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3030 reflections 
167 parameters 
H atoms refined as riding 

atoms 
w = 1/[cr2(Fo z) + (0.0573P) 2 

+ 1.8856P] 
where P = (Fo z + 2FcZ)/3 

Atomic scattering factors 
from International Tables 
for  X-ray Crystallography 
(1974, Vol. IV, Table 

2.3.1) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = (1/3)Y]iY]jUija~ af ai.a). 

x y z Ueq 
Sn 0.16188 (2) 0.20067 (I) 0.38845 (2) 0.0363 (1) 
CII 0.3826(1) 0.17381 (8) 0.3414(1) 0.0639(3) 
C12 0.1764 (I) 0.08925 (8) 0.5527 (1) 0.0691 (3) 
O1 -0.0363 (3) 0.2487 (2) 0.4224 (3) 0.0529 (7) 
SI -0.1648 (1) 0.19913 (1) 0.4040(I) 0.0480(3) 
C1 0.2429(5) 0.2952(3) 0.5187(5) 0.059(1) 
C2 0.0602 (5) 0.1177 (3) 0.2486 (4) 0.055 (1) 
C3 0.2083 (4) 0.3828 (3) 0.0603 (4) 0.0476 (9) 
C4 -0.1701 (4) 0.1696(3) 0.5591 (4) 0.050(1) 
C5 -0.2929 (5) 0.2772 (3) 0.3646 (5) 0.058 ( 1 ) 
C6 -0.2850 (6) 0.3486 (4) 0.4530 (6) 0.081 (2) 
C7 -0.3910 (8) 0.4145 (5) 0.4017 (8) 0.103 (2) 
02 0.1234 (3) 0.2970 (2) 0.2266 (3) 0.0463 (6) 
$2 0.1819 (1) 0.38357 (6) 0.21418 (9) 0.0432 (2) 
C8 0.0457 (5) 0.4549 (3) 0.1895 (4) 0.054 ( 1 ) 
C9 0.0073 (7) 0.4680 (3) 0.3130 (6) 0.074 (2) 
CI0 -0.0968 (7) 0.5346 (4) 0.3039 (6) 0.077 (2) 

Table 2. Selected geometric parameters (,4, o) 
Sn--Cll 2.520 (1) S1--C5 1.795 (5) 
Sn--CI2 2.515 (1) S1---C4 1.798 (4) 
Sn--Ol 2.320 (3) C4----C3 i 1.519 (6) 
Sn---O2 2.316 (3) O2--$2 1.520 (3) 
Sn--C I 2.110 (4) $2--C8 1.783 (4) 
Sn---C2 2.111 (4) $2---C3 1.796 (4) 
OI--S1 1.523 (3) C3---C4" 1.519 (6) 

CI1--Sn--CI2 97.80 (5) O2--Sn-422 83.1 (2) 
Cll--Sn--OI 170.37 (8) C1--Sn---C2 172.3 (2) 
CI1--Sn---O2 86.82 (8) Sn--4)I--S1 126.9 (2) 
CII--Sn--CI 91.6 (2) O1--S1---C5 104.9 (2) 
CII--Sn--C2 93.6 (1) OI--S1---C4 103.8 (2) 
CI2--Sn---O1 90.58 (8) C5--S 1---C4 102.6 (2) 
C12--Sn--O2 173.13 (8) S 1------C4--C3 i 111.8 (3) 
CI2--Sn---C1 93.3 (2) Sn---O2--$2 131.9 (2) 
CI2--Sn---C2 91.5 (1) O2--$2----C8 105.2 (2) 
O I--Sn--O2 85.3 (I) O2--$2--C3 103.8 (2) 
OI--Sn---CI 83.1 (2) C8--$2---C3 99.2 (2) 
OI--Sn--C2 90.9 (2) $2---C3---C4 i' 109.5 (3) 
O2--Sn---C 1 91.6 (2) 

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

During the refinement process, anisotropic displacement pa- 
rameters were assigned to all non-H atoms. The H-atom posi- 
tions were calculated; they were refined as riding atoms and 
assigned isotropic displacement parameters of 0.076 ~2. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: SDP 
(Frenz, 1978). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEP 
(Johnson, 1965). 

This work was sponsored by grants from FAPESP, 
CNPq, FINEP and CAPES, which are hereby gratefully 
acknowledged. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
thc IUCr (Reference: KH1065). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
The coordination of the Sn atom in the title com- 
pound, [SnC12(CH3)2(ClaHIaO2S2)]n, is octahedral ,  with 
chlorides at cis [Sn--C1 2.482 (1) and 2.486 (1) ,~]  and 
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1 6 3 0  [SnC12 ( C H 3 ) 2  ( C  14 H 1 4 0 2  S 2 ) ]  n 

methyl groups at trans positions [ S n - - C  2.101 (4) and 
2.105 (5) A]. Complet ing the coordination, there are two 
different sulfoxide groups in a cis orientation [ S n - - O  
2.397 (3) and 2.404 (3)A] .  Each sulfoxide is bound to 
two Sn atoms, yielding infinite ribbons. 

C o m m e n t  

Organotin halides have an extremely rich and variable 
chemistry and a number  of  compounds contain special 
ligands with biological significance (Lee, Gabe, Khoo, 
Eng & Smith, 1990). Organotin halides with sulfoxide 
groups have been studied recently in order to clarify 
their structural features (de Sousa, Filgueiras, Darens- 
bourg & Reibenspies,  1992). 

The structure determination of  [SnC12(CH3)2(C14HI4- 
O2S2)]n, (I), revealed the occurrence of  infinite chains 
along the crystallographic a axis. The Sn 4÷ cations are 
connected by meso-l,2-bis(phenylsulfinyl)ethane mol- 
ecules, which act as bidentate O:O'  chelating ligands, 
as shown in Fig. 1. 

Ph 

1 
- CH 2 -  S ~  CH3 

oN s ! / o  

/ \ 
Cl [ CI 

CH 3 

(13 

Ph 

I 
/ S -- CH 2 - - 

n 

Each meso-1,2-bis(phenylsulfinyl)ethane molecule has 
an inversion centre at the C - - C  (ethane) midpoint. The 
bond distance and angle values for meso-1,2-bis(phenyl- 
sulfinyl)ethane are comparable with those determined 
for a platinum complex (Francisco, Gambardella ,  Ro- 
drigues, de Sousa & Filgueiras, 1995). 

ClO  

C16" " ~  C1 ( ~ )  
02" (" "W3 - '  x,J~.  15' S1' 

Fig. 1. An ORTEP (Johnson, 1965) view of part of the infinite chain 
[SnC12(CH3)2(CIaHIaO2S2)]n- Displacement ellipsoids are plotted 
at the 50% probability level. 

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

Single crystals of [SnC12(CH3)2(CI4HI402S2)]n were obtained 
by a 1:1 reaction of meso-(PhSOCH2h with Me2SnCI2 in 
CH2C12. 

Crystal data 

[SnC12(CH3)2(C,4HI402S2)] 
Mr = 498.03 
Monoclinic 
e2, /c 
a = 16.445 (2) ,~, 
b = 6.3075 (6) .4, 
c --- 21.092 (3) ,4, 
fl = 112.02 (1) ° 
V = 2028.2 (7)/~3 
Z = 4  
D~ = 1.631 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

~b scan (North, Phillips 
& Matthews, 1968) 
Train = 0.832, Tmax = 

0.999 
4230 measured reflections 
4104 independent reflections 

Refinement 
Refinement on F 2 
R(F) = 0.0334 
wR(F 2) -- 0.0836 
S = 1.038 
4104 reflections 
214 parameters 
H atoms riding 
W = I / [0"2(F  2 )  + (0.0531P) 2 

+ 1.2731P] 
where P = (Fo + 2F,?)/3 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 25 

reflections 
0 = 10.00-18.10 ° 
tt = 1.734 mm- 
T = 293 (2) K 
Prismatic 
0.4 x 0.2 x 0.1 mm 
Colorless 

3168 observed reflections 
[I > 2a(/)] 

Ri.t = 0.0462 
Oma~ = 26.29 ° 
h = - 2 0  ~ 18 
k = - 7  ---~ 0 
l = 0 ---~ 26 
3 standard reflections 

frequency: 120 min 
intensity decay: 8.5% 

( A / i f ) m a x  = - 0 . 0 0 7  
Apma~ = 0.724 e ,~-3 
Apmin = -0.576 e ~ -3  
Extinction correction: none 
Extinction coefficient: none 
Atomic scattering factors 

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

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = (I /3)~,~jUijaT ar .aj. 

x y z Ueq 
Snl 0.25785 (2) 0.19297 (4) 0.01932 (I) 0.0384 (1) 
CII 0.40228 (7) 0.0193 (2) 0.07883 (6) 0.0552 (3) 
CI2 0.17348 (8) 0.0135 (2) 0.07984 (7) 0.0620 (3) 
OI 0.3283 (2) 0.3846 (6) -0.0440 (2) 0.0542 (8) 
S I 0.39773 (7) 0,2832 (2) -0,06527 (5) 0.0444 (2) 
C1 0.3896(3) 0.4110(8) -0 .1417(2)  0.045(1) 
C2 0.4268 (4) 0,329 (I) -0 .1828 (3) 0.066 (1) 
C3 0.4191 (4) 0.428 ( I ) -0 .2434 (3) 0.084 (2) 
C4 0.3745 (5) 0.610(1) -0.2621 (3) 0.085 (2) 
C5 0.3378 (5) 0.698 (1) -0.2211 (3) 0.097 (2) 
C6 0.3434 (4) 0.604 (I) -0.1608 (3) 0.078 (2) 
02 0.1278 (2) 0.3869 (6) -0.0468 (2) 0.0544 (8) 
$2 0,03389 (7) 0.3082 (2) -0.07375 (6) 0.0456 (2) 
C7 -0.0239 (3) 0.4923 (8) -0.1403 (2) 0.046 (1) 
C8 0.0225 (4) 0.6531 (8) -0.1547 (2) 0.059 (1) 
C9 -0.0213 (4) 0.797 (1) -0.2057 (3) 0.074 (2) 
CI0 -0.1085 (5) 0.782 (1) -0.2403 (3) 0.085 (2) 
CI I  -0.1535 (4) 0.620 (1) -0.2247 (4) 0.101 (3) 
CI2 -0 .1123(3)  0.471(1) -0 .1758(3)  0.077(2) 
CI3 0.2191 (3) -0 .0200 (9) -0.0635 (3) 0.065 (1) 
C14 0,2879 (3) 0.4639 (7} 0.0819 (2) 0.050 (I) 
C15 0.5009 (3) 0,3826 {7) -0.0067 (2) 0.0424 (9) 
C16 -0.0097 (3) 0.3862 {7) -0.0104 {2) 0.0425 (9) 
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o 

Table 2. Selected geometric parameters (A, 
Snl--CI4 2.101 (4) S I ~ I  
Sn I---C 13 2.105 (5) S 1---C 15 
Sn I---OI 2.397 (3) O2--$2 
Sn 1 - -02  2.404 (3) $2--C7 
Sn I--C12 2.482 (1) $2---C 16 
Snl--Cll 2.486(1) CI5---C15 i 
OI--SI 1.517 (3) C 16-----C 16 ii 

C14---Snl--C13 165.2 (2) O2--Sn I---CI 1 
C 14---Sn I---O I 83.7 (2) C I 2 - - S n I ~ I I  
CI 3--Snl---OI 85.3 (2) SI---OI--Sn 1 
C 14--Sn 1---O2 84.2 (2) O I - - S I ~ I  
C 13--Sn 1---O2 85.2 (2) OI--SI---CI 5 
O I - - S n l ~ 2  86.03 (1) C I - - S 1 ~ 1 5  
CI4---Snl--CI2 95.34(1) $2--O2--Snl 
CI3--Snl---CI2 94.7 (2) O2--$2---C7 
OI--SnI~CI2 175.04 (8) O2- -$2 -~16  
O2--Sn I---C12 89.03 (8) C7--$2--CI 6 
C 14----Sn I--CI I 94.94(I) C15i~CI5--S1 
CI3--Snl--CI1 94.2 (2) CI6"---C 16--$2 
OI--Sn I---CI1 86.21 (8) 

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

o) 

.780 (4) 

.796 (4) 

.515 (3) 

.795 (5) 

.807 (4) 

.511 (9) 

.5(X) (9) 

172.23 (8) 
98.73 (4) 

121.8 (2) 
105.0 (2) 
105.8 (2) 
100.8 (2) 
127,6 (2) 
104.3 (2) 
105.4 (2) 
99.3 (2) 

113.0 (4) 
112.1 (4) 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: SDP 
(Frenz, 1978). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEP 
(Johnson, 1965). 

This work was sponsored by grants from FAPESP, 
CNPq, FINEP and CAPES, which are hereby gratefully 
acknowledged. 
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Abstract 
Bis[phenyl(2-propenyl)ammonium] pentachloro(phenyl- 
imido)niobate(V), (C9HI2N)2[NbC15(CoH5N)], is a 
product of the reaction of niobium pentachloride and 
N-allylphenylamine. The coordinated secondary amine 
loses its allyl group and forms an imino bond to 
the metal. Unreacted N-allylphenylamine behaves as a 
proton acceptor and is a counterion in the solid state. 
In the crystalline state, the asymmetric unit consists 
of two octahedral pentachloro(phenylimido)niobate(V) 
dianions and four N-allylphenylammonium cations. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: FG1084). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chcstcr CH1 2HU, England. 

References 
Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius, 

Delft, The Netherlands. 
Fischer, R. X. & Tillmanns, E. (1988). Acta Cryst. C44, 775-776. 
Francisco, R. H. P., Gambardella, M. T. P., Rodrigues, A. M. G. D., 

de Sousa, G. F. & Filgueiras, C. A. L. (1995). Acta Co'st. C5I,  
604-606 

Frenz, B. A. (1978). The Enraf-Nonius CAD-4 SDP - a Real-Time 
System for Concurrent X-ray Data Collection and Crystal Structure 
Determination. Computing in Crystallography, edited by H. Shenk, 
R. Olthof-Hazekamp, H. van Koningsveld & G. C. Bassi, pp. 64-  
71. Delft University Press. 

Johnson, C. K. (1965). ORTEP. Report ORNL-3794. Oak Ridge 
National Laboratory, Tennessee, USA. 

Lee, F. L., Gabe, E. G., Khoo, L. E., Eng, G. & Smith, F. E. (1990). 
Polyhedron, 9, 653-657. 

North, A. C. T., Phillips, D. C. & Matthews, F. S. (1968). Acta Cryst. 
A24, 351-359. 

Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of Grttingen, Germany. 
Sousa, G. F., de, Filgueiras, C. A. L., Darensbourg, M. Y. & 

Relbenspies, J. H. (1992). lnorg. Chem. 31, 3044-3049. 

© 1996 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Comment  
Several routes exist for synthesizing alkylimido com- 
plexes of early transition metals: (i) azobenzene has 
been reported to react metathetically with [Nb2C16- 
(Me2S)3] to form a monomeric phenylimido complex 
(Cotton, Duraj & Roth, 1984) and (ii) tert-butylamide 
lithium together with LiNMe2 reacts with niobium and 
tantalum pentahalides to form tris(dimethylamido)-tert- 
butylimido complexes (Nugent & Harlow, 1978). It is 
also known that even osmium tetraoxide can be used 
as a metal source and oxoimino derivatives are formed 
when osmium(VIII) oxide is allowed to react with 
imido selenium reagents (Chong, Oshima & Sharpless, 
1977). Many of the known niobium and tantalum-imido 
complexes are cyclopentadienyl derivatives, for exam- 
ple, half-sandwich monocyclopentadienyl-methylimido 
complexes (Williams et al., 1992) and ansa-metal locene 
derivatives with butylimido ligands (Chernega, Malcolm 
& SuS.rez, 1995). 

The title complex, (I), was prepared by the direct re- 
action of N-allylphenylamine and niobium pentachloride 
in toluene. The pentachloro(phenylimido)niobium dian- 
ion is formed when N-allylphenylamine loses its allylic 
group. Some of the N-allylphenylamine molecules form 
ammonium ions by behaving as proton acceptors and 
these exist as counterions in the solid state. Two penta- 
chloro(phenylimido)niobium dianions and four N-allyl- 
phenylammonium ions form the asymmetric unit. 
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