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ABSTRACT 

The crystal and molecular structure of /3-o-fructofuranosyl a-o-xyfopyranoside (xylosucrose) hemi- 

hydrate, CI,H,aOdo~0.5H,0, is orthorhombic, P2,2,2, with a = 20.919(5), b = 18.727(2), c =7.071(l) 
A, V = 2770.1(2) A3, Z = 8, and D, = 1.541 g.cm-‘. The structure was solved by direct methods and 

refined to R = 0.040 for 2564 observed reflections. Two independent xylosucrose molecules exist in the 

unit cell, and their conformations about the l-+ 2’ glycosidic bond are similar to sucrose. The 

orientations of the primary hydroxyl groups in the two molecules differ. An 0-l’. O-2 intramolecular 

hydrogen bond was observed in the one molecule, while an O-6’ . O-5 intramolecular hydrogen bond 

was observed in the other involving disorder of O-6’. 

INTRODUCTION 

p-D-Fructofuranosyl cu-D-xylopyranoside (xylosucrose) strongly inhibits the syn- 
thesis of o-glucans from sucrose by D-glucosyltransferases. It has consequently 
received attention as an anti-carious food additive’,‘. The chemical structure of 
xylosucrose is related to that of sucrose through replacement of the -CH,-OH 
group of the glucose residue in sucrose by an H atom. In the present X-ray study, 
we determined the crystal structure of xylosucrose hemihydrate and compared it 
with that of sucrose3,4. 

EXPERIMENTAL 

Xylosucrose hemihydrate was crystallized as colorless prisms by slow evapora- 
tion of an EtOH-H,O solution. The crystal data, details of data collection, and 
refinement are given in Table I. The structure was solved by direct methods using 
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TABLE I 

Crystal and structure determination data for xylosucrose hemihydrate 

Molecular formuia 
Molecular weight 
Crystal system 
Space group 
Ceil dimensions 

UC& 

l&Q 

c& 

Volume C;i’) 
z 
Calculated density (g/cm”) 
Crystal dimension (mm) 
Temperature (Kf 
Diff~ctometer 
Radiation 

Wavelength (k) 
28 max (“) 
Range of h 

k 

1 
Number of reflections measured 
Least-squares refiment 
Number of refined parameters 
Number of reflections used (F > 3~) 
Weighting scheme 
K-factors (R; R,) 

Goodness of fit 
Max shift/esd 

dp 6 -J) 

C,~H~~~~!,~.~.S~~O 
321.28 
Orthorhombic 
P2,2,2 

20.9196) 

I X.727(2) 

7.071(l) 

2770.1(2) 
8 
1.541 
0.25x0.20x0.2(f 
295 
Rigaku AFC-5RLJ 
cu Kar 

1.54178 
120 
0 + 24 
0 --f 22 
O-8 
2734 
full-matrix 
528 
2564 
[~~(~)+(O.O23~)~J-’ 
o.if40, 0.0466 
2.57 
0.x 

- 0.24 _ 0.28 

MULTAN785, and refined by a combination of difference Fourier syntheses and 
least-squares methods. There were hvo independent xylosucrose molecules, desig- 
nated as “A” and “B”: in the asymmetric unit of the crystal. It was found that both 
molecules had disordered hydroxyl groups at the 6’ position. The disordered atoms 
were Iocated in the difference Fourier map; their occupancy factors were csti- 
mated from the peak heights. The positions of the disordered methylene H atoms 
were calculated in the standard geometry. The other hydrogen atoms were located 
in the difference Fourier map. The structure was refined with anisotropic tempera- 
ture factors for nonhydrogen atoms except for the disordered atoms. Isotropic 
temperature factors were assumed for hydrogen atoms and disordered oxygen 
atoms. The occupancy factor of 0.5 was assigned to the disordered hydrogen atoms 
in the molecule A. The occupancy factors of the disordered groups in the molecule 
B were estimated in the last several cycles of the full-matrix least-squares computa- 
tions, giving 0.63 for the 0-6’Ba group and 0.37 for the O-6’Bb group. Atomic 
scattering factors used were obtained from the International Tables for X-ray 
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C~stali~graphy6. All imputations were performed on a FACOM M780 computer 
in the Data Processing Center of Kyoto University, using the programs KP- 
PXRAY 7. 

‘l’ABLE II 

Fractional coordinates (X 104) and B,, (k) (X 10) of nonhydrogen atoms 

Atom x Y t 5 a ezl 

C-l 
c-2 
c-3 
c-4 
c-5 
C-l’ 
C-2’ 
C-3’ 
C-4’ 
C-S’ 
C-6’ 
O-1 
O-2 
o-3 
o-4 
O-5 
O-1’ 
O-2’ 
O-3’ 
O-4’ 
O-6’ 
C-1B 
C-2B 
C-3B 
G4B 
GSB 
C-1’B 
C-2’B 
C-3’B 
Cw4’B 
C-5’B 
C-6’B 
O-1B 
O-2B 
O-38 
O-4B 
0-5B 
0-1’B 
O-2’B 
O-3’B 
Q-4’B 
O-6’Ba 
0-6’Bb 
o-w 

6267(2) 
6419(2) 
6646(2) 
616ti2) 
6083(2) 
7074(2) 
6925(2) 
7422(Z) 
7OlSt2) 
6395(2) 
5817(2) 
68360) 
68890) 
66960) 
63650) 
584501 
758401 
63740) 
79440) 
7291(l) 
5229tl~ 
9598(Z) 
9485(2) 
9115(21 
943112) 
9492(2) 
8954(2) 
8973(2) 
84W2) 
8713(2) 
9338(2) 
988603 
9OOOtlf 
91780) 
90970) 
90500~ 
98710) 
8944(l) 
9516(l) 
7870(t) 
8335(2) 

10021(2) 
10457(4) 
7459(Z) 

26860 
347%2) 
3843(Z) 
3714(Z) 
2910(2) 
1856(2) 
1665(2) 
1222(2) 
826(Z) 
704(2) 
786(z) 

22950) 
3544(l) 
459601 
400501 
260601 
236811) 
12370) 
1598(i) 
170(l) 
GM21 

1908(2) 
1132(2) 
71%2) 
799M 

K%(2) 
2997(2) 
2971(2) 
3311(2) 
3557(2) 
3854(2) 
3913(2) 
2251(l) 
1114w 
- 230) 
4320) 

19390) 
3717(l) 
3365(l) 
2852(t) 
4062(2) 
3279(3) 
4234(S) 
514X2) 

4219(5) 
3880(5) 
5686(S) 
7229(S) 
7470(S) 
138%5) 
343lW 
4478(j) 
5919(5) 
4891(6) 
6159(7) 
4543(3) 
2434(4) 
5391(4) 
9~q4) 
5754(4) 
1273(4) 
3388(4) 
S231W 
6S20(4) 
S261(6) 
7178W 
6594(5) 
8074j5) 
9984(5) 

10425(5) 
4383(5) 
6532(S) 
7541(5) 
9368(5) 
862M6) 
994X6) 
7161(3) 
4795(3) 
7605(4) 

11322(4) 
9016(3) 
3756(4) 
711%4) 
768%4) 

10327(4) 
10796(7) 
9360(10) 
9704(j) 

23(2) 
25(Z) 
22(2) 
26(2) 
28(Z) 
2%2) 
21(Z) 
23(Z) 
24(Z) 
2801 
39(Z) 
210) 
31(Z) 
290.1 
35(2) 
ZSfZ) 
37(2) 
25(2) 
2812) 
33(Z) 
Se(Z) 
21(Z) 
21(2) 
220) 
2tx2) 
27(Z) 
26(2) 
210) 
24(2) 
2801 
W2) 
38(2) 
20(2) 
2h(21 
32(Z) 
4w 
2x2) 
3812) 
260 
30(Z) 
4S(2) 
45vJ 
51(Z) 
s l(2) 
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Fig. 1. View of the two independent molecules A and B of xylosucrose with numbering scheme. 

(Thermal ellipsoids at 50% probability; intramolecular hydrogen bonds indicated by dotted lines: and 

disordered portions “b” at C-h’ of A and B are given by broken lines.) 

RESULTS AND DISCUSSlON 

The final atomic coordinates and temperature factors are listed in Table II”. 
Fig. 1 shows the two independent xylosucrose molecules, with the atomic-number- 
ing scheme. The bond distances and angles except for the disordered atoms are in 
the usual range. The C-l-O-l-C-2’ glycosidic bond angle is 116.6(3)0 for A and 
118.1(3)0 for B, and the C-l-O-S-C-5 and C-2’-0-2’-C-5’ ring angles are 113.2(3Y’ 
and 110.5(3)0 for A, and 113.3(3>” and 109.7(3)0 for B, respectively. They are 
comparable with the values observed in sucroseJ.” and related compoundsN-‘-5. The 
pyranose rings of both molecules have the 4C, conformation. The molecular 
dimensions of the xylose moieties are comparable with those observed in methyl 
a-o-xylopyranoside’h and cu-r_-xylopyranose”, and are close to the standard struc- 
ture for the a-~-“C, pyranoside’s. The furanose ring of molecule B has the 
C3’en& form with the puckering values Q = 0.43 A and $ = 277” as defined by 
Cremer and Pople”, while molecule A has the C2’exu form with Q = 0.35 A and 

4 = 2.53”, which is similar to sucrose with Q = 0.35 A and + = 265”. Comparisons of 
selected torsion angles with sucrose are given in Table III. The conformation of 
molecule A has a close similarity to that of sucrose except for the conformation 
around the 6’ primary hydroxyl group. Molecule A has a gauche-tr.uns conforma- 
tion, whereas sucrose has a gu:auche-gauche conformation. On the other hand, 
molecule B has a great difference in torsion angles about the 3 + 2’ glycosidic 
bond, and the orientation of the 1’ primary hydroxyl group is also different. The 6’ 

primary hydroxyl group of B is disordered. One conformation corresponds to that 
found in A and the other is as found in sucrose. Different conformations of the 1’ 
and 6’ primary hydroxyl groups, as observed here, have been found also in other 

* List of hydrogen atom coordinates, anisotropic temperature factors, bond distances and angles and 

observed and calculated structure factors have been deposited with, and can be obtained from, 

Elsevier Sciences Publishers, B.V., BBA Data Deposition, P.O. Box 1527, Amsterdam. Netherlands. 
Reference should be made to No. BBA/DD/524/Curbohydr. Res., 241 (199.7) V-69. 
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TABLE III 

Selected torsion angles (“1 in comparison with those observed in sucrose 

Torsion angles 

Glycosidic linkage 
O-5-C-l-O-l-C-2’ 
c-1-0-1-c-2’-0-2’ 

o-1 ’ group 
O-l’-C-l’-C-2’-O-2’ 
O_lf_C_l’-C_2’_C_3’ 
O_l’_C_l’-C_2’_0_1 

O-6 ’ group 
0_6’_C_6’_C_5’-O-2’ 
0_6’_C_6’_C_5’_C_4 

Molecule A 

108.2(3) 
- 46.9(4) 

172.8(2) 
- 70.4(4) 

50.7(3) 

61.4(4) 
179.3(3) 

Molecule B 

96.9(3) 
- 37.2(4) 

-561X3) 
61.N3) 

- 178.5(2) 

- 63.3(4), 66.9(6) 
54.7(5), - 175.2(5) 

Sucrose 3 

107.8(l) 
-44.8(l) 

171.4(l) 
-72.1(l) 

50.60) 

-56.4(l) 
64.4(l) 

fructofuranose oligosaccharides ‘-” These primary hydroxyl groups are more . 

flexible than an aglycon at the glycosidic bond, and molecular packing-forces, 
especially hydrogen bonding in the crystal, may determine the orientations. 

The hydrogen-bond distances and angles observed in the crystal are listed in 
Table IV. As shown in Fig. 1, molecule A forms an intramolecular hydrogen bond 

TABLE IV 

Hydrogen bond distances (A) and angles (“1 

O-H .O Code a o...o O-H H...O < O-H 0 

O-2-HO-2. . . O-4 ii 2.801(4) 0.99(5) 1.81(5) 177(3) 
O-3-HO-3.. . O-4’ 
O-4-HO-4.. O-4B 
O-l’-HO-l’ . . O-2 
O-3’-HO_3’. 0_3’B 
0_4’_HO_l’. . 0-W 
0_(j’_H()_6’a.. O-6 
0-6’-HO-6’b.. O-1’B 
O-6’-HO-6’b.. O-2’B 
O-2B-HO-2B.. O-3’ 
O-3B-HO-3B . . O-3 
O-4B-HO-4B.. O-2B 
O-l'B-HO-1'B . O-6’ 
O-3’B-HO-3’B.. O-l’ 
O-4’B-HO-4’B.. O-1’B 
O-6’Ba-HO-6’Ba. . O-5B 
O-6’Bb-HO-6’Bb. . O-2’ 
O-W-HO-W1 . O-4’B 
0-W-HO-W2.. O-4 
0-W-HO-W2.. O-4B 

111 2.733(3) 
iv 2.819(3) 
i 2.764(3) 
i 2.926(3) 
v 2.721(5) 
vi 2.742(5) 
vii 2.993(3) 
vii 2.866(4) 
i 2.753(3) 
. . 

Vlll 2.784(4) 
ix 2.781(3) 
x 2.993(3) 
ix 2.757(4) 
ix 2.814(4) 
i 2.825(6) 
x 2.869(g) 
i 2.774(6) 
i 3.174(4) 
iv 3.282(6) 

0.99(4) 
0.97(4) 
1.00(5) 
0.99(4) 
0.97(5) 
1.08(9) 
1.12(9) 
1.12(9) 
0.97(4) 
0.99(5) 
0.98(5) 
1.02(4) 
0.99(5) 
0.96(6) 
1.21(10) 
1.04(10) 
0.96(6) 
0.94(6) 
0.94(6) 

1.78(4) 16N3) 
1.90(4) 157(3) 
1.81(5) 157(3) 
1.98(4) 158(3) 
1.76(5) 172(3) 
1.71(9) 159(6) 
2.42(9) llo(5) 
1.98(9) 132(5) 
1.78(4) 178(6) 
1.81(5) 169(2) 
1X2(5) 165(2) 
1.99(4) 16x3) 
1.77(5) 171(3) 
1.92(5) 153(3) 
1.75(9) 145(4) 
1.91(9) 152(7) 
1.82(6) 177(3) 

2.33(6) 149(3) 
2.52(6) 138(2) 

a Symmetry code: i n, y, z; ii x, y, -l+ z; iii 3/2-x, 3/2+ y, 1 -z; iv 3/2-x, l/2+ y, 2- z; v 
3/2- x, -l/2+ y, 2- z; vi 1- x, - y, z; vii -1/2+x, l/2- y, l- z; viii 3/2- x, -l/2+ y, 1-z; 
ix x, y, 1+ z; x 1/2+ x, 1/2-y, l- z. 
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-+ O-1’ -+ 0-2 -+ 0-4 + O-4B + O-2B -+ O-3’ + 0-3’B -+ 0-l’ -i 

U 
H 

O-3B --) O-3 + O-4’ -+ W 
H O-2’B 

! 
O-4’B -+ 0-1’B + O-6’ i 

O-6’ +- O-1’B +- O-4’B 

T 

O-2’B 
H 
W + 0-4’ e O-3 c O-3B 

CH7 

+ O-l’ +- -O-3’B t O-3’ c 0-2B + 0-4B c O-4 t O-2 t 0-I’ t 

O-6’Ba -+ O-5B 

0-6’Bb --+ O-2’ 

Fig. 2. Hydrogen bonding system in xylosucrose hemihydrate crystal 

between O-l’ and O-2, whereas molecule B forms an intramolecular hydrogen 

bond between O-6’ and O-S. Both types of intramolecular hydrogen bonds have 

been observed in sucrose. A schematic diagram of the hydrogen bonding in the 

crystal is given in Fig. 2. Infinite and finite chains are crosslinked in a net by the 

water molecule forming bifurcated hydrogen bonds. The 6’ hydroxyl group in 

molecule A locates near the two-fold axis, and one of the disordered hydrogen 

atoms of the group makes an O-6’ . * O-6’ hydrogen bond, while another disor- 

dered hydrogen atom makes a bifurcated hydrogen bond to O-1’B and O-3’B. The 

disordered 6’ hydroxyl groups in molecule B make 0-6’Ba . . . O-5B and O- 

6’Bb . . O-2’ hydrogen bonds separated from the net of the hydrogen bonding. 

REFERENCES 

1 S. Imai, T. Takeuchi, K. Shibata, S. Yoshikdwa, S. Kitahata, S. Okada, S. Araya. and T. Nisizawa, J. 

Dent. Res., 63 (1984) 1293-1297. 

2 T. Nisizawa, K. Takeuchi, S. Imai, S. Kitahata, and S. Okada, Carbohydr. REX. 147 (1986) 135-144. 

3 G.M. Brown and I-I. Levy, A~,fu Crystallogr., .%a. B, 29 (1973) 790-808. 

4 J.C. Hanson, L.C. Siekcr, and L.H. Jensen. AC/U Crywzllogr., Sect. B. 29(1Y73) 700-8~8. 



T. Taga et al. /Carbohydr. Res. 241 (1993) 63-69 69 

5 P. Main, SE. Hulli, L. Lessinger, G. Germain, J.-P. Declercq, and M.M. Woolfson, Multan 78 

system, Universities of York, United Kingdom and Louvain, Belgium, 1987. 

6 International Tables for X-Ray Crystallography, Vol. 4, Kynoch Press, Birmingham, 1974. 

7 T. Taga, T. Higashi, and H. Iizuke, Kppxray system, Kyoto University, Japan, 9185. 

8 H.M. Berman, Acta Crystallogr., Sect. B, 26 (1970) 290-299. 
9 K. Hirotsu and A. Shimada, &em. Lett., (1973) 83-86. 

10 P.D. Avenel, A. Neuman, and H. Giller-Pandraud, Acta Crysystalogr., Sect. B, 32 (197612598-2605. 

11 J. Becquart, A. Neuman, and H. Giller-Pandraud, Carbohydr. Rex, 111 (1982) 9-21. 
12 G.A. Jeffrey and Y.J. Park, Acta Crystallogr., Secl. B, 28 (1972) 257-267. 

13 R. Gilardi and J.L. Flippen-Anderson, Acta Crystullogr., Sect. C, 43 (1987) 806-808. 

14 G.A. Jeffrey and De-Bin Huang, Carbohydr. Res., 210 (1991) 89-104. 
15 T. Taga, E. Inagaki, Y. Fujimori, and S. Nakamura, Carbohydr. Res., 240 (1993) 39-45. 
16 S. Takagi and G.A. Jeffrey, Acta Crystallogr., Sect. B, 34 (1978) 3104-3107. 
17 S. Takagi and G.A. Jeffrey, Acia Crystallogr., Sect B, 35 (1979) 1482-1486. 
18 G.A. Jeffrey, Acta Crysfallogr., Sect. B, 46 (1990) 89-103. 
19 D. Cremer and J.A. Pople, J. Am. Chem. SOL, 97 (1975) 1354-1358. 


