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CCXV1.-A

S t u d y of Some Organic Derivatives o f Tin
Corresponding
Silicon Compounds. P a r t 11. Condensation Products o f Dih ydroxyclibenxylstcoinunc.
as Regards their Belation to the

By THOMAS
ALFREDSMITHand FREDERIC
STANLEY
KIPPING.
IThas been sliown recently (Kipping, T., 1912, 101, 2108; Robison
and Kipping, Zoc. c i t . , p. 2142) t.hat the dihydroxy-compounds of
the molecular formula SiR,(OH), are, as a rule, stable at the
ordinary temperature, but t h a t in the presence of relatively small
proportions of alkalis or acids they readily undergo condensation,
giving open-chain and closed-chain products ; diphenylsilicanediol,
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for example, gives the following series of compounds (as well as
others not yet described):
HO*SiPh2*O*SiPh,*OH
HO*SiPh,*O*SiPh,*O*SiPh2*OH
Diauhydi otlisdiphenylsilicanediol.

Triauhydrotriucli~i,llenylsilicanediol.Tetra-nnhydrotemakiscliphenylsilicanediol.

Now derivatives of tin, having the general formula SnR2(0H),,
have not hitherto been obtained. Although the existence of such
compounds might, well be premised from the known relationship
between tin and silicon, the only substances which have so far
been produced by the hydrolysis of dihalogen derivatives of th0
type, SnR2&, are certain oxides of the composition SnR20.
Further, tha nature of these oxides is quite unknown.
Judging from the fact that all the silicon compounds of the
composition (SiR,O), which have been fully investigated (Zoc. czt.)
have been shown to be fairly complex closed-chain compounds, it
would seem highly probable that the corresponding tin derivatives
have analogous structures. Since, moreover, even such moderately
complex silicon compounds as trianhydrotris- and tetra-anhydrotetr+
kis-diphenylsilicanediol are soluble in many of the ordinary organic
solvents, whereas the tin compounds (SnR,O), are insoluble, it
might be inferred that the value of n in the latter case is greater
than three or four.
The main objects of the work described in this paper were the
preparation of some dihydroxystannic compounds of t h s composition SnR2(0H),, and the study of their relation to the corresponding oxides; it was believed that the results of such an investigation
would throw some light, not only on the nature of these oxides,
(SnR,O),, but also on the interesting problems presented by the
stannic and metastannic acids.
The first point which we investigated was the possibility of
preparing dihydroxydibenzylstannane, Sn(CH2Yh)2(0H)2, by the
hydrolysis of the corresponding dichloride (Smith and Kipping, T.,
1912, 101, 2553). Although we failed to isolate the dihydroxyderivative, we obtained some evidence of its existence, and in other
respects tho results were of considerable interest.
Dichlorodibenzyls taiiriane is hydrolysed by a cold aqueous solutiou of potassium hydroxide, giving a soluble product, apparently
a potassium derivative, Sn(CH,Ph),(OK), or
Sr (CH2Ph) (0K) (0XI),
which is decomposed by carbonic or acetic acid, with separation
of a colourless solid. This substance seems to be the dihydroxy~ O m p ~ ~ Sn(CH2Ph)2(0H)z,
nd,
because, immediately after its pre-
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cipitation, like dibenzylsilicanediol (Robison and Kipping, Zoc. cit.),
i t is rapidly and completely soluble in an aqueous solution of
potassium hydroxide.
The precipitate, however, very quickly
changes; even by the time that it has been separated and washed,
it has altered to such an extent that, when left in contact with a
potassium hydroxide solution, about twenty-four hours elapse
before it dissolves completely.
This behaviour of the supposed dihydroxystannic compound is
analogous to t h a t of diphenyl- and dibenzyl-silicanediols, both of
which undergo condensation to some extent when they are precipitated from solutions of their potassium derivatives under conditions such its those just described; and although the change is
much mor0 pronounced in the c a m of the tin compound than in
those of the silicon derivatives, it seems reasonable to infer that
the three precipitated substances are all of the same type, and
undergo fundamentally similar transformations. I f so, it must be
concluded that the freshly precipitated tin compound, which, from
its method of formation and behaviour, is doubtless the dihydroxyderivative, rapidly changes into some condensation product,
analogous t o on0 of the open- or closed-chain silicon compounds
mentioned above.
On examination it was found at once that the precipitate
differed fundamentally from all the known compounds of the
composition SnR20, inasmuch as i t was readily soluble in many
organic solvents, such as benzene, ethyl acetate, chloroform, or
carbon tetrachloride; from ita solutions in all these and in several
other organic liquids, it separated in well-defined, square tablets,
which contained solvent, a.nd which, when freed from the latter,
melted a t about 254--360°.
The quantity of solvent in the
crystals deposited from the four liquids just named could be
expressed in certain molecular proportions (p. 2043).
Numerous analyses of the recrystallised, solvent-f ree substance
gave results which showed clearly that the compound was not the
dihydroxy-derivative Sn(CH2Ph),(OH)2, but which agreed with
those required by a condensation product of the latter, having the
formula :
H O Sn (CI3,Yh),* 0 Sn (CH,Ph),* 0 Sn (CH,Ph), OH.
As, however, the compositions of successive condensation products
differ but little from one another, and gradually approach very
closely t o that of the oxide, Sn(CH,Ph),O, the analytical results
were n o t so conclusive as might have been desired.
Molecular-weight determinations by the cryoscopic method in
benzene solution and also by the ebullioscopic method in chloroform solution, gave fairly concordant values of about 2700 ; these
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agree with that required by a condensation product. formed from
8 or 9 molecules of dihydroxydibenzylstannane, with elimination
of 7 or 8 inolecules of wat'er respectively. The question arises,
therefore, what weight is to be attached to these results?
Now in the case of the openchain condensation products of
diphenylsilicanediol, namely, anhydrobis- and dianhydrotrisdiphenylsilicanediol, in both of which there is some independent
eviderce, to confirm the result of the molecular-weight determinations (Kippiiig, T., 1912, 101, 2125>, the average experimental
value obtained in benzene solution was only about 30 per cent;.
higher than the calculated value; if, therefore, analogy is a safe
guide in the present instance, it would seem that the results
obtained in the case of the tin compound are also to be trusted.
This, however, is a new type of tin compound, and molecularweight determinations with tin derivatives of even an approximately similar nature have not yet been published. We therefore
examined dibenzylstannic acetate and tribenzylstannol,
Sn (CH,Ph),* OH,
in benzene solution, and found that whereas the experimental
results agreed with the theoretical value in the case of the former,
they were very much too high in that of the latter. The fact that
this relatively simple monohydroxy-derivative is so largely associated in benzene solution renders it very probable that a dihydroxycompound of the constitution :
H 0Sn(CH,Ph), 0 Sn( C q Ph),*O*Sn (CH,P h),. OH
would exhibit a similar behaviour; for this and other remons the
results of the analyses of the condensation product are clearly of
much greater importance than those of the molecular-weight determinations.
It may therefore be concluded that the tin compound in question
has the constitution just given, and is a n analogue of dianhydrotrisdiphenylsilicanediol ; in accordance with this view it is named
dianhydro t risdib e n z y/lstannanediol.
Although there may still be some doubt as to the constitution
of the compound, we believe that there is conclusive evidence that
it is an open-chain condensation product of dihydroxydibenzylstannane, and that the only point which is not quite decided is
the number of molecules of the dihydroxy-compound which have
condensed together.
This evidence is afforded by the behaviour of the compound
when it is heated and when it is treated with a solution of
potassium hydroxide. When heated alone a t about 150-170°,
o r in boiling bromobenzene solution, it is converted with loss of
the elements of water into an oxide, [Sn(C&Ph),O),,
which, like
VOL. CIII.
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all the compounds of this type, ia insoluble in all ordinary organic
solvents, even in those of high boiling point.
Some attempts were made to determine the quantity of water
formed during this transformation, but a t the temperature
required t o bring about the conversion, dianhydrotrisdibenzylstannanediol is readily oxidised, with the formation of benzaldehyde
and dibenzyl, and even when it is heated in an atmosphere of
carbon dioxide traces of these compounds are formed ; apparently
also a small proportion of the original substance is decomposed by
the water which is formed during its conversion into the oxide,
toluene being evolved. For these reasons the determinations were
only approximately correct, and although the results agreed fairly
well with those required for the conversion of a dianhydrobisdibenzylstannanediol into the corresponding oxide, they were not
altoget'her satisfactory.
The insoluble oxide is also produced when the open-chain compound is left for some time in contact. with a moderately concentrated solution of potassium hydroxide ; further, it is deposihd
as a powder, together with dianhydrotrisdibenzylstannanediol,
when a solution of the potassium derivative referred tog above, in
excess of potassium hydroxide solution, is kept for some days a t
the ordinary temperature in absence of air; also when dichlorodibenzylstannane is warmed with a concentrated solution of
ammonium hydroxide.
All these methods of formation are analogous to those by which
trianhy drotris- and t etra-anh ydrot etrakis-diphenylsilicanediol are
produced from the' open-chain condensation products of diphenylsilicanediol (Kipping, T., 1912, 101, 2136, 2138).
The oxide, [Sn(CH,Ph),O],, melts and decomposes a t 254-260°,
that is to say, at the same temperature as the open-chain compound, which obviously is converted into t-he oxide below its
melting point. The only evidence available on which to judge of
the molecular formula of the oxide being its formation from the
open-chain compound, it seems very probable t h a t the oxide is a
closed-chain condensation product of the following character :

At the same time i t is not impossible that two (or more)
molecules of the hydroxy-compound condense together t o give a
product, containing a closed chain of six tin atoms and six oxygen
atoms.
Attempts to find a solvent for the oxide led t o the discovery
that the compound is readily acted on by boiling quinoline, giving
a brown solution; from this solution a very small proportion of
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dianhydrotrisdibenzylstannanediol and a little tribenzylstannanol
were isolated, but the main product was a resin, which yielded
dichlorodibenzylstannane with acetone and hydrochloric acid.
A very small proportion of tribenzylstannanol is also formed
when dianhydrotrisdibenzylstannanediol is heated alone a t about
160° in an abmosphere of carbon dioxide, or with water at 1 8 0 O .
It is obvious from these and other instances that the hydrocarbon
radicles attached to the tin atom are highly mobile; dichlorodiphenylstannane, for example, gives triphenylstannic chloride
when i t is merely treated with sodium amalgam or with a solution
of ammonium hydroxide (Aronheim, Annalen, 1878, 194, 145),
and the compound CH,*SnO,K gives [(CH,),SnO],
when i t is
warmed with alcoholic potash (Meyer, Ber., 1883, 16, 1442).
Experiments on the hydrolysis of dichlorodiphenylstannane and
dichlorodi-p-tolylstannane failed t o give a soluble compound analogous to dianhydrotrisdibenzylstannanediol; the onIy product in
each case was a powder insoluble in all the neutral solvents which
were tried, and having the composition of the oxide.
The results described in this paper point decidedly to the conclusion t h a t dibenzylstannic oxide is a closed-chain compound of the
molecular formula [Sn(CH,Ph),O],, where n = 3 or some multiple
of 3. From analogy i t may be inferred that all the other dialkyl
or diary1 stannic oxides have a similar constitutioh. Further, our
results afford some experimental evidence in favour of the view
that the acids supposed to have the composition H,SnO, are highly
complex condensation products of stannic hydroxide, Sn(OH),, or
are mixtures of such compounds, and that the relationship between
the preparations usually known as the a- and the &acids may be
somewhat analogous to that between dianhydrotrisdibenzylstannanediol and dibenzylstannic oxide.

EXPERIM~NTAL.
Hydrolysis of Dib enzyldichlorostanname.
When finely-divided dibenzyldichlorostannane (Smith and
Kipping, T., 1912, 101, 2553) is left in contact with a cold aqueous
solution of potassium hydroxide, it gradually disappears, giving a
soluble product, which is doubtless a potassium derivative,
Sn(CH,*C,H,),(OK)2 o r Sn(CH,*C,H,),(OK) (OH). An approximately 7 per cent. solution of the alkali hydroxide seems to give the
best results ; when more concentrated solutions are used, the soluble
potassium derivative which is first formed undergoes decomposition,
an insoluble powder being deposited (see below).
From the clear alkaline solution, carbonic acid precipitates a
colourless, somewhat flocculent solid, which, immediately after its

61.2
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formation, is rapidly dissolved by a 7 per cent. solution of potassium
hydroxide. This precipitate seems to undergo quickly some progressive change; thus, by the time it has been separated by filtration,
and washed by the aid of the pump, it has altered t o such an
extent that it is only very slowly acted on by the dkali, and when
it has been air-dried it is even more slowly attacked. Comparative
experiments, under similar conditions, showed t h a t freshly
prepared, washed samples (about thirty minutes old), left in
contact with a 5 per cent. potassium hydroxide solution, disappeared a t the end of the second day, whilst the air-dried samples
required about twenty-four hours longer.
A substance, apparently identical with t h a t just described, is
precipitated when the alkaline solution of the potassium derivative
is cautiously treated with dilute acetic acid in quantity insufficient for neutralisation ; a.lso when finely-divided dibenzyldichlorostannane is triturated with a cold dilute aqueous solution of
ammonium hydroxide, fresh quantities of the solution being added
t o the product until the latter is free from halogen.

Dianhydro trisdib enz ylstanmnediol,

HO Sn (CH,P h),- 0.Sn(CH,P h),* 0Sn(CH,P h),* OH.
The product, obtained by any of the t.hree methods just described,
wahed with water, and roughly dried on porous earthenware,
turning
sinters a t about looo, and melts at about 250-260°,
slightly brown; when washed with cold ether, which removes a
small quantity of some resinous matter, the sample does not sinter
a t looo, b u t melts a t the same temperature as before; the sintering,
therefore, is doubtless due to the presence of this resinous impurity,
and not t o the loss of the elements of water. The impurity in
question is probably some product of atmospheric oxidation, as
the originally colourless precipitate turns yellow superficially on
exposure to the air. The air-dried precipitate, freed from the small
proportion of resinous matter with the aid of ether or acetone,
dissolves freely in cold benzene ; when the solution is evaporated
at the ordinary temperature, it deposits large, thick, square plates,
which contain solvent, b u t which rapidly lose it on exposure to the
air, giving a colourless powder; the latter melts a t 254-260°,
decomposing slightly, but, unlike the very finely-divided product
obtained by precipitation, it does not seem to undergo atmospheric
oxidation.
The following preparations of this compound were analysed,
some having been obtained by methods described later :
I. and 11. Different samples precipitated from alkaline solution
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with carbonic acid, fecrpstallised from benzene, and kept in a
vacuum until constant in weight.
111. A similar sample, which was washed with alcohol repeatedly
after it had been crystallised from benzene.
IV. and V. Samples prepared by decomposing dichlorodibenzylstannanediol with ammonium hydroxide solution, crystallising
from benzene, etc.
VI. Sample deposited from a solution in potassium hydroxide,
crystallised from benzene, etc. (p. 2047).
I. 0.2520 gave 0.4753 CO, and 0*1008H,O. C=51.5; H = 4 * 5 .
11. 0'2013 ,, 0.3818 CO, ,, 0.0822 H,O. c'=51.8; H = 4 . 5 .
111. 0.1549 ,, 0.2946 CO, ,, 0.0635 H,O. C=51.9; H = 4 * 5 .
IV. 0.2173 ,, 0.4133 CO, ,, 0'0871 H,O. C=51.4; H = 4 . 4 .
V. 0.1602 ,, 0.3029 CO,
0.0644 H,O. C=51*7; H = 4 . 5 .
IV. 0.1851 ,, 0.3506 CO, ,, 0.0746 H,O. @=51*6; H = 4 * 5 .
C42H4,0,Sn, requires C=51*9; €€=4*6 per cent.
As the dihydroxy-derivative would contain 50.1 per cent. of
carbon and 4.8 per cent. of hydrogen, whereas the oxide would
contain 52.9 per cent. of carbon and 4.4 per cent. of hydrogen,
i t is obvious that the compound prepared by the above-described
methods is neither of these substances, The average results agree
best with those required by an open-chain condensation product
formed from 3 molecules of dibenzylstannanediol with elimination
of 2 molecules of water, but allowing f o r the usual experimental
error, they would also agree passably with those required by the
next higher condensation product of the same type.
The molecular weight of various preparations was determined in
benzene solution by the cryoscopic method.
),

Substance.
Grams.
0.511
0.543
0.563
0'962
0.975
1'481
1.635

Solvent.
Grams.
14.8
14.6
14.8
14.8
14'6
13 '4
14 *8

At.
0.062
0.075

0.077
0'127
0-130
0.203
0.185

M.W.
2484
2482
2802
2562
2568
2666
2994

The compound is so sparingly soluble in cold phenol that this
solvent could not be employed, but some determinations were made
by the ebullioscopic method in chloroform solution.
Substance.
Gram.
0.753
0.753
0.753
0.753

Solvent.
c. c.

At.

M. W.

7 -1

0.098

7-9
8.6
9.1

0.088

2811
2816
2806
2947

0'081
0.073

As the molecular weight of a dianhydrotrisdibenzylstannanediol
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is only 969, experiments were made with dibenzylstannic acetate
and also with tribenzylstannanol in benzene and in chloroform
solutions in order to test the validity of the above results.
The acetate was examined by the cryoscopic method:
Substance.
Gram.
0.225
0.488
0-6S4

Benzene.
Grams.
12.4
12.4
12'4

At.

M.w.

0'203
0.406

427
487
505

0545
The calculated molecular weight is 419.

The tribenzylstannanol was examined by the cryoscopic and by
the ebullioscopic methods :
Snbstan ce.
Gram.

fierizene.

Grams.

At.

0.257

17.7

0'110

Substance.
Gram.

Chloroform.

0'314
0'314
0'314
0'314
0.992
0'992
0-992
0.992
0.992

6.4
7 '3
8.6
9.5
9.7
10'4
10'7
11.3
11.7

C.C.

At.

.w.

A1
660

11.w.

0 -162
0'144
0.125
0.102
0.367
0-32
0-297
0.280
0.269

786
784
759
841
727
775
813
821
813

The calculated value for the iiiolecular weight is 409.

I n view of the very high results obtained with the monohydroxyderivative, it would seem t h a t a dihydroxy-compound of the constitution of dianhydrotrisdibenzylstannanediol might also give a
very abnormal value; for this and other reasons it may be inferred
that the condensation product described above has the constitution assigned to it, and that the molecular-weight determinations
indicate association due to the presence of the two, hydroxyl groups.
Dianhydrotrisdibenzplstannaiiediol is very readily soluble in
benzene, chloroform, or carbon tetrachloride, and dissolves freely
in ethyl acetate, b u t is only sparingly soluble in cold ether or
acetone, practically insoluble in alcohol o r light petroleum, and
insoluble in water. From the first four solvents just mentioned,
and also from ethyl bromide or bromobenzene, the compound is
deposited in crystals which contain solvent. All these crystals lose
their solvent so rapidly on exposure to the air, even a t the ordinary
temperature, that the determination of their composition presents
some difficulty, more especially when the crystals are small, as are
those obtained from ethyl acetate and carbon tetrachloride solutims. I n the case of these solvents, the freshly prepared crystals
were rapidly pressed between layers of filter paper, placed in a
weighing bottle, and weighed a t intervals of about five minutes.
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A t first the loss in weight was very rapid, but as soon its the
adherent solvent had evaporated, the rate of loss suddenly diminished, and the weight of the preparation a t this break was taken
to be that of the solvent-containing crystals. The samples were
then kept under greatly diminished pressure; as the last traces
of solvent were lost only very slowly, one or two days elapsed
before a constant weight was reached.
Crystals from benzene: 0.684 lost 0.0833 or 12.2 per cent.
3C4,H,0,Sn3,5C,H, requires 12.0 per cent.
Crystals from ethyl acetate: 1.207 lost 0.1162 or 9.98 per cent.
3C,,H,,0,Sn3,4CH,*C0,Et requires 10.7 per cent.
Crystals from chloroform: 0.852 lost 0-1536 or 17.9 per cent.
3C,,H4,O,Sn3,5C'HC1, requires 17.3 per cent.
Cyystals from carbon tetrachloride: 0.920 lost 0.1567 or 17.0 per
cent.
3C,,H,i,0,Sn3,4CC1, requires 16.9 per cent.
For the reason stated above, these results are not very trustworthy, and although the compositions of the various solvent-containing crystals are expressed by the above molecular proportions,
others are not excluded.
.4 tmosph eric 0xida tion of Dial&ydro trisdib enzyls tannanediol.

As some of the open-chain condensatipn products of diphenylsilicanediol and of dibenzylsilicanediol lose the elements of water
and are converted into closed-chain condensation products when
they are heated alone at a sufficiently high temperature, it seemed
probable that dianhydrotrisdibenzylstannanediol would undergo a
similar transformation ; moreover, if the quantity of water formed
in this process could be accurately determined, the results would
afford evidence as t o the constitution of the original substance.
Now when dianhydrotrisdibenzylstannanediol, crystallised from
benzene and freed from solvent in a vacuum, is heated in the air
a t looo, although it loses in weight, the loss is far greater than it
would be if it were due to the elimination of water; thus a t the
end of two hours' heating, the loss amounted to 2.9 per cent.; a t
the end of a further six hours it was 6.4 per cent., and after six
hours more' 8.3 per cent. Even then there was no approach to a
constant weight, and although the substance had turned brown
and some of it had decomposed, i t had not been converted into the
closed-chain compound.
The' loss in weight seems, in fact, t o be entirely due to atmospheric oxidation, which results in the formation and subsequent
volatilisation of benzaldehyde and dibenzyl ; if the heating is
carried out a t about 1 1 5 O in a glass tube, oily drops, smelling
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strongly of benzaldehyde, are deposited on the colder portions of
the glass.
When the freshly-crystallised compound is freed from solvent
and heated a t looo in a stream of dried carbon dioxide, the loss in
weight is practically negligible; if, however, the same sample is
again heated (after i t has been exposed to the air) a decrease of
weight of something like 0.1 per cent. is observed, and losses of
about the same amount continue t o occur after each heating. As
this loss is approximately the same each time, and does not vary
appreciably and regularly with the period of heating, it is in all
probability due t o the effect of traces of oxygen, most of which
are probably absorbed by the powder during its exposure to the air
in the operation of weighing, etc.

Conversiom of Dianhydrotrisdib enzylstannanediol into the Oxide.
When a weighed quantity of pure dianhydrotrisdibenzylstannanediol is heated at looo in an atmosphere of dried carbon dioxide,
a calcium chloride tube attached to the apparatus does not increase
in weight appreciably, even after the substance' has been heated
during two hours. If then the temperature is raised t o about 160°
and kept between 160° and 170° for about an hour, water is
evolved, and the increase in weight of the calcium chloride tube
amounts t o about 1.7 per cent. of the weight of the original
substance; further, at this stage the soluble compound has been
almost entirely transformed into a powder, which is insoluble
in benzene. A further increase in weight of the calcium chloride
tube (about 0.1 per cent. of the weight of the original substance)
is observed i f the temperature is then raised to and kept a t
170-175O during about four hours, but) this increase is probably
not due to absorption of water.
It was thus proved that dianhydrotrisdibenzylstannanediol undergoes a profound chang3 a t about 160° with liberation of water.
Unfortunately, the quantity of water evolved during this transformation could not be accurately determined, owing to t h e fact
that towards the end of the operation, traces of oily products, as
well as water, collect in the calcium chloride tube. So far as could
be determined, the quantity was approximately 1.8 per cent. of
the weight of the substance taken; a t any rate, i t did not exceed
2 per cent. As this loss corresponds approximately with the
quantity, namely, 1-85 per cent., which would be formed in the
conversion of a dianhydrotrisdibenzylstannanediol into the corresponding oxide, the result,s of these experiments seem to confirm
the analytical data, and to show that the substance has the constitution suggested.
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Among the oily products collected in the calcium chloride tube,
dibenzyl wits identified, but doubtless the oil also contains benzaldehyde, and possibly toluene. These products seem t o result from
the action oE traces of atmospheric oxygen, which it is practically
impossible to exclude, and also from that of the water which is
formed during the transformation of the soluble compound into
the insoluble oxide; when i t is borne in mind that 1 gram of oxygen
might give rise to the formation of more than 11 grams of dibenzyl,
and that the total gain in weight of the calcium chloride tube
in the experiments just described is only about 0'03-0'04 gram,
it is obvious that a minute quantity of oxygen might vitiate the
results.

A ction

of

W a t e r o n Dianhydrotrisdibenzylstannanediol.

I n order 60 test the conclusion that the oily products obtained in
the above-described experiments are formed, a t any rate in part,
by the action of the liberated water on dihydrotrisdibenzylstannanediol, some of this substance was heated with water and a little
acetone a t 180° during eight hours in a sealed tube. The substance
had changed into a brown resin, and seemed t o be, completely
decomposed. The contents of the tube were oily, and had a
pronounced odour of toluene ; from the brown resin, which was
completely soluble in ether, and therefore free from stannic oxide,
a small proportion of dibenzyl and a considerable proportion of
tribenzylstannanol were isolated ; the presence of dianhydrotrisdibenzylstannanediol in this product could not be established.

Dib enzylstannic Ozide, [Sn(CH,Ph),O],.
The compound obtained by heating dianhydrotrisdibenzylstannanediol alone, as described above, is not quite pure; it contains,
a t any rate i n some instances, a relatively small proportion of
tribenzylstannanol, which may be extracted with boiling benzene.
The residue then consists of a practically colourless powder, which
is insoluble in benzene and in all the common solvents. A sample
was analysed with the following result:
0.1860 gave 0-3538 CO, and 0.0737 H,O. C=51.9; H=4.4.
Cl4Rl40Sn requires C = 53.0 ; H = 4.45 per cent.
This and other analyses show that the substance has the composition of a dibenzylstannic oxide; on treatment with a solution
of hydrochloric acid in acetone, it is converted, apparently quantitatively, into dichlor odibenzylst annane.
From its method of formation, and for various other reasons,
it would seem highly probable t h a t this oxide is a closed-chain
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compound, the molecule of which contains a t least three atoms
of tin.
The oxide turns yellow superficially on exposure to light and
air, and when heated in the air at about 115O i t undergoes oxidation, giving an oil, which smells strongly of benzaldehyde.

Conversion of Dia~ihydrotris~~benzy1stunnaized;iol
into the Oxide,
[Sn(CH,Ph),O],, in, Bromob enzene Solution.
As the soluble hydroxy-compound is converted into the insoluble
oxide when i t is heated alone a t about 150-160°,
i t seemed probable that this change might also be brought about by heating a
solution of the substance in some inert solvent; experiment showed
that this inference was well founded.
Dianhydrotrisdibenzylstannanediol dissolves freely in cold bromobenzene, and when the solution is allow'ed to evaporate spontaneously it deposits colourless tablets, which contain solvent and
effloresce on exposure to the air. When, however, the solution is
heated a t its boiling p o h t on a reflux apparatus, i t begins t o
deposit a colourless powder after a short time, and in the course
of about half an hour practically nothing remains in solution.
This powder is insoluble in all the common solvents, and melts
a t 254-260O;
when treated with acetone and hydrochloric acid it
gives dibenzylstannic chloride, apparently as the sole product. So
far as could be ascertained, it was identical with the oxide prepared
by heating dianhydrotrisdibenzylstannanediol alone, and an analysis
of it gave the following result:
0.1815 gave 0.3494 CO, and 0.0721 H20. C=52.43; H=4.41.
C,,H,,OSn requires C = 53.0 ; H = 4.45 per cent.

*4ction

Potassium Hydroxide Solution, o n Dianhydrotrisd'ib enzylstnnnanediol.
When dianhydrotrisdibenzylstannanediol is left in contact with
a 15 per cent. solution of potassium hydroxide during some three
days, a small proportion of it dissolves. The residue no longer
con5ists entirely of the original substance ; when washed, dried,
and treated with benzene, a part of it dissolves, and the solution
gives crystals of dianhydrotrisdibenzylstannanediol when it is
allowed to evaporate. The insoluble portion melts a t 254-260°,
gives dichlorodibenzylstannane with acetone and hydrochloric acid,
and is apparently identical with the insoluble oxide obtained by
the other methods described above. A sample of the washed,
insoluble product was ana.lysed; the result was, however, not very
satisfactory, possibly owing to the presence of occluded alkali :
0.1629 gave 0-3214 CO, and 0.0665 H,O. C=51*8; I11=4-3.
C14Hl,0Sn requires (2 = 53.0 ; H= 4.45 per cent.
of
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The filtered potassium hydroxide solution slowly deposits a colourless powder when it is kept out of contact with the air, b u t even
a t the end of several days only a small proportion of the dissolved
matter has been precipitated. The precipitate consists of a, mixture
of dianhydrotrisdibenzylstannanediol and the insoluble oxide, which
may be separated from one another in the usual manner.
The above-described alkaline solution, which doubtless contains
the potassium derivative of dibenzylstannanediol, behaves in a
manner analogous to that of an alkaline solution of diphenylsilicanediol ; in both cases a mixture of condensation products of
the diol is slowly deposited from the solution.
The insoluble oxide is also formed when dichlorodibenzylstannane
is warmed with a concentrated aqueous solution of ammonium
hydroxide ; the colourless powder which is thus produced contains
a small proportion of dianhydrotrisdibenzylstannanediol, which is
easily removed with the aid of benzene.
The insoluble oxide may be partly transformed into dianhydrotrisdibenzylstannanediol with the aid of a 15 per cent. solution of
potassium hydroxide ; when left in contact with such a solution
during some days, a small proportion dissohes, and from the filtered
liquid dianhydrotrisdibenzylst annanediol is precipitated o n treatment with carbon dioxide.
Action of Boiling &winoline o n the Oxide.

When the insoluble oxide is boiled with quinoline, it disappears
in the course of about ten minutes, giving a solution which is
slightly coloured. If the quinoline is then separated by distill%
tion in steam, there remains a solid residue', which is soluble in
benzene. The benzene solution deposits crystals, melting a t
124-l25OJ which were identified as those of tribenzylstannanol ;
on treatment with acetyl chloride they gave tribenzylstannic
chloride. The benzene mother liquors, when diluted with light
petroleum, gave a, precipitate, from which a little dianhydrotrisdibenzylstannanediol was isolated after prolonged fractional crystallisation, but the main product was a resin, which gave impure
dichlorodibenzylstannane on treatment with acetone and hydrochloric acid.
Action of Boiling Beruyl Acetate o n ihe Oxide.

Boiling benzyl acetate attacks the insoluble oxide, and after a
very short time a colourless solution is obtained; if the solvent
is then separated by distillation in steam, there remains a colourless solid, which dissolves freely in benzene. This solution deposits
a finely crystalline powder, which melts a t about 155-170°,
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apparently without decomposing, and the melting point does not
undergo any alteration, even after repeated crystallisation from
benzene or from mixtures of acetone and benzene. On treatment
with alcoholic hydrochloric acid, this substance gave dichlorodibenzylst annane :
0.2422 gave 0.4581 CO, and 0.1007 H,O. C=51.6; H=4.6.
0.1813 ,, 0.3426 CO, ,, 0.0762 H,O. C=51*5; H = 4 - 6 .
C,,H200,Sn requires C'=51*5; H = 4 . 8 per cent.
although these percentages agree closely with those required by
dibenzyistannic acetate, Sn(CH,Ph),(OAc),, the last-named compound melts a t 136--137O, and is different in other respects from
the comppucd melting over the wide range given above. The
resultr, agree moderately well with those required by a hydroxyacetate derived from dianhydrotrisdibenzylstannanediol, and
having the const,itution :
H 0-Sn (C H2Ph) 0 Sn (CH,Ph),. 0-Sn(CH,P h) OAc,
as such a compound would contain 52.2 per cent. of carbon and
4.5 per cent. of hydrogen. As, however, the melting point was so
very indefinite, the apparently homogeneous substance may have
been a mixture; it was noti further examined.

,

Dipherhylstannic Oxide, [SnPh,O],.
Diphenylstannic oxide has been prepared and examined by
Aronheirn (Annalen, 1878, 194, 145), who obtained it by decomposing dichlorodiphenylstannane with alkalis ; as it seemed possible
that under suitable conditions the dichloride might give a condensation product analogous t o dianhydrotrisdibenzylstannanediol, we
made some experiments in this direction.
I n the fiFt place, tetraphenylstannane was prepared by the
process employed by Pfeiffer and Schnurmann (Ber., 1904, 37,
321), and this compound was then converted into dibromodiphenylstannane by treatment with bromine according to a method
described by Polis, which we carried out as follows: Tetraphenylstannane (1 mol.) is suspended in dry carbon tetrachloride, in which
it is only sparingly soluble; the liquid is heated under a reflux
apparatus, and bromine (2 mols.), mixed with carbon tetrachloride,
is then slowly dropped down the condenser. A t first the reaction
takes place very rapidly, and the colour of the halogen disappears
a t once, b u t when nearly all the bromine has been added, the solution remains reddish-brown, even after it has been boiled for some
time. When the reaction is at an end, the solution, which is quite
free from suspended tetraphenylstannane, is submitted t o distill&
tion in steam in order to remove the carbon tetrachloride and
bromobenzene. The tin compound which remains is treated with
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a solution of sodium hydroxide, and the resulting oxide is separated
by the aid of the pump, and washed with alcohol and ether. The
product is then converted into dichlorodiphenylstannane by treatment with alcohol and hydrochloric acid.
The dichloride, purified by recrystallisation from alcohol, was
cautiously hydrolysed with an ice-cold dilute solution of potassium
hydroxide. It was tlile'reby converted into a colourless powder,
and the alkaline liquid, separated by filtration, gave no precipitate
when treated with excess of carbon dioxide. I n other experiments
an alcoholic solution of the dichloride was slowly dropped into
excess of an ice-cold, well-stirred, dilute aqueous solution of
ammonium hydroxide ; the product, so far as could be ascertained,
was identical with t h a t obtained by the first method, and it was
insoluble in all the ordinary solvents.
This oxide, unlike the corresponding dibenzyl derivative, seems
to be quite unchanged when it is left in contact with a 15 per cent.
solution of potassium hydroxide, a fact which is the more noteworthy since phenyl derivatives are, as a rule, so much more
strongly acidic than benzyl derivatives of similar constitution.
The diphenylstannic oxide was also unchanged when it was boiled
with quinoline during some time.

Dichlorodi-p-tolylstannane, Sn(C,H,Me),C12.
This dichloride was prepared by methods analogous to those
used in the case of the corresponding diphenyl derivative, starting
with tetra-p-tolylstannane, which has been described by Pfeiff er
(Zeitsch. anorg. Chem., 1910, 68, 102). The tetratolyl compound
having been treahed with bromine (2 mols.) in boiling carbon tetrachloride solution, the solvent and the bromotoluene were separated
by distillation in steam, and the remaining tin compound was
treated with excess of a solution of sodium hydroxide. The washed
and dried oxide was first boiled with benzene in order to remove
any unchanged tetratolylstannane, and then converted into the
dichloride by treatment with alcohol and hydrochloric acid.
The' alcohol was then evaporated, and the dichloride extracted
with light petroleum; from this solution it was deposited in
colourless plates, which were purified by recrystallisation from the
same solvent:
0.4960 gave 0.3771 AgC1. C1=18.8.

C,4H,4C1,Sn requires C1= 19.1 per cent.
Dichlorodi-p-tolylstanncrne, like the corresponding diphenyl compound, is very readily soluble in all the ordinary organic solvents,
but it crystallises well from light petroleum; it melts a t 3840'.
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The hydrolysis of the dichloride was carried out with a solution
of potassium hydroxide and with ammonium hydroxide, exactly
as described in the case of the diphenyl derivative; the only product
which was thus obtained was a colourless solid, which did not melt
a t 300°, was insoluble in all the common solvenb, and was reconverted into the dichloride on treatment with alcoholic hydrochloric
acid :
0.1670 gave 0.3252 CO, and 0.0669 H,O. C=53'1; H=4*45.
C,,H,,OSn requires C= 52.9 ; H = 4.4 per cent.
These results seem to show t h a t the dibenzyl compound which we
have described as dianhydrotrisdibenzylstannanediol has no analogue in the diphenyl and di-p-tolyl series; there is every reason
to believe, however, that the diphenyl- and the di-1)-tolyl-stannic
oxides, like the corresponding dibenzyl compound, are closed-chain
condensation products of the respective dihydroxy-compounds.
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