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The 119Sn and 15N NMR spectra of triphenyltin(IV) oxinate and (therewith isoelectronic com
pound) I-naphthoxide have been measured in the media of a non-coordinating solvent - deuterio
chloroform - and two coordinating solvents - pyridine and hexamethylphosphoramide - in 
the temperature region from 240 to 370 K. The values of parameters of the 119Sn and 15N NMR 
spectra and their temperature dependences and comparison of the parameters of the 119Sn NMR 
spectra of the two isoelectronic compounds indicate that, in the non-coordinating solvent (deute
riochloroform), the triphenyltin(IV) oxinate forms a chelate complex with bidentate function of 
the oxinate ligand and with cis-trigonally bipyramidal geometry around the penta-coordinated 
central tin atom, whereas the triphenyltin(IV) I-naphthoxide forms a simple compound with 
pseudo-tetrahedral arrangement of the substituents around the tetra-coordinated central tin atom. 
In both coordinating solvents chemical reactions take place which produce complexes of triphe
nyItin(IV) compounds with one molecule of the solvent and with trans-trigonally bipyramidal 
structure around the penta-coordinated central tin atom. The temperature dependences of 
o( 119Sn) chemical shifts have been used for estimation of the basic thermodynamic parameters 
of formation of these complexes which confirm that the formation of the complexes with coordi
nating solvents is - in the case of triphenyItin(IV) oxinate - connected with an exchange equi
librium consuming the original cis-chelate complex (the coordination number 5 ofthe central atom 
does not change), whereas with the I-naphthoxide the reaction consists in a simple formation of 
the complex with an increase in the coordination number of the central atom (from 4 to 5). 

Our previous communication 1 compares some parameters of 13C, 15N,and 119Sn NMR 

spectra of triphenyltin(IV) and tri(t-butyl)tin(IV) oxinates, and (therewith isoelectro
nic) t-naphthoxides as well as those of 8-methoxyquinoline to provide a qualitative 

proof of the existence of the chelate connection sn~~) in triorganotin(IV) oxinates 

and its relative strength. Our purpose was to contribute thereby to elucidation of 

the conflict situation encountered in literature in the connection with formulating 

of the coordination number of the central tin atom and function of the oxinate group 

in the compounds of this type1. The present communication brings more detailed 
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information about one of the above-mentioned pairs 
and I-naphthoxide (II), 

2117 

triphenyItin(IV) oxinate (1) 

11 

obtained by measurements of temperature dependences of (j(119Sn) and (j(15N) 

chemical shifts and J(119Sn15N) coupling constants of these compounds and the 
15N isotopomer of compound I (20% 15N). 

EXPERIMENTAL 

Triphenyltin(IV) oxinate and I-naphthoxide were prepared by known methods l •2 . The 8-hydro
xyquinoline enriched with the 15N isotope was prepared by reaction of 2-aminophenol and 2-ni
trophenol (80% 15N) with glycerol in sulphuric acid medium3 . The 15 N isotope content (20 ± 2%) 
was estimated by means of mass spectrometry. The compound I enriched with the 15 N isotope 
was prepared in the same way as the non-enriched one. 

The 119Sn and 15N NMR spectra were measured with a JNM-FX 100 (lEOL) apparatus at 
37·14 and 10·095 MHz. resp., in the pulse mode. For the measurements the compounds were 
dissolved in deuteriochloroform, pyridine. and hexamethylphosphoramide, their concentrations 
(in molar fractions) are given in Tables I and II. Deuteriochloroform was used as an internal lock 
substance. the external deuterium lock being used with the other two solvents. The 119Sn and 
1 5 N chemical shifts are related to external neat tetramethy I stannane or external neat nitromethane 
(6 = 0'0). The temperatures given in Tables I and II correspond to the temperatures of cooling 
or warm gas passing through the probe. The following were typical experimental parameters: 
119Sn NMR: spectral width 10000- 20000 Hz, 8 K. 45° pulse, pulse repetition 3 s, inverse gated 
decoupling; 15N NMR: spectrai width 5000 Hz, 8 K, 30° pulse, pulse repetition 6 s, inverse 
gated decoupling. The J(119SnlSN) coupling constants were estimated from both the 119Sn and 
15N NMR spectra of the compound I enrkhed with 15 N isotope measured with digital resolution 
of 0'6 Hz/point. 

RESULTS AND DISCUSSION 

The WI9Sn) Chemical Shifts 

Values of the (j(119Sn) chemical shifts of the two compounds depend considerably 
on the type of the solvent used and, in some cases, they exhibit a distinct temperature 
dependence (Fig. 1). 

The chemical shifts of the two triphenyltin(IV) compounds in deuteriochloroform 
depend only slightly on temperature (Table I). Thus in the whole temperature interval, 
the two compounds undergo no greater changes in structuraf arrangement, in part i-
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cular, no coordination changes at the central tin atom are observed. In the whole 
temperature interval, relatively large differences between their O(119Sn) values also are 
retained (the differences in the temperature dependence are 96·9 to 98·1 ppm), which
in the light of our previous reports1 ,2 - indicates different coordination of the central 
tin atom in the two compounds. The characteristic values of O(119Sn) chemical shifts 
correspond to pseudo-tetrahedral structure of compound II (the coordination number 
of central tin atom is equal to 4) and to cis-trigonally bipyramidal geometry of com
pound I with penta-coordinated tin atom2 • The relative temperature dependences of 
oC 19Sn) of the two compounds in deuteriochloroform solutions also indicate that 
no marked autoassociation of molecules of compound II takes place in the solution, 
in the case of compound I this fact represents - in our opinion - one of the proofs 
of relative strength of the Sn .. ·N connection in the oxinate chelate complex, Slight 
upfield shifts (with increasing temperature) of the O(119Sn) values of the two com
pounds are most likely ascribable to small specific changes caused by temperature to 
the O(119Sn) chemical shifts of both the compound measured and the standard, 

The O(119Sn) chemical shifts of both triphenyltin(IV) compounds in pyridine and 
hexamethylphosphoramide - in contrast to the solutions in deuteriochloroform -

TABLE I 

The oe 19Sn) chemical shifts of triphenyltin(N) oxinate (I) and l-naphthoxide (II) in deuterio
chloroform, pyridine, and hexamethylphosphoramide 

Tem
perature 

K 

240 
250 
260 
2S0 
290 
300 

310 
320 
330 
340 
350 
360 
370 

-IS9'9 

-190·1 
-190'2 

-190·2 

-190'2 

Compound I 

-264'2 
-250'0 
-234'0 
-21S'1 

-266'7 
-209'6 -263'2 

-255-8 
-204'3 -24S'5 

-239'9 
-200'3 -233'7 

-227'4 
-19S'0 -223,2 

-2IS'9 

-----

Compound II 

C2HCI/ CsHsNe [(CH 3 )zNhPOf 
-----

-91·S -254'7 

-91'9 -247'9 
-92'3 -243'9 

-92'S -237·7 -272,7 

-93'3 -230'9 -270'9 

-217'5 -26S'6 

-202'S -266,2 

----- ---

a - f The concentrations of the solutions in molar fractions (10- 2): a 2'42; b 1'39; c 2'27; d 1'92; 
e J '24; f 2·25. 
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exhibit much more distinct temperature dependences (Fig. 1). The temperature depen
dences of compound I in both coordinating solvents represent well-developed sigmoid 
curves. Their asymptotes are formed at one side by the (5(1 19Sn) value of compound I 
in deuteriochloroform solution (-190·2 ppm) and at the other side by the c5(119Sn) 
values calculated by extrapolation for the individual systems according to ref.4 

( - 285·0 ppm for the pyridine solution and - 286·9 ppm for hexamethylphosphorami-

TABLE II 

The oesN) chemical shifts and J(119Sn1S N ) coupling constants of triphenyItin(IV) oxinate in 
deutcriochloroform, pyridine, and hexamethylphosphoramide solutions 

Tem- oesN), ppm Je 19Sn1SN)", Hz 
perature 

K C2HCI/ CsHsN [(CH3hNhPOc C2HCI3b [(CH3hNhPOc 

240 -120·4 -124·3 97·6 
270 -117·6 96·4 
290 -117·8 78.1 4 

300 -116·1 -117·5 96.44 79.54 

310 -116·7 8l-l 

320 -116·1 83·5 
330 -114·4 -115·3 96·4 
340 -114·5 87-8 
350 -114·0 
360 -113·7 
370 -114·2 

"Determined from the 119Sn NMR spectra; b-c the concentrations of the solutions in molar 
fractions (10- 2): b 3·28; c 3.92; 4 determined from both 119Sn and lsN NMR spectra. 

FIG. 1 

The temperature dependence of the O(119Sn) 
chemical shifts of triphenyItin(IV) oxinate 
(I) and I-naphthoxide (II) in pyridine (a), 

hexamethylphosphoramide (b), and deuterio
chloroform solution (c) 
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de solution). The temperature dependences of b(119Sn) of compound II also, most 
likely, have the sigmoid form in the coordinating solvents, however, only parts of 
them are experimentally accessible (Fig. 1). It is likely that in this case one asymptote 
will be the value t5(119Sn) of about -92·5 ppm (the mean t5(119Sn) for the deuterio
chloroform solution), the other values -259·3 ppm (pyridine) and -277·5 ppm 
(hexamethylphosphoramide) being again estimated by extrapolation according to 
ref.4. The sigmoid course limited by the respective asymptotes indicates that con
tinuous changes take place in the systems with temperature, the original compounds 
/ and II being gradually transformed into the corresponding complexes with one 
molecule of the coordinating solvent. The calculated (extrapolated) asymptotic 
be 19Sn) values must be considered to be the characteristic values of chemical shifts 
of these complexes, the experimental points of the sigmoid dependences expressing 
the proportions of contributions of the original compounds and the complexes formed 
in the system as a consequence of the rapid exchanges in the NMR time scale and 
of rapidly established equilibria (Aa, b) and (Ba, b), resp. 

lI+S~II.S 

(Aa, b) 

(Ba, b) 

(S denotes the molecule of coordinating solvent, pyridine (a) or hexamethylphosphor
amide (b». The values of extrapolated asymptotic t5(119Sn) for all the complexes 
(-259·3 to -286·9 ppm) are typical of trans-trigonally bipyramidal structure of the 
molecules with penta-coordinated tin atom. 

The equilibria (A) and (B) differ in nature: whereas B only represents the formation 
of trans-trigonally bipyramidal complex from the originally tetrahedral molecule 
of the simple compound I I, being thus characterized by a change of the coordination 
number of the central atom from 4 to 5, Eq. (A) describes an exchange equilibrium 
reaction connected with disappearance of the original chelate function of the oxinate 
group (Sn···N bond), and the cis-trigonally bipyramidal complex is (by action of 
a molecule of the coordinating solvent) changed to the trans-trigonally bipyramidal 
one in which the monodentate oxinate group and the solvent molecule occupy the 
axial positions. The coordination number of the central tin atom does not change 
in this reaction. 

The Stability of Complexes 

The courses of the t5(119Sn) ,...., T dependences and their mutual positions (and/or 
positions of their real or fictive inflection points) with regard to both the temperature 
axis and the be 19Sn) axis (Fig. 1) express rdative stabilities of the complexes, too. 
From the Fig. 1 it is clearly seen, e.g., that at room temperature (300 K) and the given 
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experimental conditions the process of formation of the complexes of compound II 
with hexamethylphosphoramide or pyridine is completely or almost completely 
finished, whereas at the same conditions the solution of compound I in hexamethyl
phosphoramide contains about 25% molecules in the chelate complex form, the pro
portion of the chelate molecules being even as high as about 80% in the pyridine 
solutions. Generally, from the temperature dependences of (j(119Sn) it can be deduced 
that the trans-trigonally bipyramidal complexes with hexamethylphosphoramide are 
stronger than the corresponding complexes with pyridine and that the formation of 
both complexes of compound II is easier than that of compound I. Even better this 
can be seen from comparison of thermodynamic quantities of the reactions (A) and 
(B) which were calculated according to ref.4 and are presented in Table III (the values 
of Kx (molar fraction) and AG of the equilibrium (Bb) were estimated only very 
roughly, because only available for the calculation of Kx are the experimental data 
of final little part of the (j(119Sn) '" T dependence, where the process of formation 
of the complex is practically finished). 

The Kx and/or AG values of Table III - first of alI - confirm the qualitative con
clusions about the strength of both the types of complexes (see the beginning of the 
previous paragraph). The generalIy more favourable values of these quantities for 
the complexes of compound II with both coordinating solvents, as compared with the 
complexes of compound I, agree with the idea that the simple formation of the com
plexes according to Eq. (B) is much easier than the exchange equilibrium (A), where 
the formation of trans-trigonally bipyramidal complex necessitates surmounting of 
the energy barrier represented by the relatively strong chelate complex. Thus the ther
modynamic quantities of both reactions of compound II reflect the direct formation 
of its complexes with pyridine or hexamethylphosphoramide in the given medium 
and at given experimental conditions, whereas the same quantities for compound I 

TABLE III 

Thermodynamic quantities of formation of complexes of triphenyltin(IV) oxinate and I-naphth
oxide with pyridine and hexamethylphosphoramide at 300 K 

Equi- Compirx Kx mol. 11K I1B I1S 
librium .fraction kJ mol- 1 kJ mol- 1 J mol- 1 K- 1 

--_. 

Aa I. CsHsN 0·3 ± 0·1 +l-3± 1·3 -18·8 ± 1·1 -73 ± 4 

Ab I. [(CH3hNhPO 3·1 ± 0·5 -2·8 ± 0·4 -25-6 ± 0·6 -76± 2 

Ba II.CsHsN 6·6 ± 0·6 -4·7 ± 0·3 -16·7 ± 0·5 -40± 2 

Bb II. [(CH3hNhPO (55) (-10) 
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represent overall quantities of two processes - decomposition of the chelate complex 
of oxinate and formation of the complex with a solvent molecule. 

The oxinate and 1-naphthoxide groups are - in compounds I and II and in their 
complexes with a molecule of coordinating solvent - mutually isoelectronic and 
their geometrical dimensions (and, hence, their sterical effects, too) are almost iden
tical. The close pKa values of the conjugated acids (9·30 and 9·81 for 1-naphthol and 
8-hydroxyquinoline, resp.)5 also indicate that there will be almost the same donor 
properties of the oxygen atom with respect to its partners. Hence, we shall make 
no serious mistake, if we replace, in our considerations about assessments of the 
rough value of stability constant of the chelate link Sn··· N in compound I, i.e. of the 
equilibrium constant of reaction 

c 

and the corresponding Il.G value, the formally monodentate oxinate group at the 
left-hand side of the equation by the 1-naphthoxide group, and if we consider the 
measure of strength of the chelate link Sn···N to be expressed by the Il.G differences 
of the complexes of compounds II and I with the same solvent molecules and/or by 
the quotients of the corresponding Kx constants. The rough assessment in this sense 
seems to be also justified by the almost the same differences in the Il.G values thus 
obtained for pairs of the same triphenyItin(IV) compound with different solvent 
molecules: 

which reflect the contribution of donor properties of the two coordinating solvents; 
i.e., e.g. how much stronger are the complexes with hexamethylphosphoramide than 
the corresponding ones with pyridine. The difference in Il.G values for the pyridine 
complexes is 

and the corresponding difference for the hexamethylphosphoramide complexes is 
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The quotients of the respective Kx constants are about 22 and 18. In spite of consid
erable simplification and limited exactness of the given reasoning, very favourable 
conditions follow from this analysis for the stability of the chelate combination (C). 
It is noteworthy that the assessed stability constant of the chelate connection in 
compound I (Kx = 18 and 22, resp.) is approximately three times greater than the 
stability constant of the II . CsHsN complex, which agrees with the generally accepted 
experience that the chelate complex is at least two times stronger than an analogous 
complex with two monodentate ligands6 • 

Another proof of the chelate function of oxinate group in compound I can be 
seen in the distinctly lower entropy value of formation of the I . CsHsN complex as 
compared with that of the II . CsHsN complex and, at the same time, in the small 
difference between Il.H values of the two reactions. The chelate formation is known6 •7 

to be connected (from the thermodynamic point of view) with increase in the reaction 
entropy and to be almost exclusively governed by the entropy term. The entropy 
decrease accompanying the formation of I. CsHsN complex, as compared with 
II. CsHsN complex (the same being probably true of the complexes with hexamethyl
phosphoramide), corresponds logically to decomposition of the chelate. 

The JC 19SnlSN) Coupling Constants 

The J(119SnlSN) coupling constant (denoted by Blunden8 as lJ(119SnI5N); or it can 
also be denoted formally as 4 J(119Sn15N» of compound I in deuteriochloroform 
undergoes practically no changes in the temperature interval from 240 to 330 K, and 
its value 96·4 Hz is comparable with the coupling constants ascribed9 to the Sn···N 
bond in a group of stannatranes. This value is clearly higher than that of the same 
compound in hexamethylphosphoramide solution, where the J(119Sn15N) exhibits 
a distinct temperature dependence which - with increasing temperature - asympto
tically approaches the J(119SnlSN) value in the deuteriochloroform solutions (Fig. 2). 
The J(119SnlSN) value extrapolated to low-temperature region can be assessed to be 
about 73 Hz, and this value can be ascribed to the 4 J(119SnI5N) coupling constants 
of the monodentate-bound oxinate ligand in accordance with refs8 -10. The sigmoid 
course of the temperature dependence of J(119SnI5N) thus follows - in the same 
way - the exchange equilibrium between the original chelate complex of compound I 
and the trans-trigonally bipyramidal complex of the same compound with hexa
methylphosphoramide and monodentate oxinate group as discussed above and as 
indicated also by the good linear dependence of the b(119Sn) and J(119Sn15N) 
parameters in the hexamethylphosphoramide solution (Fig. 3). The absolute 
JC19SnlSN) values, their changes with the solvent type, and correlation with the 
b( 119Sn) values represent further direct evidence of the chelate function of the oxinate 
ligand in compound I. 
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The t5(1sN) Chemical Shifts 

As are the J(119Sn lSN) coupling constants, so also are the t5C5N) chemical shifts 
of compound I (in hexamethylphosphoramide solutions) linearly dependent on the 
(5(1 19Sn) chemical shifts of the same system (Fig. 3). This fact thus confirms the mutual 
interdependence of the parameters of the 119Sn and lSN NMR spectra during 
formation and/or decomposition of the donor-acceptor Sn···N link in the chelate 
complex of compound I. The t5CSN) values found and especially their relatively small 
changes with both temperature and solvent type (Table II) allow no simple interpreta
tion similar to that of t5(119Sn) and/or J(119SnlSN) parameters. This is obviously 
due to the fact that the shifts in t5(1sN) values are caused, besides coordination, by 
other effects out of which a part are to a considerable extent mutually compensated 
and overlapped. 

In the previous communication l the formation of the donor-acceptor Sn···N link 
of the triorganotin(IV) oxinates was ascribed to the marked upfield shift of t5CSN) of 
these compounds in deuteriochloroform solutions as compared with the model 
compound - 8-methoxyquinoline in the same solvent. This interpretation quite 
agrees with the findingl1 that the t5(15N) values of free azine molecules always show 
down field shift as compared with t5C5N) of the same compound whose nitrogen atom 
(by its free electron pair) is bound by a donor-acceptor bond with an acceptor partner. 
This reverse effect (an upfield shift of t5C SN) connected with decreasing electron 
density at the nitrogen atom), which is frequently encountered especially in the classes 
of aromatic and heterocyclic nitrogen compounds containnng carbon-nitrogen or 

100.---~-----r-----;.----' 

J<"'sn"N), 
Hz 

90 

80 

FIo.2 

---........ -----

250 T,K 350 

The temperature dependence of the J( 119Sn. 
•IS N) coupling constant of triphenyltin(IV) 
oxinate in deuteriochloroform (e) and hexa
methylphosphoramide solution (0) 

Jf19Sn '5 

Hz 

84 

FlO. 3 

-117 

-114 

The mutual interdependence of the parame
ters of lSN and 119Sn NMR spectra of tri
phenyItin(IV) oxinate in hexamethylphos
phoramide solution 
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nitrogen-nitrogen mUltiple bondsll , stands in accordance with our further finding 
that the c5C SN) value of 8-hydroxyquinoline in deuteriochloroform ( - 93·0 ppm) is, 
due to formation of the intramolecular hydrogen bond III, 

'" ,v 

distinctly shifted upfield as compared with the c5C SN) in hexamethylphosphoramide 
(- 75·9 ppm) where - with respect to the solvent basicity - it can be justifiably pre
sumed that the hydrogen atom is predominantly bound by intermolecular interaction 
with the oxygen atom of the solvent (IV). From these findings it was deduced that the 
c5e SN) values of compound I in pyridine and hexamethylphosphoramide would ex
hibit down field shifts with decreasing temperature (i.e. with increasing content of 
trans-trigonally bipyramidal I . CsHsN or I . ((CH3)2NhPO complexes and de
creasing amount of the chelate I) and that thus the slope of the dependence of c5C SN) 
vs c5(119Sn) (Fig. 3) would have opposite sign and also a steeper course. Of course, 
it must not be overlooked that the reverse effect does not represent any completely 
general property of the lSN NMR spectroscopy (e.g., the dependence of the c5CSN) 
chemical shifts on the electron density at the nitrogen atom of substituted anilines 12 .13 
is just opposite to that of substituted nitrobenzenes 14) and, moreover, the c5(lSN) 
values can be distinctly affected by further effects out of which the most significant 
are: a) the effect of solvent type (the c5C SN) chemical shifts of quinoline1s and 
pyridine16 exhibit differences of 20-25 ppm depending on the solvent character), 
b) specific temperature dependence of c5C SN) (c:f'. the large temperature dependence 
of c5CSN) of compound I in deuteriochloroform (Table II) and the slight temperature 
dependence of c5(119Sn) of the same system (Table I)), and c) a different character 
of the substitution chemical shift of the (C6Hs)3SnO- group as compared with 
(C6Hs)3Sn" ·N~)O--. All these effects can compensate the effects of coordination 
to a considerable extent, or they can even overlap it, and thus they can distinctly 
affect not only the temperature dependence of c5CSN) but also the slope and steepness 
of the dependence of c5C SN) vs c5C 19Sn). 
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