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ABSTRACT 

Two derivatives of p-maltosyl-(1+4)-trehalose monodeoxygenated at 
positions 4 or 4"' have been synthesized in [2+2] block syntheses. After the 
preparation of precursors with only one free hydroxyl group the deoxy 
function was introduced by a Barton-McCombie reaction. Thus, glycosylation 
of 2,3,6-tri-0-benzyl-a-~-glucopyranosyl 2,3,6-tri-O-benzyl-a-~-glucopyra- 
noside (4) with octa-0-acetyl-p-maltose (3) gave tetrasaccharide 5 with only 
one free hydroxyl group at the 4-position. The 4'-position of an allyl 
maltoside was available selectively after removal of a 4',6'-cyclic acetal and 
selective benzoylation of the 6'-position. Reduction of this derivative 11 
afforded allyl 0-(2,3-di-0-acetyl-6-O-benzoyl-4-deoxy-a-~-glucopyranosyl)- 
(1-+4)-2,3,6-tri-O-a~etyl-p-D-glucopyranoside (141, which was deallylated, 
activated as an trichloroacetimidate, and coupled to 2,3-di-O-benzyl-4,6-0- 
benzylidene-a-D-glucopyranosyl 2',3',6'-tri-O-benzyl-a-~-glucopyranoside (20). 
Several compounds were fully characterized by IH NMR spectroscopy. 
Deprotection furnished the monodeoxygenated tetrasaccharides 9 and 23. 
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770 WESSEL, VIAUD, AND TRUMTEL 

1 R = S03Na or H, DS = 2.B4 

2 R = H  

Scheme 1 

INTRODUCTION 

We have reported that sulfated P-maltosyl-(l+4)-a,a-trehalose (1)' 
effectively inhibits the proliferation of smooth muscle cells (SMC), a pivotal 
process in the development of arteriosclerotic  lesion^.^.^ The inhibitory effect 
of 1 is approximately as high as for heparin' and thus seems to mimic the 
action of heparan sulfate, an endogenous regulator of SMC growth. 

Sulfated P-maltosyl-(l+4)-trehalose is distinctly more active than 
sulfated a-maltosyl-(l+4)-trehalose and than analogous equatorially linked 
tetrasaccharides in which the maltose moiety is replaced by other 
d i saccha r ide~ . '~~  It was therefore of interest to investigate which of the 
sulfates are essential for biological activity. As detailed in a recent 
publication,6 we have synthesized selectively deoxygenated derivatives of 2 
towards this end. The analogues deoxygenated at the primary positions have 
been obtained in block syntheses via the respective iodinated derivatives.6 
Here we describe the synthesis of the tetrasaccharide analogues deoxygenated 
in positions 4 and 4"'. 

RESULTS AND DISCUSSION 

The synthetic strategy, starting with suitably protected maltose and 
trehalose building blocks, aimed at intermediates with only one free hydroxyl 
group to facilitate deoxygenation. While the parent tetrasaccharide p- 
maltosyl-(l+4)-trehalose (2) has been prepared in a [2+2] block synthesis from 
hepta-O-acetyl-maltosyl bromide and 2,3-di-O-benzyl-4,6-0-benzylidene-a-~- 
glucopyranosyl 2,3,6-tri-O-benzyl-a-~-glucopyranoside as glycosyl acceptor,' 
we envisaged for the synthesis of the analogous tetrasaccharide deoxygenated 
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3 4 

5 R = H  

6 R = C(=S)Im 

OAc 

7 

OH 

8 R = B n  HO 

9 R = H  

OR 
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Scheme 2 
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772 WESSEL, VIAUD, AND TRUMTEL 

in the 4-position 2,3,6-tri-O-benzyl-a-~-glucopyranosyl 2,3,6-tri-O-benzyI-c-~- 
glucopyranoside (4)* as an acceptor to arrive at a tetrasaccharide with the 4-hy- 
droxyl group ready for further manipulation. We have described before that 
this symmetrical glycosyl acceptor is suitable for glycosylation since, after one 
glycosylation, the reactivity of the remaining hydroxyl group seems to be 
reduced so that glycosylation is a good 'symmetry breaking' reaction.8 And 
indeed, with two equivalents of octa-O-acetyl-P-maltose (3) as glycosyl donor 
and catalysis of trimethylsilyl triflate,g a 53 % yield of tetrasaccharide 5 was 
obtained (6. Scheme 2). This example demonstrates that also block syntheses 
with unreactive glycosyl acceptors can be carried out with 1-O-acyl-sugars as 
glycosyl donors. 

Tetrasaccharide 5 was fully analyzed by NMR spectroscopy. With the 
anomeric protons being sufficiently separated, the carbohydrate protons could 
be readily assigned by a series of 1D TOCSY experiments. The assignment of 
the four sub-spectra to the individual pyranose rings was straightforward: 
one maltosyl ring could be assigned because H-1" is the only axial anomeric 
proton, the other maltosyl ring due to the low field shifted protons caused by 
the acetates. The first trehalose ring is characterized by the presence of the 4- 
OH group resonating at high field. These ring assignments were supported by 
an inter-ring H-1"+H-4' ROE. As observed with other maltosyl trehalose 
derivatives, one of the acetate signals is characteristically shifted to high field 
(6 1.71 ppm), probably due to an interaction of 2"-OAc with 6'-OBn.6#7 

The free secondary hydroxyl group in 5 was subjected to a Barton- 
McCombie reaction sequence:l0 reaction with 1,l'-thiocarbonyldiimidazole in 
refluxing acetonitrile gave the thiocarbonylimidazole derivative 6 (85 %), 
which was reduced with tributyltin hydride in toluene in the presence of 
azoisobutyronitrile (AIBN) as a radical starter to furnish tetrasaccharide 7 in 
72 % yield. For this compound no mass peak was obtained with ionspray 
mass spectroscopy, but the presence of the 4-deoxy group was evident in the 
1H NMR spectrum. After the introduction of the deoxy function on the 
tetrasaccharide level, the protective groups were removed in classical 
manner. Deacetylation of 7 with sodium methoxide in methanol to give 8 
was followed by catalytic hydrogenolysis to afford in 90 % yield the deblocked 
tetrasaccharide 9, the 4-deoxygenated analogue of tetrasaccharide 2. 

Starting point for the reduction of the 4-hydroxyl group of maltose was 
the selectively acylated ally1 2,3,6,2',3'-penta-O-acetyl-j3-maltoside ( l O ) , l l  

which has been employed as a common precursor for a number of syntheses 
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Aco 

OAll 

Aco Aco 
1 0 R = H  

12 R = OBz 
11 R = Bz 

S 1 4 R = H  

15 R = ~ A C  18 R = H  
NH 

16 R = a-Ac 19 R = a-+ 
CCI 3 

17 R = pcH2-AC 

Scheme 3 

and was available in quantity.6 Regioselective benzoylation of the primary 
hydroxyl group was achieved with benzoyl cyanide in acetonitrile in the 
presence of triethylamine, a method which has been successfully applied in 
the chemistry of nuc1eosides,l2  carbohydrate^,'^ and other oligohydroxy 
 compound^.^^ Thus, benzoylation of diol 10 gave 84 % of monobenzoate 11 
along with 10 % of dibenzoate 12 (Scheme 3). In the Barton-McCombie 
reaction of 11 with thiocarbonyldiimidazole in tetrahydrofuran/1,2- 
dichloroethane, the formation of thioimidazolide 13 proceeded in excellent 
yield (98 %). 

The maltoside 1H NMR spectra (Tables 1 and 2) were conveniently 
interpreted by first order analysis. In the spectrum of 13, the 
thiocarbonylimidazolyl residue causes a strong down-field shift of H-4' of 
nearly 2.5 ppm compared to the monohydroxyl derivative 11, and a 0.6 ppm 
stronger down-field shift than the 4'-O-benzoate. 
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Table 1. *H NMR Chemical shifts and multiplicities for compounds 11 - 17 

11 12 13 14 15 16 17 

H-1, d 

H-2, dd 

H-3, dd 

H-4, dd 

H-5, ddd 

H4a, dd 

H-6b, dd 

H-l', d 

H-2', dd 

H-3', dd 

H-4'am dd 

H-4',, ddd 

H-5', ddd 

H-6a', dd 

H-6b', dd 

4.58 4.60 4.60 

4.86 4.87 4.87 

5.25, -t 5.29, -t 5.28, -t 

4.03, -t 4.08, -t 4.04, -t 

3.68 3.72 3.71 

4.54 4.57a 4.59 

4.21 4.29 4.21 

5.38 5.47 5.47 

4.80 4.95 4.98 

5.26, -t 5.61, -t 5.64, -t 

3.59 5.46, -t 6.06, -t 
ddd -dt 

3.91, 4.24 m 
-d t -dt 

4.84 4.56a 4.56 

4.42 4.33 m 

4.57 5.74 6.24 5.57 

4.85 4.97 4.96 4.84 

5.25, -t 5.29, -t 5.52, -t 5.27, -t 

4.02, -t 4.04, -t 4.06, -t 4.01, -t 

3.65 3.81 4.08, m, 3.66 
higher 
order 

4.53 4.49 4.48 4.51 

4.21 4.21 4.18 4.20 

5.42 5.41 5.44 5.41 

4.83 4.84 4.85 4.84 

5.23, 5.23, 5.27, 5.23, 
ddd -dt ddd -dt ddd -dt ddd -dt 

1.73, 1.73, 1.76, 1.73, 
ddd-q ddd-q ddd-q ddd-q 

2.26 2.26 2.26 2.26 

m, 4.18, m 4.18, m, 4.18 

4.37 4.35, d 4.36,d 4.38 

4.34 (2H) OH) 4.34 

a. Assignments may be interchanged. 

Radical reduction of 13 with tributyltin hydride gave the protected allyl 
4'-deoxymaltoside 14 in a yield of 92 9%. The methyl 4'-deoxymaltoside has 
been prepared following a similar synthetic line.I5 

To allow the activation of the anomeric centre, the anomeric allyl 
protective group was removed with palladium chloride - sodium acetate - 
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Table 2. lH NMR Coupling constants in Hz for compounds 11 - 17 

11 12 13 14 15 16 17 

J1.2 

J2,3 

J3,4 

J4,5 

J5,6a 

k,6b 

J6a,6b 

Ji1,r 

Jr,3 

JY,Cax 

J3',4kq 

J4 'ax ,~  

J G ~ S  
J5',6a' 

J5',6b' 

J6a',6b8 

8.0 

9.0 

9.0 

9.5 

2.5 

4.3 

12.0 

4.0 

10.5 

9.5 

- 
9.8 

- 

2.8 

2.0 

12.2 

8.0 

9.0 

9.0 

9.5 

2.6 

3.8 

12.0 

4.0 

10.1 

9.9 

- 

9.8 

3.0 

3.6 

12.0 

7.9 

9.3 

9.3 

9.4 

2.4 

4.2 

12.0 

3.9 

10.5 

9.5 

- 

9.8 

- 

3.0 

- 

12.4 

8.0 

9.0 

9.0 

9.6 

2.5 

4.5 

12.1 

4.0 

10.4 

11.2 

5.0 

z11.9 

1.8 

2.8 

3.8 

12.3 

8.2 

9.2 

8.9 

9.7 

2.5 

4.3 

12.0 

4.0 

10.0 

12.0 

5.0 

-12.7 

1.9 

4.1 

4.1 

- 

3.8 

10.3 

8.1 

- 
1.9 

3.4 

12.0 

4.0 

10.6 

11.3 

5.0 

2.2 

4.0 

4.0 

- 

8.2 

9.2 

8.8 

9.5 

2.4 

4.5 

12.0 

3.9 

10.5 

11.5 

4.8 

4.5 

4.0 

11.8 

aqueous acetic acid16 under sonication.6*11 The crude product mixture was 
acetylated to afford the anomeric acetates 15 and 16 (64 %) along with 
oxopropyl P-maltoside 17 (20 As noted before! only the P-configured 
Wacker product 17 was formed. This by-product, which has also been 
observed in analogous r e a c t i o n ~ , ~ ' # ~ ~ # ~ ~  could in this case be avoided when 
oxygen was rigorously excluded, and the maltose derivative 18 was obtained 
in nearly quantitative yield (98 %),as mixture of anomers (a./P = 73). Reaction 
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BnO 

OBn 19 +- 20 

Ph 
I 

Aco 

21 

HO 

22 R' = Bn, R2 = benzylidene 

23 R' = R2 = H 
OR2 

Scheme 4 

of 18 with trichloroacetonitrile in dichloromethane, catalyzed by sodium 
hydride, furnished the a-trichloroacetimidate 19 (71 %). 

This glycosyl donor was reacted with the standard trehalose glycosyl 
a c c e p t ~ r ~ ~ ~ * ~ ~ - ~  2,3-di-0-benzyl-4,6-O-benzylidene-a-~-glucopyranosyl 2,3,6-tri- 
0-benzyl-a-D-glucopyranoside (20) to afford tetrasaccharide 21 in 71 % yield 
(Scheme 4). In contrast, employment of the anomeric acetate 15 as glycosyl 
donor gave, with catalysis of trimethylsilyl triflate, the tetrasaccharide in only 
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26 % yield. The tetrasaccharide was then deprotected by transesterification 
with sodium methanolate to afford 22 followed by catalytic hydrogenolysis to 
the free saccharide 23 (96 % over 2 steps), the 4"'-deoxy analogue of 
tetrasaccharide 2. 

In summary, two analogues of the maltosyl trehalose 2 deoxygenated at 
the 4- and 4"'-position have been prepared in [2+21 block syntheses. Isolated 
secondary hydroxyl groups were reduced effectively using the Barton- 
McCombie reaction. The investigation of the antiproliferative activities of 
the highly sulfated derivatives of the deoxygenated tetrasaccharides 9 and 23 
has shown that the sulfate in position 4 is critical for this biological effect, 
while removal of the sulfate in the 4"'-position leads only to a relatively 
small reduction in activity.23 

EXPERIMENTAL 

General Procedures. Experimental conditions were essentially as 
described before.6 MPLC = medium pressure liquid chromatography. mash 
chromatography was conducted with silica gel (0.040 - 0.063 mm, Merck, 
Darmstadt). Specific rotations were measured at 20 "C. Mass spectra were 
recorded on API 111 Saex, Perkin Elmer (ionspray) or MS 902 (FAB) with data 
system DS 2050 (VG). 

0- (2,3,4,6-Tetra-~-acety~-cl-D-g~ucopyranosy~~-~l~4~-~-~2,3,6-tri-~-acety~- 
~-D-glucopyranosyl)-(1~4)-2,3,6-tri-O-benzy~-a-D-g~ucopyranosy~ 2,3,6-Tri-O- 
benzyl-a-D-glucopyranoside (5). A s o h  of dried maltose peracetate 3 (157 mg, 
0.231 mmol) and dried glycosyl acceptor 48 (102 mg, 0.115mmol) in abs 
dichloromethane (8 mL) was stirred in the presence of 4 A molecular sieves 
for 1 h. After cooling to -20 OC trimethylsilyl triflate (42 pL) was added. The 
reaction mixture was allowed to reach rt, and stirring was continued for 2 h. 
Then triethylamine (1 mL) was added, and the reaction mixture was filtered 
through a pad of celite. After washing with dichloromethane the filtrates 
were evaporated, and the residue was purified by flash chromatography 
using toluene/ ethyl acetate 73 as eluents to furnish 5 (91 mg, 53 X) as a 
colourless solid which was crystallized from hexane: mp 68 "C; [ a l ~  +84.7 O (c 
0.3, chloroform); MS (FAB) m/z 1539.7 (45 %, [M + Kl+), 1523.7 (70 %, [M + 
Na]+); IH NMR (CDC13,400 MHz;  1D TOCSY, 1D T-ROESY) 6 7.46 - 7.14 (m, 
30H, aromat), 5.38 (dd, lH, Jy-,ce' = 9.3 Hz, H-3"'), 5.32 (d, lH, J1-.o,y = 4.0 Hz, 
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H-I"'), 5.19 (d, lH, J1,2 = 3.4 Hz, H-l), 5.16 (d, lH, J1',2 = 3.7 Hz, H-l'), 5.06 (dd - 
t, IH, J4q~y = 10.2 Hz, H-4"'), 5.05,4.86 (2 d, 2H, Jgem = 11.5 Hz, CHzPh), 5.01 (dd 
- t, IH, J y , 4 9  = 9.1 Hz, H-3"), 5.01,4.72 (2 d, 2H, Jgem = 11.5 Hz, CHZPh), 4.86 (dd, 
IH, J ~ - * J * '  = 10.7 Hz, H-2"'), 4.74,4.37 (2 d, 2H, Jgem = 12.0 Hz, CHzl'h), 4.73 (dd - 
t, 1H, J~ ,* ,T*  = 8.3 Hz, Jz*,3** = 8.9 Hz, H-Z'), 4.66, 4.62 (2 d, 2H, Jgem = 12.0 HZ, 
CHZPh), 4.60,4.57 (2 d, 2H, Jgem 12.5 HZ, CHZl'h), 4.48 (d, lH, H-l"), 4.21 (dd, 
1H, J59~9,6~"' = 3.6 Hz, J6a*8p,6bvqv = 12.6 Hz, H-6a"'), 4.11 (dd, 1H, J5",6a" = 3.0 HZ, 
J ~ ~ " , 6 b =  12.5 Hz, H-6a"), 4.09 (ddd - dt, lH, J5,ba = 4.0 Hz, H-51, 4.04 (dd, lH, 
J5,6wl= 4.0 Hz, H-6b"), 3.99 (ddd - br d, lH, H-5'),3.97 (dd, lH, J 5 ' , 6 b  = 2.2 Hz, 
H-6b111), 3.88 (dd - t, lH, J4,y = 9.8 Hz, H-4'), 3.87 (3H; ddd - br d, H-5"'; dd - t, 
J3,4 = 8.7 Hz, H-3; dd - t, H-4"), 3.83 (dd - t, lH, J T , ~  = 8.2 Hz, H-3'), 3.68 (dd - t, 
lH, J4,5 = 9.9 Hz, H-41, 3.62 (dd, IH, Js,6a' = 2.8 HZ, J6aq,6b' = 11.0 Hz, H-6a'), 3.56 
(dd, lH, J23 = 10.0 Hz, H-2), 3.50 (dd, lH, J ~ J  = 9.4 Hz, H-2'),3.48 (dd, lH, H-6a), 
3.45 (dd, lH, J5',6w 1.5 Hz, H-6b')t 3.42 (dd, IH, J5,6b = 3.0 HZ, J6a,6b = 10.4 HZ, 
H-6b), 3.13 (ddd - dt, lH, J4",5" = 10.0 Hz, H-5'7, 2.30 (d, IH, J4, 4 a H  = 2.9 HZ, 4- 
OH), 2.10, 2.07, 2.04, 2.02, 1.96, 1.92, 1.71 (7 S, 21H, OAC); NMR (CDC13, 
100MHz; DEFT, H,C-COSY) 6 99.60 (C-l"), 95.72 (C-l"'), 94.86 (C-l), 94.75 
(C-l'), 80.86 (C-3), 79.93 (C-3'), 79.48 (C-2), 78.23 (C-2'), 77.26 (CAI), 7'5.94 (C-3'), 
75.22 , 74.87, 73.80, 73.61, 73.04 (5 CHzPh), 73.03 (C-29, 72.83 (CHzPh), 72.73 
(C-4'), 71.67 (C-5"), 70.86 (C-4), 70.58 (C-5), 70.48 ((2-5'1, 70.09 (C-Z"), 69.30 
(C-3"'), 69.09 (C-6), 68.54(C-5"'), 67.94 (C-4"'), 67.61 (C-67, 63.11 (C-6'7, 61.38 
(C-6"'), 20.96,20.68 (2 Ac), 20.65 (4 Ac), 20.56 (Ac). 

Anal. Calcd for C~H92028: C, 63.99; H, 6.18. Found: C, 63.82; H, 6.20. 
0- (2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosy~)-(1~4~-~-~2,3,6-~-~-acety~- 

~-D-glucopyranosyl)-(1~4~-2,3,6-~~-O-benzyl-a-D-g~ucopyranosy~ 2,3,6-Tri-0- 
benzyl-4-O-(imidazol-l-ylthiocarbonyl)-a-D-glucopyranos~de (6) .  A soh of 
tetrasaccharide 5 (4.16 g, 2.77 mmol) and 1,l'-thiocarbonyldiimidazole 
(987mg, 5.5 mmol) in acetonitrile (10 mL) was refluxed during 18 h. After 
evaporation of the solvent, the crude reaction mixture was purified by 
chromatography over silica gel using toluene/ ethyl acetate 2:l as eluents to 
afford 6 (3.79 g, 85 %) as a colouriess foam; [a]D +96.5 (c 0.2, dioxane); MS 
(ionspray) m/z 1611.6 (45 %, [M + HI+); 1H NMR (CDC13,400 M H z )  6 8.02 (-s, 
lH, imidazolyl), 7.50 - 7.08 (m, 31H, aromat), 7.00 (-s, lH, imidazolyl), 5.88 (dd 
- t, IH, ZJ = 19.2 Hz, H-41, 5.39 (dd, lH, Jy,q#* = 9.4 Hz, H-3"'), 5.33 (d, lH, Jl***,r 

= 3.9 Hz, H-l"'), 5.20, 5.19 (2 d, 2H, H-1, H-2), 5.07 (dd - t, lH, J4*',5"* = 10.2 HZ, 
H-4"'), 5.05,4.74 (2 d, 2H, Jgem = 11.5 HZ, CHZPh), 5.04 (dd - t, 1H, J T O , ~ ,  = 9.2 Hz, 
H-3'7, 4.87 (d, lH, Jgem = 11.3 HZ, CH2Ph), 4.86 (dd, lH, J2*,3"*= 10.7 Hz, H-2"'), 
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PMALTOSYL-( 1+4)-TREHALOSE AS BIOLOGICAL PROBES. I1 779 

4.78 (d, lH, Jgem = 11.9 Hz, CH2Ph), 4.77 (dd - t, lH, J 2 , y  = 9.8 Hz, H-2"),4.69, 
4.65 (2 d, 2H, Jgem = 12.0 Hz, CHzPh), 4.65 (d, 1H, CHzPh), 4.62 (d, 1H, CH2Ph), 
4.52 (d, lH, Jgem = 11.5 Hz, CHzPh), 4.51 (d, 1H, J1**,2 = 8.0 Hz, H-l"),4.42 (d, 1H, 
Jgem = 12.0 Hz, CH2Ph), 43414.31 (2 d, 2H, Jgem = 11.8 Hz, CH2Ph)t 4.24 (ddd - dt, 
lH, H-5), 4.21 (dd, lH, J5**,6a"* = 3.4 Hz, H-6a"'), 4.16 (dd, IH, J5",6a" = 2.5 Hz, 
J6a",6b0' = 12.0 Hz, H-6a"), 4.10 (dd - t, J3,4 = 9.3 Hz, H-3), 4.07 (dd, lH, J5**,6b1 = 

3.7Hz, H-6b"), 4.01 - 3.85 (m, 6H, H-3', H-4, H-S, H-4", H-S", H-6bt'), 3.70 
(dd, lH, J1,2 = 3.4 Hz, J2,3 = 9.3 Hz, H-2), 3.68 (dd, lH, Js,6a* = 2.0 Hz, H-6a'), 3.52 

= 11.0 Hz, H-6a), 3.16 (ddd - dt, lH, J4",5* = 9.6 Hz, H-5"), 3.03 (dd, lH, J5,ab = 

Anal. Calcd for C&1Hgfl2028!5 C, 62.60; H, 5.88; N, 1.74; S, 1.99. Found 
C, 62.74; H, 5.94; N, 1.70; S, 2.04. 

0- (2,3,4,6-Teh.a-O-acetyl-a-D-glucopyanosyl)-(l~4~-O-~2,3,f+~-O-acety~- 
~-D-glucopyranosyl)-(l~4)-2,3,6-tri-O-benzyl-a-D-glucopyaosy~ 2,3,f+Tri-O- 
benzyl-4-deoxy-a-D-glucopyranoside (7). A soln of thiocarbonylimidazole 
derivative 6 (1.0 g, 0.62 mmol) in toluene (8 mL) was refluxed in the presence 
of tributyltin hydride (0.64 mL, 2.48 mmol) and a catalytic amount of AIBN 
(ca. 15 mg). After 2 h more tributyltin hydride (0.32 mL, 1.24 mmol) was 
added. After another 30 min at reflux the solvent was evaporated. The crude 
reaction mixture was purified by chromatography over silica gel using 
toluene/ ethyl acetate 2:l as eluents to afford 7 (660 mg, 72 %) as a colourless 
foam; [ a ] ~  +93.2 O (c 0.5, dioxane); 1H NMR (CDC13,400 MHz) 6 7.48 - 7.16 (m, 
30H, aromat), 5.38 (dd, lH, Jy,gl* = 9.7 Hz, H-3"'), 5.31 (d, lH, J I , ; , ~  = 3.8 Hz, 

(dd, lH, J5,6b S 1.5 Hz, J6a',6b = 10.5 Hz, H-6b'), 3.24 (dd, IHr J5,6b = 2.8 Hzt J6a,6b 

3.5 Hz, H-6b), 2.11,2.07,2.04,2.02,1.97,1.92,1.73 (7 S, 21H, OAC). 

H-l"'), 5.22 (d, lH, J1,2 = 3.4 Hz, H-l), 5.20 (d, lH, J11,~ = 3.9 Hz, H-1'),5.06 (dd - 
t, lH, Jt**,p' = 9.8 Hz, H-4'"), 5.01 (d, lH, CHzPh), 5.00 (dd - t, lH, XJ = 17.9 Hz, 
H-3"), 4.86 (dd, lH, J ~ ~ ~ , y ~ =  10.3 Hz, H-2"'), 4.78 - 4.64 (m, 7H, 6 CH2Ph, H-29, 
4.64,4.57 (2 d, 2H, Jgem = 12.0 Hz, CH2Ph), 4.50, 4.45 (2 d, 2H, Jgem = 12.1 Hz, 
CHzPh), 4.46 (d, lH, J 1 . 1 2  = 8.0 Hz, H-l"), 4.30 (w, lH, H-5),4.21 (dd, 1H, Js**ha*** 

= 3.4 Hz, J6a~*',6b"* = 12.3 HZ, H-6a"'), 4.11 (dd, 1H, J5",6a" = 2.6 Hz, J6a",6b" = 

12.0 Hz, H-6a"), 4.04 (ddd - dt, H-3), 4.02 (2H; dd, H-6b"; ddd - br d, H-5'), 3.97 
(dd, lH, J5"0,6~.1 = 2.0 Hz, H-6b"), 3.88 (dd - t, lH, H-4'), 3.86 (2H; ddd - br d, 

11.0 Hz, H-6a'), 3.51 (2 dd, 2H, H-2, H-2'1, 3.47 (dd, IH, J5',61$ 11.2 Hz, H-6b), 
3.37 (dd, 1H, J5,6b = 3.7 Hz, H-6a), 3.29 (dd, 1H, = 5.0 Hz, J 6 4 b  = 10.1 Hz, 
H-6b), 3.13 (ddd - dt, lH, J4",5" = 9.3 Hz, J5",6bi = 3.6 Hz, H-S'), 2.08 (m, lH, 

H-5"'; dd - t, H-4'9, 3.81 (dd - t, lH, H-3'1, 3.63 (dd, IH, J~,6a'  = 2.5 HZ, J6a1,6b' = 
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H-4,,), 2.10, 2.07, 2.04, 2.02, 1.96, 1.90, 1.69 (7 S, 21H, OAC), 1.58 (ddd - 9, lH, 
H-4,). 

Anal. Calcd for CNH92027: C, 64.68; H, 6.24. Found: C, 64.49; H, 6.34. 
0- a-D-Glucopyranosyl- (1+4) -o--~D-g~ucopyranosy~- (1+4) -23,fj-tri-O- 

benzyl-a-D-glucopyranosyl 2,3,6-Tri-O-benzyl-4-deoxy-a-D-glucopyranoside 
(8). To a soln of 7 (760 mg, 0.512 mmol) in methanol (8 mL) was a added a 
soln of sodium methanolate (6 drops of 2.0 g Na/ 100 mL methanol) at rt. 
The reaction mixture was kept for 18 h at rt, neutralized with Amberlite IR 
120 (H+) and filtered. After addition of a few drops of triethylamine, the 
filtrate and methanol washings were concentrated to obtain 8 (530 mg) 
quantitatively as a colourless foam: [ a l ~  +117.3 O (c 0.3, dioxane); MS 
(ionspray) m/z 1208.8 (100 %, [M + NH#). 

Anal. Calcd for C66H78020: C, 66.54; H, 6.60. Found: C, 66.49; H, 6.68. 
0- a-D-Glucopyranosyl- (1+4) -o-~-D-glucopyranosy~- (1+4) -a-D-gluco- 

pyranosyl 4-Deoxy-a-D-glucopyranoside (9). A soln of 8 (510 mg, 0.43 mmol) 
in ethanol/water 1:2 (15 mL) was hydrogenated in the presence of 10 % 
palladium on charcoal (200 mg) at 1.1 bar for 5 d. The reaction mixture was 
filtered through a pad of filter aid and washed with ethanol water 1:l. After 
addition of a few drops of triethylamine the filtrate was concentrated. The 
residue was chromatographed on Sephadex LH 20 using methanol/water 1:l 
as eluent to obtain pure 9 (250 mg, 90 %) as a colourless solid: [ a l ~  +152.5 O (c 
0.2, water); MS (ionspray) m/z 673.2 (55 %, [M + Nal+); 1H NMR (D20, 
400 MHz) 6 5.42 (d, lH, J1"',y* = 3.8 HZ, H-l"'), 5.22, 5.20 (2 d, 2H, J1,2 = 3.6 Hz, 
J1*,z = 3.9 HZ, H-1, H-l'), 4.54 (dd, lH, J~**J# = 8.0 Hz, H-l"), 2.03 (ddd, lH, H-4q), 
1.49 (ddd - 4, lH, H-4,x). 

Anal. Calcd for C24H42O20: C, 44.31; H, 6.51. Found: C, 44.18; H, 6.59. 
Allyl 0-(2~-Di-O-acetyl-6-O-benzoyl~-D-glucopyranosyl~-~1~4~-2,3,6-tr~- 

O-acetyl-P-D-glucopyranoside (11) and Allyl 0-(2,3-Di-O-acety1-4,6-di-O- 
benzoyl-a-D-glucopyranosyl)-~1+4~-2~,6-~-O-acetyl-~-D-g~ucopyranos~de (12). 
To a soln of diol 10 (1.04 g, 1.76 mmol) in acetonitrile (5 mL) and 
triethylamine (0.49 mL) was added benzoyl cyanide (253 mg, 1.93 mmol). The 
reaction mixture was stirred at 0 "C for 30 min, poured on ice/ water, and 
extracted with ethyl acetate. The organic phases were washed with cold water, 
dried over sodium sulfate, and concentrated. The crude reaction product was 
purified by MPLC using hexane/ ethyl acetate 1:l as eluents to afford pure 12 
(147 mg, 10 %) followed by 11 (1.03 g, 84 %) as a colourless foam. 
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Data for 11: [ff]D +24.5 O (c 0.2, dioxane); MS (FAB) mlz 735 (50 %, [M + K]+), 
719 (30 %, [M + Na]+), 697 (10 %, [M + HI+); lH NMR (CDC13,400 MHz)  6 8.07 
(m, - d, 2H, aromat), 7.61 (m, - t, lH, aromat), 7.48 (m, - t, 2H, aromat), 5.85 
(dddd, lH, allyl), 5.28,5.21 (2 dddd - dq, 2H, allyl), 4.32,4.10 (2 dddd - ddt, 2H, 
allyl), 3.18 (d, lH, J 4 ' , 4 ' ~ 3 ~  = 5.4 Hz, 4'-OH), 2.16, 2.08, 2.05, 2.03, 1.99 (5 s, 15H, 
OAc); for further 1H NMR data see Tables 1 and 2. 

Anal. Calcd for C32&017: C, 55.17; H, 5.79. Found: C, 55.02; H, 5.85. 
Data for 12: [ff]D +57.0 O (c 0.2, dioxane); MS (FAB) m/z 839 (60 %, [M + K]+), 
823 (50 %, [M + Na]+), 801 (10 %, [M + HI+); IH NMR (CDC13,400 MHz) 6 8.03 
(m, - d, 2H, aromat), 7.96 (m, - d, 2H, aromat), 7.59 - 7.54 (m = 2 m, - t, 2H, 
aromat), 7.41 (m, - t, 4H, aromat), 5.85 (dddd, lH, allyl), 5.28,5.21 (2 dddd - dq, 
2H, allyl), 4.32,4.10 (2 dddd - ddt, 2H, allyl), 2.15,2.07, 2.04,2.02,1.91 (5 s, 15H, 
OAc); for further 1H NMR data see Tables 1 and 2. 

Anal. Calcd for C39H44018: C, 58.50; H, 5.54. Found: C, 58.41; H, 5.61. 
Allyl 0-[2,3-Di-0-acetyl-6O-benzoyl-4-O-(imid~ol-l-yl~oc~bonyl)-cr-D- 

glucopyranosyl]-(l+4)-2,3,6-tri-O-ace tyl-P-D-glucopyranoside (13). A soln of 
disaccharide 11 (7.0 g, 10.05 mmol) in tetrahydrofuran (30 mL) and 1,2- 
dichloroethane (30 mL) was refluxed under argon in the presence of 1,l'- 
thiocarbonyldiimidazole (2.69 g, 15.07 mmol) for 3h. The reaction mixture 
was concentrated and purified by MPLC using hexane/ ethyl acetate 1:l as 
eluents to afford pure 13 (8.03 g, 98 %) as a colourless foam: [ff]D +82.0 O (c 0.2, 
dioxane); MS (ionspray) m/z 807 (100 %, [M + HI+); 'HNMR (CDC13, 
400 MHz) 6 8.28 (-s, lH, imidazolyl), 7.99 (m, - d, 2H, benzoyl), 7.60 - 7.55 (m, 
2H, benzoyl and imidazolyl), 7.43 (mc- t, 2H, benzoyl), 7.02 (-s, lH, 
imidazolyl), 5.85 (dddd, lH, allyl), 5.28,5.21 (2 dddd - dq, 2H, allyl), 4.38 - 4.32 
(m, 2H, H-S, H-6b), 4.33,4.11 (2 dddd - ddt, 2H, allyl), 2.14,2.07,2.04,2.02,1.94 
(5 s, 15H, OAc); for further IH NMR data see Tables 1 and 2. 

Anal. Calcd for CxH42N2017S: C, 53.59; H, 5.25; N, 3.47; S, 3.97. Found 
C,53.54; H, 5.30; N, 3.38; S, 3.96. 

Allyl O-(2~-Di-O-acetyl-6O-benzoyl-4deoxy-a-D-~ucopyranosyl)-~l~4~- 
2,3,6-tri-O-acetyl-~-D-glucopyranoside (14). To a refluxing s o h  of tributyltin 
hydride (5.26 mL, 19.7 mmol) and AIBN (150 mg) in toluene (15 mL) was 
added dropwise a soln of thiocarbonylimidazole derivative 13 (4.0 g, 
4.93mmol) in toluene (10 mL) during 15 min. After another 15 min at  reflux 
the reaction mixture was concentrated and purified by chromatography on 
silica gel using hexane/ ethyl acetate 2:l as eluents to afford pure 14 (3.12 g, 
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782 WESSEL, VIAUD, AND TRUMTEL 

92 %) as a colourless foam: [a]D +35.0 O (c 0.2, dioxane); MS (ionspray) m / z  

703 (25 %, [M + Na]+), 698 (100 %, [M + NH41+); IH NMR (CDCl3,400 M H Z )  6 
8.05 (m - d, 2H, aromat), 7.59 (m, - t, lH, aromat), 7.47 (m - t, 2H, aromat), 
5.84 (dddd, lH, allyl), 5.27,5.20 (2 dddd - dq, 2H, allyl), 4.31,4.09 (2 dddd - ddt, 
2H, allyl), 2.11, 2.07 (2 s, 6H, OAc), 2.03 (s, 6H, OAc), 2.01 (s, 3H, OAc); for 
further 1H NMR data see Tables 1 and 2. 

Anal. Calcd for c32H40016: C, 56.47; H, 5.92. Found: C, 56.25; H, 5.97. 
0- (2,3-Di-O-acetyl-6-O-benzoyl-4-deoxy-a-D-glucopyranosyl~ - (1+4)- 

1,2,3,6-tetra-O-acetyl-~D-glucopyranose (15),0-(2,3-Di-O-acetyl-6-O-benzoyl-4- 
deoxy-a-D-glucopyranosyl)-(l~4)-1,2,3,6.tetra-O-acetyl~-D-g~ucopyr~ose (161, 
and Oxopropyl 0-(2,3-Di-O-acetyl-6.O-benzoyl-4-deoxy-a-D-glucopyranosyl~- 
(1-+4)-2,3,6-tri-0-acety1-~-D-glucopyranos~de (17). To a soln of allyl glycoside 
14 (550 mg, 0.81 mmol) in 90 % aqueous acetic acid (50 mL) was added 
palladium chloride (573 mg, 3.23 mmol) and sodium acetate (573 mg). The 
reaction mixture was sonicated for 3 h. The mixture was then filtered over 
Speedex, and the residue was washed with ethyl acetate. The combined 
filtrates were concentrated. The residue was acetylated with acetic anhydride 
(15 mL) in pyridine (20 mL) for 18 h at rt. The reaction mixture was poured 
onto ice/ water and extracted with ethyl acetate. The organic solutions were 
washed with 2n sulfuric acid/ice, saturated sodium bicarbonate soln/ice and 
ice water, dried over sodium sulfate, and concentrated. The residue was 
separated by MPLC using ethyl acetate/ hexane 1:l as eluent to afford pure 15 
(101 mg, 18 %), a mixture of anomers 15/ 16 (175 mg, 32 %) and pure 16 (80 
mg, 14 %) followed by 17 (115 mg, 20 %). 

Data for 15: [a]D +51.5 O (c 0.2, dioxane); MS (ionspray) m/z 705 (25 %, [M + 
Na]+), 700 (100 %, [M + NH#); 1H NMR (CDCl3,400 MHz) 6 8.05 (m - d, 2H, 
aromat), 7.59 (m, - t, lH, aromat), 7.47 (m - t, 2H, aromat), 2.11,2.10,2.07,2.03, 
2.02,2.01 (6s, 18H, OAc), 1.73 (ddd - q, lH, J4eq,cax = 12.7 Hz, H-4'aJ; for further 
1H NMR data see Tables 1 and 2. 

Anal. Calcd for C31H38017: C, 54.55; H, 5.61. Found: C, 54.53; H, 5.70. 
Data for 16: [a]D +110.0 O (c 0.2, dioxane); MS (ionspray) m/z 705 (25 %, [M + 
Na]+), 700 (100 %, [M + NH4]+), 623 (80 %, [M + H - AcOH]+); IH NMR 
(CDC13,400 MHz) 6 8.05 (m, - d, 2H, aromat), 7.59 (m, - t, lH, aromat), 7.47 (m 
- t, 2H, aromat), 2.21, 2.11, 2.10, 2.034, 2.026, 1.99 (6s, 18H, OAc), 1.76 (ddd - q, 
IH, XJ = 36.2 Hz, H-4aJ; for further 1H NMR data see Tables 1 and 2. 

Anal. Calcd for C31H38017: C, 54.55; H, 5.61. Found: C, 54.39; H, 5.67. 
Data for 17: [ a ] ~  +35.0 O (c 0.2, dioxane); MS (ionspray) m/z 719 (30 %, [M + 
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Na]+), 714 (100 %, [M + N&l+), 697 (15 %, [M + HI+); IHNMR (CDC13, 
400 MHz) 6 8.05 (q - d, 2H, aromat), 7.59 (m, - t, lH, aromat), 7.47 (m, - t, 2H, 
aromat), 4.21,4.13 (2 d, 2H, CHd, 2.15, 2.10, 2.07,2.06, 2.03,2.02 (6s, 18H, OAc), 
1.73 (XJ = 36.3 Hz); for further *H NMR data see Tables 1 and 2. 

Anal. Calcd for C32%017: C, 55.17; H, 5.79. Found: C, 55.13; H, 5.82. 
0- (2,3-Di-O-acetyl-6-O-benzoyl-4-deoxy-a-cc-D-glucopyranosyl)- (1+4)-2,3,6. 

tri-O-acety~-D-g~ucopyranose (18). A soln of ally1 glycoside 14 (3.0 g, 4.41 
mmol) in 90 % aqueous acetic acid (50 mL) was evacuated several times 
followed by flushing with argon. Then palladium chloride (3.13 g, 17.63 
mmol) and sodium acetate (3.13 g) were added, and the reaction mixture was 
sonicated for 3 h. The mixture was worked up as described above for 15. The 
crude product was purified by MPLC using ethyl acetate/ hexane 1:l as eluent 
to afford pure crystalline 18 (2.77 g, 98 %): mp 185.4 - 186.3 "C; MS (ionspray) 
m/z 679 (20 %, [M + Kl+), 663 (50 %, [M + Nal+), 658 (100 %, [M + NH41+); 
IH NMR (CDC13, 400 MHz) 6 8.05 (m, - d, 2H, aromat), 7.59 (m, - t, lH, 
aromat), 7.47 (m - t, 2H, aromat), 5.45 (d, 0.7H, J I . , ~  = 3.9 Hz, H-l'(a)), 5.41 (d, 
0.3H, J11,~ = 3.9 Hz, H-l'(p)), 5.37 (dd - t, 0.7H, J1,2 = 3.6 HZ, H-l(a)), 3.72 (ddd, 
0.3H, J4.5 = 9.5 Hz, H-5(p)>, 3.40 (d, 0.3H, JI,I-OH = 7.5 Hz, OH-l(p)), 3.04 (d, 0.7H, 
J1,l-o~ = 3.2 Hz, OH-l(u)), 2.30 - 2.23 (2 ddd, lH, H-4',), 2.12 - 2.02 (5~ ,  15H, 
OAC), 1.80 - 1.70 (2 ddd - q, lH, H-4'm). 

Anal. Calcd for C~Hs016 :  C, 54.37; H, 5.66. Found: C, 54.30; H, 5.68. 
0- (2~-Di-O-acetyl-~O-benzoyl-4-deoxy-a-D-~ucopyranosyl)- (1+4) -0- 

(2~,6-tri-O-acetyl-a-D-glucopyranosyl)-tr~chloroacet~~date (19). To a soln of 
18 (150 mg, 0.23 mmol) in dichloromethane (2 mL) and trichloroacetonitrile 
(0.2 mL) was added sodium hydride (40 mg, 80 % in oil) at 0 OC. After 24 h at 
rt the reaction mixture was filtered over Speedex and concentrated. 
Purification by MPLC using toluene/ ethyl acetate as eluents gave pure 1 9  
(130 mg, 71 %). MS (ionspray) m/z 806 (30 %, [M + Nal+>; 'H NMR (CDC13, 
400MHz) 6 8.66 (s, lH, NH), 8.05 (mc- d, 2H, aromat), 7.59 (mc- t, lH, 
aromat), 7.49 (m, - t, 2H, aromat), 6.48 (d, lH, J1,z = 3.7 Hz, H-l),5.62 (dd - t, 
5.0 Hz, Jr,qax = 10.4 Hz, H-3'),5.00 (dd, lH, J2,3 = 9.8 HZ, H-2),4.86 (dd, lH, J2,x = 
10.4 HZ, H-2), 4.52 (dd, 1H, J s , ~ ~  = 1.8 fi, J6a,6b = 12.0 m, H-6a), 4.36 (d, 2H, Jy,< 

= 4.0 Hz, H-6'), 4.24 (dd, lH, J5,6b = 4.0 Hz, H-6b),4.22 - 4.15 (m, 2H, H-5, H-S), 

lH, J3,4 = 9.0 Hz, H-3), 5.44 (d, lH, J1',2 = 3.9 Hz, H-1'),3.81 (ddd - dt, IH, J 3 , ~ q  = 

4.08 (dd - t, lH, J4,5 = 9.2 Hz, H-4), 2.27 (ddd, lH, H-4',4, 2.10, 2.09, 2.04, 2.03, 
1.99 (5 S, 15H, OAC), 1.74 (ddd - 9, IH, H4,). 
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0- (2~-Di-O-acetyl-6-O-benzoyl-4-deoxy-a-D-glucopyranosyl) - (1-4) -0- 
(2,3,6-tri-O-acety~-~-D-ghcopyranosy~) - (1+4) - 2,3,6-tri-O-benzyl-a-D-gluco- 
pyranosyl 2,3-Di-0-benzyl-4,6-O-be~ylidene-a-D-glucopyranoside (21). A 
soln of imidate 19 (170 mg, 0.22 mmol) and glycosyl acceptor 20 (190 mg, 
0.22 mmol) in abs dichloromethane (2 mL) was stirred at rt in the presence of 
4 A molecular sieves for 1 h. A soln of trimethylsilyl triflate (25 pL) in 
dichloromethane (1 mL) was added at -30 "C, and the mixture was stirred at 
-25 OC for 3 h. Then the reaction mixture was poured into ice/ aqueous 
sodium bicarbonate s o h  and extracted with ethyl acetate. The organic phases 
were washed with ice/ water, dried over sodium sulfate, and concentrated. 
The residue was purified by MPLC using ethyl acetate/ hexane 2:3 as eluent to 
afford pure tetrasaccharide 21 (230 mg, 71 9%) as a colourless syrup; [ a l ~  +80.5 O 

(c 0.2, dioxane); MS (ionspray) m/z 1520.5 (50 %, [M + NH41+); 1H NMR 
(CDC13,400 MHz) 6 8.04 (m, - d, 2H, benzoyl), 7.59 (m, - t, lH, benzoyl), 7.50 - 
7.20 (m, 32H, aromat), 5.53 (s, lH, CHPh), 5.32 (d, lH, J1*a',y = 3.9 Hz, H-l"'), 
5.26 (ddd - dt, lH, JT**,4*'eq = 5.0 HZ, J 3 0 ' , 4 ' a x =  11.0 Hz, H-3"'), 5.13,5.12 (2 d - t, 
IH, H-1, H-l'), 5.03 (dd - t, IH, J3,4+ 8 Hz, H-3"), 5.02,4.72 (2 d, 2H, CHzPh), 
5.00,4.89 (2 d, 2H, Jgem = 11.0 Hz, CH2Ph), 4.83 (dd, lH, Jz*',yo*= 10.5 Hz, H-Z"), 
4.74,4.39 (2 d, 2H, Jgem = 12.0 HZ, CH2Ph), 4.73 (dd - t, lH, H 2"), 4.72t4.68 (2 d, 
W, Jge, = 12.0 Hz, CHzPh), 4.66,4.61 (2 d, W ,  Jgem = 12.0 Hz, CH2Ph), 4.51 (d, lH, 
J 1 - 0 , ~  = 8.0 Hz, H-I"), 4.32 (dd, IH, J5**,6a**' = 4.0 Hz, J6a"',6b"' 12 HZ, H-6a9, 4.29 
(dd, lH, J5" ' , 6~ '  zs 3.5 Hz, H-6b"'), 4.25 (ddd, IH, J5,6a = 5.0 Hz, H-51t4.20 (dd, IH, 
JS..,~,! = 1.9 Hz, H-6a"), 4.14 (dd - t, lH), 4.12 - 3.98 (m, 4H), 3.93 - 3.84 (m, 3H), 
3.66 - 3.50 (m, 6H), 3.46 (dd, lH, J5',6b = 1 Hz, J&,0,6v = 10.5 Hz, H-6b'), 3.15 (ddd, 
lH, J4,y = 9.5 Hz, J5,6aq* = 2.5 HZ, Js*,6b = 43.8 HZ, H-5"), 2.22 (ddd, IH, H-4"'eq)r 
2.11,2.03,1.97,1.89,1.71 (5 S, 15H, OAC), 1.74 (ddd - 9, lH, H-4"'ax). 

0- (4-Deoxy-a-D-g~ucop yranosy~) - (1+4) - 0- p-D-gIucopyranosy~- (1+4)- 
2,3,6-tri-O-benzyl-a-D-gluco-pyranosyl2,3-Di-O-benzyl-4,6-0-benzylidene-a-D- 
glucopyranoside (22). To a soln of 21 (230 mg, 0.15 mmol) in cyclohexane 
(1 mL) and methanol (3 mL) was added a soln of sodium methanolate (0.2 mL 
of 2 g Na/ 100 mL methanol) at rt. The reaction mixture was stirred for 16 h 
at rt, neutralized with Amberlite IR 120 (H+), and filtered. After addition of a 
few drops of triethylamine, the filtrate and methanol washings were 
concentrated. The residue was purified by MPLC using ethyl acetate/ 
methanol/ water 185:lO:S as eluent to obtain 22 (182 mg) quantitatively as a 
colourless foam: MS (FAB) m/z  1227.4 (40 %, [M + Kl+>, 1211.4 (90 %, [M + 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



PMALTOSYL-( 1+4)-TREiHALOSE AS BIOLOGICAL PROBES. 11 785 

Na]+), 1189.4 (20 %, [M + HI+); IH NMR (CDC13, 400 MHz) 6 7.50 - 7.25 (m, 
30H, aromat), 5.55 (s, lH, PhCHO), 5.14 - 5.12 (m, 3H, H-1"', H-1, H-l'), 4.98, 
4.85 (2 d, W, Jgem = 11.0 Hz, CHzPh), 4.95,4.91 (2 d, 2H, Jgem = 11.5 Hz, CHzPh), 
4.80, 4.63 (2 d, 2H, Jgem = 12.0 Hz, CH2Ph), 4.70, 4.67 (2 d, 2H, Jgem 12 Hz, 
CHzPh), 4.59,4.45 (2 d, 2H, Jgem = 12.0 Hz, CHzPh), 4.41 (d, 1H, J~",Y = 7.8 Hz, 
H-1"),4.25 (ddd - dt, lH, J5,% = 5.0 Hz, H-5), 1.82 (ddd, lH, H4"'q), 1.39 (ddd- 
q, lH, H-4"'ax). 

glucopyranosyl a-D-Glucopyranoside (23). A s o h  of 22 (182 mg, 0.15 mmol) 
in ethanol/water 3:l (10 mL) was hydrogenated in the presence of 10 % 
palladium on charcoal (120 mg) at 1.1 bar for 18 h. The reaction mixture was 
filtered through a pad of filter aid which was washed with ethanol/ water 1:l. 
The filtrates were concentrated and filtered over Sephadex LH 20 using water 
as eluent to obtain pure 23 (92 mg, 96 %) as a colourless solid: [ a ] ~  +164.5 O (c 
0.2, water); MS (ionspray) m/z 673 (100 %, [M + Na]+); 1HNMR (D20, 

0- ( 4 - D e o x y - a - D - ~ u c o p y r a n o s y ~ ~ - ~ l ~ ~ - ~ - ~ D - ~ u c o p ~ ~ o s y ~ - ~ l ~ ~ ~ - D -  

400 MHz) 6 5.42 (d, lH, Ji"*,y = 4.0 Hz, H-l"'), 5.20,5.19 (2d, 2H, H-1, H-l'), 4.53 
(dd, IH, J~V*,Y = 7.9 Hz, H-l"), 1.99 (ddd, 1H, H-4"'eq), 1.45 (ddd- q, 1H, H4"a). 

Anal. Calcd for C24H42O20: C, 44.31; H, 6.51. Found: C, 44.27; H, 6.54. 
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