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Infrared spectroscopy and multinuclear (13C, 170, and 119Sn) NMR spectroscopy have been
used to study the structure of bis(1-butyl)tin(IV) carboxylates of dicarboxylic acids (1-C4H9)2.
.Sn(X(C00)2), where X = (CH2) (n = 0—8), CH== CH (cis and trans) and C6H4 (ortho and
para). The crystalline compounds are formed by linear or cyclic oligomers or polymers whose
basic building units represent a grouping composed of the central tin atom substituted by two
1-butyl groups and coordinated with both oxygen atoms of two anisobidentate carboxylic groups
derived from different molecules of a dicarboxylic acid. The environment of the tin atom has
a shape of a trapezoidal bipyramid. When dissolved in non-coordinating solvents, the compounds
retain the oligomeric character with unchanged structure of environment of the central tin atom.
In the media of coordinating solvents the bis(1-butyl)tin(IV) carbcxylates of dicarboxylic acids
form complexes whose central hexacoordinated tin atom binds two molecules of the solvent
trough their donor atoms. Carboxylic groups form monodentate linkages in these complexes.

A number of our earlier communications1 5 describes results of our studies of struc-
ture of particle of tn- and diorganotin(IV) carboxylates of monocarboxylic acids
in various types of solvents using infrared spectroscopy and multinuclear (13C, 170
and "9Sn) NMR spectroscopy. It was found that in non-coordinating solvents the
triorganotin(IV) monocarboxylates and diorganotin(IV) dicarboxylates derived
from monocarboxylic acids (regardless of their structure in solid state) exist as
monomeric chelate complexes with anisobidentate function of carboxylic group.
Particles of triorganotin(IV) carboxylates have a shape of deformed cis-trigonal
bipyramid (the coordination number of the central tin atom is equal to 5 or better
to 4 + 1), the environment of central tin atom of diorganotin(IV) dicarboxylates
(where the coordination number is equal to 6 or to 4 + 2) having the shape of trape-
zoidal bipyrarnid (skew). In coordinating solvents the molecules of triorganotin(IV)
carboxylates form complexes containing one coordinated molecule of solvent (trans-
-trigonally bipyramidal arrangement around the tin atom), the complexes of di-
organotin(IV) dicarboxylates with two molecules of coordinating solvent being
trapezoidally bipyramidal. In both types of complexes the carboxylic group is bound
monodentately to the tin atom.
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The organotin(IV) carboxylates of dicarboxylic acids and especially the diorga-
notin(IV) carboxylates have not yet attracted attention in spite of their important
application possibilities. A limited number only of this type of compounds have
been described68, and the structure of their particles is only derived from analysis
of infrared spectra of some of them. The present paper summarizes the results of
studies of structure of bis(1-butyl)tin(IV) carboxylates of dicarboxylic acids (1-
-C4H9)2Sn(X(C00)2), where X is (CH2) (n = 0—8), i.e. derivatives of oxalic (I),
malonic (II), succinic (III), glutaric (Iv), adipic (v), and sebacic (VI) acids, or X is
CH=CH, i.e. maleic (VII) and fumaric (viii) acids, or X is 1,2- or 1,4-C6H4, i.e.
phthalic (Ix) and terephthalic (x) acids using infrared spectroscopy and 13C, 170,
and 9Sn NMR spectroscopy.

EXPERIMENTAL

All the compounds studied in this work were prepared by the reaction of bis(1-butyIstannyl oxide
(I -C4H9)2SnO with the corresponding dicarboxylic acids in benzene medium. The water fcrmed
in the reaction was removed by azeotropic distillation6.

The infrared spectra were measured in Nujol suspension and in chloroform soluticn using
a Perkin—Elmer 684 apparatus. The 13C, 170, and t9Sn NMR spectra were measured at
25O47, 135O5, and 37l4 MHz, respectively, using a JNM-FX ICO (JEOL) apparatus at 3C0 K;
the samples were dissolved in deuteriochiorofoim. TFe cetailed conditions of the measurements
are described in our earlier papers1 . The chemical shifts 5(1C) are referred to the solvent
signal (ô = 77OO), the chemical shifts ô(170) and ô(1 19Sn) are referred to external neat H20
and to (C113)4Sn, respectively (ö = 00).

RESULTS AND DISCUSSION

Syntheses and Identification of Substances

From literature612 it is known that diorganotin(IV) carboxylates of dicarboxylic
acids can be obtained either in the form of pseudolinear polymers insoluble in cur-
rently used solvents or in the form of low-molecular oligomers, cyclic and perhaps
also linear, which are soluble in organic nonpolar or slightly polar solvents.

As already stated all the compounds studied here were prepared in their soluble
form6'9 —12 by the well-tried method of azeotropic esterification of bis(1-butyl)-
stannyl oxide with the respective acids using equimolar ratios of the components
in benzene medium6. Nevertheless, the compounds I, VIII and X prepared by this
reaction (with almost quantitative yields) were completely insoluble in all currently
used solvents. The other substances were recrystallized from benzene or its mixtures
with petroleum ether. Although elemental analysis (Table I) confirms — for all
the compounds — the composition corresponding to the empirical formulas of the
respective bis(1-butyl)tin(IV) carboxylates of dicarboxylic acids, some compounds
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exhibit physical parameters whose values differ from those given in literature. Com-
pound I, which in accordance with ref.6 represents bis(1-butyl)stannyl oxalate
monohydrate, shows no melting of its crystals at 195°C (ref.6). Our results obtained
from thermal and thermogravimetric analyses show that the compound looses one
water molecule at ca 165°C and undergoes a three-step decomposition on further heating
(250— 300°C). The three-step decomposition was also observed at the temperatures
of c. 280, 400, 460°C and 340, 390, 450°C with compounds VIII and X, respectively.
In all the cases tin(II) oxide is the final decomposition product, which agrees excel-
lently with results by Bruck'°'11: he found that the only volatile decomposition

TABLE I

Physical and analytical data of the compounds (l-C4H9)2Sn(X(COO)2)

Corn-
pound X

Calculated/(Found) Melting Mol. weight

temperature °C found
(calculated)% C % H % Sn

J 35.43

(3491)

594
(582)

3502
(3496)

165 dec. —

II CH 39•44
(4015)

603
(640)

35•43

(3562)
65—67 457a

(1 339.84)1

Ill (CH2) 4l30

(41'18)

635
(635)

340l

(3388)

189— 191 1 430c

(1 396.ØØ)b.d

IV (CH)3 43O1
(4290)

666
(661)

327O
(3284)

166— 167 1 482a

(1 452.08)b

V (CH2)4 4460
(454O)

695
(700)

3148
(3122)

135—136 1 205a

(1 131.15)ef
VI (CH2)8 499l

(5002)
791
(801)

2740
(2698)

122— 128 870c
(866.32)g,h

J/JJ CH==CH(cis) 4154
(4160)

582
(5•77)

3421

(34•37)

136—138 1 390

(1 395.92)b.1

VIII CH==CH(trans) 4154 582 342l 280 dec.

(4086) (570) (3386)

IX 1,2-C6H4 4&40

(4847)

56O

(555)

2989

(2978)

206—207 1 821c

(1 588.16)b

X 1,4-CH4 4&40 560 2989 340 dec. '
(4847) (555) (3003)

da Osmornetry; b tetramer; C cryoscopy (camphor); melting temperature 187—187'5°C (ref.6);
trimer; ' melting temperature 136—137°C (ref.6); g dimer. 13 mol. weight 2 950—3 000, melting

temperature 78— 82°C (ref.6); refs7'8; polymer.
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products from compounds V, VIII, and X are carbon monooxide and a mixture
of organic compounds with butane and butenes as predominant components. Com-
pounds II— VII and IX — in accordance with our results of measurements of mole-
cular masses and with comparison with physical data and properties of known
substances68 — represent lower oligomers (Table I), which is also true of the
compound VI which — in contrast to literature data6 — was prepared in the form
of white crystals.

infrared Spectra

Table II presents the frequence values of both components (symmetrical and anti-
sym metrical) of valence vibrations of carboxylic group in JR spectra of compounds
I —X which are significant for the estimation of structure of carboxylic group and
the way of its bond to the organotin(IV) fragment of these compounds.

In Table II it is particularly noteworthy that both the values Vas(COO) and v,(COO)
of JR spectra of the crystalline substances (Nujol suspension) are the same or
very slightly different from those for the respective solutions in nonpolar (non-
coordinating) solvent. Hence it can be stated that the structure of carboxylic group
as well as the way of its bond to the central tin atom in compounds II —VII and IX
are independent of the state of aggregation of these compounds, and it can also be
expected then that both the solid phase and solutions of the compounds in nonpolar
solvents contain the same or very much..cognate particles as the basic units.

The frequence Vas(COO) of the compounds studied (except I) in both solid phase

TABLE II

The frequence values Vas(COO) and v(COO) in the IR spectra of compounds I—X(cm 1)

Compound
Solid phase (Nujol) Solution in CHCI3

—

Vas(COO) v(COO) Vas(COO) V(COO)

1 1687 1307 — —

II 1606 1370 1610 1380
III 1586 1390 1610 1387

IV 1 610 1 380 1 610 1 380

V 1588 1360 1590 1383

VI 1 620 1 365 1 625 1 365

VII 1585 1366 1585 1384

VIII 1566 1375 — —

IX 1600 1370 1610 1370
X 1598 1360 — —

Collect. Czech. Chem. Commun. (Vol. 56) (1991)



1912 Ho1eek, Lyka, NádvornIk, Handlif:

and chloroform solution are distinctly lower than the corresponding values of
methyl or ethyl esters of the respective dicarboxylic acids (by 100— 150 cm 1) and
only slightly higher than the corresponding values of their alkaline salts. The values
of v(COO) approach those of the alkaline salts, being shifted towards higher
frequences (by 80—100 cm in average) as compared with the values of v(COO)
of methyl and ethyl esters of the respective acidst323. Thus in compounds II—X
each carboxyl group is bound to a tin atom by both its oxygen atoms; however, it is
not excluded that the two Sn—O bonds have different strength (anisobidentate
function of carboxylic group). On the basis of ref.24 the denticity criterion of a car-
boxylic group is seen in the difference Vas(COO) — v,(COO) = isv. For derivatives
of dicarboxylic acids the value t\v < 240 cm 1 indicates the bidentate function and
z\v> 240 cm indicates the monodentate function25. The differences Av are 191 to
240 cm for compounds ii —x (they are in the range of 374—522 cm' for methyl
and ethyl esters and in the range of 162—212 cm for alkaline sa1ts1323). Thus
the Av values of compounds II—X represent a transition step between monodentate
and bidentate behaviour of a carboxylic group. The shift in Vas(COO) and vJCOO)
values in the hydrate of compound I was explained in ref.6.

NMR Spectra

Except for compounds I, VIII, and X, which are almost insoluble in deuteriochioro-
form, the solubility of substances — though relatively low — is sufficient for the
measurements of most relevant parameters of the 13C and '9Sn NMR spectra
to be possible (Table III).

The values of chemical shifts ö("9Sn) of compounds II— VII and IX in deuterio-
chloroform solutions vary within the limits from —1266 to — 1464 ppm, which is
a typical region of bis(1-butyl)tin(IV) compounds with the coordination number
of the central metal atom equal to five26 or the so-called coordination 4 + 2 which
is found generally e.g. with the diorganotin(IV) dicarboxylates derived from mono-
carboxylic acids35. In such cases the central atom is coordinated with six ligands
out of which four ligands are firmly bound and the other two ligands exhibit a sub-
stantially weaker bond. The increased coordination of the tin atom (the coordina-
(ion number above 4) is also indicated by the o(13C) values of carbon atoms of the
1-butyl substituent which are also comparable with the o(13C) values of the analo-
gous bis(1-butyl)tin(IV) dicarboxylates derived from monocarboxylic acids3 .

Extremely valuable information about structure of carboxylic group and way of
its bond to tin atom is provided by the 5(13C) (COO) values. These values in the
compounds studied are distinctly shifted down field (by c. 10 ppm or even more)
as compared with the same values in NMR spectra of organic esters27, namely to
the region where there are the 5(1 3C) (COO) values of alkaline salts of the respective
dicarboxylic acids27 (cf. data of Table III). From what was said it follows that
carboxylic group is bound bidentately to tin atom, i.e. similarly as it is in the di-
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organotin(IV) dicarboxylates derived from monocarboxylic acids3 - 528• This con-
elusion is also supported by the fact that — in analogy with the organotin(IV)
carboxylates derived from monocarboxylic acids35 — the 170 NMR spectrum of
compound VIII only exhibits a single signal (5('0) 2809), whereas the 170 NMR
spectrum of bis(1-butyl)phthalate (neat liquid, 380 K, D20 in coaxial capillary as

TABLE Ill

Parameters of the 13C and 119Sn NMR spectra of compounds II— Vii and IX in deuterio-
chloroform, 300 K

5(13C)
ö(9Sn)

C(l) C(2) C(3)

a/(nj(ll9Sn, 13C), Hz)

C(4) COO C(X) COO" COO

II —127•3 2544 2631 2631 1345 17632 4089 16720 17846
(5534) (342) (1001) <5

III —1413 25•00 26•56 26'31 13'50 18222 2953 17280 18367

(5762) (342) (971) <5
IV —143•1 25•00 2656 2622 1345 18300 3319 171.40e 18424

(2C)

(57&5) (345) (948) <5 2110

(1C)

V —1449 24•95 266l 2640 1345 18359 3372 17370 18486

(2C)

(578'6) (354) (97•7) <5 24'95
(2C)

VI —1464 25'30 2668 2628 1351 18284 3404 17370
2496

I f f I 2900
29 10

Vii —1266 26'04 2663 2640 1347 17476 15070 16590 171•82g

(5538) (279) (1026) <5

iXh —1358 25'40 26•80 2634 13'43 17745 13551 16790 17110"

(5598) (294) (1040) <5 13071

12907

IX' —2303 f 2693 2605 1374 17074 13421
13038
12909

4 3 2 1

a CH3CH2CH2CH2; b the chemical shift ö(13C)(COO) of dimethyldicarboxylates; C ref.27;
d chemical shift ö(13C)(COO) of dianions of dicarboxylic acids; e diethylester; the value was
not determined due to low solubility of the substance; g monoanion; h ô(170) =2809; in hexa-
deuteriodimethyl sulfoxide.
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an external liquid ((5 = 0.0)) exhibits two 170 signals: (5(170) (C=0) = 377 (w11 =
1 000 Hz) and (5(170) (C—0) = 161 (w112 880 Hz).

In hexadeuteriodimethyl sulfoxide solutions compound IX exhibits the value
of chemical shift ö(9Sn) = — 2303 ppm, which is a value typical of hexacoordinated
bis(1-butyl)tin(IV) complex compounds26. The 13C NMR spectrum of this compound
in hexadeuteriodimethyl sulfoxide exhibits only a single signal for the carbon atom
of carboxylic group, which indicates chemical identity of both carboxylic groups
in the fragment 1,2-C6H4(C00)2. In this coordinating solvent the value (5(13C).
• (COO) = 17074 is shifted upfield by almost 7 ppm as compared with that of the
same compound in deuteriochloroform solution, i.e. it is shifted to a region charac-
teristic of the shifts ö(13C) (COO) of organic esters (see Table III) with "mono-
dentate" function of carboxylic group. Hence it is most likely that — as it is the case
with the diorganotin(IV) dicarboxylates derived from monocarboxylic acids3 —
the environment of the tin atom of compound IX (in the medium of coordinating
solvent — hexadeuteriodimethyl sulfoxide) includes an octahedral arrangement of
six ligands, namely two carbon atoms C(1) of the 1-butyl substituents, two oxygen
atoms of two different monodentate carboxylic groups, and two donor atoms from
two solvent molecules. Hence compound IX is present in hexadeuteriodimethyl
sulfoxide solution formally as the disolvate (1-C4H9)2Sn(OCOC6H4COO).2 (CD3)2.
.S0. From the experiments described here it is impossible to decide whether these
are monomeric particles with a chelate function of the 1,2-C6H4(C00)2 fragment
or they are oligomers with a bridge function of the fragment. As we were unable
to measure the value of coupling constant 1J(1 19Sn, 13C) of compound IX in hexa-
deuteriodimethyl sulfoxide, it is impossible to give any detailed description of shape
of the coordination polyhedron around the tin atom in the disolvates considered.

CONCLUSION

The environment of tin atom in the bis(1-butyl)tin(IV) dicarboxylates derived from
mono- and dicarboxylic acids is not much different — by our results3 -5,28• The tin
atom is coordinated with two organic substituents and with four oxygen atoms of
two carboxylic groups. Two Sn—0 bonds are relatively strong, the other two are
substantially weaker. The resulting coordination polyhedron will necessarily differ
from an ideal shape of trans-octahedron or trans-tetragonal bipyramid because
of the different strength of bonds between the tin atom and its various ligands.
This conclusion is supported also by the values of 1J(119Sn, '3C) of the compounds
studied or by the therefrom calculated values29 of C—Sn—C angles. The 1J(119Sn,
13C) values within the limits from 5534 Hz to 5786 Hz correspond to the values
of C—Sn—C angle within the limits from 130° to 133°. The environment of central
atom formed by two 1-butyl groups and two anisobidentate chelate carboxylic
groups coming from two different molecules of dicarboxylic acid has a shape of
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trapezoidal bipyramid (skew). These basic building units then agglomerate into linear
chains or cyclic formations which can be found in both crystals and solutions of
compounds I—X in noncoordinating solvents.

In the media of coordinating solvents the basic building particles are pseudo-
octahedral formations formed by the central tin atom surrounded by two carbon
atoms C(1) of 1-butyl substituent, donor atoms of two solvent molecules, and two
oxygen atoms of two different monodentate carboxylic groups.
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