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Abstract 
The title compound, 2C6HI6N+.C20HI4OI2Si22-, was 
prepared by the reaction of (R,R)-(+)-tartaric acid with 
triethoxyphenylsilane and triethylamine in ethanol. The 
structure of this optically active pentacoordinate phenyl- 
silicate consists of independent bis[(R,R)-tartrato]di- 
phenyldisilicate anions and triethylammonium cations. 
In the crystal, the two Si atoms are five-coordinate and 
the geometry of each of the Si atoms is distorted from a 
trigonal bipyramid towards a square pyramid along the 
Berry pseudorotational coordinate by ca 9.8 and 8.9%, 
respectively. 

Comment 
The study of hypervalent silicon compounds is cur- 
rently one of the most interesting areas of research 
in organosilicon chemistry (Holmes, 1990; Chuit, Cor- 
riu, Reye & Young, 1993; Tacke, Becht, Lopez-Mras 
& Sperlich, 1993). In particular, the five-coordinate sil- 
icates have drawn much attention over the past few 
years, their preparation and structures having been in- 
vestigated extensively (Frye, 1970; Tacke, Lopez-Mras 
& Jones, 1994; Holmes, Day, Harland, Sau & Holmes, 
1984; Small, McCord, Greaces & Shea, 1995; Tamao 
et al., 1995; Hosomi, Kohra, Ogata, Yauagi & Tomi- 
naga, 1990). Tacke, Mtihleisen & Jones (1994) reported 
the preparation and structure of the first optically active 
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pentacoordinate silicate. However, work on the crystal 
structures of optically active hypervalent organosilicon 
compounds is quite rare. We report here the crystal 
structure of a new optically active pentacoordinate sili- 
cate: (+)-bis(triethylammonium) bis[(R, R)-tartrato(4- )]- 
diphenyldisilicate, (I). 
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The disilicate dianion contains two pentacoordinate 
(formally negatively charged) Si atoms, each of which 
is coordinated by one phenyl group and four O atoms 
from two chiral tetradentate (R,R)-tartrato(4-) ligands 
which bridge the two Si atoms such that each ligand 
bonds to each of the Si atoms at the two coordination 
sites forming a group of four five-membered rings. 
Charge balance is provided by two triethylammonium 
cations. The geometry of the two five-coordinate Si 
atoms, Si(1) and Si(2), is distorted from an ideal 
trigonal bipyramid towards a square pyramid by ca 9.8 
and 8.9%, respectively, as calculated by the dihedral- 
angle method (Holmes & Deiters, 1977). The axial 
Si---O bond lengths are Si(1)--O(1) 1.838 (4), Si(1)m 
0(3) 1.799 (4), Si(2)--O(5) 1.848 (4) and Si(2)--O(8) 
1.801 (4)A. The equatorial Si- -O bond lengths are 
Si(1)--O(2) 1.671(4), Si(1)---O(4) 1.668(4), Si(2)-- 
0(6) 1.671 (4) and Si(2)---O(7) 1.665 (4)A. 
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Fig. 1. ORTEP (Johnson, 1965) view of (l) showing the atom-labelling 
scheme. Displacement ellipsoids are drawn at the 50% probability 
level. 
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3 1 8 0  2C6 H 1 6 N  + .C20H14 O12 Siz z -  

In  the  d i a n i o n ,  t he  d i h e d r a l  a n g l e  b e t w e e n  the  t w o  

p h e n y l  g r o u p s  is 7 4 . 4  °. A l l  t he  a t o m s  in e a c h  o f  the  

f o u r  t a r t r a to  p l a n e s  ( p l a n e s  3 - 6 ;  T a b l e  3) a re  n e a r l y  

cop l ana r ,  w i t h  m e a n  d e v i a t i o n s  o f  0 . 0 2 4 ,  0 . 0 3 0 ,  0 . 0 2 9  

and  0 . 0 3 3  A f o r  p l a n e s  3, 4,  5 and  6, r e s p e c t i v e l y .  T h e  

d i h e d r a l  a n g l e s  b e t w e e n  the  t a r t ra to  p l a n e s  are  a r o u n d  

120 °,  a n d  t h o s e  b e t w e e n  p l a n e  1 and  p l a n e s  5 and  6, 

a n d  p l a n e  2 a n d  p l a n e s  3 a n d  4 r a n g e  f r o m  6 1 . 8  to  6 9 . 5  ° 
( see  T a b l e  3). 

T h e r m a l  m o t i o n  in the  t r i e t h y l a m m o n i u m  c a t i o n s  is 

s i gn i f i can t  a n d  the  d e r i v e d  m o l e c u l a r  g e o m e t r y  e x h i b i t s  

h i g h e r  u n c e r t a i n t i e s  than  fo r  the  d i an ion .  

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

Compound  (I) was prepared by the dissolution of  (R,R)- 
(+)-tartaric acid and tr iethoxyphenylsi lane in ethanol in the 
presence of  triethylamine. Crystals were grown by s low 
evaporat ion of  the solvent f rom a dilute ethanolic solution 
over  a period of  three weeks.  

Crystal data 

2C6HI6N+.C2oHI4OI2Si22- 
M, = 706.89 
Orthorhombic  
P212121 
a - 9.625 (3) ,~ 
b = 20.989 (3) ,~ 
c - 17.653 (2) ]k 
V = 3566 (1) ,~3 
Z = 4  
Dx - 1,316 Mg m -3 
Dm not measured 

Data collection 
AFC-7R diffractometer  
w-20 scans 
Absorpt ion correction: 

none 
3555 measured reflections 
2813 observed reflections 

[I > 30-(/)] 
0max = 25 ° 

M o  K a  radiation 
A -- 0 .71073,4,  
Cell parameters from 20 

reflections 
0 -- 11.73-13.21 ° 
# -- 0,162 mm -~ 
T--  293 K 
Prismatic 
0.30 x 0.20 x 0.20 mm 
Colourless  

h = 0 ----, 11 
k = 0 ---, 15 
l = 0 ----~ 12 
3 standard reflections 

monitored every 200 
reflections 

intensity decay: 0 .49% 

Refinement 

Refinement  on F 
R = 0.049 
wR = 0.064 
S =  2.11 
2813 reflections 
433 parameters 
H atoms placed in calculated 

posit ions but  not refined 

w = l/0.2(Fobs) 

(A/0.)max = 0.151 
Apmax = 0.464 e/~-3 
Apmin = --0.366 e ~ - 3  
Extinction correction: none 
Atomic  scattering factors 

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

0(2) 0.8826 (3) 0.1655 (2) 0.7401 (2) 0.0422 (9) 
0(3) 0.6691 (4) 0,1968 (2) 0.6757 (2) 0.048 (I) 
0(4) 0.6023 (4) 0.1667 (2) 0.8040 (2) 0.0429 (9) 
0(5) 0.8687 (4) 0.01 t4 (2) 0.7081 (2) 0.0482 (10) 
0(6) 0.8471 (4) 0.0520 (2) 0.8374 (2) 0.0435 (9) 
0(7) 0.6298 (4) 0.0466 (2) 0.7221 (2) 0.0454 (9) 
0(8) 0.6037 (4) 0.0189 (2) 0.8553 (2) 0.0463 (9) 
0(9) 0.9963 (4) 0.1668 (2) 0.9304 (2) 0.056 ( I ) 
O(10) 0.4793 (4) 0.1605 (2) 0.6165 (2) 0.066 (I) 
O(I 1 ) 1.0739 (4) 0.0545 (2) 0.6806 (2) 0.055 (I) 
O(12) 0.3866 (4) 0.0547 (2) 0.8707 (2) 0.069 ( 1 ) 
N( I ) 0.7780 (5) 0.1534 (3) 0.0381 (2) 0.064 (2) 
N(2) 0.0379 (6) 0. II 96 (2) 0.5473 (3) 0.065 (2) 
C(I) 0.9315 (5) 0.1732 (2) 0.8709 (3) 0.045 (1) 
C(2) 0.9773 (5) 0.1447 (2) 0.7962 (3) 0.041 (1) 
C(3) 0.5483 (6) 0.1672 (2) 0.6733 (3) 0.047 (I) 
C(4) 0.5046 (5) 0.1439 (2) 0.7513 (3) 0.044 (I) 
C(5) 0.9721 (5) 0.0724 (2) 0.8035 (3) 0.043 (1) 
C(6) 0.9764 (6) 0.0444 (3) 0.7237 (3) 0.045 ( 1 ) 
C(7) 0.5038 (6) 0.0702 (2) 0.7513 (3) 0.044 ( 1 ) 
C(8) 0.4904 (6) 0.0479 (2) 0.8328 (3) 0.048 ( 1 ) 
C(9) 0.7447 (5) 0.2934 (2) 0.7671 (3) 0.050 ( 1 ) 
C(10) 0.7281 (7) 0.3298 (3) 0.8328 (4) 0.069 (2) 
C( 11 ) 0.7334 (8) 0.3968 (3) 0.8289 (5) 0.088 (3) 
C(12) 0.7534 (7) 0.4267 (3) 0.7624 (6) 0.092 (3) 
C(13) 0.7695 (7) 0.3924 (3) 0.6977 (5) 0.083 (2) 
C(14) 0.7649 (6) 0.3269 (3) 0.6986 (4) 0.065 (2) 
C(15) 0.7363 (5) -0.0788 (2) 9.7897 (3) 0.042 ( 1 ) 
C(16)  0.6159(6) -0.1128(2) 0.8000(3) 0.050(2) 
C(17) 0.6141 (6) -0.1795 (3) 0.8031 (3) 0.057 (2) 
C(18) 0.7379 (7) -0.2126 (3) 0.7977 (4) 0.063 (2) 
C(19) 0.8603 (6) -0.1793 (3) 0.7867 (4) 0.070 (2) 
C(20) 0.8594 (6) -0.1141 (3) 0.7824 (4) 0.059 (2) 
C(21)  0.8449(8) 0.1124(6) 0.0959(4) 0.110(3) 
C(22) 0.921 ( 1 ) 0.0566 (4) 0.0648 (7) 0.126 (4) 
C(23) 0.7327 (9) 0.2182 (4) 0.0681 (4) 0.098 (3) 
C(24) 0.8469 (9) 0,2617 (5) 0.0812 (5) 0.123 (4) 
C(25) 0.6603 (7) 0.1218 (3) -0.0023 (3) 0.067 (2) 
C(26) 0.5412 (8) 0.1048 (4) 0.0482 (4) 0.101 (3) 
C(27) 0.086 (2) 0.0825 (4) 0.4859 (4) 0.151 (4) 
C(28)  0.2385(10) 0.0517(4) 0.5129(4) 0.103(3) 
C(29) 0.098 ( 1 ) 0.1779 (4) 0.5756 (4) 0.135 (4) 
C(30) 0.117 (2) 0.2293 (5) 0.5161 (5) 0.201 (6) 
C(31) -0.118(I) 0.1367(6) 0.5276(5) 0.130(4) 
C(32) -0.2115 (9) 0.0867 (4) 0.5244 (5) 0.099 (3) 

T a b l e  2. Selected geometric parameters (A, o) 
si(I )--0(1) 1.838 (4) si(2)---0(5) 1.848 (4) 
si(I)---0(2) 1.671 (4) si(2)--0(6) 1.671 (4) 
si(I)---0(3) 1.799 (4) si(2)---0(7) 1.665 (4) 
si(1)--0(4) 1.668 (4) si(2)--0(8) 1.801 (4) 
Si(l)---c(9) 1.868 (5) si(2)--c(15) 1.887 (5) 

0(1)- -s i (1)-0(2)  87.9 (2) 0(5)-si(2)---0(6) 87.8 (2) 
0( 1 )---si( i )--0(3) 173.8(2) 0(5)--si(2)--0(7) 87.2(2) 
0(1)--si(I)--0(4) 87.6 (2) 0(5)---si(2)--0(8) 174.3 (2) 
O(l)---si(I)----c(9) 91.8 (2) 0(5)--si(2)----c(15) 92.5 (2) 
0(2)--si(I)---0(3) 89.2 (2) 0(6)--si(2)---0(7) 122.1 (2) 
0(2)--si(I )--0(4) 122.3 (2) 0(6)--si(2)---0(8) 90.3 (2) 
o(2)--si(I )----c(9) 117.8 (2) 0(6)--si(2)--c(i  5) 118.6 (2) 
o(3)--si( 1 )---0(4) 89.3 (2) 0(7)--si(2)--0(8) 89.2 (2) 
0(3)--si(I )---c(9) 94.4(2) 0(7)---si(2)---c(15) 119.2(2) 
0(4)--si(I )-.--c(9) 119.9 (2) 0(8)---si(2)----c(15) 93.2 (2) 

Plane 

T a b l e  1. Fractional atomic coordinates and equivalent 2 3 
isotropic displacement parameters (~2 ) 4 

5 
1 3  ' * *  Ueq = ( / )~J']iY]j~ija i aj ai.aj. 6 

x y Z Ueq 
Si(1) 0.7409 (2) 0.20443 (6) 0.76936 (7) 0.0402 (3) 
Si(2) 0.7356 (2) 0.01098 (6) 0.78357 (7) 0.0411 (3) 
0(I) 0.8143 (4) 0.2027 (2) 0.8655 (2) 0.0462 (I O) 

T a b l e  3. Dihedral angles between planes 1-6 (o) 

1 2 3 4 5 
74.4 
93.9 64.8 
96.2 61.8 120. I 
69.5 61.0 125.7 27.3 
68.7 66.8 26.5 128.6 119.4 

Plane !: ring C(15)-C(20); plane 2: ring C(9)--C(14); plane 3: Si(1), 
O(1), C(1), C(2), 0(2); plane 4: Si(I), 0(3), C(3), C(4), 0(4); plane 5: 
Si(2), 0(5), C(5), C(6), 0(6); plane 6: Si(2), 0(7), C(7), C(8), 0(8). 
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The crystal was mounted on a glass fibre. Data were collected 
at a scan speed of 16.0 ° min-~ in w; w scans of several intense 
reflections, made prior to data collection, had an average width 
at half-height of 0.33 ° with a take-off angle of 6.0 °. The 
weak reflections [I < 15a(/)] were rescanned to a maximum 
of five scans and the counts were accumulated to ensure 
good counting statistics. Stationary background counts were 
recorded on each side of the reflection. The ratio of peak to 
background counting time was 2:1. 

The structure was solved by direct methods (Fan, 1991) and 
expanded using Fourier techniques (Beurskens et al., 1992). 
The non-H atoms were refined anisotropically. 

Anomalous dispersion effects were included in ~ (Ibers & 
Hamilton, 1964). The values for Af '  and A f "  were those 
of Creagh & McAuley (1992). The values for the mass atten- 
uation coefficients were those of Creagh & Hubbell (1992). 
All calculations were performed using TEXSAN (Molecular 
Structure Corporation, 1985, 1992). 

This work was supported by the NNSFC. The authors 
are grateful to Dr J. Sun at the Shanghai Institute 
of Organic Chemistry, Chinese Academy of Sciences, 
Shanghai 200032, China, for helpful discussions. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BM1085). 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 molecule of 20-oxo-5-pregnen-3-yl 4-allyloxy- 
benzoate, C31H4004, is extended, with the benzoate moi- 
ety twisted by 34.0(1) ° from the least-squares plane 
through the tetracyclic core. The extended molecules 
pack in a parallel manner with respect to one another. 

Comment 
Polysiloxane backbones with pendant cholesterol ester 
groups are well known to produce liquid-crystalline 
behavior (Shibaev & Freidzon, 1989). The phase be- 
havior of macromolecules based on liquid-crystalline 
cyclosiloxane backbones and cholesterol-based meso- 
gens has also been examined extensively (Bunning & 
Kreuzer, 1995; Kreuzer et al., 1991; Gresham et al., 
1994). These structures can be quenched into glassy 
transparent films which show promise for filter and 
storage applications. X-ray analysis of these materials 
has shown that a complex molecular architecture is 
present wherein two types of layered packing domains 
occur, each exhibiting characteristic X-ray diffraction 
features (Bunning, Klei, Samulski, Crane & Linville, 
1991; Bunning, Klei, Samulski, Adams & Crane, 1993; 
Bunning, Socci, Farmer, Campbell & Adams, 1996). 
In systems with long spacer groups (the unit used to 
link the backbone to the tetracyclic core of the lath- 
shaped cholesterol molecule), a reflection corresponding 
approximately to the length of the extended mesogen is 
observed. In short spacer group compounds, a second 
reflection indicative of partial interdigitation of meso- 
gens is also observed. Both reflections, corresponding to 
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