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C21 0.3521 (6) -0.0266 (4) 0.3614 (4) 0.0369 (9) 
C22 0.2727 (6) -0.0715 (4) 0.4789 (4) 0.0449 (10) 
C23 0.1771 (6) 0.0211 (4) 0.5856 (4) 0.0449 (10) 
C24 0.1606 (6) 0.1595 (4) 0.5721 (4) 0.0431 (10) 
C25 0.2413 (5) 0.2030 (4) 0.4546 (3) 0.0316 (8) 

Table 4. Selected geometric parameters (,A, o) for  (H) 
Osl--FI 1.923 (2) CI 1---C12 1.370 (6) 
Osl---Clll 2.3353 (8) C12--C13 1.361 (8) 
Osl--Cll2 2.3488 (9) CI 3---C14 1.365 (8) 
Os2--F2 1.929 (2) C14---C15 1.365 (6) 
Os2----C121 2.3323 (9) N2---C25 1.344 (4) 
Os2---C122 2.3444 (9) N2---C21 1.346 (4) 
CM--NI 1.465 (4) C21----C22 1.362 (5) 
CM--N2 1.488 (4) C22---C23 1.365 (6) 
NI---C15 1.341 (5) C23--C24 1.370 (6) 
NI--CII 1.343 (5) C24----C25 1.357 (5) 

Flt-----X)sl----Cl I 1 90.10 (6) F2---Os2---CI21 90.59 (7) 
F1---Osl---CI11 89.90 (6) F2ii--Os2---C122 90.44 (7) 
F1---Osl---CII2 i 90.31 (7) F2---Os2---CI22 89.56 (7) 
F1---Osl--CII2 89.69 (7) C121ii---Os2--C122 90.46 (3) 
CII l--Osl---Cll 2 90.37 (3) C121--Os2---Ci22 89.54 (3) 
F2--Os2---CI21 ii 89.41 (7) NI---CM--N2 i11.0 (3) 

Symmetry codes: (i) - x ,  - y ,  -z ;  (ii) 1 - x, 1 - y, 1 - z. 

In each compound the major residual features in the AF 
synthesis lie close to the metal atoms. 

For both compounds, data collection: CAD-4-PC (Enraf- 
Nonius, 1993); cell refinement: CAD-4-PC; data reduction: 
MolEN (Fair, 1990); program(s) used to solve structures: 
SIR92 (Altomare et al., 1992); program(s) used to refine 
structures: SHELXL93 (Sheldrick, 1993); molecular graphics: 
ORTEPII (Johnson, 1976); software used to prepare material 
for publication: SHELXL93. 
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Abstract 
The crystal structure of sodium cholate ethanolate, 
Na+.C24H39Os-.C2H60, recrystallized from absolute 
ethanol by slow evaporation, has been determined. This 
structure is the first report of a sodium cholate structure 
solely solvated by an organic molecule. 

Comment 
Our research into methyl rotation in the solid state 
led us to a number of compounds containing multi- 
ple methyl groups, including the two bile acids, cholic 
acid and deoxycholic acid. While most previous struc- 
tural research has focused on deoxycholic acid (3a,12a- 
dihydroxy-5g-cholan-24-oic acid) and its many inclu- 
sion compounds (Giglio, 1984), more recent research 
has examined the many possible solvated structures 
of cholic acid (3a,7a,12a-trihydroxy-5g-cholan-24-oic 
acid). Many cholic acid structures have been solved, in- 
cluding cholic acid complexed with water (Lessinger, 
1982; Lessinger & Low, 1993), acetophenone (Miki et 
al., 1988), valerolactone (Miki, Kasai, Shibakami, Take- 
moto & Miyata, 1991), benzene (Nakano, Sada & Miy- 
ata, 1994), aniline (Caira, Nassimbeni & Scott, 1993; 
Shibakami & Sekiya, 1994), 3-fluoroaniline (Shibakami 
& Sekiya, 1994), nitrobenzene (Caira, Nassimbeni & 
Scott, 1993), acetonitrile (Scott, 1995), and a number of 
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326 Na +.C24H39 O5- . C 2 H 6 0  

alcohols (Johnson & Schaefer, 1972; Jones & Nassim- 
beni, 1990), aliphatic esters (Caira, Nassimbeni & Scott, 
1994a) and ketones (Caira, Nassimbeni & Scott, 1994b). 
Recently, the structure of cholic acid without any guest 
molecules has been obtained (Miki et al., 1990). Less 
attention, however, has been paid to cholic acid salt 
complexes. Until now, only three cholic acid salt struc- 
tures have been solved, one with calcium (Hogan, Eal- 
ick, Bugg & Barnes, 1984), the other two with sodium 
(Norton & Haner, 1965; Cobbledick & Einstein, 1980). 
One of the sodium salts, (I), is reported to be anhydro- 
us, while the other sodium salt and the calcium salt are 

both  hydrated structures. In a search of the Cambridge 
Structural Database (Allen et al., 1979), we found 1503 
steroid structures. Of these structures, only 13 were salt 
complexes, of which only five involved sodium. In those 
five sodium salts, four were hydrates, and the fifth was 
an acetone/water solvate. Here we report the first cholic 
acid salt structure, (I), solvated solely with an organic 
molecule. 

0 ~ O-Na + 

HO" v v "OH 

o i .c, o 

(I) 

An ORTEPII (Johnson, 1976) diagram of the cholate 
salt structure is presented in Fig. 1. The rings have 
a geometry similar to the other cholic acid structures 
reported so far, with a cis ring juncture for the A/B 
rings and trans ring junctures for the B/C and C/D rings. 
When the monohydrated and ethanol-solvated sodium 
salts are overlaid using a least-squares fit, the B and 
C rings are quite similar, whereas the A and D rings 
deviate slightly from each other. The lack of similarity in 
the D tings produces a different tail orientation in both 
structures. Likewise, the cell dimensions for sodium 

cholate ethanolate are quite different from those reported 
for sodium cholate monohydrate. The packing patterns 
are also noticeably different with the monohydrated salt 
adopting a layered-packing pattern, while the ethanol- 
solvated salt packs in a herringbone pattern. Fig. 2 
presents the sodium cholate ethanolate packing diagram 
drawn using QUANTA4.0 (Molecular Simulations Inc., 
1994). 

We found that the methyl C atom of ethanol was 
disordered over two different positions, C92 and C93. 
Similar problems with disordered alcohol solvents were 
also encountered in the cholic acid structures (Jones & 
Nassimbeni, 1990). This disorder, we suspect, is due to 
the small size of the ethanol molecule when compared 
to the larger size of the cavity in which it sits. Hydrogen 
bonding between the ethanol molecule, the hydroxy 07 
and O12 atoms and the carboxylate 024 atom holds the 
ethanol in this cavity, while additional hydrogen bonding 
occurs between the hydroxy 03 atom and the carboxyl- 
ate 024 atom in the tail portion of the molecule (Table 
2). All of the O. . .O distances fall within the normally 
accepted range for hydrogen bonds. The disorder in the 
ethanol molecule does not affect its ability to participate 
in hydrogen bonding with the cholate salt. 

The Na + atom has trigonal bipyramidal coordination 
involving five different O atoms from four different 
cholate molecules. These distances range from 2.266 (4) 
to 2.594 (4) /~, (Table 3). Two of the coordinated O 
atoms are from hydroxy groups, while the other three 
are carboxylate O atoms. While the geometry around 
the Na ÷ atom is not octahedral, a pentacoordinated 
Na ÷ atom was also found earlier in the structure of 
sodium cholate monohydrate (Cobbledick & Einstein, 
1980). The 025 carboxylate atom is not found to 
participate in hydrogen bonding since it coordinates 
to two different Na ÷ ions, whereas the 024 carboxyl- 
ate atom only coordinates one Na ÷ ion while hydro- 
gen bonding with the hydroxy 03 atoms. An anhydrous 
sodium salt structure (Norton & Haner, 1965) has been 
reported previously but no atomic coordinate data were 
published. 

C93 

C 9 2 ~  91 

0 9 0  

c 

C 

0 7 ~  
b 

o N a  

[--~o- C23 

~ c l ; 6  0 9 ~ 9  C 2 4 ~  25 

c15 o f  4 

Fig. 1. ORTEPII (Johnson, 1976) diagram showing 50% probability displacement ellipsoids for non-H atoms. Ellipsoids for H atoms are drawn as 
spheres with U = 1.0 ,~2. The Na ÷ ion and disordered ethanol molecule are also included. 
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Fig.  2. P a c k i n g  d i a g r a m  for s o d i u m  chola te  e thano la t e  v i e w e d  d o w n  
the a axis.  

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

The title compound was prepared by recrystallization of  
sodium cholate (Sigma Chemical  Co., St Louis, MO) by slow 
evaporation from absolute ethanol (Midwest Grain Products 
Co., Weston, MO). 

Crystal data 

N a + . C 2 4 H 3 9 0 5  - . C 2 H 6 0  C u  Ko~ r a d i a t i o n  

Mr = 476.63 )~ = 1.54184 ,/k 
Or thorhombic  Cell parameters  f rom 23 
P21212~ reflections 
a = 7.7383 (17) ,4, 0 = 2 0 - 4 3  ° 
b = 15.098 (2) .~, # = 0.780 m m -  
c = 22.515 (5) ,~ T = 295 K 
V = 2630.5 (15) .~3 Plate 
Z = 4 0.30 x 0.13 x 0.06 m m  
Dx = 1.203 Mg m -3 Colorless  

Data collection 
Enra f -Non ius  CAD-4  

dif f ractometer  
w-20 scans 
Absorp t ion  correction: 

none  
2738 measured  reflections 
2738 independent  reflections 
2737 observed  reflections 

[I > 2~r(I)] 

0max ---- 68.13° 
h = 0 - - +  9 
k = 0 --+ 18 
l = 0--+ 27 
3 standard reflections 

frequency:  83 min  
intensity decay: none  

Refinement 
Ref inement  on F 2 
R(F)  = 0.047 
wR(F:) = 0.109 
S = 1.085 
2737 reflections 
320 parameters  
HO3,  HO7,  HO90,  H5 

refined isotropically, other  
H a toms not refined (U = 
1.3Ueq of  parent a tom) 

w = 1/[cr2(F) + (0.0560P) 2 
+ 0.5148P] 

where  P = (Fo 2 + 2F2)/3 
( m / o ' ) m a x  = 0 . 0 3 9  

A p m a x  = 0.24 e ,~-3 
A p m i n  = - 0 . 2 3  e ,~-3 
Extinct ion correction: none  
Atomic  scattering factors 

f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (,~2 ) 

Uiso for  H atoms; Ueq = (1 /3 )E i~ jUoa  7 a~ ai.aj for all other atoms. 

x y z U~q/Ui~o 
Na 0.7017 (3) 0.77502 (14) 0.52160 (8) 0.0440 (6) 
03  1.0495 (5) 0.7926 (2) 0.4010 (2) 0.0403 (10) 
0 7  0.6619 (5) 0.9397 (2) 0.5459 (2) 0.0403 (10) 
O i2  1.1355 (5) 1.0256 (2) 0.6455 (2) 0.0503 (10) 
024  0.7630 (4) 1.3002 (2) 0.9187 (2) 0.0407 (I0) 
025  1.0170 (5) 1.2588 (3) 0.95257 (14) 0.0477 (12) 
090  0.9310 (5) 0.5834 (2) 0.3604 (2) 0.0473 (10) 
C1 1.1388 (7) 1.0338 (3) 0.4235 (2) 0.0407 (15) 
C2 1.1701 (7) 0.9345 (3) 0.4263 (2) 0.0390 (15) 
C3 1.0198 (7) 0.8864 (3) 0.3977 (2) 0.0353 (15) 
C4 0.8538 (6) 0.9119 (3) 0.4287 (2) 0.0340 (15) 
C5 0.8172 (6) 1.0110 (3) 0.4266 (2) 0.0337 (15) 
C6 0.6441 (7) 1.0314 (4) 0.4568 (2) 0.0383 (15) 
C7 0.6487 (6) 1.0300 (3) 0.5249 (2) 0.0360 (15) 
C8 0.7957 (6) 1.0882 (3) 0.5478 (2) 0.0300 (15) 
C9 0.9702 (6) 1.0577 (3) 0.5215 (2) 0.0293 (I0) 
C10 0.9686 (7) 1.0665 (3) 0.4520 (2) 0.0330 (15) 
C11 1.1277 (7) 1.1027 (4) 0.5501 (2) 0.0377 (15) 
C12 1.1213 (6) 1.1106 (4) 0.6184 (2) 0.0343 (15) 
C13 0.9511 (6) 1.1529 (3) 0.6385 (2) 0.0293 (15) 
C14 0.8035 (6) 1.0938 (3) 0.6151 (2) 0.0300 (15) 
C15 0.6427 (6) 1.1274 (3) 0.6479 (2) 0.0363 (15) 
C16 0.7120 (6) 1.1608 (4) 0.7083 (2) 0.0423 (15) 
C17 0.9131 (6) 1.1507 (4) 0.7068 (2) 0.0353 (15) 
C18 0.9418 (8) 1.2481 (3) 0.6154 (2) 0.0427 (15) 
C19 0.9453 (9) 1.1646 (3) 0.4325 (2) 0.0480 (17) 
C20 1.0088 (7) 1.2161 (4) 0.7470 (2) 0.0417 (15) 
C21 1.2051 (7) 1.2020 (6) 0.7473 (3) 0.087 (3) 
C22 0.9395 (7) 1.2142 (4) 0.8106 (2) 0.0407 (15) 
C23 0.9978 (7) 1.2921 (3) 0.8491 (2) 0.0417 (15) 
C24 0.9235 (6) 1.2838 (3) 0.9117 (2) 0.0343 (15) 
C91 0.9789 (12) 0.6184 (5) 0.3045 (3) 0.088 (3) 
C92 0.908 (2) 0.5763 (10) 0.2558 (5) 0.067 (5) 
C93 1.063 (3) 0.5751 (14) 0.2677 (9) 0.124 (9) 
HO3 0.951 (7) 0.769 (4) 0.404 (3) 0.05200 
H5 0.8050 (6) 1.0272 (3) 0.3847 (2) 0.04400 
HO7 0.598 (8) 0.937 (4) 0.575 (2) 0.05200 
HO90 0.855 (6) 0.614 (2) 0.3750 (12) 0.06100 

T a b l e  2. Hydrogen-bonding data (,4, o) 
2.820 (5) 090.  • • 024  iii 
2.787 (6) 03 .  • • O24 iii 

090.  • • O12 ~ 2.658 (5) 
090.  • • O7 ii 2.823 (5) 

O3---HO3. • • 024  iii 172 (5) C91--4)90- • • HO7 ii 122.8 (17) 
O90---HO90. • • 024  ii' 163 (4) C91-4 )90 -  • • HO12 i 114.3 (16) 
o7 i i - -HO7  ii. • • 090  172 (6) C24iii---O24 iii. • • HO3 133.7 (16) 
O12i- -HO12 i . . .  090  156 (2) c24iii-----O24 iii- • • HO90 123.1 (12) 

Symmetry codes: (i) x - 4, ~ - Y, 1 - z; (ii) ½ + x, ~ - y, 1 - z; (iii) 
½-x, 2-y ,z -½.  

T a b l e  3. Sodium-ion coordination geometry (ft, o) 

2.338 (4) Na- • • 025  ii 2.354 (4) 
2.565 (4) Na. • • 025  iii 2.266 (4) 
2.594 (4) 

101.75 (14) 07 .  • • Na. • • O25 ii 105.4 (2) 
121.85 (14) 07-  • • Na. • • O25 iii 99.5 (2) 
92.02 (15) O24 ii. • • Na. • • 025  ii 52.50 (12) 

104.20 (15) 024  ii. • • Na. • • O25 iii 94.63 (14) 
128.87 (14) 025  ii. • • Na- • • O25 iii 146.78 (13) 

S y m m e t r y  codes :  (i) x - 4, ~ - Y, 1 - z; (ii) ~ - x, 2 - y, z - ½; (i i i)  

2-x ,Y -½,~-z .  
T h e  m e t h y l  c a r b o n  i n  t h e  e t h a n o l  s o l v e n t  m o l e c u l e  h a d  a s i t e -  

o c c u p a t i o n  f a c t o r  o f  0 . 5 .  T h e  d i s o r d e r  i n  t h e  s o l v e n t  m o l e c u l e  

c o n t r i b u t e d  t o  a l a r g e  v a l u e  f o r  R .  

D a t a  c o l l e c t i o n :  C A D - 4  Software ( E n r a f - N o n i u s ,  1 9 7 7 ) .  

C e l l  r e f i n e m e n t :  C A D - 4  Software. D a t a  r e d u c t i o n :  MolEN 

Na- • • 03 '  
Na. • • 0 7  
N a . . .  O24 ii 

O3 i. • • Na- • • 0 7  
03  i . .  • Na. • • O24 ii 
O3 i. . .  Na. • • O25 ii 
O3 i . . .  N a . . .  O25 iii 
07 .  • • Na. • • 024  ii 
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(Fair, 1990). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEPII 
Johnson (1976); QUANTA4.0 (Molecular Simulations Inc., 
1994). Software used to prepare material for publication: 
MolEN. 

The authors would like to thank Phillip Fanwick 
for his assistance with the refinement of the structure. 
Funding was provided by the Byrn/Zografi Program for 
the Study of the Effects of Water on Molecular Mobility 
of Crystalline and Amorphous Solids. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CRl178). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 

The crystal structure of the title compound, trans- 
[ { (C6Fs)3P}2PdCI2 ], was de te rmined  f rom single-crystal 
X-ray diffract ion data. O w i n g  to the steric require-  
ments  of  the bulky  phosphane  l igands,  the cen t rosym-  
metr ic  mo lecu le  shows  a cons iderable  angle dis tor t ion 
at the square-planar  coord ina ted  Pd a tom [ C 1 - - P d - - P  
95.23 (4)°]. P d - - C l  and P d - - P  dis tances  are 2.291 (1) 
and 2.305 (1) Lk, respectively.  The  m e t a l - p h o s p h o r u s  
dis tance is s ignif icantly shorter  than in trans-dichloro- 
bis ( t r iphenylphosphane)pa l lad ium(I I ) .  

Comment 
trans-[{(C6Fs)3P}2PdC12], (1), is a catalyst for the syn- 
thesis of hydrogen peroxide from the elements (Dyer & 
Moseley, 1981). In the course of a study of the catalytic 
behavior of the compound, we were interested in com- 
paring its structure with that of the corresponding tri- 
phenylphosphane derivative, trans-[{(C6Hs)3P}2PdC12], 
(2) [(2) (Ferguson, McCrindle, McAlees & Masood, 
1982); (2).0.5p-C6I-hC12 (Kitano, Kinoshita, Nakamura 
& Ashida, 1983)]. 

F F 

c 

F P ~ P d ~  P F 

F F 
(1) 

The crystals of (1) consist of discrete centrosymmet- 
ric molecules (Fig. 1) separated by van der Waals dis- 
tances. The packing is like that of the isotypic platinum 
compound trans-[{(C6Hs)3P}2PtC12] (Schaefer, Lyon, 
Labinger & Bercaw, 1992). The Pd--C1 distance lies in 
the middle of the range of values collected by Ferguson 
et al. (1982) for trans-dichlorobis(phosphane)palladium 
complexes [2.267-2.326A], whereas the Pd--P dis- 
tance is slightly shorter than the shortest value given 
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