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Using acid catalysed reaction of 1,6: 3,4-dianhydro-2-O-p-to1uenesu1fony1-3-n-ga1actopyranose
(1) with mono-, di-, tn- and tetraethylene glycol, 4-0-oligoethylene glycol derivatives of 1,6-an-
hydro-2-O-p-toluenesulfonyl-fl-D-glucopyranose ii— V were obtained which were converted to
4-0-substituted 1,6 : 2,3-dianhydro43-D-mannopyranoses VI—IX under the effect of sodium
hydrocide. Of them 4-0-(2-hydroxyethyl)- and 4-O-(11-hydroxy-3,6,9-trioxaundecyl) derivatives
Vi and IX were intramolecularly cyclized in basic medium under formation of 1,6-anhydro-3,4-
-O-ethy1ene-3-D-a1tropyranose (X) or 1,6-anhydro-2,4-O-(3,6,9-trioxaundecane-1,11-diyl)-3-D-
-glu:pyran;e (XV), respectively. Oxidation of the hydroxyl group in compound XV led to
corresponding 3-ulose XIX, the reduction of which with sodium borohydride gave an isomer
of compoind XV, i.e. compound XX of n-allo-configuration. The structures of the compounds
described in this paper were proved using 1H and '3C NMR spectra. Compounds XV, XIX
and XV represent a new structural type of sugar crown-ethers.

A large number of chiral crown-ethers containing a sugar molecule as the chiral
component, for example a substituted aldose or a sugar alcohol, has already been
described in literature'. The polyether part consists most frequently of 15-crown-5
or 18-crown-6. The complexing properties of these compounds are dependent on
the geometry of the polyether ring, which is forced to a certain extent both by the
configuration of the sugar moiety and by the type of its attachment to the cycle. It
was also proved that the presence of a free hydroxyl group in the polyether ring may
affect the complexing properties and, moreover, enable the introduction of substi-
tuents2 with various polar or chiral properties. In our experiments aimed at the
preparation of a new type of crown ether based on 1,6-anhydro--D-gluco- or
D-al/o-hexopyranose we have taken these views into consideration.

* Part XXXIX in the series Syntheses with Anhydro Sugars; Part XXXVIII: Collect. Czech.
Chem. Commun. 54, 2753 (1989).
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1,6 3,4-Dianhydro-2-O-p-toluenesulfonyl-f.3-D-galactopyranose3 (I) was used as
starting compound. Its oxiran ring was cleaved under catalysis with boron trifluoride
with mono-, di-, tn- and tetraethylene glycol to give 0-(oxaalkyl) derivatives of
I ,6-anhydro-2-0-p-toluenesulfonyl--D-glucopyranose II —V (Scheme 1); the reac-

0
0

BF3Et20 NaOH

(OCH2CH2),OE-t
RO RO

/ =1-4 II, R = CH2CH2OH VI, R= CH2CH2OH
I/I R = (CH2CH2O)2H VII R = (CH2CH2O)2H

IV R = (CH2CH2O)3H V/Il R = (CH2CH2O)3H

V R = (CH2CH20)4H IX, R = (CH2CH2O)4H

SCHEME I

tion proceeded regioselectively, as with other alcohols4. The crude products ob-
tained in this manner were converted (without further purification) on reaction
with sodium hydroxide in aqueous dioxane and at room temperature, to corresponding
4-0-substituted derivatives of 1,6 : 2,3-dianhydro-3-D-mannopyranose VI—IX which
we assumed would be suitable for intramolecular cyclization.

We tried to carry out the cyclization of dianhydro derivatives VI —IX using sodium
tert-butoxide in tert-butyl alcohol or with sodium hydride in dioxane, i.e. under the
conditions used in other instances5. Compounds of oligomeric character were
formed from compound VI (cf. ref.6), the identification of which was not undertaken,
and also l,6-anhydro-3,4-0-ethylene-3-D-altropyranose (X) in negligible amount.
In contrast to this, when an aqueous sodium hydroxide solution or sodium glycolate
were used in the reaction at elevated temperature, compound X was formed in about
15" yield (Scheme 2). In both cases the main reaction products were formed by
solvolysis of the oxiran ring of compound VI and they were identified as 1,6-an-
hydro-4-0-(2-hydroxyethyl)-f-D-glucopyranose (XI) or 1,6-anhydro-2,4-di-0-(2-
-hydroxyethyl)-3-D-g1ucopyranose (XII).

Attempts at an analogous intramolecular cyclization of dianhydro derivatives VII
and VIII, carried out under various conditions, were unsuccessful, probably in con-
sequence of steric interactions generally unfavourable for the formation of medium
size cycles. Only products of hydrolysis could be isolated from the reaction mixture,
i.e. compounds XIII and XIV, the structure of which was proved by NMR spectra
(see Tables I and II).

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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NaOR +

HOCH2CH2O

XI, R'= H R2= CH2CH2OH

XII R= R2= CH2CH2OH

XIII R= H R2= (CHCH2O)2H
XIV, R= H R2= (CH2CH2O)3H

SCHEME 2

On the other hand the cyclization of dianhydro derivative IX, and especially
of its precursor — tosyl ester V, took place without difficulty when using sodium
tert-butoxide leading to crystalline 1,6-anhydro-2,4-O-(3,6,9-trioxaundecane-1, 11-
-diyl)-3-D-glucopyranose (XV) in a yield of about 80% (Scheme 3). The crown
ether XV was converted to 3-0-acetyl derivative XVI and crystalline 1 1 complexes
were prepared from both compounds using sodium tetraphenylborate, i.e. com-
pounds XVII and XVIII.

The values of the stability constants of the complexes with sodium ions were
42. iO for compound XV and 40. for compound XVI and they are close to
the values given in literature for other sugar crown-ethers'.

The free hydroxyl group in the crown-ether XV was oxidized with chromium
trioxide in acetic acid and the ketone XIX formed was reduced with aqueous sodium
borohydride. A mixture of isomers XV and XX was obtained in an approximately
1: 3 ratio, as estimated after their acetylation from the 'H NMR spectra of the
mixture of corresponding acetates XVI and XXI. Hence, the reduction of ketone
XIX did not proceed in favour of the D-allo configuration with such a high selectivity
as in the case of other 2,4-di-O-substituted 1,6-anhydro-3-D-ribo-hexopyranos-3-
-uloses7.

In the majority of cases the structures of the compounds described in this paper
were proved by the methods of 'H and '3C NMR spectroscopy (the data are given
in Tables I and II). The D-gluco configuration of tosyl ester II follows from the
relatively small and approximately equal values of J(2, 3) 36 and J(3, 4) = 37 Hz,
which also indicate a partial planarization of the 1C4 conformation of the pyranoid
ring (cf. ref.8). The presence of the hydroxyl group in position 3 was demonstrated
by the in situ reaction with trichloroacetyl isocyanate (for the TAT niethod see
refs9'°). After TAI acylation the hydrogen H-3 was shifted from 5 395 to ö 515.
We have assumed an analogous structure for tosyl esters III— V too, because
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together with tosyl ester II they gave oxiran derivatives VI —IX of D-manno confi-
guration in alkaline medium. The protons H-2 and H-3 of the oxiran ring in these
derivatives display the expected chemical shifts ((5 346 and 3.20) and agreeing cou-
pling constant values (J(1, 2) 31, J(2, 3) = 38 and J(3, 4) < 1 Hz).

SCHEME 3

For the tricyclic 1,4-dioxane derivative X, formed on intramolecular cyclization
of epoxide VI, we proposed D-altro configuration on the basis of the high nega-
tive value of optical rotation, [] — 168°. The second possible product of cyclization
— a 1,4-dioxepan derivative with an ethylene bridge connecting the carbons C-2
and C-4 — should have a substantially less negative optical rotation value in con-
sequence of the D-gluco configuration (see ref.1 1). The NMR parameters and the
mass spectra confirm the structure X: The coupling constant J(2, 3) = 87 Hz
indicates a trans (ax, ax) arrangement of the hydrogens H-2 and H-3 and the value
J(3, 4) = 42 Hz a gauche (ax, eq) orientation of hydrogens H-3 and H-4. The
presence of the hydroxyl group in position 2 follows from the coupling constant

Collect. Czech. Chem. Commun. (Vol. 56) (1991)

V or IX

XV

XVR=H ViIRH
XVI R = COCH3 XVIII R = COCH3
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XIX XX,R=H
XXI, R = COCH3



T
A

B
L

E
 I

 

Pr
ot

on
 N

M
R

 p
ar

am
et

er
s o

f c
om

po
un

ds
 II

—
 X

X
I i

n 
de

ut
er

io
ch

io
ro

fo
rm

 

H
-I

 
C

om
po

un
d 

(J
(l

, 2
))

 
H

-2
 

(J
(2

, 3
))

 

H
-3

 
(J

(3
, 4

))
 

H
-4

 
(J

(4
, 5

))
 

H
-5

 
(J

(5
, 6

en
);

 J(
5,

 6
ex

))
 

H
-6

en
; 

H
-6

ex
 

O
th

er
 s

ig
na

ls
 

(J
(6

en
, 6

ex
))

 

Ii
 

5-
28

 

(1
2)

 
4-

21
 

(3
6)

 
3-

95
 

(3
-7

) 
3
3
3
 

(
1
-
4
)
 

4
6
2
 

(
0
-
8
;
 
5-

5)
 

3-
97

; 
3-

68
 

(7
-5

) 
3'

35
 b

 (
O

H
);

 3
-6

1—
 3

-7
9 

m
 (2

 x
 C

H
2O

);
 

24
4 

s,
 7

-3
6 

m
, 7

-8
3 

m
 (

O
T

s)
 

11
+

 T
A

! 
5-

29
 

43
0 

51
5 

35
2 

4-
68

 
40

8;
 3

78
 

3-
98

 m
, 4

43
 m

 (2
 x

 C
H

2O
);

 2
46

 s 
7-

81
 m

 (
O

T
s)

; 9
-0

7 
s,

 8
-7

5 
s 

(2
 x

 N
H

) 
Il

l 
52

7 
(<

1)
 

4-
21

 

(3
-5

) 
39

8 
(3

-5
) 

33
8 

(1
4)

 
4-

59
 

(1
-0

; 
55

) 
39

6;
 

° 

(7
6)

 
3-

50
-—

 3
-8

5 
m

 (4
 x

 C
H

2O
):

 
2-

47
 s,

 
7-

40
 m

, 7
-8

8 
m

 (
O

T
s)

 
ill

 +
 T

A
! 

53
4 

43
4 

5-
05

 
34

6 
47

0 
40

3;
 

a 
3
-
6
1
—
3
-
9
8
 
m
 (3

 x
 C

H
2O

);
 2

46
 s

, 7
37

 m
, 

7-
84

 m
 (

O
T

s)
; 

8-
57

 s
, 

8-
86

 s 
(2

 >
\ 

N
H

) 
JV

 
39

1;
 
' 

(7
-3

) 
3
5
8
-
-
-
 3
9
5
 m

 (
6 

>
 C

H
7O

);
 

24
4 

s
,
 
73

1 
m

, 7
-8

4 
m

 (O
ls

) 
V

 
39

9 (7
-3

) 
3-

57
--

 4
-0

2 
m

 (8
 x

 C
H

2O
);

 
2-

44
 s,

 7
33

 m
, 7

-8
3 

m
 (

O
T

s)
 

V
I 

3
-
7
2
;
 3
-
7
5
 

(
7
-
3
)
 

3
-
8
0
 b
 (
2
 x
 C

H
2O

) 

n 0 C
D

 
C

) 

C
-)

 
N

 
C

D
 

C
) 

C
-)

 

C
D

 3 C
)
 

0 3 3
 
C
 0 '0
 

5-
26

 
(1

0)
 

5-
22

 
(1

-0
) 5-

72
 

(
3
-
1
)
 

5-
70

 

(
3
1
)
 

5-
70

 

(3
1)

 
5
-
7
1
 

(
3
-
 1
)
 

5
-
4
8
 

(
1
-
9
)
 

5
-
1
3
 

(
1
-
0
)
 

4
1
8
 

(
3
-
8
)
 

4
-
2
4
 

(
a
)
 

3.
47

 

(3
-8

) 
3-

46
 

(3
8)

 
3.

45
 

(3
-7

) 
3
-
4
6
 

(
3
-
8
)
 

4
-
2
1
 

(
8
-
7
)
 

3
-
1
6
 

(
3
-
7
)
 

V
ll 

V
II

I 

IX
 

X
 

X
l"

 

a 

(4
0)

 
a
 

(
ü
)
 

3-
20

 

(0
-7

) 
32

0 
(
0
)
 

3
2
2
 

(
 0) 3-

21
 

( 0)
 

3-
67

 

(
4
-
2
)
 

3
-
4
1
 

(3
8)

 

3
3
2
 

(
1
-
4
)
 

3.
39

 

(1
-4

) 
3
-
6
5
 

(1
-1

) 
3
-
6
5
 

(i
i)

 
a 

(1
-1

) 

3-
66

 
(1

-2
) 

3
-
8
0
 

(
2
4
)
 

3
-
1
3
 

(1
-3

) 

4
.
5
5
 

(
1
-
0
;
 
5
5
)
 

4.
54

 
(
1
-
0
)
;
 
5-

8)
 

4.
54

 
(2

-1
; 

6-
6)

 
4-

56
 

(2
-7

; 
6-

0)
 

4.
55

 
(2

-8
; 
5
-
8
)
 

4.
55

 
(2

9;
 5-

8
)
 

4.
57

 
(1

2;
 5

-4
) 

45
2 

(
1
-
2
;
 
5
-
8
)
 

a 
a 

2-
47

 t
 
(O

H
, J

=
 5-

7)
; 

3-
60

—
3-

87
 m

 
(°

) 
(4

 x
 C

H
2O

) 
a.

 
a 

(a
) 

a.
 

a 

(a
) 

3-
73

; 3
-
8
3
 

(
8
-
0
)
 

3-
81

; 
3-

52
 

(7
-I

) 

3-
58

—
3-

87
m

(6
 
x 

C
H

O
) 

3-
58

—
3-

87
 m

 (8
 x

 C
H

2O
) 

3-
55

—
-4

O
O

m
(2

 X
 C

H
2O

);
 

2-
24

d(
O

H
,J

=
 7-

0)
 

3-
46

—
 3

-6
0 

m
 (

2 
x 

C
H

2O
);

 4
-5

7 
t (

J 
5-

0)
; 

4-
80

 d
 (J

 =
 6

-2
);

 5
-0

4 
d 

(J
 =

 4-
4)

 (
3
 x
 O
H
)
 

I
-
 

C
D

 

C
) 

C
D

 

C
D

 
'1

 
C

D
 -t
 

C
D

 

C
D

 

C
 0 C

D
' 

fi-
 

n lit
 



C
D

 

C
D

 
(I

D
 

0 

g)
 

X
II

 
54

8 
32

7 
a 

46
3 

39
7;

 3
75

 
36

0—
- 3

92
 m

 (4
 X

 
C

H
2O

) 
(
<
1
0
)
 

(
4
2
)
 

(
4
2
)
 

(
1
4
)
 

(
0
9
;
 5
-
5
)
 

(7
-5

) 
C

D
 

X
li 

±
 T

A
! 

55
1 

33
9 

5-
01

 
35

4 
47

0 
41

0;
 3

81
 

38
7—

40
5 

m
 (2

 x
 C

H
2O

);
 4

-3
3-

--
 4

-5
7 

m
 

' 
( 1

-2
) 
( 1-

5)
 
( 1-

5)
 
( 1-

5)
 

(1
0;

 5
-7

) 
(7

-7
) 

(2
 x

 C
H

2O
);

 8
-6

0 
s,

 8
84

 s,
 8

-9
2 

s 
(3

 X
 N

H
) 

- 
X

II
I 

a 
3-

51
 

3-
42

 
4-

62
 

4-
13

; 
3-

57
--

-3
-9

0m
(4

x 
C

H
2O

) 
(-

) 
(0

-8
) 

(C
) 

(C
) 

(a
) 

(0
-9

; 
54

) 
(7

3)
 

• 3 

X
IV

 

X
V

 

5-
42

 

(C
) 

53
5 

(0
-5

) 

(C
) 

3-
24

 

(5
-5

) 

3.
49

 
(C

) 
C

 

(5
-8

) 

33
7 

()
 

3-
32

 

(0
-9

) 

46
0 

(0
-9

; 
56

) 
4-

49
 

(1
-7

; 
5-

4)
 

40
8;

 
a 

(7
-3

) 

C
; 

C
 

(C
) 

35
7—

38
9(

6>
. 

C
H

2O
) 

35
5 

39
9 

m
 (8

 x
 C

H
2O

);
 

43
7 

d 
(O

H
, J

=
 7

0)
 

X
V

+
 T

A
! 

5-
50

 
3-

32
 

5-
06

 
34

2 
46

9 
41

4;
 

C
 

3-
60

--
 3

-9
9 

m
 (8

 x
 C

H
2O

);
 8

-6
3 

s 
(N

H
) 

X
V

J 
5-

46
 

31
6 

5-
03

 
3-

23
 

4-
63

 
3-

98
; 3

-7
9 

35
9—

 3
-9

4 
m

 (
8 

>
<

 
C

H
2O

);
 2

-0
9 s

 (O
A

c)
 

, 
(1

-7
) 

(1
-5

) 
(1

-5
) 

(1
-5

) 
(1

-1
;6

-0
) 

(7
-3

) 
o 

X
V

JJ
 

5-
52

 
(1

-8
) 

32
1 

(1
-5

) 
36

5 
(1

-5
) 

3-
34

 
(1

-5
) 

4.
73

 
(1

2;
 

C
) 

40
6;

 
C

 

(7
2)

 
3-

48
—

 3
88

 m
 (8

 x
 C

H
2O

);
 

5-
46

 d
 (O

H
, 
J=

 3-
8)

; 
. 

6-
79

m
,6

-9
3m

,7
-1

9m
(4

x 
C

6H
5)

 
X

V
IJ

C
 

5-
40

 
(1

8)
 

3-
25

 

()
 

" 
(U

) 

34
0 

(C
) 

47
2 

(1
2;

 6
0)

 
41

1;
 

C
 

(7
-3

) 
3-

48
—

3-
92

m
(8

 
x 

C
H

2O
);

 
66

4 
m

, 6
-7

9,
 7

-2
0 m

 (
4 

>
c 

C
6H

5)
 

X
V

1V
' 

5-
54

 

(1
-8

) 
32

9 
(1

-5
) 

38
3 

(1
-5

) 
3-

39
 

(1
-5

) 
4-

75
 

(1
-2

; 
6-

0)
 

42
1;

 3
-7

4 

(7
-3

) 
3-

59
--

- 
39

3 
m

 (
8 

)<
 C

H
2O

);
 

6-
83

 m
, 6

-9
6 m

, 7
-2

0 m
 (4

 
C

6H
5)

 
X

V
1J

J 
5-

35
 

(1
-6

) 
3-

01
 

( 1-
5)

 

4-
65

 

( 1-
5)

 

3-
15

 

( 1-
5)

 

4-
21

 

(1
-0

; 5
-8

) 
3-

88
; 3

-6
5 

(8
-0

) 
3-

19
—

- 
37

2 
m

 (8
 x

 C
H

2O
);

 2
-1

0 
s 

(O
A

c)
; 

6-
85

--
--

7-
08

; m
, 7

-4
0 

m
 (4

 x
 C

6H
5)

 
X

IX
 

X
X

 

5-
64

 

(1
-9

) 
5-

48
 

(2
-5

) 

3-
49

 

(—
) 

34
4 

(3
-3

) 

—
 

(—
) 

3-
82

 
(3

-8
) 

3-
51

 

(1
-8

) 
3-

45
 

(2
-6

) 

4-
83

 
(1

-2
; 

5-
4)

 

4-
63

 

(-
T

1;
5-

5)
 

3-
71

; 3
-8

! 
(8

-i
) 

3-
64

—
 3

.7
6e

 
('i

) 

3-
56

—
3-

80
m

 (
8 

x 
C

H
2O

) 

3•
57

 
39

5 m
 (8

 x
 C

H
2O

):
 

5-
53

d(
O

H
,J

=
 35

) 
X

X
I 

5-
49

 

(2
-5

) 
3.

62
e 

(4
-6

) 

4-
92

 

(4
-6

) 
3-

70
 

('i
) 

4-
69

 

(C
; 

a)
 

3.
72

_3
80

e 
(C

) 

3-
56

—
3-

95
 m

 (
8 

x 
C

H
2O

);
 

22
0 

s 
(O

A
c)

 

a 
T

he
 v

al
ue

 o
f 

th
e 

pa
ra

m
et

er
 co

ul
d 

no
t 

be
 d

et
er

m
in

ed
; 

h 
da

ta
 f

ro
m

 C
D

3S
O

C
D

3 
so

lu
tio

n;
 C

 d
a
t
a
 f

ro
m

 C
D

3C
O

C
D

3 
so

lu
tio

n;
 d 

da
ta

 f
ro

m
 

C
D

3O
D

 s
ol

ut
io

n;
 e 

th
e 

po
si

tio
n 

of
 th

e 
hi

dd
en

 s
ig

na
l 

w
as

 d
et

er
m

in
ed

 f
ro

m
 a

 2
 D

 —
 
C

O
S

Y
 s

pe
ct

ru
m

. 



2956 Jindich, Cern, Trnka, BudëInsk

TABLE II

Carbon-I 3 chemical shifts of compounds IV, V, VII— X, XII— XX! in deuteriochioroform

Corn-
C-i C-2 C-3 C-4 C-5 C-6 Other carbons

pound

JV 9988 7989 6990 8155 7546 6649 7281, 7140, 7041, 7017, 6969,
6152 (6 x CH2O); l4497,

i3328, 12982, 12798, 2159 (OTs)

V 9943 7870 6959 8067 7543 6588 7269, 7202, 7065, 7049, 7010,

6992, 6982, 6147 (8 x CH2O);
14488, 13345, 12981, 12793,

2160 (OTs)

VII 97•53 5435 4773 7137 7522 6570 7257, 7043, 6974, 6170

(4x CH,O)
VIII 9748 5434 4772 7155 7532 6570 7252, 7069(2), 7024, 6981,

6163 (6 ' CH2O)
IX 9758 5438 4777 7151 7529 6572 7249, 7072, 7057, 7053, 7043,

7018, 6975, 6160 (8 CH,O)

X 10181 7375 7276 6732 7581 6682 6562, 5998 (2 >\ CH2O)

XII 10094 8053a 6946 81Ola 7490 6647 7160, 7130, 6170, 6163

(4 x CH,O)

XIII 10207 7031" 7066" 7895 7474 6545 7251, 7054, 6881, 6153

(4x CH,O)

XJV 10233 7089" 7111" 7979 7479 6569 7270, 7072, 7043, 6999, 6878,
6144 (6 >' CH2O)

XV 10298 8303" 7279 8319" 7669 6739 7114, 7096, 7041(2), 7036,
6994, 6983, 6978 (8 >< CH2O)

XVI 9972 7515 6846 7612 7353 6444 7063(2), 7029, 7025, 7009,
7005(2), 6936 (8 >< CH7O);
16934, 2096 (OAc)

XVI!" 10001 7&47 C 7924 7303 6517 6985(3), 6962, 6937, 6895,
6874, 6858 (8 > CH2O);
12219, 12594, 13702, 16370

(4 x C6H5)
XVII" 9872 7722 6847 7798 7180 6416 6891, 6882, 6876, 6857,

6828, 6818, 6796, 6748
(8 x CI-1,O); 16354 d
(J(C, B) 493), 13572,
12548 d (J(C, B) = 27),
12171 (4 > C6H5)
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TABLE II

(Continued)

Corn-
pound C-i C-2 C-3 C-4 C-5 C-6 Other carbons

Xviii 9846 7457 6860 7540 7187 6468 6877, 6860(2), 6847, 6828,
6794, 6780(2) (8 X CH2O);
16950, 2096 (OAc); 12175,
12555, 13621, 16355
(4 x C6H5)

XViJI' 9838 7449 6833 7495 7220 6403 6892, 6881(2), 6865(3), 6849,
6793 (8 x CH2O); 16918,
2078 (OAc); 16354 d
(J(C, B) = 493), 12514 d
(J(C, B)= 27), 13539, 12137
(4 >< C6H5)

XIX 10143 8145 20066 8271 7593 6529 7103, 7097, 7060, 7039(2),
6998, 6983(2) (8 x CH2O)

XX 9986 7835' 6360 78.60a 7356 6456 7147, 7054, 7020(2), 7010(2),

6985(2) (8 x CH2O)

XX! 9987 7608' 6724 76.23a 7358 6476 7177, 7084, 7049, 7039, 7033,
7017(3) (8 >< CH2O); 16918,

2078 (OAc)

a The assignment of the signals may be interchanged; b data from CD3COCD3 solution; C the
value of the parameter could not be determined; d data from CD3 SOCD3 solution.

of the hydroxyl proton with hydrogen H-2 (found: J(2, OH) = 70 Hz). In the mass
spectrum the molecular peak m/z 188 (16%, C8H1205) is discernible, but the
strongest peak m/z 86 (100%, C4H602) corresponds to 1,4-dioxene.

The structure of trio! XI follows from the comparison of its NMR parameters
with those of tosyl ester II. The coupling constant values of hydrogens, as well as
the chemical shifts, are very similar in both compounds (with the exception of H-2
where the change is connected with the absence of the tosyl group). The NMR
parameters of trio! XII correlate well with the parameters of crown-ether XV and
triol XI (Table I and ii).

The structure of crown ether XV was deduced from an incomplete series of param-
eters: D-gluco configuration is also evidenced by the anomalously large coupling
constants J(2, 3) = 55 Hz and J(3, 4) = 58 Hz, but only under the assumption
that the conformation of the I4 pyranoid ring is considerably planarized. The

Collect. Czech. Chem. Commun. (Vol. 56) (1991)



2958 JindIich, erny, Trnka, BudInsk:

presence of the hydroxyl group in position 3 and the attachment of the polyether
chain in positions 2 and 4 were again demonstrated by in situ TAI-acylation. Acetyla-
tion of crown ether XV gave acetate XVI which afforded an easily interpretable
spectrum, all the parameters of which (for example J(2, 3) J(3, 4) = F5 Hz)
correspond to the 'C4 conformation and D-gluco configuration. This unexpected
change of conformation of compound XV, caused by acetylation, is probably due to
the steric interaction of the acetyl group with the polyether cycle or the stabilization
of the planarized conformation of compound XV by a hydrogen bond of the hydroxyl
hydrogen in position 3 to some of the oxygen atoms of the polyether cycle. The
existence of an intramolecular hydrogen bond in compound X V was demonstrated
in the JR spectrum on the basis of the v(OH) band at 3 491 cm1. A comparison
with the value v(OH) 3 576 cm' found for 1,6-anhydo-2,4-dideoxy-f3-D-threo-
hexopyranoset2 in which the hydrogen bond is oriented to the oxygen atom 0(6)
of the anhydride bond indicates that the hydrogen bond in compound XV is formed
with the oxygen atoms of the polyether ring and that it is very strong.

The structures of complexes of crown-ether XV and its acetate XVI with sodium
tetraphenylborate — compounds XVII and XVIII — were confirmed by means
of 'H, 13C, '1B and 23Na NMR spectra. The vicinal interactions of hydrogens in
both compounds XVII and XVIII are mutually very similar and in agreement with
the values of acetate XVI. The generally small values of 3J(H, H) hydrogens of the
pyranose cycle (about F5 Hz; see Table I) indicated a partially planarized chair
form. The overlap of the signals of hydrogens of eight CH2O groups of the polyether
ring within the narrow region of about c$ 35 39 makes it impossible to draw con-
clusions concerning its conformation.

Detailed information of the spatial arrangement of the complex XVII was obtained
by X-ray structural analysis' '. It was found that the pyranoid ring in the crystal
is partly planarized, similarly as in 1,6-anhydro--D-glucopyranose and that the
five-membered dioxolane ring has a geometry close to the envelope conformation,
with the atom 0(5) out of the plane of the ring (cf. ref.14). The polyether ring differs
in its geometry from the typical "crown" arrangement which was found, for example,
in the complex 15,15-bis(dodecyloxymethyl) 16-crown-S with sodium thiocyanate' .
The main deviations were observed in the region of atoms 0(9), C(1O), C(11) and
0(12) (the polyether part is numbered 7— 17 from the carbon atom connected
with 0(4)), where disorder became evident, as well — as according to our expecta-
tion — in the region which is common to the polyether and the pyranoid ring.

The structure of ketone XIX followed from a comparions with the parameters
of the NMR spectrum of the starting hydroxy derivative XV; the presence of the
carbonyl group was demonstrated in the JR spectrum by the band v(C0) 1 726 cm'
and the characteristic signal at 5 20066 in the '3C NMR spectrum. Reduction of
ketone XIX gave D-allo derivative XX which was identified in the form of acetate
XXI (in admixture with acetate XVI); in the 'H NMR spectrum of compound XXI
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signals of hydrogens H-i (J(1, 2) = 25 Hz) and H-3 (J(3, 2) = J(3, 4) = 46 Hz)
were found, indicating an eq —ax— eq arrangement of the protons H-2, H-3 and H-4.

EXPERIMENTAL

The melting points were measured on a Boëtius micro melting point apparatus and they are not
corrected. Optical rotations were measured on a Bendix—Ericsson ETL 143 A polarimeter, at
20°C. The 'H and 13C NMR spectra were measured on a FT NMR spectrometer Varian XL-200
(200 or 503 MHz, respectively) in CDCI3 (except for compounds XI, XIX and XX, which were
measured in CD3COCD3, CD3OD, CD3SOCD3). The proton chemical shifts were referenced
to tetramethylsilane (TMS) as internal reference: carbon-13 chemical shifts were referenced to
the signal of the solvent and recalculated to TMS, using the relations: 5(CDCJ,) =770 ppm,
ö(CD3COCD3) = 298 ppm and ö(CD3SOCD3) = 397 ppm. The proton signals were struc-
turally assigned by means of chemical shift arguments, splitting patterns and selective homo-
decoupling experiments. The 2D-COSY spectra of compounds XIX, XX and XX! (on a Varian
UNITY-500 MHz instrument) confirmed the proposed assignments and allowed us to determine
the positions of some hidden signals (due to overlap with polyether ring protons). TAI-acyla-
tions were carried out as usual (the addition of a small excess of TAI to the CDC13 solution of
hydroxy derivative in the NMR tube) and the products were characterized by NMR spectra.
The carbon chemical shifts were determined from proton broadband decoupled 13C NMR
spectra. For their structural assignments we used the information on the number of directly
bonded protons (obtained from the "attached proton test" experiments), chemical shift argu-
ments and the comparison within series of similar compounds.

The course of the reactions was followed using thin-layer chromatography (TLC) on silica
gel Merck (Kieselgel G — Stahl). The mobile phases used were: A chloroform—methanol (10 : 1),
13 isopropyl alcohol—chloroform—ammonia—water—ethanol (20: 20 : 2 : 2: 1), C cyclohexane—
—ethyl acetate—ethanol (3 : 2: 2), D chloroform—methanol—ammonia (13 : 6: 1), E chloroform—
—methanol (20: 1). The compounds were detected by spraying with 50% sulfuric acid and heating.
Samples for analyses were dried over phosphorus pentoxide under reduced pressure (10—20 Pa)
for 8 h at 50— 60°C. Chromatography of the reaction mixtures was carried out on silica gel
columns (Silpearl, Lachema) using a fifty-fold amount of sorbent of the weight of the reaction
mixture. The solvents were evaporated at about 50CC. The formation of complexes of crowns
with sodium ion was followed potentiometrically in 99% aqueous methanol, alkalized with
tetramethylammonium hydroxide (001 mol F 1) The values of the stability constants of com-
plexes (Ks) were determined by titration of the corresponding compound with 00lM solution
of sodium chloride, using an ion-selective electrode (Radiometer 0 512 Na), and for the cal-
culation of the stability constants a MINIQUAD program16 was used. The mass spectra were
measured on a JEOL MS 0100 instrument, the accurate m/z for the assignment of elemental
compositions were obtained by the method of peak adaptation, using PSK as internal reference.
The sample was introduced by direct inlet. The spectra were recorded within the 30—90°C
temperature range. The metastable transitions were followed by increasing the acceleration
tension at constant fields of the analysers, by the defocussing method.

I ,6-Anhydro-4-O-(2-hydroxyethyl)-2-O-p-toluenesulfony1-3-D-glucopyranose (I!)

A mixture of tosyl epoxide I (10 g, 33.5 mmol), ethylene glycol (25 g), l,2-dimethoxyethane
(25 ml) and boron trifluoride etherate (1 ml) was heated on a boiling water bath for 2 h, when
the starting compound I with RF 089 disappeared in favour of the product with RF 041 (II)
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(control by TLC in mobile phase A). Two by-products were formed in small amounts, with RF
05l and 0•54. The reaction mixture was concentrated to a minimum volume on an oil bath
in a vacuum (oil pump). The reaction product was crystallized from a mixture of ether and
ethanol. Yield 48 g (13•3 mmol), i.e. 40%. M.p. 121—124°C; [C]D —43° (c 09, chloroform).
For C1 5H2008S (3604) calculated: 4999% C, 559% H, 890% S; found: 4996% C, 545% H,
8-86% S.

1,6-Anhydro-4-O.(5-hydroxy-3-oxapentyl)-2-O.p-toluenesu1fony1-f3-Dglucopyranose (III)

A mixture of tosyl epoxide 1 (5 g, 168 mmol), diethylene glycol (10 ml), chloroform (20 ml)
and boron trifluoride etherate (4 ml) was refluxed for 4 h. until the disappearance of the starting
compound of R 089 (TLC, mobile phase A). Product III (RF 045) was formed, accompanied
by traces of by-products with RF 050 and 065. Chloroform was distilled off from the reaction
mixture, water was added (100 ml) and the product extracted with four 30 ml portions of chloro-
form. The combined chloroform extracts were dried over magnesium sulfate and evaporated.
The residue was crystallized from a mixture of toluene and acetone (15 : I). Yield, 56 g (82%)
of compound III, m.p. 110— 112°C; [c]D —42° (c 11, chloroform). For C17H2409S (4044)
calculated: 5049% C, 598% H, 793% S; found: 5068% C, 586% H, 800% S.

1,6-AnhyJro-4-O.(8-hydroy-3,6-dioxaoctyl)-2-O.p-toluenesulfonyl-3-D-glucopyranose (IV)

A mixture of tosyl epoxide I (497 g, 167 mmol), triethylene glycol (10 ml), boron trifluoride
etherate (02 ml) and chloroform (20 ml) was refluxed for 8 h. After this time the starting corn-
p)Jld (RF 089, TLC, mobile phase A) disappeared and the main product IV (RF 043) and
traces of two by-products with RF 052 and 060 were formed. The reaction mixture was evapo-
rated almost to dryness on a vacuum rotatory evaporator and the residue was dissolved in water
(300 ml). The by-products were extracted with toluene (2 x 20 ml) and the main product with
chloroform (3 x 100 ml). After drying the chloroform solution over magnesium sulfate it was
evaporated under reduced pressure. Product IV was obtained in the form of a syrup. Yield,
682 g (91%), [cJ0 —34° (c 09, chloroform). For C19H28010S (4484) calculated: 5088% C,
629/ H, 7l5% S' found: 49l8% C, 634% H, 675% S

l,6-Anhydro-4-O .(l l-hydroxy-3,6,9-trioxaundecyl)-2-O-p-
-tolue icsulfonyl-3-D-glucopyranose (V)

A mixture of tosyl epoxide I (500 g, 168 mmol), tetraethylene glycol (10 ml), boron trifluoride
etherate (02 ml) and chloroform (20 ml) was refluxed for 8 h and then worked up as in the
case of compound IV (see the preceding experiment). Yield, 678 g (82%) of product V in the
form of a syrup, [ct]D — 32° (c l3, chloroform). For C2 1H3201 IS (4924) calculated: 5121% C,
655% H, 651% S; found: 5087% C, 644% H, 610% S. -

General Procedure for the Preparation of 1,6: 2,3-Dianhydro Derivatives VI—JX

A 2M solution of NaOH in water (55 ml) was added to a solution of tosylate II— V (10 mmol)
in dioxane (20 ml) and water (5 ml) and allowed to stand at room temperature for 2 h. The
mixture was neutralized with 3M hydrochloric acid and the solution was evaporated to dryness.
The residue was extracted with chloroform, the extract dried over sodium sulfate and the solvent
evaporated to give the product. The reaction course was followed using TLC in mobile phase E.
Tosyl esters had RF 0.35, epoxides RF 030.
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1,6 : 2,3-Dianhydro-4-O-(2-hydroxyethyl)-J3-D-mannopyranose (VI). Yield, 903 mg (48%), m.p.
93—95°C (ethanol, ether), [cCID —22° (c 09, chloroform). For C8H1205 (1882) calculated;
5106% C, 643% H; found: 5129% C, 627% H.

1,6: 23-D12 'zviro-4-O -(5.hyiro vy-3-O-oxapentyl)-f3-D-mannopyranose (VI!). Yield, 2l59 g
(93%), syrup, [aID —29° (c 08, chloroform). For C10 H5606 (2322) calculated: 5172% C,
694%H: found: 5190%C, 699%H.

1,6 : 2,3-Dianhydro-4-O-(8-hydroxy-3,6-dioxaoctyl)43-D-mannopyranose (VIII). Yield 2376 g
(86%) syrup, [aID —24° (c 16, chloroform). For C2H2O, (2763) calculated: 52l7% C,
7.30% H: found: 5153% C, 718% H.

1,6 : 2,3-Dianhydro-4-O-(1 1-hydroxy-3,6,9-trioxaundecyl)-f3-n-mannopyranose (IX). Yield,
3008 g (94%), syrup, [°]D —2C° (c 22, chloroform). For C14H2408 (3200) calculated: 5249% C,
755% H: found: 5237% C, 755% H.

I .6-Anhydro-3,4-O-ethylene-3-D-altropyranose (X) and 1,6-
-Anhydro-4-O-(2-hydroxyethyl)-l-D-glucopyranose (XI)

A solution of epoxide V (200 g, l06 mmol) and KOH (25 g, 45 mmol) in water (50 ml) was
heated in a sealed glass tube at 105°C for 8 h. The reaction mixture was then neutralized with
cation exchanger Dowex 50 W in H+ cycle, evaporated to dryness and separated chromato-
graphically on a silica gel column using mixture A as mobile phase.

Compound X: Yield, 324 mg (16%), m.p. 134—136°C, RF 0.45 (TLC, mobile phase A), [aID
168° (c 04, chloroform). For C8H1205 (1882) calculated: 5106% C, 643% H; found:

5143% C. 663% H.

Compound XI: Yield, 1418 g (65%), m.p. 126—128°C, R 010 in (A), [aID —60 (c 09, water).
For C8H1406 (2062) calculated: 4660% C, 684% H; found: 4648% C, 722% H.

I ,6-Anhydro-2,4-bis-O-(2-hydroxyethyl)-fl-D-glucopyranose (XII) and Compound X

A solution of compound VI (l36 g, 72 mmol) (RF 0.54, TLC, mobile phase C) in a 2% solution
of sodium in ethylene glycol (25 ml) was heated at 120°C for 3 h. The reaction mixture was
neutralized with 3M hydrochloric acid and ethylene glycol was distilled off under reduced pres-
sure. Ethanol was added, the separated sodium chloride was filtered off and the mixture was
concentrated and separated by chromatography on a silica gel column, using phaseA for elution.
Yield, 207 mg (15%) of compound X, RF O43 in system C. Yield of compound XII was 110 g
(6 1%), in the form of a syrup, R 0l2 (TLC, mobile phase C), [ct]0 —10° (c 10, water). For
C10H1807 (2502) calculated: 4&00% C, 725% H; found: 4735% C, 725% H.

I ,6-Arihydro2,4-O -(3,6,9-trioxaundecarie-l, 1 1-diyl)-3-D-
-glucopyrano (XV) and its Complex with NaB(C6H5)4 (XVII)

A) A 01M solution of sodium tert-butylate in tert-butyl alcohol (120 ml) was added to
a stirred solution of tosylate V (483 g, 98 mmol) in tert-butyl alcohol (70 ml) and the mixture
was heated at 40°C for 10 h. The mixture was neutralized with 3M hydrochloric acid, evaporated
to dryness and the residue dissolved in water (50 ml). The unreacted intermediary product IX
was extracted with chloroform (3 x 75 ml) and the aqueous solution was filtered through a col-
umn of anion exchanger IRA 410 (CF form) (100 ml). Evaporation of the solution obtained
to dryness gave a complex of the required product with sodium chloride. The pure product XV
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was obtained by extraction of the complex with chloroform (50 ml), filtration through silica gel
and evaporation of the solvent. Yield, 254 g (81%), m.p. 82—83°C; [aciD —33° (c09, chloro-
form). For C14H2408 (3203) calculated: 5249% C, 755% H; found: 5251% C, 736% H.
K = 42000 (methanol, Na).

B) A suspension of sodium hydride (10 g, 4l7 mmol) in dioxane (20 ml) was added to
a stirred solution of epoxide IX (69l g, 2l6 mmol) in dioxane (500 ml) and the reaction mix-
ture was heated under stirring at 40°C for 2 h (followed by TLC, mobile phase D). Practically
all the starting compound (R 090) disappeared after this time and the product XV (R 035)
was formed. The reaction mixture was diluted with water (100 ml), neutralized with 3M HC1,
concentrated to dryness and the by-product (together with a smaller amount of compound XV)
was extracted at room temperature with chloroform (2 x 50ml). The insoluble residue was
dissolved in a mixture of acetone and water (99: 1) and filtered through silica gel. Eaporation
of the solvents gave a chromatographically pure crystalline complex of crown-ether XV with
sodium chloride. Pure crown-ether XV was obtained by boiling the complex with chloroform,
filtration through silica gel and evaporation of the solvent. Yield, 332 g (48%).

C) Crown-ether XV may be separated from the reaction mixture obtained as under A) or
B) by precipitation from an aqueous solution with sodium tetraphenylborate. 10% solutions of
both components in water are suitable for the precipitation. The complex was filtered off, washed
with water, dissolved in a 20-fold amount of a mixture of acetone and water (3 : 2) and filtered
slowly through a column of the anion exchanger IRA-410 (in Cl-form, using a 200-fold amount
by weight of the complex). The solution was evaporated, the residue dissolved in water, filtered,
evaporated, dissolved in chloroform, filtered and evaporated again, to afford crown ether XV,
which was freed of the traces of salts by vacuum distillation (250°C, 40 Pa).

3-O-Acetyl-l,6-anhydro-2,4-O-(3,6,9-trioxaundecane-1, 1 1-diyl)-
-13-D-glucopyranose (XVI) and its Complex with NaB(C6H5)4 (XV!!!)

A) Epoxide IX (46 g, l44 mmol) was allowed to react as in the case of compound XV
(procedure B). The reaction mixture was neutralized with 3M hydrochloric acid, evaporated to
dryness, pyridine (40 ml) and acetic anhydride (20 ml) were added and the mixture allowed to
stand overnight. The reaction mixture was concentrated to a minimum volume. After addition
of water (50 ml) and sodium acetate (I g) the by-products were extracted with chloroform (control
by TLC in the mobile phase D); the aqueous phase was evaporated to dryness and the required
acetate XVI (R 065) was separated from sodium acetate by extraction with chloroform. Yield,
3l0 g (59%), [aciD — 38° (c 08, chloroform). K 40 000 (methanol, Nat). For C16 H26 09 (3624)
calculated: 5303% C, 723% H; found: 5380% C, 724% H.

B) Acetate XVI can also be purified via the complex with sodium tetraphenylborate, which
may be prepared analogously to that of compound XV. From the complex the acetate may be
set free by distillation under reduced pressure (260°C, 15 Pa).

1 ,6-Anhydro-2,4-O-(3,6,9-trioxaundecane-1 ,l 1-diy1)-3-u-ribohexopyranos-3-ulose (XIX)

A) A solution of chromium trioxide (155 mg, 15 mmol) in water (05 ml) was added dropwise
to a solution of crown-ether XV (210 mg, 065 mmol) in a mixture of acetic acid and sulfuric
acid (50: 1, 2 ml) and allowed to stand for 24 h at room temperature. The mixture was diluted
with water (5 ml) and extracted with chloroform (7 < 5 ml). The combined chloroform extracts
were dried and purified by filtration through a small column of silica gel. After evaporation of
the solvent, crystalline ketone XIX was obtained which was crystallized from ether. Yield, 110 mg
(53%), m.p. 119— 122°C; [aciD —33° (c 08, chloroform). For C14H2208 (3l83) calculated:
5282% C, &97% H; found: 526l% C, 684% H.
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B) A mixture of crown-ether XV (663 mg, 207 mmol), dimethyl sulfoxide (7 ml) and acetic
anhydride (23 ml) was heated at 80°C for 2 h. The reaction mixture was concentrated to a mi-
nimum volume in a vacuum, then coevaporated several times with toluene and crystallized from
a toluene—light petroleum mixture. Yield 490 mg (74%).

1 ,6-Anhydro-2,4-O(3,6,9-trioxanundecane-l,1 l-diyl)-13-D-allo-
-pyranose (XX) and 3-0-Acetyl Derivative XXI

A solution of ketone XIX (270 mg, 085 mmol) in water (1 ml) was added dropwise to a solution
of NaBH4 (70 mg, 185 mmol) in water (5 ml) and the reaction mixture was allowed to stand
at room temperature overnight. It was then neutralized with hydrochloric acid, evaporated to
dryness and the product extracted with chloroform. Evaporation of chloroform gave a crystalline
mixture of compounds XV and XX. Acetylation of this mixture with acetic anhydride in pyridine
gave a mixture of acetates XXI and XVI. In both cases an NMR analysis showed that the ratio
of compounds XV and XX, or XV1 and XXI in the mixture was 1: 3.

We thank Dr J. Koudelka for the measurement of the stability constants of complexes and the
analytical department (Head Dr V. Pechanec) for elemental analyses. The mass spectra were
measured and interpreted by Dr V. Hanul and Dr M. Smrëina of the J. Heyrovsk Institute of
Physical Chemistry and Electrochemistry, Czechoslovak Academy of Sciences in Prague.
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