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Summary

The *C and '"""Sn NMR spectra of tri(1-butyl)tin(IV) and triphenyltin(IV)
oxinates and 1-naphthoxides in neat liquid and deuteriochloroform, pentadeuterio-
pyridine and hexamethylphosphortriamide solutions, and the N NMR spectra of
both the oxinates and 8-methoxyquinoline in deuteriochloroform have been re-
corded. From the comparison of chemical shifts §(}3C), §(*°N) and 8(''°Sn) and
coupling constants "J(11°Sn!3C) of the compounds it is concluded that the triorgano-
tin(IV) oxinates, both as the neat liquid and in solution, form complexes containing
five-coordinate tin atoms. In the neat liquid and in deuteriochloroform (a non-coor-
dinating solvent) oxinates form chelate complexes with a cis-trigonal bipyramid
arrangement. In coordinating solvents (pentadeuteriopyridine, hexamethylphosphor-
triamide) these are equilibria involving the formation of small amounts of oxinate
complexes with one solvent molecule. These complexes have trans-trigonal bipyra-
mid geometry with butyl or phenyl groups in equatorial plane and the monodentate
oxinate group and a solvent molecule in axial positions.

Introduction

The bidentate behaviour of the oxine ligand has been well established in mono-
organotin tris(oxinates) and in diorganotin bis(oxinates) [1-5]. The published infor-
mation on triorganotin(IV) oxinates is conflicting. These compounds are sometimes
formulated as chelate complexes involving five-coordinate tin atom [6-10]} and
sometimes as involving a four-coordinate tin atom and a monodentate oxinate
molecule [11-13]. Recently an attempt was made to solve this problem using ''°Sn
NMR spectra of triorganotin(IV) oxinates [14]; the §('°Sn) values were regarded as
indicative of the presence of the four-coordinate tin atom but this interpretation is in
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conflict with our conclusions [15,16] reached by analysis of ''"Sn and *C NMR
spectra of some triphenyltin(IV) and tri(1-butyl)tin(IV) compounds. The aim of this
paper is to give some more evidence in support of our suggestion that triorganotin(IV)
oxinates in neat liquid and in non-coordinating solvents solutions form five-coordi-
nate chelate complexes.

Experimental

1C, N and '"Sn NMR spectra were measured on a JEOL spectrometer
JNM-FX 100 at 25.047, 10.095, or 37.14 MHz, respectively, at 300 K. Chemuical
shifts 8(''”Sn) were measured in deuteriochloroform, pentadeuteriopyridine, and
hexamethylphosphortriamide solutions at two concentrations (see Table 1), or as
neat liquids. Chemical shifts §('*C) and 8('*N) and coupling constants "J(''°Sn'*C)
were obtained by use of more concentrated solutions. Chemical shifts 8§('*C) were
referred to a suitable solvent signal and converted to the 8-scale. A value of 13.50
ppm was assigned to the methyl carbon of the tri(1-butyl)tin group in the neat
compounds 1a and 1b. §(''°Sn) values are related to external neat tetramethylstan-
nane. >N NMR spectra were recorded in the presence of tris(acetylacetonato)chro-
mium(I1I) (20 mg/1 ml); values of 8§('*N) are referred to external neat nitromethane
(25% '*N). A more detailed description of the experimental conditions is given in
refs. 15,16.

Tri(1-butyhtin(IV) and triphenyltin(IV) oxinates (la and 2a) and 8-
methoxyquinoline (3) were prepared by published methods [15-17].

Preparation of tri(1-butyl)tin(IV) I-naphthoxide (1b)

1-Naphthol (2.20 g) was dissolved in 50 ml of ethanol containing a stoichiometric
quantity of sodium ethoxide. After addition of 4.82 g of tri(1-butyl)chlorstannane in
ethanol (50 ml) the solution was stirred for 1 h at room temperature. The sodium
chloride was filtered off and ethanol was evaporated from the filtrate at reduced
pressure. The oily residue was diluted with n-hexane (50 ml) and refiltered, and the
hexane was evaporated in vacuo. 5.15 g of oily product was obtained (79%).

Analysis: Found: C, 60.89; H, 7.80; Sn, 27.62. C,,H,,08n caled.: C, 61.00; H,
7.91; Sn, 27.40%.

Preparation of triphenyltin(IV) 1-naphthoxide (2b)

Water was removed azeotropically from bis(triphenylstannyl)oxide (2.50 g) and
1-naphthol (1.0 g) in dry benzene (50 ml). The distillation residue was filtered and
then concentrated under reduced pressure to ca. 10 ml. After addition of 25 ml
hexane colourless crystals separated out, and then were filtered off, washed with cold
pentane and dried in vacuo. The yield was 2.8 g (81%), m.p. 61-63°C. Analysis:
Found: C, 68.01; H, 4.55; Sn, 24.20. C,,H,,0S8n calcd.: C, 68.19; H, 4.50; Sn,
24.07%. This compound was prepared as a “gum” by Poller and Ruddick [9].

Results and discussion
For triorganotin(IV) oxinates in the solid state Poller and Ruddick [9] established

the cis-trigonal bipyramid structure with a chelating oxinate group. Their conclu-
sions were reached on the basis of a comparison of the Massbauer spectral data for
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triorganotin(IV) oxinates and isoelectronic 1-naphthoxides. We used a similar ap-
proach for judging the structures of oxinates in solutions, i.e. we compared the '*C
and '"°Sn NMR spectral data for tri(1-butyl)tin(IV) oxinate (1a) and triphenyltin(1V)
oxinate (2a) with those for their 1-naphthoxide analogues (1b and 2b), and also
compared the chemical shifts §('*N) of both oxinates and of 8-methoxyquinoline
(3). The *C, *N and ""Sn NMR spectra parameters of the studied compounds as
neat liquid and in solutions of various solvents are summarized in Tables 1 and 2.

Chemical shifts 8(''°Sn)

Table 1 shows that the 8(''°Sn) values depend primarily on the type of sub-
stituent in the triorganotin(IV) group (1-butyl- or phenyl-), on the concentration, on
the type of solvent, and on the character of the group bonded to the tin atom
through oxygen (oxinate or 1-naphthoxide). If the effect of the triorganotin(IV)
group substituent is neglected, the most significant differences in the 8§(''°Sn) values
are caused by change in the type of group which is bonded to the tin atom through
oxygen. The compounds 1b and 2b show 8('°Sn) values typical of tri(1-butyl)tin(IV)
or triphenyltin(IV) compounds containing a four-coordinate tin atom in the neat
liquid and in deuteriochloroform [15,16]. On the other hand, for compounds 1a and
2a under the same conditions 8(''°Sn) is shifted by ca. 85-100 ppm upfield. We
assume that these differences cannot be explained by either steric or electronic
(inductive or mesomeric) effects of the oxinate or 1-naphthoxide group. Steric effects
of both the groups are comparabie, and electronic effects can cause changes of only
a few ppm as is evident from the existence of a linear correlation §(''°Sn) ~ pK, for
conjugated acids in triphenyltin(IV) carboxylates (A8('*Sn)/pK, = 11.81 ppm) [18]
and from the similar values of pK, of 1-naphthol (9.30) and 8-hydroxyquinoline
(9.81) [19]. The observed differences in §(''”Sn) chemical shifts between 1a and 1b or
between 2a and 2b can thus be attributed to the five-coordinate tin atom in 1a and
2a.

In recording NMR spectra of organotin(IV) compounds in solutions non-coordi-
nating solvents are preferable to coordinating ones to preclude possible changes in
the coordination number of the tin atom. On the other hand, if coordinating solvents
are deliberately used it is possible to obtain further useful structural information.
Thus, the values of 8(''°Sn) of 1b and 2b in coordinating solvents (pentadeuterio-
pyridine, hexamethylphosphortriamide) are shifted by 120-180 ppm upfield with
respect to the values in deuteriochloroform, i.e. into the region of values typical of
trans-trigonal bipyramidal tri(1-butyl)tin(IV) or triphenyltin(IV) complexes with one
coordinated solvent molecule. The corresponding changes of 8(!'°Sn) for compounds
1a and 2a are substantially lower, amounting only to 10-70 ppm. This can be
attributed to the reversible displacement reaction [16}] in which the chelated complex
1a or 2a gives small amount of a product containing one solvent molecule and a
monodentate oxinate group.

From the variations of the §(1'°Sn) values for the compounds studied conclusions
can be drawn about the position of the equilibrium and about the strength of the
bond between the ligand and the central atom. The greater the difference between
the values of 8(1'Sn) in deuteriochloroform and in the coordinating solvent, the
further is the equilibrium shifted to the side of the products, and the more stable are
the bonds formed. Our results confirm that 2a is more stable than 1a and that the
complexes with hexamethylphosphortriamide are stronger than those with pyridine,

(Continued on p. 328)
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in keeping with the values of the donor numbers [20]. From small changes in
8(''°Sn) for both oxinates in pyridine solutions conclusions can also be drawn about
the relative strengths of the chelate complexes, in which the nitrogen atom of the
chelate group is evidently at least as a strong donor as the nitrogen atom of the
pyridine molecule. This is also confirmed by the 8§(*3N) values of species 1a and 2a
in deuteriochloroform and pentadeuteriopyridine (see later).

Small concentration dependences of 8(''”Sn) can be explained in terms of
association equilibrium, or of displacement reactions [16], or of variations in the
magnetic susceptibilities of the solutions.

Coupling constants "J(''°Sn’ C)

The "J('?Sn'*C) values for compounds 1 and 2 and their dependence upon the
solvent character are also consistent with the change of compounds coordination
and configuration. Values of J(1'°Sn'*C) for 1a and 1b, like those of 2a and 2b
differ only slightly in neat liquid and in deuteriochloroform. This is consistent with
the assumption that in both of the four-coordinate triorganotin(IV) compounds and
in their cis-trigonal bipyramidal five-coordinate chelates, hybrid orbitals sp* [15,16]
participate in the Sn—C bond. The striking increase in J(''*Sn'*C) for compounds
1b and 2b in pentadeuteriopyridine, and especially in hexamethylphosphortriamide,
is due to the formation of rrans-trigonal bipyramide complexes, where the triorgano-
tin(IV) groups forms the equatorial plane (using sp?-hybrid orbitals of the tin atom)
and one solvent molecule and 1-naphthoxide group occupy the axial positions.
Substantially smaller changes in values of J('**Sn'*C) of compounds 1a and 2a due
to the both coordination solvents result from the fast reversible displacements
discussed earlier. Similar but smaller effects can be observed also in %/ ('!°Sn'*C)
and, more particularly, in *(''°Sn!*C).

Chemical shifts 8('°C)

In the '*C NMR spectra of the compounds studied (except for 2b in pentadeu-
teriopyridine in which there is overlapping of signals by the solvent resonances) the
number of the signals found corresponds with the presence of magnetically non-
equivalent carbon atoms. This, along with the 8('*C) values for individual carbon
atoms, is a clear proof of the identity of the compounds studied (see Table 2). Values
of 8("3C(1)) also support the conclusions about the coordination and configuration
of compounds in solution. In agreement with the conclusions in refs. 15,16 the
formation of trans-trigonal bipyramidal triorganotin(IV) complexes is associated
with a slight downfield shift of §('*C(1)). The ready formation of such complexes of
compounds 1b and 2b in pentadeuteriopyridine, or hexamethylphosphortriamide
causes an increase of 8('*C(1)) by 2-6 ppm as compared with the value in
deuteriochloroform. A substantially smaller change of 8§(**C(1)) in compounds la
and 2a (under the same conditions 0.5-3 ppm) indicates the reluctance of the chelate
complexes to form trans-trigonal bipyramidal complexes with the monodentate
oxinate ligand and one molecule of the coordinating solvent.

Chemical shifts 8(’°N)

The 8('*N) values for compounds la and 2a are markedly shifted upfield by
17-35 ppm compared those for 8-methoxyquinoline (3), which we use as a model, in
which the quinolinyl group is bonded through the oxygen atom, as in compounds 1a
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and 2a, but in which because of the absence of the acceptor centre, coordination is
impossible. The direction of the shifts caused by the coordination and the dif-
ferences in 8('*N) values are in good agreement with the values found for coordi-
nated and non-coordinated silatranes [21] and stannatranes [22,23] and a number of
other donor-acceptor complexes involving the donor nitrogen atom [24]. The same
effect can be observed with 8-hydroxyquinoline itself, which, because of the hydro-
gen bond O-H - - - N (in combination with the substitution shift of the OH group)
shows an upfield shift of §(**N) (—95 + 4 ppm) [25] with respect to both compound
3 and quinoline (—72 + 3 ppm) [24]. All these facts are in agreement with a
“reverse” trend [26] in >N NMR spectroscopy, i.e. electron-withdrawing sub-
stituents induce upfield '°N shifts.

Higher upfield shifts of §('*N) in compound 2a, in comparison with la, is in
agreement with the conception of generally stronger triphenyltin(IV) complexes. The
relative independence of 8('*N) values upon the solvent type is consistent with the
previously discussed strength of the chelate arrangement of oxinate ligands in both
compounds. Our attempt to measure 8('*N) values for compounds 1a and 2a in
hexamethylphosphortriamide using our spectrometer (at 10.095 MHz, with 10 mm
tube) was unsuccessful.
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