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of the bonded C atom. Highly disordered solvent molecules 
located in the vicinity of a 4. center were found distributed over 
symmetry-related positions. The proportion and identity of the 
solvent, CHC13, were confirmed using the SQUEEZE routine 
of the PLATON program (Spek, 1995) (V~ = 492.5 A, 3 and 
114.5 electrons per cell). Final refinements were carried out 
using a disordered description of the solvent and no SQUEEZE 
correction was applied to the data for the solvent contribution. 
Solvent was refined using a constraint (DFIX) and restraints 
(SAME/SADI) in order to improve the solvent model. All C 
atoms have the same isotropic displacement parameters and 
all C1 atoms have the same isotropic displacement parameters. 
A small hole remained in this structure accounting for zero 
electrons and 36.2 ,~3 of the volume of the cell. The absolute 
structure was determined by way of the SHELXL96 (Sheldrick, 
1996) instructions TWIN, with a matrix (100, 0i0, 00]), and 
one BASF parameter to give a value of the Flack (1983) 
parameter of 0.48 (2). The crystal is thus an equicomponent 
inversion twin. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Sofm'are. Data reduction: NRC-2 and 
NRC-2A (Ahmed et al., 1973). Program(s) used to solve 
structure: SHELXS96 (Sheldrick, 1990). Program(s) used to 
refine structure: NRCVAX (Gabe et al., 1989) and SHELXL96. 
Molecular graphics: ORTEPII (Johnson, 1976) in NRCVAX. 
Software used to prepare material for publication: NRCVAX 
and SHELXL96. 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FGI412). Services for accessing these 
data arc described at the back of the journal. 
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Abstract 
The structure determination of the title compound, 
C29H4606, establishes the selective esterification of the 
hydroxyl group on position 3 of the steroid skeleton 
of the cholic acid methyl ester. The asymmetric unit 
contains one molecule and the crystal structure is 
stabilized by intermolecular hydrogen bonds. The two 
side chains on the steroid skeleton are quite flexible 
and each has two orientations; a disorder model was 
introduced and two sets of atoms were refined for the 
side chains. 

Comment 
The biological importance, the amphiphilic properties 
and the acid-base properties of bile acids make them 
interesting starting materials in the preparation of new 
polymers with potential biomedical and pharmaceutical 
applications. 

The title compound, (I), was synthesized from one 
of the most commonly occurring bile acids, cholic 
acid, and was one of the monomers synthesized for 
the preparation of the new polymers. It can be readily 
polymerized by a free-radical polymerization in solution 
(Ahlheim & Hallensleben, 1992; Zhu et al., 1996) and 
co-polymerized with methacrylic monomers such as 
methacrylic acid and 2-hydroxyethyl methacrylate (Zhu 
et at., 1996). 
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CH2~C - - C - -  O H 

(I) 

Most of the bond distances and angles in the title 
compound are in the normal range for steroidal com- 
pounds. The set of atomic coordinates for (I) can be 
regarded as the absolute structure based on the known 
stereochemistry of cholic acid and its derivatives. The 
rings have a geometry similar to the structures of the 
other cholic acid derivatives reported to date (Miki et 
al., 1990, 1992), while the two side chains attached to 
the steroid skeleton are more flexible and each has two 
orientations. 

The two side chains cannot be described without the 
introduction of a disorder model. Firstly, the carbonyl 
group of the methacryloyloxy group on C3 was found 
in two positions which affected the whole methacryl- 
oyloxy group. Secondly, the carbonyl group of the side 
chain on C17 was also found to adopt two orientations 
which affected the whole side chain. Two sets of atoms 
(orientations A and B) were defined and refined using 
the S A D I  restraint technique in S H E L X L 9 6  (Sheldrick, 
1996). The occupancy for each side chain in both 
orientations (A and B) was initially refined, but as these 
did not differ significantly, the occupancy factor for 
each was then fixed at 0.50 in the final cycles of the 
refinement (Fig. 1). 

The conformation of the methacryloyloxy group on 
C3 and that of the side chain on C17 are different 

025 
C180 c-, '-' 

CC~t 9.'~, Q CI2 //C 13n'3~3 ~ C25 -t~ 
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Fig. 1. ORTEPII (Johnson, 1976) drawing of orientation A of 

(I). Ellipsoids correspond to 40% probability. The site-occupancy 
factors of the methacryloyloxy group on C3 and the side chain 
attached to C20 are both 0.50. H atoms are represented by spheres 
of arbitrary size. 

from those found in the crystal structure of methyl 
3cr-methacryloylamino- 7a ,  12a - dihydroxy - 5fl - cholan - 
24-oate (Akram et al., 1996). The O 3 - - C 2 6 - - C 2 7 - -  
C28 torsion angles in the methacryloyl group are 
- 14 (5) ° for orientation A and - 13 (6) ° for orientation 
B, while the N 3 - - C 2 6 - - C 2 7 - - C 2 8  torsion angles in 
the methacrylamino group are -28 .8  (4) ° for molecule 
1, and 28(3) and -171 .8 (19 )  ° for molecules 2,4 and 
2B, respectively. On the other hand, the C 1 7 - - C 2 0 - -  
C22--C23 torsion angle in methyl 3c~-methacryloyl- 
amino-7a, 12c~-dihydroxy-53-cholan-24-oate (Akram et 
al., 1996) ranges from 58.3 (2) to 62.3 (2) °, while in 
the title compound, this angle ranges from -168.1 (13) 
to - 164.0 (15) °. The molecular dimensions are normal 
and are included with the supplementary material. 

The two axial hydroxyl groups link the molecules 
which are translated along the a axis in a helical 
arrangement. Two hydrogen bonds ( O - - H . . . O )  are 
formed intermolecularly between the hydroxyl group on 
position 7 of one molecule (orientation A or B) and 
the hydroxyl group on position 12 of the other mol- 
ecule (orientation B or A) (Table 1). A disorder of the 
hydrogen bonding was observed with the hydroxyl H 
atoms disordered equally over the two sites. Therefore, 
alternative positions are required for H7, as well as for 
H12. In the first pattern, H7A is directed towards O12 
and H12B is not involved in hydrogen bonding. In the 
second pattern, H12A is directed towards 07  and H7B 
is not involved in hydrogen bonding. 

In conclusion, the selective esterification of the hy- 
droxyl group at position 3 of the steroid skeleton and 
the a configuration of the methacryloyl group have been 
confirmed unambiguously by this X-ray analysis. 

E x p e r i m e n t a l  

The title compound was prepared according to the method 
described by Zhu et al. (1996). Single crystals were grown 
from an ethanol solution. 

Cm,stal data 

C29H4606 Cu Ka radiation 
Mr = 490.66 A = 1.54178A 
Orthorhombic Cell parameters from 25 
P2~ 212~ reflections 
a = 7.6630 (10) A 0 = 19-22 ° 
b = 11.833 (3) ,~ /1 = 0.668 mm- 
c = 29.452 (7) ,~ T = 293 (2) K 
V = 2670.6 (10) ,~ Plate 
Z = 4 0.42 x 0.22 x 0.10 mm 
D, = 1.220 Mg m -3 Colourless 
Dm not measured 

Data collection 

Nonius CAD-4 diffractom- 2244 reflections with 
eter I > 2o-(/) 
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w/20 scans 
Absorption correction: 

by integration (ABSORP 
in NRCVAX; Gabe et al., 
1989) 
Train = 0.831, Tmax = 0.939 

19 833 measured reflections 
5062 independent reflections 

(including Friedel pairs) 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.040 
wR(F ~) = 0.068 
S = 0.888 
5062 reflections 
434 parameters 
H atoms constrained 
w =  1/[ff2(F,~) + (0.0208P) 2] 

where P = (F,~ + 2F,?)/3 
(A/o')m..,x = 0.046 
Apmax = 0.138 e .~-3 
Apmin = -0 .134  e ,~-~ 

Rin, = 0.045 
0max = 69.81 ° 
h = - 9 ~ 9  
k =  - 1 4 - - ,  14 
l = - 3 5  ---, 35 
4 standard reflections 

frequency: 30 min 
intensity variation: 4.0% 

Extinction correction: 
SHELXL96 (Sheldrick, 
1996) 

Extinction coefficient: 
0.00065 (5) 

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

Absolute structure: Flack 
(1983) 

Flack parameter = 0.1 (3) 
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Table  1. Hydrogen-bond ing  geome t ry  (,4, o) 

D--H. • .A D--H H. • .A D. . .A D--H. • .A 
O7--H7A. • • O 12' 0.82 2.45 3.204 t3) 152.9 
O 12--H 12A. • -07" 0.82 2.46 3.204 (3) 150.6 
Symmetry codes: (i) ½ +x, 3 _ y, 2 - z; ( i i ) x -  ½, 3 _ y, 2 - z. 

H atoms were constrained to their parent sites using a riding 
model [SHELXL96 (Sheldrick, 1996) defaults; C - - H  0.93 to 
0.98 and O - - H  0.82,~]. The H-atom isotropic displacement 
parameters, U. .... were adjusted to be 50% greater than the 
displacement parameters of the parent site for the methyl and 
hydroxyl H atoms, and 20% greater for the remaining H atoms. 
A final verification of possible voids was performed using the 
VOID routine of the PLATON program (Spek, 1995). 

Data collection: CAD-4 Sof-m'are (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: NRC-2 
and NRC-2A (Ahmed et al., 1973). Program(s) used to 
solve structure: SHELXS96 (Sheldrick, 1990). Program(s) 
used to refine structure: SHELXL96. Molecular graphics: 
ORTEPII (Johnson, 1976) in NRCVAX (Gabe et al., 1989). 
Software used to prepare material for publication: NRCVAX 
and SHELXL96. 
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Abstract  

The  title c o m p o u n d ,  CI5HIgNO3S,  has cis stereo-  
chemis t ry  at the r ing junc t ion ,  resul t ing  f rom an exo 
i n t r amo lecu l a r  1 ,3-dipolar  cyc loadd i t ion .  It crys ta l l izes  
as a racemate .  The  t e t r ahydro th ieno  r ing has an S- 
e n v e l o p e  fo rm and the pyr ro le  r ing adopts  a ha l f -cha i r  
con fo rma t ion .  The  a m i n o  H a tom is shared in a bifur-  
ca ted  i n t r amo lecu l a r  h y d r o g e n  bond  b e t w e e n  the bare O 
a toms o f  the ca rboxy la t e  and m e t h o x y  groups.  C o h e s i o n  
of  the s t ructure  is a c h i e v e d  th rough  w e a k  i n t e rmo lecu l a r  
in terac t ions  only.  
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