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Table 2. Selected geometric parameters (,~, o) 
S--C(14) 1.755 (4) S---C(15) 1.775 (4) 
0(2)----c(2) 1.401 (4) 0(2)---.c(11) 1.420 (5) 
0(3)----c(2) 1.415 (3) 0(3)--.c(4) 1.443 (4) 
0(5)---c(4) 1.418 (3) 0(5)--c(6) 1.428 (4) 
0(6)----c(6) 1.388 (4) 0(6)---c(13) 1.409 (4) 
0(8)----c(14) 1.192 (4) c(1)----c(2) 1.501 (5) 
c(I)---c(9) 1.541 (4) C(l)----C(lO) 1.542 (5) 
c(4)---c(9) 1.541 (4) c(4)--c(12) 1.506 (5) 
c(6)---c(7) 1.525 (4) c(7)--c(8) 1.544 (4) 
c(7)---c(10) 1.528 (5) c(8)----c(9) 1.536 (5) 
c(8)---c(14) 1.501 (4) 

c(14)--s----c(15) 101.7 (2) c(2)----0(2)---c(11) 114.0 (2) 
c(2)----0(3)---c(4) 110.6 (2) c(4)---0(5)-.c(6) 114.8 (2) 
c(6)----0(6)----c(13) 114.0 (3) c(2)--c(1)---c(9) 103.0 (3) 
c(2)----c(1)----C(lO) 115.5 (3) c(9)----c(1)----C(lO) 104.0 (3) 
0(2)----c(2)--43(3) 111.6 (3) 0(2)--c(2)--c(1) 109.0 (2) 
0(3)--c(2)--c(1) 105.3 (3) 0(3)--c(4)----0(5) 107.8 (2) 
0(3)---c(4)--c(9) 106.2 (2) 0(5)--c(4)---c(9) 111.7 (3) 
0(3)---c(4)--c(12) 109.3 (3) 0(5)---c(4)---c(12) 106.5 (2) 
c(9)----c(4)--c(12) 115.1 (2) 0(5)--c(6)---0(6) 107.2 (2) 
0(5)----c(6)---c(7) 111.5 (2) 0(6)--c(6)--c(7) 109.6 (3) 
c(6)----c(7)----c(8) 110.I (2) c(6)----c(7)----c(I0) 112.3 (3) 
c(8) c(7)---c(10) 100.6 (2) c(7)----c(8)----c(9) 99.1 (3) 
C(7)----C(8)---C(14) 119.6 (2) C(9)---C(8)--C(14) 116.4 (3) 
C(1)----C(9)----C(4) 102.8 (2) C(I)----C(9)---C(8) 103.7 (3) 
C(4)---C(9)----C(8) 110.5 (2) C(1)---C(10)--C(7) 106.0 (3) 
S--C(14)---O(8) 121.0 (3) S----C(14)----C(8) 114.6 (2) 
O(8)----C(14)---C(8) 124.2 (3) 

The  structure of  the title c o m p o u n d  was solved by direct  
me thods  using SHELXTL-Plus (Sheldrick,  1991). All non-H 
a toms were  located f rom successive Fourier  maps.  Anisot ropic  
d isp lacement  parameters  were used for all non-H a toms 
and fixed isotropic d i sp lacement  parameters  were used for 
H atoms,  which  were inc luded using a r iding model .  The  
structure was refined with SHELXTL-Plus XLS. Analytical  
scattering factors for neutral  a toms were used throughout  the 
analysis.  
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Abstract 
The crystal structure of 8,8,20,20-tetramethyl-9,21-dioxa- 
25,26-diaza-8,20-disilapentacyclo[ 16.6.1.16,13.07,11.019,23]_ 
hexacosa- 1 (25),6,11,13 (26), 18,23-hexaene, C24 H34 N2 O2- 
Si2, has been determined at low temperature. The mol- 
ecule lies on a crystallographic inversion centre. 

Comment  
In connection with our current work on the cobalt- 
catalysed intramolecular [2+2+2] cycloaddition of 
diyne-nitriles to obtain substituted pyridines (Groth, 
Eckenberg & Huhn, 1993; Huhn, 1994), the cyclization 
of the diyne-nitrile (1) yielded 52% of the furylquinoline 
(2) and 17% of the dimeric title compound (3). The rel- 
ative amount of the dimer was found to be independent 
of the reaction temperature and the cobalt catalyst. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: ASll80).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

References 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Khan, M. A., Taylor, R. W., Lehn, J.-M. & Dietrich, B. (1988). Acta 

Cryst. C44, 1928-1931. 
Kimura, M., Simonsen, S. H., Caldwell, S. R. & Martin, G. E. (1981). 

J. Heterocycl. Chem. 18, 469-473. 
Marchand, A. P., Reddy, G. M., Watson, W. H. & Kashyap, R. (1990). 

Tetrahedron, 46, 3409-3418. 
Metha, G. & Reddy, K. R. (1987). J. Org. Chem. 52, 460-462. 
Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Wu, H.-J. (1994). Personal communication. 
Wu, H.-J., Huang, F.-J. & Lin, C.-C. (1991). J. Chem. Soc. Chem. 

Commun. pp. 770-771. 

CpCo(CO) 2 
----N i-octane, hv, 373 K, 4 h 

CpCo(C2H4) 2 
Et20, 293 K, 2.5 h 

52% (2) and 
S, 0 17% (3) 

CH3 

(1) 

O ~ s i /  ~ ~ /  
H3C~,~Si O ~ .~. 

CH 3 H3C ~H3 

(2) (3) 

The crystal structure analysis was performed in order 
to establish the position of the pyridine N atom within 
the aromatic ring. All bond lengths and angles are in 

©1995 International Union of Crystallography 
Printed in Great Britain - all fights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 01995  



2 1 4 6  C24H34N202 Si2 

the  e x p e c t e d  r a n g e .  T h e  r ing  s y s t e m  a d o p t s  an  a l m o s t  
f ia t  c o n f o r m a t i o n  ( m e a n  d e v i a t i o n  f r o m  l ea s t - squa re s  o 
p l a n e  0 . 0 1 1 2  A) .  

Sil 
C3A C4A ~ ~C11A _ _   c,4 Ol 

0 1 A  ~ ../" / '~ ' )N 7 A ~ c~3 / C3 .... C4 

- 

N7 S,1A Cl N7 C8 

ClO 
1 Cll 

C10 C5 C12 
C13 

Fig. 1. SHELXTL-Plus drawing (Sheldrick, 1994) of the title com- C14 
pound. Displacement ellipsoids are shown at 50% probability. The C15 
H atoms are omitted for clarity. 

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

The title compound  was crystall ized by slowly diffusing 
pentane into a saturated solution o f  (3) in diethyl ether at 
room temperature.  

Crystal data 

C24H34N202Si2 
Mr = 438.71 
Triclinic 
P1 
a = 6.225 (2) 
b = 9.369 (2) ti, 
c = 10.794 (2 ) /~  
a = 87.54 (2) ° 
fl = 73.81 (2) ° 
7 = 83.70 (2) ° 
V = 600.9 (3)/~3 
Z = I  
Dx = 1.212 Mg m -3 

Data collection 
Stoe Siemens Huber  four- 

circle diffractometer  
Profile data f rom 20/w scans 
Absorption correction: 

none 
3911 measured  reflections 
2730 independent  reflections 
2424 observed reflections 

[1 > 2o-(/)] 

Mo Ko~ radiation 
)~ = 0 .71073/~  
Cell parameters  f rom 50 

reflections 
0 = 10-12.5 ° 
# = 0.170 m m  -1 
T = 193 (2) K 
Colourless 
0.4 x 0.4 x 0.3 m m  
Block 

Rim = 0.0401 
0m~x = 27.60 ° 
h = - 7  ---* 8 
k = - 12 ~ 12 
l = - 1 2  ~ 14 
3 standard reflections 

moni tored every 90 
reflections 

intensity decay: none 

Refinement 

Refinement  on F 2 
R(F) = 0.0563 
wR(F 2) = 0.1609 
S = 1.098 
2730 reflections 
138 parameters  
H atoms riding 

w = 1/[o.2(F 2) + (0.1035P) 2 

+ 0.1919P] 
where  e = (F 2 + 2F2)/3 

(A/O-)max < 0.001 
Apmax = 0.710 e ~ - 3  
Apmin = - 0 . 7 1 4  e A, -3 
Extinction correction: none 
Atomic scattering factors 

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

Tab le  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

Ueq = (1/3)~,~jUija i a] a,.aj. 

x y z Ueq 
0.40179 (8) 0.83198 (5) 0.38385 (5) 0.0260 (2) 
0.3920 (3) 1.00008 (15)  0.32825 (14)  0.0374 (4) 
0.3187 (3) 1.0203 (2) 0.2144 (2) 0.0305 (4) 
0.2750 (3) 0.8773 (2) 0.1717 (2) 0.0252 (4) 
0.2083 (3) 0.8568 (2) 0.0625 (2) 0.0274 (4) 
0.1790 (3) 0.7178 (2) 0.0346 (2) 0.0271 (4) 
0.2068 (3) 0.6050 (2) 0.11094 (15) 0.0282 (3) 
0.2714 (3) 0.6257 (2) 0.2168 (2) 0.0239 (4) 
0.3096 (3) 0.7614 (2) 0.2512 (2) 0.0231 (4) 
0.1181 (3) 0.6849 (2) -0.0863 (2) 0.0330 (4) 
0.2897 (3) 0.5727 (2) -0.1687 (2) 0.0292 (4) 
0.3035 (3) 0.4930 (2) 0.2963 (2) 0.0297 (4) 
0.4756 (3) 0.3781 (2) 0.2185 (2) 0.0281 (4) 
0.6896 (3) 0.7666 (3) 0.3898 (2) 0.0417 (5) 
0.2022 (4) 0.8204 (2) 0.5458 (2) 0.0371 (5) 

Tab l e  2. Selected geometric parameters ( ~ ,  0) 

Sil-<)l 1.662 (2) C6---N7 1.339 (2) 
Sil---C14 1.846 (2) C6---C10 1.509 (2) 
Sil--Cl5 1.848 (2) N7---C8 1.341 (2) 
Sil--C9 1.854 (2) C8---C9 1.403 (2) 
O1---C3 1.424 (2) C8--C12 1.507 (2) 
C3----C4 1.511 (2) CIO----C11 1.530 (3) 
C4---C5 1.382 (3) C11----C13 i 1.525 (3) 
C4---C9 1.391 (2) C12----C13 1.528 (3) 
C5--C6 1.391 (2) 

O1--Sil--C14 110.60 (10) N7---C6----C10 115.8 (2) 
O1---Sil---CI5 110.18 (9) C5---C6---4210 121.5 (2) 
C14--Sil---C15 110.25 (11) C6---N7--C8 118.9 (2) 
O1--Sil----C9 93.74 (7) N7----C8---C x) 122.5 (2) 
C14---Sil----C9 115.90 (9) N7----C8---C12 115.65 (15) 
C15---Sil----C9 114.99 (9) C9----C8---C12 121.8 (2) 
C3----O1---Sil 114.80 (11) C4--C'9-~8 117.5 (2) 
O1---C3---C4 109.47 (15) C4---C9---Sil 107.21 (12) 
C5--C4--C9 120.3 (2) C8-----C9---Sil 135.33 (14) 
C5--C4---C3 124.9 (2) C6----C10---C11 111.92 (15) 
C9---C4---C3 114.8 (2) C13~---C1 l----C10 113.33 (15) 
C4----C5---C6 118.2 (2) C8--C12---C13 112.40 (15) 
N7----C6----C5 122.6 (2) Clli--C13----C12 112.94 (14) 

Symmetry code: (i) 1 - x, 1 - y, - z .  

Data were collected using the learnt-profile method (Clegg, 
1981). The H atoms were included in calculated positions with 
isotropic displacement  parameters  set to 1.2 t imes (1.5 t imes 
for methyl  groups) the displacement  parameter  of  the atom to 
which they are attached. 

Data collection: DIF4 (Stoe & Cie, 1988a). Cell re- 
finement: DIF4. Data reduction: REDU4 (Stoe & Cie, 
1988b). Program(s)  used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s)  used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular  graphics: SHELXTL- 
Plus (Sheldrick, 1994). Software used to prepare material  for 
publication: SHELXL93. 

W e  are  g r a t e fu l  to  t he  D e u t s c h e  F o r s c h u n g s g e m e i n -  

s cha f t  a n d  the  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e  fo r  

f inanc ia l  suppor t .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: JZ1048). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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with bivalent metal ions (e.g. Zn 2÷) in the presence of 
non-ionic or cationic surfactants. Unlike the 5(6)-alkyl- 
chain substituted homologues which give, whatever 
the surfactant concentration, an active complex with 
only a 2/1 stoichiometry, 2-hydroxymethyl-l-pentyl- 
benzimidazole forms two active bidentate complexes si- 
multaneously with 1/1 and 2/1 stoichiometry types at 
low surfactant concentrations (slightly above the cmc). 
At higher surfactant concentrations, these complexes 
evolve to only an active 2/1 complex type (Faivre, 
Brembilla, Roizard & Lochon, 1991). Therefore, the in- 
terpretation of the complexation mode as a function of 
the surfactant concentration initially prompted us to de- 
termine the crystal structure of this ligand (I) by X-ray 
crystallography. 
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Abstract  
2-Hydroxymethyl-l-pentylbenzimidazole serves as a 
simple model for the active site of hydrolytic met- 
alloenzymes. The crystal structure shows that this 
compound crystallizes with 1,4-dioxane molecules: 
two benzimidazole units for one solvent molecule, 
CI3H18N20.0.5CaH802. The benzimidazole tings are 
hydrogen bonded (O--H.. .N) into dimers. 

C o m m e n t  
2-Hydroxymethyl-l-pentylbenzimidazole was found to 
be active under its complexed form in the trans- 
esterification reaction of co-complexing activated esters 
(e.g. 4-nitrophenyl-5-alkoxypicolinic esters; Faivre, 
1993) in cetyltrimethylammonium bromide (CTAB) mi- 
cellar solutions. Indeed, this compound is capable, 
through its chelating sites, of forming active complexes 
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•]• ~"N~-- CH2OH 
I 

CH3 

0.5 

(I) 

H2~/O~H2 

H2C~o/CH2 

The experimental intramolecular parameters (bond 
lengths and angles) of the heterocyclic ring are 
in good agreement with those determined for the 
non-substituted 2-hydroxymethylbenzimidazole (Aubry, 
Brembilla, Faivre & Lochon, 1995). 

L-~---I{~ C(9;~_.O 
o . ,  o., 

-. c(10) 
O \ C(l~) 

~:~"5(15) " ~  C(14) ~ ' . . ~  

~ " - ~ 5  ~ O ( 2  , (~ . ,~ , ,O  

6 /,-/~C(15) C(12) \ C(13) 

O(2) ~ ~ - ~ }  . ~  
~ -~(14) O"x- ~z) 

Fig. 1. ORTEP (Johnson, 1965) drawing of the title molecule with 
the atom-numbering scheme. Ellipsoids are plotted at the 50% 
probability level. 
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