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3D/2D Hydrogen-Bond Network Prefer- 
ences for Five New Ryanoid Derivatives 

MARC DROUIN, ~ MARCO DODtER b AND LUC RUESr b 

duce major changes in the hydrogen-bond scheme, from 
a three-dimensional (3D) to a two-dimensional (2D) 
network. 

Comment 
Originally extracted from the Ryania speciosa Vahl 
plant, toxic ryanodine and its congener ryanoids show 
interesting properties other than their primary utility 
in plants as botanical pesticides (Jenden & Fairhurst, 
1969; Jefferies & Casida, 1994) by modulating the 
calcium permeability of sarcoplasmic reticulum terminal 
cisternal membranes (Fairhurst & Hasselbach, 1970; 
Meissner, 1986; Lattanzio et al., 1986). The binding 
of ryanodine to its corresponding receptor is complex 
and displays multiple affinities and cooperative binding 
(Lai et al., 1989; Chu et al., 1990; Carroll et al., 
1991; Pessah & Zimanyi, 1991). QSAR (quantitative 
structure/activity analysis) and CoMFA (comparative 
molecular field analysis) suggest that the binding of 
ryanodine to its receptor involves mainly the pyrrole 
and isopropyl groups buried deep inside the protein cleft 
(Welch et al., 1994). These results are based on the study 
of 19 natural or synthetic ryanoids. In order to identify 
the structural features that are necessary to enhance 
biological activity and selectivity, several polyhydroxyl- 
ated diterpenes were isolated from the usual source or 
synthesized to test their biological activity (Sutko et al., 
1997). The crystal structures were elucidated in order 
to establish their stereochemistry and conformation for 
further QSAR and CoMFA studies. 
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Abstract 
Ryanoids are a family of natural compounds that are 
well known for their biological activity in plants as 
pesticides, and in mammalian muscle tissue as calcium 
permeability modulators. As part of an investigation of 
the structure-activity relationship of ryanoids, the crys- 
tal structures of five new compounds were elucidated: 
2-deoxy-3-epiryanodol (C20H3207), 3-deoxyryanodol 
hydrate (cinnzeylanol; 2C20H32OT.5.15H20), 2-deoxy- 
ryanodol hydrate (2C20H32OT.2.5H20), 2,3-dideoxy- 
ryanodol hydrate (C20H3206.1.5H20) and 3a,4a,8,8b- 
tetrahydroxy - 2 - isopropyl - 4, 7 - dimethyl - 1 - methylene - 
1,3a,4,4a,5,6, 7, 8,8a, 8b-decahydro- 8a,4- (epoxyethano)- 
benzo[a]pentalen-10-one (C20H2806). The numerous 
hydroxyl groups on the molecules modulate the crys- 
tal packing. Successive modifications on ring A in- 

a face HO OH 
HO OH 

~ HO 13 face HO 

Ryanodine (1) 

HO HO OH .-"_ HO QH ,...- 

HO ~ 
HO HO 

(2) (3) 

HO OH ,,, HO OH ,,, 

HO 

(4) (5) 

A general feature of the ryanoids is a highly polar a 
face opposite to a much less polar fl face. The molecules 
tend to crystallize in the form of an optimized hydro- 
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gen-bond network, in which all donors have an acceptor. 
This manuscript describes five new ryanoid derivatives 
and highlights their hydrogen-bonding capabilities. All 
the compounds were synthesized starting from anhydro- 
ryanodol or anhydroryanodine (Ruest & Dodier, 1996). 

In a previous paper, we reported the crystal structure 
of 3-epiryanodol (Michel & Drouin, 1993). Its molecular 
packing is optimized to adopt a minimum energy as 
all hydroxyl donor groups have acceptors for intra- or 
intermolecular hydrogen bonds. The first modification 
to ring A is to remove the hydroxyl at position C2, thus 
giving 2-deoxy-3-epiryanodol [compound (1); Fig. 1]. 
All H atoms were located in a A F  map. This compound 
has similar cell parameters to those of its homolog 
3-epiryanodol. Therefore, the crystal packing is very 
similar (Fig. 2). Indeed, the intermolecular hydrogen- 
bond network of compound (1) is identical to that of 
3-epiryandol. Atom 023 acts as a donor to 024,  and 

023 C17 

&_% 

C19 ~C~ 

O28 

°•o 026 

CI() 
12~k~O25 ~ J @  

C14 C21) 
Fig. 1. Perspective view showing the labeling of the non-H atoms 

for compound (1). Displacement ellipsoids are shown at the 30% 
probability level; H atoms are drawn as small circles of arbitrary 
radii. 

Fig. 2. Molecular packing of compound (1), showing the hydrogen- 
bonding interactions. 

atom 026  is a donor to 027  (Table 1). The fl face is 
linked to the o~ face by 028,  which is a donor to 026. 
The intramolecular hydrogen bonds are also very similar 
to those of 3-epiryandol. Atom 024  is a donor to 025,  
which is a donor to 023,  and atom 027 is a donor to 
026.  This hydrogen-bond system results in an infinite 
3D network. 

Compound (2), known as cinnzeylanol (3-deoxy- 
ryanodol; Fig. 3), crystallizes with two molecules per 
asymmetric unit, in which there are also 12 partially- 
occupied water molecule sites. The crystals are difficult 
to grow and were obtained by the slow vapor diffusion 
of water from atmospheric moisture into a methanol 
solution. The crystals arc cfflorescent. The data were 
collected at 173 K to avoid loss of water and crystal 
damage. The molecular packing is such that water mol- 
ecules are disordered inside a water channel along the a 
axis (Fig. 4). The H atoms are very labile and difficult 
to locate. No H atoms were located for any of the water 
molecules. None of them is in a fully occupied position; 
occupancies range from 0.725 (11) to 0.253 (14). Many 
of the hydroxyls (022, O22', O24', 025 and 027 ' )  are 
donors to water molecules (Table 2). The intramolecular 
hydrogen bonds involve atom 024  as a donor to 025,  
025 as a donor to 027,  025 '  as a donor to O24', and 
027  as a donor to 022 ' .  Atom 026  is an intermolecular 
donor to O26', and atom 026 '  is a donor to O16. Atom 
028 is a donor to O28', and atom 028 '  is a donor 
to 026,  which links the ~ face to the c~ face. These 
intermolecular hydrogen bonds form the links between 
the water channels. 

In compound (3), 2-deoxyryanodol (Fig. 5), the 
polarity of the o~ face is reduced. The 022  atom is absent 
and 023 is in a pseudo-equatorial position, as found in 
natural ryanodol. There are two molecules of (3) in the 
asymmetric unit along with 2.5 water molecules. All the 
hydroxylic protons were located in a A F  map. The 025 
atom is now a donor to 024  for intramolecular hydrogen 
bonding (Table 3 and Fig. 6). Atom 023 is a donor to 

027~ c7~O26 

C19 .... ~ ~ ' ~ ' ~  ~C7 

Fig. 3. Perspective view showing the labeling of the non-H atoms 
for compound (2). Displacement ellipsoids are shown at the 30% 
probability level: H atoms are drawn as small circles of arbitrary 
radii. 
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Fig. 6. Molecular packing of compound (3), showing the hydrogen- 
bonding interactions. 

Fig. 4. Molecular packing of compound (2), showing the hydrogen- 
bonding interactions. 

023 ' ,  which is a donor to 041.  The hydroxyl 023 '  atom 
cannot complete the network without the help of a water 
molecule (O41). The hydroxyl 025 atom is a donor to 
024,  which is a donor to 024 ' .  The H24' proton does 
not form a hydrogen bond. Atom 025 '  forms a bridge to 
the second water molecule (040); atom 0 4 0  is a donor 
to 023  and O28', atom 026 '  is a donor to 027,  atom 
027  is a donor to 026,  and, finally, atom 028  is a donor 
to 026 '  and atom 028 '  a donor to 026,  which complete 
the 3D hydrogen-bond network. The/3 and o~ faces are 
linked by the 0 2 6  and 028  hydroxyl groups. 

C17 ~ OO27 ~ O 2 6 v ~ ~ C 2 1  

C13 ~ Ok~28 ~ L  

023 C14 ~ C20 

Fig. 5. Perspective view showing the labeling of the non-H atoms 
for compound (3). Displacement ellipsoids are shown at the 30% 
probability level; H atoms are drawn as small circles of arbitrary 
radii. 

Further modifications to ring A produce compound 
(4) (2,3-dideoxyryanodol; Fig. 7). This compound also 
crystallizes with two molecules in the asymmetric unit, 
in which 1.5 water molecules are also found. The water 
molecules 040  and O40a are disordered. The water 
molecule 0 4 0  is located in the special position 222, 
whereas O40a lies on a twofold axis near 040.  All 
the hydroxylic protons were located in a A F  map. 
Atom 024  makes an intermolecular hydrogen bond 
to a symmetry-related 024  (Table 4 and Fig. 8). The 
hydroxyl 025  shares its H atom between 024  and 
O41 to form intra- and intermolecular hydrogen bonds, 
respectively. The positions for H25 and H25' were 
located in a A F  map and had very similar densities. 
Their occupancies were set to 50% and not refined. 
Atom 027  is an intramolecular donor to 026,  atom 
026  is a donor to 027,  and atom 028 is a donor to 

026 
C17 (~ 0027 ~ ClO C21 

C19 028 C ~Lt ' ' J l .~  ~"  C7 

C20 
Fig. 7. Perspective view showing the labeling of the non-H atoms 

for compound (4). Displacement ellipsoids are shown at the 30% 
probability level; H atoms are drawn as small circles of arbitrary 
radii. 
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026 and an acceptor from O41. The water molecule 
O41 donates only one of its two H atoms. It is placed 
in the unit cell such that it could be an acceptor with 
respect to one O40a disordered water molecule, but the 
H atoms of O40a were not located. The water molecule 
O40a is potentially a donor to a symmetry-related O40a 
and to O41. Again, atoms 028 and 026 form the link 
between the/3 and a faces. The system still displays a 
3D hydrogen-bond network. 

C21 
o 026 

~ 024 

C 1 8 ~  C l S f . , ~  C14 

~ ~  ---- ~ oz~ 

Fig. 9. Perspective view showing the labeling of the non-H atoms 
for compound (5). Displaccment ellipsoids are shown at the 30% 

~-'~" probability level; H atoms are drawn as small circles of arbitrary 
• radii. 

Fig. 8. Molecular packing of compound (4), showing the hydrogen- 
bonding interactions. 

Compound (5) (Fig. 9) is produced when (4) is 
oxidized into a lactone (Dodier, 1996). It crystallizes 
with two molecules per asymmetric unit. There is 
only one intramolecular hydrogen bond per molecule: 
between 024 and 025, and 024 t and O2Y (Table 5 
and Fig. 10). Atom 025 is a donor to 026, atom 025 '  
is a donor to O26 t, atom 027 is a donor to 025, and 
atom 027 t is a donor to O2Y. Finally, the 026 hydroxyl 
group is now a donor to the 028 ketone (026'  is also 
a donor to O28t), providing the link between the a and 
3 faces. 

In all compounds, several intermolecular and in- 
tramolecular hydrogen bonds occur. It is well known 
that the stabilization energy of a hydrogen bond is much 
greater than that of typical van der Waals interactions 
(Brock & Dunitz, 1994). Thus, intermolecular hydro- 
gen bonds are favored during the process of crystalliza- 
tion. Compound (1) crystallizes in an identical fashion 
to its homolog 3-epiryanodol. Removing the 022 hy- 
droxyl does not affect the crystal packing since 022 is 
not involved in any intermolecular hydrogen bond. In 
this particular crystal system, the 023 and 026 atoms 

Fig. 10. Molecular packing of compound (5), showing the hydrogen- 
bonding interactions. 

are anchors on the /3 face. Atom 023 remains an im- 
portant factor for crystal packing because it acts as a 
donor and an acceptor for two intermolecular hydro- 
gen bonds. The/3 and cr faces are linked by atom 028 
as a donor to 026. In contrast, removing atom 023 
changes drastically the capability for hydrogen bonding 
since one of the two molecular anchors disappears. The 
modifications in the hydroxyl groups on ring A result 
in a molecular packing in which water molecules are 
essential to complete the 3D network [compounds (2), 
(3) and (4)]. In (2), many water molecules are needed 
in order to complete a suitable crystal arrangement. The 
molecular packing is such that all hydroxyls on the cr 
face are oriented toward the water channel. The link 



M A R C  D R O U I N ,  M A R C O  D O D I E R  A N D  L U C  R U E S T  691 

b e t w e e n  the o~ a n d / 3  faces is conserved .  In (3), the ori- 
enta t ion  o f  0 2 3  causes  the c o m p o u n d  to pack  di f ferent ly  
than its h o m o l o g  (1). Again ,  it crystal l izes  wi th  wate r  
molecu les  t rapped ins ide  the lattice. With  the help  o f  
water  mo lecu le s  in two  fully occup ied  sites, the crystal  
pack ing  is a lmos t  comple t e ly  op t imized ;  all hydroxy l s  
are i nvo lved  in h y d r o g e n  bonding .  The  in te rmolecu la r  
h y d r o g e n - b o n d  ne twork  is still 3D. Again ,  t h e / 3  face is 
l inked  to the o~ face by an O28- to -O26  h y d r o g e n  bond.  
Fur ther  r educ ing  the hydrophi l i c  character  o f  the o~ face 
makes  the i sopropyl  groups  regroup,  favor ing  van der  
Waals interact ions,  as in c o m p o u n d s  (4) and (5). The  
absence  o f  hydroxy l  groups  at C2 and C3 makes  r ing 
A m o r e  hydrophob ic .  C o m p o u n d  (4) crystal l izes  so as 
to place the i sopropyl  moie t ies  face to face. One  wate r  
mo lecu l e  is t rapped ins ide  this hydrophi l i c  cavity, whe re  
it cannot  interact  wi th  any hydroxy l  groups  for h y d r o g e n  
bonding .  Finally,  the capaci ty  o f  0 2 8  for h y d r o g e n - b o n d  
dona t ion  is r e m o v e d  w h e n  ox id iz ing  (4) is ox id ized  to 
fo rm the lactone (5). S ince  a tom 0 2 8  can no longer  be 
a donor  to 0 2 6 ,  the roles are reversed:  0 2 8  is now an 
acceptor  f rom 0 2 6 ,  thus l inking  the o~ face to the /3 
face. The  3D nature o f  the h y d r o g e n - b o n d  ne twork  is 
r educed  to two  d imens ions .  The  resul t ing crystal  pack-  
ing is charac ter ized  by an infinite 2D h y d r o g e n - b o n d e d  
ne twork  fo rming  a layer  system.  Van der  Waals forces  
stabil ize the crystal  by l ink ing  the 2D layers via the 
i sopropyl  groups.  

Experimental 

The compounds were prepared as indicated in the Comment 
(Ruest & Dodier, 1996). 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F~)] = 0.030 
wR(F z) = 0.084 
S = 1.052 
2203 reflections 
274 parameters 
H atoms constrained 
w = 1/[crZ(Foe) + (0.0503P) z 

+ 0.4105P] 
where P = (Foe + 2F,2)/3 

( A / o ' ) m a x  = - - 0 . 0 0 1  

Apmax = 0.210 e ]1-3 
Apmin = -0 .142  e ]t -3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0032 (3) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Table 1. Hydrogen-bonding geometry (]% °) for  (1) 

D - - H .  • -A 
O23--H23. -024' 
O 2 4 ~ H 2 4 . . 0 2 5  
O25--H25. -023 
O26---H26. .027" 
O27--I127. .026 
O28--H28. .026" 

D I H  H. • .A D. • .A D - - H .  • .A 
0.84 ~3) 1.94 (3) 2.779 (2) 178 (3) 
0.86 (3) 1.78 (3) 2.585 (2) 154 (3) 
0.78 (4) 2.03 (3) 2.547 (2) 124 (3) 
0.86 (3) 1.95 (3) 2.808 (2) 170 (3) 
0.86(3) 2.17(3) 2.911 (2) 145(3) 
0.85 (37 1.96 (3) 2.772 (2) 161 (3) 

Symmetry codes: (i) 2 - x, ½ + y, ½ - z; (ii) x - ½, ½ - y, -z.  

Compound (2) 
Crystal data 

2C20H3207.5.15HzO Mo Ko~ radiation 
Mr = 861.50 A = 0.71073 ]1 
Orthorhombic Cell parameters from 24 
P2~ 212~ reflections 
a = 10.321 (3)]1 0 = 15-20 ° 
b = 13.917 (5) ]1 # = 0.10 mm -1 
c = 29.196 (4) ]1 T = 293 K 
V = 4194 (2) ]13 Block 
Z = 4 0.30 × 0.30 x 0.30 mm 
Dr = 1.364 Mg m -3 Colorless 
Dm not measured 

Compound (1) 

Crystal data Data collection 
C20H3207 Cu Ko~ radiation Nonius CAD-4 diffractom- 
Mr = 384.46 A = 1.54184 ]1 eter 
Orthorhombic Cell parameters from 24 0/20 scan 
P21212~ reflections Absorption correction: none 
a = 8.9913 (5) ]1 0 = 30-40  ° 6905 measured reflections 
b 13.1001(10) ]1 # 0.807 mm -~ = = 6176 independent reflections 
c = 16.6041 (10) ]1 T = 293 (1) K 4475 reflections with 
V = 1955.7 (2) ]13 Prism l,  et > 2cr(Inet) 
Z = 4 0.30 x 0.30 x 0.20 mm 
D~ = 1.306 Mg m -3 Colorless 
Dm not measured Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.062 
wR(F 2) = 0.152 
S = 1.038 
6176 reflections 
560 parameters 
H atoms constrained 
w = 1/[cr2(Foe) + (0.0796P) 2 

+ 1.0322P] 
where P - -  (Fo e + 2F~)/3 

0max = 7 1 . 9 6  ° 
h = 0 ---~ 11 
k = 0 ---~ 16 
l = 0 ----~ 20 
3 standard reflections 

frequency: 60 min 
intensity decay: < 1% 

Data collection 
Nonius CAD-4 diffractom- 

eter 
0/20 scan 
Absorption correction: none 
2203 measured reflections 
2203 independent reflections 
2134 reflections with 

I > 2or(/) 

Rint = 0.012 
0max = 24.89 ° 
h = 0 ---' 11 
k = 0 ---, 16 
l = 0 ~ 3 4  
2 standard reflections 

frequency: 60 min 
intensity decay: < 1% 

( A / o ' ) m a x  = 0 . 0 2 1  

Apmax = 0.374 e ]1-3 
Apmin -- -0 .297  e ]1-3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 



692 C 2 0 H 3 2 0 7 ,  2 C 2 0 H 3 2 0 7 . 5 . 1 5 H 2 0 ,  2 C 2 0 H 3 2 O T . 2 . 5 H 2 0 ,  C 2 0 H 3 2 0 6 . 1 . 5 H 2 0  A N D  C 2 0 H 2 8 0 6  

Table 2. Hydrogen-bonding geometry (;t, o)for (2) Table 3. Hydrogen-bonding geometry (A, o)for (3) 
D--H.  • .A D- -H H. • .A D. . .A D--H. • .A D--H.  • .A D--H H. • .A D. • .A D--H. . .A 

O22--H22- • .O41 0.82 2.155 (15) 2.848 (6) 142 (2) O23--H23. • .023" 0.820 1.783 (I1) 2.592 (5) 169 (5) 
O22--H22. • .O46 i 0.82 2.15 (4) 2.802 (10) 139 (5) O2.3'--H23' - - .O41" 0.820 2.122 (9) 2.724 (6) 130.1 (8) 
O22 ' - -H22 ' -  • -043" 0.82 2.07 ( I ) 2.680 (9) 130.7 (8) O24---H24- • -O24'"' 0.820 2.027 (19) 2.793 (4) 155 (4) 
O22t--H22t- • .048 ii 0.82 2.14 (3) 2.758 (13) 132 (4) O25--H25. • .024 0.820 1.901 (5) 2.586 (4) 140.4 (5) 
O24----H24- • .025 0.82 2.01 (5) 2.611 (6) 129 (5) O25 ' - -H25 ' -  - -040 0.820 1.949115) 2.7111 (4) 154 (3) 
O24 ' - -H24 ' .  • -040 0.82 2.102 (16) 2.917 116) 172 (2) O26--H26. - -027'  0.820 2.044 (3) 2.855 (3) 169.9 (8) 
O24 ' - -H24 ' .  • -050 0.82 1.966 (13) 2.665 (12) 142.7 (9) O26 ' - -H26 ' .  • .027" 0.820 2.075 (3) 2.888 (3) 171.0 (9) 
O24 ' - -H24 ' .  • .051 0.82 2.042 (15) 2.847 (10) 167 (4) O27--H27. • .026 0.821) 2.2116 (8) 2.899 (3) 142 ( I ) 
O25--H25. • .027 0.82 2.390 (17) 2.846 (6) 116 ( 1 ) O27 ' - -H27 ' .  • .026'  0.820 2.263 (15) 2.922 (3) 138 (2) 
O25--H25. • .044 0.82 2.37 (6) 2.925 (10) 125 (7) O28--H28. - .026'  0.820 2.009 (4) 2.801 131 162.1 (9) 
O25 ' - -H25 ' -  • -024'  0.82 1.923 (9) 2.592 (5) 138 (1) O28 ' - -H28 ' .  • .026" 0.820 1.969 (4) 2.763 (3) 162.9 (7) 
O26---H26- • -O26 t 0.82 1.920 (4) 2.700 (4) 159 (2) O40--H40A. • .023'  1.896 2.225 (4) 2.776 (5) 119.3 (2) 
O26~--H26 ' .  • .OI6 'ii 0.82 2.46 (I) 3.229 (4) 156 (2) O40~H40B- • -028 ''~ 1.017 1.867 (2) 2.821 (4) 154.9 (2) 
O27 ' - -H27 ' .  • .022'  0.82 2.53 (3) 3.053 (5) 122 (3) 
O27 ' - -H27 ' - -  .O43 ii 0.82 2.49 (2) 3.206110) 146 (3) Symmetry  codes:  (i) 1 - x, ~- - y, z - ~; (ii) 2 - x, ~ - y, ~ + -- (iii) 
O27 ' - -H27 ' - . -O48  ii 0.82 2.378(14) 3.173114) 164(3) l - - x , v - - .  7,~ ~ --z, ; ( iv)  l + x , . v , z ; ( v )  l - x , ~ - - y , ~  + z ; ( v i ) x -  l, .v,z. 
O28--H28. • -028 'i~ 0.82 2.086 (5) 2.897 (4) 170 (2) - - 
O28 ' - -H28 ' .  • -026 m 0.82 1.903 (6) 2.683 (4) 159 ( 1 ) C o m p o u n d  (4)  

Crystal data 

C2oH32 O 6 . 1 . 5 H 2 0  
Mr = 3 9 5 . 4 9  

O r t h o r h o m b i c  

1222  

a = 8 . 9 1 4 0  (5)  ~t 

b = 1 8 . 1 6 7 8  113) ,~, 

c = 2 5 . 3 2 6  (2)  A 
V = 4 1 0 1 . 3  (5) ~3  

Z = 8  
D~ = 1.281 M g  m - 3  

Dr, no t  m e a s u r e d  

Symmet ry  codes: (i) x, y, z - 1; (ii) ½ + x, ~- - y, 1 - z; (iii) 2 - x, y - 
½, ½ - z; (iv) x, 1 + y , z .  

C u  K o  r a d i a t i o n  

A = 1 . 5 4 1 8 4 , 4 ,  

C o m p o u n d  (3)  Ce l l  p a r a m e t e r s  f r o m  24  
r e f l e c t i o n s  

Crystal data 0 = 3 0 - 4 0  ° 

2C20H32OT.2 .5HEO C u  K a  r a d i a t i o n  # = 0 . 8 0  m m - w  

Mr = 8 1 3 . 9 8  A = 1 . 5 4 1 8 4  ,~i T = 293  (2) K 

O r t h o r h o m b i c  Ce l l  p a r a m e t e r s  f r o m  24  T h i n  p la t e  

P22121  r e f l e c t i o n s  0 . 4 0  x 0 . 3 0  × 0 . 0 2  m m  

a = 9 .0121  (10)  ,4, 0 = 3 0 - 4 0  ° C o l o r l e s s  

b = 1 8 . 0 8 0  (4)  A # = 0 .83  m m  -~ 

c = 2 5 . 4 7 6  (3) ,~ T = 293  K 

V = 4 1 5 0 . 9  (11)  ~3  P r i s m  Data collection 

Z = 4 0 . 2 0  × 0 . 2 0  x 0 . 2 0  m m  N o n i u s  C A D - 4  d i f f r a c t o m -  3 6 6 5  r e f l e c t i o n s  w i t h  
D ,  = 1 .302  M g  m - 3  C o l o r l e s s  e t e r  1 > 2or(/) 

Dm n o t  m e a s u r e d  20/w s c a n s  Rim = 0 . 0 2 0  

Rint = 0 . 0 3 6  

0max = 7 1 . 9 2  ° 

h = 0 ---, 10 

k = 0 ---~ 21 

1 = 0 - - - , 3 1  

2 s t a n d a r d  r e f l e c t i o n s  

f r e q u e n c y :  60  m i n  

i n t e n s i t y  d e c a y :  < 1% 

A b s o r p t i o n  c o r r e c t i o n :  0m,x = 7 1 . 8 7  ° 

e m p i r i c a l  via ~ s c a n s  h = - 1 0  ~ 10 

on  9 a z u m i t a l  r e f l e c t i o n s  k = - 2 1  ~ 21 

(NRCCAD;  L e  P a g e  et al., I = - 3 0  ---, 31 

1986)  2 s t a n d a r d  r e f l e c t i o n s  

Tmin = 0 . 8 8 6 ,  Tmax = 0 . 9 9 9  f r e q u e n c y :  6 0  m i n  

5 5 9 7  m e a s u r e d  r e f l e c t i o n s  i n t e n s i t y  d e c a y :  < 1 %  

4 0 2 0  i n d e p e n d e n t  r e f l e c t i o n s  

Data collection 

N o n i u s  C A D - 4  d i f f r a c t o m -  

e t e r  

0 / 2 0  s c a n  

A b s o r p t i o n  c o r r e c t i o n :  n o n e  

4 6 7 0  m e a s u r e d  r e f l e c t i o n s  

4 5 4 1  i n d e p e n d e n t  r e f l e c t i o n s  

3 9 9 5  r e f l e c t i o n s  w i t h  

I > 2o ' ( / )  

E x t i n c t i o n  c o r r e c t i o n :  

SHELXL93  ( S h e l d r i c k ,  

1993)  

E x t i n c t i o n  c o e f f i c i e n t :  

0 . 0 0 0 2 3  (8) 

S c a t t e r i n g  f a c t o r s  f r o m  Inter- 
national Tables f o r  X-ray 
Crystal lography (Vol.  IV)  

A b s o l u t e  s t r uc tu r e :  F l a c k  

( 1 9 8 3 )  

F l a c k  p a r a m e t e r  = 0.3 (3) 

Refinement  

R e f i n e m e n t  o n  F 2 

R[F 2 > 2o ' (F2 ) ]  = 0 . 0 5 5  

w R ( F  2) = 0 . 1 5 9  

S = 1.041 

4 5 4 0  r e f l e c t i o n s  

5 2 3  p a r a m e t e r s  

H a t o m s  c o n s t r a i n e d  
w = 1/[o-2(F 2 )  + ( 0 . 1 0 1 6 P )  2 

+ 1 . 0 9 3 1 P ]  
w h e r e  P = (Fo 2 + 2F~2)/3 

(m/O')max ---- 0 .001  
Apmax = 0 . 4 8 9  e ~ - 3  

Apmin = - - 0 . 2 2 0  e , ~ - 3  

Refinement 

R e f i n e m e n t  on  F ~- 
R[F 2 > 2o ' (F2 ) ]  = 0 . 0 3 9  

w R ( F  2) = 0 . 1 0 8  

S = 1 .024  

4 0 2 0  r e f l e c t i o n s  

2 8 9  p a r a m e t e r s  

H a t o m s  c o n s t r a i n e d  
w =  1/[cr2(F]) + ( 0 . 0 7 5 4 P )  2 

+ 0 . 3 4 8 1 P ]  

w h e r e  P = (F]  + 2F,?)/3 
(A/O)max = 0 . 0 0 6  

Apmax = 0 . 2 3 9  e .tt - 3  

Ap,,,i,, -- - - 0 . 2 0 1  e ]k - 3  

E x t i n c t i o n  c o r r e c t i o n :  

SHELXL93  ( S h e l d r i c k ,  

1993)  

E x t i n c t i o n  c o e f f i c i e n t :  

0 . 0 0 0 2 5  (6)  

S c a t t e r i n g  f a c t o r s  f r o m  

International Tables f o r  
Co's ta l lography (Vol.  C)  

Table 4. Hydrogen-bonding geometry (,~, o)for (4) 
D - - H .  • . A  D - - H  H .  • .A  D .  • .A  D - - H -  - .A  

O24---H24- • .0241 0.68 (4} 2.09 (4) 2.766 (3) 171 (4) 
O25--H25- • .O41" 0.79 (5) 2.11 (6) 2.785 (3) 144 (5) 
O25--H25' .  • .024 0.89 (6) 1.73 (6) 2.566 (2) 153 (6) 
O26--H26- - -O2T" 0.77 (3) 2.07 (7) 2.812 (2) 160 (3) 
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O27--H27. • .026 0.83 (2) 2.19 (2) 2.894 (2) 142 (2) 
O28--H28. • .026"' 0.96 ~2) 1.86 (3) 2.767 (2) 158 (2) 
O41--H41B. • .028 0.86 (4) 2.02 (5) 2.848 (3) 161 (4) 

Symmetry codes: ( i ) -x ,  1 - y ,  z; ( i i ) x -  l ,y, z; (iii) ½ +x, ~ - y ,  ~ - z .  

C o m p o u n d  (5) 

Crystal data 

C20H2806 Mo Kc~ radiation 
Mr = 728.85 A = 0.71073 ,~ 
Monoclinic Cell parameters from 24 
P2~ reflections 
a = 9.7509 (5) ~, 0 = 3 0 - 4 0  ° 
b = 10.3005 (8) ,~, /z - 0.092 m m  -~ 
c = 19.5609 (13) ,4, T = 293 (2) K 
/3 = 101.937 (5)0 ° Irregular 
V 1922.2 ( 2 ) A  3 0.20 × 0.20 x 0.20 mm 
Z = 2 Colorless 
Dx = 1.259 Mg m -3 
Dm not measured 

Data collection 

Nonius CAD-4  diffractom- 
eter 

0/20 scans 
Absorption correction: none 
3460 measured reflections 
3321 independent  reflections 
2517 reflections with 

I > 2o(/ )  

Rint = 0.007 
0max = 22.42 ° 
h = - 1 0 - - ~  10 
k = 0 ---, 10 
l = 0 ---~ 20 
2 standard reflections 

frequency: 60 min 
intensity decay: < 1% 

Refinement 

Refinement  on F z 
R[F z > 2o.(F2)] = 0.038 
wR(F 2) = 0.094 
S = 1.036 
3321 reflections 
486 parameters  
H atoms constrained 
w = 1/[o.2(F 2) + (0.0406P) 2 

+ 0.4793P] 
where P = (F, } + 2F,?)/3 

(A/o.)max = --0.021 

Z~pmax = 0.157 e ,~-3 
Z~pmm = - 0 . 1 3 8  e ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0047 (5) 

Scattering factors from 
International Tables for  
Crystallography (Vol. C) 

Tab le  5. Hydrogen-bond ing  geome t ry  (A, o) f o r  (5) 

D--H. • -A D--H H- - .A D. • -A D--H. • .A 
O24--H24. • .025 0.82 (5) 1.91 (5) 2.713 (5) 162 (6) 
O24'--H24'. • .025' 0.76 (4) 2.05 (4) 2.725 (5) 148 (5) 
O25--H25. • .026' 0.86 (7) 1.90 (7) 2.684 (5) 149 (6) 
O25'--H25'. • -026'" 0.89 (10) 1.93 (I0) 2.678 (5) 141 (9) 
O26~H26. • .028"' 0.85 t5) 2.00 (5) 2.827 (5) 162 (5) 
O26'--H26'. - .028 ''' 0.90 (8) 2.10 (8) 2.764 (5) 130 (7) 
O27--H27. • .025' 0.84 (6) 2.18 (6) 2.960 (4) 154 (5) 
O27'--H27'. • .025'" 0.90 (6) 1.99 (7) 2.866 (5) 164 (6) 

Symmetry codes: (i) 1 - x,y - ~, 1 - z; (ii) 1 - x,y - ½,-z;  (iii) 
2 - x ,  ½ + y , l  - z ; ( i v )  2 - x , ~  + y , - z ; ( v )  1 - x ,  ½ + y , i  - z ; ( v i )  
1 - x ,  ½ + y , - z .  

It should be noted that the two independent  molecules  of  
compound  (2) are related by a non-crystal lographic 2~ screw 
axis parallel to the c axis, and that the two independent  mol- 
ecules of  compound  (3) are related by a non-crystal lographic 
2~ screw axis parallel to the a axis. 

Data collection and cell ref inement were performed with 
NRCCAD (Le Page et al., 1986). For (1) and (2), equivalent 

reflections were grouped and averaged according to Le Page 
& Gabe (1979). For all compounds,  data reduction was 
performed using the NRCVAX package (Gabe et al., 1989). 
NRCVAX was used for the solution of  structures (2) and (3), 
while SIR92 (Altomare et al., 1993) was used for structures 
(I) ,  (4) and (5). SHELXL93 (Sheldrick, 1993) was used for all 
refinements.  Molecular  graphics were prepared using versions 
of  ORTEPII (Johnson, 1976) in NRCVAX and Xtal_GX (Hall 
& du Boulay, 1995). SHELXL93 was used to prepare the data 
for publication. 

W e  a re  g r a t e f u l  to  P r o f e s s o r  W.  W e l c h ,  D e p a r t m e n t  

o f  B i o c h e m i s t r y ,  U n i v e r s i t y  o f  N e v a d a ,  R e n o ,  U S A ,  

fo r  e n a b l i n g  this  w o r k  by  p r o v i d i n g  us  w i t h  r e s e a r c h  

s u b c o n t r a c t s  f r o m  N a t i o n a l  S c i e n c e  F o u n d a t i o n  ( N S F )  

a n d  A m e r i c a n  H e a r t  A s s o c i a t i o n  ( A H A ) .  W e  w i s h  a l so  

to t h a n k  the  U n i v e r s i t 6  de  S h e r b r o o k e  fo r  f inanc ia l  

s u p p o r t  f r o m  the  F o n d s  de  R e c h e r c h e  b. A l l o c a t i o n  

I n t e r n e  ( F R A I ) .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BS1023). Services for accessing these 
data are described at the back of the journal. 
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