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2-Cbloro-2-n-butyl-l,3-dithia-2-stannacyclopentane has been prepared and the structure of its l,lO- 
phenanthroline complex, C,,H&lN,!$Sn, has been determined by an X-ray diffraction study. The 

geometrical parameters indicate a distorted octahedral structure about the tin atom. The chlorine atom is 
trans to one nitrogen of the ligand in axial position, and the sulphur atoms, the carbon bonded to the tin 

and the other nitrogen form the equatorial plane. The St&C, ring adopts an envelope form. No 

intermolecular contacts are observed. 

Introduction 

The dithiaorganostannolanes SnR,[S(CH,),S] (n = 2, 3), have received attention 
because of their coordinating and structural properties in addition to their applica- 
tion as stabilizers of plastics [l]. They are monomeric in solution, with a tetrahedral 
arrangement about the tin [2-51. In the solid, intermolecular S . . - Sn contacts link 
the molecules in a linear chain containing five-coordinate tin, reflecting the ability 
of tin to increase its coordination number [6,7]. This property has been previously 
exploited in the preparation of the complexes of dimethyl- and diphenyl-tin dithio- 
lates with pyridine and l,lO-phenanthroline [8] and with dimethylsulphoxide [3]. As 
a part of a study on the coordination of organotin derivatives with N-donor ligands 
[9,10], we have examined dithiaorganostannolanes of the type SnClR(SCH,CH,S). 
The replacement of an alkyl group by a chlorine on the tin should significantly 
increase the acceptor ability of the metal centre. 
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We report here the preparation and characterization of 2-chloro-2-n-butyl-1,3-d& 
this-2-stanna-cyclopentane and the crystal structure of its complex with l,lO- 
phenanthroline. Both compounds are new. 

Table 1 

Structure determination summary 

Crystal data 
Empirical formula 
Color; habit 
crystal size (mm) 
Crystal system 
Space group 

Unit cell dimension 

Volume 
Z 
Formula weight 
Density (caIc.) 
Absorption coefficient 

F(OOO) 

Data collection 

Diffractometer used 

Radiation 
Temperature (K) 
Monochromator 
219 Range 
Scan type 
Scan speed 
Scan range (w) 
Background measurement 

Standard reflections 
Index ranges 
Reflections collected 
Independent reflections 
Observed reflections 

Solution and refinement 
System used 
Solution 
Refinement method 
Quantity minimixed 
Hydrogen atoms 
Weighting scheme 
Number of parameters refined 
Final R indices (obs. data) 
R indices (all data) 
Goodness-of-fit 
Data-to-parameter ratio 
largest difference peak 
largest difference hole 

Pale yellow; parahelopiped 
0.20 x0.08 x 0.24 
Moncclinic 

P21/c 
a = 8.696(2) A 

b = 21.897(g) A 

c = 10.468(3) 8, 
/3 = 98.27(2) o 

1972.3(1.1) R 
4 
483.5 
1.63 Mg/ms 
1.64 mm-’ 
%8 

Siemens R3m/V 

MO-K, (A = 0.71073 A) 
295 
Highly oriented graphite crystal 
3.0 to 50.0 o 
w-2e 
Variable; 1.50 to 14.65 “/min in o 
1.2O 
Stationary crystal and stationary counter at beginning and end 
of scan, each for 25.0% of total scan time 
2 measured every 100 reflections 
-ll~h<ll,O<k<27,0<1<13 
3810 
3494 
2793 (F > 5.0o(F)) 

Siemens srinm pxsrs (Release. 4.1) 
Heavy-atom methods 
Full-matrix least-squares 

Xw(I&I- IF,l)2 
Riding model, common isotropic U 

-‘= 02(F)+0.001F2 
;1* 
R =4.13X, WR = 5.45% 
R - 6.5656, WR = 7.56% 
1.52 
13:l 

0.82 e Av3 (0.93 A for from Sn) 
-1.8eA-’ 
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parameters indicate a distorted octahedral geometry about the tin. The two sulphur 
atoms of the dithiolate group, together with the C(3) atom of the butyl group and 
the N(2) donor atom of the phenanthroline ligand, form the equatorial plane, and 
the chlorine and the N(1) atoms are truns to each other in axial positions. The 

Table 4 

i. Deviations (A) of atom from various least-squares planes (distances marked with an asterisk (*) were 
excluded from the plane’s calculation) 

Atom Ph=U) Plane(2) Plane(3) Plane(4) 

Sri - 0.20 * -0.05 * 0.00 0.51 * 
Cl - 2.69 + 0.06 * 
S(1) 0.06 -0.53 l 0.00 1.98 * 
S(2) - 0.07 - 2.45 l 0.00 0.69 * 
N(1) - 2.12 * -0.03 
N(2) 0.08 0.01 0.51 * - 1.21 * 
c(l) 0.14 * 
C(2) -0.60 * 
C(3) - 0.07 0.28 * 0.00 
C(4) 0.00 
C(5) 0.00 
C(6) 0.08 l 
C(7) - 0.03 
C(8) 0.01 
C(9) 0.03 
C(l0) 0.01 
C(l1) 0.00 
C(12) 0.00 
c(l3) 0.01 
C(l4) 0.01 
W5) 0.00 
c(l6) - 0.01 
c(l7) - 0.03 
W8) 0.00 

I 

ii. DihedraI angles (O ) 

(l)-(2) 90.5 (2)-(3) 86.3 
(l)-(3) 6.9 (2)-(4) 102.5 
(l)-(4) 137.4 (3)-(4) 143.9 

iii. Selected torsion anrIles (“) 

Sri-S(l)-C(l)-C(2) - 35.7 Sri-N(l)-C(D)-C(12) 

S(l)-C(l)-C(2)-S(2) 62.8 N(l)-C(U)-C(12)-N(2) 
C(l)-C(2)-S(2)-Sn - 49.7 C(Il)-C(12)-N(2)-Sn 
C(2)-S(2)-Sn-S(1) 19.7 C(12)-N(2)-Sn-N(1) 
S(2)-Sn-S(l)-C(1) 4.6 N(2)-Sn-N(l)-C(11) 

iv. Intramolecular contacts (A) in the octahedraI environment around tin 

-0.7 

2.3 
-2.7 

1.7 
-0.5 

Cl. . . S(1) 3.88 N(1). . . N(2) 2.73 
Cl . . . S(2) 3.62 N(1) . . . C(3) 3.10 
Cl . . . N(2) 3.48 s(l). . . WI 3.44 
Cl . . . C(3) 3.35 S(2) . . . N(2) 3.15 
N(1). . . S(1) 3.64 N(2). . . C(3) 3.22 
N(1). . . S(2) 3.28 C(3) . . . s(1) 3.52 
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complexation of the tin with the bidentate N ligand prevents the potentially short 
intermolecular Sn . . . S contacts observed in the structure of 2,2-dimethyl-1,3di- 
thia-2-stannacyclopentane [6,7]. 

Distortions from the ideal Sir-centered octahedra? (Fig. 2) result in (i) the Sn 
atom lying out of the mean equatorial plane by 0.20 A towards the chloride ligand 
(Table 4); (ii) a non-linear Cl-Sn-N(1) axis of 159.7(l) o accompanied by S(l)-Sn- 
N(2) and S(2)-Sn-C(3) Fgles of 163.9(l) and 169.0(2)“, respectively; (iii) signifi- 
cant deviation (ca. 0.07 A) of the &NC s$t atoms defining the “equatorial” plane; 
(iv) the N(1) - - - N(2) distance is 2.73 A, and consequently the N(l)-Sn-N(2) 
“bite” angle (69.6”) is narrower than the S(l)-Sn-S(2) one (89.0 “). 

The l,lO-phenanthroline ligand overall is planar and lies normal (90.5” ) to the 
equatorial plane, while yle five-membered SnS&, ring has an envelope form with 
C(2) displaced by 0.69 A above the mean plane of the other four atoms, as found in 
dimethyltin ethanedithiolate [6,7]; The butyl chain arrangement is fully extended 
and shows a rather short (1.47 A) bond distance involving two atoms with high 
thermal motion. The bond lengths and angles do not differ signific+ly from the 
expected values [13]. In particular the Sn-C bond length [2.158(6) A] is within the 
range normally found for Sn-alkyl bonds; the Sn-S btnds [2.464(2) and 2.448(2) A] 
are in agreement with a covalent radii sum of 2.44 A [14] and with a number of 
values reported for organotin thiolates [6,7,13,15]. The Sn-N bond distances are 
comparable with those found in the octahedral complexes l,lO-phenanthrolinedi- 
chlorodi-n-butyltin [16] and 2,2’-dipyridyldichlorodiphenyltin [17]. 
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