
151 

Journal of Orgcnomcfallic Chemistry. 121 (1977) 151-160 
@Else&r Sequoia .%A., Lausanne - Printed in The Netherlands 

STRUCTURAL RESEARCHES OS KITRATO COMPLEXES OF 
ORGANOTIN: COORDINATIVE INTERACTIONS Sri-0 IN 
XITRATOTRIPHEKYL( PYRIDIXE IV-OSIDE)TIN( IV) 

CORRADO PELIZZI, GIANCARLO PELIZZI * and PIERALBERTO TARASCONI 

Istituto di Chimica Gencmlc ed Inorganica, Centro di Studio per la Strcrtturistico Diffmtto- 
metrica dcl C.S.R.. Parmo (Italy) 

(Received .June 2Sth. 1976) 

Summary 

:\ molecular adduct of nitratotriphenyltin with pyridine IXr-oside, [ Sn(C,Hs)3- 
(NO,)(C,H,NO)], has been synthesized and characterized by infrared spectro- 
scopy and S-ray structural analysis. The compound crystallizes in space group 
P3,/n, with (I 10.59(l), b 1’7.59(2), c 11.71(l) A, p 93.0(l)“: 2 4. The structure 
has been determined from diffractometer data by the heavy-atom technique and 
refined by least-squares calculation to R 5.0% for 2416 independent reflections. 
The tin atom has a slightly distorted trigonai bipyramidal coordination, with the 
unidentate nitrate group and the pyridine N-oxide at the apices of the bipyramid 
and the phenyl rings in equatorial positions. X-ray results are correlated with the 
spectroscopic data. 

Introduction 

It is well known that organotin compounds show biological activity towards 
most types of living species. In particular, the triphenyltin derivatives are highly 
fungitoxic and have been used in various agricultural contexts to provide resis- 
tance against fungal attack [ 1,2,3]. 

The synthesis and the chemical investigation of molecular adducts of tri- 
phenyltin( IV) derivatives with oxygen-containing donor molecules are in progress 
in our laboratory 143. The present paper deals with the synthesis of nitrato- 
triphenyl(pyridine N-oxide)tin( IV) and its characterization by infrared spec- 
troscopy and X-ray analysis. 

'Tovhom comspondenceshouldbe addressed. 
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Esperirnental 

A solution of pyridine N-oxide (1.0 g) in dry acetone was added at room tem- 
perature under nitrogen to a solution of nitratotriphenyltin (4.1 g) in the same 
solvent. The colourless microcrystalline product, which was obtained by slow 
evaporation of the solvent, was recrystallized under nitrogen from chloroform/ 
toluene to yield prismatic crystals. The compound is fairly stable in the air. 
Found: C, 54.4; H, 4.3; N, 5.7; Sn , 23.2. CZJHZ,jN204Sn calcd.: C, 54.5; H, -1.0; 

*x 5.5. sn 93.4%‘:. 7 7 ,- 
Rotation and \Veissenbcarg photographs were used to determinate prelimi- 

nary unit-cell dimensions and space group, which was found to be PZ,/rz_ Crys- 
tallo@aphic data of [SIi(ChfiS)3(N03)(C~.HjSO)], Mol.wt. 507.1, are as follows: 
Q 10.59(l); 6 17.59(2): c 11.71(l) :\; $93.0(l)“; 1’21’79.2 :\“; Z -I. D,,bs 1.53 g 
cm-‘; Dralc 1.55 g cm-‘; ~(Mo-&) = 12.13 cm-‘; F(OO0) = 1016. lntensities for 
3550 unique reffections with 2.0; < 0 < 25.0’ were measured by ni~ns of an 
on line single-crystal Siemens XED diffractometer using MO-~‘, radiation and 
the w - 2 0 scan technique. The prismatic crystal (mean radius 0.145 mm), 
which was used for crystal data and intensity measurements, siowly deteriorated 
under esposure to S-rays. as shown by its yellowing and by the decreasing of 
the inttxnsity of a standard reflection monitored every 20 reflections. The usual 
Lorentz-polarization factors were applied, but no absorption correction was 
made. For the structure analysis only the 2416 reflections having I 2 2 a(l) were 
used. 

The infrared spectra were measured in KBr disks using a Pcrkin-Elmer 457 
spcctrophotometer. The ultraviolet spectra were registered on a Perkin-Elmer 
402 spectrophotometer. 

Solution and refinement of the structure 
The tin position was deduced from a three-dimensional Patterson map and 

subsequent!y three cycles of phase calculations and Fourier synthesis (assuming 
an overall temperature factor of 4.50 ri’) revealed the positions of all remaining 
non-hydrogen atoms. 

Block-diagonal least-squares refinement, using unit weights and isotropic tem- 
perature factors, converged to a conventional R value of 10.3%. The refinement 
was continued with anisotropic thermal parameters which further reduced R to 
5.6%. All hydrogen atoms were located on a difference map and their contribu- 
tions were allowed for in the calculations assuming isot.ropic parameters. The 
final R’s were 5.0% for the observed reflections and 8.0% for the tota number 
of reflections. At the end of the refinement the shifts of the positional param- 
eters were no more than one fourth of the standard deviations. 

The function minimized in the least-squares was Zw( IF01 - IF,I)‘, in which 
the weight for each reflection was unity. 

The final parameters are tabulated in Tables 1 and 2 together with their es- 
timated standard deviations. The main infrared absorption bands are reported in 
Table 3. A list of structure factors can be obtained from the authors on request. 
Atomic scattering factors were taken from Cromer and Mann [ 51 for non- 
hydrogen atoms and from Stewart, Davidson and Simpson [6] for hydrogen 
atoms. 
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Results and discussion 

Fig. 1 illustrates the molecular structure of the complex, in which the tin atom 
has a slightly distorted trigonal bipyramidal coordination, with the phenyl rings 
occupying the equatorial positions and the nitrate group and the pyridine N- 
aside molecule at the apices of the bipyramid. The geometry is not ideally tri- 
gonal bipyramidal as can be seen from the bond angles, which together with 
bond lengths are shown in Table 4. In particular the angle subtended at tin by 
the two apical ligands is 171.4” instead of 180” _ The tin atom is only 0.06 A 
below the coordination equatorial plane formed by C( l)C( 7)C( 13), on the same 
side of the nitrate group (2.27 A), while the pyridine N-oxide molecule is 2.17 
.A above the plane. 

The compound has a structure similar to that of nitratotriphenyl(triphenyl- 
phosphine oxide)tin(IV) [4], which is also trigonal bipyramidal with the phenyl 
rings in the equatorial plane and the oxygenated ligands at the apices. The dif- 
ference in stoichiometry between the two compounds is confined to replace- 
ment of pyridine Woxide by triphenylphosphine oxide. Detailed comparison of 
the structural parameters in the two compounds shows that the corresponding 
bond lengths and angles are similar. The only possible difference concerns the 
Sn-0 bond distances in the two coordination polyhedra: while the Sn-O(NO,) 
bond is slightly longer in the present compound (2.245 A) than in the triphenyl- 
phosphine derivative (2.22 A). the reverse is true for the Sn-O(org. lig.) bond 
@r--O(pyO) 2.227; Sn-O(TPPO) 2.29 A). Whether or not these differences are 
significant is uncertain, and a systematic structural study on Sn(C6H,),(N0,)X 
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t;ig. 1. Clinographic projection of the structure with bond distances (.*I at tin. 

maximum of pyridine N-oxide (282 nm for the free ligand in ether solution) is 
influenced by the oxygen coordination (267 nm for the comples in the same sol- 
vent)_ 

A summary is given in Table 5 of relevant structural parameters from S-ray 
studies of some pyridine 1V-oside compleses. Owing to the large amount of 
structural information available only most accurately determined structures 
(R < 9.2%) are listed. Unlike other metal complexes, the pyridine JV-oside tin 
compleses have received very little attention from S-ray structural point of 
view. The only report we know of refers to dichlorodimethylbis(pyridine N- 
oside)tin [ 171, a monomeric octahedral truns-complex in which tin is located 
on a crystallographic centre of symmetry and where the Sn-0 bond of 2.25 X 
compares fairly well with that found in the present compound (2.227 A). As can 
be seen from the data in Table 5, the scatter about the average values for the 
N-O and N-C lengths as well as for the O-N-C angles is very small, while the 
M-0 bonds reflect the effects of the different nature of the metal. Considera- 
tion of the M-O-N angles does not provide any evidence for a recent suggestion 
[ 171 that angles nearer to tetrahedral might be expected in the absence of ap- 
preciable double-bond character in the N-O bond. The dihedral angle between 
the Sri-O-N and the pyridine ring plane is 78.9” _ This rather large value, which 
is probably due to steric factors, is typical of pyridine N-oxide metal complexes. 

The nitrate group acts as unidentate ligand through O(1) (Sn-O(l) 2.245(8) 
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A), with a second oxygen atom, O(2), at 3.119 X from metal. As pointed out 
by Addison and coworkers [21], the difference between the two Sn-0 dis- 
tances (0.874 X) is such that only the bonding between tin and O(1) is signifi- 
cant. The structural parameters of the NO; group agree with those recently 
quoted for unidentate nitrate groups in metal complexes [ 41. In particular, the 
length of N-O bonds involving the coordinated oxygen atom, N(l)-O( 1) 
1.23(l) A, is slightly longer than those of bonds involving the uncoordinated 
oxygen atoms (N(1)-0(2) 1.22(l); N(1)-0(3) 1.21(l) .a), although the differ- 
ence is slight. Moreover the O-N-O angle involving the uncoordinated osygen 

is larger (121.2”) than 120” and larger than the other two bond angles (119.5, 

119,3”), as usually observed in unidentate nitrates. In keeping with this be- 
haviour, the Sri-O-N angle (120.4”) is larger than 110” _ 

In the phenyl rings the planarity is fairly good and there are no significant 
departures from the expected structural parameters. The displacements of the 
tin atom from their least-squares planes are alI less than or equal to 0.14A. These 
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rings are differently oriented with respect to the equatorial plane, being twisted 
out of this plane by 5.3’ (C(1) .a* C(G)), 33.1; (C(i) *a* C(12)). and 61.2” 
(C( 13) --- C( 1s)). Thc~ reciprocal orientation of the rings is defined by the di- 
hedral ang1c.s which they form (91 A 02 3S.3”; 4, A $5.3 57.3’; 02 A d> 82.9’; 1. 

Cornlxlring the spectroscopic data of the present compound with thoscs of the 
corrr~sponding triI’t”~nv!phosl,hine oxide complex [ 4 ] it is noteworthy that: (a) 
Jzl(P-0) is larger than Azr(X-0). in agret~mr~nt with the observations of Das 
and Kitchinp [ 101 on some organotin and -lead complexes with phosphinc, ar- 
sine and amincl osidcs; (b) like the Sri--- bond distances, the r!( Sri--- j frequen- 
cies are also insensitive to the nature of the osygenated ligand (26s cm-’ for the 
TPPO complex: 270 cm-’ for py0 complex); (c) the v(Sn-0) value is higher 
than that observed in the TPPO complex, for which the only band confidently 
assignable to Sn-0 stretching is that at 295 cm-’ [ 221; (d) in contrast to the IR 
spectrum of the TPPO comples, the spectroscopic characteristics of the nitrate 
group in the present compound are consistent with an unidentate situation, as 
indicated by the splittings of the 11~ (&J = 140 cm-‘) and V, + v4 (bv = 15 cm-‘) 
combination bands [ 21,231. 

As can be seen from the data quoted in Table 6, none of the intermolecular 
contacts is shorter than the corresponding Van der Waal’s distance, so that the 
whole structure consists of discrete monomer units. 
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