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A B S T R A C T  

Crystals of methyl 3-O-/3-D-glucopyranosyl-/3-D-glucopyranoside (methyl /3-D-laminarabioside) be- 
long to the orthorhombic system, space group P212t2, with a = 14.548(2), b = 24.252(7), c = 4.938(1) A, 
and Z = 4. The crystal structure was solved by the direct method and refined by the full-matrix 
least-squares procedure to an R-value of 0.062 for 1099 observed reflections in the X-ray data. The 
molecular structure is similar to that of /3-D-laminarabiose. The torsional angles around the glycosidic 
bonds are influenced by both the existence of an intramolecular hydrogen bond at 0 - 4 '  - • - 0 -5  and the 
exo-anomeric effect. In the nonreducing residne, the exocyclic 0 -5  C-5 C-6-O-6  and C - 4 - C - 5 - C - 6 -  
0 -6  torsional angles are ( + )gauche and trans, respectively, whereas the corresponding torsional angles 
in the reducing residue are ( )gauche and (+)gauche .  One water molecule cocrystallizes with each 
disaccharide, and the crystal structure is stabilized mainly by intra- and inter-molecular hydrogen bonds 
involving water molecules. 

I N T R O D U C T I O N  

Polysaccharides such as curdlan, lentinan, shizophyllan, scleroglucan, and gri- 
folan, contain a main chain of (1 ~ 3)-linked /3-D-glucopyranosyl residues. Except 
for curdlan, they all have branches at C-6; however, the degree of branching is 
different in each polymer. Curdlan is a linear polymer almost exclusively composed 
of (1 ~ 3)-/3-D-glucose residues. Many researchers ~ 5 have reported that most of  
the above polysaccharides have antitumor activities that may be correlated to their 
molecular structures. 

In order to obtain structural information about the intra- and inter-molecular 
hydrogen bonding schemes,  together with the ring and linkage conformations of a 
(1 ~ 3)-/3-D-glucan, Takeda et al. 6 carried out X-ray structure analyses of  3-0-/3- 
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D-glucopyranosyl-/3-D-glucopyranose (fi-D-laminarabiose), a disaccharide related to 
curdlan-type polysaccharides. In this paper,  we report  the molecular and crystal 
structure of methyl 3-O-/3-D-glucopyranosyl-fi-D-glucopyranoside (methyl fi-D- 
laminarabioside). The linkage conformation and the molecular packing are com- 
pared with those found in other related saccharides. 

EXPERIMENTAL 

Methyl fi-~Maminarabioside was prepared  by a method that has been reported 
elsewhere 7. Colorless, thin, single, platelets were grown by slow evaporation of a 
~ 70% ethanolic solution. Determination of the unit-cell dimensions and collec- 
tion of the diffraction intensities were performed on a Rigaku four-circle diffrac- 
tometer  with graphite monochromatized CuKc~ radiation (A = 1.5418 A). A crystal 
with dimensions of 0.5 × 0.2 x 0.1 mm 3 was used for the X-ray measurements.  The 
lattice parameters  were obtained by a least-squares procedure using 20 reflections 
with 20 in the range 45-50 ° . The intensity data were collected by the co-scan mode 
with a scanning rate of 4° /min  with an co-scanning width of Aco = (2.0 + 0.14 tan 

0) °. Three  reference reflections that were measured after every 100 reflections 
showed no significant intensity deterioration during the data collection. The 
observed intensities were corrected by a Lorentz-polarization factor. No absorp- 
tion correction was made. A total of 1662 independent  reflections were measured 

up/to 20 = 120 °, of which 1099 reflections with F o greater than 2o- (F  o) were used 
in the structure analysis. The density of the crystal was measured by the flotation 
method using a mixture of carbon tetrachloride and toluene. The observed density 
(1.425 g / c m  3) suggested the existence of one water molecule for each disaccharide 
so that the unit cell contains four disaccharide and four water molecules. 

Structure  a n a l y s i s . - - C o n s i s t e n t  with the systematic absences for the h00 and 
0k0 reflections when h and k are odd, the space group was assigned to be 
P212~2. Crystal data are shown in Table I. The initial positions of 23 of the 24 
nonhydrogen atoms in the disaccharide unit were obtained by the direct method 
with SAPI-85 program s for the P21212 space group, and the remaining atoms by 
the weighted Fourier procedure. After several cycles of full-matrix least-squares 
ref inement  with isotropic thermal factors, the difference Fourier synthesis revealed 
the oxygen atom of the water  molecule. In the difference Fourier map obtained 
after several refinement cycles with anisotropic thermal factors, the locations of 22 
hydrogen atoms were found. Among the four hydrogen atoms which could not be 
found, those attached to the methyl carbon and 0 - 4 '  oxygen were located at the 
calculated positions. Further  refinement was performed including the hydrogen 
atoms. The isotropic tempera ture  factor of each hydrogen atom was calculated 
from the anisotropic tempera ture  factors of the corresponding parent  atom at each 
ref inement  cycles. One hydrogen atom of the water molecule [H(O-W-A)] was 
found in the final refinement procedure.  The final discrepancy factor (R-value) 
was 0.062 and the R w value was 0.059, for all the non-hydrogen atoms with 
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TABLE 1 

Crystal data for methyl /3-D-laminarabioside 
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M o l e c u l a r  f o r m u l a  C i3 }t 24 ° i 1 }{ 2 0  
Molecular weight 374.34 
Crystal system orthorhombic 
Space group P2 t212 
Z 4 
a (A) 14.548(2) 
b (*) 24.252(7) 
c (A) 4.938(1) 
V (~3) 1742.4(7) 
Dealt d (g/cm 3) 1.426 
Dobsd (g/cm 3) 1.425 

anisotropic temperature factors and 25 hydrogen atoms with isotropic temperature 

factors, for the observed 1099 reflections. The final atomic parameters are given in 

Tables 1I and 11i. The final anisotropic temperature factors and observed and 

calculated structure factors have been deposited * 

The atomic scattering factors were taken from the International Tables for 

X-ray Crystallography, Vol. IV (ref. 9). Computations were performed on an A-70 

minicomputer with the help of the CRYSTAN program in a RASA-5RII  system 
(Rigaku Corporation). 

RESULTS AND DISCUSSION 

The molecular structurc of methyl /3-D-laminarabioside is shown in Fig. 1 

together with the atomic numberings. 

Bond lengths and ang les . - -Thc  bond lengths for both nonreducing and reducing 
residues (Table IV) are in agreement with the previously reported values ~,'~° is. 

The endocyclic C - C  bonds in the nonreducing residue are in the range 1.51 to 1.55 

with an average of 1.52 A, and those in the reducing residue are in the range 
1.48 to 1.54 A with an average of 1.52 A. The C-1-O-5 bond (1.42 A) is slightly 

shorter than the C-5-O-5 bond (1.45 A) in the nonrcducing rcsidue, but in the 

reducing residue, the two are nearly equal (C-1 ' -O-5 '  = 1.44 A and C-5 ' -O-5 '  = 

1.45 X). 
Excluding the bridge C - O  bonds, the lengths of the exocyclic C - O  bonds range 

from 1.40 to 1.46 A with an average of 1.43 A. At the bridge, the C- l -O-1  bond 

(1.39 A) is shorter and the C-3 ' -O-1 bond (1.46 A) is slightly longer than the 
normal C - O  bond length. This trend is thc same as that in /3-D-laminarabiose ~'. 

* These data have been deposited with, and may be obtained from, Elsevier Science Publishers B.V., 
B.B.A. Data Deposition, P.O. Box 1527, Amsterdam, The Netherhmds. Reference should bc made to 
No. BBA/DD/509/Cart)ohydr. Res. 237 (1992) 33-43. 
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TABLE II 

Fractional coordinates and equivalent isotropic temperature factors for nonhydrogen atoms of methyl 
/3-D-laminarabioside, with estimated standard deviations in parentheses. Beq = 4/3[Bua 2 + B22b ~ + 
B33c 2 + 2(B12ab + Bz3bc + B3~ca)] 

Atom x y z Beq 

C-1 0.3743(6) 0.1587(4) 0.5379(29) 3.95 
C-2 0.4694(6) 0.1866(4) 0.4980(28) 3.82 
C-3 0.4859(6) 0.2254(4) 0.7327(26) 4.15 
C-4 0.4066(6) 0.2657(4) 0.7670(24) 3.55 
C-5 0.3171(6) 0.2343(4) 0.7936(28) 3.96 
C-6 0.2334(7) 0.2723(5) 0.8009(29) 4.38 
C-V 0.2370(6) -0.0004(4) 0.0947(25) 4.09 
C-2' 0.3089(6) 0.0452(4) 0.1077(27) 3.75 
C-3' 0.2907(6) 0.0814(4) 0.3427(27) 3.79 
C-4' 0.1923(6) 0.1034(4) 0.3511(28) 3.98 
C-5' 0.1232(6) 0.0562(4) 0.3051(32) 4.89 
C-6' 0.0264(7) 0.0790(5) 0.2369(33) 4.90 
C-M 0.2003(11) -0.0816(6) -0.1479(45) 6.75 
O-1 0.3562(4) 0.1267(3) 0.3H9(16) 3.92 
0-2 0.5396(4) 0.1456(3) 0.5015(18) 4.96 
0-3 0.5686(5) 0.2570(4) 0.6711(19) 5.10 
0-4 0.4178(4) 0.2945(3) 1,0181(18) 4.92 
0-5 0.3064(4) 0.2008(3) 0.5529(16) 3.75 
0-6 0.1512(4) 0.2400(4) 0.8258(18) 4.89 
O-1' 0.2520(5) -0.0312(3) -0.1424(19) 5.39 
0-2' 0.3949(4) 0.0191(3) 0.1223(23) 6.27 
0-~' 0.1673(5) 0.1235(3) 0.6102(20) 5.52 
0-5' 0.1480(4) 0.0245(3) 0.0663(17) 4.62 
0-6' 0.0271(5) 0.1144(3) 0.0101(20) 5.36 
O-W 0.5493(4) 0.0873(3) 0.0026(19) 5.40 

The  bond angles of  methyl /3-D-laminarabioside (Table IV) are in agreement  
with those typically found in carbohydrates  6'1° is. The endocyclic angles range 

f rom 107.7 to 113.4 °, with an average value of  110.1 °. As in /3-I>laminarabiose 6, 

the C - O - C  ring angle is the largest among  the endocyclic angles (111.8 ° in the 

nonreduc ing  and 111.5 ° in the reducing residues). 

The  exocyclic bond angles range widely f rom 102.8 to 112.8 °, with an average 
value of  108.4 °, excluding the angle at the glycosidic oxygen atom. The  10 ° 

variat ion of  the exocyclic bond angles may be due to intermolecular  interactions, 
involving hydrogen bonds 6'13 18. 

The  bond  angle C - 1 - O - 1 - C - 3 '  (117.5 °) at the bridge oxygen a tom is nearly 

equal to the corresponding angle in /3-D-laminarabiose (118.2°) 6. In  o ther  acety- 

lated derivatives, this angle is 116.1 ° (methyl hepta-O-acetyl-/3-D-laminarabioside) t°, 
113.5 ° (oc ta-O-acety l - /3-D-laminarabiose)  11, and  113.4 ° (oc ta -O-ace ty l -a -D-  

laminarabiose)  12. These  values indicate that  the glycosidic bond angle may depend  

on the s tereochemical  environment ,  the size of  substi tuent and the degree of  

substitution, and on the capability of  hydrogen bonding.  
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TABLE III 

Fractional coordinate for hydrogen atoms of methyl /3-D-laminarabioside, with estimated standard 
deviations in parentheses 

Atom x y z 

H(C-1) 0.384(7) 0.130(5) 0.746(25) 
H(C-2) 0.469(7) 0.207(5) 0.292(27) 
H(C-3) 0.501(8) 0.202(5) 0.925(25) 
H(C-4) 0.407(7) 0.296(4) 0.606(26) 
H(C-5) 0.309(7) 0.202(4) 0.981(27) 
H(C-6-A) 0.239(9) 0.293(5) 0.945(28) 
H(C-6-B) 0.223(8) 0.297(5) 0.610(27) 
H(C-I') 0.242(8) - 0.026(4) 0.313(26) 
H(C-2') 0.298(7) 0.072(5) - 0.039(28) 
H(C-3') 0.305(7) 0.054(4) 0.507(28) 
H(C-4') 0.180(7) 0.137(5) 0.178(26) 
H(C-5') 0.124(8) 0.024(5) 0.482(27) 
H(C-6'-A) 0.018(9) 0.099(5) 0.384(28) 
H(C-6 '-B) - 0.016(8) 0.043(4) 0.183(27) 
H(C-M-A) 0.144(9) - 0.074(6) - 0.206(40) 
H(C-M-B) 0.215(11) - 0.097(7) 0.014(36) 
H(C-M-C) 0.231(8) - 0.105(5) 0.287(30) 
H(O-2) 0.541(8) 0.118(5) 0.391(29) 
H(O-3) 0.588(9) 0.259(6) 0.824(33) 
H(O-4) 0.467(7) 0.319(5) 1.000(30) 
H(0-6) 0.119(9) 0.236(6) 0.697(32) 
H(O-2') 0.436(8) 0.038(5) 0.106(35) 
H(O-4') 0.199(8) 0.152(5) 0.683(33) 
H(O-6') 0.083(8) 0.110(5) - 0.130(30) 
H(O-W-A) 0.417 - 0.054 0.009 

Conforrnation.--The tors ional  angles  of  methyl  /~-D-laminarabios ide  and /~-D- 

l amina rab io se  are  given in Tab le  V. The  abso lu te  va lues  of  the  endocycl ic  angles  in 

the  non reduc ing  re s idue  are  in the  range  53.6 to 66.5 ° with an average  va lue  of  

59.6 °, whe reas  those  in the  r educ ing  res idue  are  in the  r ange  47.9 to 65.5 ° with an 

average  value  of  56.3 °. The  angles  a round  the  r ing C - O  b o n d s  are  la rger  than  the  

others .  O n  the  o the r  hand,  the  angles  a round  the  C - 2 - C - 3  and  C - 3 - C - 4  bonds  are  

smal les t  in the  non reduc ing  r e s idue  and also smal le r  t han  the o the r s  in the  

r educ ing  res idue.  This  t e n d e n c y  has  been  obse rved  in o t h e r  sacchar ide  molecu les  

and may  be  due  to the  la rger  pucke r ing  effect  a r o u n d  the  C - 5 - O - 5  and  C - 1 - O - 5  

bonds6,13 18. In  add i t i on  to this tendency ,  it was obse rved  tha t  the  angle  a round  the  

C - 4 ' - C - 5 '  b o n d  is nea r ly  equal  to tha t  of  C - 2 ' - C - 3 ' .  

T h e  exocyclic to rs iona l  angles  a round  the C - 5 - C - 6  bonds  in the  fi-D- 

l amina rab io se  6 are  d i f fe ren t  f rom those  in the  p r e s e n t  study. In  the  case of  

/3- i> laminarabiose ,  the  angle  O - 5 - C - 5 - C - 6 - O - 6  and  C - 4 - C - 5 - C - 6 - O - 6  are  

(+)gauche and trans, respect ively,  in both  n o n r e d u c i n g  and  reduc ing  res idues  

(gauche-trans conformat ion) .  In  the  p r e se n t  study,  those  in the  nonreduc ing  

res idue  are  the  same (+)gauche and trans confo rmat ion ,  while those  in the  
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H(C-6'-A) H ( O - 6 ) ~  H~)6-A) 

H ( C ~ 6 '  ~ C'6-~H(C.6.B ) 
~" C.6~, ~ ,~' H(O-4') H(C-5) ~/ 

0 7 ,  

.(c-M-c) "~-2''~ Cf 
H(O-2') H(O-2) 

O-W @ 
Fig. 1. Molecular structure of methyl /3-D-laminarabiosidc. The 30% probability thermal ellipsoids are 
shown for carbon and oxygen atoms (ORTEP26). The broken line indicates a hydrogen bond. 

reducing residue are (-)gauche and (+)gauche (gauche-gauche conformation). 
The latter may be attributed to the effects of molecular packing and the hydrogen 
bonding scheme. 

Around the glycosidic bonds (Table V), the values of O-5-C-1-O-1-C-3 '  (01) 19 
and C-1 -O-1-C-3 ' -C-2 '  (02) are -85 .8  and - 161.8 °, respectively. These are very 
similar to the corresponding values of - 9 3 .6  and -161 .0  ° found in /3-D- 
laminarabiose ~. Projections of the two pyranose rings of methyl /3-D-laminarabio- 
side and /3-D-laminarabiose along the pseudo-axis passing through atoms C-1 and 
C-3' are shown in Fig. 2. In both disaccharides, pyranose rings have 4C~ chair 
conformations in approximately the same orientation. The observed 01 and 02 
values in this study are within the low-energy region obtained from the conforma- 
tional energy calculations for/3-D-laminarabiose 2°. Sundaralingam ~9 has suggested 
that (1-~ 3)-/3-D-linked polysaccharides may exhibit one of two possible in- 
tramolecular hydrogen bonds, 0 -4  . . . .  0-5  and 0-2  . . . .  0-2. In the present study, 
0-4  . . . .  0-5  hydrogen bond (2.77 A) is observed, which is similar to that seen in 
/3-D-laminarabiose C'. 

Among the various compounds with (1 ~ 3)-/3-D-linkage listed in Table VI, the 
angle qS[H(C-1)-C-I-O-1-C-3']  21 varies in a relatively narrow range of 28 to 54 ° 
(Table VI). On the contrary, the range for the angle 0[C-1-O-1-C-3 ' -H(C-3 ' ) ]  21 
is rather wide ( 52 to 14°). In spite of the absence of the intramolccular hydrogen 
bonds between the 0-5  and 0-4 '  atoms by acetylation, the similar magnitude of 
the angle 4) is noteworthy I° ~2. A similar tendency for ~b was also observed in 
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TABLE IV 

Bond lengths (A_) and bond angles (°) for methyl /~-D-laminarabioside, with estimated standard 
deviations in parentheses 

Bond Length Bond Length 

C-1-C-2 1.55(1) C-1' -C-2' 1.52(1) 
C-2 C-3 1.51(2) C-2' C-3' 1.48(2) 
C-3-C-4 1.52(1) C-3' -C-4' 1.53(1) 
C-4-C-5 1.51(1) C-4'-C-5' 1.54(1) 
C-5-C-6 1.53(1) C-5' -C-6' 1.55(2) 
C-1-0-1 1.39(1) C-I' -0-1'  1.41(1) 
C-2-0-2 1.43(1) C-2' -0-2 '  1.40(1) 
C-3-0-3 1.46(1) C-3'-0-1 1.46(1) 
C-4-0-4 1.43(1) C-4' 0-4' 1.43(2) 
C-5-0-5 1.45(1) C-5'-0-5' 1.45(2) 
C-1-0-5 1.42(1) C-1'-0-5' 1.44(1) 
C-6-0-6 1.44(1) C-6' - 0-6' 1.41 (2) 

C-M 0-1' 1.44(2) 

Bond Angle Bond Angle 

c-2-c-1-0-1 108.2(10) c-2' -c-1 ' -0-1 '  108.3(9) 
c-2-c-1-0-5 108.2(7) c-2' -c -1 ' -0-5 '  108.7(7) 
0-1-c-1-0-5 1 0 8 . 2 ( 8 )  0-1 ' -c -1 ' -0-5 '  106.4(9) 
c-1 c-2-c-3 1 0 8 . 4 ( 9 )  c -1 ' -c -2 ' -c -3 '  109.9(9) 
c-1-c-2-0-2 109.4(8) c-1' -c-2 '  -0-2 '  106.8(8) 
c-3-c-2-0-2 108. t(8) c-3' -c-2 '  -0-2 '  112.8(1 o) 
c-2-c-3-c-4 1 1 1 . 3 ( 8 )  c -2 ' -c -3 ' -c -4 '  113.4(9) 
c-2-c-3 0-3 1 0 7 . 3 ( 9 )  c -2 ' -c -3 ' -0-1  104.3(9) 
C-4-C-3-O-3 108.1(8) C-4' -C-3'-O-1 110.5(8) 
C-3-C-4-C-5 109.8(8) C-3' -C-4' -C-5' 110.3(8) 
C-3-C-4-O-4 108.8(8) C-3' -C-4'-O-4' 112.6(10) 
C-5-C-4-O-4 1 0 5 . 6 ( 9 )  C-5'-C-4'-O-4' 102.8(9) 
C-4-C-5-C-6 1 1 2 . 6 ( 8 )  C-4'-C-5'-C-6' 111.1(8) 
C-4-C-5-O-5 1 0 7 . 7 ( 9 )  C-4'-C-5'-O-5' 110.6(9) 
C-6-C-5-O-5 1 0 5 . 8 ( 9 )  C-6'-C-5'-O-5' 103.7(11) 
C-5-C-6-O-6 1 0 9 . 8 ( 8 )  C-5'-C-6'-O-6' 112.5(10) 
C-1-O-5-C-5 111.8(8) C-1' -O-5'-C-5' 111.5(8) 
C-1 -O-1 -C-3' 117.5(8) C-1' -O- 1' -C-M 112.8(11) 

three  polymorphs of curd lan  22-24. Perez and Marchessaul t  25 have poin ted  out the 

existence of a conformat iona l  bias that  restricts ro ta t ion  a round  the bond  be tween  

an anomer ic  carbon  atom and a glycosidic oxygen a tom and  have related this 

t endency  to the exo-anomeric  effect. The  angle 4} is more  resistant  to the 

s tereochemical  env i ronmen t  than  the angle 0, and both  of them appear  to be 

inf luenced  by in t ramolecu la r  hydrogen bonds  and the exo-anomeric  effect. 

It is noteworthy that  the angles 4} and 0 observed in curdlan  are similar to 

those in the acetylated derivatives ra ther  than  those in /3-D-laminarabiose and this 

study (Table  VI). 

The  conformat ion  of the methyl  group at the reducing  end reflects the inf luence 

of the exo-anomeric  effect 25 (Table  V). 
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TABLE V 

Torsional anglcs (o) of methyl [3-D-laminarabioside with estimated standard deviations in parentheses 
compared with those in [3-D-laminarabiose (' 

Methyl [3-D-Laminarabiose 
[3-i>laminarabioside 

Endocyclic 
0-5 C-1 C-2 C-3 58.3(17) 58.1 
C-I C-2-C-3-C-4 -53.6(11) -56.0 
C-2-C-3-C-4-C-5 54.7(12) 54.5 
C-3-C-4-C-5-O-5 - 58.1 (19) - 56.7 
C-4 C-5-O-5-C- I 66.4(8) 62.5 
C-5-O-5-C-1-C-2 - 66.5(16) - 62.3 
O~5'-C-1' C-2' C-3' 60.2(16) 55.0 
C-1'-C-2'  C-3' C-4' -52.7(10) -51.9 
C-2' C-3 ' -C-4 '  -C-5'  47.9(17) 52.3 
C-3'-C-4'  -C-5'  - 0 - 5 '  50.3(18) - 56.8 
C-4' C-5' -O-5 ' -C-1 '  61.2(8) 64.4 
C-5 ' -O-5 ' -C-1 ' -C-2 '  65.5(14) 62.5 

Exocyclic 
O-5-C-5-C-6 0-6 62.6(14) 63.5 
C-4 C-5-C-6-O-6 179.9(16) - 176.7 
O-I-C-1-C-2-O-2 - 67.2(22) - 66.0 
O-2-C-2-C-3-O-3 69.8(11) 65.2 
O-3-C-3 C-4-O-4 72.5(17) - 65.3 
O-4-C-4-C-5-C-6 68.5(21) 68.9 
0-5 '  -C-5 ' -C-6 '  - 0 - 6 '  62.5(15) 67.0 
C-4'-C-5'  C-6' 0-6 '  56.3(11) -174.0 
O-1 ' -C-1 ' -C-2 '  0 -2 '  62.1(16) -60.8 
O-2 ' -C-2 ' -C-3 '  O-1 68.2(10) 63.4 
O-1 -C-3'  -C-4'  -O-4 '  81.2(20) - 72.1 
O-4 ' -C-4 '  -C-5'  C-6' 74.8(23) 65.8 
0-5 '  C - I ' - O - I ' - C - M  - 75.2(10) 
C-2'-C-1'  O-1' C-M 168.2(12) 

(1 -~ 3)- [3-linkage 
O-5-C-1-O-I-C-3 '  ~1 - 85.8(11) - 93.6 
C-2-C-1 -O-1-C-3 '  4J( 157.3(10) 148.3 
C- l -O-1-C-3 ' -C-2 '  4J2 161.8(10) - 161.0 
C-l-O-1 C-3 '-C-4 '  0~ 76.0(18) 77.7 
H(C-1) C - 1 0 - I - C - 3 4 ~  43.2(51) 27.9 
C-1-O-1-C-3 ' -H(C-3 ' )  g, - 51.8(72) 37.5 

M o l e c u l a r  p a c k i n g . - - T h e  c rys ta l  s t r u c t u r e  o f  m e t h y l  / 3 - D - l a m i n a r a b i o s i d e  (Fig .  

3) is s t a b i l i z e d  m a i n l y  by  i n t r a m o l e c u l a r  a n d  i n t e r m o l e c u l a r  h y d r o g e n  b o n d s  

i n v o l v i n g  w a t e r  m o l e c u l e s  ( T a b l e  VI I ) .  

T h e  d i s a c c h a r i d e  m o l e c u l e s ,  a r r a n g e d  a l o n g  t h e  (120)  p l a n e  a r e  i n c l i n e d  a b o u t  

30 ° to  t h e  a b - p l a n e  (Fig .  3b )  a n d  a r e  s t a c k e d  a l o n g  t h e  c axis. 

Al l  t h e  hydroxy l  g r o u p s  t a k e  p a r t  in  h y d r o g e n  b o n d i n g  a n d  ac t  as b o t h  p r o t o n  

d o n o r s  a n d  a c c e p t o r s ,  e x c e p t  for  a t o m  0 - 4 '  w h i c h  ac t s  on ly  as a p r o t o n  d o n o r .  T h e  

a t o m s  O-1 ,  O-1 ' ,  a n d  0 - 5 '  d o  n o t  t a k e  p a r t  i n  t h e  h y d r o g e n  b o n d s .  In  t h e  c a s e  o f  
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C-3 C-5 
C ~ . 5 '  

4, 

C-2' 011 v 0~5 0-5' 
(a) 

C-3 

O- 1 0 . 5 , V c - 4 ,  
0-5 (b) 

Fig. 2. Projections of (l ~ 3)-fl-Iinked pyranose rings along thc C-1-C-3 '  pseudo-axis. Thin and thick 
lines represent  the reducing and nonreducing residue, respectively: (a) methyl /~-D-laminarabioside; (b) 
3-i>laminarabiose. 

Q ) -  - .  -C~-- 

--Q--- ", ,~'Q.. 0 5 ' " ~  03 -G<--" ",. -. ".~ 0~'2"0 " , -~ \ . ' b - ]~ "  "0- '~ 06"'. ~:0~3,:;~ - "',~L~;':'Z) 0 / ~  
c ~  ,~ " ' CM 04 " 

(a) 

' 0 2  ; :: 

(b) 
Fig. 3. Crystal structure of methyl fl-i>laminarabioside: (a) c projection; (b) a projection; broken lines 
indicate hydrogen bonds. 
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TABLE V/ 

Torsional angles (°) of the glycosidic linkage for (1 -~ 3)-/3-1inked disaccharides and polysaccharides 

Compound H(C-1)-C-1-O-I-C-3'  C-1-O-I-C-3 '-H(C-3')  
(4,) (0) 

Methyl/3-D-laminarabioside 43 
/3-D-Laminarabiose 6 28 
Methyl hepta-O-acetyl-p-D-laminarabioside 1° 43 
Octa-O-acetyl-/3-D-laminarabiose n 42 
Octa-O-acetyl-c~-D-laminarabiose 12 54 
Curdtan form I (ref. 22) 49 

form II (ref. 23) 35 
form III (ref. 24) 29 

- 5 2  
- 3 8  

5 
14 
11 
6 
8 

10 

/3 -D- lamina rab iose  6, all t he  oxygen  a toms ,  e x c e p t  fo r  a t o m  O-1,  f o r m  h y d r o g e n  

bonds .  Th i s  d i f f e r e n c e  m a y  be  d u e  to t h e  O - m e t h y l a t i o n .  P e r h a p s  b e c a u s e  o f  t h e  

h y d r o p h o b i c  m e t h y l  g r o u p ,  t he  a t o m s  O - 1 '  a n d  O - 5 '  do  no t  p a r t i c i p a t e  in h y d r o g e n  

bonds .  A t o m  0 - 4  acts on ly  as a p r o t o n  d o n o r ,  and ,  finally,  a t o m  0 - 6 '  t akes  up  t h e  

p r e v i o u s l y  d e s c r i b e d  g a u c h e - g a u c h e  c o n f o r m a t i o n  in o r d e r  to avoid  a p r o b a b l e  

shor t  c o n t a c t  wi th  t he  m e t h y l  g r o u p  (Fig.  3a). C o n s e q u e n t l y ,  a t o m  0 - 6 '  par t ic i -  

p a t e s  in t he  i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  wi th  a tom 0 - 4 ' .  T h e  f o u r  w a t e r  

m o l e c u l e s  in t he  un i t  cel l  c ross l ink  t h e  d i s a c c h a r i d e  m o l e c u l e s  b o t h  as p r o t o n  

d o n o r s  a n d  accep to r s .  T h r e e  i n t e r m o l e c u l a r  h y d r o g e n  bonds ,  O - 4 - H ( O - 4 )  • . .  O - 6 ' ,  

O - 2 ' - H ( O - 2 ' ) - . .  O - W  and  O - W - H ( O - W - A ) . . .  O - 2 ' ,  c o n n e c t  t h e  d i s a c c h a r i d e  

m o l e c u l e s  r ough ly  pa ra l l e l  to t h e  a b - p l a n e .  T h e  m o l e c u l e s  a r e  also l i nked  by t h e  

r e m a i n i n g  i n t e r m o l e c u l a r  h y d r o g e n  b o n d s  ( T a b l e  V I I )  a long  t h e  c-axis.  

TABLE VII 

Hydrogen bond distances (A) and angles (°) in methyl /3-D-laminarabioside 

Hydrogen bonds Distance Angle 
i i k i-k /_ijk 

Intramolecular O-4 ' -H(O-4 ' ) . . -  0-5 2.77(1) 135 

lntermolecular a O-3-H(O-3) • " • 0-6 a 2.76(1) I73 
O-6-H(O-6) • " • 0-3 b 2.73(1) 162 
O-4-H(O-4)- ' '  0-6 '  c 2.73(1) 159 
O-6'-H(O-6')  • • " 0-4'  d 2.85(1) 163 

Involving water a O-2-H(O-2). • • O-W 2.84(1) 150 
0 - 2 ' - t t ( O - 2 ' ) . . .  O-W 2.85(1) 172 
O-W-H(O-W-A). • ' O-2' e 2.77(1) 155 
O-W H(O-W-B). • - 0-2 d 2.85(1) 

aSymmetry code: a, 1 /2+  x, 1 / 2 -  y, 2 - z ;  b, - 1 / 2 +  x, 1 / 2 -  y, l - z ;  c, 1 /2+  x, 1 / 2 - y ,  l - z ;  
d, x, y, - ] + z ;  e, 1 x, - y ,  z. 
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