarly, the 4-0-methyl

ethers of L~arabinose and D-xylose are expected to have a low Mg value, al-
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though there is a possible contribution of the B-hydroxyl grouping, the
effect of which is less significant.

The 4~hydroxyl group is invariably hydrogen-—bonded as noted above and
since it is well known that inductive effects fall off rapidly along a chain
one may assume that the 4-hydroxyl groups will not be activated. If it is
true that the methylation of mercaptals proceeds through the 'transmethyla=
tion' mechanism, the 4-~hydroxyl group can not approach sufficiently close
to the sulphonium group as shown by the examination of molecular models of
the zig~zag conformation, thus further demonstrating the lack of reactivity
at this position. In the case of g—galactose it was possible to substan-
tiate this hypothesis as 4-§rmethylfg-galactose is readily differentiated
from its isomers and was found to be absent.

Absence of the 5~0-methyl ethers of hexoses in the mixtures is very
clear. In all cases the B-~hydroxyl grouping in addition to the 1,2-cis~
hydroxyl and 3,6-hydroxyl groupings in the furanose form are possible (95),
and moreover the BC~ in the aldehyde-form of 5-Q:methy172-glucose, and
the 2,3-cis-hydroxyl grouping in the pyranose form of ngrmethylfgqnannose
are able to form borate complexes. Therefore, a high Mg value is expected
from each 5-0-methyl ether.

As discussed above, the reactivity of the 2=~ and 3-hydroxyl groups of
all sugar mercaptals is the result of the electron—-attracting groups, mer-
captal or sulphonium group, on the carbon-l, and it is further affected by
the intramolecular hydrogen bonding in the zig-zag conformation. This does

not imply that the 4= and S<hydroxyl groups of the hexose mercaptals and the



58—

4-hydroxyl group of the pentose mercaptals are not reactive towards the
Purdie methylation. In fact poly-O-methylated sugars were detected when
methylation was carried out for a longer period, and by the Haworth methy-
lation, which comprises the treatment with dimethyl sulphate and alkali,
g-glucose and £~mannose diethyl mercaptals are known to be methylated up

to the penta~Q-methyl derivatives.(96). Being located far from the acti-
vating mercaptal group, the complete methylation of the secondary hydroxyl
groups other than the 2- and 3-hydroxyl groups would be extremely difficult
and in an attempt to prepare 2,3,4,S-tetrafgrmethyl-g-arabinose by the Pur-
die methylation of the mercaptal the methylation products, after acidic hy-
drolysis, have always been accompanied by several components with a lower

degree of methylation (97).



EXPERIMENTAL

Tetrahydrofuran used here was pre-dried over potassium hydroxide
pellets, refluxed for several hours with lithium aluminum hydride, and
then distilled to collect the fraction with be.p. 64-662C. Ethanol};

(95%), unless otherwise specified, and petroleum ether (b.p. 30-609C)
were used throughout.

Methylation was performed by shaking the mixture in a stoppered
flask covered with aluminum foil on a mechanical shaker. Evaporation
was carried out in vacuo at 40-509C. All melting points were taken on a
Fisher-John's apparatus or E. Leitz microscopic heating block, and only
uncorrected melting points are given.

Paper chromatography was performed, unless otherwise stated, in buta-
none-water azeotrope using Whatman No. 1 filter paper, and components were
located by spraying with p-anisidine-trichloroacetic acid reagent and dry-
ing in an oven at 100-1109C. Intensities of spots are described using the
following abbreviations: m (medium), s (strong), w (weak), vs (very strong)
etc.

Electrophoresis was done in 0.05M sodium borate solution under the con-
ditions specified in each case, and in calculating Mg values, g-glucose (Mg
1.00) and 2,3,4,6—tetrafgrmethyl-g-glucose (Mg 0.00) were used as standards.
Intensities of spots are given using the same abbreviations used for chrom-
atographye.

Infrared spectra were taken by a Perkin-Elmer Infracord. Colorimetric
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analyses were performed following the procedure of Dubois et al (56), and
using a Bausch and Lomb colorimeter. When electrophoresis was used to
separate compongﬁts, the extracts were evaporated to dryness, and the
residues were refluxed for 30 minutes in 0.1N methanolic hydrogen chlor-

ide in order to destroy the borate complexes.

A, D=Glucose Diethyl Mercaptal.

Methylation of D=Glucose Diethyl Mercaptal (I).

E?Glucose diethyl mercaptal (l.OOg) was dissolved in tetrahydrofuran
(50m1), and silver oxide (4.00g), drierite (anhydrous calcium sulphate)
(5¢), and methyl iodide (30.0ml) were added to the solution. The mixture
was shaken for 12 hours at room temperature and then filtered in order to
remove inorganic substances, which were washed with tetrahydrofuran (20ml).
The filtrate and washing were evaporated to a sirup which was redissolved
in chloroform (20ml) and a small amount of inorganic impurities was removed
by filtration. The filtrate was evaporated giving a light yellow sirup
(796mg) -

The sirup (796mg) was refluxed for 5 hours in a mixture of ethanol
(20m1) and 18% hydrochloric acid (3ml)s During the hydrolysis ethyl mer-
captan was evolved. The hydrolysis solution was neutralized with Duolite
A~4 resin and the neutral solution was evaporated to a sirup which was
treated with charcoal in hot water. A light brown sirup (56lmg) was obtain-
ed by evaporation of the decolorized solution.

The hydrolysate was shown by paper chromatography to be a mixture of

mainly poly-O-methylated D-glucoses; Rf values being as follows:
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Rf 0.95 (s), 0.87 (s), 0.68 (m), 0.31 (w), 0.25 (w), o.io (vw), and o;bz (vw);

The product was not investigated further.

Methylation of D-Glucose Diethyl Mercaptal (11).

The same quantities of reagents used in methylation (I) were used, and
the mixture was shaken for 3 hours at room temperature. Similar treatment
of the methylation mixture gave a yellow sirup (820mg), which was hydroly-
sed under the same conditions, and treated in a similar fashion to yield a
light brown sirup (529mg) . Paper chromatography of the sirup revealed a
strong spot of mono-Q:methyl-grglucoses (rf 0.10), a strong spot of unchang-~
ed 2~glucose (re 0.62), and a few very weak spots of polyfgrmethylfg-glu-
coses.

The sirup (529mg) was chromatographed on eight 15cm-wide Whatman No.3MM
sheets for 10 hours. Guide strips were cut off and sprayed, and the areas
containing the mono-QO-methyl-D-glucoses were cut and extracted with cold wa-
ter (100ml each time);. After three extractions the extract gave a faint Mo-
lisch test. The extracts were combined and evaporated, and the residue was
dissolved in methanol (2ml) and filtered through glass wool in order to re-
move cellulosic impurities. Evaporation of the methanol solution yielded a

sirupy mixture (40.3mg) of mono-O-methyl-D-glucoses: (mixture (II)).

Methylation of EfGlucose Diethyl Mercaptal (III).

EhGlucose diethyl mercaptal,(l.OOg) was dissolved in tetrahydrofuran
(100ml), and silver oxide (4.00g), drierite (5g), and methyl iodide (30.0ml)
were added to the solution. The mixture was shaken for 3 hours at room tem—

perature. The reaction mixture was treated as described under methylation
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(1), and a yellow sirup (80Tmg) was obtained. Hydrolysis of the sirup was
performed similarly and a light brown sirup (545mg) thus obtained was shown
to consist mainly of mono-O-methyl-D-glucoses (Rf 0.10 (s)) and unchanged
D-glucose (Rf 0.02 (s)), plus a small amount of poly-O-methylated D-glucos-
es (all very weak spots). The mono-O-methyl ethers were isolated by paper
chromatography on six 15cm~wide Whatman No. 3MM sheets for 10 hours, as des-
cribed under methylation (II), and the yield was 32.Tmg (mixture (III));

Electrophoresis of the Mixture of Mono-0O-methyl-D-glucoses.

The mixtures of mono-Q-methyl-D-glucoses (II) and (III) were examined
electrophoretically (950-1050 ¥, 25mA, 45 minutes)e. The results are shown
in Table III.

Chromatographic Separation of the Mixtures of Mono-O-methyl-D-glucoses.

The mixtures (II) and (III) were chromatographed for 48 hours in 2,4,6-~
collidine~ethyl acetate-water (2 : 5 : 5 by volume, upper layer). The res=-

wlts are shown in Table IV.

Examination of Fast-Running Spots by Electrophoresis.

Since no clear spot of any fast—running components was observed, the
remainder of the paper chromatograms used for separation of the mono-O-
methyl—__l;—glucoses in the mixture (III) was extracted with cold water (ca.
200ml), and the evaporation residue was examined by electrophoresis (950-—
1050 V, 25mA, 45 minutes.s Only a weak, but large spot (several compon—
ents?) of Mg 0.00 was detected.

Colorimetric Analysis of the Mixtures (II) and (III).

(1) Preparation of standard curve.

From the original solution containing 83%2y/ml of 3=0-methyl=D-gluc-
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TABLE TIT.

Electrophoresis of mono-Q-methyl-D-glucoses

Mixture (II) Mg 0.29 (s), 0.86 (m)

Mixture (III) Mg 0.29 (s), 086 (m)

2=0-Methyl-D-glucose Mg 0.29

3~0-Methyl-D-glucose Mg 0.86

6=0-dethyl-D-glucose Mg 0.86

TABLE IV.

Chromatographic separation of mono-Q-methyl--D-glucoses

Travelling distance (mm) of spots

Mixture (II) 338 (w), 303 (s),
Mixture (III) 338 (w), 303 (s),

3.79)

2-0-Methyl-D-glucose 303 (Rglucose

3-Q-Methyl~D-glucose 338 (Rglucose 4.23)

3.09)

6-9_—Methyl-2'g1ucose 247 (Rglucose

D=Glucose 80

247 (w)
247 (w)
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ose, five solutions given in Table V were prepared. The results are shown
in Table V, and the curve is given in Figure 27.
(2) Analysis of the mixtures.

The mixtures of mono-Qrmethyljg-glucoses (II) and (III) were chroma-
tographed for 72 hours in 2, 4,6-collidine—ethyl acetate-water (2 :5 :5 by
volume, upper layer) on a 15cm-wide Whatman No. 1 sheet. The results are

shown in Tables VI and VII.

Bs D-Mannose Diethyl Mercaptal.

D-Mannose Diethyl Mercaptal.

E-Mannose (15g) was mixed with concentrated hydrochloric acid (15¢)
in an ice-water bath. Ethyl mercaptan (lOg) was added portionwise with
vigorous sheking. After all the ethyl mercaptan was added, the mixture
was shaken mechanically for 20 minutes. The clear solution thus obtained
was partially neutralized with barium carbonate, and then completely neut-
ralized with excess barium carbonate after addition of methanol (100m1)
to the mixture. Barium chloride and excess barium carbonate were filter-
ed and evaporation of the filtrate gave a sirupy residue, from which ine
organic impurities were removed by extraction with cold absolute ethanol
(ca. 150ml). The solvent was evaporated and the residue was recrystall-
ized from ethanol-ether. Yield 14.2g (60%). M.p. and .mixéd m.p. with a
sample prepared by Fischer's method were 132-1349C.

- Methylation of D—Manngse Diethyl Mercaptal (I).

D-Mannose diethyl mercaptal (1.00g) was dissolved in tetrahydrofuran

(70ml), and silver oxide (5.35g), drierite (Sg), and methyl iodide (35.0ml)
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TABLE V.

Preparation of standard curve of 3-QO-methyl-D-glucose

Solution Concentration (y/2ml) Readings at 490mp  Average

1 66,6
2 46.6
3 3343
4 16.7

5 8.3

le2  le2 142

0.85 0.85 0.85
0.62 0462 0.62
04312 04320 0.315

0.160 0.160 0.152

1.2
0.85
0.62
0.313%

0.157



Table VI. Colorimetric analysis of mono-O-methyl-D-glucoses (II)

Component Readings at 490 mp Average Difference Concentration
(Y /2 m1)
2-0-Methyl-D-glucose (sugar 1.5 1.5 1.4 1.47
- (u 1,217 67.5
(blank 0.245 0,245 0,260 0,250
3-0-Methyl-D-glucose (sugar 0.420 0.390 0,410 0,404
- ( 0.299 16.0
(blank 0,115 0,100 0,100 0,105
6~0-Methyl-D-glucose (sugar 0.370 0,370 0,350 0.363
- ( 0.222 12,0

(blank 0.130 0,145 0,148 0.141

-19-



Table VII. Colorimetric analysis of mono-O-methyl-D-glucoses (III)

Component Readings at 490 mp Average Difference Concentration
(v/2 ml)
(sugar 1.2 1.2 1.2 - 1.2
2-0-Methyl-D-glucose, ( 0.95 52.5

(blank 0.250 0,250 0,260 0.25

(sugar 0.62 0,63 0,62 0,62

ug

2~-0-Methyl-D-glucose ( 0.49 26,5
(x2 dil;tion) (blank 0.130 0.130 0.130 0.130

(sugar 0.310 0.300 0,310 0,307
3~-0-Methyl-D-glucose ( 0.214 11,5
- (blank 0.090 0.100 0,090 0.093

(sugar 0,300 0,290 0,320 0,303
6-0-Methyl-D-glucose ( 0.151 8.0
- (blank 0,155 0.155 0,145 0.152
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were added to the solution. The mixture was shaken for 15 hours at room
temperature and then filtered in order to remove inorganic substances
which were washed with tetrahydrofuran (20ml). Evaporation of the fil-
trate and washings gave a sirup which was redissolved in chloroform (20ml).
The filtered chloroform solution yielded, on evaporation, an amber sirup
(950mg) «

The sirup (950mg) was hydrolysed by refluxing in a mixture of ethan-
ol (20ml) and concentrated hydrochloric acid (2ml) for 5 hours; ethyl mer-
captan was evolved during hydrolysis. The hydrolysate was deionized with
Duolite A-4 resin, and the neutralized hydrolysate was concentrated to
yield a brown sirup, which after treatment with charcoal in hot water gave
a light brown sirup (686mg).

Paper chromatography of the sirup showed the following spots, which
indicated polymethylation of the mercaptal. Rf 0.93 (vs), 0.89 (s), 0.84
(s), and several faint slower-moving spots. The sirup was not investigated
further.

Methylation of D-Mannose Diethyl Mercaptal (II).

E-Mannose diethyl mercaptal (l.OOg) was dissolved in tetrahydrofuran
(100m1), and silver oxide (1.50g), drierite (3g), and methyl iodide (10.0
ml) were added to the solution, which was then shaken at room temperature
for 21 hours. During this period additional methyl iodide (20.0m1) was
added to the reaction mixture in aliquots of 10ml at intervals of 7 hourse.
The inorganic substances were filtered and then washed with tetrahydrofur-

an (20ml). The filtrate and washings were concentrated to a sirup, which
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was redissolved in chloroform (20ml) in order to remove inorganic impuri-
ties in the sirup by filtration. A light brown sirup (998mg) was obtain-
ed by evaporation of the chloroform solutione.

The sirup (998mg) was refluxed for 5 hours in a mixture of ethanol
(10ml) and 10% hydrochloric acid (10ml). The hydrolysate was neutralized
with Duolite A-4 resin and evaporation of the deionized solution gave, aft-
er treatment with charcoal, a brown sirup (574mg).

The product showed the following spots on paper chromatography:

Rf 0.25 (m), 0.08 (s) (two components?), 0.0l (s), and almost undetectably
faint spots of higher Rf values.

The sirup (574mg) was chromatographed on six 15cm-wide Whatman No.
3MM sheets for 10 hours, and the fast (Rf 6.25)—and slow (Rf 0.0B)-running
components were extracted with cold water (100ml X 3). The yield of the
fast- and slow-running components was 8.3 and 42.7mg, respectively.

Methylation of D-Mannose Diethyl Mercaptal (IIIZ.

Using the same quantities of the reactants and conditions, a sirupy
mixture (502mg) was obtained.

The sirup (502mg) was chromatographed similarly and the fast-running
(7.9mg) and slow-running(31,3mg)(mixture (III)) ) components were isolated.

Electrophoresis of the Slow= and Fast-Running Componentse.

The slow-running component ' (Rf 0.08) (66.7mg) isolated from the me-
thylations (II) and (III) was examined by electrophoresis (900-1050V, 25—
30mA, 40 minutes). The results are shown in Table VIII.

The fast-running component (Rf 0.25) was also examined electrophor-
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TABLE VIII.

Electrophoresis of mono-Q-methyl-D-mannoses (mixture (II))

Compound Mg value

Sirup of Rf 0.08 0.38 (s), 0.54 (m), 0.63 (w)
2=0-Methyl-D-mannose 0.38

3~O=-lethyl-D-mannose 0.54

6=0-Methyl-D-mannose 0.63
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etically (950-1100V, 25-30mA, 40 minutes), but only a non=-migrating spot
(Mg 0.00) was detected.

Colorimetric Analysis of the Slow-Running Component (Mixture (III)).

(1) Preparation of the standard curve.
From the original solution containing 875y/ml of 2-Qrmethyl-2—mannose
(electrophoretically and chromatographically pure sirup), five solutions
of various concentrations were prepared. The results are shown in Table
IX, and the curve is given in Fig. 28.
(2) Analysis of the mixture.
The sirup (mixture (III)) was separated by electrophoresis (1100-1200V,

25-35mA, 60 minutes). The results are shown in Table X.

Methylation of D-Mannose Diethyl Mercaptal (IV).

To the solution of D-mannose diethyl mercaptal (1.00g) in tetrahydrofur-
an (100ml), silver oxide (l.SOg), drierite (Bg) and methyl iodide (lOibml)
were added, and the mixture was shaken at room temperature for 12 hours.
After another 10.0ml of methyl iodide was added, the mixture was shaken at
room temperature for a further 12 hours. The mixture was treated as before
to give a sirup (1157mg), which was hydrolyzed for 5 hours in a boiling mix-
ture of ethanol (10ml) and 2N sulphuric acid (5ml). Evaporation of the de-
ionized solution with Duolite A-4 resin gave a sirup (528mg). Paper chroma—~
tography showed the following spots:

Rf 0.34 (vw), 0.22 (m), 0.07 (s), and a few spots (vvw) of high Rf values.

From the same quantities of the reactants, another sirup (508mg) of 0~

methylated D-mannoses was obtained and paper chromatography showed the foll-
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TABLE IX.

Standard ourve of 2-Q-iiethyl-D-mannose

Solution Concentration (y/2ml) Readings at 490mp Average

1

70.0
46.7
35.0
17.5

8.8

0.81 0.81 0.80
0.53 0.53 0.52
0.410 0.402 0.400
0.202 0.200 0.200

0.100 0.097 0.099

0.61
0.53
0.404
0.201

0.099



Table X. Colorimetric analysis of mono-O-methyl-D-mannoses (mixture (III))
Component Readings at 490 mp Average Difference Concentration
(¥/2 ml)
(sugar 0,77  0.76  0.77 0.77
2-0-Methyl-D-mannose ( ' 0.70 61.5
- (blank 0.080 0,065 0,070 0.072
(sugar 0.415 0,420 0,410 0.415
2-0-Methyl-D-mannose ( 0.374 32.8
(x2 dilution) (blank 0,040 0,042 0,042 0.041
(sugar 0.095 0,087 0,092 0.091
3-0-Methyl-D-mannose ( 0.051 4,5
- (blank 0.043 0,039 0,038 0.040
(sugar 0.117 0,109 0,119 0.115
6-0-Methyl-D-mannose ( 0.055 5.0
- (blank 0,062 0.060 0,059 0.060
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owing spots:
Rf 0.43 (vw), 029 (m), 0.11 (s), 0.03 (s), and a few spots (vww) of high
Rf values.

These combined sirups (528mg + 508mg) were separated on a cellulose-
hydrocellulose column (rate of flow: 10ml/20 minutes), and the component
of Rf 0.07 was detected in tubes No. 80-200, whereas the components of Rf
0.22 and 0.3%5 were found in tubes No. 40-70, but without clear separation.
The yield of these fractions was 115.7mg (mixture (IV)) and 21.3mg (mixture
(IVa)), respectively.

Methylation using the same quantities of the reactants was performed
twice more, and two sirups (484mg and 419mg) of Q-methylated ]__)_-mannoses
were obtained. These sirups showed the following spots by paper chromatogra-—
phy=
Rf 0.27 (vw), 0.22 (m), 0.11 (w), 0.07 (m), 0.02 (m), and a few spots (vww)
of high Rf values.

These sirups were combined and chromatographed on a cellulose~hydrocell-
ulose column (rate of flow: 10ml/20 minutes). The dluant was not collected
for the first 10 hours. The components corresponding to the mono-Q-methyl
ethers were detected in tubes No. 604175, and those corresponding to di-0-
methyl ethers were found in tubes No. 15~45. No clear separation of these
two fractions was obtained. The yield of these fractions was 70.5mg (mix-
ture (V)) and 11.Tmg (mixture (Va)), respectively.

Electrophoresis of the Mixtures (IV), (V), {(IVa) and (Va).

Since the mixtures (IV) and (V) did not show any clear separation of



the spots by electrophoresis; (probably due to impurities), these sirups
were treated together in hot water with charcoal. A clear sirup (170mg)
(mixture (VI)), was recovered, and the electrophoretic examination (950-
1050V, 25-30mA, 50 minutes) showed three spots Mg 0.32 (s), 0.48 (w) and
0.60 (w), which corresponded to 2=, 3=, and 6ﬁgrmethy112-mannoses, res—
pectively.

The electrophoresis of the mixtures (IVa) and (Va) showed one large
spot (two or three (?) components) of Mg 0.14 and 0.15, respectively.

Colorimetric Analysis of the Mixture (VI).

The sirup (mixture (VI)) was separated by electrophoresis (1050~
1200V, 25-35mA, 60 minutes). The results are shown in Table XT.

Isolation of 2~O~Methyl-D-mannose and the Preparation of 2-0-Methyl-

D-mannose Phenylhydrazone.

The mixture (VI) was separated by electrophoresis (950*1050V, 50 min-
utes) on three 15cm-wide Whatman No. 3MM sheets, and Zermethyl-g-mannose
was located on the guide stripse. The appropriate areas of the sheets were
extracted with cold water (30ml x 3). The residue obtained by evaporation
of the extracts was treated with cold methanol (about 5ml) and the solvent
was evaporated. After this procedure was repeated about twenty times, a
sirupy residue (28.7mg) was obtained.

Absolute ethanol (2ml) and phenylhydrazine (16.0mg) in absolute etha-
nol (0.09ml) were added to the residue (28.7mg), and the mixture was warm~
ed for 20 minutes. After cooling, petroleum ether was added to precipitate

the phenylhydrazone. The precipitates were separated by centrifugation,



Table XI, Colorimetric analysis of mono-O-imethyl-D-mannoses (mixture (VI))

Component Readings at 490 mp Average Difference Concentration
(/2 ml)

(sugar 0,78 0,76 0,78 0.774

2-0-Methyl-D-mannose ( 0.688 60.3
- (blank 0,083 0,087 0,087 0.086
(sugar 0,157 0,152 0,149 0.153

3-0-Methyl-D-mannose ( 0.114 10.0
B (blank 0,038 0,043 0,035 0.039
(sugar 0,091 0,089 0,085 0,088

6-0-Methyl-D-mannose ( 0,047 4.5
- (blank 0,045 0,038 0,040 0,041
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and then recrystallized from ethanol-petroleum ether, m.p. 161-1639C., Ad-
mixture with synthetic 2~O-methyl-D-mannose phenylhydrazone showed no de-
pression of the melting point.

Preparation of 2-O-Methyl-D-mannose.

E-Mannose diethylmercaptal (5.0g), and anhydrous copper sulphate (3.0g)
were added to dry acetone (100ml) to which concentrated sulphuric acid (0.50ml)
had been added previously. The mixture was shaken mechanically for 48 hours
at room temperature. The filtrate from the reaction mixture was neutralized
with Duolite A~4 resin after addition of water (5ml). The neutralized solu-
tion was evaporated and the residue was redissolved in chloroform.(QOml):",The
solution was dried over anhydrous magnesium sulphate and evaporation gave a
colorless sirup (5.51g).

The sirup (5.40g) was dissolved in methyl iodide (10Oml) and the solution
was refluxed with vigorous stirring for 24 hours, during which period silver
oxide (20g) was added portionwise. The reaction mixture was filtered and
evaporation of the filtrate yielded a sirup in which a small amount of inorga-
nic impurities was observed. The sirup was extracted with ether (about 50m1 )
and a brown sirup was obtained on evaporation of the extract. No hydroxyl
band was observed in the infrared spectrum of the sirup. Yield 3.0lg.

The sirup~(3.01g) was hydrolyzed by refluxing for 6 hours in a mixture of
ethanol (20ml) and 2N sulphuric acid (lOml). Neutralization of the hydrolyza-
te with Duolite A-4 resin and evaporation gave a brown sirup (968mg),paper chro~
matography of which showed a strong spot (Rf 0.07) of a monomethylfg-mannose

as well as a medium spot of unchanged mannose and a series of weak spots
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of poly-O-methylated mannoses. A paper chromatography for a prolonged per-
iod (48 hours) showed the following spots—

R 2.50 (s), R

mannose mannose 1.40 (w), and R

1.00 (m).
nannose

Chromatographically and electrophoretically pure 2-O-methyl-D-mannose
(lO}mg) was obtained by chromatography on a cellulose-hydrocellulose column
with butanone-water azeotrope.

2-O§Methyl-D—mannose Phenylhydrazone.

2-0-Methyl-D-mannose (19.5mg) was dissolved in absolute ethanol (2ml)
and phenylhydrazine (10.8mg) in absolute ethanol (0.06ml) was added. The
mixture was warmed at 809C for 20 minutes. A part of the solvent was eva-
porated and the resulting solution gave on cooling a yellow precipitate
(21.3mg) which was recrystallized from ethanol-light petroleum ether. M.p.

161-1639C.

Preparation of 2-0-Methylf94mannose (11).

A solution of methyl 4,6ﬁgfethylidene-a-g—mannopyranoside (B.OOg) in
dry pyridine (20ml) was cooled to =79C. An ice-~cold solution of tosyl chlor-
ide (2.60g) in dry pyridine (20ml) was added to the solution, and the mixture
was kept at =79C for 60 hours and then at 09C for 24 hours. The reaction mix-
ture was poured into ice-water and extracted with chloroform (20ml x 5). The
extract was washed with ice—cold 1 N sulphuric acid (50ml x 5), and then with
a saturated solution of potassium carbonate. Evaporation of the extract gave
a sirup(199g),\max 2.90u (OH), 6.32/1\(aromatic c=), T3Tp (0-tosylate), and
8.52/1(Q—tosyla£e). |

The tosylated sirup (886mg) was dissolved in methyl iodide (40ml) Prierite
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(5g) and silver oxide (Bg) were added to the solution and the mixture was re-
fluxed vigorously for 24 hours. The solvent was evaporated and the residue
was exhaustively extracted with boiling chloroform (20m1 x 3). Evaporation
of the extract gave a sirup (350mg), A max 2.85}1(0H).

The detosylated sirup.(350mg) was heated in 0.5N hydrochloric acid {20ml)
for 6 hours in boiling water (evolution of acetaldehyde). The hydrolysate was
neutralized with silver oxide, filtered, treated with hydrogen sulphide, and
centrifuged. The clear supernatant solution was concentrated to a sirup, which
was extracted with absolute ethanol. The extract gave a sirup (190mg) which
showed t??ee spots (Rmannose 3.32, 2454, and 1.00 (48 hours)) on paper chroma-
tography. The sirup (190mg) was chromatographed on a cellulose hydrocellulose
column (20ml/30 minutes) and in tubes No. 101=140 the component of Rmannose
2454 was detected. The component (78mg) was shown by paper chromatography (96
hours) using butanone-water azeotrope saturated with borax to be contaminated
with a small amount of 3-O-methyl-D-mannose (Rmanmse 2.40 (s) and 2.22 (w)).—
This was further examined electrophoretically and shown to be identical with 2=
O~methyl-D-mannose made from D-mannose diethyl mercaptal (vide supra) which
appeared to be a better mephod.

Preparation of 3=0-Methyl=D=mannose.

To a suspension of methyl 4,6ﬁgrethylidene-afg-mannopyranoside (3.50g)
in ice-cold acetic anhydride (8ml) was added ice~cold fuming nitric acid
(3.50ml) in acetic anhydride (8ml) and the mixture was shaken in an ice-
water bath for 15 minutes. The acetic anhydride solution was decanted into
ice-~water (lOOml). Some starting material did not react and the treatment
was repeated three more times. The acetic anhydride solutions were poured

into the same ice-water. The aqueous layer was decanted from the sirupy
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product (A)! neutralized with solid sodium carbonate, and extracted with
chloroform (50ml x 5). Evaporation of the solvent gave a sirup (B)
210mg), A max 2.904 (CH), 5.76 M (0~acetate), 6.10 /u(g-nitrate), 8.13
(O-acetate).

The sirupy product (A) was dissolved in chloroform and washed with
agueous sodium carbonate solution. Evaporation of the chloroform solution
gave a sirup (3.38g), A max 2.90 u (0H), 576 U (O~acetate), 6.10 u (O-nit-
rate), 7.85u (O-nitrate), 8.13 4 (O-acetate). The OH stretching band at
2.90) was weaker compared with that of the gbove sirupe.

‘The combil;led sirup ((A) + (B)) (3.59g) was dissolved in a mixture of
methanol (150ml) and chloroform (150ml) and sodium (3.0g) was added to
the solution, and the reaction mixture was kept in a cold water bath for
1 hour. The solution was neutralized with glacial acetic acid and then
evaporated. The residue was dissolved in aqueous sodium carbonate solution
and extracted with chloroform (50ml x 5). Evaporation of the chloroform
solution gave a sirup (2.92g), Amax 2.90u (OH), 8.104 (Q-nitrate), 7.85u
(O-nitrate).

The deacetylated sirup (1.47g) was dissolved in chloroform (10ml) and
a solution of tosyl chloride (3.2g) in pyridine (5ml) was added to the sol-
ution. The mixture was kept at 50-60°C for 48 hours, poured into ice-water,
and extracted with chloroform (30ml x 4). The extracts were successively
washed twice with 2N sulphuric acid, with aqueous sodium carbonate, and with
water. Bvaporation of the chloroform solution gave a sirup (1.64€), A max

6.10 u (O-nitrate), 6.30 u(aromatic C=C), 7.30u (O-tosylate), 7.85,u (0-nit-
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rate), 852 4 (Q~tosylate).

The tosylated sirup (1.64g) was dissolved in glacial acetic acid (35ml)
and a mixture of iron (2.5g) and zinc (2.5g) was added portionwise. The
mixture was stirred at room temperature for 15 minutes, and then filtered
in order to remove the inorganic substances which were washed with chloro-
form (30ml x 3). The filtrate and washings were washed with aqueous sodium
carbonate solution. Bvaporation of the chloroform solution gave a sirup
(1.42g), Amax 2.90u (OH), 6.30u (aromatic C=C), 7.35u (O-tosylate), 8.50
(grtosylate).

The denitrated sirup (1.42g) was methylated three times using methyl
jodide (50ml), silver oxide (10g), and drierite (10g) (48 hours each time
at the boiling point of methyl iodide). A sirup (1.32g) was obtained and
the infrared spectrum showed an almost negligible free hydroxyl band.

The methylated sirup (1.32g) was dissolved in a mixture of water (5ml)
and methanol (27ml). After 4% sodium amalgam (12.0g) was added, the mixture
was stirred for 48 hours at room temperature. The liberated mercury was
filtered off and the filtrate was neutralized with dry ice. The residue ob-
tained by evaporation of the neutralized filtrate was extracted with chloro-~
form (20ml x 3). A sirup (470mg), A max 2.86 4 (OH), was obtained by evapor-
ation of the extracts.

The detosylated sirup (470mg) was refluxed for 10 hours in 0.5N hydro-
chloric acid-(20ml). The hydrolysate was neutralized with silver carbonate,
treated with hydrogen sulphide, evaporated to a sirup (204mg), which showed

two spots (Mg 0.87 (w) (mannose?) and 0.50 (s) by electrophoresis (1000-
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1100V, 25-35mA, 45 minutes), and three spots (Rm&mnose

o 2.26 (s) and 1.00 (w) (54

3434 (w), 2.50 (s),
1.00 (m), (8 hours)) and two spots (R os
hours)) by paper chromatographye.

The sirup (204mg) was chromatographed on a 15cm~wide Whatman No. 3MM

sheet for 72 hours and from the area of Rm

Annose 2.26 a sirup (51.3mg) was

recovered. The sirup was examined by paper chromatography for 96 hours in
butanone-water azeotrope saturated with sodium borate and gave a strong

spot (R 2.22) and a week spot (R

mannose anmose 2*40=2-0-methyl~D-mannose)

without any clear separation.

The sirup (14.3mg) was dissolved in 20% acetic acid (2ml) to which
phenylhydrazine (26.5mg) in absolute ethanol (0.15ml) was addeds The mix—
ture was heated in boiling water for several hours. On cooling of the re~
action mixture, yellow crystals precipated. The crystals melted at 1659C
after recrystallization from ethanol-water. No depression of the melting
point was observed when mixed with synthetic Bfgrmethyltg-glucose phenylo-
sazone.

Preparation of 6=0-Methyl-D-mannose.

Methyl asgfﬂmnnopyranoside (2.60g) was dissolved in pyridine (25ml)
and trityl chloride (5.20g) was added to the solution. The mixture was
left to stand overnight at room temperature (precipitates of pyridine hy-
drochloride), and after dilution of the reaction mixture with pyridine
(20ml) acetic anhydride (40ml) was added and the mixture was kept at room
temperature for 48 hours. The reaction mixture was poured into ice-water

and extracted with chloroform (100ml b4 3). The extracts, after washing
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with ice-cold 1N sulphuric acid (150ml X 2) and with saturated sodium bicar-
bonate solution, gave a sirup (5.51g).

The sirup (2.57g) was dissolved in glacial acetic acid (20ml) and cool-
ed in an ice bath, and treated with glacial acetic acid saturated with hy-
drogen bromide. After a few minutes white crystals (triphenylmethyl brom~
ide) precipitated. The reaction mixture was filtered and washed with glac-
ial acetic acid, and the filtrate and washing were poured into ice-water. The
sirupy product was extracted with chloroform (50ml x 3) and washed with sat-
urated sodium bicarbonate solution. The chloroform solution gave, on evapor-
ation, a sirup (1.40g) in which white crystals (triphenyl carbinol) were al-
s0 observed.

The detritylated product (1.40g) was methylated three times using meth-
yl iodide (50ml), silver oxide (10g), and drierite (10g) (24 hours each time
under reflux), and the methylated product (1.30g) was hydrolysed by refluxing
for 5 hours in a mixture of ethanol (20ml) and 15% hydrochloric acid (10ml).
The deionized (Duolite A~4 resin) hydrolysate gave a sirup (759mg) which was
chromatographed on a cellulose-hydrocellulose column (45 x 3cm) (rate of
flow 10ml/20 minutes). Tubes No. T9=9% gave a sirup'(l7.7mg) which showed
only one spot of Mg 0.68 and tubes No. 94=145 a sirupy mixture (41.6mg) (Mg
0.81, 0.69, 0.50, and 0.41).

" The sirup (10.0mg) of Mg 0.68 was dissolved in 20% acetic acid (2ml)
and was heated for 5 hours in boiling water with phenylhydrazine (20.0mg)
in absolute ethanol (0.1lml) and a little sodium bisulphite. The phenylo-

‘sazone which precipitated on cooling melted at 171% after recrystalliza-
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tion from ethancl-water.

C. D=Galactose Diethyl Mercaptal.

Methylation of D-Galactose Diethyl Mercaptal (1).

gbGalactose diethyl mercaptal (0.50g) was dissolved in tetrahydrofur-
an (150ml), and silver oxide (2.00g), drierite (3g), and methyl iodide
(20ml) were added to the solution. The mixture was shaken at room temper-
ature for 5 hours. After methyl iodide (20.0ml) was added, the mixture was
shaken for another 5 hours. The inorganic substances were filtered and then
washed with tetrahydrofuran (20m1). The filtrate and washing were evapora-
ted to a sirup which was redissolved in chloroform (20ml) and the undissol-
ved impurities were removed by filtration. Evaporation of the chloroform
solution gave a sirup (470mg).

The sirup (470mg) was hydrolyzed by refluxing in a mixture of ethanol
(10ml) and 18% hydrochloric acid (2ml) for 5 hours (evolution of ethyl mer-
captan). The hydrolysate was neutralized with Duolite A=4 resin, and the
evaporation gave a brown sirup (275mg). The sirup was decolorized by
treatment with charcoal in hot water, and a yellow sirup1(259mg) was ob-—
tained.

Chromatographic examination showed that the sirup consisted of poly=~
O-methylated D-galactoses; Rf values were as followst
Rf 0.89 (s), 0.77 (m), 0.69 (s), 0.50 (s), 0.39 (m), 0.17 (s), and 0.05 (¥w).

The sirup was not investigated further.

Methylation of D-Galactose Diethyl Mercaptal KIIIL

D-Galactose diethyl mercaptal (0.50g) was dissolved in tetrahydrofur-
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an (150ml), and silver oxide (2.00g), drierite (3g), and methyl iodide
(20.0m1) were added to the solution. The mixture was shaken for 7 hours
at room temperature. The inorganic substances were filtered and then wash-
ed with tetrahydrofuran (20ml). The filtrate and washing were evaporated
into a sirup, which was redissolved in chloroform (20ml) in order to re—
move a small amount of inorganic impurities by filtration. The chloroform
solution gave on evaporation a yellow sirup (470mg).

The methylation product (470mg) was dissolved in ethanol (10ml), and
18% hydrochloric acid (2ml) was added to the solution. Hydrolysis was eff=-
ected by refluxing the solution for 5 hours (evolution of ethyl mercaptan) .
A yellow sirup (255mg) (mixture(II)) was obtained by evaporation of the neu-
tralized hydrolysate (with Duolite A-4 resin) and treatment with charcoal!

Paper chromatography showed that the sirup was a mixture of mono-O-meth-
yl~D-galactoses (Rf 0.05 (s)) and unchanged D-galactose (rf 0.01 (s)), plus
several fast-running components whose Rf values were difficult to calculate
due to the weakness of their spots;

Methylation of D-Galactose Diethyl Mercaptal (III).

Another methylation under the same conditions as for methylation (II),
using double quantities of the mercaptal and the reagents gave a sirup
(529mg) (mixture (III)) of the O-methylated D-galactoses. Paper chromato-
graphy showed a similar pattern.

Methylation of D-Galactose Diethyl Mercaptal (IV).

Double quantities of the mercaptal and the reagents were shaken for

6 hours at room temperature, and the methylation product (1.09g) gave on
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hydrolysis a sirup (580mg) (mixture (IV)), paper chromatography of which

showed a similar pattern.

Chromatographic Separation of the Mixture of Methylated QHSalactoses;

To butanone-water azeotrope (100ml) sodium borate decahydrate (lg)
was added and the mixture was left to stand for several hours after shak-
ing. The mixture was decanted and the supernatant solution was used as a
developing solvent.

Authentic samples of all monoﬁgrmethylfgegalactopyranoses were pre-
examined by paper chromatography using this solvent for 60 hours. The
results are shown in Table XII.

The mixture (II) of O-methylated g-galactoses was chromatographed in
this solvent for 40 hours, and was shown to contain three mono-Q-methyl-
g-galactoses, namely 2-,3%-, and 61g4methyl§2—galactoses. The results are
shown in Table XIIT.

Neither authentic samples nor methylation product (II) gave clear sep-
aration of these monp-ﬁfawthyltg—galactoses when they were chromatographed

for 60 hours in butanone-water azeotrope (no sodium borate).

Isolation of the Mono—O-methyl-D-galactoses in the Mixture (II) and

Blectrophoresis of the Components.

The mixture (II) (255-3mg) was chromatographed on four l5cm-wide What-
man No. 3MM sheets for 60 hours in butanone-water azeotrope saturated with
sodium borate. The spots were located on both edges of each sheet, and the
area of each component was extracted with cold water (50ml X 3). Evapora-

tion of the extracts gave a sirup from each component. These sirups were
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examined by electrophoresis (950-1050V, 25-30mA, 45 minutes). The results
are shown in Table XIV.

Chromatographic Isolation of Mono-Q-methyl-D-galactoses in the Mix~

ture (III) and (IV) and Electrophoresis of the Components.

The mixture (III) (529mg) was chromatographed on eight 15cm=wide What-
man No. 3MM sheets for 60 hours in butanone-water azeotrope saturated with
sodium borate decahydrate, and the components were located on both edges
of each sheet. Each component was extracted with cold water (50ml x 3),
and the extracts were evaporated to a sirup which was then examined elect-
rophoretically (950-1050V, 25-30mA, 40 minutes). The results are shown in
Table XV.

The mixture (IV) (580mg) was separated similarly, and the results are
shown in Table XVI. The electrophoresis was performed under similar con-
ditions (800-1000V, 25mA, 60 minutes).

Methylation of D-Galactose Diethyl Mercaptal (V).

QAGalactose diethyl mercaptal (2.00g) was dissolved in tetrahydrofur-
an (600ml), and silver oxide (8.00g), drierite (12g), and methyl iodide
(80ml) were added to the solution. The mixture was shaken for 7 hours at
room temperature, and then treated as described before. The sirupy methyl-
ation product (1'73g) was hydrolyzed by refluxing for 5 hours in a mixture
of ethanol (20ml) and 2N sulphuric acid (20ml). The hydrolysate was treat-
ed as before to give a yellow sirup (1.00g). Paper chromatography showed
the following Rf values:

Rf 0.34 (vw), 0.17 (vw), 0.12 (w), 0.05 (m) and 0.01 (m).



TABLE XIT.

Chromatographic separation of standard mono-Q-methyl-D-galactoses in

bhtanons-water azeotrope saturated with sodium borate decahydrate.

Compound Travei%t:f gésﬁzﬁiz (mm) Rgalactose
2-0-Methyl-D-galactose 335 3.60
}{}%bthylﬁg—galactose 239 2.67
4fngethyl—2-galactose 212 2.28
6-0-Methyl-D-galactose 281 3.02
B-Galactose 93 1.00

TABLE XTTT.

Chromatographic sSeparation of the mixture (II) of
O-methylated D-galactoses in butanone-water azeo-

trope saturated with sodium borate decahydrate.

Compound Travelling distance (mm)
of spots after 40 hours

R Mixture (II) . 205 (m), 176 (m), 143 {(m)
2-0-Methyl-D-galactose 205 (Rg slactose 5.{1,6)4
3=0-Methyl-D-galactose 143 (Rgalac tose  2° 34)
4-0-Methyl-D-galactose 127 (Rgalac tose 2.16)

6-0-Methyl-D-galactose 176 (Rg alactose 2.89)
D-Galactose 59 (R 1.00)

galactose
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TABLE XIV.

Electrophoresis of the isolated components of

mono—0-methyl-D-galactoses in the mixture (II).

Component Mg value
Sirup of Rgalactose 3.46 0.43
Sirup of Rgalactose 2.89 0.90
Sirup of Rgalactose 2.43 0.76
2-0~Methyl-D-galactose 0.43
B-Q—Methyl-lz)-galactose 0.76
6-Q_—Methyl-2—galactose 0.90

TABLE XV.

Electrophoresis of the isolated components of

mono-O-methyl-D-galactoses in the mixture (III)

Component Yield (mg) Mg value
Sirup of Rgalactose 3637 13.2 0.45
Sirup of Rgalactose 2.88 8.1 0.90
Sirup of Rgalactose 2.38 14.7 0.81
2-0-Me thyl-g—galactose ; e 0.45
3—Q—Methy1—=D-galactose —_— 0.81

6-0-Methyl-D-galactose

0.90
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TABLE XVI.

Electrophoresis of the isolated components of

mono=O-methyl-D~galactoses in the mixture (1v).

Component Yield (mg) Mg value
Sirup of Rga.lactose 3+34 10.2 0.43
Sirup of Rgalactose 2.82 5.8 0.87
Sirup of Rgalactose 2.37 16.3 0.76
2—Q_—Methyl—2—galactose — 0.43
B—Q-Methyl-g-galactose — 0.76
6-0-Methyl-D-galactose — 0.87
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The sirupA(l.OOg) was chromatographed on a cellulose-hydrocellulose column
(45 x 3cm) in butanone-water azeotrope (rate of flow: 10ml/10 minutes).
In tubes No. 80-~200, the component of Rf 0.05 was found, but paper chroma-
tography for 24 hours showed that these tubes contained several components
without any clear separation. These fractions (tubes No. 80-200) were
evaporated and a sirup (48.2mg) (mixture (V)) was obtained.

In tubes No. 40-70, the components of Rf 0.17 and 0.12 were detected
but no clear separation was observed of these sugars. Evaporation of these
fractions (tubes No. 40-70) gave a sirup (2l.2mg), which was electrophoret-
ically examined (vide infra).

Electrophoresis of the Fast—running Component.

The fast-running sirup separated on the column from methylation V was
examined electrophoretically (950—1050V, 25-30ma, 50 minutes) and two strong
spots (Mg 0.23 and 0.28) were detected.

Colorimetric Analysis of the Mixture (V)’

(1) Preparation of standard curve.

From the original solution containing 914¥/ml of 6ﬁ97methy1-2—galactose,
five solutions given in Table XVII were prepared. The results are shown in
the Table, and the curve is given in Fig. 29.

(2) Analysis of mixture (V) of mono-Q-methyl-D-galactoses.

The mixture (V) was chromatographed for 60 hours in butanone-water azeo-

trope saturated with sodium borate decahydrate on a 1l5cm~wide Whatman No. 1

sheet. The results are shown in Table XVIII.



TABLE XVIT.

Preparation of standard curve of 6-Q-ifiethyl-D-galactose.

Solution Concentration Readings at 490mu Average

(v/om1)
1 73.1 0.74 0.75 0.74 0.74
2 512 0.56 0.53 052 0.54
3 3646 0.390 0.390 (0.352) 0.390
4 18.3 04200 (0.255) 0.202 0.201

5 9.1 0.093 0.100 0.088 0.937
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Fig, 29. Standard curve of 6~U-methyl-D-galactose.
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Table XVIII. Colorimetric analysis of mono-C-methyl-D-galactoses

Component Readings at 490 mp Average Difference Concentration

(Y/2 ml)

(suga,r 0,280 0,290 0,300 0,290
2-0-Methyl-D-galactose ( 0.269 25,0
- (blank 0.115 0,125 0,123 0.121

(sugar 0.440 0,460 0,440 0,447
3-0-Methyl-D-galactose ( 0.305 28.0
- (blank 0.135 0,140 0.150 0,142

(sugar 0.290 0,290 0.275 0.285
6-0-Methyl-D-galactose ( 0.185 18,0
- {blank 0,100 0,100 0,100 0,100

-9 6..



Identification of the Component Rg 3460 as 2-0-Methyl—D~

alactose

galactose.
The components which corresponded to 2-0-methyl-D-galactose (Rg

alactose
3,60) from the mixtures (III) and (IV)were combined. Although the concen=-
trated solution of the sirup in water gave a negative test on tumeric test
paper, the following procedure was applied in order to remove possible trac~
es of borate complexes.

To the sirup (18.2mg) dried in vacuo at the boiling point of acetone
for several hours, was added methanol ( ca. 5ml) and the solution was eva=
porated in vacuo without heating. After the procedure was repeated about
twenty times, the residue was dissolved in a small amount of warm ethanol
(absolute) and ether was added to turbidity. After seeding with an authen-
tic sample of Qfgfmethyljg-galactose, colorless crystals were precipitated
on the wall, and flocculent impurities (cellulose?) were also observed in
the solution. The solvent was decanted and the crystals on the wall were
washed with ether. The crystals melted at 152-1542C. Admixture with auth-
entic 2fgrmethy172~galactose (m.p. 153-1569C) gave a melting point of 152-
1549C.

2.67 as 3-O0-Methyl~-D~-gal-

Identification of the Component R, .. .

actose Phenylosazone.

The sirup of Rgalactose 2.67 isolated from the mixtures (III) and (IV)

failed to crystallize after treatment with methanol.

The sirup (23.4mg) was dissolved in 20% acetic acid (3ml). Phenylhydra—
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zine (39.lmg) in absolute ethanol (0.22ml) and a trace of sodium metabi-
sulphite were added to the solution and the mixture was heated for 5 hours
in boiling water. On cooling, yellow crystals precipitated and a brown tar
was also found in the solution. The crystals were filtered and recrystalli~-
zed from water after treatment with charcoal. The yellow crystals m.p. 177-
179%C, showed no depression of the melting point when mixed with 3~Q-methyl-
g—galactose phenylosazone derived from 2,B-dirgfmethylfg-galactose.

Identification of the Component Rg 3.02 as 6=Q-Methyl=-D~galac=

alactose

toge Phenylhydrazone.

The sirup of R 3.02 isolated from the mixtures (III) and (IV)

galactose
failed to crystallize after treatment with methanol.

The sirup (16.5mg) was dissolved in absolute ethanol (1ml) and phenyl-
hydrazine (9.2mg) in absolute ethanol (0.06ml) was added to the solution.
The mixture was warmed for about 20 minutes and on addition of petroleum eth-
er, white crystals precipitated. The crystals (14.4mg) was recrystallized
from ethanol-petroleum ether and the purified product melted at 161-16290;
When the product was recrystallized from methanol-water the melting point

was raised to 171~1739C. Mixed m.p. with authentic 6-Q-methyl-D-galactose

phenylhydrazon, m.p. 172-1739C, was 171-1729C.

Synthesis of 2,j-Di—O-methyle:galactose.
(1) Methyl 4,6-0-benzyl idene-a~D-galactopyranoside.

Anhydrous methyl a-g—galactopyranoside (0.82g) was shaken for 24 hours
in freshly distilled benzaldehyde (20ml) with fused zinc chloride (3g). Wa-

ter (20ml) and methanol (2ml) were added to the mixture and the excess ben~
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zaldehyde was extracted with petroleum ether. A slight excess of saturated
sodium carbonate solution was added to the aqueous layer. The precipitated
inorganic substances were filtered and then extracted with boiling methanol
(30ml x 2). The filtrate and the extracts were evaporated to dryness and
the residue was recrystallized from ethanol-petroleum ether, m.p. 177-
1782C. Yield l.14g.

(2) Methyl 4,6197benzylidene-2,3—di{}mmthyl-a-2-galactopyranoside.

Methyl 4,6197benzylidene-a—gbgalactopyranoside(1;14g) was methylated
for 48 hours in methyl iodide (50ml) with silver oxide (lOg, added in five
portions) and drierite (10g). The methylation was repeated again and the
sirupy product (1.12g) showed no hydroxyl band in its infrared spectrum.
The sirup crystallized on standing.

(3) 2,B-Difgrmethylﬁgfgalaétose.

Methyl 4,6-0-benzylidene-2,3~di-0-methyl-a-D-galacto~pyranoside (1.08g)
was hydrolyzed for 3 hours in boiling 1N sulphuric acid (20ml). The liber-
ated benzaldehyde was extracted with petroleum ether. After neutralization
with Duolite A-4 resin, the agueous solution was evaporated to a sirup

(601mg) having Rf 0.29 and Rg 5.00 (20 hours) in ethyl acetate~py-

alactose
ridine-water), [afgﬁ51.89 (¢, 2.15 in water).
(4) Bfngethylﬁg—galactose phenylosazone.

2,3-Difgrmethylfg-galactose (229mg) was dissolved in 20% acetic acid
(10ml), and phenylhydrazine (430mg) in absolute ethanol (2.4ml) and a little

sodium métabisulphite were added. The mixture was heated for 5 hours in boil-

ing water. The reaction mixture was treated with charcoal to remove a brown
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tar, and from the filtrate yellow crystals (42.lmg) precipitated on cool-
ing. The crystals were recrystallized from water, m.p. 1789C.

Preparation of 6-=0Q-lMethyl-D=zalactose Phenylhydrazone.

G-QrMethyl-g-galactose (50.0mg) was dissolved in water (lml), and phe-
nylhydrazine hydrochloride (100mg) and crystalline sodium acetate (150me)
were added. The phenylhydrazine base was liberated as a brown oil and on
seratching white crystals precipitated after several minutes. After standing
for an hour, the crystals (72.3mg) were filtered and recrystallized from

methanol-water, m.p. 172-1734C.

D. I—Arabinose Diethyl Mercaptal.

Methylation of E—Arabinose Diethyl Mercaptal.

E-Arabinose diethyl mercaptal (0.50g) was dissolved in tetrahydrofuran
(50ml), and silver oxide (0.50g) and drierite (3g) were added to the solu-
tion. Methyl iodide (l0.0ml) was added to the mixture which was then shak-
en at room temperature for 20 hours, during which time methyl iodide (30.0ml)
was added in aliquots of 10ml at 5 hours' intervals. The reaction mixture
was filtered in order to remove inorganic substances which were washed with
tetrahydrofuran (20ml). The filtrate and washing were evaporated to a
sirup in which a small amount of inorganic impurities was observed. The
girup was redissolved in chloroform (20ml) and the inorganic impurities were
removed by filtration. The chloroform solution was evaporated into a light
yellow sirup (564mg).

The sirup (564mg) was dissolved in a mixture of ethanol (10ml) and con-
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centrated hydrochloric acid (2.5ml) and refluxed for 5 hours. After neut—
ralization with Duolite A-4 resin, the solution was evaporated into a light
brown sirup (291mg). The sirup showed the following spots by paper chroma-
tography:

Rf 0.91-0.75 (two(?) components) (w), 0.59 (w), 0.47 (w), 0.36 (w), 0.30
(w), 0.15 (vs), and 0.05 (s).

Chromatographic Separation of the Methylated L-Arabinoses.

The sirup was chromatographed for 13 hours on four 1l5cm-wide Whatman
No. 3MM papers. The components which corresponded to Rf 0.30 and 0.15 were
detected on both edges of the chromatograms, and the parts containing these
components were extracted with boiling methanol (BOml). Yields of the fast-
and slow-rumning components were 7.0 and 32.6mg, respectively.

These components were examined by electrophoresis (750=1000v, 25mA, 1.5

hours, and the results are shown in Table XIX.

TABLE XTX.

Electrophoresis of the fast- and slow-running

components of O-methylated L-arabinoses

Compound Mg value

Slow-running component (Rf 0.15) 0.33

Fast-rumning component (Rf 0.30) 0.80 (w), 0.00 (s)

2197Methylﬂ&~anabinose 0.33
5-0-Methyl-L-arabinose 0.80
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Identification of the Slow-Running Component as 2-0O-Methyl=l—

arabinose.

The sirup (20.7mg) was dissolved in water (2ml) and excess brom-
ine (about lml) was added to the solution. The solution was kept in
the dark at room temperature. After 24 hours the solution showed no p-
anisidine~positive spot on paper chromatography. Water (5ml) was added
to the reaction mixture and excess bromine was removed by aeration. The
clear solution was then neutralized with silver carbonate, and silver dbrem-
ide and excess silver carbonate were filtered off. The filtrate was
treated with hydrogen sulphide and then centrifuged. Evaporation of the
supernatant solution followed by drying in vacuo in boiling water for
several hours gave a colorless sirup (ll.Omg), which was dissolved in abs-
olute ethanol (lOml), saturated with dry ammonia at 09 and kept overnight
at room temperature. Evaporation of the solvent gave a sirup (9.0mg)
which was crystallised from ethanol-petroleum ether. Yield was 45% based
on the monomethylarabinose. Melting point and mixed m.p. with synthetic
2197methyl—£—arabonamide were 131-132%C. Mixed me.p. with 3—Qrmethy11£-

arabonamide was 80=1059C.

Weerman Test of 2-O-Methyl-L-arabonamide.

2-0~Methyl-L-arabonamide (10.1mg) was dissolved in water (1ml) and,
after addition of 5% sodium hypochlorite solution (0.2ml), the solution
was stored at 09C for 30 minutes. Excess hypochlorite was destroyed with
0.1N sodium thiosulphate solution (3 drops). Crystalline sodium acetate

(excess) and the saturated solution of semicarbazide hydrochloride (3 drops)
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were added to the solution. No precipitation occurred after 24 hours at
room temperature.

Colorimetric Analysis of the Fast-Running Components.

(1) Preparation of standard curvée.

From the original solution containing 1940v./ml of 5197methylf£-arabi-
nose (electrophoretically and chromatographically pure sirup), six solu-~-
tions of various concentrations were prepared. The results are shown in
Table XX, and the curve is given in Fig. 30.

(2) Analysis of the fast-running component.

A part of the fast-running component was separated electrophoretic-—
ally (950-1100V, 25mA, 60 minutes). The results are shown in Table XXi:
The analysis was performed twice, and in.the second run (Table XXII) two

sheets of the same size were used in view of the low concentration of the

spot of Mg 0.80 in the first rune.

Synthesis of 2-O-Methyl-L-arabinose.

This compound was prepared by the published method from methyl- -
g-arabinopyranoside (m.p. 16890) (4.00g), anhydrous copper sulphate (50.0g)
and dry acetone (200ml). The sirupy 3,4-0-iso-propylidene derivative
(3.29g) was methylated three times by Purdie's method and the methylated
product (2.45g), which showed no appreciable band of hydroxyl group in its
infrared spectrum, was hydrolyzed with 1N sulphuric acid (20ml) for 4 hours
on steam bath. Neutralisation with Duolite A=4 resin and evaporation gave a
sirup (1.67g) which on chromatographic examination showed two strong spots
(R

the sirup on a cellulose~hydrocellulose column yielded chromatographically

3,76 and 10.7) and a weak spot (R 1.00). Separation of

arabinose arabinose "~

R abinose 3,76) and electrophoretically (Mg 0.33) pure 2-O-methyl-



=104~

TABLE XX.

Preparation of standard curve of 5-O-methyl-L-arabinose

Solution Concentration Readings at 480mu Average

(¥/2m1)
1 TT7.6 0.67 0.68 0,66 . 0.67
2 51.7 0460 04455 0.455 0.457
3 38.8 0.358 0.350 0.360 0.356
4 19.4 0.185 0.195 0.195 0.192
5 9.7 0.102 0.100 0.102 0.101

6 4.9 0.052 0.050 0.055 0.052
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Colorimetric analysis of the fast-running components of

Table XXI.
O-methylated L~arabinoses
Component Readings at 480 mp  Average Difference Concentration
(y/2 ml)
(sugar 0.057 0.055 0,060 0.057
0,018 1.7
0.039

5-0-Methyl-L-arabinose (
- (blank 0.040 0.040 0,038

Poly-O-imethyl-L-arabinoses
- (sugar 0,160 0.150 0,175 0.162
( 0,095 9.0
(blank 0,070 0,065 0,065  0.067
Table XXII. Colorimetric analysis of the fast-running components of
O-methylated L-arabinoses
Component Readings at 480 mp  Average Difference Concentration
(Y/2 ml)
(sugar 0.153 0,130 0,130 0.138
5-C-Methyl-L-arabinose ( 0.053 5.0
- (blank 0.085 0,080 0,084 0.083
Poly-0-methyl~-L-arabinoses
- (Sug&r 00390 00388 0. 398 0.392
0,240 25.0
0.152

(
(blank 0.151 0.155 0,150

=901~
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L-arabinose (sirup, 691mg). [a]%g + 94.09 (e, 0.26 in water)e.
When the preparation of th;s compound was attempted by refluxing for
24 hours a mixture of the sirupy glycosides (lOg) with anhydrous copper sul-
phate (50g) and dry acetone (250ml), the yield of chromatographically pure
ZﬁQrmethyljg-arabinose was only 438ng.

2=0-Methyl=IL~arabono-¥-lactone and —arabonamide.

Synthetic 2-Qrmethy1-£—arabinose (17%mg) was dissolved in water (5ml)
and excess bromine (ca. 2ml) was added to the solution. The mixture was kept
in the dark at room temperature for 24 hours, completion of oxidation being
demonstrated by the absence of the original p-anisidine-positive spot on pa-
per chromatography. Liberated hydrogen bromide was neutralized with silver
carbonate and the filtrate, on evaporation after treatment with hydrogen sul-
phide and centrifugation, gave the lactone (153mg, 89.5%) as a sirup which
was crystallized from acetone or ethyl acetate as fine needles, m.p. 889C,
[a]%? ~49.19 — =46.39 (after 24 hours) (c, 0.128 in water),)?ﬁiil 5.73/((c=0).
Anal. Calc. for CgH, 0.z OCH,, 19.2%. Found: OCHB, 19.2, 19.5%.

The lactone (1llmg) was dissolved in dry methanol (5ml) and the solution
was saturated with dry ammonia in ice~water bath. The solution was kept over-
night at room temperature, and evaporation of the solvent gave the solid am-
ide (92mg, 76%) which was recrystallized from ethyl acetate-acetone or ethyl
acetate~-methanol as fine needles. Me.pe. 1312C. The infrared spectra of this

amide and that obtained from the slow-running component, i.e. 2-O-methyl-L-

arabinose, were identical.
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Synthesis and Characterisation of 5-O-Methyl-l~arabinose.

(1) Synthesis.

To ethyl 2,3-di-0-acetyl-5-O~trityl-a-L-arabinoside (8430g) were added
water (62ml) and glacial acetic acid (250ml), and the mixture was heated
for an hour in boiling water. The solution was concentrated to give a mix~
ture of tritanol and yellow sirup. The mixture was dissolved in chloroform
(lOml) and adsorbed on an alumina column (3.2 X ZOcm) which was washed prev-
iously with benzene. Tritanol was eluted first with benzgne (800m1) and eth~
vl 2,B-difgracetyl—a-g-arabinofuranoside was eluted with chloroform (1500ml).
Evaporation of the eluate gave a yellow sirup (3.59g, 83%). [a}%? -58.89
(c, 0.218 in chloroform). Infrared spectrum of the sirup showed complete
lack of aromatic character.

The detritylated sirup (3.59g) and drierite (5g) were stirred under re-
flux in methyl iodide,(50ml) for 60 hours. Silver oxide (10.0g) was added in
ten portions at about 30 minutes' intervals. Excess methyl iodide was remov—
ed by distillation and the residue was extracted with boiling chloroform
(50m1 x 5). Evaporation of the solvent gave a yellow sirup (2.99g).

The procedure was repeated again under the same conditions and the ye-
llow sirup (2.48g, 65.5%, [a]%? ~49.09 (c, 0.306 in chloroform)),showed no
hydroxyl band on the infrared spectrum.

The .methylated sirup (2.48¢) was heated in a mixture of 1N sodium hydro-
xide (40ml) and methanol (40ml) for an hour in boiling water, and then neut-
ralized with IR-120 resin. The neutral solution was concentrated to a volume

of 65ml and 1N hydrochloric acid (65ml) was added. The mixture was heated in
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boiling water and the hydrolysis was folléwed polarimetrically. The initial
rotation (=1.4409 in ldm tube) changed after 4 hours to a constant value (O:
1559 in 0.5dm tube)e The acidic solution was neutralized with Duolite A=4
resin and then concentrated into a sirup (1.10g, 74%). Paper chromatography
of the sirup showed a strong spot of Rf 0.30 and weak spots of Rf's 0.64,
0.53, 0.22, and 0.12.

The hydrolysis product (1.10g) was dissolved in methanol (2ml) and was
chromatographed on a cellulose-hydrocellulose column (3 x 40cm) using buta-
none~water azeotrope (rate of flow: 10ml/30 minutes). Each fraction (10ml)
was checked by paper chromatography. In tubes No. 13-23 a compound with
Rf 0.30 was found with others of Rf 0.64 and 0.53, but in tubes No. 24-40
only the compound of Rf 0.30 was detected. On evaporation of the fractions
No. 24-40 a colorless sirup'(387mg) was obtained. Re=chromatography of frac-
tions No. 13=23 under the same conditions gave a further quantity (120mg) of
the sirup of Rf 0.30. Both were chromatographically and electrophoretically
(Mg 0.80, 750-1000V, 25mA, 1.5 hours) pure and the total yield of the sirup
was 50Tmg (46%). Anal. Calc. for Ceth9s:  OCHs, 18.9%. Found: OCH; 18.8,
19.0%. [a]?D5 ~32.02 (c, 0.484 in water).

(2) Periodate Oxidation of 5-0-lethyl-L-arabinose.
Oxidation was carried out in the dark and at 5¢C.
(i) Determination of periodate consumption.
5-0-Methyl-L-arabinose (7.5mg) was dissolved in water (10ml), and 0.23M

sodium metaperiodate solution (lml) was added to the solution. A blank was
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run concurrently. Aliquot portions (lml) were withdrawn at intervals and
the consumption of periodate was determined by means of the arsenite method.
The results are shown below.
(ii) Estimation of formic acid produced.

After reacting overnight, an aliquot was titrated with C.01Nsodium
hydroxide solution using methyl red as an indicator. The results are shown

in Table XXIII.

TABIE XXTTT.

Periodate oxidation of 5-0-methyl-L—arabinose

Periodate consumed Formic acid produced
Time, hours O 1l 2 3 overnight overnight
Moles 1.97 2.68 2.70 2.86 2.86 3.09

(3) 5-0-Methyl-L-arabinose Phenylosazone.

5~0=Methyl-L-arabinose (1llmg) was dissolved in 20% acetic acid (5m1),
and phenylhydrazine (1ml) and sodium bisulphite (110mg) were added. The sol-
ution was kept for an hour at 809 and then at room temperature overnight.
The precipitated yellow crystals (50mg) were filtered and recrystallized from
aqueous acetone, m.p. 154.59C, [a]%? -16.62 (c, 0.4 in methanol) Dilution of
the filtrate with water gave a further 70mg of the crystals which showed m.p.

154.59C after recrystallization from aqueous acetone. Total yield of the phe-
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nylosazone was 120mg (52%). Anal. Calce for C18H2203N4: C, 63.1; H, 6.5;
N, 16.4; OCHB, 9.1%. Found: C, 62.9; H, 6.4; N, 16.3, 16.6; OCHB, 9.0,
9.2%.
(4) 5-0-Methyl-L-arabonolactone.

5195Methyljg—arabinose (120mg) was dissolved in water (2ml) and kept
at room temperature in the dark after addition of bromine (10 drops). The
oxidation mixture showed no original spot (Rf 0.30) in paper chromatography
after 30 hours. Water (lOml) was added to the mixture and excess bromine
was removed by aeration, and the solution was treated with silver carbonate
in order to neutralize hydrogen bromide. The inorganic substances were sep-
arated from the solution by centrifugation. Hydrogen sulphide was passed
through the solution and the metal sulphide was removed by centrifugation.
The solution was concentrated to dryness and heated in vacuc for several
hours in boiling water to give a solid (77mg) which, after recrystalliza-
tion from acetone~light petroleum ether, gave colorless needles, m.p.
1359C; [a]%g -76.29 (¢, 0.22 in water) (no change after 20 hours);}Fgggl

5062 44 (c=0). Anal. Calc. for Celyo0:  OCH,, 19.2%. Found- 00H3, 19.1,

5
19 . 3%‘

E. D-Xylose Diethyl Mercaptal.

Preparation of D-Xylose Diethyl Mercaptal (I).
D-Xylose (l5.0g) was suspended in dry tetrahydrofuran (100ml) which con-
tained 65% hydrogen chloride. (Hydrogen chloride was introduced into dry

tetrahydrofuran at 0°C.) The suspension was cooled in an ice-water bath.
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Ethyl mercaptan (10g) was added portionwise with vigorous shaking and with
occasional cooling in ice-water. After all the ethyl mercaptan was added
(about 10 minutes), the mixture was shaken for another 20 minutes, during
which time all the g-xylose dissolved to give a homogeneous solution. Dry
tetrahydrofuran (100ml) was added to the solution and the diluted solution
was neutralized with excess -barium carbonate. Anhydfous calcium chloride
was added in order to remove the water formed during the condensation reac-
tion. After the mixture was left for several hours, the inorganic substan-
ces were filtered and evaporation of the filtrate gave a mixture of sirup
and a small amount of inorganic impurities. Extraction with dry tetrahy-
drofuran (ca. 50ml) and evaporation of the filtered extract gave a light
yellow sirup (20.3g, 79%), which crystallized on dilution with a small am-
ount of isopropyl alcohol. Recrystallization from isopropyl alcohol-pet-
roleum ether gave colorless crystals (15.8g), which melted at 63-649C. No
depression of melting point was observed on admixture with g—xylose diethyl

mercaptal prepared by method (II).

Preparation of E—Xylose Diethyl Mercaptal ﬁII).

geXylose (4.5g), ethyl mercaptan (4.5g), and concenérated hydrochloric
acid (4.5g) were shaken for 30 minutes with occasional cooling in ice-water.
To the clear reaction mixture were added ice~water (50ml) and then suffici=-
ent Duolite A-4 resin to neutralize the acid. An additional amount (50ml)
of water was needed to facilitate stirring. The neutral solution was filter—

ed and the filtrate was evaporated to a light yellow sirup which was diluted
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with isopropyl alcohol (10ml). Petroleum ether (3-4ml) was added to the
solution, and after several hours' storage of the solution at 59C a cryst-
alline mass was obtained. The crude crystals were recrystallized from
isopropyl alcohol-petroleum ether. Yield 3.2g (42%) M.p. 62-639C.,

Methylation of D=Xylose Diethyl Mercaptal (Ili

quylose diethyl mercaptal (1.50g, sirup) was dissolved in methyl io-
dide (25.0ml). Silver oxide (10.0g) and drierite (10g) were added to the
solution and the mixture was shaken for 10 hours at room temperature. Ini-
tially the reaction was mildly exothermic and then gradually subsided. The
reaction mixture was filtered and the inorganic substances were washed with
dry tetrahydrofuran (lOml). The filtrate and washing were evaporated to a
sirup, which was redissolved in chloroform (10ml) in order to remove by
filtration inorganic impurities. Evaporation of the chloroform solution
gave a sirup (l.32g).

The sirup-(l.32g) was dissolved in ethanol (10ml), and water (1.5ml)
and concentrated hydrochloric acid (l.5ml) were added. Hydrolysis was eff=-
ected by refluxing the solution for 5 hours. The hydrolysate was neutral-
ized with Duolite A-4 resin and evaporation of the neutral solution gave a
light brown sirup (80lmg) after treatment with charcoal.

Paper chromatography showed the following results which suggested poly-
methylation of the mercaptal.

Rf 0.94 (vs), 0.87 (s), 0.81 (vs), 0.65 (vw), 0.55 (s), 0.47 (w), 0.19 (w),

and 0.04 (vvw).

Methylation of D-Xylose Diethyl Mercaptal (11).

D-Xylose diethyl mercaptal (600mg, sirup) was dissolved in a mixture of
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methyl iodide (10.0ml) and dry tetrahydrofuran (10.0ml). After silver
oxide (3.0g) and drierite (3g) were added, the mixture was shaken for 12
hours at room temperature. No evolution of heat was observed. Similar
treatment of the reaction mixture gave a brown sirup (551mg) which was hy-
drolyzed by 5 hours' refluxing in a mixture of ethanol (10ml), water (0;75ml),
and concentrated hydrochloric acid (0.75ml). A light yellow sirup (308mg)
was obtained by similar treatment of the hydrolyzate. The sirup showed the
following Rf values, indicating polymethylation of the mercaptal.
R 0.97 (s), 0.90 (s), 0.84 (vs), 0.67 (w), 0.58 (w) and 0.19 (w).

A methylation using the same quantities of reactants gave similar re-
sults after 5 hours- shaking, and unchanged g—xylose was detected on paper
chromatograms when the methylation was carried out at 0¢C.

Methylation of D=Xylose Diethyl Mercaptal (III).

g-Xylose diethyl mercaptal (B.OOg, sirup), was dissolved in a mixture
of methyl iodide (35.0ml) and dry tetrahydrofuran (35.0ml). Silver oxide
(7.0g) and drierite (7g) were added to the solution, and the mixture was
shaken at room temperature for 3 hours. The reaction mixture was treated
as described before, and a light brown sirup (2.49g) was obtained. Hydroly-
sis was performed by refluxing for 5 hours in a mixture of ethanol (20m1),
water (1.5ml), and concentrated hydrochloric acid (1.5ml). 4 light yellow
sirup (1.42g) was obtained by similar treatment of the hydrolysate. The
sirup showed the following Rf valuess
Rf 0.94 (w), 087 (vw), 0.79 (vw), 0.62 (w), 0.54 (vw), 0.46 (vvw), 0.18 (s)

and 0.05 (m).



=115~

Methylation of Ethlose Diethyl Mercaptal (1v).

Using the same quantities of reactants under the same conditions a si-
rup (3.12g) of the methylated mercaptal was obtained. Hydrolysis of this
sirup provided a sirup (l.97g) of the methylated g—xyloses which showed two
strong spots (Rf 0.20 and 0.06) and a few very weak spots with higher Rf
values.

Isolation and Chromatographic and Electrophoretic Examinations of Mono=

O—Methyl—l%ﬂyloses.

The sirup (1.42g) of the methylation (III) was chromatographed on twelve
15cm=wide Whatman No. 3MM sheets for 7 hours, and the monoﬁgrmethyl-g-xyloses
located by means of the guide strips were extracted with cold water (200ml
X 3). Evaporation of the extracts gave a sirup, which was redissolved in
methanol (ca. Sml) and the mixture (96.7mg) of mono—Qrmethyl-g—xyloses was
obtained by the evaporation of the filtered methanolic solution.

In a similar manner a sirup (118.6mg) of monofgrmethyl-g—xyloses was iso-
lated from the hydrolysate of methylation (IV).

The mixtures were chromatographed for 20 hours and two spots (nylose
3.16 (s) and 3.65 (w)) were shown to be 2- and §1lqnethy172-xyloses, respec—
tively.A Separation of these two spots was clearer when one drop of concen-
trated ammonia was added to the solvent.

Electrophoretic examination (900-1000V, 20-90ma, 90 minutes) of the mix-

tures also showed that they consisted of 2-O-methyl-D-xylose (Mg 0.49 (s))

and 3-Q-methyl-D-xylose (Mg 0.92 (w)).
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Isolation and Electrophoretical Examination of the Fast-moving Spots.

From the same chromatograms used for the isolation of mono-Q-methyl-—
g-xylopyranoses, the area which corresponded to the di-0O-methyl ethers (R
0;54 and 0.46) was extracted with cold water (200ml x 3). 4 sirup (21:img)
was obtained by evaporation of the extracts, followed by the removal of me-
thanol-insoluble impurities. The sirup gave only one spot (Mg 0.00).

Colorimetric Analysis of the Mixture of Mono=O-methyl~D=xyloses.

(1) Preparation of standard curve.

From the original solution containing 424%/ml of 2-Q-methyl-D-xylose,
five solutions given in Table XXIV were prepared. The results are shown in
Table XXIV and the curve is given in Fig. 3l.
(2) Analysis of the mixture.

The mixture of mono-O-methyl-D-xyloses isolated from the methylation (111)
was separated electrophoretically (1000-1100V, 25mA, 60 minutesj. The re—
sults are shown in Table XXV.

Tdentification of the Component ny se 3.16 as 2-0-Methyl=D-xylose.

1o

The nmixture isolated from the methylation (III) was dissolved in warm
ethanol (absolute) and after cooling petroleum ether was added to turbidity.
Colorless crystals,.m.p. 1339, precipitated from the solution on seeding.
Admixture with an authentic sample gave no_depression of the melting point.

Identification of the Component R

xylose 3.65 as 3fngethy172-xylose

Phenylosazone.

After 2-O-Methyl-D-xylose was precipitated, the mother liquor was de-

canted, and evaporated to a sirup which still showed a strong spot for 2-0
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TABLE XXIV.

Preparation of standard curve of 2-O-methyl-D-xylose

Solution Concentration Readings at 480 m Y% Average

(v./2m1)
1 85.0 0.76 0.76 0.76 0.76
2 51.0 0.50 0.499 0.50 0.50
3 42.5 04429 0.430 0.429 0.429
4 21.3 04237 0.234 0.230 0.230

5 10.7 0.120 0.119 0.123 0.121



Optical density

Fig. 31. Stenderd curve of 2-U-methyl-D-xylose.
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Table XXV, Colorimetric analysis of mono-O-methyl-D-xyloses (mixture III)

Component Readings at 480 mp Average Difference Concentration
(Y/2 mi)
(sugar 0.455 0.460 0,470 0.462
2-0-Methyl-D-xylose ( 0.443 44,0
- (blank 0,020 0,018 0,020 0,019
(sugar 0.192 0.170 0,187 0.183
3-0-Methyl-D-xylose ( 0.154 14,0

(blank 0.022 0,034 0,030 0.029

-611~-
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methylfg-xylose.

The sirup (52.lmg) was combined with that (118.6mg) obtained from the
methylation (IV) and the combined sirup was chromatographed for 20 hours
on three 15cm-wide Whatman No. 3MM sheets using butanone-water azeotrope to
which one drop of concentrated ammonia was added. The 3-O-methyl-D-xylose
was extracted with cold water (50ml X 3), and evaporation of the extracts
gave a sirup (28.5mg), which was electrophoretically pure.

The sirup (28.5mg) was dissolved in water (3ml) and phenylhydrazine
(56.2mg) in ethanol (0.31ml) and a small amount of sodium metabisulphite
were added. The mixture was heated for 5 hours in boiling water and yell=-
ow crystals precipitated on cooling. The crystals (21.6mg) were recrystal-
lized from ethanol-water, m.p. 171-1729C. No depression of the melting
point was observed when mixed with synthetic }1gqmethy172—xylose phenylo-
sazone.

Methylation of D-Xylose Diethyl Mercaptal (V).

Crystalline g—;ylose diethyl mercaptal (l.OOg) was dissolved in a mix-
ture of methyl iodide (12.0ml) and tetrahydrofuran (12.0ml). Silver oxide
(2.40g) and drierite (5g) were added to the solution and the mixture was
shaken for 3 hours at room temperature. The methylation product was treat-
ed similarly as described under the methylation (III). The sirup (99lmg)
thus obtained was hydrolyzed in a similar manner, and a light yellow sirup
(58%mg) was obtained which showed the following Rf values:

Rf 0.91 (w), 0.85 (vw), 0.73 (vw), 0.60 (w), 0.51 (w), 0.40 (w), 0.20 (s),

and 0.07 (m).
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Isolation and Electirophoretic Examination of Mono—O-methyl-D-xyloses

and Di-O—methyljB-xyloses.

The sirup (583mg) was chromatographed on six 15cm~wide Whatman No. 3MM
sheets for 7 hours, and the areas of Rf 0.20 and of 0.51 plus 0.40 were
separately extracted with cold water (100m1 x 3). The yield of these two
components was 41.9mg and 16.3mg, respectively.

The component of Rf 0.20 showed two spots (Mg 0.45 (s) and 0.91 (w))
by electrophoresis (950-1100V, 25mA, 60 minutes), whereas the components
of Rf 0.51 and 0.40 showed three spots (Mg 1.00 (w), 0.37 (vw), and o.bo
(s)) (950-1100V, 25-35mA, 70 minutes). The spot of Mg 1.00 was shown to
be Bermethylfg-xylose by a concurrent examination‘with a synthetic sam=
ple (Mg 1.00).

Colorimetric Analysis of the Extracts.

(1) Analysis of the component of Rf 0.20.

The mixture was chromatographed .for 20 hours in butanone-water azeo-
trope plus one drop of concentrated ammonia. The results are shown in
Table XXVI.

(2) Analysis of the Components of Rf 0.51 and 0.40.
The mixture was separated by electrophoresis (950~1100V, 25-35mA, 60

minutes). The results are shown in Table XXVII.

Preparation of 3=0O-Methyl-D-=xvylose.
Crude 1,2-0-isopropylidene-D-xylose (2.97g) (positive Benedict test)
was dissolved in pyridine (BOml). Trityl chloride (4.50g) was added to

the solution and the mixture was kept at room temperature for 24 hours.



Table XXVI. Colorimetric analysis of mono-O-methyl-D-xyloses (methylation (V))

Component Readings at 480 mp Average Difference Concentration

(Y/2 ml)

(sugar 0,51 0,465 0,485 0,487 :
2-0-Methyl-D-xylose ( 0.448 44,5

- (blank 0,045 0.035 0,038 0,039 .
3
(sugar 0.325 0,292 0,300 0,306 ‘ l

0.276 26.0

0,030

3-0-Methyl-D-xylose ( ,
- (blank 0,032 0,028 0,030




Table XXVII, Colorimetric analysis of the fast-running components of
O-methylated D-xyloses

Component, Readings at 480 mp Average Difference Concentration
(v /2 ml)

(sugar 0.100 0,101 0,095 0.099
5-0-Methyl-D-xylose ( 0.035 3.0
- (blank 0.063 0,071 0,059 0,064

X A

(sugar (0.130) 0,065 0,068 0,067
Component (Mg 0.37) ( 0.017 1.5
(blank 0,053 0,049 0,048 0.050

(sugar 0.363 0,368 0,370 0,367
Component (Mg 0,00) ( 0.315 30,0
(blank 0,048 0,058 0,050 0,052
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The reaction mixture was poured into ice-water and extracted with chloro-
form (50ml X 3). The extracts were washed twice with ice-cold 1N sulphur-
ic acid (ca. lOOml), with aqueous sodium carbonate, and with water. Eva=-
poration of the dried extract (MgSO4) gave a sirup (6.00g).

The tritylated sirup (6.00g) was methylated with methyl iodide (80ml)
and silver oxide (20g). After two methylations, the sirup (5.92g) showed
no appreciable free hydroxyl band in its infrared spectrum.

The methylated sirup (5.92g) was hydrolyzed in 2N sulphuric acid (20m1)
(in boiling water). The hydrolysate was filtered in order to remove the li-
berated tritanol and the filtrate was deionized with Duolite A-4 resin and
then evaporated to a sirup, which was extracted with cold water. The water
extracts gave, on evaporation, a sirup (1.49g) which showed the following
Rf values: '

Rf 0.87 (vw), 0.79 (vw), 0.60 (m), 0.22 (vs), and 0.06 (w).

The sirup (1.49g) was chromatographed using butanone-water azeotrope
on a cellulose-hydrocellulose column (40 x 3cm) (rate of flow: 10ml/10
minutes), and the component of Rf 0.22 was found in tubes No. 30-80.‘ A
sirup (758mg) of 3~O-methyl-D-xylose was obtained.

The sirup (258mg) was treated in water (5ml) with phenylhydrazine hy-
drochloride (650mg) and anhydrous sodium acetate (400mg), and 3~O-methyl-
D-xylose phenylosazone (m.p. 179-1819C) was obtained.

Preparation of 5=0-Methyl-D-xylose.

Crude 1,2-0-isopropylidene~D-xylose (5.12g) was dissolved in pyridine

(25ml) and the solution was cooled in an ice~water bath. A solution of tos—
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yl chloride (5.50g) in chloroform (10ml) was added to the pyridine solution
and the mixture was kept in an ice-water bath for an hour and then at room
temperature overnight. The reaction mixture was poured into water and ex-
tracted with chloroform (50ml x 3). The dried (MgSO 4) extracts gave on
evaporation a sirup which crystallized on dilution with small amount of
ether. The colorless crystals (6.28g) melted at 135-1369C.

1,21QrIsopropylidene-5197tosy172—xylose (2.70g) was added to a methan-
0l (10ml) solution of sodium (5.50g). The mixture was sealed in a tube and
was heated for 4 hours in boiling water. The content of the tube was wash-
ed out with water and then evaporated to dryness. The residue was rediss-
olved in water and extracted with chloroform (30ml x 3). Bvaporation of the
extracts gave a sirup (1.23g) which spontaneously crystallized (m.p. 859C).

1,2-0-Isopropylidene~5-0-methyl-D-xylose (1.23g) was dissolved in 1N
sulphuric acid (20ml) and the solution was heated for 1 hour in boiling wa-
ter. The hydrolysate was deionized with Duolite A=~4 resin and evaporation
of the neutral solution gave a sirup (793mg) which showed the following Rf
values:
Rf 0.32 (vs), 0.19 (w), 0.09 (w), and 0.04 (w).

The sirup (793mg) was separated by chromatography on a cellulose~hydro-
cellulose column using butanone-water azeotrope (rate of flows: 10m1/20 min-
utes) and the component of Rf 0.32 was found in tubes No. 45-65. Evapora-

tion of these fractions gave a sirup (593mg).
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HO—C—H

H—C—OH

CH,OH

OH
(X)

(FH(SR)Q
HO-‘(I:—H
HO—CIZ""H

H—(;"'OH

CH,OTr

(XI)

Fig. 4. Selective tritylation of primary hydroxyl groups.



7=

CH(SCH,Ph), & (OH)
H—C—OH —C-OMe
HO—C—H IO|0|
H—G~OH H—G—OH
e o]
CHO ¢ oxmoI
(X1 )
CH(SEt), CH(SEL), CH(SE),
H—C—OH H—C—~ONa H—C—OMe
HO—C—H HO— m H _ HO-G—H
H-C—OH ~ H—C—OH H—C—OH
H—C—OH H—C—OH H—C—OH
CH,OH CH,OH CH,OH
(X)

Fig, 5. Selective msthylation of 2-hydroxyl groups,

T

Fig. 6. de Bruyn-van Eckenstein transformation.
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Fig, 9. Bynthesis of 3-O-methyl-D-mssmose.

CHa0AC CH,OH
O OMe O oMe
—_
0,NOgNO2 O NO\PNO-
OAc OH
(XVI)

Fig. 10. Deacetylation of O-pitrated sugsr.
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CH,OH CH,OTr

o o
HOPH  HQoMe AcOQACACDOMe

CH,OH CH,OMe
o o
_— —_—
AcOPACACD OMe AcOQAC ACOAMe
CH,OMe

Q
— H,OH
HOGYH H

Fig. 11, Synthesis of 6-O-methyl-D-mannose.

HOH OCH
H 2 O PhCH{ 2 O
_—
H \che H/Ome
OH OH
H H.OH
PhcHO G2 o o 255
_ .
Me Me Me N HOH
OMe OMe

Fig. 12, Synthesis of 2,3-di-O-methyl-D-galactese.
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HO O o }—o0
H O
OMe Me C/ y—}%Me
OH 2 OH
— @
/ g_)
MeQC/ OMe

OMe

Fig. 13. Synthesis of 2~O-methyl-L-arabinese.

O OEt OEt
Ho —— |< >|
HOH,C @ TrOH,C

OEt O Et
AcC
HOH2C§———\-|’ MeOH,
AC
O« _OEt
@ @
MeOH,C MeOH,C

Pig. 14, Synthesis of 5-O-methyl-l-arabinese.
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HOH,C _O TrOH,C _O
OH ' —_— OH
\I/—P\ O /\I——I/\ @)

O~¢ Me, O*CIMeg

TrOH.C _O O

—_—

OMe — Me , AH.OH
O HO

O‘C'ZMeg OH

Fig. .15. Synthesis of 3-O-metliylaPuxylese.

HOH,C _O TsOHLC _O
OH —_ H

O~CMe, O~CMe,

O

MeOHLC _O MeOH,C
—>  kOH >|o — kOH >JH,0H

| O\Cl:JMez OH

Fig, 16, Synthesis of 5-O-methyl-D-xylose,
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H,OH

oY
HA.YOH
HO-n_YH
r-0O-OxT

HOH,C-

Pig. 17. Zig-zag structure of some glyeitols,

coc®
H—C—OH
HO~C—H

—OH
—OH

-

H_

CH,OH

Fig. 18. Gluconate ion.



CH(SE1),
H-C-OH
HO-C-H
HO-C-H
CH,OH
(XX)
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H-C-Q=CHPh

O=CH
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“O-CH,

(XXI)

PhCH

nzamcm

0" m \T_\o%j
PhCH O O
OIOIN

(XXI)

CH(SED),
H-(O=CHPh

O=C—H
HO-C-H

CH,OH
(XXII)

Pig. 19, Benzylidene devivatives of L-arebimose diethyl

CH(SEL),

C-0=CHPh
O\m H

H~C~OH
CH,OH
(XXIV)

CH(SEY),
H-C-O_
HO-C-H nznj
H-C~ -0
CH,OH
(XXVI)

" mercaptal.

non\I -C-0

n_;\_.zmm@m
Ilm_u%uVOI_Uj
o= O H
I.lﬁ_w O/
CH
CH,O” Ph
(XXV)

CH(SEY),
H-G-O
O-C-H JCHPh
“o-CH,

(XXVIT)

Fig. 20. Benzylidene derivasives of %vgo diethyl

mereaphal .
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CH(SR),
H-G-O,
H~G=O, CHPh
H-G~0C HPh

CH,O

Fig. 21. Di-O-benzylidene-D-ribose meresptnl.

Pig. 22. Di-Q-benzylidene-D-glucese disthyl mercapial.



I
—C—OH Me —C—0O  Me

[ | xC
_.(':__O/ \O —(%——O OH
I
—C—O\ /Me
- | C
QT
—C—O0OH O

Pig. 23. Migration of acetyl group.

RROH + B =—= RO + BH® (B:base) (1)

R-O° + Me—I + Ag-O-Ag

— R—c‘%1 Me-LTY Ag-O-Ag ]

——  ROMe + Agl+ AgO (2)

Fig. 24, Mechanism of Purdie methylation.
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Zl)\ Me\;S@—Et OMe
—C—CH > —C
b s—gt H
( XXV )
O@
e
HOﬂ-ClIH i-—Et
e
SEt
(XXIX)

CH(SEt),

Pig, 25. Mechanism of "transmethylation.®
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H. /OH H, o H
HOH,C Je QN
\ / \ / \ HOHC-G-C-C-C-CH(SEL),
o \ cHEL, QQHQ
HO© TH (XXX)
Pj C)Fifﬁ() f1 H H
’ HHOO
HOM,C
e \ / \ / \ HOHC-C-C-C-C-CHSEY),
CHEt), QOHH
HG H H OH (XXX )
HO H H, OH H H
HOH,C ol ol HeQH
\ / / \ HOH C—\l—cl:—c;—(':—CH(SEt)z
R CHGEt), HHHO
HO H H OH (XXX
HO H H  OH H H
Yol Jod QQH
/ \ / AN HOH,C-C-C-CG-CH(SEL),
HOH,C £Q CH(SEL), R
H  OH (XXXI)
H OH H OH Y
< 7 H O H
/ \ / HOH,C-C-C-C-CH(SEt),
HOH.C CH(SEt), CHQg

l

{ on (XXXIV)

Fig, 26, Zig-zag conformation of sugar mereaptals.
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Optieal density

Fig. 29. Standard curve of 6~0-methyl-P-galactose.
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Optical density

Fig. 30. Standard curve of 5-0-methyl-lL-arabinose.
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fptical density
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Fig, 31. Standard curve of 2-Q-methyl-D-xylese.
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