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ABSTRACT 

The first approach to a general synthesis of (1 *a)-B-D-xylo-oligosaccharides 
is described_ Thus, 1,2,3-tri-O-acetyl4O-benzyl-B_D-xylopyranose was treated with 
hydrogen bromide in dichloromethane to give the corresponding glycosyl bromide 3, 
which was condensed with 1,2,3-tri-O-acetyl-/3-~xylopyranose. The /J-linked di- 
saccharide formed, bearing at 04 of its non-reducing end the selectively removable 
benzyl group, was submitted to hydrogenolysis to afford a disaccharide nucleophile 
21, having H04’ free, which was again treated with 3. This sequence of reactions 
was repeated two more times and the isolated products 17-20 were deprotected to 
give a homologous series of lower xylo-oligosaccharides (from the disaccharide to the 
pentasaccharide), demonstrating thus the feasibility of stepwise construction of xylo- 
oligosaccharide molecules_ The corresponding a-linked oligosaccharides S-8, present 
in the mixtures from the condensation reactions, were also isolated and characterized. 
i3C-N.m.r. spectral characteristics for six homologous series of variously substituted 
(1+4)-D-xylo-oligosaccharides are presented. 

INTRODUCTION 

(1+4)-j?-D-Xylo-oligosaccharides arefound among products ofpartial hydrolysis 
of xylans from hardwoods *_ Their isolation by chromatography is tedious and 
affords the desired products, particularly xylotriose and higher oligosaccharides, in 
only low yields. Several syntheses of the lowest member of the series of xylo-oligo- 
saccharides, xylobiose, have been described in the literature3-6 and very recently’ 
we have reported the first chemical synthesis of xylotriose. None of the procedures 
cited can be extended to the synthesis of higher (1 +4)-j?-D-xylo-oligosaccharides. 

One possibility for a general synthesis of xylo-oligosaccharides constitutes a 
stepwise construction (sequential synthesis) of the desired oligosaccharide molecule 
by Koenigs-Knorr reaction. It requires a D-xylosyl halide substituted at positions 2 
and 3 with “permanent” blocking groups R and having at position 4 a protecting 

*For a preXminary report, see ref- 1. 
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group R’ that may be re_moved selectively (A-type halide)_ Condensation of A with 
a D-xylose derivative having only HO-4 unsubstituted, for example a nucleophile of 
type B, followed by selective removal of the 4_substituent, would yield a product 
suitable for another condensation with the same halide (Scheme 1). Theoretically, 
this approach has no limitations, and its practical limitation lies in the yields of the 
desired products and the availability of methods for their isolation_ In the present 
work, we describe sequential synthesis of lower xylo-oligosaccharides (from the 
disaccharide to the pentasaccharide) and thus report for the first time an approach 
to a general synthesis of (144)~P-D-xylo-oligosaccharides. Also presented are 13C- 
n-m-r_ spectral characteristics of six homologous series of variously substituted (l-4)- 
D-xylo-oligosaccharides prepared through this work. 

RESULTS .4ND DlSCUSSION 

S_snffzesis. - An important factor in the strategy of chemical synthesis of higher 
oligosaccharides having the desired anomeric configurations and positions of the 
inter-sugar linkages is the selection of blocking groups in the molecules reacting. 

Properly chosen blocking groups in the glycosyl halide and the nucleophile should 
assrjre formation of the glycosidic linkage only at the desired position and they should 
allow for several cycles of selective partial deblocking, leading to nucleophiles 
suitable for further condensations. Also, the blockin g groups should be easily remov- 
able when the construction of the desired oligosaccharide chain-length has been 
achieved. In the D-xyiose series, these requirements are satisfied by 2,3-di-O-acetyl-4- 
O-chloroacetyl-cr-D-xylopyranosyl bromide’ (1) (as a suitable A-type D-xylosyl 
halide) and 1,2,3-tri-O-acetyl-@-D-xylopyranose (2) (as a B-type nucleophile, Scheme 
1). However, bromide 1 cannot be prepared without recourse to chromatography 
during the isolation of several of its precursors and, therefore, its large-scale prepara- 
tion as required for the sequential synthesis of homo-oligosaccharides, is impractical. 
In the syntheses of xylo-oligosaccharides described here, 2,3-di-O-acetyl-4-O-benzyl- 
a$-D-xylopyranosyi bromide (3) is used as a glycosylating agent and the acetate 2 
as the basic nucleophile. Compounds 2 and 3 can both be prepared from one starting 
material, namely, l,2,3-tri-0-acetyl-4-4-O-benzyl-~-D-xylopyranosep (4), on the centi- 
gram scale in excellent yields, without chromatographic isolation of any inter- 
mediates. The condensation reactions were performed in acetonitrile with mercuric 
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cyanide as the catalyst and hydrogen bromide as scavenger, and the r- and P-linked 
oligosaccharide derivatives formed were isolated by gradient elution from columns 
of silica gel. When 2-3 molar proportions of 3 were used, the nucleophiles reacted 
almost completely_ The p-linked oligosaccharide was invariably the main product, 
and the stereoselectivity of formation of the oligosaccharide (‘1 :/I z 1 : I-5) did not 
appear to be affected by the chain-length of the nucleophile, as judged by t.1.c. and 
the isolated yields of pairs of z and /3 anomers. The confi,ouration at the newly 
formed interglycosidic linkage in the pairs of compounds 5 and 17,6 and 18,7 and 19, 
and 8 and 20, tentatively assigned on the hasis of specific optical rotation, was 
confirmed by r3C- n.m.r. spectroscopy (see later). On thin-layer chromatograms, the 
a-linked oligosaccharide derivatives 5-8 migrated invariably somewhat faster than 
their /?-linked counterparts 17-20. With the elongation of the oligosaccharide chain, 
the resolution of the a&pairs of products became worse and, in order to distinguish 

satisfactorily between the pairs of tetrasaccharides 7 and 19 and pentasaccharides 8 
and 20, multiple development of chromatograms was necessary_ Therefore, the yields 
of pure products isolated depended largely upon the efficiency of preparative separa- 
tion by column chromatography (in some runs, repeated chromatography was 

necessary)_ 

n R Series 
5 0 BLI E 

6 1 6Zl lx 

7 * BZ1 lx 

6 3 6.71 n? 

9 0 H P 

10 1 H P 

11 2 H P 

12 3 H P 

13 0 AC PI 

14 1 AC PI 

15 2 AC XI 

16 3 AC XI 

17 : 

16 1 

19 a 

20 3 

21 0 

22 1 

23 2 

24 3 

25 5 

26 1 

27 2 

28 3 

Series 
I 

J. 

I 

I 

II 

II 

II 

It 

m 

m 
m 
m 
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The p-linked oligosaccharides 17-20 isolated were submitted to hydrogenolysis, 
to remove benzyl groups from their terminal nonreducing D-xylosyl groups, and the 

nucleophiles 21-24 so obtained were treated again with 3_ Oligosaccharides 5-S were 
debenzylated similarly and, eventualiy, by acetylation of 21-24, and 9-12, and com- 
plete deprotection of the B-linked products, seven homologous series of (1+4)-D- 
xylo-oligosaccharides were prepared: 

Series II were peracetates of the title j?-oligosaccharides having a henzyl group 
at O-4 of the terminal, nonreducing end-unit (17-20); 

Series II: were oligosaccharides analogous to those in Series I, but having at 
C-4 of the terminal non-reducing end-group a hydroxyl group (21-24); 

Series III: were the peracetates of the title fl-oligosaccharides (25-28); 
Series IV: where oligosaccharides analogous to those in Series I, but containing 

as the terminal non-reducing group an cc-D-XylOSyI end-group (5-S); 
Series V: were oligosaccharides analogous to those in Series II, but containing 

as the terminal non-reducin g group an a-D-xylosyl end-group (9-12); 
Series VI: were oligosaccharides analogous to these in Series III, but containing 

as the terminal nonreducing group an a-D-xylosyl group (13-16); and 
Series VII: were the title xylo-oligosaccharides (29-32). 
Compounds of Series III and VII showed physical properties very close to those 

of compounds isolated from products of partial hydrolysis of plant xylans and their 
acetates’O-‘“. Their reported melting points varied somewhat, which is probably 
associated, in the case of free oligosaccharides, with different anomeric composition, 
and in the case of the acetates, with polymorphism. The largest discrepancy between 
the values found and those reported was observed for the melting point of the per- 
acetate of /3-xylotriose 26. A sharp-me!iing product could not be obtained, even after 
several recrystallizations from various solvents, although the specific optical rotation 
found for 26 was in excellent agreement with that reported previously. It is worth 
meutioning that p-xylotriose peracetate synthesized via an independent route’ did 
not show a sharp melting point either. 

‘3C-hT_m.r. spectroscopy. - Compounds of Series VII produced 13C-n.m.r. 
spectra practically identical with those of (1+4)-j-D-xylo-oligosaccharides of natural 
origin”. Small, insignificant differences between the recorded and reported chemical 
shifts for certain carbon atoms are associated with effects resulting from different 
conditions of measurement. ‘3C-N.m.r_ characteristics for the compounds synthesized 
are recorded in Table I. The analysis of spectra of compounds within one homologous 
series of oligosaccharides was based on the variation of peak intensities with chain- 
length. It has been demonstrated” that the similarity of chemical shifts for equivalent 
carbon atoms of the internal residues may be used to distinguish peaks associated 
with them from those assigned to terminal groups. The variation of relative intensity 
of lines arising from internal residues of oligosaccharides with increasing number of 
residues is depicted in Fig. 1, showing line spectra of peracetates of fl-xylo-oligo- 
saccharides, compounds of Series III. Signals of C-l of the reducing and non-reducing 
end of these compounds appear in the spectra consistently at 92.2 20.1 and -99.6 
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TABLE I 

23C-N.hf.R. SPECTRAL DATA FOR COMPOUNDS 5-33 

Contpottttd Ring Chemical shifts (p.p.m.) 

C-I c-2 c-3 c-4 c-5 
__- 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

C 
C 

s 
: 

I, 

C' 
c 
C ,,, 

C 
C’ 
C” 
C ,t, 

C ,,,I 

C 
C' 
C 

, 

En 
C 
C' 

5 :, 
C 
C' 
c ,,. 
& 

z 
s 
C” 
C 
C 
c 
C ,,, 

E 
c 
C ,,I 

C ,,,I 

C 
C' 
C 
c 
c 
C 

5 
P 

91.9 70.2 72.5 73.4 
96.4 70.7 71.0 75.2 
92.1 69.7 72.0 74.9 

100.4 70.7 72.4 73.5 
96.4 71.0 71.3 75.3 
92.1 69.7 71.9 74.9 

loo.3 70.7 71.9 74.6 
loo.3 70.7 72.4 73.4 
96.3 71.0 71.3 75.3 
92-l 69.7 71.9 74.8 

100.3 70.8 71.9 74.7 
100.3 70.8 71.9 74.7 
100.3 70.8 72.4 73.5 
96.4 71.1 71.4 75.3 
92.1 70.3 72.5 73.6 
96.9 70.8 72.8 68.8 
93.1 69.7 71.9 74.9 

100.4 70.6 72.5 73.8 
96.4 71.5 72.9 68.8 
92.3 70.0 73.2 75.2 

100.7 71.0 72.2 75.0 
100.7 71.0 72.8 73.9 
96.7 71.7 72.9 68.9 
92.3 69.9 72.1 75.1 

100.5 71.0 72.1 73.1 
100.5 71.0 72.1 75.1 
100.5 70.7 72.9 73.9 
96.6 71.7 73.2 69.1 
91.9 70.1 72.9 73.2 
96.4 70.8 69.0 69.0 
93.1 69.7 71.9 74.7 

100.2 ‘0.8 72.8 73.2 
96.3 71.2 69.0 69.0 
92.1 69-7 71.9 74.6 

100.1 70.7 71.9 74.6 
100.1 70.7 72.7 73.1 
96.2 71.2 69.0 69.0 
92.1 69.7 71.9 74.6 

loo.1 70.8 71.9 74.6 
100.1 70.8 71.9 74.6 
100.1 70.8 72.7 73.2 
96.3 71.2 69.0 69.0 
92.2 69.7 72.1 74.3 

100.5 71.1 72.9 74.9 
92.1 69.7 71.9 74.6 

100.5 70.8 71.9 74.2 
100.8 71.2 72.8 74.6 
922 69.8 71.9 74.7 

100.3 70.8 71.9 74.7 
100.3 70.8 71.9 74.3 
100.5 71.2 72.8 74.7 

2-i 
63:s 
63.4 
60.0 
63.8 
62.6 
63.4 
60.0 
63.7 
62.5 
62.5 
63.4 
60.1 
64.6 
62.0 
64.0 
63.4 
61.9 
640 
63.5 
62.9 
62.1 
64.0 
63.5 
62.5 
62.7 
62.2 
64.3 
58.8 
63.4 
63.4 
58.8 
63.4 
62.5 
63.4 
58.7 
63.4 
62.5 
62.5 
63.4 
58.8 
63.4 
63.4 
63.3 
62.7 
63.3 
63.3 
62.5 
62.5 
63.3 
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Compound Ring Chemical shifts (p.p.m.) 

C-I c-2 c-3 C-4 C-5 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

C 
C' 
c” 
C I,, 

C"" 
C 
C 

Er 
c” 
C 
c 
C” 
r 
C 
c 
c 
c 
C”” 
C 
C’ 
C 
c 
c” 
C 
c 
c 
c” 

s 
c 
c 
cm 

C-a 

C-8 
c 

;I; 
c 
C” 
c-a 
C-F 

5, 
c” 

:-; 
c 
C”$ 
c- 
C ,,I, 

C-a 
C-8 
c 

92.3 69.9 72.0 74.8 63.4 
100.3 70.9 72.0 74.8 62.6 
100.3 70.9 72.0 74.8 62.6 
100.3 70.9 72.0 74.3 62.6 
100.3 71.3 73.0 74.8 63.4 
92.3 69.5 72.1 74.5 63.4 

100.1 70.6 74.5 67.9 64.8 
92.2 69.8 72.0 74.8 63.3 

100.4 71.0 72.0 74.3 62.8 
100.2 70.6 74.8 67.8 64.8 
92.1 69.7 71.9 74.7 63.3 

100.2 70.8 71.9 74.7 62.5 
100.2 70.8 71.9 74.2 62.5 
99.9 70.3 74.7 67.7 64.5 
92.2 69.7 71.9 74.8 63.3 

100.3 70.5 71.9 74.5 62.5 
100.3 70.8 71.9 74.8 62.5 
ml.3 70.8 71.9 74.1 62.5 
99.6 70.0 74.8 67.8 64.5 
92.3 70.0 72.1 74.4 63.4 
99.7 70.4 70.7 68.4 6!.2 
92.2 69.5 72.0 74.9 63.4 

100.5 70.9 72.0 74.5 62.7 
99.6 70.3 70.3 68.3 61.5 
92.1 69.7 71.8 74.8 63.3 

100.3 70.8 71.8 74.8 62.5 
100.3 70.8 71.8 74.2 62.5 
99.4 70.3 70.3 683 61.4 
92.2 69.8 71.9 74.7 63.4 

100.3 70.8 71.9 74.7 62.5 
100.3 70.X 71.9 74.7 62.5 
100.3 70.8 71.9 74.2 62.5 
99.5 70.3 70.3 68.3 61.5 
93.2 72.10 72.6a 77.7 60.0 
97.7 75.1 75.1 77.6 64.1 

103.0 74.0 76.8 70.4 66.4 
93.2 72.2= 72.6” 77.6 60.2 
97.8 75.0 75.0 77.6 64.3 

103.0 73.9 75.0 77.6 64.3 
103.0 73.9 76.9 70.4 66.5 
93.2 72.1” 72.6” 77.6 60.1 

97.8 75.0 75.0 77.6 64.2 
103.0 73.9 75.0 77.6 64.2 
103.0 73.9 75.0 77.6 64.2 
103.0 73.9 76.8 70.3 66.4 
93.2 72.1a 72.6” 77.6 60.1 
97.7 75.0 75.0 77.6 64.2 

102.9 73.9 ?5.0 77.6 64.2 
1029 73.9 75.0 77.6 64.2 
102.9 73.9 75.0 77.6 64.2 
102.9 73.9 76.8 70.3 66.4 
93.2 72.4O 72.9” 79.3 61.3 
97.7 75.1 76.1 79.3 65.5 

101.4 72.9 74.2 70.6 62.8 

=The assiguments may be reversed. 
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c-3 C-2’ 

C-l’ 
C-3*,2= 

5- 
C-4 c-3-c-2- 

C-l’ 
c-5’ 

4- 
c-4-c-Lr c-5’ 

3- 
C-Y C-4. C-3”- c-5* 

2- C-l_ 
c-2- 

C-l 
1 

c-4. C-2C-4aU C-5 C-5- Pentaose 28 

z -I I I I I I I I 

0 c-3 c-2’ 
* 4- c-sac-2= 

5 3- 
c-i 

e 2- 
C-l * 

c-4 c-3-c-3- c-s 
c-4’ c-2- c-5- 

8 I- 
C-l’” C-l c-4. Tetraose 27 

z I I I 

ii - 
E I- 

C-3C-2’ 
c-4 c-3*c-3’ C-5’ 

I 1- c-ic-1’ C-l c-4’ -2 c-2 C-d 
I I 

c-5 c-s- Triose 26 
I II I Ii I 

2- =-:~4” 
1- 

C-l’ C-l c-4 c-3 c-2 c-5 c-5’ Biose 25 
i I 1 1 I 111 1 I I 

105 100 9s 90 85 80 75 70 65 60 PPrn. 

Fig. I _ Comparison of Iine spectra of peracetates of (l-+4)-/3-D-xylo-oligosaccharides X-28. 
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1 

c-i C-l C-4 C-3’C-2 C-4’ C- 5 C-5’ one OAC 
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1 
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L, phCH*O&Og= 
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OAC 

I II III I 17 
+.OMe 
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2 w AcO 

1 
C-f c-2 c-4 c-5 CAC 

I II I I 
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1 

C-l c-3 c-2 c-4 c-5 
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OAc 

I I I 1 

2 
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I II I I 
I 1 * 
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1 
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I 
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Fig. 2. Comparison of diagnostically significant shifts of lines in the 13C-n-m-r. spectra of disaccha- 
rides of Series I-III with similar shifts of lines in the spectra of model monosaccharide derivatives. 
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p-p-m_, respectively. The signal at - 100.4 p_p.m_ was readily assigned to C-l of the 
internal residues of the oligosaccharides, because it increases in intensity, relative 
to the former two peaks, as the number of pyranose residues increases. The lines 
associated with C-4 and C-5 were assigned similarly; the assignment of signals in the 
spectrum of the disaccharide at 63.4 and 61.2 p-p-m. to C-5 and C-5’ was based on 
the comparison of chemical shifts of C-5 resonances in the spectra of disaccharides 
of other series (Table I, Fig. 2). 

The assignment of lines associated with carbon atoms of the terminal, non- 
reducing D-xylosyl groups was confirmed by rationalizing, in the spectra of oligo- 

saccharides of related series, the shifts of certain resonances from the results of 
chemical reactions performed. As an example of such an assignment, Fig. 2 shows 
partial line-spectra of 4 (ref. 9), methyl 2,3-di-O-acetyl-4-O-benzyl-B_D-xylopyrano- 
side’ 6, methyl 2,3-di-0-acetyl-/3-D-xylopyranoside’ 6, and methyl 2,3,4-tri-O-acetyl- 
[J-D-xylopyranoside_ Compound 4 imitates the reducing group and the other mono- 
saccharides imitate the non-reducing end-group of the disaccharides (and also of 
higher oligosaccharides in the respective series), and shifts of resonances in their 
spectra, as a result of the change of chemical environment (caused by hydrogenolysis 
of the O-4 benzyl group or acetylation of H0-4), may be reasonably expected to 
occur also in the spectra of related disaccharides. Thus, removal of the benzyl group 
from methyl 2,3-di-0-acetyl-4-0-benzyl-P-D-xylopyranoside eliminates the strong 
positive cl-effect I7 and also the negative p-effect of alkylation’ 7-1 *. As a result, the C-4 

signal, present in the spectrum of methyl 2,3-di-O-acetyl-4-O-benzyl-P_D-xylo- 
pyranoside at 75 p-p-m_, appears in the spectrum of methyl 2,3-di-O-acetyI-j?-D-xylo- 
pyranoside at 65.4 p-p-m_ Simultaneously, the signals of C-3 and C-5 are shifted 
downfield, from 73-6 to 754 and from 63.5 to 65.1 p-p-m., respectively. Following 
acetylation (conversion of methyl 2,3-di-0-acetyl-fi-D-xylopyranoside into methy! 
2,3,4-tri-0-acetyl-p-D-xylopyranoside), C-3,4, and 5 are exposed to effectsI resulting 
in a slight downfield shift of the C-4 signal (68.4-369 p_p.m.) and an upfield shift of 

the C-3 (754~71.6 p-p-m_) and C-5 (65-I-62 p-p-m.) signals. Similar, diagnosticaily 
important shifts may be observed also in the spectra of the respective disaccharides 
(Fig. 2) and higher oligosaccharides in all series studied (Table I). Analysis of oligo- 
saccharide derivatives having the a-linked, terminal, non-reducing D-xylosyl group 
(compounds of Series IV-VI) was performed similarly by using, as an aid, inter- 
preted20*2’ spectra of methyl 2,3-di-O-acetyl-40-benzyl-, 2,3-di-0-acetyl-, and 2,3,4- 
tri-0-acetyi-r-D-xylopyranoside, and of ana!ogous methyl fi-glycosides of (1 -+4)-B-D- 
xylo-oligosaccharides. 

13C-N.m.r. spectra of the compounds prepared showed regularities permitting 
conformation of the configuration of newly-formed intergIycosidic linkages in the 
pairs of compounds of Series I and VI, tentatively assigned on the basis of specific 
optical rotation. From this point of view, the diagnostically most significant signals 
were anomeric and C-5 resonances. It may be seen from the data in Table I that 
spectra of compounds containing only fl-glycosidic linkages show two kinds of anomeric 
resonances. The one at 92-l-92.3 p_p.m. remains a one-carbon signal within one 
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homologous series, whereas the intensity of the line at 15 - 100.0 increases with the 
increasing number of D-xylopyranose residues. Thus, the high-field signal could be 
unambiguously assigned to C-l of the acetylated, reducing B-D-xylopyranose residue 
of the molecules, and the low-field s&al was assigned to the other anomeric reso- 
nances_ In the spectrum of 17, one double-intensity line at 63.4 p.p.m_ is present for 
C-5 and C-5’. In addition to a signal at 6 - 63.3, the spectra of higher oligosaccharides 

of Series I show in this region a signal at - 62.6 p-p-m_ whose relative intensity 
increases with the increasing chain-length of the oligosaccharides. Therefore, the 
high-field signal was assigned to the internal D-xylose residues. 

The presence of a terminal, non-reducing 2,3-di-0-acetyl-4-O-benzyl-r-D-xylo- 
pyranosyl group in oligosaccharides of Series IV was manifested by a new signal in 
the region of anomeric resonances. In addition to lines at _ 100.4 and 92.2 p-p-m_, 
present also in the spectra of oli_gosaccharides of Series I, compounds of Series IV 
show (Table I) a one-carbon signal at 6 -95.4. A signal at a similar S value, present 
also in compounds of Series V and VI, is diagnostic of the presence of an a-D-xylosyl 

residue in these compounds. In the region of C-5 resonances, a characteristic feature 
of oligosaccharides of Series IV is a line at -60.0 p_p.m_, which may be readily 
assig;red to the terminal, non-reducing Cx-D-XylOSyl group. 

The follo\ving other regularities may be-noted in the spectra of compounds 
of Series I-VI. A characteristic feature of oligosaccharides of all series is a separate 
sipal for C-4 of the penultimate D-xylose residue (commencing the numbering of 
these groups from the reducing end). It appears in the spectra at 6 73.1-74.5 and it is, 
without exception, separated from C-4 !ines of any other D-xylcse residue. Also, its 
chemical shift reflects the difference between the shift-effect of SL- and j3-D-xylosylation 
and, as such, may serve as another criterion for determining the stereochemistry of 
interglycosidic linkages in related compounds_ In the spectra of compounds of 
Series I-III having a B-D-xylosyl group attached to O-4 of the penultimate D-xylosyl 
residue, the signal of this nucleus appears at 6 74.1-74.5, whereas in the spectra of 
compounds of Series IV-VI, containing an rl-D-xylosyl group attached at this position, 
the corresponding signal appears at 6 73.1-73.9. The chemical shift of Ca signals of 
the non-reducing D-xylosyl ,aroup depends, of course, upon the substitution at this 
site (compare Fig. 2). 

The chemical shift of C-3 nuclei in all series is exceptional!y sensitive towards 

substitution at the neighbouring position 4. Accordingly, C-3 of the penultimate 
D-xylose residue of compounds in Series I-III and IV-VI is exposed to different 
effects. Consequently, signals of C-3 perceiving a negative b-effect of fi-D-xylosylation 
appear in the spectra at 6 71.8-72.1, and C-3 nuclei subjected to effects of a-D-xylo- 
sylation produce a line at 72.4-72.9 p.p_m_ 

Signals of C-2 appear within the range S 69.7-7 1.7. Of these, the one appearing 
at the highest field is that of the reducing end-group, because of the negative B-effect 
of the acetoxyl group at C-1. The other C-2 signals constitute a relatively complicated 
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system, suggesting the sensitivity of these nuclei towards the effects of substitution 
several bonds distant, or effects associated with differences in linkage conformation 

or so!vation at the neighboring inter-sugar IinkaSes. 

MPERIhlEKTAL 

Ge~reraiprocedrtres. - Melting points were determined on a Kofler hot-stage_ 
Optical rotations (c 1,22’) were measured with a Perkin-Elmer automatic polarimeter 
Model 141. Thin-layer chromatography (t.1.c.) was performed with Silica Gel G, 

and column chromatography with dry-packed Silica Gel 60 (Merck, A. G., Darm- 
stadt, Germany) by the gradient-eiution technique, with A, 5: I carbon tetrachloride- 
acetone; B, I:! : I carbon tetrachloride-acetone: C, S : I carbon tetrachloride-acetone; 
D, 3 : 2 carbon tetrachloride-ethyt acetate; E, 7 : 1 chloroform-acetone; and F, 3 : 1 
carbon tetrachloride-acetone. Prior to packing, the silica gel was equilibrated with 
407; of the mobiIe phase. Detection was effected by charring with 5% (v/v) sulfuric 
acid in ethanol. The purity of the (1-4)~/3-D-xylo-oligosaccharides synthesized was 
checked by paper chromatography on Whatman No. I paper with 18 :7 : 8 ethyl 
acetate-acetic acid-water as eluant and detection with aniline hydrogenphthalate. 
i3C-N.m.r. spectra for solutions in CDCls (compounds 5-2& internal standard tetra- 
methyisifane) and DzO (compounds 29-33, interna standard methanol, bb~elsi 
50.15 p.p_m_) were measured at room temperature with Jeol JMN FX-60 and FX-IO0 
spectrometers. 

The solution of hydrogen bromide in dichloromethane contained 0.1 g HBr/mL 
(determined by weighing). Toluene was refluxed over sodium hydride and freshly 
distilled. Acetonitrile was dried with calcium hydride and distilled. Dichloromethane 
was dried with phosphorus pentaoxide and distilled_ Solutions in organic solvents 
were dried with anhydrous sodium sulfate and evaporated at 40°j2 kPa. 

Microanalyses were performed with a Perkin-Elmer Modei 240 automatic 
analyze:-_ The melting points given are vaIues that did not change on further re- 
crystallization. AnaIytical vahres within _t0.4°A of theory are indicated by the symbol 
of the element anaIyzed. 

Oligosaccharides of Series I mzd IV. - A solution of hydrogen bromide in 
dichloromethane (73 mL) was added to a solution of 4 (13.25 g, 0.0362 mol) in 
toluene (25 mL) and kept for 15 min at room temperature. After evaporation and 
subsequent evaporation of fresh portion of toluene (- 10 mL) from the residue a 
sohrtion of the crude bromide 3 in the minimum amount of acetonitrile was added to a 
stirred mixture of 2 (4 g, 145 mmol) and mercuric cyanide (4.6 g, 18.2 mmol) in 
acetonitrile (50 mL), and the mixture was stirred for I h at room temperature. 
T.1.c. (solvent A) then showed the absence of 3 (RF 0.65) and the presence ofcondensa- 

tion products S (RF 0.45) and 17 (R, 0.4). A small amount of the unchanged nucleo- 
phiIe 2 (RF 0.25) was also present. The mixture was evaporated and the residue was 
partitioned between chloroform and aqueous M potassium bromide solution. The 
chloroform solution was successively washed with water, dried, evaporated, and the 
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residue was chromatographed (solvents B+C) to give first O-(2,3-di-O-acetyl-4-0- 
benzyl-sr-D-xyIopyranosyl)-( l-+4)-1,2,3-tri-O-acetyl-O-D-xylopyranose (5), 3-9 g 
(23-l%), m-p. 143-144” (from ethanol), [rlD i35.1 O. Anal. (C2,HJ4014) C, H. 

Eluted next was 0-(2,3-di-O-acetyl-4-O-benzyl-~-D-xylopyranosyl)-( l-4)- 
1,2,3-tri-0-acetyl-/3-D-xylopyranose (17), 5.85 g (34.7%), m-p. 132.5-133.5” (from 
ethanol), [x]~ -64.2O. Anal. (C27H35014) C, H. 

Similar condensation of 3 with nucleophiles 21-23 afforded: 
0- (2,3-~i-(3-acet~~-4-o-~~~~=~~-~-D-~~~~~~~a~z~~~.~)-(~~4)-0-(2,3-~i-0-acet~~- 

F-D-_K~zopJ.~n~Zo~~~-( I+ 4)-1,2,3-Zri-o-aCet~z-~-D-~~.~U~~ra~Z~~e (6), 36 “/,, colorless 

foam, [aID -4.4”, RF 0.6 (solvent 0, double development). Anal. (C36H1602,,) C, H. 
0- (2,3-Di-O-acetyI-4-O-be~z~yZ-~-D-~ryZop~~a~~osyZ)-(l ~4)-O-(2,3-di-O-acetyl- 

~-D-XyZ~py~a~osy~)-(~~4)-~,2,3-tr~-O-acet~.Z-~-D-X~Zopyra~z~se (18), 52 %, m-p. 104- 
109” (from methanol), [z],, - 81_9”, R, 0.5 (solvent D, double development). Anal. 

(G&L6Om) C, H. 
0-(2,3-Di-O-acet~Z-4-O-ben=yZ-~-D-_~~Z~p_~ra~zosyZ)-(I-,4)-0-(2,3-d~-O-acetyf- 

~-D-_~~Zo~~~rairosJ-r)-(~-,4)-0-(~,3-dj-O- acetyl-P-D-XyZopwam~yZ)-(Zd4)-1,2,3-Pi-O- 

acetj+P-D-XyZopJ-ranose (7). 32.5 %, colorless foam, [XI,, - 3 1 _ 1 O, RF 0.4 (solvent D, 
double development). Anal. (Ca5H56026) C, H. 

0-(2,3-Di-O-acet~Z-4-O-be~z~~I-~-D-_~yZop~ranos~Z)-(~-,4)-0-(2,3-di-O-acet~~Z- 

P-D-_~yZ~~~ran~s~~-(~~~)-O-(2~3-di-O-acetyZ-~-D-_~yZ~~yratt~s~Z)-(Z~4)-2,2,3-tri-O- 

acetyZ-B-D-_KyZopyranose (19), 5 1 “/,, m-p. 188.5-19 1 a (from ethyl acetate), [cx]o 
-91.5O, R, 0.35 (solvent D, double development). Anal. (C4sH5sOZ6) C, H. 

0-(2,3-Di-CI-acet~l-4-O-ben=vl_u-D-_~~Zop_~ra~~os~Z)-(Z~4)-0-(2,3-di-O-acet~Z- 

fl-D-xyZopyranosyZ)-(Z-4)-0-(2,3-&-O- acetyl-P-D-XJZopyrartos_vZ)-(Z&4)-O-(2,3-di- 

O-acetyZ-~-D-X_vZop?~ra~z~syZ)-(~~4)-~,~,3-tr~-O-acetyZ-~-D-XyZ~~yra~~se (8), 28 %, col- 

orless foam, [z],, -46.5”, RF 0.25 (solvent D, double development). Anal. 

GJ-hoO~~) C, H. 
0- (2,3-Di- O-acet~~Z-4-O-bett~yZ-~-D-Xyfo~y~a~z~sy~-(~-,4)-0-(2,3-d~-O-acet~~Z- 

j?-D-x~iop~ranos_vZ)- (I-,4)-0-(2,3-di-O-acetyZ-8-D-_~~Z~pyra,losl-(Z-,4)-0-(2,3-di- 

O-acet~Z-~-D-~~Zo~~~ra~~syZ)-(~~4)-~,2,3-tri-O-acet~Z-~-D-~yZ~~y~a~~~e (to), 59 %, 

m-p. 225-227” (from 1: 3 chloroform-methanol, [a], -98.7”, R, 0.15 (solvent D, 
double development)_ AnaL (C,,H,,O,.) C, H. 

Oligosaccharides of Series II and V. - A mixture of 17 (5 g) and 5 % palladium- 
on-charcoal catalyst (0.5 g) in 1: 1 acetone-methanol (250 mL) was stirred at room 
temperature under hydrogen until t.1.c. (sclvent A) showed complete conversion of the 
starting material (RF 0.4) into a product (RF O-15)_ After filtration and evaporation. 
the product (4.1 g, 97 %) was crystallized from ethyl acetate-hexane to give O-(2,3-di- 
0-acetyl-P-D-xjjIopyranosyl)-(I +4)-l ,2,3-tri-0-acetyl-#I-D-xylopyranose (21), m-p. 
180-181°, [a],, -73.7”. Anal. (G0HZ8014) C, H. 

Similar hydrogenolysis of 18-20 and 5-S gave in almost theoretical yield: 

0-(2,3-Di-O-acetyZ-P-D-xyZu~yranosyl-(z~4)-0-(2,3-di-O-ace?~~Z-~-D-~~Zopy- 

ranos~~l)-(Z~4)-1,2,3-tri-O-acetyZ-~-D-_~~Zopyra~~se (22), m.p. 216-218’ (from 
ethanol), [a]n -92.3 O, RF 0.3 (solvent E), Anal. (C29H40020) C, H. 
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~-(~,~-~~-~-Q~~~~Z-~-D-~~ZQ~~~Q~ZQ~~~-(~~~)-O-(~,~-~~-O-QC~~~Z-~-D-X~ZQ~~- 
rQnQs_~Z)-(~~4)-0-(~,~-rii-O-ace?~Z-~-D-_~~Zo~~~Q~o~~~-(~~~)-~,~,~-~~~-0-Qce~~Z-~-D- 
_qYo~~rQ~zose (23), m-p. 221-222” (from acetone), [z]n - 102.1“, R, 0.25 (solvent E). 
Anal. (C38H320t6) C, H. 

~-(~,~-D~-O-QC~~~Z-~-D-_~~~ZO~~~~Q~O~~~-(I-,~)-~-(~,~-~~-O-Q~~~~Z-~-D-~~ZQ~~- 
ranos~I)- (I+#) -0 - (2,3-di-O-acet~Z-~-D-~~ZQ~~~Q~Q~~~-(I~4)-0-(2,3-di-O-Qce~~~Z-JII-8- 
D-XJZOpJI-QnOSJ$)-(I+ 4)-1,2,3-tri-O-acetyZ-j?-D-_..yZopyanose (24), m-p. 246-248 o 
(from acetonitrile-methanol), [q]D - lO3.7”, RF 0.2 (solvent E)_ Amt. (Ca7064032) 

C, H. 
0 - (2,3 -Di-0-acer)-l-sr-D-_~~ZO~~~Q~O~~~-( I+ 4)-l,& 3-tri-O-acetyz-/?-D-_qdopyra- 

nose (9), m-p. 159-159.5” and 168-169” (dimorphous, from ethyl acetate-hexane). 
When heat& was terminated at 160” and the sample was allowed to come to room 
temperature, it sclidified completely and melted sharply at 16S-169”), [rlD +47.6”, 
R, 0.4 (solvent E). Anal. (CZOHz8014) C, H. 

O-(2,3-~i-O-QCet~~-3c-D-_~~~Op~~Q~ZO~~~-(~~~)-~-(~,~-~~-~-QCe?~~-~-D-_~~fOp~- 

rQ~os~~-(l-,4)-1,2,3-rri-O-Qcer~Z-~-D-~~Zo~~~QQose (lo), colorless foam, [z]n - l-7’, 
R, 0.35 (solvent E). Anal. (CzsHGoOzo) C, H. 

0-(2,3-~i-O-acet~~-l-r-D-_~~~o~~r~~o~~~)-(~~ 4)-0-(2,3-di-o-Qcetyz-/3-D -xyZopy- 

rQ~os~l)-(~~4)-0-(Z,3-di-0-aCe~~Z-~-D-_~~ZQ~~~Q~Os~~-(~~4)-1,2,3-tri-O-Qcet~Z-~-D- 
_x-~Zop_yrmzose (II), m-p. 204-206” (from methanol), [aID -32.5”, R, 0.3 (solvent E). 
AizaZ. (C38H520t6) C, H. 

O-(2,3-~i-O-acet~~-r-D-x~~op47anos3.1)~-~-D -xyZop~y- 

ranos~r)-(l~4)-0-(2,3-di-O-Qcef~Z-~-D-_~~Zop~runos~~-(Z~4)-0-(2,3-~~-O-acet~Z-p- 

D-x~Zop~r~~zos~I)-(I-,4)-1,2,3-trZ-O-acet~Z-~-D-_~~Zop~r~~zose (12), m.p_ 245-250” 
(from I : 5 chloroform-methanol), [z;L]~ - 50.9O, RF 0.25 (solvent E). AnaZ. 

(C17%Z032) c> H- 

OZigosQccflQrides of Series III and VI. - Acetic anhydride (0.5 mL) was added 
to a solution of 21 (1 g, 18-7 mmol) in the minimum amount of pyridine and the 
mixture was kept for 18 h at room temperature_ T.1.c. (solvent A) then shotved 

comptete conversion of the starting materiai (R, O-15) into a product (RF 0.3)_ 
Methanol was added, to decompose the excess of acetic anhydride, and the solution 
was evaporated. The residue was qstallized from ethanol to afford 0-(2,3,4&i-O- 
acetyl-j&D-xylopyranosyl)-( 1+4)-l ,2,3-tri-0-acetyl-/3-D-xylopyranose (hexa-O-acetyl- 
/I-xylobiose) (25), 1 g (92%), m-p. 154-156O, [a],, -76”, (lit_” m-p. 155.5-156”, 

bin -74.5”; lit-l1 m-p. 155.5-156”, blD -74.3”; lit.‘” m-p. 155.5-156.5”, [LX]~ 
-?5.1”)_ 

Similar acetylation of 22-24 and 9-12 gave in almost theoretical yield: 
O-(2,3,4-~ri-O-acet~Z-~-D-x~Zop~~r~nos~~-(~~4)-O-(~,3-di-O-~ce?~Z-~-~-x~Zo- 

p~rQ~os~l)-(1j4)-l,2,3-tri-O-ace~~Z-~-D-x~Zo~~rQ~zose (o&a-0-acetyl-/3-xylotriose) 
(26), m-p. 10S-115° (from methanol), [a&, -84-S”, R, 0.3 (solvent F), (lit.” 
m-p. 109-l IO”, [czID -S4.3”; lit.” m-p. 109-I loo, [cclD --85O; lit.” m-p_ 10S-109.5°, 
[z]u - 83.50). 
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p).ranos~l)-(1~4)-0-(2,3-~~-o-~Ce~~~-~-D-~~,~o~~~~~O~~,~-(Z~~)-z,~,3-~~~-o-~ce~~,~-~- 

D-q-loppmose (deca-O-acetyl-/I-xylotetraose) (27), m.p. 200-20 1 o and 2 I O-2 11 o 
(dimorphous, from 1: 5 chloroform-methanol), [!xlr, -95.9”, RF 0.25 (solvent F), 
(lit.” m.p _ 201-202”, [a]o -93.7”; lit.” m-p. 199-201”, 1~1~ -93.6”; lit-l2 m-p. 
2oO-201”, [E-JD -92.4”). 

0-(2,3,4-Tri-O-acet~Z-~-D-_~~~Z~~~~QJz~~~Z)-(Z~~)-O-(~,3-~Z-O-~ce~~Z-~-D-_~~Z~- 
p~~~~os)-l)-(~~4)-0-(2,3-~Z-0-nce?~Z-~-D-_~~.Z~~~~~Jz~~~.Z)-(z~ 4)-O-(2,3-&- O-ncct~l- 
~-~-_~~Z~~~ran~~~~-(Z-4)-1,2,3-rri-O-acet~Z-~-D-x~Z~~~~~J~~~e (dodeca-O-acetyl-/I- 
xylopentaose) (28), m-p. -31-254” (from 1 : 3 chloroform-methanol), [z],, - 100.4”, 
R, 0.15 (solvent F), (lit.:dm.p. 24%249”, [E]~ -97.5”; lit.’ 1 m-p. 24S-249", [cL]~ 
-97.5"; !it.12 m .p. 249-250°, [X]o -9SO). 

0-(2,3,4-~ri-0-aCeiJ,I-a-D-_~~1~~~j’~~~l~~~~~)-(~ 4 4)-1.2,3-lri-o-acelj~~-~-D-_~~~~~~~- 
rmose (13), m-p. 135.5-136.5” (from methanol), [gID +45.7”, R, 0.5 (solvent F). 
Anal. (CZZH30015) C, H. 

0-(2,3,4-Tri-O-acet;~Z-~-D-_~~Zo~~~r~~zosJ~Z)-(Z~4)-0-(2~3-~i-O-acetJ~Z-~-D-_~~Zo- 

p~ranos~Z)-(l~4)-Z,2,3-tri-O-ace~)-I-B-D-_~~Zo~~~~~zose (14), m.p. 113-I 19’ (from 
ethanol), [Q]~ -0_58”, RF 0.4 (solvent F)_ Anal. (C,,H,,02,) C, H. 

0-(2,3,~-~ri-O-aCCt~z-~-D-_~~z~~~~~JZ~~~~-(~ +4)-0-(2,3-&0-aCe?~*Z-f3-D-_~~Zo- 
p~UZJZ0SJ.l) - (I + 4)-0-(2,3-~i-O-nCe~~z-&D-_~~zO~~~~JZO~~z)-( I-, $)-I,.& 3-fri-O-aCeJ_d-& 

D-xy~Op_vaJZO.se (15), m.p. 137-138” (from methanol), [z],, -29.3”, R, 0.3 (solvent 
F). AJUZZ. (C,,H,,O,,) C, H. 

0-(2,3,4-Tri-O-acet~Z-~-D-_~~Zop~raJzos~Z)-(Z~4)-0-(2~3-di-O-~7cer~Z-~-D-_~J.Z0- 

p~~r~~zosJ~Z)-(Z~4)-0-(2,3-cii-O-acet3,IZ- 

~-~-x~Zop~‘r~~zos~~-(Z~4)-Z,2,3-tri-O-ace~~Z-~-D-_~~Zop~~~~zose (16), colorless foam. 
[u],, -42.5”, R, 0.2 (solvent F). Anal. (C59H66033) C, H. 

Oligoscxcharides of Series VII. - Methanolic &I sodium methoxide (2 mL) \vas 

added to a solution of 21 (1 2) or 25 (I_ 1 8) in methanol (50 mL) and the solution was 
kept for 2 h at room temperature_ T.l_c_ (solvent E) showed then that the reaction was 
complete md, after successive neutralization with Dowex 5OW (He) resin, filtration, 
and evaporation, chromatographically pure (p-c.) O-P-D-XylOpyranOSyl-(l +4)-D- 
xylopyranose (xylobiose) (29) was obtained as a solid foam (0.55 g, 96 %)_ Crystalliza- 
tion from methanol yielded material melting at lS4.5-186”, [c~]o -23” (equil.), 
(lit.” m-p. ISS-190”, [u]~ -24.8”; lit-l’ m-p. 184.5-185”, [rlD -25.6”; lit.13 
m-p. 185-186“, [E]~ -25.5’; lit.” m-p. lS9”, fiID -26”). 

Similar deacetylation of 22-24 or 26-28 gave in almost theoretical yield: 
O-~-D-X~Z~~~~~.?O~.Z-(I + ~)-~-~-D-~:~Z~~_VY~NUJ’Z-( Z + 4)-D-X_!‘ZOpJYYUZOSe (xylo- 

triose) (30), m-p. 217-219O (from methanol), [x]~ -47.7” (equil.), (lit.” m-p. 
2O4-205”, [z]~ -44-4”; lit.‘* m-p. 21%.216”, [a],, -4S.l”; lit-l3 m-p. 205-206”, 
[a-Jr, -47O; lit-l4 m-p. 214”, [z],, -48”). 

0-~-D-~~Z~p~rorl~S~Z-~~~4)-0-~-D-_~~Z~p~~~~~S~Z-(~~4~-0-~-D-_~_~Z~p~~~JZ~S~Z- 
(z-,4)-D-~~ZopJlra,Zose (xyiotetraose) (31), m-p. 223.5-225.5” (from methanol), 
[a]o -58” (equil.), (lit.‘* m-p. 224-226O, [%-jr, --61.9C; lit.“-‘3 [g]o -57X0 and 
-6O”, respectively, for amorphous 31). 
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o-B-D-xr_rO~~ranO~~~-( I--, ~)-O-~-D-_~;,IO~~~Z~~~~-(~ --) 4)-o-p -D-S~/O~J’W’OS~+ 

(I--, #)-0-j3-D-_~~I~Q~O~~f-( 1 -+4)-~-_~_~lo~~ranose (xylopentaose) (32), m-p. 23 l- 

233’ (from 90 ‘jO methanol), [z],, - 70.1 c (equil.), (lit.” m-p. 240-242’, [~]n - 7 1.4O; 
lit.“*i3 [z-Jr, -662.4” and -66”, respectively, for amorphous 32). 

0-r-~-X~Zo~_~rano~_~Z-( I + 4)-~-.x-_rio~~~~zose (33). - Compounds 9 and 13 
was treated as described for the preparation of oligosaccharides of Series VII, and 33, 
when crystallized from methanol, melted at 170-178” and had [x1,, f 109.5’ (equil.). 
It was chromatographically pure (p-c., Rspr 0.45) and clearly separated from its 
jI anomer 29 (R-r,,, 0.3). Ami_ (C,oH,s09) C, H. 
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