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The stability constants of several pyridine N-oxide complexes of trimethyltin chloride and 

dimethyltin dichloride have been measured spectrophotometrically in acetonitrile. The values 
decrease with an increase in the electron-attracting power of the substituent on the pyridine ring. 
The infrared spectra of several pyridine N-oxide complexes of tin(IV) have been measured from 60 
cm -1 to 5000 cm-1. The Sn-O stretching vibration has been observed in the region of 300-400 
cm-1, and the frequency depends considerably on the substituents of the tin atom. The Sn-O 
stretching frequency in the pyridine N-oxide complexes of tin(IV) is rather lower than those in 
alkyltin alkoxides, which have a large covalent character in the Sn-O bond, but it is higher than 
those in trialkyltin carboxylates, which have an ionic character in the Sn-O bond. The Sn-O 
bond in the pyridine N-oxide complexes has been assumed to have a rather large ionic character, 
from the fact that the dependence of the stability constant on the substituent of the pyridine ring 
is similar to that of the pKa of the ligand, and from the fact that the frequency of the Sn-O stretch-
ing vibration is rather close to that of the trialkyltin carboxylates.

Recently the preparation methods and the pro-

perties of many stable organotin complexes have 
been reported,1-16) but quantitative data such as 

the stability constant of these complexes are rela-

tively few. II-19) We have, therefore, measured the

stability constants of pyridine N-oxide complexes 
of trimethyltin chloride and dimethyltin dichloride 
spectrophotometrically in acetonitrile. 

The infrared spectra of these complexes have also 
been studied in order to examine the stretching 
frequency of the Sn-O bond in the coordination 
compounds. The frequency of this band has 
been compared with the M-O stretching frequency 
in several pyridine N-oxide complexes of transi-
tion metals2o,21) and with several other Sn-O 
stretching frequencies in several organotin alkox-
ides22) and acetylacetonato complexes of tin(IV).23)

Experimental 

Materials. Pyridine N-oxide and its derivatives 
were kindly supplied by the Shionogi Research 
Laboratory. Trimethyltin chloride was prepared by 
the disproportionation reaction of tetramethyltin with 
tin tetrachloride24) and purified by distillation (mp
35-37℃). Dimethyltin dichloride was purified by

sublimation. Methyltin tribromide was prepared by 

passing the dried HBr gas into methyltin oxide.25) Tri-

phenyltin chloride and diphenyltin dichloride were 
supplied by the Nitto Kasei Co., Ltd, and were purified 
by recrystallization.
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TABLE 1. MELTING POINTS AND ANALYTICAL DATA

* Decompose.

Preparation of Complexes. All of the complexes 
were prepared by mixing pyridine N-oxide in benzene 
with benzene solution of the corresponding tin(IV) 
halides. Among the complexes, (bispyridine N-oxide)tin 
tetrahalides and methyl(bispyridine N-oxide)tin tri-
bromide were obtained immediately after mixing the 
solutions; they are sparingly soluble in usual organic 
solvents. The compounds were washed with benzene 
and dried in vacuo. On the other hand, the pyridine 
N-oxide complexes of trimethyltin chloride and di-
methyltin dichloride were obtained by letting them 
stand overnight after mixing the solutions. They were 
recrystallized from benzene and chloroform respectively. 
The analytical data and the melting points are shown in 
Table 1.

Infrared and Ultraviolet Spectra. The infrared 
spectra were measured in Nujol mulls using a Hitachi 
EPI-2G grating spectrometer for the 400-5000 cm-1 
region. The spectra for 60-400 cm-1 region were 
measured in low melting solid paraffin using a Hitachi 
FIS-1 far Infrared spectrometer. The ultraviolet 
spectra were measured by a Hitachi EPU-2A spectro-
meter with 1 cm quartz cells. The absorption
maxima, their ε values of some pyridine N-oxide and

the magnitudes of the blue shifts of the absorption 
maxima with the complex formation are shown in 

Table 2.

TABLE 2. THE ABSORPTION MAXIMAL THEIR ε VALUES

OF SOME PYRIDINE N-OXIDE AND MAGNITUDES OF BLUE 

SHIFTS OF ABSORPTION MAXIMA WITH 

COMPLEX FORMATION

*Δ υ=υcompleg-υfree

Determination of the Stability Constant. An 
equilibrium (1) was assumed as the main portion for 
the trimethyltin chloride- and dimethyltin dichloride-

pyridine N-oxide systems in acetonitrile, because the 
concentration of tin(IV) chloride is larger by tens to~ 
thousands of times than that of pyridine N-oxide. The 
K value of this , equilibrium (1) was determined using 
Eq. (2)18):

(1) 

(2)

where εD and εen are the molar extinction coefficients

of pyridine N-oxide and its complexes respectively. 

do and d are the absorbances of a solution containing only 

pyridine N-oxide and of a series of solutions containing 
a constant amount of pyridine N-oxide, but varying 

amounts of trimethyltin chloride or dimethyltin di-
chloride. A„ is the total concentration of tin(IV)

Fig. 1. The spectra of 4-methylpyridine N-oxide

in acetonitrile (2.18×10_5mol/l), containing

varying amounts of trimethyltin chloride:(1)

0,(2)2.64×10-4,(3)LO5×10-3,(4)2.64×10-3,

(5) 9-73×10-3, (6) 3.29×10-2, (6) 1.15×10-1

mol/ｌ.
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chloride. Equation (2) was derived on the assumption 
that the concentration of pyridine N-oxide is very small 
compared with that of trimethyltin chloride or of di-
methyltin dichloride. Typical spectra obtained by 
changing the concentrations of trimethyltin chloride 
are shown in Fig. 1.

Stability Constant. The stability constants 

of some of the pyridine N-oxide complexes of 

trimethyltin chloride and dimethyltin dichloride 

obtained in this experiment are shown in Table 3.

The pKα values of ligands are added in this table

for the sake of comparison. As is shown in Fig. 2, 

we have obtained a linear relationship between 

the stability constants of some pyridine N-oxide 

complexes of trimethyltin chloride and Hammett's

constant,σP,26)of the substituent on the 4 position

of the pyridine ring. The stability constants 

TABLE 3. VALUES OF STABILITY CONSTANTS OF SOME 

PYRIDINE N-OXIDE COMPLEXES OF TRIMETHYLTIN 

CHLORIDE AND DIMETHLYTIN DICHLORIDE

a) Ref. 28. 
b) Ref. 27. 

* Value of 4-methoxy pyridine N-oxide . 
** Value of 4-methylcarboxy pyridine N-oxide.

Fig. 2. Stability constants of pyridine N-oxide 
complexes of trimethyltin chloride versus
Hammett's constant σP.

decrease as the electron-attracting power of sub-

stituent on the pyridine ring becomes large. The 

effects of the substituent of the pyridine ring act-

ing on the stability constants of these complexes

are comparable with that on the pKα of the pyridine

N-oxide derivatives. 27,28) The results imply that 
the interaction between the tin atom and ligand 
oxygen in pyridine N-oxide complexes of tin(IV)
is mainly an electrostatic and, therefore, a dπ-pπ

interaction is less important. This is consistent 
with the results obtained previously for the interac-
tion between the tin atom and ligand nitrogen in 
2, 2'-bipyridine complexes of tin(IV).18) 

Infrared Spectra. The frequencies of the 
infrared absorption bands of several pyridine 
N-oxide complexes of tin(IV) from 60 cm-1 to 
1250 cm-1 and the tentative assignment, which is 
based mainly on the results obtained for some 
pyridine N-oxide complexes of transition metals,20, 21) 
are shown in Table 4. The infrared spectra of 
tin(IV) complexes from 60 cm-1 to 400 cm-1 are 
shown in Fig. 3. As is shown in Table 4, the 
N-O stretching band shifts to a lower wave number 
when the electron-attracting power of the sub-
stituents on the tin atom becomes large. This 
may be due to the reduction of the double-bond 
character in the N-O bond with the complex forma-
tion in the resonance hybrids. The magnitude

Fig. 3. Far infrared spectra of pyridine N-oxide 
complexes of tin(IV).

26) M. S. Newman (Editor), "Steric Effects in 
Organic Chemistry," John Wiley, New York (1956).

27) H. H. Jaffe and G. O. Doak, J. Am. Chem. Soc., 
77, 4441 (1955). 
28) S. I. Shupack and M. Orchin, ibid., 86, 586 

(1964).
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TABLE 4. INFRARED SPECTRA OF PYRIDINE N-OXIDE COMPLEXES OF TIN(IV) (CM-1)

a) Ref. 20. 
b) Rocking vibrational bands of the methyl groups attached to the tin atom are overlaid. 
c) Sn-C symmetric stretching vibrational band is overlaid. 

vs: very strong; s: strong; m: medium; w: weak; vw: very weak; sh: shoulder; br: broad.

of the frequency shift of this band in the pyridine 
N-oxide complexes of tin(IV) is somewhat larger 
than that in the transition metal complexes. On 
the other hand, the position of the C-H out-of-plane 
deformation vibration (at about 930 cm-I) shifts



November, 1967] Sn-O Bond in Pyridine N-Oxide Complexes of Tin(IV) 2467

to a higher wave number with the complex forma-

tion. This may be due to the reduction of the 

electron density on the aromatic ring. 20, 21,29,30) 

These results indicate that the tin atom has a 

rather strong electron-acceptor property. 

In the 300-400 cm-1 region, there is a character-

istic strong band which is very sensitive to the 

substituents on the tin atom. The frequency of 

this band is comparable with the M-O stretching 

frequency observed in the pyridine N-oxide com-

plexes of transition metals.20,21) This band has, 
therefore, been identified as the Sn-O stretching 

vibration. As is shown in Fig. 4, a linear relation-

Fig. 4. Sn-O stretching frequencies of pyridine 
N-oxide complexes of tin(IV) versus Hammett's
constant　 σ*.

ship has been obtained between the frequencies of 

this band and the sum of the Hammett's constant,

σ*,of　 the　 substituentsas)on　 the　 tin　 atom-

Some of the Sn-O stretching frequencies in 
several tin(IV) compounds are summarized in 
Table 5. The frequency of the Sn-O coordination 
bond in pyridine N-oxide complexes of tin(IV) 
is rather close to that of the Sn-O ionic bond in 
trialkyltin carboxylates,31) but not to the Sn-O 
bond, which has a covalent character as in alkyltin 
alkoxides.22) Considering these facts, the Sn-O 
bond in the pyridine N-oxide complexes of tin(IV) 
may be rather ionic. This result is consistent with 
that obtained from the study of the stability con-
stants of trimethyltin chloride complexes of pyridine 
N-oxide and its 4-substituted derivatives. 

Since the ligand in pyridine N-oxide complexes 
of tin(IV) shows two strong bands in the 520-

TABLE 5. RANGE OF THE INFRARED ABSORPTION 
FREQUENCIES OF SEVERAL Sn-O BONDS IN SOME 

TIN(IV) COMPOUNDS

a) N. N. Vyshinskii and N. K. Rudnevskii, Optics 
and Spectro., 10, 421 (1961). 

b) H. Kriegsman, H. Hoffman and S. Pischto-
chan, Z. anorg. u. allgem. Chem., 315, 283 
(1962). 

c) M. Ishii, I. Nakagawa, T. Shimanouchi and 
K. Kyogoku, Sym. Organometal Compound, 
Nagoya, Oct., 1963. 

d) Present work. 
e) C. J. Wilkins and H. M. Haendler, J. Chem. 

Soc., 1965; 3174; J. P. Clark and C. J. Wilkins, 
ibid., 1966, 871. 

* X and Y represent alkyl , aryl and/or halogen. 
** Ox represents 8-hydroxyquinoline . 

*** acac represents acetylacetone .

570 cm-1 region, the assignment for the Sn-C 
stretching vibrations has not been made unambig-
uously. Even in this case, the positions of these 
bands seem not to move very much with the com-
plex formation. On the other hand, the Sn-Cl 
stretching vibrational bands shift considerably to 
a lower frequency with the complex formation : 
in the trimethyltin chloride complex, for example, 
the Sn-Cl stretching vibration (232 cm-1) appears 
at a position lower by about 110 cm- 1 than that 
of trimethyltin chloride in cyclohexane (343 
CM-1).32) This suggests that the polar Sn-Cl 
bond may be polarized largely by ligand oxygen, 
which coordinates to the tin atom from the trans-
position of the chlorine atom. 

We would like to thank Dr. Toshio Tanaka of 
Osaka University for his kind discussion of the 
assignment of the infrared vibrational bands and 
Mr. Masumi Yamakawa of the Shionogi Research 
Laboratory for supplying the pyridine N-oxide 
and its derivatives.

29) M. Margoshes and V. A. Fassel, Spectrochim. 
Acta, 7, 14 (1955). 
30) R. D. Kross, V. A. Fassel and M. Margoshes, J. 

Am. Chem. Soc., 78, 1322 (1956). 
31) R. Okawara and M. Ohara, J. Organometal 

CChem., 1, 360 (1964).
32) P. Taimsalu and J. L. Wood, Spectrochim. Acta, 

20, 1357 (1964).


