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Note 
-- -~_-_.. - 

Branched-chain sucrose: synthesis of 4,1’,6’-trichloro-4,1’,4’,6’-tetradeoxy- 
4’-C-methyl-galacto-sucrose*,+ 

RIAZKHANANDGITAPATEL. 

Tare & Lyle Group Reseurch and Development, Philip Lyle Memorial Reseurch Laboratory, P. 0. Box 
68, Whiteknights Park, Reading RG6 2BX (Great Britain) 

(Received August 8th, 1986; accepted for publication, November 14th, 1986) 

Sugar epoxides undergo ring-opening reactions by carbon nucleophiles to 
give trans-diaxial products. Alkylmagnesium chlorides react with pyranoid and 
furanoid epoxides to give branched-chain hydroxy compounds2.“. Other carbanions 
which have been used are those derived from 1,3-dithiane4, lithium dimethyl- 
cuprate5, diethyl malonate6, and hydrogen cyanide7-9. We now describe the reac- 
tion of 2,3,6-tri-O-acetyl-4-chloro-4-deoxy-a-D-galactopyranosyl 3,4-anhydro-l$- 
dichloro-1,6-dideoxy-p-D-lyxo-hexulofuranoside (2) with lithium dimethylcuprate. 

The 3’,4’-lyxo-epoxide 2 was synthesised by treatment of 4,1’,6’-trichloro- 
4,1’,6’-trideoxy-galucto-sucrose (1) by 6-(tert-butyldiphenylsilylation) followed by 
reaction’O with diethyl azodicarboxylate (DEAD) and triphenylphosphine (TPP). 
It was necessary to block HO-6 in order to avoid the formation of the 3.6-anhydride 

‘galacto-Sucrose connotes wwgalactopyranosyl p-o-fructofuranoside. 
+Sucrochemistry, Part 40. For Part 39, see ref. 1. 

0008-6215/87/$ 03.50 @ 1987 Elsevier Science Publishers B.V. 



T
A

B
L

E
 

I 

C
O

ll
lp

O
U

n
d
 

H
-
Z
 

n
-2

 
n

-3
 

H
-4

 
H

-5
 

H
-6

0 
H

-Z
*@

 
H

-3
’ 

H
-4

 
H

-5
 

Z
&

d
’0

 
A

C
 

M
e 

H
-6

6 
H

-Z
’b

 
“l

i’
h 

2 
4.

69
 

(d
) 

J,
>

4.
04

 
4.

88
 

(d
d)

 
4.

69
 

(d
d)

 
5.

40
 

(d
d)

 
5.

49
 

(d
t)

 
5.

71
 

(d
d)

 
6.

33
 

(d
) 

6.
07

 
(d

) 
6.

10
 

(s
dd

) 
5.

67
. 

(s
xt

) 
6.

39
 

(d
d)

 
Jl

., 
10

.6
6 

Ja
A

 3
.6

7 
J,

a 
1.

09
 

J,
,,6

.2
5 

5.
80

 
(d

d)
 

6.
49

 
(d

a
) 

Js
a,

,s
 2.

57
 

J,
c,

 
0.

73
 

J,
.,,

 
8.

08
 

6.
48

 
(W

 
I,

&
.5

1 
Jh

bb
 

11
.3

9 
J,

,, 
11

.7
6 

Jy
pb

 
5.

51
 

Jw
..,

, 1
1.

=
 

7.
67

 
7.

93
 

7.
97

 
3A

c 

3 
4.

73
 

(d
) 

J,
2 

3.
42

 
4.

76
 

(d
d

) 
4.

68
 (

d
d

) 
5.

41
 (

d
d

) 
5.

46
 (

m
) 

5.
72

 (
d

d
) 

6.
33

 (
d

) 
J,

, 
10

.7
6 

J
,A

 3
.2

9 
J,

,$
 1

.3
3 

5.
79

(d
d

) 
6.

49
 (

d
) 

J,
* 

4.
06

 
J,

.,,
,s

b 
11

.5
9 

Je
.-

 
11

.6
8 

4 
4.

50
 (

d
) 

J,
z 

4.
0 

4.
83

(d
d

) 
4.

69
 

5.
43

 (
d

d
) 

3.
62

 (
d

t)
 

5.
60

 (
d

d
) 

6.
29

 (
d

) 
Jz

J 
10

.7
 

4,
. 

3.
3 

J,
>

 
1.

5 
Js

.t.
3.

3 
3.

94
 (

d
d

) 
2.

39
 (

d
) 

J,,
 

8.
4 

J-
 

11
.4

 
Jm

a 
11

.7
 

4.
77

 (
d

) 
7.

68
(d

q
1)

 
6.

06
(d

t)
 

6.
26

 (
d

d
) 

J,
.,.

 
10

.4
0 

J,
,r

 
4.

4 
6.

28
 (

d
d

) 
J

s.
,,S

.5
4 

Js
w

r 
11

.5
 

J,
.,,

5.
63

 

3.
%

(s
d

) 
5.

04
 (

sx
t)

 
6.

40
 (

d
d

) 
Js

ea
, 

1.
4 

JY
,w

. =
 

6.
47

 (
d

d
) 

JT
,e

+
b 

=
 6

.2
3 

Js
s.

#
,, 

10
.0

 

7.
64

 
7.

88
 

7.
91

 
7.

93
 

4A
c 

8.
82

 (
d

) 

J,
.,+

. 
6.

57
 

7.
80

-8
.0

 
4A

c 

T
A

B
L

E
 I

I 

13
C

-~
.~

.~
. D

A
T

A
 

(6
2 

M
H

z,
 

C
D

cI
,)

cI
 

C
om

po
un

d 
C

-I
 

c-
2 

c-
3 

c-
4 

C
-5

 
C

-6
 

C
-1

’ 
C

-2
’ 

C
-3

’ 
C

-4
’ 

C
-5

’ 
C

-6
’ 

C
H

,C
O

 
c&

C
o 

2 
89

.9
 

68
.0

 
67

.4
 

58
.7

 
67

.2
 

63
.4

 
45

.7
 

10
3.

4 
57

.1
 

55
.0

 
77

.5
 

40
.4

 
20

.7
~2

4b
.6

 
17

0.
2-

16
9.

6 
3 

89
.5

 
67

.4
 

66
.7

 
59

.0
 

68
.2

 
63

.9
 

46
.0

 
10

3.
0 

78
.2

 
39

.9
 

83
.6

 
44

.6
 

20
.7

-2
0.

5 
17

0.
1-

16
9.

6 

“C
he

m
ic

al
 sh

if
ts

 e
xp

re
ss

ed
 i

n 
p.

p.
m

. 
do

w
nf

ie
ld

 f
ro

m
 t

he
 s

ig
na

l 
fo

r 
M

e4
Si

. 



300 NOTE 

5. If the epoxidation of 1 is performed in ethyl acetate with 4 mol each of DEAD 
and TPP below 5” for 30 min, the formation of 5 is minimised and -80% of 2 is 
obtained. 

Treatment of 2 with lithium dimethylcuprate in dry ether afforded, after 
acetylation and chromatography, the 4’-C-methyl derivative 3 (22%) and the 3’- 
eno derivative 4 (16%). The structure of 3 was ascertained on the basis of ‘H-n.m.r. 
(Table I) and mass-spectral data. In the n.m.r. spectrum of 3, the resonance due to 
H-3’ at r 4.77 was shifted 1.30 p.p.m. downfield, compared to the corresponding 
signali for 1, which indicated that position 3’ was acetylated. The resonance due 
to H-4’ was identified by spin decoupling experiments as a complex doublet of 
quartets at T 7.68, which indicated that the methyl group was located at that 
position. This inference was supported further by the fact that the signal for H-4’ 
was shifted upfield by 1.58 p.p.m., as compared to the corresponding resonance for 
2. The large J3,,4, value (10.3 Hz) indicated that the epoxide ring had been opened 
by the attack of methyl nucleophile at C-4’, to give 3 having the furanoid ring in 
the p-D-frucfo configuration. A doublet at ~8.82 (JCHJ.J, 6.56 Hz) was assigned to the 
methyl group. The coupling constants (5iS2 3.4, & 10.8, JJ,l 3.3, and J4..5 1.3 Hz) of 
3 accorded with the cz-D-gufacfo configuration and 4C, conformation for the hexo- 

pyranosyl ring. The mass spectrum of 3 contained intense peaks for ions at m/z 239 
(9:6:1, a triplet) and 307 (3: 1, doublet) due to ketofuranosyl and hexopyranosyl 
cations, respectively. In the l”C-n.m.r. spectrum (Table II) of 3, the resonance due 
to C-4’ was observed upfield at r 39.9 as compared to those for 4,1’,6’-trichloro- 
4,1’,6’-trideoxy-galacto-sucrose penta-acetate (6, 6 75.0), sucrose octa-acetate” (S 
75.2), and the 3’,4’-epoxide 2 (S 55.0). A P-effect (-3.0 p.p.m.) on C-3’ and C-S’ 
was also observed. The high-field resonance at 6 15.2 was attributed to Me-4’. 

The structure of the 3’-eno compound 4 was also supported by its ‘H-n.m.r. 
and mass-spectral data. In the n.m.r. spectrum, a low-field doublet at T 3.56 for 
H-3’ was split further (-1.4 Hz), presumably due to long-range coupling with H-5’. 
This allylic coupling was also observed in H-5’ which supported the presence of the 
3’,4’-double bond in 4. The coupling constants (J,,2 4.0, & 10.7, J3.3 3.3, JJ+g 1.5 
Hz) accorded with the a-D-guhcto configuration and “C, conformation for the hexo- 
pyranosyl ring in 4. The mass spectrum of 4 contained intense peaks for ions at m/z 
223 (9:6:1, a triplet) and 307 (3:1, doublet) due to ketofuranosyl and hexo- 
pyranosyl cations, respectively. 

EXPERIMENTAL 

For general experimental details, see ref. 12. 
2,3,6-Tri-O-acetyl-4-chloro-4-deoxy-cr-D-galactopyra~osyZ 3,4-anhydro-I, 6- 

dichloro-1,6-dideoxy-/3-D-lyxo-hexulofurarzoside (2). - A cooled (0”) solution of 1 
(10 g, 25.2 mmol) in ethyl acetate was treated with DEAD (15.7 mL, 99.8 mmol) 
followed by TPP (26.2 g, 100 mmol). The mixture was kept below 5” for 0.5 h, then 
treated with methanol (15 mL), and concentrated to a syrup. Triphenylphosphine 
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oxide, which crystallised out on the addition of ether, was removed, the filtrate was 
concentrated, and the resulting syrup was treated with acetic anhydride (20 mL) 
and pyridine (100 mL) at ambient temperature for 4 h. The mixture was then con- 
centrated and the residue was eluted from a short column of silica gel with ether- 
light petroleum (1:l) to give 2 (9.85 g, 80%), m.p. 133-134” (from ether-light 
petroleum), [aID +116” (c 1, chloroform). Mass spectrum [ions (a) corresponding 
to 3: 1 doublet due to hexopyranosyl cation and (b) 9: 6: 1 triplet due to 
ketofuranosyl cation]: m/z 307 (a), 247 (a), 187 (a), 181 (b), 165 (b). 

Anal. Calc. for C,sH&l,OIO: C, 42.7; H, 4.5; Cl, 21 .l. Found: C, 43.0; H, 
4.6; Cl, 20.8. 

Reaction of 2 with lithium dimethylcuprate. - To a stirred suspension of 
cuprous iodide (10.6 g, 160 mmol) in anhydrous ether (60 mL) under nitrogen at 0” 
was added methyl-lithium-lithium bromide complex (1.5~ in ether, -54 mL) until 
the bright-yellow colour disappeared. A solution of 2 (7 g, 14 mmol) in dry ether 
(100 mL) was then added, and the suspension was stirred for 6 h, then diluted with 
aqueous ammonium chloride, washed sequentially with aqueous ammonium 
chloride, aqueous sodium hydrogencarbonate, and brine, dried (Na,SO,), and con- 
centrated. The resulting syrup was treated with acetic anhydride (12 mL) and 
pyridine (50 mL) at ambient temperature for 8 h. T.1.c. (ether-light petroleum, 
4:l) then revealed two products. The mixture was concentrated and the residue 
was eluted from a column of silica gel with ether-light petroleum (1:l) to give 
2,3,6-tri-O-acetyl-4-chloro-4-deoxy-a-D-galactopy 4-0-acetyl-1,6-dichloro- 
1,3,6-trideoxy-P-D-gEycero-hex-3-enofuranoside (4; 1.2 g, 16%), [a],, +36” (c 1, 
chloroform). Mass spectrum [ions (a) correspond to 3:l doublet due to hexo- 
pyranosyl cation and (b) 9 : 6 : 1 triplet due to ketofuranosyl cation]: m/z 307 (a), 247 

(a), 223 (b). 
Anal. Calc. for &-J-L&O,,: C, 43.9; H, 4.4; Cl, 19.2. Found: C, 44.1; H, 

4.3; Cl, 19.0. 
Eluted second was 2,3,6-tri-O-acetyl-4-chloro-4-deoxy-a-D-galactopyranosyl 

3-O-acetyl-l,6-dichloro-l,4,6-trideoxy-4-C-methyl-gD-fructofuranoside (3; 1.7 g, 
22%), [aID +55” (c 0.9, chloroform), m-p. 98-100” (from ether-light petroleum). 
Mass spectrum [ions (a) correspond to 3:l doublet due to hexopyranosyl cation 
and (b) 9:6:1 triplet due to ketofuranosyl cation]: m/z 307 (a), 239 (b), 179 (b). 

Anal. Calc. for C,,H&l,O,,: C, 44.7; H, 5.1; Cl, 18.9. Found: C, 44.9; H, 
5.2; Cl, 18.8. 
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