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The llgmSn Mijssbauer and infrared data are reported for fifteen tributyltin 
carboxylates. Although the Miissbauer data at 80 K shcws them all to be penta- 
coordinate polymers, the infrared data indicates that, at room temperature, 
some of the compounds exist as tetracoordinate monomeric species. 

Introduction 

There has been considerable interest in the structure of trialkyl- and triaryl- 
tin carboxylates [l-7] which are reported [l-4] to form polymers of the type 
I involving bridging O-C-O groups and planar R3Sn moieties in which the Sn 
is in a 5-coordinai-e trigonal bipyramidal geometry. It has been shown that, if 

R R 

I I 

(I) 
R is bulky [5,8,9] Or if R branches [2] at the a-carbon (e.g. triphenyltin 2-ethyl- 
hexoate), then the compounds exist as tetracoordinate monomeric esters. 

A variety of techniques have been used to study the structure of such com- 
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pounds. The crystal structures have been determined for tribenzyl- [4] and tri- 
methyl-tin acetates [lo], trimethyltin formate [ll] and trifluoroacetate. [lo], 
all of which are polymeric with five-coordinate tin atoms, and for tricyclohexyl- 

. tin acetate [5], in which the tin is four-coordinate. X-ray studies have also shown 
that trimethyltin glycinate [ 121 and pyridine-2-carboxylate monohydrate [ 131 
contain pentacoordinate trigonal bipyramidal tin atoms. In the former, inter- 
moiecular bridging occurs via the NH2 groups [12], whereas, in the latter, the 
pyridine-2-carboxylate anion functions as a monodentate ligand and the fifth 
coordination site is occupied by the water molecule [13]. 

Infrared data v(C=O) has been used to infer-i&ordination through the car- 
bony1 oxygen or the presence of free carbonyl groups. In the trimethyltin car- 
boxylates the absence of v,,,(Sn&) has been used as an indication of a planar 
SnCS configuration and hence five-coordination. The llgmSn Miissbauer spectra 
provide additional information concerning the electron density and site symme- 
try at the tin nucleus. Herber et al. [ 143 have suggested that the coordination 
number can be obtained from p, the ratio of the quadrupole splitting (AEq) to 
the isomer shift (a), and that, for a value of p greater than 2.1, five-coordina- 
tion can be assumed. 

A series of tributyltin aryl and heteroaryl carboxylates have been investigated, 
and their structures deduced from both Mijssbauer and infrared data. 

Experimental 

All the compounds were prepared by heating a mixture of bis(tri-n-butyltin) 
oxide (1 mol) and the appropriate carboxylic acid (2 mol) in toluene and remov- 
ing the water azeotropically using a Dean and Stark apparatus. After all the 
water had been removed from the reaction mixture, the solvent was removed on 
a rotary evaporator and the residue either distilled in vacua or recrystallised 
from petroleum ether (60-80). The physical data for all the compounds, 
together with the literature values, where known, are shown in Table 1. 

“‘“&-I MSssbauer spectra were obtained using a constant acceleration spectro- 
meter, the symmetrical triangular velocity drive waveform being derived from 
the multichannel analyser driven in the time mode by an external crystal con- 
trolled oscillator; 512 channels were used thorughout. A 15 mCi Ca”‘Sn0, 
source was used at room temperature, and the samples were packed in perspex 
discs and cooled to. 80 K using a continueous flow cryostat with Helium exchange 
gas. The spectrometer was calibrated using the magnetic splitting of an enriched 
“Fe absorber foil. The data were folded to determine the zero velocity position, 
and the folded data fitted with Lorentzian functions by a least squares fitting 
program [ZO]. The non-linearity of the spectrometer was determined, by a free 
fit of the Fe data, to be less than +0.06%. The quoted experimental error of 
+0.02 mm set-’ in the measured values of isomer shift and quadrupole splitting 
takes-into account errors associated with non-linearities, calibration, zero velocity 
determination and computer fitting. 

The infrared spectra were obtained as either liqtids, Nujol mulls or KBr discs 
on a Unicam SP200 spectrophotometer. 
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TABLE 1 

PHYSICAL AND ANALYTICAL DATA FOR TRIBUTYLTIN CARBOXYLATES 

Rill 
Bu3SnOCOR 

-0 

M-p. 

(“0 

B.P. Analysis (Found (celcd.) <sb) 

~“cl-He) 
C H N Cl 

128-130/0.07 55.40 7.98 2 - 

(166--168/l) = (55.47) (7.79) 

HO 

OH 

Cl 

43 0 

Cl 

-d 0 

OH 

OH 

65-67 53.66 7.55 - - 

(71-73) d <53.40) (7.49) 

54-57 

75 

67-70 

OilC 

53.69 7.70 - - 

(53.40) (7.49) 

53.66 7.89 - - 

(53.40) (7.49) 

51.70 7.01 
(51.18) (6.96) 

8.17 

(7.97) 

152-154fO.15 51.02 6.95 - 3.26 
(51.18) (6.96) (7.97) 

l44-l48/0.2 51.01 7.04 - 7.54 
(51.18) (6.96) (7.97) 

51.14 7.49 - - 

(51.47) (7.23) 

49.56 6.74 7.51 
(49.40) (6.72) - (7.69) 

Me0 Oi”le 

49-50 53.90 7.68 - - 

(53.50) (7.64) 

continued 
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TABLEl(continued) 

Rim M-p. B-p. Amdysis(Found(calcd.)(%) 
Bu3SnOCOR <“c> <°C/-Hg) 

. . C H N 'Cl 

N. 

--0 

118-120 52.46 7.52 3.46 - 
(52.43) (7.52) (3.39) 

N 

-0 68-70 

(701e 

134--136 
(136-137) f 

62.35 7.46 3.25 - 

(52.43) (7.52) (3.39) 

52.57 7.64 3.56 - 
(52.43) (7.52) (3.39) 

N 7.99 3.15 - 

- CH2 -0 
162-X4/0.15 53.71 

._ (63.62) (7.75) (3.29) 

60.62 7.67 - - 

(50.87). (7.48) 

aRef.15. bRef.16reportsd2c1.210gcm '-3 .c Decomposesondistillationinvac~o.~Ref.17.~Ref.18. 

f Ref. 19. 

Results and discussion 

Table 2 shows the “9mSn Mijssbauer data for the series of tributyltin car- 
boxylates. The spectra are well resolved quaclrupole split lines, an example of 
which is shown in Fig. 1. 

The isomer shift values are consistent with other trialkyl- [3] or triaryl-tin 
carboxylates_ [2] in that they are all within a small range, in this case 1.45 + 0.05 
mm set-‘. This shows there to be very little change in the total s-electron density 
at the tin nucleus, which suggests that there is no significant change in the elec- 
tion withdrawal from the tin with changes in electronegativity of the aryl rings. 

All the values of p are larger than 2.10, with one exception, and, therefore, at 
80 K, these samples can be interpreted from the MGssbauer data as having the 
pentacoordinate structure (I). The only apparent exception to this is the tri- 
butyltin 3,5_dihydroxybenzoate which has a value of p = 2.04. Other organotin 
carboxylates that have been shown to be tetracoordinate have A < 2.4 mm 
set-‘. It is felt that, in this case the reduced value may indicate a more symmetric 
O--G%&-0 unit in II. 

AU the series showed a very slight asymmetry in the relative depths of the 
lines; this has previously been noted by Debye et al. [l] in a similar series of 
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TABLE 2 
0 

M6SSBAUER DATA FOR Bu~Sn0&2 

R 

-0 

Isomer shift 0 

6 * 0.02 (mm s-l) 
QuadNpole splitting 
A k 0.02 (mm s-l) 

-- 

p 2 0.05 

1.47 3.59 2.44 

HO 

OH 

d 0 

Cl 

33 0 

OH 

OH 

OH 1.45 3.23 2.22 

1.48 3.66 2.27 

1.45 3.22 2.22 

1.44 3.19 2.22 

1.49 3.72 2.50 

1.47 3.52 2.39 

1.47 

1.43 
* 

3.65 

2.92 

2.48 

2.04 

1.47 3.72 2.53 

continued 
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TABLE 2 <continued) 

Isomer shift c quadrupole spiittmg 
6 f 0.02 mm see-’ A f 0.02 mm set-’ 

p f 0.05 

3.75 

-0 N 1.40 3.28 2.34 

1.41 3.30 2.34 

2.59 

-Gil, 1.42 3.34 2.35 

1.48 3.78 2.55 

a Isomer shift relative to CaSnO3. 

trialkyltin acetates. It is interesting to note that the Massbauer spectra of tri- 
butyltin pyridine-4-carboxylate gave a very large asymmetry with the line inten- 

(II) 

sities having a ratio of l/1.5. We interpret this as being due to the partial align- 
ment of the polycrystalline sample within the absorber holder. A duplicate spec- 
trum, recorded, on rotating the sample through 45” reduced the intensity ratio 
to 1 : 1.06.’ 

The i&a-red data is shown in Table 3. 
If a triorganotin carboxylate is pentacoordinate it has been shown [2] that the 
IR data for the solid state COO absorptions are far removed from the usual 
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Fig. I. 119%n MBsbauer spectrum of tributyltin 3-mridylcarboxylate. 

organic ester absorptions (1740 and 1240 cm-‘) and occur at approximately 
1560 and 1370 cm-‘. If, however, the compounds are diluted in CCL, then these 
bands should shift towards the normal ester frequencies resulting from mono- 
meric tetrahedral tin atoms. Following this interpretation of the shift, the 
Y(C=O) absorption indicates that five of the samples, which are solid at room 
temperature, show pentacoordination. The v(C-0) frequency was not used 
because it was very broad and difficult to assign. These are the tributyltm 2- 
chlorobenzoate, 3-chloro-4_hydroxybenzoate, 2,3-dimethoxybenzoate, pyridine- 
2-carboxylate and furan-2-carboxylate. 

The six tributyltin carboxylates which are liquid at room temperature all 
show carbonyl absorption frequencies consistent with monomeric tetracoordinate 
tin species, while the MGssbauer results indicate a pentacoordinate structure at 
80 K. An infrared spectrum of tributyltin benzoate was recorded at 140 K and 
showed a shift in the carbonyl frequencies from 1653 + 157 3 cm’-’ correspond- 
ing to an increase in coordination number from four to five. We conclude for 
the samples which are liquid at room temperature that a tetrahedral monomeric 
structure exists, while on solidification the pentacoordinate polymeric structure 
I is stabilised. This change in structure from the liquid to solid state has also been 
observed [Zl] for tributyltin methoxide and phenoxide. 

Four tributyltin carboxylates are solid at room temperature and do not show 
the expected shift in the carbonyl absorptions when diluted in Ccl+ Two of 
these, tributyltin 4hydroxybenzoate and 3,5_dihydroxybenzoate show Y(C=O) 
at 1610 and 1590 cm-’ respectively. Comparing these with the remainder of the 
series it ‘might be expected that these are pentacoordinate and that, on dilution 
with CC14, they remain as associated polymers. 

The other two compounds, tributyltin pyridine-3-carboxylate and pyridine-4- 
carboxylate show carbonyl absorption frequencies at 1650 cm-‘, which would 



366 

TABLE3 
:: 

~(C=O)FREQUENCIESFORRU~S~OCR(~~~~) 

R Liquidfilm :InCC4 compensatedcells 

1653 1647 

HO 

1640/1602 1638/1606 

1635/1590 163811607 

1576/1618" 1613 

lwob 1660 

Cl 
I 

-0 0 
155811646 1600/1650 

159211641 1606/1650 

OH 

1590" 1583 

OH 16lOll647 

Me0 OMe 

1570" 1660 

continued 
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TABLE3<continued) 

Liquid&n bCC4 compensatedcells 

-0 ri 

1538/1550/1577/ 16Qo=fl642 
i603 

-0 N 

1601/1643" 1601/1650 

1653" 

159211639 

1658 

16QO/l660 

1598*/1665 

o KB~ disc. b ~tioi mull_ c Medium. 

indicate that any pentacoordination does not occur through the carbonyl oxy- 
gen but instead involves the nitrogen of the pyridine ring, as in the triphenyltin 
derivative of 4-thiopyridone [ 221. 

The tributyltin pyridine-2-carboxylate shows several intense infrared bands in 
the region 1538-1603 cm-‘. The analogous trimethyltin derivative shows [ 231 
similar absorptions and also multiple tin-carbon stretching modes. The latter 
compound has been suggested to have the mer-6-coordinate structure III because 
of the apparent absence of a planar SnC, unit, ruling out the normal trans-5- 

coordinate structure I. Furthermore, the magnitude of the MGssbauer quadru- 
pole splitting eliminates both k-five- and fat-six-coordinate structures for this 
compound. On the basis of our spectroscopic data, a similar structural assign- 
ment can be made for the tributyltin pyridine-2carboxylate. 



368 

Acknowledgements 

The International Tin Research Council, London, is gratefully acknowledged 
for permission to publish this paper. 

References 

1 N.W.G. Debye. D.E. Fenton. SE. Ulrichand J.J. Zuckermaxi. J. OrgamxnetaL Chem_. 28 (1971) 339. 
2 B.F.E. Ford. B.V. Liengme and J.R. Sams, J. OrganometaL Chem.. 19 (1969) 53. 
3 C. Poder and J.X. Sams, J. OrganometaL Chem., 19 (1969) 67. 
4 N-W_ Alcock and R.E. Timms. J. Chem. Sot.. A. (1968) 1873. 
5 N.W. Alcockancl R.E. Timms. J. Cbem. Sot.. A. (1968) 1876. 
6 M. Vilarem and J.C. Maim. C. R. Acad. Sci Paris. 262 (1966) 480. 
7 R.A. Cummins and P. Dunn. Au&&an J. Chem. 17 (1964) 186. 
8 M.J. J- n. J.G.A. Luijten and G.J.M. van der Kerk. Rec. Trav. Cbim. Pays Bas, 82 (1963) 90. 

9 R.C. Poller, J. OrganometaL Chem., 3 (1965) 321: 
10 H. Chih and B.R. Penfold. J. Cryst. MoL Struct.. 3 (1973) 286. 
11 R. Okawara and M. Wada, Advan. OrgsnometsL Chem., 5 (1967) 150. 
12 B.Y.K. Ho, J.A. Zubieta and J.J. Zuckerman, Chem. Commun, (1975) 88. 
13 P-G. Har&on. Amer. Chem. Sot. Advan. Chem. Ser.. 167 (1976) 258. 
14 R.H. Herber, H.A. Stockier and W.T. Reicble, J. Chem. Phys., 42 (1965) 2447. 
15 J. V&de and M. Perwre, C.R. Acad. Sci. Paris. 254 (1962) 3693. 
16 MicrobioL Labs. Inc.. Fr_ Pat.. 1.386.350. 1963. 
17 K. Saruto and Y. Suenobu, Jap. Pat.. 8856.1966. 
18 P. Dunn and T. Norris. AustmL Defce. ScL Serv.. Defce. Stand. Labs.. Report 269. Feb. 1964. 
19 M. Updegraaf and H.R. Davies, U.S. Pat., 3.211.680.1965. 
20 G. Lang and B.W. Dale. Nucl. Instrum. Methods, 116 (1974) 567. 
21 P.J. Smith, L. Smith and R.F.M. White. J. OrganometaL Chem.. 40 (1972) 341. 
22 N.G. Bokii, Yu.T. Struchkov, D.N. Kravtsov and E.M. Rokhlina, J. Struct. Chem., 14 (1973) 458. 
23 P.G. Harrison and R.C. Phillips, J. OrganometaL Chem.. 99 (1975) 79. 


