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Abstract 

Dimethylbis(2-pyridinethiolato-N-oxide)tin(IV). MezSn(2-SPyO)2. crystallizes in 
space group P2,/c with a 9.877(3), h 11.980(4), c 13.577(3) A, p 109.1(2)” and 
Z = 4. The structure was refined to R, = 0.036 for 2263 MO-K, observed reflec- 
tions. The coordination geometry at tin is a skew-trapezoidal bipyramid, with the 
oxygen [Sn-0 2.356(3), 2.410(4) A] and sulfur [Sn-S 2.536(l), 2.566(l) A] atoms of 
the chelating groups occupying the trapezoidal plane and the methyl groups [Sn-C 
2.106(6), 2.128(7) A] occupying the apical positions. The methyl-tin-methyl skele- 
ton is bent [C-Sn-C 138.9(2)“]. The SSn-S angle is 77.8(l)“, but the O-Sn-0 
angle is opened to 136.7(l)” to accommodate the intruding methyl groups. The 
carbon-tin-carbon angles predicted from quadrupole splitting (‘19”Sn Mossbauer) 
and one-bond 119Sn-‘3C coupling constant (solution ‘jC NMR) data agree closely 
with the experimental value. 

Introduction 

Although there are many examples of six-coordinated diorganotin(IV) bischelates 
in the literature, the factors governing the geometry at the tin center are not 
well-understood. The C,Sn skeletal configurations in these structures have been 
described, often vaguely, as being distorted cis or trans, with little identification of 
the influence exerted by the chelate moieties on the stereochemical disposition of 
the Sn-C bonds. For the six-coordinate R,Sn(A-B), compound, where A-B 
represents a uninegative bidentate chelate with the negative charge residing on B, a 
distorted octahedral geometry with carbon-tin-carbon bond angles lying in the 
range 135-155” has been given the label ‘skew-trapezoidal bipyramid’ [l]. 
Carbon-tin-carbon angles have been correlated with the iiymSn Mossbauer 
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Table 1 

Data collection and processing parameters for dimethylbis(2-pyridinethiolato-N-oxide)tin(IV) 

Molecular formula 
Molecular weight 

Cell constants 

Density (exptl) 
Density (calcd) 
Space group 

Radiation 
Absorption coefficient 
Crystal size 
Mean pr 
Transmission factors 
Scan speed and type 
Scan range 
Background counting 
Collection range 
Unique data measured 
Observed data with 

IF,l’3~(lF,I), n 
Number of variables, p 

R,=UF,I- IF,ll/~lF,I 
Weighting scheme 
R,;=[&((&- IF,~)2/Cw~Fo~2]“2 

~=D(l~,l- IF,l)2/(n-PP2 
Residual extremes in final diff. map 

C,,H,,N202S,Sn 
401.07 

a 9.X77(3) A /3 109.01(2) o 
h 11.980(4) A I; 1518.9(7) A’ 

c 13.57?(3) A z=4 
1.75 g cm- ’ (flotation in ZnBr,/H,O) 
1.754 g cm- ’ 

p2,/c 
graphite-monochromatized MO-K, (X 0.71069 A) 
19.50 cm- ’ 
0.30~0.26~0.12 mm1 
0.20 
0.598-0.671 
w-28: 2.02-8.37 deg min-’ 
1 o below K,, to 1” above Knl 
stationary counts for l/2 scan time at each end of scan 
h, k. 3: I; 2B,,, = 52O 
2673 

2263 
178 
0.036 
~=[0~(F,,)+0.0005~~,~~]~’ 
0.043 
1.296 

+0.63 to -0.54 e ,J?’ 

Table 2 

Atomic coordinates (X10’ for Sn. X lo4 for other atoms) for dimethylbis(2-pyridinethiolato-N- 
oxide)tin(IV) 

Atom x Y .z 

Sn 16619(3) 17790(2) 8431(3) 

S(1) 3740(2) 3178(l) 1386(l) 

S(2) 381(l) 3600(l) 898( 1) 
O(1) 3855(4) 766(3) 1083(4) 

O(2) - 797(4) 1353(3) 356(4) 

N(1) 5113(4) 1223(3) 1547(3) 

N(2) - 1781(4) 2153(3) 90(3) 
C(l) 5242(5) 2343(4) 1720(3) 

C(2) 6594(5) 2767(5) 2156(4) 

C(3) 7716(5) 2077(5) 2422(4) 

C(4) 7617(5) 953(5) 2722(4) 

C(5) 6270(5) 544(4) 1830(4) 

C(6) - 1395(5) 3249(4) 285(4) 

C(7) - 2473(5) 4043(4) -6(4) 
C(8) - 3871(5) 3745(4) - 456(4) 

C(9) -4219(5) 2630(4) - 621(4) 

C(l0) - 3157(5) 1845(4) - 351(3) 

C(l1) 1714(8) 886(5) 2210(5) 

C(l2) 1390(7) 1457(5) - 735(5) 
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Table 4 

Least-squares planes and dihedral angles 

Least-squares planes a 

Plane Atoms fitted Equation of plane rms 

No. I m n d (AX 103) 

1 Sn, C(ll), C(12) 0.9874 - 0.1241 - 0.0985 1.208 - 
2 O(l), O(2), Wl), C(12) 0.1756 0.9718 0.1572 1.629 69 
3 S(l), O(l), N(l), C(l)-C(5) - 0.0886 - 0.1337 0.9870 -0.175 24 
4 S(2), O(2), N(2), C(6)-C(10) -0.1139 - 0.0737 0.9908 0.703 16 
5 Sn, S(l), S(2), O(l), O(2) 0.0950 -0.1589 0.9827 0.410 13 

Dihedral angles between planes h 

Planes Angles ( o ) Planes Angles ( o ) 

1-2 87.9 3-3 99.7 
l-4 101.6 l-5 89.0 
2-3 89.4 2-4 86.3 
2-5 89.0 :3-4 3.7 
3-5 10.6 4-5 13.0 

(1 Plane equation is in the form 0&, + MY, + nZ, = d, where X,,, Y,, Z, are orthogonal coordinates in A 
referred to axes x0, y,,, z,, respectively, with x0 parallel to a*. y,, to b, and z. to c. ’ Standard 
deviation approx. 0.7 O. 

698.2 Hz; S(C,H,NS) 118.8, 128.6, 129.1, 137.I, 157.2 ppm. Mbssbauer data: 

Isomer shift 1.30, Quadrupole splitting 3.29, r, 1.00, r, 0.99 mm s-‘; 
d[ln A,/ln A,,K]/dT= -1.96 X lo- ’ IC1 for 80 < T < 130 (6 points, corr. 
coeff. = - 0.996). 

X-Ray crystallography 
Diffraction measurements were made on a Nicolet R3m four-circle diffractome- 

ter (graphite-monochromatized MO-K, radiation. h 0.71069 A). Details of the 
experimental and computational methods are as described in the preceding paper. 
Data collection and processing parameters are summarized in Table 1. Table 2 lists 
the atomic coordinates and Table 3 the bond lengths and angles and selected 
torsional angles. Least-squares planes and dihedral angles are given in Table 4. Lists 
of anisotropic thermal parameters and observed and calculated structure factors are 
available from the authors. 

Results and discussion 

X-Ray 
Truns-dimethyl-cis-O,O’-cis-S,S’-bis(2-pyridinet~olato-~-oxide)tin(IV) is a dis- 

crete monomer as depicted in Fig. 1. The methyl groups subtend an angle of 
138.9(2)” at tin, and the C,Sn plane is orthogonal to the plane containing the tin 
and the two sets of oxygen and sulfur atoms [dihedral angle 89.0(7)“]. The 
S(l)-Sn-S(2) angle is 77.8(l) O, but the O(l)-Sn-O(2) angle is opened to 136.7(l) O, 
as a consequence of the intruding methyl groups. The bite angles of the ligand are 
72.0(l) and 73.5(l)“. As shown by the torsional angles (Table 3), the five-membered 
chelate rings are gauche, with appreciable folding of each planar 2_pyridinethiolate- 
N-oxide ligand about the corresponding non-bonded 0 . . . S line. If it were not for 

(Continued on p. 302) 
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Table 6 

Normalized bite and other repulsion-energy parameters for diorganotin bischelates 

R ,Sn(chelate) z b @A 913 +E O-N/ ref 

(M-B) 

Me,Sn[MeC(O)N(H)O],.H,O 

Me,Sn[MeC(O)N(Me)O], 

Me,Sn(NO,) z 
Et-n-PrSn(l-MeOxin)z a 
Me, Sn(S,COEt) z 
Me,Sn(S,CNMe,), 
Me,Sn(S,CNEt,), 

(monoclinic) 

(triclinic) 
(orthorhombic) 

Me,WWN(CH,),I, 
Me,Sn(S,PMe,), 
Me,Sn(S,PO,C,Me.,), 
Ph 2Sn[S, P(OEt) z 1 2 
Me,Sn(S, AsMe,) z 
n-Bu ,Sn(S-NO,-2-SPy) z * 
Me2Sn(2-SPyO), ” 

1.17 73.4 
1.17 73.1 
1.17 72.0 
0.92 88.2 
1.17 69.6 
1.06 75.2 
1.07 74.6 

1.07 74.6 
1.07 73.4 
1.08 73.8 
1.08 74.6 
1.09 72.4 
1.16 71.2 
1.17 67.3 
1.16 68.4 
1.18 69.6 
1 .oo 75.6 
1.19 68.4 

144.8 78.4 1.12 
144.7 78.4 1.11 
143.4 72.9 1.12 
142.7 71.8 1.18 
140.2 72.6 1.24 
138.8 65.0 1.25 
138.8 68.0 1.20 

139.0 68.4 1.18 
138.0 71.4 1.17 
138.6 71.2 1.16 
139.0 67.8 1.20 
137.9 68.6 1.17 
140.0 61.3 1.34 
138.0 67.0 1.25 
137.9 67.5 1.29 
139.8 60.9 1.42 
135.1 64.6 1.12 
141.1 69.5 0.93 

10 

15 
16 
17 
18 
19 

20 
20 
21 
22 
24 
25 
26 
27 
28 
This work 

u Donor atoms of chelate are different 

of this is shown in Fig. 2 for the general case of a skew-trapezoidal bipyramidal 
bischelate, [R,Sn(A-B),]. The organic R groups can be skewed towards or past the 
long A-A edge of the trapezium AABB. The stereochemistry can be completely 
specified [5] by the three angles, &, C#I~ and $a as defined in Fig. 2. An additional 
useful parameter introduced by Kepert [5] is the normalized bite b, a dimensionless 
quantity obtained by dividing the distance between the donor atoms of the chelate 
by the average of the metal-donor atom distances. The four parameters for the title 
compound and for other comparison structures are listed in Table 6. According to 
the repulsion energy model arguments [4,5], if b = 2 ‘I2 the ratio of the unidentate , 
ligand repulsion energy coefficient to the total repulsion energy coefficient for the 
compound [M(unidentate),(bidentate),] has the same value for both cis and tram 
octahedral structures. However, for lower normalized bites the above ratio of 
repulsion energy coefficients increases markedly and is particularly pronounced for 
the tram than the cis isomers, except when the tram slips into the STB geometry. 
For the undistorted trans-0, complexes Me,Sn(acac), [6] and n-Bu,Sn(dbzm), [7], 
the b values are 1.36 and 1.34, respectively. Table 6 shows that the normalized bite 
for the title compound (1.19) is somewhat higher than that calculated for other 
bischelates. The odd entry is Me,Sn(NO,), (b = 0.92); but, the quality of diffrac- 
tion data for this compound is not high (R = 0.089) [16]. A further point arising 
from Table 6 is that the ratio of the tin-donor atom distances, Sn-A/Sri--B, is 
greater than unity for all the compounds listed, except for the title compound. For 
the general case of a trans-[R,Sn(A-B),] octahedral structure in which the donor 
atoms A. B of the chelating ligand are similar, the bond from tin to the negatively- 
charged B end is expected to be shorter than the dative Sn-A bond. This would 
favor skewing of the R groups towards the A-A edge if the normalized bite is small. 



NMR spectru 

The ‘,J( ““Sn-- C -‘H) value for the title compound in C’DC’I ; ia 82.5 HL. a valucl 
intermediate between values recorded for US-Me,Sn(Oxin), (6X.7 Iiz) ] I] and trms- 

MezSn(acac), (99.3 Hz) 1431. A monodentate bonding mode for i II-SPyC) In 
solution could bt: ruled out since the coupling cc>nst;mt is uncharged in the prtxncc 

of added pyridine. The predicted Cm Sn c’ angle from the me:taured ;-lt, ““Sn _I>(_‘) 

value of 698.2 Hz is 134.0 O. Thus. the C,Sn skeletal configuration, and hv inference. 
the skew-trapezoidal geometry, apparently survi\cs in solulicn. Siniilzr retention 01 
stereochemistry of the Me,% skeleton has been observed far MclSn( S2C‘N Et z ):* 
for which the ‘J values in xllution and in the solid state are 604 .~nd 675 t 1~ 
respectively [22]. In contrast. the triphenvl-. trtt:vclohc*\ I- and trihrn/.vi-tirl dcrl\a- 
tives of 2-pyridinethiol-N-oxide are considered ti> he tet’rahctiral in <‘I iC‘1 ;_ 
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