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Hexakis(2,6-di-O-methyl)-cy-cyclodextrin (DMaCD) crystallizes in 
the space group P2, from 10% NaCl aqueous solution a t  room 
temperature and in the space group P2,2,2, by the slow evapora- 
tion of water at ca. 90 "C. The P2, crystal shows a typical cage-type 
packing structure and a water molecule is included within its 
macrocyclic cavity. In the P2,2,2, crystal, DMaCD molecules are 
arranged in a helically extended polymeric chain formed by the 
inclusion of an 0-6CH3 methoxyl group of the adjacent molecule 
related by the twofold screw axis. In spite of the difference in the 
packing structure, the macrocyclic conformation of DMaCD mole- 
cules in the two crystals is nearly identical. The round structure of 
the macrocycle is maintained by the intramolecular 0-3H-0-2 
hydrogen bonds formed between adjacent residues. The root- 
mean-square distance between equivalent two atoms calculated 
after the least-squares superposition of the two molecules is 0.36 A 
for non-hydrogen atoms except 0-6 and methyl carbon atoms. 

INTRODUCTION 

Hexakis(2,6-di-0-methyl)-a-cyclodextrin (DMaCD) is 
a chemically modified aCD, in which all 0-2H and 0- 
6H hydroxyl groups are 0-methylated. The methylation 
extends the cavity of macrocycle and affects the geome- 
try of guest inc1usion.l In the crystals of the DMaCD 
complexes with iodine and 1-propanol,* the guest mole- 
cules are included in the orientation similar to that ob- 
served in the corresponding aCD cornple~es,3,~ but they 
are shifted to the 0-2,O-3 side in  the cavity. On the oth- 
er hand, 3-iodopropionic acid is found to be included up- 
side down in the DMaCD complex.5 The macrocyclic 
structure of aCD, which is distorted in the uncomplexed 
state, becomes more symmetrical by the accommodation 
of the guest molecule. The DMaCD molecule in the 
complexed state is also in a round structure which is 
maintained by the intramolecular 0-3H---0-2 hydrogen 
bonds.2.5 To elucidate the property of molecular recogni- 
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tion and the conformational change upon complex for- 
mation, the knowledge of the structural details of 
DMaCD in the uncomplexed state is essential. We have 
obtained crystals of uncomplexed DMclCD in two 
forms. In this paper, we discuss the structure of DMaCD 
in these two crystals in comparison with that of the com- 
plexed state. 

RESULTS 

DMaCD was crystallized in two forms. The crystals 
with a space group P2, were obtained at room tempera- 
ture by the slow evaporation of an aqueous solution con- 
taining 10% NaCl. The slow evaporation of an aqueous 
DMaCD solution at ca. 90 "C provided the crystals of 
another form with the space group P2,2,2,. 

Atomic numbering of DMaCD in two crystal forms 
are shown in Figure 1. Geometrical data describing the 
macrocyclic conformation is given in Table 1. 

Structure of the low temperature form 
The DMaCD molecule has a round structure and in- 
cludes a water molecule which is disordered and occu- 

Figure 1 Structure and atomic numbering of DMaCD of the low temper- 
ature form (left) and high temperature form (right). Oxygen atoms are 
shaded. Water sites in the low temperature form are denoted by WA, WB, 
WC, and WD with the respective occupancies of 0.18,0.20,0.27, and 0.35. 
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Table 1 Geometrical Data for the Macrccyclic Conformation 

I .  Radius of the 0-4 hexagon (A) 
Residue Low temperature form High temperature form 

GI 4.32 
G2 4.27 
G3 4.18 
G4 4.32 
G5 4.31 
G6 4. IS 

Average 4.26 

4.10 
4.36 
4.17 
4.18 
4.33 
4.27 
4.24 

2. 0-4 - 0-4’ distance between adjacent residues (A) 
Residue Low temperature form High temperature form 

GI -G2 4.26 4.19 
G2 - G3 4.22 4.16 
G3 - G4 4.36 4.30 
G4 - G5 4.18 4.27 
G5 - G6 4.36 4. I4 
G 6 - G l  4.18 4.38 
Average 4.26 4.22 

3.  0-2  - 0-3’ distance between adjacent residues (A) 
~~~ 

Residue Low temperature form High temperature form 

GI -G2 2.93 2.96 
G2 - G3 2.86 2.84 
G3 - G4 3.05 3.03 
G4 - G5 3.19 3.14 
G5 - G6 2.88 2.99 
G6-GI 2.98 2.78 
Average 2.98 2.96 

4 Tilt-angle and 0-4 angle (”) 

Residue Low temperature form High temperature form 

Tilt-angle 0 - 4  angle Tilt-angle 0 - 4  angle 
~ ~~ 

GI 7.7 I19 14.4 1 I7 
G2 11.6 I19 3. I 121 
G3 21.6 1 I9 27.2 1 I9 
G4 11.1 I20 14.2 120 
GS 14.3 119 5.9 123 
G6 20.9 118 18.0 122 

Average 14.5 1 I9 13.8 I20 

pies four sites as shown in Figure 2. The crystal contains 
3-0 monomethylated DMaCD which is estimated to be 
48% from the occupancy factor of the methyl group. 
Methyl groups attached to 0-2 point away from the cen- 
ter of the macrocycle. The C-6-0-6 bonds show two 
types of conformation, (+)-gauche in the G3 and G6 
residues and (-)-gauche in the other residues. In the G4 
and G6 residues, the 0-6CH3 group is gauche to the C-5- 
C-6 bond while the trans conformation is observed in the 
other residues. 

The radius of the hexagon composed of glycosidic 0-4 
atoms which are coplanar within 0.15 8, deviation is in 
the range from 4.15 to 4.32 and the side lengths are 
4.18-4.36 A. The tilt-angle indicates that the 2,6-di-0- 
methylglucopyranose residues incline with their 0 - 6  
side towards the inside of the macrocycle. The distance 

GI GI 

3 

Figure 2 Stereo-drawing of DMaCD of the low temperature form. 

between 0 -2  and 0 -3  of the adjacent residue, which are 
in the range of 2.88-3.05 A, indicates the formation of 
intramolecular 0-3H---0-2 hydrogen bonds. 

Crystal structure is shown in Figure 3. The DMaCD 
molecules are stacked along the b axis to form a typical 
cage-type packing structure. Both ends of the DMaCD 
cavity are blocked by adjacent molecules and a water 
molecule is enclosed within the isolated “cage”. 
Intermolecular distances are listed in Table 2. The 
DMaCD molecules are in van der Waals contact with 
adjacent molecules. The 0-3(G3)---0-W(B) distance in- 
dicates that the water molecule at the B site form a weak 
hydrogen bond with an 0 - 3  of the adjacent DMaCD 
molecule. 

Structure of the high temperature form 
The stereo-drawing of the structure is shown in Figure 4. 
As indicated by the tilt-angle, the molecule has a pseudo 
twofold symmetry. The G3 and G6 residues are tilted 
more than other residues. The 0-6CH3 group of these 
residues points to the inside of the macrocycle and caps 
the 0-6 side of the cavity. The C-6-0-6 bonds in the G3, 

Figure 3 Crystal structure of the low temperature form viewed along 
the a axis. Oxygen atoms are shaded. 
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Table 2 Intermolecular Distances (A) less than 3.6 A 
Atom-Atom Distance Atom-Atom Distance 

I .  Low temperature form 
C-I(GI) - C-8(G5) 3.57 (a) 
C-I(GI) - 0-6(G5) 3.44 (a) 
C-7(GI) - 0-3(G5) 3.25 (a) 
CX(G1) - 0-3(G1) 3.59 (g) 
0-3(GI) - C-8(G2) 3.30 (c) 
0-5(G1) - C-8(G5) 3.30 (a) 
0-5(G1) - 0-6(G5) 3.51 (a) 
C-7(G2) - C-9(G5) 3.36 (d) 
C-7(G2) - 0-5(G3) 3.24 (f) 
C-8(G2) - C-8(C5) 3.18 (a) 

2. High temperature form 
C-81G1) - C-7(G3) 3.46 (i) 
C-8(G1) - 0-2(G3) 3.25 (i) 
C-8(G1) - 0-3(G3) 3.29 (i) 

C-2(G2) - 0-2(G5) 3.53 (i) 
C-7(G2) - 0-3(G4) 3.54 (m) 

0-3(G3) - C-7(G4) 3.55 (m) 

0-6(G1) - C-6(G4) 3.51 (0) 

0-3(G2) - C-8(G3) 3.46 (k) 

0-2(G2) - 0-5(G3) 
0-5(G2) - C-7(G3) 
0-6(G2) - C-8(G5) 
C-6(G3) - 0-3(G3) 
C-8(G3) - 0-3(G6) 
0-3(G3) - 0-W(B) 
C-6(G4) - C-9(G5) 
C- 1 (G5) - 0-6(G6) 
C-6(G6) - 0-3(G6) 

C-8(G5) - 0-3(G5) 
C-3(G6) - 0-5(G2) 
C-6(G6) - 0-5(G3) 
C-7(G6) - 0-5(G5) 
C-7(G6) - C-7(G4) 
0-3(G6) - 0-5(G2) 
0-3(G6) - 0-7(G1) 
0-6(G6) - C- 1 (G3) 

3.30 (f) 
3.40 (d) 
3.55 (a) 
3.51 (d) 
3.41 (b) 
3.26 (d) 
3.39 (b) 
3.35 (h) 
3.33 (e) 

3.46 6 )  
3.52 (k) 
3.54 (0) 
3.23 (n) 
3.41 (P) 
3.35 (k) 
3.55 (I) 
3.45 (0) 

a I + x ,  Y 7  

b x, 1 + y. 
C x. - 1  + y. 
d - x, 112 + y. 
e - x, 1/2 +y, 
f - x ,  -1/2+y,  
g 1 - x, 1/2+ y, 
h I - X ,  -112+y, 

Symmetry operator 
z i 1/2+x, 112-y, 1 - 2  
z j 112+x, 312-y, 1 - 2  

1 - 2  m - x ,  -112i y, 112 - 2  

1 - 2  0 1 / 2 - x ,  I - y ,  1 /2+z  
1 - 2  p -1/2-x, I - y  1 /2+z  

z k - 1 / 2 + ~ ,  112 -y ,  1 - z 
-z 1 - X, 112 + y, 312 - z 

- z  n - X, -112 + y, 312 - z 

G4, and G6 residues are in the (+)-gauche conformation 
and the (-)-gauche conformation is observed in the other 
residues. 

The six 0-4 atoms are coplanar with the maximum de- 
viation of 0.13 A. The radius of the 0 -4  hexagon is in 
the range of 4.10-4.36 A and the side lengths are distrib- 
uted in the range from 4.14 to 4.38 A. The average val- 
ues of these parameters are slightly smaller than those of 
the low temperature form. The distance between 0-2 and 
0-3 of the adjacent residue indicates the formation of 0- 
3H---0-2 hydrogen bonds which maintain, the round 
macrocyclic structure. 

Crystal packing is shown in Figure 5 .  The DMaCD 
molecules are arranged along the twofold screw axis par- 
allel to the a axis. The 0-6CH3 methoxyl group of the 
G2 residue is inserted into the cavity of the adjacent 
molecule and the repetition of the intermolecular inclu- 
sion produces the helically extended polymeric chain. 

6 
Figure 4 Stereo-drawing of DMaCD of the high temperature form. 

DISCUSSION 

DMaCD is highly soluble in water and did not crystal- 
lize at room temperature. The crystallization was suc- 
cessfully done at high temperature or in the presence of 
sodium chloride. DMaCD has many methyl groups and 
the hydrophobic aggregation, which may lead to the 
crystallization, may be enhanced by increasing tempera- 
ture or ionic strength. It is well known that methylated 
CDs are less soluble at higher temperature.6 The crystal- 
lization of the low temperature form of DMaCD indi- 
cates that the ~~lubi l r ty  decreases in the presence of inor- 
ganic salts. Such a phenomenon has been frequently ob- 
served in the crystallization of  protein^.^ 

The present X-ray study demonstrated that DMaCD is 
in the round structure in the uncomplexed state. The 
macrocyclic conformation does not significantly differ 
between the two forms in spite of the different packing 
structures. The macrocycle of native aCD is distorted 
and changes more symmetrical in the complexed state. 
The round structure of DMaCD is maintained by the 0- 
3H---0-2 hydrogen bonds between adjacent residues. 
The importance of such intramolecular hydrogen bonds 
to maintain the round structure. is indicated from the 
comparison of the structure with permethylated aCD,* in 
which the macrocyclic ring having no intramolecular hy- 
drogen bond is markedly distorted. In the crystal of 
aCD, the secondary hydroxyl groups are also hydrogen- 
bonded to water or adjacent aCD molecules. In the crys- 
tal of DMaCD, however, the 0-3H hydroxyl groups 
only form a hydrogen bond with the adjacent residue and 
the hydrogen bonds may be stronger in the lower dielec- 
tric environment. To estimate the conformational differ- 
ence of DMaCD between the two crystal forms, the 
structure of the high temperature form was superim- 

Figure 5 Crystal structure of the high temperature form viewed along 
the c axis. Oxygen atoms are shaded. Molecules related by the twofold 
screw axis along the c axis are not drawn because of the clarity. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
8
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



234 K. HARATA 

posed on the structure of the low temperature form by 
the least-squares method. The methyl groups and 0 - 6  
atoms were not included in the calculation because of the 
conformational flexibility. The superimposed two struc- 
tures are shown in Figure 6. The r.m.s.d. value of 0.36 8, 
indicates the close resemblance of the two structures. 
The conformational difference is observed only in some 
0-6CH3 methoxyl groups. 

The crystal of the low temperature form is isomor- 
phous with those of the complexes with 1-propanol or 
iodine.* The macrocyclic structure does not significantly 
change upon exchange of water for 1-propanol or iodine. 
On the other hand, the conformational change has been 
observed in the complex with 3-iodopropionic acid.5 
Because of the inclusion of a bulkier molecule, the 0 -6  
side of the DMaCD becomes wider as indicated by the 
smaller values of tilt-angles in the 3-iodopropionic acid 
complex; the average value is 11 So. The DMaCD in the 
high temperature form includes no guest molecule, in- 
stead a methoxyl group of the adjacent molecule is in- 
serted into the cavity from the 0-2,  0-3 side. A similar 
packing structure has been observed in the DMPCD 
complex with p-nitrophen01,~ in which the guest mole- 
cule is accommodated not in the host cavity but in the in- 
termolecular space. The intermolecular inclusion of the 
substituent group has been also observed in the crystal of 
monosubstituted CDs. In the crystal, the DMaCD 
molecules of the high temperature form are more closely 
packed than those of the low temperature form as indi- 
cated by the comparison of the volume per molecule: 
1476.0 8,3 for the high temperature form and 1560.5 A3 
for the low temperature form. 

EXPERIMENTAL 

DMaCD was purchased from Toshin Chemical Co. and 
recrystallized from ethanol. 

Crystal of the low temperature form 
Crystals were obtained from 10% NaCl solution by the 
slow evaporation. 200mg DMaCD was dissolved in 5ml 
10% NaCl solution at 5 "C. After the filtration through 

Figure 6 Stereo-drawing of the superimposed structures of DMaCD 
for two crystal forms. The DMclCD molecule in the high temperature 
form is shown with thin lines. 

0.45 pm filter, the solution in a loosely capped 20ml vial 
was allowed to stand at room temperature and ca. half 
the solution was slowly evaporated in 3 months. Crystals 
were transparent needles. X-ray diffraction data were 
measured on a Nicolet P3/F diffractometer with 
graphite-monochromated CuKa radiation. A set of 4730 
unique reflections was obtained in the 28 range to 11 8" 
using a 8-28 scan mode. Crystal data were as follows: 
C,,H,,O,,.H,O, F.W. = 1159.2, space group P2,, 
a = 14.144(3), b = 10.687(2), = 21.488(3) A, 
p = 106.03(1)", Z = 2, D, = 1.233 g.cm-3. 

The structure was determined by the molecular re- 
placement method using a set of DMaCD coordinates of 
the 1-propanol complex? The refinement of the structure 
was carried out by the block-diagonal least-squares 
method. The quantity minimized was Xw( ~Fo~-~F'c[)2 with 
w = 1 .O for all the reflections. Positions of the hydrogen 
atoms attached to methylene and methine groups were 
calculated and others were estimated on the difference- 
Fourier map. The final R-value was 0.06 1 for 433 1 re- 
flections with IF01>30(F). The maximum values of posi- 
tive and negative residual electron-density were 0.33 and 
-0.18 e k 3 ,  respectively. 

Crystal of the high temperature form 
lOOmg DMaCD was dissolved in lml distilled water. 
After the filtration through 0.45 pm filter, the solution in 
a loosely capped lOml vial was slowly evaporated to 
dryness at ca. 90°C in an air bath. Small plate-like crys- 
tals obtained were stable at room temperature. X-ray 
measurements were carried out on an Enraf-Nonius 
CAD4 diffractometer equipped with an Elliott GX2 1 
generator (40kV, 60mA, focal spot size 0.3 X 3mm, 
CuKa radiation). By using a 8-28 scan mode, 4158 
unique reflections were collected in the 28 range to 110". 
Crystal data were as follows: C,,H,,O,,, F.W. = 114 1.2, 
space group P2,2,2,, a = 15.195(2), b = 17.012(1), 
c = 22.481(2), Z =  4, D, = 1.284 g.cm-3. 

The structure was solved by the molecular replace- 
ment method using a computer-generated symmetrical 
model of DMaCD, and refined by the block-diagonal 
least-squares method. The quantity minimized was 
Cw(~F,~-~F,~)* with unit weight for all the reflections. 
Positions of the hydrogen atoms attached to the methine 
and methylene groups were calculated and included in 
the final least-squares refinement. The refinement con- 
verged at the R-value of 0.095 for 2692 reflections with 
IF01>30(F). The maximum values of positive and nega- 
tive residual electron density were 0.28 and -0.26 eA-3, 
respectively. 

Atomic coordinates of non-hydrogen atoms are listed 
in Table 3. Parameters of hydrogen atoms, anisotropic 
temperature factors of non-hydrogen atoms, bond dis- 
tances, angles, torsion angles, and observed and calculat- 
ed structure factors are deposited as supplementary ma- 
terial. 
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Table 3 Atomic coordinates and B, values 

Atom Occupancy x Y z 

(1) Low temperature form 

C- l(G1) 
C-2(01) 
C-3(G1) 
C-4(G1) 
C-5(G1) 
C-6(G1) 
C-7(G1) 
C-8(G 1 ) 
0-2(G 1) 
0-3(G 1 )  
0-4(01) 
0-5(G1) 
0-6(G1) 
C-l(G2) 
C-2(G2) 
C-3(G2) 
C-4(G2) 
C-5(G2) 
C-6(G2) 
C-7(G2) 
C-8(G2) 
0-2(G2) 
0-3(G2) 
0-4(G2) 
0-5(G2) 
0-6(G2) 
C- l(G3) 
C-2(G3) 
C-3(G3) 
C-4(G3) 
C-5(G3) 
C-6(G3) 
C-7(G3) 
C-8(G3) 
0-2(G3) 
0-3(G3) 
0-4(G3) 
0-5(G3) 
0-6(G3) 
0-6’(G3) 
c- l(G4) 
C-2(G4) 
C-3(G4) 
C-4(G4) 
C-5(G4) 
C-6(G4) 
C-7(G4) 
C-8(G4) 
0-2(G4) 
0-3(G4) 
0-4(G4) 
0-5(G4) 
0-6(G4) 
C- l(G5) 
C-2(G5) 
C-3(G5) 
C-4(G5) 
C-5(G5) 
C-6(G5) 

C-S(G5) 
C-9(G5) 

C-7(G5) 

0-2(G5) 
0-3(G5) 
0-4(G5) 
0-5(G5) 
0-6(G5) 
C-l(G6) 
C-2(G6) 

4193(6) 
4322(6) 
3467(6) 
3409(5) 
3346(6) 
3379(7) 
4759(7) 
4198( 14) 
4344(4) 
3613(5) 
2503(4) 
4 184(4) 
4 157(5) 
2003(6) 
266O(6) 
2891(6) 
3322(5) 
2688(6) 
3103(6) 
2633(8) 
4609( 11) 
2133(4) 
3584(4) 
3319(3) 
2501(4) 
4093(6) 

- 19OO(6) 
-1429(6) 

-392(6) 
210(6) 

160(7) 

215(14) 

67(4) 
1120(4) 

-319(5) 

-2424( 10) 

-2007(5) 

- 1298(4) 
0.7 -268(7) 
0.3 183(21) 

-3699(5) 
-392 l(6) 
-3080(5) 
-2934(5) 
-2850(5) 
-2937(6) 
-4852(7) 
-4588(8) 
-4039(4) 
-330714) 
-200 l(4) 
-3636(4) 
-3758(5) 
-1406(6) 
-2053(5) 
-2280(5) 
-2729(5) 
-2047(6) 
-2447(6) 
-21 34(8) 
-3709(7) 

- 1550(4) 
0.48 -2626(15) 

-2947(4) 
-2807(3) 
- 1861(4) 
-3354(4) 
2481(6) 
2024( 6) 

153(9) 
-1256(9) 
- 1772(9) 
- 1087(9) 

3 16(9) 
1072( 11) 

-2935( 10) 
1323(21) 

-1723(7) 
-3083(7) 
-156O(6) 

694(6) 
6W9)  

2642(8) 
1590(9) 
661(9) 

13 18(8) 
2439(9) 
3204(10) 
991 ( 12) 

4 146( 14) 
998(7) 

-243(6) 
388(5) 

3237(6) 
3511(8) 
2564(9) 
2137(9) 
1684( 10) 
2682(9) 
3059(8) 
4077( 10) 
1372( 12) 
4933(22) 
1168(7) 
1428(8) 
2101(5) 
35oo(5) 
4 170( 15) 
3818(28) 
-101(8) 
-512(9) 
-96(8) 

1304(8) 
1753(8) 
3178(9) 

-2240( 1 1) 
3871(14) 

- I826(6) 

1524(5) 
1222(5) 
3660(6) 

-2045(9) 

-393(6) 

-2935(9) 
-2412(8) 
- 11 14(8) 

1005(9) 
-5 190( 10) 
2078( 12) 

-41 lO(6) 
-3239(6) 
-650(5) 
-874(6) 
896(6) 

-1 842( 10) 

-292(8) 

-3709(20) 

-3 1 39( 10) 

2883(4) 
2968(4) 
3 189(4) 
3801(4) 
3699(4) 
4301(4) 
2316(5) 
539 l(6) 
2337(3) 
3327(4) 

3488(3) 
48 lO(3) 

861 (4) 
726(4) 

1266(4) 
1908(4) 
2002(4) 
2598(5) 
-34 l(5) 
3247(8) 

138(3) 
1159(3) 
2403(3) 
1448(3) 
2623(4) 
348(4) 

-165(4) 
139(4) 
597(4) 

1092(4) 
1534(4) 

2542(7) 

3 9 ~ 2 )  

- 1 169(5) 

-523(3) 
-365(3) 
911(2) 
749(3) 

2039(5) 
2205( 13) 
1750(4) 
1053(4) 
778(4) 
864(4) 

1556(4) 
16O2(4) 
520(5) 

1365(6) 
1030(3) 

98(3) 
717(2) 

1784(3) 
1141(3) 
3927(4) 
3442(4) 
2765(4) 
2741(3) 
3249(4) 
332014) 
3493(7) 
3553(7) 
1899(9) 
3497(3) 
2336(3) 
2105(2) 
3884(3) 
3454(3) 
4552(4) 
4531(4) 

5.9 
5.7 
5.9 
5.4 
5.6 
6.9 
7.4 

16.9 
6.7 
8.0 
5.4 
6.0 
9.7 
5.3 
5.5 
5.5 
5.0 
5.5 
6.7 
8.7 

13.8 
6.6 
6.6 
5.1 
5.8 

10.6 
5.3 
5.9 
5.7 
5.3 
4.8 
6.7 

10.0 
18.5 
7.2 
7.6 
5.0 
5.3 

10.7 
10.8 
5.1 
5.2 
4.9 
4.9 
4.8 
6.1 
7.4 

10.3 
6.2 
6.4 
5.0 
5.2 
6.9 
5.4 
5.5 
4.9 
4.7 
4.8 
6.0 
9.7 
9.9 
7.0 
6.7 
6.0 
4.6 
5.2 
7. I 
6.0 
6.2 

Atom Occupancy x Y 

C-3(G6) 
C-4(G6) 
C-5(G6) 
C-6(G6) 
C-7(G6) 
C-8(G6) 
0-2(G6) 
0-3(G6) 
0-4(G6) 
0-5(G6) 
0-6(G6) 
0-W(A) 0.18 
0-W(B) 0.20 
0-W(C) 0.27 
0-W(D) 0.35 

(2) High temperature 

C-I(G1) 
C-2(G1) 
C-3(G1) 
C-4(G 1) 
C-5(G 1) 
C-6(G1) 
C-7(Gl) 
C-8(Gl) 
0-2(G1) 
0-3(G1) 
0-4(G1) 
0-5(G 1) 
0-6(G1) 
C- 1 (G2) 
C-2(G2) 
C-3(G2) 
C-4(G2) 
C-5(G2) 
C-6(G2) 
C-7(G2) 
C-8(G2) 
0-2(G2) 
0-3(G2) 
0-4(G2) 
0-5(G2) 
0-6(G2) 
C-l(G3) 
C-2(G3) 
C-3(G3) 
C-4(G3) 
C-5(G3) 
C-6(G3) 
C-7(G3) 
C-8(G3) 
0-2(G3) 
0-3(G3) 
0-4(G3) 
0-5(G3) 
0-6(G3) 0.7 
0-6’(G3) 0.3 
C- l(G4) 
C-2(G4) 
C-3(G4) 
C-4(G4) 
C-5(G4) 
C-6(G4) 
C-7(G4) 
C-8(G4) 
0-2(G4) 
0-3(G4) 
0-4(G4) 
0-5(G4) 
0-6(G4) 

9906) 
408(5) 
978(6) 
479(7) 

2938( 14) 
570(9) 

2603(5) 
525(4) 

-486(4) 
1935(4) 
930(5) 
457(24) 

- 177(24) 
-1 11 ( 1  7) 
424( 19) 

form 

25 19( 12) 
1778( 1 1) 
1208( 12) 
1778( 12) 
2593 11) 
32 19( 12) 
747( 16) 

4040(14) 
125 1 (10) 
555(8) 

1192(7) 
3010(8) 
3379(9) 
2530(11) 
1840(12) 
1619( 10) 
2476( 11) 
3146( 11) 
4 144( 19) 
509( 14) 

5417( 16) 
1075(8) 
1 loo(10) 
2198(7) 
3288(7) 
4403( 11) 
1636( 11) 
1319(11) 
1365( 10) 
2240( 10) 
25 16( 10) 
3440( 12) 
370( 13) 

396 l(23) 
467(7) 

1198(8) 
2136(6) 
2493(7) 
3637( 13) 
3157(25) 
-223(11) 
-738( 10) 
-322( 10) 
664( 11) 

1151(11) 
21 13( 10) 

-2265( 14) 
3345 ( 14) 

-1619(7) 
-735(8) 
988(6) 
671(7) 

2456(8) 

-3104(9) 
-2053(9) 
-804(9) 
169( 10) 

2034( 13) 
-401 l(7) 

-5088( 16) 

-4282(6) 
-1952(5) 
-970(6) 

-1 198(95) 
-1577(35) 
-556(42) 

1359(7) 

112(39) 

1292(9) 
1084(9) 
1811(10) 
2475(10) 
2628( 10) 
32 14( 11) 

2588( 13) 
5 19(8) 

1628(7) 
3 161(6) 
1917(6) 
3149(9) 
1678(10) 
1059(7) 
1227(9) 
1297(9) 
1810(9) 
1875( 13) 
485(14) 

1235(21) 
1134(6) 
605(7) 

1599(6) 
1623(7) 
1161(9) 
4448(9) 
3672(8) 
3014(9) 
2974( 8) 
3762(7) 
3761 ( 13) 
3552( 10) 
4220121) 
3773(7) 
2303(6) 
24 lO(6) 
4311(6) 
4344( 12) 
4011(31) 
645 1 (10) 
6O63(9) 
5328( 10) 
5399(9) 
5890(7) 
608 1( 10) 
6342(26) 
6456( 15) 
5953(7) 
4929( 8) 
4631(6) 
6594(6) 
6365(9) 

-6O( 13) 

4080(4) 
4294(4) 
4359(4) 
4675(5) 
4626( 11) 
4 102(7) 
428313) 
4 123(3) 
3770(2) 
4783(3) 
4680(3) 
1892(33) 
1491( 18) 
2028( 17) 
2397(11) 

6016(7) 
6404(5) 
6527(6) 
6752(6) 
6365(7) 
6611(8) 
6422(8) 
7363(12) 
6104(5) 
6984(5) 
6744(4) 
6297(4) 
7248(6) 
3721(6) 
3950(7) 
4599(6) 
4952(7) 
4684(5) 
4950( 10) 
3532(11) 
5 115( 14) 
3571(4) 
4815(5) 
5492(4) 
408 l(4) 
50 14(7) 
2876(6) 
2554(5) 
2995(6) 
33 12(6) 
3564(6) 
3811(9) 
1751(7) 
4682( 1 1) 
2339(5) 
2689(4) 
3775(4) 
3122(4) 
41 67( 10) 
4504(21) 
4087(6) 
3597(5) 
3460(6) 
3337(6) 
3806(6) 
3637(7) 
3492( 12) 
41 35( 12) 
3757(5) 
2953(5) 
3295(4) 
3898(4) 
4204(7) 

5.4 
4.9 
5.2 
6.7 

18.0 
10.8 
8.0 
6.4 
4.7 
5.8 
8.1 

23.5 
8.8 

13.0 
16.1 

8.4 
6.8 
8.1 
8.6 
8.2 
9.5 

13.0 
14.3 
10.8 
9.0 
7.4 
8. I 

12.0 
7.4 
7.4 
6.7 
7.3 
6.7 

15.5 
14.2 
20.3 
8.7 

10.6 
7.1 
8.4 

13.7 
7.4 
5.9 
6.7 
6.4 
6.0 

11.1 
8.8 

21.3 
8.6 
7.6 
6.7 
7.1 

13.4 
13.1 
7.4 
7.0 
7.0 
7.2 
6.5 
8.3 

27.0 
15.5 
8.2 

10.4 
6.3 
7.7 

12.6 
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Table 3 Continued REFERENCES 
Atom Occupancv x v i Beq(A2) 

C-I(G5) 
C-2(G5) 
C-3(G5) 
C-4(G5) 
C-5(G5) 
C-6(G5) 
C-7(G5) 
C-8(G5) 
0-2(G5) 
0-3(G5) 
0-4(G5) 
0-5(G5) 
0-6(G5) 
C-I(G6) 
C-2(G6) 
C-3(G6) 
C-4(G6) 
C-5(G6) 
C-6(G6) 
C-7(G6) 
C-8(G6) 
0-2(G6) 
0-3(G6) 
0-4( G6) 
0-5(G6) 
0-6(G6) 

-488( 1 1 ) 
- I356( 10) 
- 1  198(9) 
-523( 10) 
323( 10) 
984( 12) 

-2534( 14) 
8 W  17) 

- I962(7) 
-2008(7) 
-302(6) 
I38(7) 
423( I I )  

I152( 12) 
146(13) 

-264( 10) 
246(8) 

12 1% 12) 
1783( 12) 

2707( 18) 

- 1156(7) 

1540(7) 
2627(7) 

-872( 14) 

-236( 10) 

- 1 24( 6) 

61 22(9) 
6130(8) 
5868(8) 
6399(8) 
6506(9) 
7 142(9) 
6057( 12) 
852?(11) 
5676(7) 
5937(7) 
60430) 
6690(7) 
7838(9) 
3626(9) 
3701 ( 1 1  ) 
4261 (10) 
4988(9) 
4838( 10) 
5536( 13) 
2852( 14) 
5393(18) 
2962(8) 
4438(6) 
5379(6) 
4373(7) 
5382(9) 

6346(7) 
6044(7) 
5401(6) 
5137(6) 
5477(7) 
5279(8) 
6732(8) 
48 l6( I 1 ) 
6334(4) 
5 103 5 )  
4580(4) 
6080(5) 
5217(7) 
7259(6) 
742 l(7) 
6924(6) 
6835(5) 
6699(6) 
6652(8) 
79 I2( 8) 
5837( I I )  
7449(5) 
7096(4) 
6321(4) 
7177(4) 
6455(6) 

7.3 
6.6 
5.5 
5.8 
7.2 
8.9 

11.2 
15.0 
8.1 
8.2 
6.0 
8.1 

14.5 
7.7 
8.5 
7.2 
5.5 
7.9 

10.7 
11.6 
17.3 
11.2 
7.8 
6. I 
8.2 

12.2 

I Harata, K.; in fnclusion Compounds (Atwood, J.L.; Davies, J.E.D 
and MacNicol, D.D. eds.). Oxford University Press, Oxford, 1991, 
Vol. 5, Ch. 9. 

2 Harata, K.; Bull. Chem. Svc. Jpn., 1990,63,2481. 
3 McMullan, R.K.; Saenger, W.; Fayos, J.; Mootz. D; Carbohydr. 

Res., 1973.31.211. 
4 Saenger, W.; McMullan; R.K.; Fayos, J . ;  Mootx, D.; Acta 

Ctystallogr, Sect B, 1974.30.2019. 
5 Harata. K.; Carbohydr Res.. 1989, 192, 33. 
6 Szjeitli. J; Cyclodextrin Technology, Kluwer Academic Publishers, 

Dordrecht. 1988, Ch. 1 .  
7 Ducruix, A.; Giege, R.; Crysrallization of Nucleic Acids and 

Proteins, IRL Press, Oxford, 1992. 
8 Harata, K.; J .  lncl. Phenom., 1984, I ,  279. 
9 Harata, K.; Bull. Chem. Soc. Jpn., 1983, 61, 1939. 

10 Kamitori, S.; Hirotsu, K.; Higuchi, T.; J. Chern. Soc. Perkin Trans. 
2. 1987, 7. 

I I Fujiwara. T.; Tanaka, N.; Harnada, K.; Kobayashi, S.; Chern. Lerr.,  
1989, 1131. 

12 Harata. K.; Rao, C.T.; Pitha, J.; Fukunaga, K . ;  Uekarna, K.; 
Carbohyd,: Rex, 1991,222. 37. 

I3 Harata, K.; Rao, C.T.; Pitha, J.; Carbohydr Res., 1993.247. 83. 
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