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ABSTRACT 

P.m.r. parameters (determined at 100 MHz for solutions in deuterium oxide) 
are presented for trimethyl ethers of D-galactopyranose (eight), methyl D-galacto- 
pyranoside (eight), and galactitol (four). The anomeric and methoxyl proton chemical- 
shifts of these compounds are compared with those of the corresponding mono-, di-, 
and tetra-methyl ethers of D-galactopyranose and its derivatives. The results in this 
and earlier papers show that anomeric change greatly affects the 2-methoxyl signals 
(in derivatives of D-galactose, D-glucose, and D-mannose); change in configuration 
at C-4 (D-galactose compared with D-glucose) affects the neighboring 3-methoxyl 
signal much more than the 4-methoxyl signal. 

INTRODUCTION 

In three previous papers, we have described the p.m.r. spectroscopy of mono- 
methyl’, dimethyl*, and tetramethy13 ethers of D-galactopyranose, methyl a- and 
j?-D-galactopyranoside, and galactitol. P.m.r. spectra of trimethyl ethers of D-galacto- 
pyranose and related compounds are now discussed in the light of observations made 
in the earlier work. 

RESULTS AND DISCUSSION 

P.m.r. parameters for the following trimethyl ethers of D-galactopyranose and 
its derivatives are given in Table I: 2,3,4-tri-U-methyl-c- and /3-D-galactopyranose 
(1 and 2), 2,3,6-tri-O-methyl-c and j?-D-galactopyranose (3 and 4), 2,4,6-tri-O-methyl- 
a- and B-D-galactopyranose (5 and 6) and 3,4,6-t&O-methyl-o- and /?-o-galacto- 
pyranose (7 and 8); methyl 2,3,4-&i-O-methyl-a- and /?-D-galactopyranoside (9 and 
lo), methyl 2,3,6-tri-O-methyl-a- and /%I-galactopyranoside (11 and l2), methyl 
2,4,6-t&O-methyl-a- and j?-D-galactopyranoside (13 and 14), and methyl 3,4,6-tri-O- 
methyl-n- and @-D-galactopyranoside (15 and 16); and 2,3,4-tri-U-methyl-D-galactitol 
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(17), 2,3,6-tri-O-methyl-D-galactitol (lS), 2,4,6-tri-0-methyl-D-galactitol (19), and 
3,4,6-tri-0-methyl-D-galactitol (20). 

The effects of introducing additional methoxyl groups into the derivatives of 
D-galactopyranose described earlier”’ were investigated by comparing the results 
found for the mono- and di-methyl ethers with those in Table I. 

P_m.r. spectra of trimethyl ethers of D-galactopyranose. - (a) Asdgnment of 
methoxyl signak 2,3&Tri- O-methyl- and 2,4,6-t& O-methyl-D-galactopyranose both 
crystallized as the a anomer (1 and 5, respectively), permitting the equilibration of 
their solutions in deuterium oxide to be monitored, and the methoxyl signaIs of 
the /3 anomers to be distinguished from those of the a anomers. 2,3,6-Tri-O-methyl- 
and 3,4,6-tri-O-methyl-D-galactopyranose were obtained as equilibrated syrups. 
Signals due to the two anomeric forms could, however, be distinguished by noting 
that, for both these compounds, there is a greater proportion of the j3 than of the 
a anomer at equilibrium. 

All methoxyl signals in the spectra of 1 and (1+2) were identified by comparing 
them with those of the 2-, 3-, and Cmethoxyl groups in the spectrum of 2,3,4,6-tetra- 
O-methyl-D-galactopyranose3 and by assuming that methylation at O-6 has no effect 
on the 2-, 3-, and Ltmethoxyl signals. 

The four low-field, methoxyl signals in the spectrum of 2,3,6-tri-O-methyl-D- 
galactose have the same chemical shifts as the methoxyl groups of 2,3-di-O-methyl- 
D-galactose2. H&ce, these signals were attributed to the 2- and 3-methoxyl groups 
of 3 and 4, and the remaining two upfield signals to the 6-methoxyl groups. 

Methoxyl signals for 5 and 6 were obtained by comparing the spectra of 5 and 
(5+6) with those of 2,4- and 4,6-di-0-methyl-D-galactopyranose2. The chemical 
shifts of ‘&e methoxyl groups of 2,4,6-tri-0-methyl-D-galactopyranose (no neigh- 
boring methoxyl groups) are very simiiar to those of the monomethyl ethers’ 2-O- 
methyl-D-galactose, 4-O-methyl-D-galactose, and 6-0-methyl-D-galactose, respectively. 

The p.m.r. spectrum of 3,4,6-tri-U-methyl-D-galactopyranose (7+S) showed 
only four distinguishable signals attributable to methoxyl groups, the two upfield 
signals being due to the (primary) 6-methoxyl .groups (by comparison with the spec- 
trum of 2,3,4,6-tetra-O-methyl-D-galactose3). Of the other two, one was equivalent 
to three methoxyl groups, and the other, about 0.01 p.p_m. upfield, to one methoxyl 
group. By making a comparison with the spectrum of 2,3.4,6-tetra-O-methyl-D- 
galactose, the 3-methoxyl group of 7 was attributed to the upfield signal, and the 
other to the 3- and Pmethoxyl groups of 8 and the Cmethoxyl group of 7. 

(b) Chemical shifts of anomeric protons. The effects on the chemical shifts of 
H-l for mono-’ and di-methyl2 ethers of D-galactopyranose apply to the trimethyl 
ethers as well; for compounds having a methoxyl group on C-2 (l-6), the anomeric 
protons appear at Z’ 4.544.57 (a anomers) and Z’ 5.4U-5.44 (@ anomers), a difference 
of 0.87 p.p.m. on the average; when there is a hydroxyl group on C-2 (7 and a), the 
H-l chemical-shift is at higher field by 0.22-0.25 p.p.m. (a anomers) and 0.01 to 
0.06 p.p.m. (j? anomers). 

The observed spacings of tbe anomeric proton doublets (J1,2) indicate that 
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the CI (D) conformation of the D-galactopyranose is retained, with possibly only 
minor distortions, as hydroxyl groups are successively methylated. 

(c) Chemical sh@ls of methoxyl-group protons. The observations made ear- 
lierze3 concerning the influence of methyl&ion of an adjacent hydroxyl group, 
or of change in configuration of adjacent hydroxyl or methoxyl groups, on the 
chemical shift of a methoxyl group are confirmed for the trimethyl ethers of D-galacto- 
pyranose. The presence of a third methoxyl group does not alter the effects noted for 
the dimethyl ethers of D-galactopyranose. The only significant effects in the trimethyl 
ethers are (a) change in configuration at C-l from CL to /I produces a downfield shift 
of the equatorial 2-methoxyl signal of 0.12 p_p.m., and (b) methylation at O-4 (axial) 
produces a downfield shift of 0.09-0.10 p-p-m. in the signal of the equatorial 
3-methoxyl group. Anomeric change does not significantly affect the 3-, 4-, and 
dmethoxyf signals, the signals due to the p anomers usually appearing at only slightly 
lower field (O-O.02 p.p.m.). The (primary) 6-methoxyl signals appear at highest 
field (T’ 6.59-6.62 for 3-8) 

Comparison of the spectra of compounds 1-S with those of 2,3,4,6-tetra-O- 
methyl-c+ and /I-D-galactopyranose3 shows that only the 3-methoxyl signals of 
compounds 3 and 4 are significantly affected (shifted downfield -0.07 p.p.m. by 
methylation at O-4) by the formation of the tetramethyl ether of CL- or #I-D-galacto- 
pyranose. 

P-m-r. spectra of trimethyl ethers of methyl D-galactopyranoside. - (a) Assign- 
ment of methoxylsignais. The p.m.r. spectra of compounds 9-14 and 16 were obtained 
for the pure methyl a- and /Gglycosides. P.m.r. parameters for 15 were deduced 
from the spectrum of a mixture of the CL- and p-glycosides (see Experimental section). 
The methoxyl signals of 9 and 10 were identified by comparison with the l-, 2-, 3-, 
and 4-methoxyl signals in the spectra of methyl 2,3,4,6-tetra-O-methyl-a- and P-D- 

galactopyranoside3. The methoxyl-group assignments for methyl 2,3-di-O-methyl-?r- 
and /?-D-galactopyranoside2 were used for obtaining the methoxyl signals for 11 
and 12 (on the assumption that methylation at O-6 does not affect the chemical 
shifts of the I-, 2-, and 3-methoxyl groups). The spectra of methyl 2,4-di-O-methyl-a- 
and /?-D-galactopyranoside2 and methyl 4,6-di-U-methyl-a- and p-D-galactopyran- 
oside2 permitted methoxyl signals to be assigned in the spectra of 13 and 14. The 
spectra of 15 and 16 were compared with those of methyl 3,4-d&O-methyl-a- and 
P-D-galactopyranoside’ (to identify the l-, 3-, and Cmethoxyl signals), methyl 4,6-di- 
O-methyl-a- and B-D-galactopyranoside2 (to identify the 6-methoxyl signals), and 
methyl 2,3,4,6-tetra-O-methyl-a- and /?-D-galactopyranoside3 (to cor.firm the assign- 
ments made for the 4- and 6-methoxyl groups). 

(6) Chemical s’llifts of antimeric protons. The observations just made in sec- 
tion (6), regarding the influence of methylation at O-2 on the chemical shifts of 
the anomeric protons in the spectra of the D-galactopyranose methyl ethers, apply 
equalIy to their methyl glycosides. The formation of the methyl glycosides produces 
an upiie’rd shift of0.41-0.43 p.p_m_ (a glycosides) and 0.23-0.26 p-p-m_ (J? glycosides) in 
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the H-l signals. As before, there are small differences in the spacings of the H-l 
doublets (J1 ,J. 

(c) Chemical shifts of methoxyl-group protons. The introduction of a methoxyl 
group at C-l has very little influence on the 2-, 3-, 4-, and 6-methoxyl signals in the 
spectra of compounds 1-S. 

The effects of change in configuration at C-l, and of methylation of adjacent 
hydroxyl groups, on the chemical shift of a methoxyl group agree with those noted in 
the previous subsection (c), and for the mono-‘, di-‘, and tetra-methyl3 ethers of 
methyl D-galactopyranoside. 

Methylation of the hydroxyl group in compounds 9-16 to afford either methyl 
2,3,4,6-tetra-O-methyl-a- or @-D-galactopyranoside3 has a significant effect on the 
chemical shift of the 3-methoxyl groups of 11 and 12 only, these signals being shifted 
downfield by 0.06-0.08 p-p-m_ A similar observation was made earlier’, and in 
subsection (c) of the preceding section. 

P.m.r. spectra of trimethyl ethers of galactitol. - (a) Assignment of methoxyl 
signab The spectrum of 17 showed two signals for the three methoxyl groups. 
The low-field signal (3 H) was attributed to the 2-methoxyl group (by comparison 
of the spectrum with that of 2,3,4,6-tetra-O-methyl-D-galactito13). Signals for the 
2- and 3-methoxyl groups in the spectrum of 18 were obtained by comparison with 
the spectrum of 2,3-di-U-methyl-D-galactito12, on the assumption that methylation 
at O-6 does not affect the chemical shifts of the 2- and 3-methoxyl groups. The 
spectra of 2,P and 4,6-di-O-methyl-D-galactitol’ were used for identifying the meth- 
oxyl signals in the spectrum of 19. The 4- and 6-methoxyl signals of 20 were obtained 
by comparison with the spectrum of 2,3,4,6-tetra-U-methyl-D-galactito13. There is 
some uncertainty as to the assignments for the 3- and 4-methoxyl groups of 20, the 
signals being separated by less than 0.01 p-p-m_ 

(b) Chemical shijk of methoxyl-group protons. Comparison of the methoxyl 
chemical-shifts of galactitol methyl ethers given in earlier paperslm3 with those of 
the trimethyl ethers shows that the (primary) 6-methoxyl and I-methoxyl groups 
absorb in the region z’ 6.59-6.61, that is, 0.04-0.10 p.p.m. upfield from the secondary 
2-, 3-, 4-, and S-methoxyl groups (7’ 6.49-6.56). The 2- and 5-methoxyl signals appear 
at slightly lower field than those of the other secondary methoxyl groups. The intro- 
duction of O-methyl groups into a partially methylated galactitol derivative has 
negligible effect on the chemical shifts of adjacent methoxyl groups. There does, 
however, appear to be a general increase in the chemical shifts of the secondary 
(2-, 3-, and 4-) methoxyl grcups as the number of methoxyl groups is increased. 

Merhoxyl-group chemical-shifts of intern-ediates used in the synthesis of methyl 
ethers of D-galactose and its-derivatives. - FroLl Table II, and related tables in earlier 

papers’v2, it may be seen that the spread of metkoxyl signals for many of the inter- 
mediates (in chloroform&) is’&nifkantly greater t:?an that of corresponding methyl 
ethers (in deuterium oxide) lacking aromatic substitu?nts. This observation suggests 
an extension (of the present approach to the identification of methyl ethers of sugars) 

Carbohyd. Res., 21 (1972) 83-90 



T
A

B
L

E
 I

I 

P
&
R
.
 
P
A
R
A
M
E
T
E
R
S
"
P
O
R
 I
N
T
E
R
M
E
D
I
A
T
E
S
U
S
@
D
 

I
N
 T
H
E
S
Y
N
T
H
E
S
I
S
O
P
T
R
I
M
B
T
H
Y
L
E
T
H
U
R
S
O
P
 

D
-
G
A
L
A
C
T
O
P
Y
R
A
N
O
S
E
A
N
D
 I
T
S
D
E
R
I
V
A
T
I
V
I
i
3
 

00
 

00
 

C
on

tp
or

u~
d 

So
lu

en
t 

G
al

ac
to

se
 C
-H

 p
ro

to
ns

 
J 

M
er

lto
xy

l 
pr

ot
om

b 
Su

bs
ti

tu
er

tt
 

pr
ot

on
sc

 

21
 

C
T

X
13

 
22

 
C

D
C

IJ
 

23
 

C
D

C
IS

 

24
 

C
D

&
 

25
 

C
D

&
 

26
 

C
D

C
IJ

 

27
 

C
D

C
13

 

28
 

C
D

C
IJ

 

29
 

C
D

Q
 

30
 

C
D

C
I,

 

31
 

C
D

&
 

32
 

D
zO

 

33
 

C
D

C
IS

 

H
-l

, 
5.

25
; 

ot
he

r,
 5

.8
-6

.8
 

H
-l

, 
5.

89
; o

th
er

, 6
.1

-6
.9

 
H

-l
, 

5.
02

; 
ot

he
r,

 
5.

6-
6.

6 
H

-1
, 

5.
11

; 
ot

he
r,

 
5.

0-
6.

5 

H
-l

, 
5.

08
; 

ot
he

r,
 

5G
-6

.6
 

H
-l

, 
5.

17
; 

H
-2

, 
6.

23
; 

H
-3

, 
5.

17
5;

 o
th

er
, 

6.
0-

6.
9 

H
.1

, 
5.

78
5;

 H
-2

,6
.7

15
; 

ot
he

r,
 5

.5
-6

,9
 

H
-l

, 
5.

83
; 

H
-2

, 
6.

59
; 

H
-3

, 
5.

47
; 

ot
he

r,
 

5.
6-

6.
8 

H
-l

, 
5.

81
; 

H
-2

, 
6,

68
; 

H
-3

, 
5.

59
; 

ot
he

r,
 5

.7
-6

.9
 

H
-l

, 
5.

87
; 

H
-2

, 
6.

71
; 

H
-3

, 
5.

59
; 

H
-4

, 
6.

19
5;

 
ot

he
r,

 
6.

2-
6.

8 
5.

3-
6.

8 

5,
1-

6.
5 

C
-l

, 
6.

84
 

H
-1

, 5
.8

1;
 H

-2
, 

5.
25

; 
ot

he
r,

 6
.2

-6
.9

 

Jt
,2

 2
.2

 
J1

,z
 7

.0
 

J1
.2

 3
+

5 

J1
,z

 3
.3

 

J1
,2

 3
.2

 

J1
,z

 3
.9

, 
Jz

,2
 

10
; 

J2
,4

 3
.2

 
Jt

,z
 

7.
4,

 J
2,

3 
9.

5 

J1
,2

 7
.7

; 
J2

,2
 9

.6
; 

J3
,4

 3
.6

 

J1
,2

 8
.2

; 
J2

,2
 9

.5
; 

J3
,4

 3
.4

 
J1

,2
 7

.5
; 

J2
,2

 9
.8

; 

J~
,~

 3
.2

 J
,,,

 
-I

 

J1
,z

 7
.8

; 
J2

,a
 9

.6
 

C
-l

, 
6,

63
 

C
-l

, 
6.

50
 

C
-2

, 
6.

49
 

C
-l

, 
6.

56
 

6.
63

, 6
.7

5 

6.
61

, 6
.8

1 

6.
38

, 6
.6

1,
 6

,6
4,

 
6.

81
 

6.
38

,6
&

I 

6.
52

,6
.7

3 

6.
49

, 6
98

4 

6.
39

,6
.5

15
, 

6.
60

, 
6.

80
 

C
-l

, 
6.

70
 

6.
44

,6
.6

1,
 6

.6
55

 
6.

79
 

tr
ity

l, 
2,

3-
2.

9(
m

) 
tr

ity
l, 

2.
4-

2.
9(

m
) 

C
&

&
H

, 
2.

3-
2.

7(
m

);
 

G
H

&
H

, 
44

44
; 

(O
H

, 
78

22
) 

to
sy

ld
 (

ar
om

at
ic

),
 2

.2
2 

(d
, 2

 H
),

 2
.7

6 
(d

, 2
 H

),
 

J 
8,

O
; 

to
sy

l 
M

e,
 7

.6
3;

 C
&

&
H

, 
25

-2
.8

(m
);

 
C

hH
&

H
, 

4,
62

 
to

sy
l 

(a
ro

m
at

ic
),

 2
.1

2 
(d

, 2
 H

),
 

2.
64

 
(d

, 2
 II

), 
J 

8.
2;

 t
os

yl
 M

e,
 7

.5
6;

 [
O

H
, 

6.
96

 (
2 

I-
I)

1 
to

w
1 

(a
ro

m
at

ic
),

 
2,

16
 (

d,
 2

 H
),

 2
.7

0 
(d

, 2
 H

),
 

J 
88

4;
 to

sy
l 

M
C

, 7
.5

6 
C

&
C

H
, 

2.
3-

2.
7;

 G
jH

,C
ff

, 
4,

45
; 

(O
H

, 
7.

34
).

 

C
&

f&
S-

I,
 2

.4
2.

9;
 

C
,jH

&
H

, 4
.6

4;
 

to
sy

l 
(a

ro
m

at
ic

),
 

2.
18

 (
d,

 2
 H

),
 2

.7
5 

(d
, 2

 H
),

 
J&

2;
 

to
sy

l M
C

, 7
.6

4 
to

sy
l 

(a
ro

m
at

ic
),

 
2.

18
 (

d,
 2

 H
),

 2
.6

7 
(d

, 2
 IS

),
 

J 
8,

3;
 t

os
yl

 M
e,

 7
.5

7;
 (

O
H

, 
6,

89
) 

to
sy

l 
(a

ro
m

at
ic

),
 

2,
15

 (
d,

 2
 H

),
 2

.6
5 

(d
, 2

 H
),

 
J 

8.
4;

 t
os

yl
 M

C
, 7

.5
45

 

to
sy

l 
(a

ro
m

at
ic

),
 2

,1
5 

(d
, 

2 
H

),
 2

.6
6 

(d
, 

2 
H

),
 

J 
8.

3;
 t

os
yl

 M
e,

 7
.5

8;
 C

M
e2

, 
8.

50
, 

8.
68

; 
tr

ity
l, 

2.
42

.9
 

(m
) 

to
sy

l 
(a

ro
m

at
ic

),
 2

.1
5 

(d
, 2

 H
),

 2
.5

4 
(d

, 2
 I$

),
 

J 
8.

3;
 t

os
yl

 M
e,

 7
.5

8 
to

sy
l 

(a
ro

m
at

ic
),

 
2,

18
 (

d,
 2

 H
),

 2
.7

2 
(d

, 2
 H

),
 

J 
8.

3;
 t

os
yl

 M
e,

 7
.5

65
 

‘D
et

er
m

in
ed

 
at

 
60

 M
H

z 
an

d 
37

’.
 C

he
m

ic
al

 
sh

if
ts

 
ar

e 
re

la
tiv

e 
to

 
in

te
rn

al
 

te
tr

am
et

hy
ls

ila
ne

 
(z

 s
ca

le
) 

fo
r 

so
lu

tio
ns

 
in

 c
hl

or
of

or
m

-d
, a

nd
 r

el
at

iv
e 

to
 

F 

so
di

um
 4

,4
-d

im
et

hy
l-

4A
la

pc
nt

an
es

ul
fo

na
tc

 (z
’ 

sc
al

e)
 f

or
 t

he
 s

ol
ut

io
n 

in
 d

eu
te

ri
um

 o
xi

de
, J

=o
bs

cr
ve

d 
sp

ac
in

g 
(H

z)
. 

b3
-P

ro
to

n 
si

ng
le

ts
. f

gi
ng

lc
ts

, 
un

le
ss

 o
th

er
w

is
e s

ta
te

d;
 d

 =
do

ub
le

t, 
m

=
m

ul
tip

le
t. 

dp
-T

ol
yl

su
lf

on
yl

. 



P.M.R. SPECTRA OF TRI-O-METHYL-D-GALACTOPYRANOSES 89 

to examination of the p.m.r. spectra of suitably selected derivatives having substituents 
so chosen as to give as wide a spread of the methoxyl-group chemical-shift as is 
practicable. 

EXPERIMENTAL 

Compounds 9, 10, 13, 14, and 16 were synthesized by known methods, with 
modifications as indicated. P.m.r. parameters for the intermediate compounds 
21-33 used in the synthesis of these trimethyl ethers of methyl a- and /3-D-galacto- 
pyranoside are collected in Table XI. 

Methyl 2,3,4-fri-O-nzethyZ-a-r-D-guhzctopyranoside (9). - Methylation of methyl 
6-O-trityl-a-D-galactopyranoside’ (21) afforded methyl 2,3,4-tri-U-methyl-6-Utrityl- 
a-D-galactopyranoside; this was hydrolyzed with 90% trifluoroacetic acid6 to give’ 9. 

Metizyl 2,3,4-tri-0-methyl-a-D-galactopyranoside (10). - Compound 10 
(Ref. 7) was prepared as for 9, starting with methyl 6- O-trityl-@-D-galactopyranoside’ 

(22). 
Methyl 2,3,6-tri-O-methyl-a-D-galactopyranoside (11). - Partial methylation of 

methyl a-D-galactopyranoside with dimethyl sulfate-sodium hydroxide for 50 h 
produced a mixture of methyl ethers of the starting material [t.l.c.; silica gel, 5~1 (v/v) 
chloroform-methanol]. The neutralized mixture was extracted with chloroform, the 
extract was evaporated under diminished pressure, the residual syrup was dissolved 
in water, and the solution was continuously extracted with petroleum ether (b.p. 60- 
80’) for 10 h. The extract was evaporated to a syrup which was dissolved in water; 
the solution was extracted with chloroform, and the extract was evaporated to a 
syrup that was shown by g.1.c. to consist mainly9 of 11. 

Methyl 2,3,6-tri-O-nzethyb/?-D-galactopyranoside (12). - By use of methyl 
@-D-galactopyranoside as the starting material, compound 12 (Ref. 9) was synthesized 
as for compound 11. 

Methyl 2,4,6-tri-O-methyl-a-D-galactopyranoside (13). - Methyl 4,6-U-benzyl- 
idene-2- U-methyl-a-D-galactopyranoside lo (23) was p-toluenesulfonylated, yielding 
methyl 4,6- U-benzylidene-2- U-methyl-3- U-p-tolylsulfonyl-a-D-galactopyranoside I0 
(24). Hydrolysis of 24 with 90% trifluoroacetic acid6 afforded methyl 2-U-methyl-3- 
U-p-tolylsulfonyl-a-D-galactopyranoside (25), which was methylated to give methyl 
2,4,6-tri-U-methyl-3-U-p-tolylsulfonyl-a-D-galactopyranoside’o (26). Desulfonylation 
of 26 with sodium methoxide produced 13 (Ref. 10). 

Methyl 2,4,6-tri-O-methyl-/I-mgalactopyranoside (14). - p-Toluenesulfonyl- 
ation of methyl 4,6-U-ber~ylidene-2-U-methyl-~-D-galactopyranoside~~ (27) gave 
methyl 4,6-U-be~lidene-2-U-methyl-3-U-p-tolylsulfony~-~-~-galactopyranoside’o 
(28), which was hydrolyzed with 90% trifiuoroacetic acid6 to produce methyl 2-U- 
methyl-3-U-p-tolylsulfonyl-jP-D-galactopyranoside (29). Methylation of 29 yielded 
methyl 2,4,6-D+ O-methyl-3-O-p-tolylsulfonyl-j?-D-galactopyranoside ’ ’ (30), which 
was reductively desulfonylated with sodium methoxide in methanol to give 14 (Ref. 10). 

Methyl 3,4,6-tri-0-methyl-/I-D-galactopyranoside (16). - Methyl 3,4-U-iso- 
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propylidene-6- O-trityl-p-D-galactopyranoside ’ was p-toluenesulfonylated to give 
methyl 3,4- O-isopropylidene-2- O-p-tolylsulfonyl-6- U-trityl-B-D-galactopyranoside ’ ’ 
(31). Hydrolysis of 31 with 90% trifluoroacetic acid6 afforded methyl 2-U-p-tolyl- 
sulfonyl-j&D-galactopyranoside ’ * (32); this was methylated, yielding methyl 3,4,6- 
tri- U-methyl-2- 0-p-tolylsulfonyl+?-D-galactopyranoside i ’ (33). Reductive desulfonyl- 
ation whith sodium methoxide in methanol gave pure 16, as indicated by g.1.c. 

A mixture (- 4~1) of 15 and 16 was produced by treatment of 16 with methanolic 
hydrogen chloride (2%). The p.m.r. spectrum of this mixture was used for obtaining 
the p.m.r. parameters for 15. 

General. - Hydrolysis of 13 and 16 with 0.5~ sulfuric acid produced 2,4,6-tri- 
0-methyl-D-galactopyranose 1 ’ (5+ 6) and 3,4,6-tri-O-methyl-D-galactopyranose’3 
(7 + S), respectively. 

Galactitol methyl ethers were prepared by reduction14 of the appropriate 
trimethyl ethers of D-galactopyranose with sodium borohydride. 

100-MHz spectra (see Table I) were recorded with a Varian Associates HA-100 
n.m.r. spectrometer for 5-10% solutions in deuterium oxide at 32”. Sodium 4,4- 
dimethyl-4-silapentanesulfonate was used as the internal standard (2’ scale). 60-MHz 
spectra of the intermediates (see Table II) were recorded at 37” with a Varian 
Associates A-60 n.m.r. spectrometer. 

Gas-liquid chromatography (g.1.c.) was performed with a Beckman GC-2A 
instrument, the column containing 14% of poly(ethylene glycol succinate) on acid- 
washed Chromosorb W at 160”. 
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