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The characteristic nature of R3SnX, i. e., its
property of combining with one or two R3SnOH
and forming R3SnOH•SnR3X or (R3SnOH)2.
SnR3X,1•2) was found first; for it 5 or 6 coordina-
tion bond linkings were first introduced to organotin
chemistry by the present author.3-1) Then this
conception is extended to the formation of many
complexcs of the type R2SnO・SnR2×2*1(Ⅰ)and

H(R2SnO)30H・SnR2×2(Ⅱ) types and, further,

to the mixed-type compound: 7)R2SnO・SnR'2×2

(Ⅲ)and H(R2SnO)30H・SnR92×2(Ⅳ), and also

(Me2SnO)2・SnMe2Cl2(Ⅴ), in which the(Sn-O)2

ring is present.3,5) Recently, Rochow et al.8)

proposed a dimeric conception for I; then
Okawara9-11) proposed one for the compound of
the Ⅰ type where X=OSiMe3 and the Ⅱ type.

The existence of Ⅲ and Ⅳ, therefore, is very

important in checking whether or not Ⅰ, Ⅱ, and Ⅴ

can be formulated by the dimeric hypothesis. The

present investigation was carried out again with
some new compounds of the R2SnO and R'2SnX3

types, and of 3R2SnO and R'2SnX2 compounds in

the R°OH(R°=alkyl)solvent.

Experimental

Preparations. 1) n-Pr2SnO.SnEt2Br27) prepared
by fusion. Both Et2SnO and n-Pr2SnBr2, as well as
n-Pr2SnO and Et2SnBr2, in an exact mole ratio of
1:1,were fused at 110℃ under exactly the same condi-

dons;amelting point of 102-103℃ was thus obtained

for the former(A)and one of 104-105℃ when crystal-

lized from n-butyl alcohol, but the latter(B)gave a

melting point of 83-84℃, which, upon its crystalliza-

tion from the alcohol, was elevated to(87→93→97)

101C. These two substances, A and B, are the same;
i. e., they gave the same amount of n-Pr2Sn upon reduc-
tion with the Na-equivalent to Br2 in liquid ammonia.12)
The process will be described later.

Other compounds of a similar type, 2) Et2SnO-
SnMe2Cl2, 3) n-Bu2SnO.Snn-Pr2Cl2, and 4) n-Bu2SnO-
SnMe2Cl2, were also prepared.

The results of the analysis of the halogen contents,
and the melting points or decomposition points are
gives in Table 1. It is interesting to note here that
n-Bu2SnO.SnMe2Cl2 (or this composition) could not
be obtained by the action of n-Bu2SnCl2 on Me2SnO
as the case of n-Bu2SnCl2 on Et2SnO.

Molecular Weight. The molecular weight of this
mixed-type compound was not determined, but those
of Et2SnO.SnEt2Br2 with higher concentrations in freez-
ing benzene were obtained as 763, 900, and 947 at
5.000, 4.000, and 3.240 (by weight %) respectively.
As has been shown above, the molecular weight de-
creases with the concentration or increases with the
dilution (just as with n-Bu2SnO.Snn-Bu2Br2,12) Et2SnI2,14)
SnCl414) and tetraalkyl ammonium halides14)). There-
fore, the compound may associate little or not at all at
a point of saturation where a crystal sppears. On the
other hand, Me2SnO•SnMe2(OAc)27) (which gives the
460 cm-1 band) indicates the reversing tendency (as
do tetraalkyl ammonium nitrates14)). Furthermore,
the molecular weight of H(Et2SnO)3OH•SnEt2(OAc)23)
increases rapidly with the lapse of time, tripling in
weight. Indeed, none of the halogen compounds in
question except n-Bu2SnO.Snn-Pr2C12 (Table 2) show
the ring (Sn-O)n band15) in the infrared spectrum.
Therefore, there remains some uncertainty in deter-
mining whether they are in a monomer form or in a
dimer on the base of these data only.*1

(Me2SnO)2•SnMe2Cl2. The electric conductivity of
this compound, formed between (Me2SnO)2 and
Me2SnCl2, was measured. From the results (Table
3), the compound may be considered to be [(Me2SnO)2.
SnMe2]Cl2, since there are three ions and it gives an
infrared 467cm-1 ring band.15) It is insoluble in
organic solvent, Therefore, the molecular weight was
not determined.
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TABLE 1. PREPARED COMPOUNDS (IN THE REACTION RATIO: 1≦1)

* Does not represent the linking nor structure but represent the reactants of R'2SnO and

R2SnX2.
** Reported melting point 109-121℃.10>

TABLE 2. IR BANDS FOUND IN THE REGION 350-800cm-1 (KBr)

Compounds I and 4 prepared in water as solvent in which OH group does not enter in their
molecules.

TABLE 3. CONDUCTANCE OF (Me2SnO)2. SnMe2Cl2 IN WATER AT 25℃(±0・01)

Reduction of H(Et2SnO)3OH.SnMe2I26) in Liquid
Ammonia. Compound (3.000g) with the Na-
equivalent to 12 in liquid ammonia gave a 1/3 equiv-
alent of (very roughly) Et2Sn (0.35 g, free from the
Me2Sn group) upon being freed by 0.5 N HCI - aqueous
alcohol (50/50 by volume). On the other hand, n-
Pr2SnO.SnEt2Br2 (3.000 g) gave n-Pr2Sn (1.0 g, free
from the Et2Sn group), but not (Cln-Pr2Sn)2 nor
(CIEt2Sn)2i Et2SnO.SnEt2Br2 (6.000 g) gave Et2Sn
(1.8g) upon a similar treatment. This may be ex-
plained as follows:

For H(Et2SnO)3OH.SnMe2I2i the same explana-
tion can be given.
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Discussion

On Formation and Stability. The linking

of R2SnO¥SnR'2X2 where R (e. g., R=n-Bu) is

larger than R' (e. g., R'=Me) usually takes place

along the model "streaming-down bridge" (e. g.,

Me2SnO-Bu2SnX2); it is somewhat difficult

against the stream•¨, and it is impossible or very

difficult to jump over one or more bridges to the

left, as shown below with the arrow (←):

where the arrow→in dicates a possibiUty of

linkings, of greater or lesser difficulty, whereas

linking←is impossible or very difficult. In

comparison, R2SnX2 (R=n-Bu) is somewhat
organic, whereas R' 2SnX2 (R'=Me) is of an
inorganic nature for solvents, causing the formation
of disporportionate products when R2SnX2 is
subjected to reaction on R'2SnO. The n-Bu2SnO-
SnMe2C12 compound clearly differes from the
mixture of n-Bu2SnO.Snn-Bu2Cl2 and Me2SnO-
SnMe2Cl2 toward heat;it melts at 95-96℃

(clearly or almost clearly) with a mild decomposi-
tion above the melting point; it gradually becomes
very opaque, perhaps because of the formation of
a mixture of the two chlorides, whereas the mixture
(in an exact mole ratio of 1: 1) melts partially at
about 102℃, giving two layers (liquid of the

former and solid of the latter), leaving the solid
of the latter on the bottom of the capillary tube
readily. A tendency more or less similar is seen
in the case of Et2SnO.Me2Cl2. When the com-
pound is heated at or near 140℃ under a reduced

pressure, it gives pure n-Bu2SnCl2 (as in the case
of n-Bu2SnO.Snn-Bu2Cl2). Therefore, the change
may take as follows:

as in the case of the liquid ammonia method de-

scribed above.

On the Migration of X2. The oxide having

the R2Sn SnR215) skeleton is affected by two

molecules of R'2SnX2, forming a new structural
product, R2SnO.SnR'2X2 (which polymerizes5)
loosely in a solvent) at a moderate dilution. In
the both X2's are unstable and, hence, may migrate
very mildly from the tin of the larger alkyltin to
the tin of the smaller alkyltin; e. g., Me2SnO-
SnEt2C12, Et2SnO.Snn-Pr2Br2, and n-Pr2SnO.Snn-
Bu2Cl2i as in the cases of the liquid ammonia treat-
ments, give Et2SnO.SnMe2Cl2, n-Pr2SnO.SnEt2Br2,
and n-Bu2SnO.Snn-Pr2Cl2i respectively. Thus, the
two reactions, that between R'2SnO and R2SnX2
and that between R2SnO and R'2SnX2, should
give only one compound as the stable product.

Therefore, the difference in the melting points of
the two products (Table 1) prepared by the two
different reactions is due to the degrees of purity.
This is shown by X-ray diffraction patterns; e. g.,
the product(mp 103℃)prepared by the action of

n-Pr2SnCl2 on n-Bu2SnO appeared to be pure,

whereas the product(mp 102℃)prepared by

the action of n-Bu2SnCl2 on n-Pr2SnO appeared to
be slightly impure. On the other hand, in the
reaction between Me2SnO and n-Bu2SnCl2 in a
solvent, the n-Bu2SnO formed in the migration of
X2 readily combines with the free n-Bu2SnX2 to
form the most stable linking products (dispropor-
tionate products). The reaction between n-Bu2SnO
and Me2SnX2 proceeds fairly normalily, giving
n-Bu2SnO.SnMe2X2. In a very dilute solution,
this mixed-type compound, the oxide, and the
halogens are freely move, giving a mixture of the
most stable compounds. The stability in question,
therefore, depends completely on the energy level
between R'2Sn- and -SnR2 in the linkings.

Mode of Formation. For the formation
mechanism of the compounds of the II type,
Davies et al.13) Proposed the following hydrolytic
mechanism:

the latter two dimerise readily in non poler solvents.

On the other hand, the present author5,6) has

proposed the following mechanism:

Fig. 1
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Fig. 2. Infrared spectral bands (Nujol).
(1) Mixture of exact mole ratio (1: 1) of
Et2SnO¥SnEt2Br2 and n-Pr2SnO¥Snn-Pr2Br2 in

owdered states. (2) Crystal obtained from n-
Pr2O and Et2¥SnBr2 (1<1) mixture in alcohol,
recrystallized. (3) Crystal obtained from exact
mole ratio (1:1) mixture (Fig. 1) in 99%
alcohol. (4) Fused substance of exact mole ratio
(1:1) mixture of n-Pr2SnO and Et2SnBr2.

Fig. 3

A: n-Bu2SnO.SnMe2Cl2
B: Mixture of n-Bu2SnO. Snn-Bu2Cl2 and

Me2SnO. SnMe2Cl2 in exact mole ratio
1:1

Fig. 4. X-Ray diffraction pattern.

A : n-Bu2SnO. McSnCl2 B: Me2SnO. Me2SnCl2- n-Bu2SnO. n-Bu2SnCl2 mixture
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If we accepted the former mechanism and applied
it to mixed type compounds, it should give (XR2Sn-
O-SnR'2OH). In fact, however, no such com-

pound was formed. However, the latter mechanism
accounts for the formation of mixed-type com-

pounds, which can be represented as follows:

which gives the free OH band11)in the case of

R°=H, R'=R.

This>SnR2X linking is possible, but improbable
judging from the results of the Na-liquid ammonia
treatment and from the formation of R2SnS and
SnR2X2 (but not XR2Sn-S-SnR2X) upon H2S
treatment; it may differ from the structure of
(Me3SiOMe2Sn)2O16) pointed out by Poller et al.17)
Very recently Davies et al.18) have prepared several
mixed-type compounds, R2SnO¥SnR'2Cl2, R2SnO¥
SnR'3Cl, R2SnO¥SnCl4, etc. They reported that
the degree of association of these compounds is
slight.

On Infrared Spectral Bands. In the region
of 800-4000cm-1, bands of n-Bu2SnO¥SnMe2Cl2
and a mixture*2 (in an exact mole ratio of 1:1)
of the two compounds n-Bu2SnO¥Snn-Bu2Cl2 and
Me2SnO¥SnMe2Cl2 are the same, but in the 400-
800cm-1 region the first compound gives bands
at 530, 558, 608, 643, 698, and 780, while the mix-
ture gives a broad band (530-570) and others
at 607, 683 and 780. In the case of n-Pr2SnO¥
SnEt2Br2, shoulder bands (Nujol) appear at 995
and 1020, but in the case of a mixture (exact mole
ratio of 1:1) of n-Pr2SnO¥Snn-Pr2Br2 and Et2SnO-
SnEt2Br2, there are sharp individual bands at 995
and 1020cm-1. These are listed in Table 2 and
illustrated in Fig. 2. For n-Pr2SnO¥SnEt2Br2, see
Fig. 3.
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*2 X-Ray diffraction analysis shows these two
substances to be quite different from each other. (Fig.
4A and B) The same is true in the case of n-Bu2SnO¥
Snn-Pr2Cl2(mp 103℃).


