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Although many of the observed properties of the organometallic compounds of the
fourth group elements (Si, Ge, Sn, Pb) are similar, there are certain unique properties
of these compounds which are peculiar t¢ a particular element. Many studies have
been done on the organosilicon compounds, particularly on organosiloxanes, because
they are associated with the industrially important silicones. Organosiloxane chem-
istry is unique in the sense that the Si-O-Si linkage has the peculiar dz—p=
bonding which distinguishes the silicon chemistry from that of carbon. We have little
knowledge of the particular properties associated with the M-O-M bond in organo-
germoxanes and plumboxanes. Although many kinds of organostannoxanes have been
reported?, the characteristic properties due to the Sn—-O-Sn bond have not been
made clear. Recently, Okawara pointed out® that teiraalkvl-1,3-dichlorodistan-
noxanes, CIR,SnOSnR,Cl, and tetraalkyl-1,3-bis(trimethylsiloxy)distannoxanes,
Me,SiOR,SnOSnR.0SiMe,, are dimeric in benzene soiution, and suggested the
presence of a four membered ring, due to the coordination from the oxyvgen atom
between two tin atoms of one chain to a tin atom of the other chain (see structure (1)),
taking account of the results of an N-ray analysis of tetramethyl-1,3-bis(trimethyl-
siloxy)distannoxane, which is in progress in this laboratory. Analogcus structures
were proposed later by Alleston ef al.3

In this report, we wish to report on the preparation and properties of fairly
stable compounds of the tiypes XR.,SnOSnR.,OH and XR,SnOSnaR.OR’ (X =
halogen; R = Me, Et, #-Pr or #-Bu; R’ = Me, Et) which can be derived from
XR.SnOSnR.X or R,SnX.,. Some of these compounds are soluble in organic solvents
and dimeric in benzene or in cvclohexane, and it is reasonable to assumne that these
compounds have also the similar type of dimerization. In the following paper®, the
results of the infrared spectra of these compounds are summarized ard the charac-
teristic absorpticns associated with these compounds will be discussed.

Dimeric XR.SnOSnR,.X

It has been made clear in several recent reports that the compounds of the
type R.SnO-R,SnX, are formulated as tetraalkyl-i,3-dihalodistannoxaness,
XR,5n0SnR,X, which have an Sn-O-Sn linkage in the molecule. Okawara and
Rochow? prepared the compound having the composition M=2,5n0-Me,5nCl, by the
partial hydrolyvsis of CiMe.Sn(OOCH) or ClMe,Sn(OOCTCH,), or by the reaction of
polymeric dimethyltin oxide suspended in methanol with aqueous HCl, and gave the
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distannoxane formula, CIMe SnQOSnMe,Cl, for it. Another support for this formula-
tion is that this compound has an characteristic strong absorptio.. associated with
the Sn-G-Sn bond near 600 cm-1, which is clesely related to the absorption found
in the infrared spectra of polvmeric SnO., MeSn9, ; and Me,SnO in this region®.
Later, Gibbons et @/ ® mentioned that “Bu,SnO-Bu.SnCl.” should be represented as
CIBu,SnOSnBu,Cl, because the compound can be obtained by adding water to the
ethanoi solution of Bu,SnCl, or by the oxidation of tetra-n-butyl-1,2-dichloroditin,
C1Bu.SnSnBu.Cl, by oxygen.

In general. such compounds, which are known to be dimeric in soiution, have
been prepared by the partial hvdrolyvsis of dialkyltin dihalides, R.SnX,, in a moist
pelar soivent, or by the reaction of an equivalent amount of the polymeric dialkyvitin
oxide, R,Sn0, and R.SnX. in a wet solvent!, or by the reaction of R,SnO and
aqueous HX. The compounds (Brie,SnOSnMe.Bri, and (IR.SnOSnR.I). (R = Me,
Et, #-Pr or #-Bu) cannot be obtained bv these methods rather the comresponding
hyvdroxides (XR.SnOSnR.OH), or alkoxides (XR.5nOSnR.,OR"). (R = alky] group
of the alcohol used for the solvent) are isolated instead.

Dimerie XR.SnOSnR.OH

It is found that dimeric XR.SnO3nR.LX in ether gives also dimeric XR,SnOSnR.OH
with an equivalent amount of dilute NaOH, or more conveniently with an organic
base, such as pyridine, which substitutes selectively two of the four chlorine atoms
of the starting material. The properties and the infrared spectra of such compounds,
{(XR.SnOSnR.OH)., are identical with those of the compounds reported as
H({R.SaC},GH-R.SnX.,! by Harada (see Table 2}, which were prepared by refluxing
R.SnX, and polvmeric R.SnO in 1:3 inole rutio in a wet organic solvent. The in-
consistency of the reported” melting point (130-1°C) of Et.SnO-Et,SnI(OH) with
our result for dimeric IEt.SnOSnEt.,OH might have come from the misobservation
of the mnelting point of IEt.SnOSnEt,OEt for that of hydroxide, as can be under-
steod from the fact that this alkoxide changes easily to the hydroxide. This change,
accompanied by the elevation of the melilng point and tin content, was also traced
with reference to the infrared spectra. As is seen in Table 2, these compounds show
a wide range of melting point, even after several recryvstallizations, in contrast to the
compounds shovwrn in Table 1, and seem to decompose at their melting point. The
intensityv of the infrared absorption due to the SnO-H stretching vibration does not
change even if the samples are kept for a long time below the melting point, decreases
once the sample has meltzd. These hyvdroxides do not react with carbon dioxide in a
wet or drv solvent. It is worth noting that only one compound, trimethyltin hyvdr-
oxide, has been known to have properties similar to those of these hvdroxides; it is
stabie against condensation, and caroon Jdioxide do=s not react with it to form the
carbonate in a drv solvent.

Dmreric XR.SnOSnRLOR’

This tvpe of compound is easily prepared by the partial alcoholysis of XR,Sn0SnR,LX,
or by the recrystallization of the hyvdroxide in an alcohol:

ROH
(XR.SnOSnR,OH). ——= {XR.SnOStR.OR’).
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The reaction seems to be reversible, for the reverse reaction can be carried out
by recrystallization in moist acetone or by exposing the alkoxide to moist air for a
few days. The stability of the alkoxides seems to be related to the kind of alkyl
group present: the longer the alkyl groups attached to the tin atom or the oxvgen
atom, the less stable is the alkoxide. The melting points of the fairly stable alkoxides,
which are listed in Table 3, seem to be the beginning point of decomposition, as is
in the case of (XR,SnOSnR.OH),. These alkoxides may also be understocd to be
identical with the compounds reported as R’(R.5n0O);0R’- R SnX,1.

Dinerisation by coordination of distannoxanes

As shown in Fig. 1, the soluble compounds of the types XR.SnOSnR.X,
XR,5n0OSnR.OH and Me SiOR.SnOSnR.0SiMe, are dimeric in benzene or cvclo-
hexane, but R,SnX,!, Me,SiOSnK 2 and R,SnOSnR; are monomeric in benzene. It
can be concluded from these facis that the dimerisation of distannoxanes is closely
associated with the presence of the Sn—O-Sn linkage, and further, it seems to be
an important factor in the dimerization that one electronegative element, kalogen or
oxvgen, is attached to each tin atom.

If the dimeric distannoxane of the simplest type has the structure (I), there are
two kinds of tin atoms; the tetra-coordinated and the penta-coordinated. as was
confirmed by the 11%5n NMR spectra of such compounds by Alleston ef al.2. Thus
there are two difierent kinds of X substituents on tin, which differ in reactivity as is
indicated by the existence of the fairlv stable derivatives, (XR,SnOSnR,0H), or
(XR,5n0SnR,0R'}),. For these compounds there is a possibility for the existerce
of at least two isomers (II) and (II'}, because we can find only one kind of absorption
associated with Sn—OH or Sn—-OR’, as shown in the following paper®.

R, R.
HO—Sn—0—Sn—X

A

R v
NX—Sn—0—Sn—-—-0OH

R, R,
(ID
R, R, R, R,
X—S5n—-0—Sn—X HO—Sn—0—S%n—X
X--5n—O0—Sn—X X—Sn—0—5n—0CH
R, R, R. R,
! (1T}
Ra R,

OH

X—Sn—O—Sn

HO—Sn—O—Sn—X
R, R,

43!

If the substitution reaction proceeds without serious changes in the skeletal struc-
ture shown in (I}, it is likely to assign structure (II) to these compounds, because the
tin atom which more easilv undergoes substituticn would be the penta-coordinated
one. However, we could obtain only one uniform product in our experiments, never
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twe isomers. This suggests that either one of the isomers is unstable, or structures
{II} and (I1") should be replaced by another reasonable structure.

dAdditional intra- and inier-moleculay coordination tn the dimeric distannoxanes

If we assume an additional weak intramolecular coordination from the hydroxyl
oxygen to the four cocrdinated tin atom in the dimeric distannoxane, similar to taat
occurring in dimeric trimethyltin hydroxide!? in solution, we obtain structure (I1I),
in which each tin atom is penta-coordinated. We can predict from this structure:
{1} the presence of only cne compound, but not of isomers in (XR.SnOSaR.OH), or
its alkoxides, (11) the same position at 36358-36€0 cm-! of the infrured absorption
associated with the OH stretching vibration of this compound and trimethyltin
hyvdroxide in carbon tetrachloride, (i1) the similarity in the chemical properties of
both compounds described above, such as stability toward condensation or reaction
with carbon dioxide. In the solid state, this weak intramoclecular coordination might
be changed to the intermolecular cne with an accompanying shift of OH absorption®
as in the case of trimethyltin hydroxide. '

EXPERIMENTAL

Siarting snaterials

Diaikyitin dichlorides ard di-zz-butyltin oxide were supplied from the Nitto Chemical
Co. Dimethyl-, diethyvl- and di-n-propyvltin oxides were prepared by the hydrolvsis
of dialkvitin dichloride in methano! or acetone with aqueous ammonia, and ail the
oxides were purified by washing several tires with aqueous ammonia or acetone
until the filtrate showed no reaction with silver nitrate. Dialkyvitin dibromides were
prepared by the reaction of the corresponding dialkvitin oxide with hydrobromic acid.
Dialkyvltin diiodides were kindlv supplied by Dr. Matsuda'. All the halides were
purified by sublimation, recrvstallization or distillation and identified by their melting
polnts or refractive indices.

Preparation of XR.EnO3nk X

CIR.5r05nR.Cl (R = Et, n-Pr, 1z-Bu). Diethvltin dichlcride (2.¢ g) was dissolved
in 15 ml ethanol, an equivalent amount of 0.64 g pyridine in 6 ml ethaznol beirg
added. Addition of a few drops of water to the solution caused formation of a white
precipitate {probably the pyridine complex) which dissolved on heating for a short
time on a water bath. The clear solution gave crvstals of CIEt.SnOSnEt.Cl; vield
1.9 g. The observed melting point, shown in Table 1, agreed well with that of the
complex compound reported as Et.SnO-Et.SnCL!, and the mixed melting point of
botk compounds showed no depression.

C1Me,Sr.OSrMe.Cl. The following procedure is preferred to obtain this com-
pcund with good vield. Dimethvitin dichloride (11 g} was dissolved in o ml water,
and an equivalent amount of 3.9 g pyridine in 30 ml ethanol was added slowly with
stirring; the white przcipitate produced immediatelv was washed with ethanol
repeatediv, and dried at 103°; vield 5.7 g-

BrR.SnOSaR.Br (R = Et, n-Pr, #-Bu}. Diethyltin dibromide (0.5 g) was dis-
solved in 5 m! ethanol, then 2 ml water was added, fcliowed by refluxing for 30
min. The sclution was left at room temperature overnight; white crystals of
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BrEt,SnOSnEtBr formed during this time; yield 0.2 g. However, partial hydrolysis
with pyridine in this case gave the hydroxy derivative. These compounds were also
obtained tcgether with the dialkyltin dibromide by the reaction of dialkyltin oxide
and concentrated hydrobromic acid, with a large amount of ligroin.

TABLE !
prOPERTIES oF XR.Sn0SnR_ X

M. p.L°C) €. Sn
X R
Found {Reporied) Fourd iCalculared)
Cl Me > 200 (——--)3 01.69 (61.753)
Et 175.5-0.5 (175.5)° 53-99 (53.39)
n-Pr 1212 {122)® 17-53 {47-Se)
n2-Bu 110-12 {111-12)° 42.90 {42-95)
Br Et 172-3 (170-1)b 1+4.8% (31-54)
»r-Pr 107-3 {108)® 30.50 (30.54)
n-Bu 107-8 (108)¢ 36.93 {(37.00)
s Ref. 2.
b Summarized in Ref. 1.
< Ref. 6.

All the compounds shown in Table 1 are insoluble in water, bit soluble in most
common crganic solvents, with the exception of ClMe,SnOSniie,Cl. The latter can
be dissolved in water (ca. 1 g/roo ml) with stirring for a few hours; it is sparingly
soluble in hot methanol and in hot tenzene, but insoluble in other common organic
solvents.

Preparaticsn of XR,SnOSnR,0H and XR.SnOSnR,OR’ from XR,SnOSnR,X
XR.SnOSnR.OH (X = Cl, Br; R = Et, #-Pr., #-Bu). CIEt,SzOSnEt.Cl (5 g) was
dissolved in 60 ml moist methanol, and an excess of 3.6 m! pyridine was added. The
mixture was heated on a water bath for a short time. The crystals were separated
from the solution during a few day's, and were washed with a small amount of methanol
to give crystals with m.p. 214°-217°. These were found to be a mixture of hydroxy
and methoxy compounds, but recrystallization from aqueous acetone gave the pure
hydroxy compound, as shown in Table z=. Only Cl1Bu,SnO5nBu.OH could not be
obtained by this procedure, even by prolonged refluxing, but it was obtained by the
se of an equivalent amount of dilute NaOH instead of pyridine.
ClMe.SnOSnMe,OR’ (R = H, Me). These two new compounds could be obtained
as follows. A solution of 3.8 g ClMe,SnOSnMe,Cl and 2.5 ml pytidine in y00 ml hot
methanol was refluxed for two hours. Methanol was distilled off under reduced
pressurz, and the product was recrvstallized again from methanol, yvielding 2.4 g
(rhombic crystals) of CIMe,SnOSnMe,OMe. The crushed powder of this compound,
after standing for a few dayvs at room temperature, gradually changed into
C1Me,SnOSnMe.OH, which was obtained only by this procedure.

Preparation of IR,SnOSnR.OH and IR,SnOSnR,OR’ frem R,Snl, (K. Taniguchi)
The iodides shown in Tables 2 and 3 can be prepared ccnveniently from dialkyitin
diiodide. The following prccedure is also useful to prepare BrMe,S5nOSnMe,OR’
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{R = H, Me) from dimethyltin dibromide. The solution of 2.0 g diethyltin diiodide
and 0.6 g pyridine in 15 ml moist ethanol (or methanol) was heated below its boiling
poirnt for a short time. The solution yielded crystals in a few days. Recrystallization
from ethanol (or methandl) gave IEt,SnOSrE#,OEt {or IEt.SzOSnEt.OMe) shown
in Table 3. The crushed powder of these coinpounds on expusure to the air for a
few days at room temperature, changed into the hydroxide, which was characterized

TABLE 2

PROPERTIES OF NR.SnOSnR.OH

3M.p.°C; o, Sn “C S0 H
X R Feurd Four Feurnd Pc-.nJ
{Reporied,” fCalcalazedi (Caleuiazad) (Calenlazed
Ci Me > 220 64.76 13.¢6 3.50
(64.506) (13.13} (3-5%}
Et 218~ 50.i7 22.50 5.1%
(z15-17) (56.24) 22.706}) (5.02)
~-Pr 175-94 49.62 29.79 5.13
(4904 (30.13) {0.11}
»-Bu 1Co-21 14-33 36.33 7.03
(33-43) (35.97) (5.93)
Br M= > 220 57-09
~—-) {57-34)
Et 204-12 50.33
{2c6-185}) {50.53}
2-Pr 172-33 45-39
(15-32}
=-Bu i13-28 30.95
(41.02)
i e > 220 31.938 10.6 2.9z
(-—-} (5190} (10.50}) {z.80}
=t 195-2¢c3 4925 18,67 3.08
{205-13} {46.23) (13.71) (5.52)
2-Ir 175-92 $1.77 25.40 5.03
{153-203) +1.67) {25.30} {3.13}
-Bu 134-40 37.99
(37.94}
* Regported value as H{R,SrO};OH-R.SnX. in Ref. 1.
TABLE 3
PROPERTIES OF NR.SnOSnR.OR”
e C Sn
Ay ] R ——— -
Frund FRXeparies. Feund LCalvuloted;
Ct Me Me ca. 2co 62 {62.37)
Ct E: Me LN 34 (54-43)
Br A e ca. 2¢cc (- -~} 35.60 {55.03)
i M Me 220 {— == 50.35 {5¢.35}
I- Me Et 210 {215-1% 1392 {38.90}
I Et e 135 15.22 (45.00}
I E: Et 42 (137-93) 44-12 (33.54)

* Reported vaite as R'(R.Sn0)},OR’-R,SuX, in Ref. 1.
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by analysis for tin, the change of melting point, and especially of the infrared ab-
sorption spictrum: appearance of a new band due to Sr.O-H near 3500 cm—* and
disappearance of a strong band associated with SnO-C near 10f0 em-1.

Preparation of R.;SnOSnR, (R = #-Pr, n2-Bu)

These compounds were prepared by the hvdrolysis of trialkyltin acetates and
identified by the analysis of tin or by the refractive indices. Pr.SnOSnPr,: i =
1.4927. (Found: Sn, 16.43. T, .H,.0Sn Calcd.: Sn, 46.37%.) Bu,SnOSnBu;: nf =
1.4880 Reported?! 1.4872).

Determination of molecular wright

The molecular weight of XR.Sr.OSnR. X (X = Cl, R = Et, n-Pr, n-Bu; X = Br,
R = #-Bu), XBu.SrOSaBu.OH (X =], I} and R SrCSnR; (R = n-Pr, #-Bu)
were determired cryvoscopically in benzene. Some representative reselts are shown in
Fig. 1 together with that for Me SiOMe,SnOSnMe,OSiMe,'2 in cyclohexane.
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F°z. 1. Degrec of polymerization of distannoxanes.
ClBu.SnO3nBu.Cl (in benzene);
[Bu.SnOSnBu,OH (in benzene):

Me, SiOMel Sn0O5SnMe, 0SiMe, {in cyclohexanc);
Bu,ySnOSnBu, (in benzene).

O W o

Amnalysis of froducts

The gravimetric analyvses for tin were conducted as descrited elsewhere!. Those of
the bromides, however, gave too low values by this method. The successful results
shown in Tables 1-3 were obtained by adding concentrated H,S0, and an additional
few drops of concentrated HNOQj to the sample, letting the mixture stand for ore day,
and then following tihe same procedure as was used for the other cornpounds. Carton
and hyvdrogen analvses were performed by the Schwarzkopf Microanalytical La-
boratory, Woodside, N.Y.
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SUMMARY

Distannoxane derivatives of types XR.SnOSnR.OH and XR.SnOSnR.,OR’ were
mainlyv prepared from XR.,SnOSnR,X. The preparation and properties of nineteen
compounds, of which nine are new compounds, are described. These compounds were
fourd to be dimeric in solution. Dimerization of these distannoxanes resuits by the
pairing of twe Sn—0O-Sn bonds to {crm a four-membered ring, in which two kinds
of tin atoms, tetra- and penta-coordinated, are involved. In the two tvpes of
derivatives discussed, it is suggested that an additional intramolecular coordination
within the dimer or intermolecular coerdination in the solid from each oxyvgen atom
of the GH or OR” group to each tetra-coordinated tin atom is possible. In this way
we have 2ll Hin atoms penta-ccordinated. and we can interpret the peculiar stability
of the Sn—-CH toward conden:satinon and the absence of isomers in these derivatives.
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