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Comment  
The 1,3-dithiole-2-thione-4,5-dithiolate (dmit) ligand, 
(1), forms complexes with various metals, including 
tin (Buchanan et al., 1996; Doidge-Harrison et al., 
1991, 1992, 1996). As part of our ongoing research 
into such complexes, the title compound, [ 1,4-Me2-pyri- 
dinium]+.[Ph2Sn(dmit)(NCS)] - ,  (2), was prepared (see 
Experimental). 

Me - ~ N  --Me ] + 

(2) 

NCS 

Our analysis shows that the asymmetric unit of (2) 
contains two [1,4-Me2-pyridinium] + cations, each of 
which lies about independent inversion centres (with 
consequent disorder of para-C and para-N atoms), and 
a [Ph2Sn(dmit)(NCS)]- anion (Fig. 1) in a general 
position. 
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Abstract 
In the title compound, 1,4-dimethylpyridinium [4,5-  
dimercapto- 1,3 - dithiole - 2 - thionato ( 2 -  ) - S 4 , S 5 ] ( iso- 
thiocyanato)diphenylstannate( 1 - ) ,  (C7HI0N)[Sn(NCS)- 
( C 6 H 5 ) 2 ( C 3 S 5 ) ] ,  the anion has distorted trigonal- 
bipyramidal coordination at the Sn atom, with the thio- 
cyanato N and a thiolato S atom axial [Sn--N 2.262 (3), 
Sn- -S  2.5917 (10) A and N - - S n - - S  164.58 (8)°]. The 
remaining thiolato S and two phenyl C atoms complete 
the equatorial coordination at Sn [Sn--S 2.4399(10), 
and Sn---C 2.137 (4) and 2.139 (4) A]. 
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Fig. 1. A view of the anion in (2) with the atomic numbering scheme. 
Displacement ellipsoids are drawn at the 30% probability level. 

The anion contains a pentacoordinate Sn atom, with 
a distorted trigonal-bipyramidal geometry. The chelating 
dmit ligand is bonded to Sn via the dithiolate S atoms 
in axial [Snl - -S1  2.5917 (10),~] and equatorial [ S n l m  
$2 2.4399 (10) A] sites, with a bite angle of 86.37 (3)°; 
the corresponding values in o[NBu4][Me2Sn(dmit)C1], 
(3), are 2.662(3), 2 .451(3)A and 84.5(1) °, respec- 
tively (Doidge-Harrison et al., 1991). The bite angles 
of the dmit ligand in (2) and (3) can be compared with 
those in other organotin-dmit complexes, e.g. 85.7 (2) 
and 85.8(1) ° in pentacoordinate [NBu4][RSn(dmit)2] 
(R = Bu and Ph, respectively) (Doidge-Harrison et aI., 
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1400 (C7  H lo N) [Sn(NCS)(C6H5 )2 (C3 $5 )] 

1992), 89.93 (5) ° in pen tacoord ina te  [PhMeSn(dmit ) ] , ,  
(Do idge -Har r i son  et al., 1996) and 88.42 (8) ~ in hexa-  
coord ina te  [ (MeO2CCH2CH2CO)2Sn(dmi t ) ]  (Buchanan  
et al., 1996). A search o f  the Oc tober  1997 release o f  
the C a m b r i d g e  Structural  Database  (Al len  & Kennard ,  
1993) s h o w e d  that there were  no Sn(dmi t )  c o m p l e x e s  
l is ted o ther  than those  m e n t i o n e d  above.  

The  r ema in ing  axial site in (2) is occup ied  by the 
N a tom of  the NCS group,  wi th  S n l - - N 1  2.262 (3) ,~,  
S 1 - - S n l - - N 1  164.58 (8) and S n l - - N I - - C 4  156.8 (3) °. 
The  S n l - - N 1  b o n d  length  in (2) is comparab le  wi th  
that [2.268 (5),~,] found  in [NEt4][Ph3Sn(NCS)2]  (Cox 
& Wardel l ,  1996). The  NCS group is essent ia l ly  l inear  
[$6---C4 N1 178.5 (4)0]. 

As no ted  above,  two  1 ,4 -d ime thy lpyr id in ium cat ions 
lie about  i ndependen t  invers ion  centres ,  resul t ing in 
d i sorder  o f  the para-N and para-C atoms.  Examina t ion  
o f  the structure wi th  PLATON (Spek,  1998) s h o w e d  that 
there  were  no so lven t -access ib le  voids  in the crystal  
lattice. 

Experimental 
The compound [ 1,4-Me2-pyridinium][Ph2SnCl(dmit)] was ob- 
tained from Ph2 SnC12 and [ 1,4-Mez-pyridinium]2 [Zn(dmit)2] 
following a general procedure (Doidge-Harrison et al., 1991). 
To a solution of this compound (1.53 g, 2.5 retool) in Me2CO 
(50 ml) was added a solution of NaSCN (0.41 g, 5.0 retool) 
in MeOH (10ml).  The reaction mixture was left for 3 h, fil- 
tered and the filtrate rotary evaporated to leave an orange solid 
residue. This was washed successively with water, propan- 
2-ol and petrol (313-333 K), and was recrystallized from 
Me2CO/MeOH to give an orange crystalline solid (yield 77%, 
m.p. 407-408 K). Analysis found: C 43.0, H 3.1, N 4.2%; cal- 
culated for Cz3H20N3S6Sn: C 43.5, H 3.2, N 4.4%; IR (KBr, 
cm- l ) :  3044, 2046 (NCS), 1477, 1429, 1055 ( C : S ) ,  735; IH 
NMR (Cd3COCD3, 250 MHz) 6 :2 .70  (s, 3H, Me), 4.54 (s, 
3H, Me), 7.44 (m, 6H, m/p-aryl-H), 7.97 (m, 4H, o-aryl-H), 
8.00 (d, J = 8.3 Hz, 2H) and 8.89 (d, J = 8.3 Hz, 2H, aryl-H 
of cation). 

Crystal data 

(CTH10N)[Sn(NCS)(C6Hs)_~- Mo Kc~ radiation 
(C3S5)] A = 0.7107 ,~, 

Mr = 635.46 Cell parameters from 25 
Monoclinic reflections 
P21/a 0 = 9.95-18.30 ° 
a = 8.9189 (11) A # = 1.447 mm -~ 
b = 18.2124 (14) A, T = 294 (1) K 
c = 16.813 (2) A Block 
Z3= 103.134(11) ° 0.42 x 0.42 x 0.31 mm 
'v= 2659.6 (5) ,~3 Orange 
Z = 4  
Dx = 1.587 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 4120 reflections with 
diffractometer I > 2~r(/) 

0/20 scans 
Absorption correction: 

empirical via ~ scans at 
4 ° steps (North et al., 
1968) 
Tmtn = 0.534, Tmax = 0.666 

6456 measured reflections 
6086 independent reflections 

Rtnt = 0.046 
0max -- 27.42 ° 
h = - 1 1  ~ 11 
k = 0 ---, 23 
1 = 0 - - , 2 1  
3 standard reflections 

frequency: 120 min 
intensity variation: 0.8% 

Refinement 

Refinement on F ~- 
R[F ~- > 2or(F2)] = 0.038 
wR(F 2) = 0.096 
S = 1.004 
6086 reflections 
289 parameters 
H atoms constrained 
w =  l/[cr2(F,~) + (0.0513P):] 

where P = (F,~ + 2F,:)/3 

(,A/a)m,~ = 0.001 
Apm~x = 0.717 e ~ -3  
z~pmin = -0.801 e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Co'stallography (Vol. C) 

Table 1. Selected geometric parameters  (A, °) 

SnI--SI 2.5917 (10) $3--C1 1.753 (3) 
SnI--S2 2.4399 (10) $3~C3 1.719 (4) 
Sn I--N I 2.262 (3) $4--C2 1.746 (4) 
SnI--C11 2.139 (4) S~-C3 1.715 (4) 
SnI--C21 2.137 (4) $5--C3 1.654 (4) 
S1--CI 1.735 (41 $6--C4 1.608 (4) 
$2--C2 1.740 (4) 
S1--SnI--S2 86.37 (3) S2--Snl~C11 117.42 (10) 
SI--Snl--N1 164.58 (8) S2--Snl--C21 121.92 I10) 
S1--SnI--CII 98.32(10) NI--Snl~Cll 91.45(13) 
SI--SnI~C21 96.71 (101 NI--Snl~C21 88.75 (121 
S2--SnI--N1 78.53(8) CI1 Snl--C21 119.36 (13) 

Molecule (2) crystallized in the monoclinic system; space 
group P2~/a from the systematic absences. The disorder in 
the cations was allowed for by treating each of the disordered 
N/C sites as being composed of equal contributions of N and C 
atoms and using the SHELXL97 EXYZ and EADP instructions 
(Sheldrick, 1997). H atoms were treated as riding atoms (C- -H 
0.93-0.96 A,). 

Data collection: CAD-4-PC (Enraf-Nonius, 1992). Cell 
refinement: SET4 and CELDIM in CAD-4-PC. Data reduction: 
DATRD2 in NRCVAX96 (Gabe et al., 1989). Program(s) 
used to solve structure: NRCVAX96 via Patterson heavy- 
atom method. Program(s) used to refine structure: NRCVAX96 
and SHELXL97. Molecular graphics: NRCVAX96, ORTEPII 
(Johnson, 1976) and PLATON (Spek, 1998). Software used to 
prepare material for publication: NRCVAX96, SHELXL97 and 
WordPerfect macro PRPCIF97 (Ferguson, 1997). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SKI 198). Services for accessing these 
data are described at the back of the journal. 
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Buchanan et al., 1996; Aupers et al., 1998; Khan et al., 
1998). These include complexes of the type [Q][R2SnX- 
(C3S5)] [(II); Q is an onium cation; R = alkyl or aryl; X - 
halide or pseudohalide], which contain near trigonal- 
bipyramidal Sn centres (Doidge-Hamson et al., 1991; 
Aupers et al., 1998; Khan et al., 1998). 

Compounds of the related dithiolato ligand 1,3-di- 
thiol-2-one-4,5-dithiolato [(III), dmio, C3OS~-] have 
attracted much less study. A search of the October 
1997 release of the Cambridge Structural Database 
(Allen & Kennard, 1993) yielded only six hits for such 
complexes [with Ti (Zeltner et al., 1994), Ni (Olk et 
al., 1988; Vicente et al., 1988; Sun et al., 1997), Cu 
(Vicente et al., 1987) and W (Yang et al., 1991)1. 
We report here the structure of the title compound, 
[NEt4]+.[Et2SnBr(C3OS4)] - ,  (IV), which exists as an 
ionic species, with negligible interactions between the 
cations and anions. 
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Abstract 

In the title compound, tetraethylammonium bromo- 
[4,5-dimercapto- 1,3-dithiol-2-onato(2-)-S 4,S 5]diethyl- 
s tannate(1-) ,  [N(C2Hs)4][SnBr(C2Hs)2(C3OS4)], the 
anion lies about a mirror plane and the Sn atom 
has distorted trigonal-bipyramidal geometry, with axial 
distances Sn--Br 2.8776 (16) and Sn--S 2.562 (2),~, 
and equatorial distances Sn--S 2.458 (2) and Sn--C 
2.111 (7)A. The [NEt4] + cation is disordered about an 
inversion centre. 

Comment 

Various tin complexes of the dithiolato ligand 1,3- 
dithiole-2-thione-4,5-dithiolato [C3S~-, (I)] have been 
studied (Doidge-Harrison et al., 1991, 1996; Doidge- 
Harrison, Howie, Irvine, Spencer & Wardell, 1992; 
Doidge-Harrison, Howie, Irvine & Wardell, 1992; 

Et4 N+ . 

Br 

I .,,Et 
S ~  Sn 

(iv) 

The anion has the Sn, Br and dmio ligand atoms lying 
on a mirror plane and the geometry about tin (Fig. 1) 
is slightly distorted trigonal bipyramidal, with the Br 
and a dithiolato S atom in axial sites [ B r l - - S n l - - S 2  
167.07(7)°]; the equatorial sites are occupied by the 
ethyl ligands and the other dithiolate S atom. As ex- 
pected, the axial Sn--S bond is longer than the equato- 
rial one [Snl - -S2 2.562(2) and Snl- -S1 2.458 (2)A]. 
The Sn--Br  bond length in (IV) [2.8776 (16),4,] is con- 
siderably longer than the sum of the covalent radii 

~ Brl 

C2 i 

i 1 ~  Cli 

l i -  st ~ (?I 

' f 'C2 

C4 $2 

01 "~-21 

Fig. 1. A view of (IV) with the atomic numbering scheme. Displace- 
ment ellipsoids are drawn at the 30% probability level. The sym- 
metry code is as in Table 2. 
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