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The pathway and degree of metallation of polymers were studied depending on the the
conditions (temperature, concentration, nature, and component ratio) of metallation of
poly(1�trimethylsilylprop�1�yne) (PTMSP) and poly(vinyltrimethylsilane) (PVTMS) by
superbases, viz., BunLi and BusLi, in combination with potassium tert�pentyl oxide (PetOK).
For the BunLi—PetOK system (1 : 3), the yield of modified PTMSP reached 90%. In the case of
PTMSP, only the Me groups at the double bonds and at the Si atoms undergo metallation,
whereas only the Me groups at the Si atoms are metallated in PVTMS. The kinetics of
metallation with the BunLi—PetOK system was studied.
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Polymers containing functional groups find use as ma�
terials for semiconductor devices, optical fibers, optical
discs, photomaterials, biologically active compounds,
catalysts, chromatographic media, antioxidants, etc.1

Functional derivatives containing the acidic —COOH
or —SO3H groups are of particular interest. These com�
pounds can be used for the preparation of proton�con�
ducting membranes for fuel cell systems. Poly(1�trimethyl�
silylprop�1�yne) (PTMSP) exhibits the record vapor and
gas permeability of all the known polymers. Hence, one
would expect that the introduction of functional groups
into this polymer will essentially improve its separating

characteristics without substantial loss of permeability,
which is of importance for the membrane vapor and gas
separation systems.2,3 The preparation of derivatives of
poly(vinyltrimethylsilane) (PVTMS), which also belongs
to highly permeable glassy polymers,4 is of considerable
interest.

However, because of low reactivities of PTMSP and
PVTMS, direct (one�step) chemical modifications of these
polymers proceed in low yields and are accompanied by
substantial polymer degradation.5,6 The two�step chemi�
cal modification consisting in the metallation of the poly�
mer followed by the replacement of the metal atom with
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the functional group could give better results due to
the presence of rather acidic hydrogen atoms in these
polymers.7—9

In the two�step modification of PTMSP with the use
of BunLi as the metallating agent in a polar medium or in
a hydrocarbon medium in the presence of electron do�
nors,10—14 the degree of substitution (α) in PTMSP for
the trialkylsilyl groups was at most 0.15—0.20 (mole of
the functional groups per mole of the repeating unit of
PTMSP) even if the metallating agent was taken in a
2—3�fold excess. The degree of substitution achieved in
the modification of PVTMS7 with the use of BusLi was at
most 0.12—0.15 as well.

In the present study, we used highly reactive metal�
lating agents, viz., superbases, which are also efficiently
used for polymer modifications15—19 and in organic syn�
thesis.20—33 Superbases16—19 are complexes of organo�
lithium compounds with alkoxides (Na, K, Rb, Cs), which
metallate in situ a substrate to form a complex of the
metallated substrate. Superbases for these purposes pos�
sess high reactivities (comparable with reactivities of or�
ganometallic compounds (Na, K, Rb, Cs)) and exhibit
high stability comparable with that of organolithium com�
pounds.21

In the present study, we examined metallation of
PTMSP and PVTMS with the aim of searching for the
optimum conditions of the process, revealing the direc�
tion of metallation, and controlling the reaction pathway.

Results and Discussion

Metallation of PTMSP was carried out with the use of
the BusLi or BunLi complexes with potassium tert�pentyl

oxide (PetOK) taken in a ratio of 1 : 1 or 1 : 3. We chose
alkoxide PetOK as the second component because both
the superbases and metallated substrates are well soluble
in hydrocarbon media. For comparison, PTMSP was
metallated with BusLi and BunLi in polar (THF) and
hydrocarbon media (cyclohexane, in the case of the com�
plex with TMEDA). The efficiency of metallation was
estimated from the change in the weight after the reac�
tions of the metallated polymer with electrophiles. The
direction of metallation was determined by 1H and
2H NMR spectroscopy.

Quantification of the metallation process. The results
of quantification of the metallation process of PTMSP
(after the introduction of the Me3Si and Me3SiCH2
groups) for different systems are given in Table 1. The
data presented in Table 1 are averaged over several ex�
periments, each experiment being repeated at least two
times (deviations from the average values are ≤5%). We
used Me3SiCH2Cl for the quantification of the metallation
process because Me3SiCl does not react with PTMSP
metallated under the action of BusLi�based systems in a
hydrocarbon medium. The reaction mixtures with sys�
tems based on BusLi (involved in either a superbase or a
complex with TMEDA), unlike those with BunLi�based
systems, remained colored for more than one�and�a�half
month after the addition of Me3SiCl. In this case, prod�
ucts of the reaction of the metallated polymer with
Me3SiCl were not generated at all. However, metallation
of PTMSP with the above�mentioned systems occurred,
as evidenced by the development of the color of the reac�
tion mixture and by the reactions of the polymer, which
was metallated with these metallating agents, with CO2
and D2O (confirmed by IR and 2H NMR spectroscopy).

Table 1. Degree of PTMSP metallationa after the  insertion of the Me3Si (I) and Me3SiCH2 (II) groups

Metallating Medium Т/°С PTMSP : MA α Y b (%)
agent (MA)

I II I II

BunLi THF 0 1 : 1 0.01 —c 1.0 —c

1 : 2 0.02 —c 1.0 —c

BunLi—TMEDA Cyclohexane 65 1 : 1 0.02 —c 2.0 —c

(1 : 1) 1 : 2 0.03 —c 1.5 —c

BunLi—PetOK Cyclohexane 65 1 : 1 0.83 0.73 83.0 73
(1 : 1) 1 : 2 1.56 1.23 78.0 61

BusLi THF 0 1 : 1 0.08 —c 8.0 —c

1 : 2 0.13 —c 6.5 —c

BusLi—TMEDA Cyclohexane 65 1 : 1 —d —c —d —c

(1 : 1) 1 : 2 —d —c —d —c

BusLi—PetOK Cyclohexane 25 1 : 1 —d 0.58 —d 58
(1 : 1) 1 : 2 —d 1.08 —d 54

a Time of metallation was 2 h.
b Yield of the modified polymer.
с The value was not determined.
d No gain in weight was found.
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Apparently, this behavior is attributed to the fact that
polymer complexes metallated with the above�mentioned
metallating systems did not react with rather bulky
trimethylchlorosilane due to steric hindrances. Because
of this, the efficiency of these systems was estimated based
on the reaction of metallated PTMSP with Me3SiCH2Cl,
which appeared to be less sterically hindered. Initially, it
was found that in the case of PTMSP metallated with the
BunLi—PetOK system, the reactivity of Me3SiCH2Cl was
close to that of Me3SiCl (see Table 1). Upon metallation
with the PTMSP—BusLi—PetOK system (1 : 2 : 2), the
degree of substitution was 1.08 and the yield was 54%. For
PTMSP—BunLi—PetOK (1 : 2 : 2), the corresponding
values were 1.23 and 61%, respectively.

Hence, the metallating BusLi—PetOK system also pos�
sesses rather high reactivity, although attempts to intro�
duce bulky groups with the use of this system failed. It
should be noted that metallation at lower temperatures
proceeded more successfully than those with the use of
the BunLi—PetOK superbase resulting in a decrease in
the degree of degradation of the polymer upon its modifi�
cation.

The best results were obtained with the use of the
BunLi—PetOK system (see Table 1). Metallation with
this superbase (PTMSP, BunLi, and PetOK were taken in
a ratio of 1 : 1 : 1) afforded the modified polymer in
83% yield and the degree of substitution was 0.83 (one
mole of the functional groups per mole of the repeating
unit of PTMSP).

The reactions with the use of organolithium com�
pounds as such (in the absence of PetOK) gave the prod�
ucts in very low yields (which were somewhat higher
for BusLi). Both in polar media and in the complex
with TMEDA, the degrees of substitution were at most
0.13—0.15 even when an excess of the metallating agent
was used.

It was assumed15,27 that metallation with superbases
proceeds with the formation of a complicated complex of
a metallated substrate. This complex contains both bonds,
viz., lithium alkoxide and organometallic, i.e., the reac�
tions afford a multicenter complex of the metallated sub�
strate:

R—H + PetOK + R´Li  (R—K)(PetOLi)(R´H). (1)

The structure of this complex remains unknown. It
may be considered as established that R´H is not formed
upon metallation of PTMSP with the BusLi—PetOK
superbase; otherwise, there would be no difference be�
tween the action of this superbase and the BunLi—PetOK
system. Apparently, the same is true for the reaction with
the use of the BusLi—TMEDA complex. Below is given
the assumed structure (A). In the case of metallation of
PTMSP, this structure is produced as the final organome�
tallic complex compound rather than as the proposed33

transition state of the metallation process.

Pol is a polymer.

Effects of the temperature and polymer concentration.
In the case of the BusLi—PetOK system, metallation
(which can be judged from the development of the
color of the reaction mixture) proceeded successfully
at room temperature. By contrast, metallation with
the BunLi—PetOK supebase at room temperature pro�
ceeded slowly to give the modified polymer in low yield
(≤45—55% even after 3—4 h). The rise of the temperature
to the boiling point of the reaction mixture in vacuo made
it possible to increase the yield to 83—85%. An increase
in the intensity of heating led to a decrease in the yield to
∼35%, which is attributable to either decomposition of
the complex of the metallated polymer or high degrada�
tion of the polymer chain under these conditions.

The polymer concentration is another factor, which is
necessary to control. The concentration was chosen in
such a way as to prevent an increase in the viscosity of the
reaction mixture in the course of the reaction, because
even a slight increase in the viscosity led to a decrease in
the yield to 65—75%.

Influence of the component ratio of the BunLi—PetOK
system. We searched for the optimum conditions for the
most efficient metallating BunLi—PetOK system. Two ki�
netic curves were obtained for the metallation of PTMSP
with the PTMSP—BunLi—PetOK system using the com�
ponents ratios of 1 : 1 : 1 and 1 : 1 : 3. As can be seen from
Table 2 and Fig. 1, the degree of substitution was over 2.68

Table 2. Dependence of the degree of substitution (α) and the
yield of the modified polymer PTMSP (Y )* on the reaction time
for the superbases with the BunLi—PetOK component ratios of
1 : 1 (I) and 1 : 3 (II)

Time α Y (%)

/min
I II I II

2 0.22 1.75 22 58
8 0.33 1.72 33 57
15 0.57 1.81 57 60
40 0.73 1.76 73 59
90 0.82 1.95 82 65
130 0.76 2.24 76 74
180 0.85 2.38 85 79
300 0.83 2.69 83 89

* Yields were determined from the gain in weight after the reac�
tion of metallated PTMSP with Me3SiCl.
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(one mole of the functional groups per mole of the re�
peating unit of PTMSP) when the components were taken
in a ratio of 1 : 1 : 3 (the reaction time was 5 h). This
result, which was repeatedly reproduced (see Table 2),
can be explained assuming that one molecule of the
organolithium compound forms a complex with three
molecules of potassium alkoxide. Hence, it can be
proposed that the first step of the reaction with the
BunLi—PetOK superbase using the component ratio of
1 : 3 gives rise to a complex of the superbase with the
substrate22,29 in which PetOK is involved in the metallation
reaction in a stoichiometric ratio.33

Apparently, this process involves not only reaction (1)
but also reactions (2) or (3):

3 R—H + (PetOK)3(R´Li)  (R—K)3(PetOH)3(R´Li), (2)

3 R—H + (PetOK)2(PetOLi)(R´K) 

 (R—K)3(PetOH)2(PetOLi)(R´H), (3)

because reaction (1) alone could not provide such a high
yield of the modified polymer (see Table 2).

Apparently, reaction (2) can be arbitrarily considered
as the reaction of potassium alkoxide with the substrate in
the presence of an organolithium compound.

The plot of the degree of substitution vs. the time of
metallation with the BunLi—PetOK superbase (1 : 3) has
two regions, viz., a "rapid" region where the degree of
substitution reaches 1.80—1.90 during 15—20 min and a
"slow" region where the degree of substitution approaches
2.70 in a period of a few hours. Hence, the maximum
yield of the modified polymer (∼89%) was achieved after
3.5—5 h. However, the polymer underwent substantial
degradation in this period of time. Therefore, it can be

assumed that the optimum time of modification of PTMSP
with the BunLi—PetOK superbase is 1—1.5 h during which
the yield reaches 74—76%.

It was of interest to reveal the maximum possible de�
gree of substitution in PTMSP. Considering the two most
probable directions of metallation of PTMSP, viz., at one
of the H atoms of three Me groups at the Si atom and at
one of the H atoms of one Me group at the double bond
(addition at the double bonds was considered as highly
improbable), it was expected that the maximum degree of
substitution in PTMSP would be at most 4.0. How�
ever, metallation with a sixfold excess of the superbase
(PTMSP—BunLi—PetOK = 1 : 2 : 6) led to the degree of
substitution of 4.70. It appeared that the replacement of
the second H atom in the Me group rather than the addi�
tion at the double bond occurred under drastic conditions.

Metallation of PVTMS. We did not search for the
optimum conditions for metallation of PVTMS. However,
metallation of PVTMS under the conditions, which were
optimum for PTMSP, also gave good results (Table 3).
Metallation of PVTMS with the BunLi—PetOK system
proceeded more slowly. Thus, a deep color of the reaction
mixture involving PTMSP was developed during 2—3 min,
whereas a deep color of the mixture in the reaction with
PVTMS was developed during 7—10 min. Nevertheless,
the degree of substitution for the Me3Si groups achieved
for PVTMS was 4.25 (4.70 for PTMSP). On the whole,
the yields for PVTMS were lower than those for PTMSP
at the same polymer : metallating agent ratios.

In the case of the BusLi—PetOK superbase, the color
of the reaction mixtures containing PTMSP as well as of
those with PVTMS was developed during 1—2 min. How�
ever, unlike PTMSP, PVTMS metallated with this super�
base reacted with Me3SiCl. In this case, the degree
of substitution for the PVTMS—BusLi—PetOK system
(1 : 1 : 1) was 0.43 and the yield of the modified polymer
was 43%.

The reactions of various electrophiles (Me3SiCl, CO2,
or D2O) with metallated PVTMS proceeded more rapidly
than those with PTMSP metallated under the same con�
ditions, which is indicative of the higher reactivity of
metallated PVTMS.

α

2.50

2.00

1.50

1.00

0.50

0
50 100 150 200 250 300 t/min

1

2

Fig. 1. Dependence of the degree of substitution (α) on the
reaction time for the systems with the PTMSP—BunLi—PetOK
component ratios of 1 : 1 : 1 (1) and 1 : 1 : 3 (2).

Table 3. Degree of PVTMS metallationa after the insertion of
the Me3Si groups (in cyclohexane)

Metallating Т/°С PTMSP : MA α Y b

agent (MA) (%)

BunLi—PetOK 65 1 : 1 0.79 79
(1 : 1) 1 : 2 1.55 77

BusLi—PetOK 25 1 : 1 0.43 43
(1 : 1) 1 : 2 0.82 41

a Time of metallation was 2 h.
b Yield of the modified polymer.
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Study of the direction of metallation by 1H and 2H NMR
spectroscopy. The 1H NMR spectrum of PTMSP and the
2H NMR spectrum of deuterated PTMSP are shown in
Fig. 2. The 1H NMR spectrum of PTMSP has signals at
δ 1.8 and 0.19 belonging to the hydrogen atoms of the Me
group at the double bond and hydrogen atoms of the Me
groups at the Si atom, respectively. The 2H NMR spectra
measured after metallation under drastic conditions
(PTMSP : BunLi : PetOK = 1 : 2 : 6) also have two signals.
This indicates that the substitution occurred only at two
positions in the PTMSP molecule. The above�mentioned
signals were assigned to the deuterium atoms of the Me
group at the double bond and the deuterium atoms of the
Me groups at the Si atom (signals at δ 2.2 and 0.4, respec�
tively). In the 1H NMR spectra of PTMSP, the ratio of
the integral intensities of the signals of the Me—Si and
Me—C=C groups is ∼3 : 1, which corresponds to the ratio
of the signals of nine H atoms of the Me groups at the Si
atom to the signals of three H atoms of the Me group at

the double bond. The direction of metallation was judged
from the integral intensity ratios in the 2H NMR spectra
(Table 4).

The 2H NMR spectra allowed us to estimate only the
relative amount of deuterium in particular positions. It
was impossible to determine the absolute values (by the
combined processing of the 1H and 2H NMR spectra),
because the CH2DSi/CH2DC=C ratio was often close to
the CH3Si/CH3C=C ratio (3 : 1) and, as a consequence,
the error of the determination was ±45% even if the ex�
perimental error was 5%. Hence, the degree of metallation
was estimated from the results of the reactions of the
metallated substrates with Me3SiCl and Me3CH2Cl (from
the change in the weight of the polymer) rather than from
NMR spectroscopy.

It can be seen from Table 4 that for the metallat�
ing agent : PTMSP ratio varying from 1 : 1 to 3 : 1,
the metallation of all systems proceeded at two posi�
tions. When the BunLi�based systems were used, the

3.0 2.2 1.4 0.6 –0.2 δ 3.0 2.2 1.4 0.6 –0.2 δ

1´

1 2

2´

Fig. 2. 1H NMR spectra of the starting polymers PTMSP (1) and PVTMS (2) and the 2H NMR spectra of the deuterated polymers
PTMSP (1´) and PVTMS (2´) after metallation with the BunLi—PetOK system (2 : 6).

Table 4. Estimation of the direction of PTMSP metallation from the 2H NMR spectraa

Metallating Medium Т/°С PTMSP : MA I(DCH2Si)/I(DCH2C=C)b

agent (MA)

BunLi THF 0 1 : 7 —c

BunLi—TMEDA (1 : 1) Cyclohexane 65 1 : 7 2.63
BunLi—PetOK (1 : 1) Cyclohexane 65 1 : 1 2.22

65 1 : 3 2.05
65 1 : 6 1.57

BusLi THF 0 1 : 7 0.45
BusLi—TMEDA (1 : 1) Cyclohexane 65 1 : 1 1.51

65 1 : 3 1.38
BusLi—PetOK (1 : 1) Cyclohexane 25 1 : 1 0.64

25 1 : 3 1.98

a Time of metallation was 2 h.
b I is the integral intensity of the signal.
c Attempts to record the spectra failed.
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CH2DSi/CH2DC=C ratio ranged from 2.05 (metal�
lation with BunLi—PetOK) to 2.63 (metallation with
BunLi—TMEDA) for the metallating agent : PTMSP ra�
tios varying from 1 : 1 to 3 : 1. Hence, the direction of
metallation depends only slightly on the reaction condi�
tions, the Me groups at the Si atoms being predominantly
metallated. However, taking into account that the num�
ber of the Me groups at the Si atom is three times as large
as the number of the Me groups at the double bond, the
Me groups at the double bond are, apparently, somewhat
more reactive because the ratio of the structures obtained
under all conditions (in the presence of an excess or a
deficiency of the metallating agent) was lower than 3.0.
Moreover, an increase in the excess of the metallating
agent (PTMSP : BunLi : PetOK = 1 : 2 : 6) led to a
decrease in this ratio to 1.57. The use of the estimated
degree of substitution determined for the reactions of
PTMSP, which was metallated under the same condi�
tions, with Me3SiCl (4.75) made it possible to evaluate
the degree of substitution at both positions of metallation
of PTMSP. This estimate demonstrates that the degree of
substitution of the Me groups at the Si atom is 2.9 for
three Me groups per repeating unit, i.e., the degree of
substitution of one Me group is 0.97. At the same time,
α = 1.85 for the Me groups at the double bond (one Me
group per repeating unit), i.e., the degree of substitution is
higher than unity with respect to one Me group.

In the reactions with the BusLi�based systems, the
direction of metallation depended much more substan�
tially on the conditions of metallation. Thus, α = 0.45
(predominant metallation of the Me groups at the double
bond) with the use of the BusLi—THF system, whereas
α = 1.98 (predominant metallation of the Me groups at
the Si atom) with the use of the BusLi—PetOK system.

Previously,14 it has been found that only the Me groups
at the Si atom underwent metallation in the reactions of
PVTMS with the BusLi—TMEDA. The same result was
obtained in the present study for metallation with super�
bases. A comparison of the 1H NMR spectrum of the
starting polymer PVTMS and the 2H NMR spectrum of
deuterated PVTMS (see Fig. 2) measured after metallation
in the PVTMS—BunLi—PetOK system (1 : 2 : 6) showed
that metallation also proceeded at one position. The de�
gree of substitution of one Me group (taking into account
that the degree of substitution is 4.25) obtained in the
reaction of PVTMS, which was metallated under the same
conditions, with Me3SiCl was higher than unity (1.42).

Polymer degradation. To employ the two�step chemi�
cal modification in practice, it is important that polymers
be subjected to degradation to the least extent in the course
of modification. The degree of degradation can be judged
from the change in the intrinsic viscosity [η]. The viscosi�
ties [η] of PVTMS and PTMSP before metallation and
after the reaction of the metal�containing polymer with
D2O are given in Table 5. It can be seen that PVTMS

appeared to be chemically more stable. This polymer was
subjected to a lesser degradation than PTMSP. For the
latter polymer, the decrease in the viscosity upon metal�
lation with the superbases is comparable with the decrease
in the viscosity observed in the reactions with the use of
organolithium compounds in polar media and this value
is lower than that observed upon metallation with organo�
lithium compounds involved in the complexes with
TMEDA.

Experimental

The reactions were carried out in vacuo in all�sealed glass�
ware vessels. The solvents and reagents were purified and then
vacuum�sealed in tubes. Tetrahydrofuran was distilled first over
alkali and then several times over sodium and stored over the
Na/α�methylstyrene complex. Hexane and cyclohexane were
distilled first over sodium and then over potassium. Butyllithium
(solution in hexane, 1.6 mol L–1) was used without additional
purification, and BusLi (solution in hexane, 2.5 mol L–1) was
synthesized from BusCl as described previously.34 Alkoxide
PetOK (solution in cyclohexane, 0.2 mol L–1) was prepared
from tert�amyl alcohol (Fluka), which was purified by distilla�
tion over sodium.24 All organometallic compounds were titrated
with 0.1 M H2SO4 using phenolphthalein as the indicator.
Trimethylchlorosilane and TMEDA (Fluka) were recondensed
into sealed evacuated tubes before use. Poly(1�trimethyl�
silylprop�1�yne) was synthesized in toluene in the presence of
NbCl5 as the catalyst; Mw and Mn were 299173—258739 and
177435—158927, respectively; the viscosity [η] = 0.8—1.5 dL g–1.
Poly(vinyltrimethylsilane) was synthesized in cyclohexane with
the BunLi catalyst; the viscosity [η] = 1.3 dL g–1.

The intrinsic viscosities of solutions of the polymers in tolu�
ene were determined on an Ostwald—Ubbelode viscosimeter
at 25 °C.

The direction of metallation of PTMSP and PVTMS was
judged from the 1H and 2H NMR spectra of solutions of the
starting polymers in CDCl3 (for 1H NMR) and the deuterated
polymers in CCl4 (for 2H NMR). The chemical shifts of the

Table 5. Effect of metallation on the viscosity [η] of polysilicon
hydrocarbons*

Polymer—metallating agent T/°С  [η]/dL g–1

Unmodified PTMSP — 0.53
PTMSP—BunLi (1 : 1) 0 0.41
PTMSP—BusLi (1 : 1) 0 0.35
PTMSP—BunLi—TMEDA (1 : 1 : 1) 65 0.23
PTMSP—BusLi—TMEDA (1 : 1 : 1) 65 0.25
PTMSP—BunLi—PetOK (1 : 1 : 1) 65 0.38
PTMSP—BusLi—PetOK (1 : 1 : 1) 25 0.43
PTMSP—BunLi—PetOK (1 : 2 : 6) 65 0.23
PTMSP—BusLi—PetOK (1 : 2 : 6) 25 0.31

Unmodified PVTMS — 1.30
PVTMS—BunLi—PetOK (1 : 2 : 6) 65 0.87
PVTMS—BusLi—PetOK (1 : 2 : 6) 25 0.92

* Time of metallation was 2 h.
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signals for the H and D atoms were assigned based on the signal
of CDCl3. The 1H and 2H NMR spectra were recorded on a
Bruker MSh�300 instrument (75.47 MHz); the concentration of
the solutions was 20 %. 1H NMR of the starting PTMSP, δ: 0.2
(s, 9 H, SiMe3); 1.8 (s, 3 H, H(3)).

2H NMR of deuterated PTMSP, δ: 0.5 (s, 2.9 H, H(SiMe3));
2.2 (br.s, 1.85 H, H(3)).

1H NMR of the starting PVTMS, δ: 0.03 (s, 9 H, SiMe3);
0.85 (br.s, 1 H, H(1)); 1.47 (br.s, 2 H, H(2)).

2H NMR of deuterated PVTMS, δ: 0.03 (s, 4.25 H,
H(SiMe3)).

Metallation of polymers (general procedure). A reaction ves�
sel equipped with a magnetic stirrer, an appendix with a ground
stopper, and tubes with breakable membranes containing
trimethylchlorosilane and solutions of BunLi and PetOK was
evacuated for 3—4 h and heated several times with a gas burner.
Then the apparatus was filled with dry argon and disconnected
from the vacuum apparatus. Poly(1�trimethylsilylprop�1�yne)
(0.542 g, 4.83 mmol) was placed in the reactor. The reactor was
again evacuated, heated several times with a gas burner, and
sealed off from the vacuum line. A solution of PetOK in cyclo�
hexane (25.0 mL, 0.2 mol L–1) was introduced into the reactor
through a glass membrane. The concentration of the solution
was chosen in such a way that no additional amount of the
solvent was required for dissolution of the polymer. Poly(1�tri�
methylsilylprop�1�yne) was dissolved with vigorous stirring and
heating for ∼20 min, after which BunLi or BusLi (3.0 mL, solu�
tion in hexane, 1.61 mol L–1) was placed in the reactor. Hence,
the final component ratio for the PTMSP—BunLi—PetOK sys�
tem was 1 : 1 : 1. After 1—2 min, the reaction mixture turned
dark and opaque, and the dark color became deeper during the
next 20—30 min. After metallation for 2 h, a threefold excess of
trimethylchlorosilane with the respect to the total amount of
lithium� and potassium�containing compounds was added. Af�
ter several hours, MeOH was added to the reaction mixture. The
yield was 83%. The degree of substitution was 0.83.
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