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peratures have to be applied, circumstances which also
strongly bring about the homopolymerization of the ole-
fine. Thus, in the present case, i.e. when using organotin
hydrides, the danger of homopolymerization is almost
negligible and can even be eliminated completely by using
an inhibitor like hydroquinone. This is clearly of im-
portance for the realization of the reaction on a poly-
meric level.

Similar addition reactions have been realized using
acetylenic derivatives as the unsaturated partner.

R;Sn H
: /" + RySnH
R,SnH + HC:(E — C=—=C ——— R;Sn—CH,CH—SnR,
. l
R’ H/ \R . R’ -

However, the reactivity of organotin hydrides towards
a triple bond is much higher than towards a double bond :
mostly, these reactions proceed exothermally. Conse-
quently, when applying one mole of a monohydride per
mole of a one-triple-bond-containing compound only the
olefinic addition product is being formed. Similarly, when
applying two moles of a monohydride, two separate
reaction steps can he distinguished clearly, the second
one requiring more severe reaction conditions. The
second organotin group enters, as to be expected, in the
w-position with respect to the first.

Considering the foregoing explanations, the possibility
of using the present type of reaction for the synthesis of
polymers is evident. Upon reaction of an organotin di-
hydride with a di-olefine, preferably with both the double
bonds in a terminal position, linear polymers are being
formed under incorporation of the tin atoms in the main
chain®.

R
—Sn—CH,CH,—R’—CH,CH,—
R n

Taking into account the chemical stability of the tin-
carbon bond?, products of this type constitute an inter-
esting novel group of polymers.

Optimal conditions for polymer formation have been
determined for each combination of R and R’, by study-
ing both the model reactions, viz. between dihydride and
monoolefine and between monohydride and diolefine.

R
R'—CH=CH, + HSnH + CH,=CH—R’

R R

~— - R'—CH,CH,Sn—CH,CH,—R’
R

6 J.G.Nortes and G.J.M. vaN DER KERK, Rec. Trav. Chim. Pays-
Bas 80 (1961) 623. See also: N. A. ADROVA et al., Vysokomol. Soed. 3
(1961) 1041. H. NIEBERGALL, Germ. Pat. 1,086,896 and 1,087,810,
Chem. Abstr. 55 (1961) 15998'g, 16016 g.

? See e.g.: J.G.A.LuLJTEN and G.J.M. vaN DER KERK, Organotin
Chemistry, T.R.1., Greenford 1955.
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R,SnH + CH,=CH—R’—CH=CH, + HSnR,
—— R,Sn—CH,CH,~R’—CH,CH,—SnR,

It proved necessary:

a) to perform the reaction under cover of nitrogen, in
order to eliminate oxidative degradation of the or-
ganotin hydride;

b) to apply a solvent in the first step of the reaction in
order to warrant its smooth course, in particular, to
eliminate the occurrence of a disproportionation reac-
tion of the dihydride which would lead to mono- and
trifunctional hydrides. Ultimately, after evaporation
of the solvent, the reaction mass has to be heated in
vacuo.

The progress of the reaction can be determined very
easily by I. R. absorption measurements. The disappear-
ance of the very characteristic absorption peak in the
1800-1840 cm™ region (5.5 )8, originating from a
stretching vibration of the Sn-H bond, together, of
course, with the disappearance of vinyl absorption bands,
is the most clear-cut indication that the reaction has
gone to completion.

Starting from acetylenic compounds as the unsaturated
reaction partner, and making use of the earlier mentioned
marked difference in reactivity of the organotin hydride
toward double or triple bonds, two principally different
routes can be followed for polymer formation?:

a) Reaction of a diynic compound, having both the
triple bonds in a terminal position, with an organotin
dihydride in a 1:1 ratio under very mild conditions. In
this case the reaction ends after conversion of the triple
bonds into double bonds.

HgnH + HC=C—R'—C=CH — —gn—CH=CH—R'—CH=CH—]

R R n

b) Reaction of a monoacetylenic compound again in
an exactly 1:1 ratio with an organotin dihydride. Here
two reaction steps can be distinguished, viz. addition of
the dihydride to the triple bond under formation of an
olefinic organotin monohydride, the monomer for the
second step, and, subsequently, at higher temperature,
homoaddition of this monomer.

R R R ’
HSnH + HC=C — HSn—CH=CH — |—Sn—CH,—CH—
R l, R , R ,

R R |

Of course, in the first case some danger of crosslinking or
branching exists, if, by some reason or other, the two
reaction stages overlap.

8 D.R.LipE, J. Chem. Physics 19 (1951) 1605. R.Marmis-NogL
et. al., C. R. Acad. Sci. 243 (1956) 215. See also: M.C. HENRY and
J.G.NovrtEs, J. Amer. Chem. Soc. 82 (1960) 555.

9 J.G.Nortes and G.J.M. vaN DER KERK, Rec. Trav. Chim. Pays-
Bas, in press.
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CH,—CH- CH,—CH,
N / AN
Ph,SnH, + MPh, —— PhySn 7" MPh,
cH=cn’ CH,—CH,
M—Si Mp.134°C
— Ge Mp.124°C
PN
Ph,SnH, + " —— polymer +
CH,=CH—\_
/:\
N 7
/N
CH, CH,
/
CH, CH,
/
Ph,Sn SnPh, -
ICH, Cl,H, + Ph,s\n
| e NS
CH, CH, CH,—CH,
H \l l l cyclic monomer
Mp. 99 °C
AN / \)
CH, CH,
AN
CH, CH,
Sn
Ph,

cyclic trimer Mp. 277-280°C
Mol. weight 1215

The basic reaction underlying the polymer-forming
interactions just discussed, is an example of a true poly-
addition reaction. Modern anglosaxon nomenclature here
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prefers the term hydrogen transfer polymerization. The
close resemblance to the formation of polyurethane from
diols and diisocyanates is evident. In our case an active
hydrogen atom bound to tin reacts with a carbon-carbon
double or triple bond; in the other process an active
hydrogen of a hydroxyl group reacts with a carbon-
nitrogen double bond of an isocyanate.

A survey of the various combinations of reaction part-
ners investigated and the results obtained is given in
table 1 to 4. It is indicated, whether polymer formation
has been observed or mainly formation of oligomers.
Details about the polymers are given as well; viz. ap-
pearance, solubility, softening point, and average mole-
cular weight determined according to the Archibald me-
thod 2.

In general polymer-melt temperatures are quite low.
This ist not surprising after all: interchain forces will be
rather weak, because of lack of hydrogen-bonding. More-
over, the relatively large metal atoms and their some-
times bulky substituents (e. g. phenyl groups) will hamper
both Van der Waals interaction between the chains and
crystallization.

As to the formation of obviously crosslinked material,
as has been observed in a few cases when using dienic
compounds, one has to keep in mind that terminal Sn-H
groups might undergo a reductive coupling reaction with
chain Sn-R groups under the reaction conditions during
the last stage of polymer formation. This would give rise
to Sn—Sn branchings. Also exchange reactions of the
Sn—H group might occur, leading in a secondary reaction
to branchings or crosslinks.

12 W.J.ArcHIBALD, J. Physic. Chem. 51 (1947) 1204.

Table 2: Polymers from reactions of organotin dihydrides and organometallic dienic compounds

[—l;n-CH,CHz—/ﬁ\ ?—@—cn,cnz—] Appearance Polymer-melt  Soluble in M,
R =" Ph = . of polymer :emperatures
R= M= ¢
Pr Sn tough 1—3()—0» rubbery slightly crosslinked
Bu Sn hard, slightly tough- ~ 200 id.
Pr Ge tough LOO» rubbery 240 "CeHg
Pr Pb tough ﬂl rubbery slightly crosslinked
Pr; Ph(1:1)* Ge hard Ej» rubbery 250 C¢Hy
Pr; Ph(1:1)* Sn hard ﬂi» rubbery 130 id.
Ph Ge hard and brittle 110 CeHg; CHCl, 27,000
Ph Sn id, 100 id. 48,000
Ph . Pb id. 70 id. 14,000

* An equimolecular mixture of Pr,SnH, and Ph,SnH, was used.
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The more interesting representatives, e.g. the poly-
mer from diphenyltin dihydride and hexadiyne-1,5
(table 4), will be investigated further, in particular as to
their mechanical properties.

An interesting feature of new polymers, receiving
much attention nowadays, is their thermal behaviour.
This holds particularly for mixed inorganic-organic poly-
mers. A few of the samples obtained in these investi-
gations, therefore, have been subjected to a thermo-
gravimetric analysis. In such an experiment a sample is
heated in a Chevenard thermobalance under nitrogen at
a heating rate of 2.5 °C per min. Usually, temperatures are
indicated, at which 5 and 50% weight-loss respectively
have occured (T'5 o, and T5qo,). Also a comparison of the
asymptotic value of the residual weight (RW_ ) and the
percentage of ““inorganic” elements of the original poly-
mer is of interest, because it indicates, whether nearly
complete degradation to the inorganic elements has oc-
curred. These data are given in table 5.

A few remarks have to be made about the synthesis of
the organotin dihydrides. The dihydrides can best be
prepared from the corresponding organotin dihalides,
which are easily accessible, by reduction with lithium-
aluminium hydride in ether!3. Recently, also the pre-

13 A.E.FINHOLT et al., J. Amer. Chem. Soc. 69 (1947) 2692.
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paration by means of dialkylaluminium hydrides at
temperatures below 0° has been recommended 4.

The aliphatic dihydrides can be purified easily by
distillation; diphenyltin dihydride is a somewhat more
labile compound, but, if not too impure, can be distilled
also. The dihydrides have to be stored under nitrogen in
the dark at low temperature. Disproportionation, fol-
lowed by degradation, is the main cause for deterioration.

2 R,SnH, —— R,Sn -+ [SnH,]

—_— Sn + 2H2
0, or
H,0

R,SnH, R,Sn0

In addition, the hydrides are very liable to oxidation
and hydrolysis.
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