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All three possible mono-0-/>-toluenesulfonyl derivatives IX, X and XI, as well as the three di-
-0-/>-toluenesulfonyl derivatives VI, VII and VIII have been prepared by tosylation of methyl 
6-deoxy-|3-D-glucopyranoside (I) with one equivalent of /Moluenesulfonyl chloride in pyridine. 
In order to enable the assignment of structures to compounds IX—XI they were converted to di-
-O-benzoyl derivatives XII—XIV. The first two di-O-benzoyl derivatives were also obtained 
on reaction of methyl 3-0-benzoyl-4,6-0-benzylidene-2-0-/?-toluenesulfonyl-3-D-glucopyranoside 
(XVII) or of its 2-0-benzoyl-3-0-/?-toluenesulfonyl isomer XVIII with N-bromosuccinimide 
and subsequent dehalogenation of compounds XV and XVI. The structures of di-0-/Moluene-
sulfonyl derivatives VI— VIII were assigned on the basis of the results of further tosylation of mo-
no-0-/»-toluenesulfonyl derivatives IX—XI, affording in all instances in addition to tri-0-/?-tolue-
nesulfonyl derivative XXVI both possible di-0-/?-toluenesulfonyl derivatives, and they were 
confirmed by 1 H - N M R spectra of corresponding benzoyl derivatives XXVII— XXIX. On reac-
tion of mono-0-/7-toluenesulfonyl derivatives IX and XI with Amberlite IRA-400 ( O H - ) cor-
responding methyl 2,3-anhydro-6-deoxy-3-D-mannopyranoside (XXI) or methyl 3,4-anhydro-
-6-deoxy-3-D-galactopyranoside (XX) were prepared. The reaction takes place without migration 
of epoxides. Under the effect of the ion exchanger tosyl derivative X gave a mixture of both pos-
sible epoxides which were separated in the form of their acetyl derivatives XXIV and XXV. From 
the results of the reactions of substances I, IX, X and XI with /?-toluenesulfonyl chloride in pyri-
dine it is evident that the tosylation is slowed down in the case of 3-D-gluco configuration by the 
presence of the />-toIuenesulfonyloxy group in the saccharide molecule, especially so if the group 
is vicinal to the reacting hydroxyl group. 

Partial tosylation of saccharides is interesting both from the point of view of the 
preparation of important intermediates for further syntheses and from that of the 
investigation of the differences in reactivity of single hydroxyl groups on the pyrano-
side skeleton1 '2. As we needed in connection with the study of partial esterification 
of amino sugars (ref.3 and the references therein) to prepare a larger amount of all 
three mono-O-p-toluenesulfonyl derivatives of methyl 6-deoxy-P-D-glucopyranoside 
(/) as starting material for the syntheses of other model substances4, we used such 
opportunity in order to investigate more thoroughly the partial tosylation of compound 
I with p-toluenesulfonyl chloride in pyridine as well. The results are presented in this 
paper. 

For the preparation of the starting methyl 6-deoxy-P-D-glucopyranoside5,6 (/) 
we modified the described reaction of methyl 4,6-O-benzylidene-P-D-glucopyranoside 
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(//) with N-bromosuccinimide, giving rise to 4-0-benzoyl-6-bromo-6-deoxy deriva-
tive7. By benzoylation of compound II (ref.8) to corresponding 2,3-di-O-benzoyl 
derivative9 III prior to the reaction with N-bromosuccinimide we were able to im-
prove substantially the yield of the cleavage of the 1,3-dioxan ring. The benzoyla-
tion increases the solubility of the starting benzylidene derivative and of the reaction 
product in non-polar solvent, which substantially decreases the losses during the 
working up of the reaction mixture by extraction, in addition to a shortening of the 
reaction time. The subsequent hydrogenation of methyl 2,3,4-tri-0-benzoyl-6-bromo-
-6-deoxy-P-D-glucopyranoside10 (IV) afforded methyl 2,3,4-tri-0-benzoyl-6-deoxy-
-P-D-glucopyranoside (V) which had considerably different properties from the pre-
paration obtained recently by another route1 1 . On catalytic debenzoylation of com-
pound V derivative / was obtained. A practically quantitative conversion in the 
sequence II-+IH-*IV-*V-*I now makes this procedure as efficient as the 
preparation of compound I described6 earlier. 

Reaction of methyl 6-deoxy-p-D-glucopyranoside (/) with one equivalent of p-tolue-
nesulfonyl chloride in pyridine gave a mixture of three di-O-p-toluenesulfonyl deriva-
tives VI (1-8%), VII (7-3%) and VIII (2-5%), three mono-O-p-toluenesulfonyl deriva-
tives IX (17-8%), X (18-2%) and XI (25-7)%, and 26% of the unreacted glucoside I, 
which we separated by repeated chromatography on silica gel to individual com-
ponents. 

CH3 

OR1 

I, R 1 = R 2 = R 3 = H 
V, R 1 = R 2 = R 3 = Bz 

VI, R 1 = R 2 = Ts; R 3 = H 
VII, R 1 = R 3 = Ts; R 2 = H 

VIII, R 2 = R 3 = Ts; R 1 = H 
IX, R 2 = R 3 = H; R 1 = Ts 
X, R 1 = R 3 = H; R 2 = Ts 

XI, R 1 = R 2 = H; R 3 = Ts 
XII, R 2 = R 3 = Bz; R 1 = Ts 

XIII, R 1 = R 3 = Bz; R 2 = Ts 
XIV, R 1 = R 2 = Bz; R 3 = Ts 
XIX, R 2 = R 3 = Ac; R 1 = Ts 

XXVI, R 1 = R 2 = R 3 = Ts 
XXVII, R 1 = R 2 = Ts; R 3 = Bz 

XXVIII, R 1 = R 3 = Ts; R 2 = Bz 
XXIX, R 2 = R 3 = Ts; R 1 = Bz 
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For the determination of the position of j>-toluenesulfonyloxy group in mono-
-O-p-toluenesulfonyl derivatives IX, X and XI we converted each of these substances 
to corresponding di-O-benzoyl derivative XII, XIII and XIV under the effect of ben-
zoyl chloride in pyridine. The last mentioned derivative had identical properties 
with methyl 2,3-di-0-benzoyl-6-deoxy-4-0-p-toluenesulfonyl-{3-D-glucopyranoside de-
scribed in literature11'12. Derivative XII, or XIII, was identical with the product 
of catalytic hydrogenation of methyl 3,4-di-0-benzoyl-6-bromo-6-deoxy-2-0-Jp-tolue-
nesulfonyl-(3-D-glucopyranoside (XV), or methyl 2,4-di-0-benzoyl-6-bromo-6-deoxy-
-3-O-p-toluenesulfonyl-P-D-glucopyranoside (XVI), respectively, which we prepared 
on reaction of methyl 3-0-benzoyl-4,6-0-benzylidene-2-0-jt>-toluenesulfonyl-P-D-
-glucopyranoside13 (XVII) or methyl 2-0-benzoyl-4,6-0-benzylidene-3-0-p-toluene-
sulfonyl-P-D-glucopyranoside13 (XVIII), respectively, with N-bromosuccinimide 
in tetrachloromethane. We also confirmed the structure of methyl 6-deoxy-2-0-
-p-toluenesulfonyl-(5-D-glucopyranoside (IX) by converting it to methyl 3,4-di-O-ace-
tyl-6-deoxy-2-0-jp-toluenesulfonyl-P-D-glucopyranoside (XIX) which was prepared14 

by a different procedure. The proposed structures of mono-O-^-toluenesulfonyl 
derivatives IX, X and XI are in agreement both with the reactivity of these com-
pounds during epoxide formation15 '16 and with the structures of products formed 
by this reaction. While 4-O-p-toluenesulfonyl derivative XI affords in reaction with 
Amberlite IRA-400 ( O H - ) in anhydrous methanol methyl 3,4-anhydro-6-deoxy-
-P-D-galactopyranoside (XX) 1 2 ' 1 4 ' 1 7 in an almost quantitative yield17 within several 
minutes, 2-O-p-toluenesulfonyl derivative IX requires about 3 hours for a quantitative 
conversion to methyl 2,3-anhydro-6-deoxy-P-D-mannopyranoside14 (XXI). According 
to 1 H - N M R spectra and thin-layer chromatography in neither case did the reaction 
mixture contain the product of the migration of the oxiran ring, i.e. methyl 2,3-an-
hydro-6-deoxy-|3-D-gulopyranoside (XXII) or methyl 3,4-anhydro-6-deoxy-(3-D-altro-
pyranoside (XXIII). It should be noted that the common procedure for the prepara-
tion of anhydro derivatives, i.e. the reaction with sodium methylate, gives only a mix-
ture of anhydro derivatives14 in the case of methyl 6-deoxy-2-0-^-toluenesulfonyl-
-P-D-glucopyranoside (IX); with 1-5 equivalents of sodium methylate we obtained 

O — C H 
CH,Br 

OR1 

II, R1 = R2 = H 
III, R1 = R2 = Bz 

XVII, R1 = Ts; R2 = Bz 
XVIII, R1 = Bz; R2 = Ts 

IV, R1 = R2 = Bz 
XV, R1 = Ts; R2 = Bz 

XVI, R1 = Bz; R2 = Ts 
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a mixture composed of XXI and XXIII in a 2 : 1 ratio (determined by integration 
of the doublets of methyls on C ( 5 ) in ! H - N M R spectrum). The same composition 
has been described for the equilibrium mixture of compounds XXI and XXIII in aque-
ous medium14. 

The above mentioned, different behaviour of bases indicates that in common 
mechanism of formation and migration of epoxides15 (Scheme l ) it will be neces-
sary also to consider in the case of the quaternary ammonium base on the ion exchan-
ger surface the effect of the bulky cation on the reactivity of alkoxide (cf., for instance, 
the effect of sodium methoxide15-16,18). Its participation could cause the difference 
in sterical requirements of the transition states of the reactions (2) and (4) to in-
crease to such an extent as would cause the reaction (4) practically not to take place 
under the effect of the ion exchanger in O H " cycle. It is improbable that the dif-
ference in the cation would cause substantial changes in the equilibrium constant 
values of the reactions ( l ) and (3), or (5). 

However, it should be mentioned that on prolonged effect of Amberlite IRA-400 
( O H - ) on substance XXI another product begins to appear in the reaction mixture, 
probably under the effect of the amine set free by standing of the ion exchanger, 
which gives a positive reaction with Buchanan's reagent for epoxides19, and which 
has identical RF value as anhydroaltroside XXIII. The same effect was also observed 
when a small amount of ion exchanger was used where the attainment of a quantita-
tive conversion of 2-O-^-toluenesulfonyl derivative IX required an excessively long 
reaction time. 

Methyl 6-deoxy-3-0-p-toluenesulfonyl-(3-D-glucopyranoside (X ) gave two an-
hydro derivatives on reaction with the ion exchanger which were separable with 
difficulty. Therefore we converted them first to corresponding O-acetyl derivatives 
XXIV and XXV, and we isolated by column chromatography on silica gel 64% 
of methyl 2-0-acetyl-3,4-anhydro-6-deoxy-|3-D-a]lopyranoside (XXIV) and 13-5% 
of methyl 4-0-acetyl-2,3-anhydro-6-deoxy-(3-D-allopyranoside (XXV). 

The structures of anhydro derivatives XXIV and XXV were determined from 

OH , Q 

HO OTs HO OTs HO 

O H 0<-» O ' - ' 

SCHEME 1 
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^ - N M R spectra. In the spectrum of the minor derivative XXV a one-proton 
singlet is present at S 4-63, attributable only to the hydrogen atom H ( 1 ) of 2,3-an-
hydro derivative. For methyl 4-0-acetyl-2,3-anhydro-6-deoxy-P-D-gulopyranoside the 
measured1 4 coupling constant J 1>2 was 0-5 Hz. The "singlet" appeared 1 4 in the 
trans arrangement of the oxiran ring and the methoxy group on the pyranoside 
skeleton both in °HS and 5 H 0 conformation. In our case the magnitude of the 
coupling constant J 4 5 = 0-9 Hz indicates unambiguously that compound XXV 
exists preferably in half-chair conformation °H5. The spectrum of compound XXIV 
enables the assignment of all protons; in this case J4 5 = 0 Hz, and the coupling 
constant value J 2 3 = l ' 8 H z corresponds to the coupling constant value J3A 

of the isomer XX V. The value J 1 2 = 7-2 Hz indicates an anti-periplanar arrangement 
of the hydrogen atoms, which means that methyl 2-0-acetyl-3,4-ar;hydro-6-deoxy-
-P-D-allopyranoside {XXIV) exists in chloroform solution almost exclusively in the 
°Hl conformation. In both acetyl derivatives the proton on the carbon atom car-
rying the acetoxyl group resonates at the lowest field. 

The fact that in the reaction of 3-O-p-toluenesulfonyl derivative X with ion ex-
changer more 3,4-anhydro derivative was obtained than 2,3-anhydro derivative 
differs f rom the result of the reaction of hydroxymethyl analogue, i.e. methyl 3 -0-
-p-toluenesulfonyl-p-D-glucopyranoside, with sodium methoxide, where evidently 
slightly more 2,3-anhydro de r iva t ive 2 0 - 2 2 is formed. In order to exclude the pos-
sibility that this difference is caused by a different character of the reagent we pre-
pared a mixture of 3,4-anhydroalloside XXIV and 2,3-anhydroalloside X ^ F f r o m 
3-O-p-toluenesulfonyl derivative X also on reaction with sodium methoxide. The 
ratio observed XXIV: XXV = 5 : 1 does not practically differ f rom the result ob-
tained by the above given procedure with Amberlite IRA-400 ( O H - ) . It should be 
mentioned that in the reaction with sodium hydroxide1 6 l ,6-anhydro-3-0-p-toluen-

CH CH ( II 

XI 
XXII 

CH: CH c it 

IK 

) On OCM 

H( 

y O OCH 

I x H 0 / 
OTs 

IX XXI XXIII 
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sulfonyl-f3-D-glucopyranose also gives more (2-3 times) 3,4-anhydro derivative than 
2,3-anhydro derivative; a similar ratio was also found in the reaction of 1,6-anhydro-
-2,4-di-0-benzyloxycarbonyl-3-0-methanesulfonyl-|3-D-glucopyranose23 '24 . 

For the determination of the position of p-toluenesulfonyloxy group in derivatives 
VI, VII and VIII we submitted each of the mono-O-p-toluenesulfonyl derivatives IX, 
X and XI to further reaction with p-toluenesulfonyl chloride in pyridine. As the 
reactions almost did not take place when one equivalent of p-toluenesulfonyl chloride 
was used, we applied five equivalents of p-toluenesulfonyl chloride. In the reaction 
of 2-O-p-toluenesulfonyl derivative IX at room temperature and for 48 hours 37-6% 
of 2,4-di-O-p-toluenesulfonyl derivative VII and 30% of 2,3-di-O-p-toluenesulfonyl 
derivative VI were formed in addition to 5-1% of methyl 6-deoxy-2,3,4-tri-O-jp-toluene-
sulfonyl-P-D-glucopyranoside (XXVI). The same reaction with 3-O-p-toluenesulfonyl 
derivative X afforded 5-4% of compound XX VI, 34-3% of 3,4-di-0-/?-toluenesulfonyl 
derivative VIII and 23-8% of 2,3-di-O-p-toluenesulfonyl derivative VI, while with 
4-0-j>-toluenesulfonyl derivative XI 8-3% of substance XXVI, 45-4% of 2,4-di-O-
-p-toluenesulfonyl derivative VII and 19-5% of 3,4-di-O-p-toluenesulfonyl derivative 
VIII were obtained. As after the tosylation of both 2-O-p-toluenesulfonyl derivative 
IX and 3-O-p-toluenesulfonyl derivative X the same di-O-p-toluenesulfonyl deriva-
tive VI was present in the reaction mixture, this must possess the structure of methyl 
2,3-di-0-p-toluenesulfonyl-6-deoxy-(3-D-glucopyranoside. For the same reason the 
identical tosylation product of compounds IX and XI, i.e. derivative VII, must 
possess the structure of 2,4-di-O-p-toluenesulfonyl derivative, and derivative VIII 
must correspond to methyl 6-deoxy-3,4-di-0-p-toluenesulfonyl-f3-D-glucopyranoside. 

^ - N M R spectra of derivatives XXVII, XXVIII and XXIX (see Table I) which 
we prepared on benzoylation of single di-O-jp-toluenesulfonyl derivatives VI—VIII 
with benzoyl chloride in pyridine agree with the proposed structures; the signal 

CH 

xxv 
OCH 

XXIV 
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of the p r o t o n on the c a r b o n car ry ing the benzoyloxy g r o u p is a lways shi f ted down-
field in c o m p a r i s o n with the chemical shif t value of a co r r e spond ing p r o t o n on the 
c a r b o n a t o m subs t i tu ted with the p - to luenesu l fony loxy g roup . T h e cons iderable 
uphe ld shif t of the methoxyl g r o u p signal in the case of 2 ,3-d i -O-p- to luenesul fonyl 
derivat ive XXVII or 2 ,3 ,4- t r i -O-p- to luenesul fonyl der ivat ive XXVI is caused evidently 
by the shielding with the a r o m a t i c nuc leus of the p - to luenesu l fony loxy g r o u p ; 
a s imilar upfield shif t was a lso observed in 2 ,3-d i -O-^- to luenesul fonyl derivat ive 
of methy l 4 ,6-O-benzyl idene-P-D-glucopyranoside (S 3-08), bu t n o t in its 2,3-di-O-
-me thanesu l fony l de r iva t ive 2 5 (c) 3-52). T h e c o n f o r m a t i o n of the p - to luenesu l fonyloxy 
g r o u p on c a r b o n a t o m C ( 2 ) , necessary fo r the exp lana t ion of this upfield shift , re-
quires such an o r i en ta t ion of the a r o m a t i c nuc leus as wou ld exclude s imul taneous ly 
any a t t r ac t ing in te rac t ion (7i-overlap) of the benzene nuclei of the subs t i tuents 
in the pos i t ions 2 a n d 3. O n the o the r h a n d , in benzoyloxy ana logues , i.e. in t r i -O-ben-
zoyl der ivat ive V or 2 ,3-di -O-benzoyl der ivat ive XIV, a n a t t r ac t ing in te rac t ion of this 
type ( re f . 2 6 ) is evidently so i m p o r t a n t t ha t the p o p u l a t i o n of the c o n f o r m a t i o n neces-
sary fo r the upfield shif t of the me thoxy l g r o u p is negligible. Similarly, n o shift is 
p roduced by the p - to luenesu l fony loxy g r o u p in the n e i g h b o u r h o o d of which a ben-
zoyloxy g r o u p is present ( c o m p o u n d ^ / / ) . A possible repuls ion of t w o equa to r ia l p- tolu-

TABLE I 

Chemical Shifts (tS) and Coupling Constants (Hz) of Derivatives of Methyl 6-Deoxy-(3-D-gluco-
pyranoside (I; R 1 = R 2 = R 3 = H) in Deuteriochloroform 

Va XXVI XII XIII XIV XXVII XXVIII XXIX 
R 1 Bz Ts Ts Bz Bz Ts Ts Bz 
R 2 Bz Ts Bz Ts Bz Ts Bz Ts 
R 3 Bz Ts Bz Bz Ts Bz Ts Ts 

C - C H3 1-40 1-19 1-31 1-32 1-50 1-19 1-44 1-31 
C 6 H 4 —CH 3 — 2-43 (3 X) 2-21 2-07 2-07 2-22; 2-40 2-10; 2-23 2-10; 2-

0 - C H 3 3-53 2-98 3-43 3-49 3-49 3-03 3-35 3-39 
H ( l ) 4-75 4-24 4.49 4-57 4-56 4-26 4-36 4-40 
H ( 2 ) 5-53 4-38 4-78 5-1-5-4 5-29 4-52 4-65 5-23 
H ( 3 ) 5-91 4-81 5-66 5-1-5-4 5-62 5-0-5-2 5-48 4-96 
H ( 4 ) 
H ( 5 ) 

5-38 4-45 5-18 5-1-5-4 4-70 5-0-5-2 4-60 4-58 H ( 4 ) 
H ( 5 ) 3-93 3-59 3-75 3-75 3-76 3-59 3-64 3-62 

,2 7-7 ~ 7 7-7 7-0 7-8 7-6 7-6 7-5 
J2,3 

9.4 7-0 9-4 — 9.4 — 9 . 4 9-0 
J3A 

9.4 8-2 9.4 — 9-4 — 9 . 4 9-0 
J4,5 

9.4 8-2 9.4 8-6 9.4 9-0 9-4 9-0 
J5,6 6-1 6-2 6 1 6-2 6-1 6-1 6-1 6-2 

a In all substances measured signals due to aromatic protons appear in the 7-0 — 8-0 region. 
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enesulfonyloxy groups, which is indicated by the above mentioned methoxyl group 
shift to higher fields, should not remain without effect on the partial reactivity in such 
a system and may represent one of the causes of the deceleration of the reactivity 
during the tosylation of methyl 6-deoxy-P-D-glucopyranoside (/) to the second or 
third stage (see below). 

From the composition of the reaction mixture after partial tosylation of compound/ 
with one equivalent of p-toluenesulfonyl chloride it is evident that in the reaction 
to the first stage the differences in the reactivities of the individual hydroxyl groups 
are not too substantial; in addition to this the amount of disubstituted derivatives 
is so high (11-5%) that the yields of monosubstituted derivatives need not be quite 
parallel with the reactivity of the individual hydroxyl groups27 in substance I . Never-
theless, keeping in mind that further tosylation takes place in all three mono-O-
-p-toluenesulfonyl derivatives IX, X and XI at a comparable rate, it is probable 
that in the tosylation of compound I the hydroxyl group in the position 4 is indeed 
the most reactive one. This finding is in agreement with the result of dimolar methane-
sulfonylation of methyl P-D-glucopyranoside28 even though the yield of the major 
4,6-di-O-methanesulfonyl derivative (13%) together with the 4% of 2,6-di-O-methane-
sulfonyl derivative and 4% of further disubstituted derivative need not be quite 
convincing with respect to the low total yield (28%). The greater reactivity of C ( 4 ) — 
— O H in comparison with C ( 2 ) — O H must be due to the only difference between 
these hydroxyl groups, i.e. the difference between the methoxyl and the methyl 
groups on the neighbouring carbon atom; substitution of the methyl group by the 
methoxyl group probably rather manifests itself by inductive effect (decrease of the 
reactivity in the position 2), than by the effect of a possible intramolecular hydrogen 
bond, because the bond of the hydroxyl group in the position 2 to the Jrans-oriented 
anomeric methoxyl group is rather weak29 . 

Much more unambiguous is, however, the finding that in monomolar tosylation 
of methyl 6-deoxy-P-D-glucopyranoside (/) the hydroxyl groups react to the second 
stage much slower; the yield 11-5% of disubstituted derivatives and 61-7% of monosub-
stituted derivatives is far from corresponding to the statistical distribution. This fact 
is also evident from further tosylation of mono-O-p-toluenesulfonyl derivatives IX, X 
or XI, where practically no reaction took place with one equivalent of p-toluenesul-
fonyl chloride at room temperature for 18 hours. Even with five equivalents the con-
version degrees after 48 hours are about 0-8; 2-O-^-toluenesulfonyl derivative reacts 
slightly more easily. From the minimum amounts of trisubstituted derivative XXVI 
isolated from the mentioned tosylations of compounds IX, X or XI it is evident that 
the tosylation of each subsequent hydroxyl group is further hampered. This slowing 
down, caused by sterical and polar effect of the vicinal p-toluenesulfonyloxy group, 
probably reflects itself also in the fact that from 4-O-p-toluenesulfonyl derivative 
XI 2-3 times more 2,4-di-O-p-toluenesulfonyl derivative VII than 3,4-isomer VIII 
is formed. In the case of 2-O-p-toluenesulfonyl derivativeIX this difference in reactivity 
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is smaller, but it becomes distinct in the attempt at the preparation of tri-0-/?-toluene-
sulfonyl derivative XXVI from methyl 6-deoxy-2,4-0-/>-toluenesulfonyl-P-D-gluco-
pyranoside (VII). Only after 13 days of reaction with 9 equivalents of p-toluenesulfo-
nyl chloride in pyridine at 30°C did the starting compound VII disappear. These 
findings are in contradiction to the statement25 that the tosylation of methyl 4,6-0-
-benzylidene-f3-D-glucopyranoside in the position 2 accelerates the tosylation in the 
neighbouring position 3. A larger amount of 3,4-di-O-p-toluenesulfonyl derivative 
VIII (34-3%) obtained on tosylation of 3-O-p-toluenesulfonyl derivative X, com-
pared with the 23-8% of 2,3-di-O-p-toluenesulfonyl derivative VI indicates that 
the substitution of C ( 3 ) —OH by C ( 3 ) —OTs has no substantial effect on the 
somewhat higher reactivity of the hydroxyl group in the position 4. 

The isolation of a larger amount of 2,4-di-O-p-toluenesulfonyl derivative VII 
after tosylation of compound I, or after tosylation of mono-O-p-toluenesulfonyl 
derivatives IX and XI (caused by a slightly higher reactivity of the hydroxyl group 
in the position 4, and mainly by the sterical and polar hindrance of the esterification 
of the hydroxyl group by the vicinal p-toluenesulfonyloxy group), does not correspond 
to the result11 of dimolar benzoylation of compound I , from which 2,4-di-O-benzoyl 
derivative was isolated in 1-1% yield only (in addition to 28-5% of 2,3-di-O-benzoyl-
and 4-1% of 3,4-di-O-benzoyl derivative). Although these percentages need not 
necessarily correspond to the reactivity of the hydroxyloxy groups in mono-O-benzoyl 
derivatives (in view of the unknown percentage of the transitorily formed mono-O-
-benzoyl derivatives, of which totally 21-3% were isolated11), the prevalence of 2,3-
-di-O-benzoyl derivative will surely not be changed.* This means that the slowing 
down of the reactivity of the secondary hydroxyl group under the effect of the vicinal 
/j-toluenesulfonyloxy group will be substantially higher than in the case of the ben-
zoyloxy group; it is even possible that the vicinal benzoyloxy group will, on the con-
trary, increase the reactivity of the hydroxyl group in the case of J3-D-gluco con-
figuration. This statement together with the fact that C ( 4 ) —OH in methyl-6-deoxy-
-P-D-glucopyranoside (I) is evidently11 the least reactive with benzoyl chloride 
in pyridine, while with p-toluenesulfonyl chloride the opposite is true, would repre-
sent the first substantial difference observed in the selectivity of the reactivity of poly-
ols with these reagents31. 

E X P E R I M E N T A L 

The melting points were measured on a Kofler block and they are not corrected. Optical rotations 
were determined with an instrument of the firm Opton, at 20°C, and 0 -5—1-0 g /100 ml concentra-
tion. Chromatography was carried out on silica gel of Lachema (Brno), 70 — 200 jam, thin-layer 
chromatography on silica gel G according to Stahl (Merck, Darmstadt), 1 0 — 4 0 |im. Dimension 

* Methyl 2,3,6-tri-O-benzoyl-P-D-glucopyranoside is the major product of partial benzoyla-
tion of methyl 3-D-glucopyranoside 3 0 . 
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of the plates was 25 . 75 mm, layer thickness was 0-2—0-3 mm. The substances were detected 
by spraying with 1% cerium sulfate in 10% sulfuric acid and subsequent mineralization by heating. 
The solvents were evaporated on a rotatory evaporator at maximum temperature 50°C and in a wa-
ter-pump vacuum. The light petroleum used for crystallization had b.p. 45 —60°C. Samples 
for analysis were dried at 2 0 - 5 0 ° C and 0-1 Torr. ' H - N M R spectra were measured in deuterio-
chloroform on a Varian XL-100-15 and Varian EM-300 instruments. Chemical shifts («5) are 
referred to tetramethylsilane as internal standard, coupling constants values (Hz) are read f rom 
the first order analyses of the spectra. 

Methyl 2,3,4-Tri-0-benzoyl-6-bromo-6-deoxy-p-D-glucopyranoside (IV) 

N-Bromosuccinimide (5 g) and 12 g of barium carbonate were added to a solution of 14-4 g 
of methyl 2,3-di-0-benzoyl-4,6-0-benzylidene-P-D-glucopyranoside8 '13 (III) in 250 ml of tetra-
chloromethane and the mixture was refluxed for 2-5 hours. After filtration and washing of the 
residue twice with 50 ml portions of tetrachloromethane the filtrates were combined and evaporat-
ed and the residue shaken between water and chloroform. After drying over magnesium sulfate 
chloroform was evaporated and the residue crystallized f rom methanol, affording 15-6 g (93-5%) 
of compound IV the properties of which were identical with the properties of the described sub-
stance1 0 , m.p. 160 — 162°C, [a]D - 5 ° (chloroform). 

Methyl 2,3,4-Tri-0-benzoyl-6-deoxy-P-D-glucopyranoside (V) 

A mixture of 18 g of derivative IV, 400 ml of methanol, 12-5 ml of a 3-4M diethylamine solution 
in methanol, and 50 ml of Raney nickel was hydrogenated at normal pressure for 4 hours. The 
catalyst was filtered off, washed with three 100 ml portions of acetone and the combined filtrates 
were evaporated. After dissolution of the residue in 200 ml of chloroform and washing twice 
with 50 ml portions of water the chloroform layer was dried over calcium chloride, filtered with 
active charcoal, and evaporated. The 15 g (97%) of the syrup obtained were crystallized f rom 
ether-light petroleum, m.p. 90—93°C. After repeated crystallization from ethanol, substance V 
melted at 9 2 - 9 4 ° C , [a]D - 5 ° (chloroform), [a]D - 3 8 ° (pyridine). For C 2 8 H 2 6 0 8 (490-5) 
calculated: 68-56% C, 5-34% H; found: 68-42% C, 5-48% H. 

Methyl 6-Deoxy-P-D-glucopyranoside (I) 

A mixture of 14-9 g of compound V, 400 ml of methanol, and 0-1 ml of 1M sodium methanolate 
was allowed to stand at room temperature overnight. The sodium ions were removed with Amber-
lite IR-120 ( H + ) , the methanolic filtrate was decolorized with charcoal and evaporated to a syrup 
f rom which methyl benzoate was evaporated at 0-1 Torr and 25°C within two hours. The residue 
was crystallized f rom ethyl acetate, yield 4-9 g (91%) of compound I, m.p. 130— 132°C,[a]D — 55° 
(water), cf5'6. 

Partial Tosylation of Methyl 6-Deoxy-P-D-glucopyranoside (I) 

/j-Toluenesulfonyl chloride (1-1 g; 1-03 equivalents) was added to a solution of 1-0 g of compound 
I in 20 ml of pyridine and the mixture allowed to stand at room temperature for 48 hours. Water 
(5 ml) was then added and the acid eliminated with sodium hydrogen carbonate, and the mixture 
was evaporated. The residue was extracted with four 10 ml portions of acetone, the combined 
extracts were dried over magnesium sulfate, filtered and evaporated. The residual syrup (1-9 g) 
was put on a silica gel column (50 g) and eluted with benzene-acetone (17 : 1); 200 mg (7-3%) 
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of methyl 6-deoxy-2,4-di-0-p-toluenesulfonyl- |3-D-glucopyranoside (VII) were eluted first, fol-
lowed by 50 mg (1-8%) of methyl 6-deoxy-2,3-di-0-/?-toluenesulfonyl-(3-D-glucopyranoside (VI) 
and 70 mg (2-5%) of methyl 6-deoxy-3,4-di-0-/?-toluenesulfonyl-3-D-glucopyranoside (VIII). 
Benzene-acetone 1 2 : 1 eluted 340 mg (18-2%) of methyl 6-deoxy-3-0-/?-toluenesulfonyl-p-D-
glucopyranoside (X), then 332 mg (17-8%) of methyl 6-deoxy-2-0-/?-toluenesulfonyl-3-D-gluco-
pyranoside (IX), and 480 mg (25-7%) of methyl 6-deoxy-4-0-/7-toluenesulfonyl-|3-D-gluco-
pyranoside (XI). Benzene-e thanol mixture ( 1 0 : 1) eluted 260 mg (26%) of the unreacted 
start ing substance. Mixed fract ions, containing compounds VI and VII, or IX and XI were 
rechromatographed under the same condit ions and the results were included in the above 
given values. Syrupy 2,3-di-0-/>-toluenesuifonyl derivative VI would not crystallize; af ter dissolu-
tion in e thanol and filtration with charcoal the analytically pure syrup had [a]D + 4 ° (chloroform). 
For C 2 1 H 2 6 0 9 S 2 (486-6) calculated: 51-84% C, 5-39% H; found : 51-63% C, 5-50% H. 

2,4-Di-O-p-toluenesulfonyl derivative VII was crystallized f r o m ethanol , m.p . 97—99°C, [a]D 

- 3 6 ° (chloroform). For C 2 ^ g O ^ (486-6) calculated: 51-84% C, 5-39% H; found : 51-78% C, 
5-54% H. 

3,4-Di-O-p-toluenesulfonyl derivative VIII was crystallized f r o m a mixture of e thanol , e ther 
and light petroleum, m.p. 139—140°C, [a]D —16° (chloroform). For C 2 1 H 2 6 0 9 S 2 (486-6) cal-
culated: 51-84% C, 5-39% H; found : 51-73% C, 5-49% H . 

2-O-v-Toluenesulfonyl derivative I X was obtained in the f o r m of a syrup, [a]D —40° (methanol) , 
which crystallizes as a hydrate f r o m a mixture of wate r - sa tu ra ted ethyl acetate and light pe t ro-
leum, m.p. 55—58°C, [a]D - 4 2 ° (methanol) . For C 1 4 H 2 0 O 7 S . H 2 O (350-4) calculated: 47-99% C, 
6-33% H, 9-15% S; found : 47-93% C, 6-37% H, 9-19% S. 

3-O-p -Toluenesul fonyl derivative X was crystallized f r o m acetone-l ight pe t ro leum mixture, 
m.p. 154—156°C (decomp.), [a]D - 6 ° (methanol) . For C 1 4 H 2 0 O 7 S (332-4) calculated: 50-58% C, 
6-08% H; found : 50-83% C, 6-22% H. 

A-O-p-Toluenesulfonyl derivative XI was obtained in the f o r m of a syrup which crystallized 
on s tanding. The crystals were washed with ether and they melted then at 85 —92°C. However, 
this product could not be recrystallized, [a]D — 37° (methanol) . F o r C 1 4 H 2 0 O 7 S (332-4) calculat-
ed: 50-58% C, 6-08% H; found : 50-59% C, 6-19% H. Only derivatives IX and XI could be detected 
by Bonner ' s r eagen t 3 1 for vicinal diols on thin layers. 

Methyl 3,4-Di-0-benzoyl-6-deoxy-2-0-/>-toluenesulfonyl- |3-D-glucopyranoside ( X I I ) 

a) Benzoyl chloride (0-1 ml) was added to a solution of c o m p o u n d IX (51 mg) in 3 ml of pyri-
dine and the mixture was al lowed to s tand at r o o m tempera ture overnight. Af ter decomposi t ion 
of the mixture with water the separated syrup was shaken between water and ch loroform; eva-
pora t ion of the ch lo ro fo rm layer gave 75 mg (90%) of a syrup which was purified by filtration 
with charcoal . On s tanding for several months the syrup crystallized. The crystallized product 
had m.p. 127—135°C and it was recrystallized f r o m ether. The derivative XII obta ined had m.p. 
138 — 140°C, [a]D - 6 5 ° (chloroform). For C 2 8 H 2 8 0 9 S (540-6) calculated: 62-22% C, 5-22% H; 
found : 62-31% C, 5-42% H. 

b) A mixture of 24 mg of substance XV, 3 ml of methanol , 15 ml of diethylamine, a n d 0-2 ml 
of Raney nickel was stirred under hydrogen for 4 hours . The catalyst was filtered off, the filtrate 
evaporated, and the residue f reed f r o m diethylamine hydrobromide by filtration t h r o u g h a layer 
of silica gel. The substance XII obta ined (16 mg; 76%) was identical with the substance prepared 
under a). 
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Methyl 2,4-Di-0-benzoyl-6-deoxy-3-0-/>-toluenesulfonyl-P-D-glucopyranoside ( X I I I ) 

a) Substance X (49 mg) was benzoylated with benzoyl chloride in pyridine in the same manner 
as substance IX. Af ter decomposi t ion of the mixture with water the separated crystals of XIII 
were filtered off under suction, washed with water and light pet roleum. After drying 50 mg 
(63%) of crude c o m p o u n d XIII were obtained, which had af ter several crystallizations f r o m 
ethanol m.p. 2 0 3 - 2 0 4 ° C (decomp.) , [a]D ± 0 ° , [ a ] 3 6 5 + 2 3 ° (chloroform). F o r C 2 8 H 2 8 0 9 S 
(540-6) calculated: 62-22% C, 5-22% H; found : 62-41% C, 5-43% H. 

b) A mixture of 20 mg of c o m p o u n d XVI, 3 ml of methanol , 15 mg of diethylamine and 0-3 ml 
of Raney nickel was hydrogenated at no rmal pressure for one hour . The react ion course was 
control led by thin-layer ch roma tography in benzene-acetone 33 : 1 (the substances also differ 
in colour changes dur ing carbonizat ion) . The mixture was worked up in the same manner as de-
scribed for the ana logous react ion of derivative XV, and it yielded 15 mg (86%) of 2,4-di-O-ben-
zoy! derivative XIII, identical with the substance prepared under a). 

Methyl 2,3-Di-0-benzoyl-6-deoxy-4-0-/>-toluenesulfonyl-3-D-glucopyranoside (XIV) 

Substance XI was benzoylated in the same manner as substance IX; af ter decomposi t ion with 
water a syrup separated which crystallized on standing. Af ter filtration and washing with water 
the crystals weighed 70 mg (96%). The crude derivative XIV had m.p. 154—158°C and it was 
dissolved in ch lo ro fo rm filtered with charcoal , evaporated , and the residue crystallized f r o m 
ethanol . Even af ter 6 crystallizations f r o m ethanol the melting point would not be better than 
157—159°C, [a]D + 2 3 ° (methanol) . L i t e r a tu re 1 1 gives m.p. 1 5 8 - 1 5 9 ° C , [a}D + 2 0 ° (methanol) , 
o r 1 2 m.p. 162°C, [a]D + 1 9 - 9 ° (methanol) . For C 2 8 H 2 8 0 9 S (540-6) calculated: 62-22% C, 5-22% 
H; found : 62-48% C, 5-38% H. 

Methyl 3,4-Di-0-acetyl-6-deoxy-2-0-/?-toluenesulfonyl-3-D-glucopyranoside ( X I X ) 

Acetic anhydr ide (1 ml) was added to a solution of anhydrous 2-O-tosyl derivative IX (436 mg; 
1-31 mmol ) in 5 ml of pyridine and the mixture was al lowed to s tand overnight. After decom-
posit ion with water it was diluted with ch lo ro fo rm and the ch lo ro fo rm solut ion was extracted 
gradual ly with cold 10% sulfuric acid, water, 1% sodium hydrogen carbonate and water. The chlo-
r o f o r m solut ion was then dried over magnes ium sulfate, filtered and evapora ted . The residue 
was crystallized f r o m ethyl aceta te- l ight petroleum; yield 423 mg (78%) of derivative XIX, 
m.p. 141 — 142°C, [a]D + 1 3 ° (chloroform) . L i t e r a tu r e 1 4 gives m.p. 136°C, [a lD + 10-7° (chloro-
form) . 

Methyl 2,4-Di-O-benzoyl-6-bromo-6-deoxy-3-O-/?-toluenesulfonyl-0-D-glucopyranoside (XVI) 

A mixture of 40 mg of methyl 2-0-benzoyl-4,6-0-benzyl idene-3-0-p-toluenesulfonyl-p-D-gluco-
py ranos ide 1 3 (XVIII), 25 mg of N-bromosuccinimide, 50 mg of ba r ium carbonate , and 4 ml of tet-
r ach lo romethane was refluxed for one hour , then evapora ted and the residue shaken between 
water and ch lo ro form. The ch lo ro fo rm layer was dried over magnes ium sulfate, evapora ted , 
dissolved in benzene and filtered th rough a layer of silica gel (8 g). Elut ion with benzene gave 
22 mg (48%) of substance XVI which crystallized out on addi t ion of ether. After three crystalliza-
t ions f r o m acetone- l ight pe t ro leum the substance XVI melted at 187— 189°C (decomp.) , [a]D + 7 ° 
(chloroform). Fo r C 2 8 H 2 7 B r 0 9 S (619-5) calculated: 54-28% C, 4-40% H; found : 54-14% C, 
4-44% H . 
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Methyl 3,4-Di-0-benzoyl-6-bromo-6-deoxy-2-0-/7-toluenesulfonyl-|3-D-glucopyranoside (XV) 

A mixture of 64 mg of compound XVII, 36 mg of N-bromosuccinimide, 72 mg of barium carbon-
ate, and 4 ml of tetrachloromethane was refluxed for 1-5 hours. After evaporation the residue 
was applied directly on a column of 10 g of silica gel and eluted with benzene; evaporation of the 
combined chromatographic fractions gave (after filtration with charcoal) 41 mg (56%) of com-
pound XV, which after crystallization f rom methanol had m.p. 131 —132-5°C, [a]D —48° (chloro-
form). For C 2 8 H 2 7 B r 0 9 S (619-5) calculated: 54-28% C, 4-40% H; found: 54-43% C, 4-26% H. 

Methyl 4-0-Benzoyl-6-deoxy-2,3-di-0-/>-toluenesulfonyl-|3-D-glucopyranoside (XXVII) 

A solution of 587 mg of substance VI in 5-7 ml of pyridine was cooled at — 70°C, 0-6 ml of benzoyl 
chloride were added to it and the mixture allowed to stand at room temperature. The reaction 
course was followed by thin-layer chromatography (benzene-acetone 5 : 1 ) . After one hour 
about 5% conversion was achieved, after 16 hours the conversion was about 80%; after two days 
the reaction mixture was decomposed with water, the separated syrup was shaken between water 
and chloroform, the chloroform solution was evaporated and the residue chromatographed 
on a column of silica gel (20 g) with benzene-acetone 10 : 1. The obtained 620 mg (87%) of com-
pound XXVII were crystallized f rom acetone-ether-light petroleum mixture, m.p. 147—149°C, 
[a]D - 6 3 ° (chloroform). C 2 8 H 3 0 O 1 0 S 2 (590-7) calculated: 56-94% C, 5-11% H, 10-86% S; found: 
57-12% C, 5-07% H, 10-62% S. 

Methyl 3-0-Benzoyl-6-deoxy-2,4-di-0-p-toluenesulfonyl-P-D-glucopyranoside (XXVIII) 

A mixture of 455 mg of di-0-/>-toluenesulfonyl derivative VII and 5 ml of pyridine was cooled 
at — 70°C, additioned with 0-45 ml of benzoyl chloride, and allowed to stand at room tempera-
ture. According to thin-layer chromatography (benzene-acetone 5 : 1 ) 5% of the starting com-
pound had reacted only after one hour, while after 16 hours the conversion was 50%; even after 
48 hours the conversion was not higher than 95%. After four days the reaction mixture was de-
composed with water, the separated crystals were filtered off under suction, dissolved in acetone 
and filtered with charcoal. Acetone was evaporated and the obtained residue crystallized f rom 
a mixture of ethanol and light petroleum. Yield 359 mg (73%), m.p. 199-200°C, [a]D —25° 
(chloroform). For C 2 8 H 3 0 O 1 0 S 2 (590-7) calculated: 56-94% C, 5-11% H, 10-86% S; found: 
56-80% C, 5-10% H, 11-08% S. 

Methyl 2-0-Benzoyl-6-deoxy-3,4-di-0-/>-toluenesulfonyl-p-D-glucopyranoside (XXIX) 

Benzoylation of 455 mg of compound VIII with 0-5 ml of benzoyl chloride in 5 ml of pyridine was 
carried out in the same manner as in the preceding case. According to thin-layer chromatography 
the reaction mixture already contained after one hour's reaction about 60% of compound XXIX. 
After 24 hours the mixture was decomposed with water, the crystals were filtered off and crystal-
lized f rom ethanol-acetone-light petroleum mixture. Yield 482 mg (82%), m.p. 184—184-5°C 
(decomp.), [a]D + 4 6 ° (chloroform). For C 2 8 H 3 0 O 1 0 S 2 (590-7) calculated: 56-94% C, 5-11% H, 
10-86% S; found: 56-87% C, 5-22% H, 10-96% S. 

Methyl 6-Deoxy-2,3,4-tri-0-j>-toluenesulfonyl-P-D-glucopyranoside (XXVI) 

A mixture of 100 mg of derivative X, 2 ml of pyridine, and 460 mg (8 equivalents) of /Moluene-
sulfonyl chloride was heated at 60°C for 100 hours and then decomposed with water. The separat-
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ed crystals were filtered off, washed with water, dried and purified by filtration of an acetone 
solution with charcoal. After crystallization from ethanol 144 mg (75%) of compound XXVI 
were obtained, m.p. 174—175°C, [a]D —23° (chloroform). For C j g ^ j O ^ S g (640-8) calculated: 
52-49% C, 5-03% H, 15-01% S; found: 52-64% C, 5-08% H, 14-82% S. 

Partial Tosylation of Mono-O-p-toluenesulfonyl Derivatives of Methyl 6-Deoxy-(3-D-gluco-
pyranoside (I) 

a) A mixture of 100 mg of 3-O-p-toluenesulfonyl derivative X, 287 mg (5 equivalents) of /»-tolu-
enesulfonyl chloride, and 2 ml of pyridine was allowed to stand at room temperature for 30 hours. 
The reaction course was followed by thin-layer chromatography in benzene-acetone 5 : 1 . The 
mixture was decomposed with ice and evaporated, eventually with toluene. After drying in vacuo 
(oil pump) the residue was dissolved in chloroform and applied onto a column of silica gel (30 g). 
The column was washed with 100 ml of benzene and then eluted with benzene-acetone (17: 1); 
17 mg (8-3%) of 2,3,4-tri-O-^-toluenesulfonyl derivative XXVI came out first, followed by 35-7 mg 
(23-8%) of derivative VI, 54-1 mg (34-3%) of derivative VIII, and 35-3 mg (33-3%) of the un-
reacted compound X. 

b) A mixture of 120 mg of 2-0-/>-toluenesulfonyl derivative IX, 380 mg of 77-toluenesulfonyl 
chloride, and 2 ml of pyridine, was allowed to stand at room temperature for 23 hours and 
worked up as under a). Chromatography gave 11-8 mg (5-1%) of compound XXVI, 66-0 mg 
(37-6%) of derivative VII, 52-7 mg (30-0%) of derivative VI, and 31-9 mg (26-6%) of the starting 
substance IX. 

c) A mixture of 116 mg of 4-O-p-toluenesulfonyl derivative XI, 292 mg of ^-toluenesulfonyl 
chloride, and 2 ml of pyridine was allowed to stand at room temperature for 20 hours and worked 
up as under a). Chromatography gave 12 mg (5-4%) of compound XXVI, 76-5 mg (45-4%) 
of derivative VII, 32-9 mg (19-5%) of derivative VIII, and 34-0 mg (29-6%) of the starting com-
pound XI. 

Methyl 2,3-Anhydro-6-deoxy-P-D-mannopyranoside (XXI) 

a) Amberlite IRA 400 ( O H - ) converted to its OH form immediately before use and washed 
with methanol1 7 was added (100 mg) to a solution of 3-34 g of syrupy compound IX in 100 ml 
of methanol. The mixture was shaken for 3 hours, the ion exchanger was filtered off, washed 
with methanol (3 times with 100 ml) and the combined methanolic filtrates were evaporated. 
The obtained residue was chromatographically pure according to TLC in benzene-acetone 4 : 1 , 
or benzene-ether 1 : 1 , in the X H-NMR spectrum of the sample, measured in D 2 0 and with 
sodium 2,2-dimethyl-2-silapentane-5-sulfonate as internal reference, a single doublet was obser-
ved in the C(5) methyl group resonance region (J 1-27; ref .1 4) . The same group in methyl 3,4-an-
hydro-6-deoxy-P-D-altropyranoside (XXIII) gives a signal1 4 at S 1-44. The syrupy product 
was filtered immediately through a column of silica gel (30 g) with benzene-acetone 3 : 1 . Eva-
poration of the filtrate gave 1-59 g (99%) of chromatographically pure compound XXI which 
crystallized after addition of ether. Alternatively, the residue after elimination of ion exchanger 
can be dissolved in water, additioned with Amberlite IR 120 (H + ) in order to eliminate traces 
of basic impurities, and filtered with charcoal. 2,3-Anhydro derivative XXI was sublimated 
at 70°C/0-01 Torr, m.p. 7 8 - 8 0 ° C , [aJD - 4 0 ° (methanol). Literature1 4 gives m.p. 7 2 - 7 4 ° C , 
[a]D —27-5° (water), 1 H - N M R data of the compound prepared by us agree with the described 
values1 4 . Substance XXI was converted to 4-O-acetyl derivative, identical with the described 
substance1 4 . 
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b) 0-5 ml of 1M sod ium methanola te (1-5 equivalent) were added to a solut ion of 106 mg 
of 2-0- /Moluenesulfonyl derivative IX in 2 ml methanol and the react ion course fol lowed by T L C 
in benzene-ether 1 : 1 . After 20 hours , when all s tar t ing material had disappeared the mixture 
was evapora ted a n d the residue dissolved in deuterated water (0-5 ml) and the rat io of anhydro 
derivative XXI and XXIII determined (see procedure a)) by integrat ing the doublets of the methyl 
groups on ca rbon a toms C ( 5 ) at SW 100 Hz. The ra t io was 2 : 1 in f avour of substance XXI. 
The obta ined mixture of epoxides may be ch romatographed in benzene-ether 19 : 1 in the 
described m a n n e r 1 4 . 

Methyl 2-0-Acetyl-3,4-anhydro-6-deoxy-3-D-al lopyranoside (XXIV) 
and Methyl 4-0-Acetyl-2,3-anhydro-6-deoxy-P-D-al lopyranoside (XXV) 

a) A mixture of 1-00 g (3-01 mmol) of 3-O-p-toluenesulfonyl derivative X, 40 ml of methanol , 
and 15 ml of Amberl i te I R A 400 ( O H - ) was shaken at r o o m tempera ture fo r 1-5 hours , the ion 
exchanger was filtered off, washed with methanol and the combined filtrates were evapora ted . 
The syrupy residue contained according to thin-layer ch roma tog raphy (benzene-ace tone 1 0 : 4 ) 
two substances of which the minor componen t had identical RF value with the s tar t ing material , 
but could be detected with a reagent fo r substances with oxiran r i n g 1 9 . After short drying 
in a vacuum (oil p u m p ) the residue was dissolved in 5 ml of pyridine and 0-5 ml of acetic anhydr ide 
were added to it. Af ter 24 hours the mixture was decomposed with water , mixed with 60 ml 
of ch lo ro fo rm and the organic layer washed gradual ly with 15% cold sulfur ic acid, water, 1% 
sodium hydrogen ca rbona te solut ion, and again with water. The ch lo ro fo rm layer was dried 
over magnes ium sulfate and evapora ted . The residue was ch romatographed on 20 g of silica 
gel; light pe t ro leum-ethyl acetate mixture (20 : 1) eluted first anhydro derivative XXV, fol lowed 
by a n h y d r o derivative XXIV. Ch roma tog raph ic f rac t ions containing c o m p o u n d XXV were 
combined, evapora ted and the residue was subl imated at 35°C and 0-01 Torr ; yield 82 mg (13-5%) 
of c o m p o u n d XXV, m.p. 3 3 - 3 6 ° C , [a]D + 7 4 ° (chloroform). For C 9 H , 4 0 5 (202-2) calculated: 
53-46% C, 6-98% H; found : 53-73% C, 7-12% H. J H - N M R d a t a M - 0 9 (3 H, d, J5 6 = 6-2, 
C H 3 C H ) , 2-03 (3 H, s, C H 3 C O O ) , 3-43 (3 H, s, C H 3 0 ) , 4-63 (1 H, s, H ( 1 ) ) , 4-79 (1 H, q, J3 4 = 
= 1-6, y 4 > 5 = 9-0, H ( 4 ) ) , 3-26 (1 H, d, 7 2 3 = 4-1, H ( 2 ) ) , 3-47 (1 H, o, / 4 5 = 9-0, J5 6 = ' 6-2, 
H ( 5 ) ) , ~ 6 - 6 3 ( H ( 3 ) ) . Chroma tog raph ic f ract ions containing anhydro derivative XXIV were worked 
up in the same manner (sublimation at 65°C/0-01 Torr) ; the 388 mg (63-8%) of c o m p o u n d XXIV 
obta ined had m.p. 6 4 - 6 6 ° C , [«]D - 1 9 0 ° (chloroform). For C 9 H 1 4 0 5 (202-2) calculated: 53-46% 
C, 6-98% H; found : 53-51% C, 7-11% H. ' H - N M R data: 1-31 (3 H, d, J56 = 6-8, C H 3 C H ) , 
2-04 (3 H , s, C H 3 C O O ) , 3-34 (3 H, s, C H 3 0 ) , 4-35 (1 H, d, J1>2 = 7-2, H ( 1 ) ) , 4-85 (1 H, q , J X 2 = 
= 7-2, J2 3 = 1-8, H ( 2 ) ) , 4-00 (1 H, q, J45 = 6-8, H ( 5 ) ) , 3-44 (1 H, q, 3 = 1-8, J3 4 = 4-2, 
H ( 3 ) ) , 3-1*1 (1 H, d , / 3 > 4 = 4-2, H ( 4 ) ) . 

b) Two ml of IM sod ium methano la te were added to a solut ion of 332 mg of 3-Q-/?-toluene-
sulfonyl derivative X in 2 ml of methano l and allowed to s tand at r o o m tempera ture . Af ter one 
hour T L C showed that the result is similar to that obta ined under a). The mixture was t i t rated 
with 1m hydrochlor ic acid and evapora ted . The residue was extracted with acetone, the acetone 
extract was evapora ted to a syrup (162 mg) which was acetylated with acetic anhydr ide in pyridine 
and ch romatographed in the same manner as under a). Tota l yield, 26 mg (12-96%) of c o m p o u n d 
XXVand 130 mg (64-4%) of c o m p o u n d XXIV. 

The analyses were carried out in the Department of Organic Analysis of the Central Laboratories 
of the Institute of Chemical Technology (head Dr L. Helesic), 1 H - N M R spectra were measured 
in the Department of N M R Spectroscopy of the same Laboratories (head Professor V. Didek); our 
thanks are due to the staff of these departments. Further we thank Miss E. Kvapilova and Mrs 
B. Hanouskovafor carrying out some of the experiments. 
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