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SUMMARY

The validity of the generalization that, if a compound shows a Mdssbauer
effect at room temperature then its structure is polymeric, has been tested for a num-
ber of organotin compounds. Those compounds which, from cother evidence, are con-
sidered te be polymeric showed significant M&ssbauer absorption at room tempera-
ture.

INTRODUCTION

Measurements of M&ssbauer spectra of tin compounds are usually made with
the sample at 78°K so as to increase the probability of recoilless absorption of y-rays.
Certain compounds, however, show a marked effect at room temperature and the
empirical observation was made that this phenomenon could be correlated with the
presence of polymeric structures!. There has subsequently been some theoretical
justification for these observations when it was shown that both the Debye tempera-
tures and characteristic temperatures for crystals of polymeric tin compounds were
significantly higher than those of crystals of monomeric species?. If this method of
detecting polymeric structures is generally applicable it represents a valuable aid to
structure assignment. In the present paper the Mdssbauer spectra of a number of
organotin compounds. many of which are thought to have polymeric structures, are
reported and discussed.

EXPERIMENTAL

Details of the Mdssbauer spectrometer have been described elsewhere?.
Measurements were made with the samples at 78°K and 300°K, the spectra, were
calibrated with B-tin and tin(IV) oxide the separation being 2.56 mmy/sec. The error
associated with the isomer shift and quadrupole splitting measurements is estimated

* The papers under refs. 3 and 7 are considered as Parts I and II of this series.
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as 1+ 0.05 mm/sec. The Mdssbauer results were computed on the University of Lon-
don Atlas computer using a programme kindly supplied by Dr. T. C. Gibb* which
was modified to suit our requirements.

Derivatives of bis(8-hydroxy-5-quinolyl)methane®, 8-hydroxyquinoline?, 4,4
bipyridine®, 4-phenylpyridine®, 2,2'-bipyridine”-8, trans-1,4-dithiane 1,4-dioxide®,
cis-1,4-dithiane 1,4-dioxide®, 1,4-dithiane 1-oxide® and dimethyl sulphoxide'® were
made by published procedures and had melting points in agreement with literature
values. Triphenyltin acetate, propionate, chloroacetate and isobutyrate were made
by dissolving equimolar proportions of triphenyltin hydroxide and the carboxylic acid
in anhydrous benzene, the solutions were boiled under reflux for 1 h and the solvent
evaporated under reduced pressure to give near quantitative yields. Recrystallisation
from benzene (acetate and propionate) or a mixture of chloroform and diethyl ether
(chloroacetate) gave pure products having literature!! melting points. The isobutyrate
was crystallised from a mixture of chloroform and diethyl ether when it had m.p.
116-118°, 1it.*® m.p. 123-125°. Attempts to make the corresponding trifluoroacetate,
trichloroacetate and pivalate by this procedure gave the insoluble phenylstannoxane
carboxylates PhSn(OCOR)O(R=CF;, CCl;, CMe,) which all had m.p.>360°.
Triphenyltin pivalate was prepared by heating an equimolar mixture of triphenyltin
chloride and sodium pivalate in ethanol under reflux for 30 min. The suspension was
then stirred at room temperature for 48 h, the sodium chloride filtered off and the
solvent removed by evaporation under reduced pressure. The crude product was
recrystallised from a mixture of benzene and light petroleum giving pure triphenyltin
pivalate, m.p. 112°, 1it.'2 m.p. 112-115°. Analytical values for new compounds and
for triphenyltin isobutyrate are given in Table 1.

TABLE 1

ANALYTICAL VALUES

Compound Found (27) Caled. (2%)

C H Sn C H Sn
Ph3;SnOCOCH (CH3), 604 55 217 604 5.1 216
PhSn[OCOC(CH,),] O 425 47 378 422 45 379
PhSn[OCOCCI,] O 253 1.5 319 257 1.3 317
PhSn{OCOCF,;] O 300 16 363 29.6 1.55  36.55
RESULTS

Mdssbauer parameters obtained are given in Table 2. Computation was used
to fit Lorentzian curves to the experimental points and to calculate the values of the
isomer shift (8), quadrupole splitting {A) and the half widths (I'). The room temperature
effect (R) is the ratio of the magnitude of the Mssbauer effect at room temperature
to that at 78°K and it can be shown'? that, providing each experimental point
represents at least 1 x 10> counts, values of R of 0.031 and above are significant.

DISCUSSION

(0). Derivatives of bis(8-hydroxy-5-quinolylymethane (LH,)
Compounds derived from this tetradentate ligand have been reported and,
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TABLE 2

MOSSBAUER DATA

No. Compound i a° r,° r,° R°
() Me,SnL - H,0* 0.87 2.00 0.80 0.80 0.035
(11) Bu,SnL-H,0O 1.00 205 0.83 0.90 0.044
(111) Ph.SnL-H,O 0.78 1.65 090 085 0045
(Iv) (CgH4),SnL 1.00 205 085 085 0

V) Me,SnOx,* 0.887 198/ 072 080 O
(VD) Bu,SnOx, 1.021 2.04f 0.70 0.75 0
(Vi) Ph,SnOx, 0.78/ 1.647 0.80 0.75 0
(VIID) (CgH,7),SnOx, 1.13 1.86 075 079 0O
(IX) Bu,SnCl,-4,4'-Bipy? 1.58 4.00 0.84 0.82 0.057
) Ph,SnCl,-4.4'-Bipy 1.30 3.59 0.74 0.75 0.040
(X1) Bu,SnCl,-4-Phepy” 1.51 398 0.70 0.80 0
X11) Bu,SnCl,-2,2'-Bipy* 1.56/ 3.83

(X111 Ph,SnCl,-2,2"-Bipy 1.26* 3.51% 0.80 0.75 0
X1v) Ph,SnCl; - Pyrazine 1.32 3.00 0.85 0.81 0.035
xXV) Ph,SnCl,-r-DTDO! 1.26 3.78 0.79 0.82 0.159
XV Ph,SnCl, - c-DTDO™ 1.24 372 073 078 0091
xvi) Ph,SnCl,-2DTO" 1.24 372 0.75 0.75 0
Xviii) Ph,SnCl,-2 Me,SO 1.23 3.54 0.82 0.75 0
XIX) Me,SnCl,-2 Me,SO 1.39 4.10 0.81 0.80 0
XX) Ph3;SnOCOCH, 1.26 334 0.75 0.80 0.078
(XX Ph,SnOCOCH,CH, 1.28 331 078 081 0110
(XX11) Ph4SnOCOCH(CH,), 1.26 3.21 0.84 0.80 0.080
XX11in Ph,SnOCOCH,Cl 1.30 3.46 0.75 0.80 0.183
XX1v) Ph,SnOCOC(CH)a 1.22 2.30 0.75 0.79 0
xXxXv) Ph3;SnOCOC(CH,=CH, 1.21° 2.26°

XXVI) PhSn{OCOC(CH,);]O 0.59 2.00 0.84 0.080 0.385
XXVII) PhSn[OCOCCI1,] O 0.72 2.33 0.79 0.77 0.057
(XX VIII) PhSn[OCOCF;] O 0.66 2.64 0.78 0.80 0
XXIX) PhSn[OCO{CH,)3s CH=CH,] O 0.57% 2.31°

*XXX) PhSn[OCO(CH,},CH;3] O 0.56F 2.32F

% mmy/sec. ® Isomer shift measurements refer to tin(IV) oxide. ¢ R=room temperature effect = the ratio
of the Massbauer effect at room temperature to that at 78°K. ¢ LH, =bis(8-hydroxy-5-quinolyl)methane.
¢ OxH =8-hydroxyquinoline. / Ref. 3. 9 4,4-Bipy=4,4"-bipyridine. " 4-Phepy-4-phenylpyridine. 22"
Bipy =2,2"-bipyridine. * Ref. 18. * Ref. 7. ' t-DTDO = trans-1,4-dithiane 14-dioxide. ™ ¢-DTDO =cis-1.4-
dithiane 1,4-dioxide. " DTO = 1,4-dithiane 1-oxide. ? Ref. 15.

from the high melting points and insolubility of the derivates R,SnL-H,O (R=Me,
Bu, Ph), it was concluded that these compounds have polymeric structures®. This
conclusion is supported by the small but significant room temperature M&ssbauer
effect shown by these compounds. Molecular weight measurements have shown that
the corresponding dioctyltin compound, (CgH,),SnL, is trimeric® and this com-
pound does not have a significant R value.

It is of interest to compare the Modssbauer parameters of these compounds
with those of the closely related 8-hydroxyquinoline (OxH) derivatives. Apart from
the expected absence of a room temperature effect in the monomeric 8-hydroxyquino-
linates there is excellent agreement between the two sets of parameters. From the
magnitude of the quadrupole splittings'® and the known structure of the dioxinates?
essentially octahedral structures with an all-cis ligand arrangement are likely for the
R,SnL compounds.
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(b). Bipyridine adducts

From the 1/1 stoichiometry shown by the adducts of 4,4'-bipyridine, R,SnCl, -
4.,4'-Bipy, it was concluded that the ligand was functioning in a bidentate manner and
that the adducts were polymeric {the corresponding monodentate ligand, 4-phenyl-
pyridine, gives 1/2 adducts R,SnCl,-2Phepy)°®. Inspection of Table 2 shows that the
Mossbauer spectra support these observations with a measurable room temperature
effect being recorded for the 4,4’-bipyridine adducts. The value of quadrupole split-
tings indicates that the organic groups are trans'? and the close similarity between the
parameters for analogous 2,2'-bipyridine and 4,4"-bipyridine compounds suggests that,
in the latter, the nitrogen atoms are cis. The room temperature effect observed for the
related pyrazine complex is consistent with the polymeric structure postulated for
this compound®.

(c). Sulphoxide complexes

From the positions of the v(SO) bands in the infrared spectra of complexes of
trans-1,4-dithiane 1,4-dioxide (z-DTDO) such as R,SnCl,-t-DTDO it was concluded
that the ligand is bidentate and the structures are polymeric®. This is confirmed by the
large R value shown by compound (XV) (Table 2). Thé infrared spectra of complexes
of cis-1,4-dithiane 14-dioxide (¢c-DTDQ) showed v(SO) bands characteristic of free
SO groups and it was concluded that compounds such as Ph,SnCl,-¢-DTDO are
monomeric with a 5-coordinate tin atom and a monodentate ¢-DTDO group®.
Here the Mossbauer results are in direct conflict with the infrared evidence since
Ph,SnCl,-c-DTDO shows an effect at room temperature. While an X-ray crystal
structure determination would be needed to resolve this conflict it is possible that the
structure assignments made earlier® for the adducts of cis-1,4-dithane 1,4-dioxide may
need revision.

Also included in Table 2 are Mossbauer parameters for related adducts of
dithiane 1-oxide {DTO)and dimethyl sulphoxide. The results for the three diphenyltin
dichloride adducts, (XV)—(X VIIiI)are very similar and the slightly higher d and 4 values
for Me.SnCl,-2 Me,SO are consistent with replacing phenyl by alkyl groups in
isostructural compounds [ ¢f. compounds (IX)and (X)]. Compound (XIX) is known**
to have rrans-methyl groups and cis-chlorine atoms and it seems probably that com-
pounds (XV)-(XIX) all have the same stereochemistry.

(d). Phenyltin carboxylates

Mossbauer parameters for triphenyltin carboxylates have been reported
recently'® but no measurements at room temperature were recorded. Qur values of
the isomer shifts and quadrupole splittings for triphenyltin acetate and propionate
are in good agreement with those previously reported!®!% and the values for theiso-
butyrate and chloroacetate are similar. These four compounds show room temperature
effects in agreement with the assigned polymeric structure involving bridging car-
boxylate groups. The M&ssbauer parameters of triphenyitin pivalate, {(XXIV), are
alrnost identical with those reported for triphenyltin methacrylate, (XXV), and the -
absence of a room temperature effect in compound {XXIV) supports the conclusion!?
that steric hindrance in the acid residue results in a monomeric structure.

Of more interest are the mode of formation and structure of compounds of the
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type PhSn(OCOR)O which, in our work, arose inadvertently during routine syn-
thesis of Ph;SnOCOR compounds by the reaction:

Ph3;SnOH+RCOOH — Ph;SnOCOR+H,0

the water being removed azeotropically with benzene. This reaction proceeded
satisfactorily with acetic, propionic, isobutyric and chloroacetic acids but trichloro-
acetic, trifluoroacetic and pivalic acids gave high melting insoluble products with
analyses corresponding to the formulation PhSn(OCOR)O [R=CCl;, CF,
C(CH,;);]. Since phenyl-tin bonds can be cleaved by carboxylic acids'® it seems
likely that these compounds arise via the phenyltin tricarboxylates which are subse-
quently hydrolysed according to the following scheme:

Ph,SnOCOR +2 RCOOH — PhSn(OCOR);+2 C¢Hy
PhSn{OCOR); +H,O — PhSn(OCOR)O+2 RCOOH

The second step is reasonable since it is known'® that tin polycarboxylates are readily
hydrolysed. Acid cleavage of aryl-tin bonds is an electrophilic substitution reaction
at carbon!” and it is reasonable that the strongest acids C1;CCOOH and CF;COOH
should react in this manner, the difficulty is why the weak pivalic acid (pK, 5.03)
should also effect cleavage. It is possible that the tetrahedral environment of the
iin atom in triphenyltin pivalate is sterically {favourable for the cleavage reaction.
(Authentic triphenyltin pivalatc was made {rom triphenyltin chloride and sodium
pivalate). It has been shown' that triphenyltin undecenoate and stearate, on long
storage, were converted to compounds of the type PhSn(OCOR)O. This conversion
is reasonable if it is assumed that water was present together with a catalytic amount
of the acid RCOOH.

Compounds (XXVI)-(XXVIII) all have melting points >360° and are very
insoluble indicating that their structures are polymeric. Compound (XXVI) shows a
very marked Mdssbauer absorption at room temperature the effect is reduced in
compound (XXVII) and absent in compound (XXVIII) suggesting a dependence of
molecular weight on X in Ph{(OCOCX;)O in the sense X=Me >l >F. The isomer
shifts and quadrupole splittings are in good agreement with those reported for the
corresponding undecenoate and stearate indicating that compounds XX VI)-{XXX)
all have the same structure. It has been suggested!? that these compounds are cyclic
irimers, however their general physical properties plus the room temperature Mdss-
bauer effects lead us to prefer polymeric structures containing bridging oxygen atoms.
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