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Abstract

We report a facile one-pot catalytic strategy for the synthesis of organosilicon-functionalized
polyolefins — a long-standing challenge in polymer science. This streamlined approach integrates
the hydrosilylation of polybutadiene with subsequent hydrogenation of the resulting silyl-
functionalized intermediates, all under unified reaction conditions. The developed protocol exhibits
exceptional functional group tolerance, enabling the incorporation of a broad spectrum of organic
moieties that are typically incompatible with conventional copolymerization or post-polymerization
methods. Remarkably, the degree of functionalization can be precisely tuned simply by adjusting the
stoichiometric ratio of the organosilicon reagent to vinyl groups. This level of control, versatility, and
simplicity has not been demonstrated previously in the functionalization of polyolefins. The

methodology paves the way for the tailor-made design of advanced silicon-containing polyolefins



with attractive functional groups, opening new avenues for applications in materials science, surface

engineering, and beyond.

Introduction

Polymeric materials, due to the ability to precisely adjust their properties to specific applications,
have undoubtedly become indispensable elements of our everyday life [1-2]. Among synthetic
polymers, polyolefins are one of the most important groups. The massive global production of over
400 million tons per year of more than 300 different grades of polyolefins reveals their significance
in the world economy. This is largely due to their outstanding properties including high
physicochemical resistance, ease of processability, and production from inexpensive feedstocks.
Therefore, polyolefins have found a wide range of applications in almost every field of daily life [3-
5]. However, polyolefins exhibit poor compatibility with nitrogen- or oxygen-containing compounds
and inorganic materials, as a consequence of their hydrophobicity caused by the lack of functional
groups. This limits their suitability for applications requiring good surface adhesion, toughness,
solvent resistance, or miscibility with polar group-containing polymers, and many others [6-7]. These
drawbacks can be overcome by the incorporation of even low amounts of functional groups into the
hydrocarbon backbones, which may significantly expand the number of potential applications,
making these new materials more versatile and valuable products. Nevertheless, developing a
universal and straightforward methodology for the synthesis of functional polyolefins remains a
major challenge [4, 7-8]. There are two synthetic pathways leading to functional polyolefins: direct
copolymerization of an olefin with a functional comonomer [5, 9-11] and the post-polymerization
modification [4, 6-8]. The copolymerization approach seems to be more straightforward and
economically favorable. However, not all functionalities can be easily incorporated through a
copolymerization reaction, as organic functional groups may poison the metal center, which is called
“the polar monomer problem”. Even though some particular types of catalysts are tolerant to the
presence of organic groups, the number of monomers that undergo copolymerization is strictly limited
for each catalytic system. Furthermore, each reaction system requires an individual approach and

careful selection of the catalyst, as well as precise optimization of the reaction conditions.



Consequently, the direct transfer of an optimized copolymerization methodology for one monomer
to another remains a significant challenge or is not even possible [4-7, 9-11]. In recent years, the post-
polymerization modification has gained increasing attention. This process relies on the chemical
functionalization of well-defined polymers [4, 6-8]. Since the most common polyolefins such as
polyethylene or polypropylene contain only single carbon-carbon and carbon-hydrogen bonds, any
functionalization requires the cleavage of these units which remains challenging due to high bond
dissociation energies [4, 6-8]. Nevertheless, a few strategies providing direct activation of C(sp*)-H
units have been developed. For example, Hillmyer, Hartwig and co-workers developed a protocol
based on Rh(I)-catalyzed borylation of polyolefins (PP, PEE, LLDPE) using Bopin,, followed by
oxidation of the resulting alkyl boronate esters, which resulted in the formation of hydroxyl-
containing [13-15] or polar group-bearing polyolefins [15] (Scheme 1a). Hillmyer’s group also
reported direct oxyfunctionalization of polyethylene-alt-propylene (PEP) in the presence of
[Mn(TDCPP)OACc] as a catalyst and oxone as an oxidizing agent in a biphasic reaction system
(Scheme 1b). This methodology also enabled the incorporation of hydroxyl groups to tertiary carbon
atoms and ketone functionalities but this required long reaction time [16]. Recently, Hartwig and co-
workers reported two independent methodologies leading to functionalized polyolefins. The first one
involves the use of nickel complex [Ni(MesPhen)s](BPhs):] and m-CPBA as an oxidant enabling the
hydroxylation of a wide range of polyethylenes of various microstructures and molar masses.
However, the selectivity of the process was poor, which was manifested by the incorporation of
chlorine from the solvent into the polymer chain and the formation of ester units via Baeyer-Villiger
oxidation [17]. The inconveniences were overcome by the application of ruthenium-porphyrin
catalyst [Ru(TPFPP)(CO)] and 2,6-dichloropyridine N-oxide as an oxidizing agent, which ensured
the selective formation of hydroxyl- and carbonyl-containing polyethylenes (Scheme 1c¢) [18]. This
methodology has also been successfully applied in the oxyfunctionalziation of polyisobutene (PIB)
[19]. Unfortunately, the aforementioned reactions are highly sophisticated, require the use of high
metal loading and enable the introduction of only one type of functional group. Therefore, they cannot

be considered as universal synthetic tools. Taking the above into account, the development of a



versatile, functional group-tolerant methodology for the synthesis of functionalized polyolefins is still
highly desired and is also one of the most important challenges facing synthetic polymer chemists
today. Since the C(sp’)-H functionalization and copolymerization processes have significant
limitations, novel approaches and development of innovative synthetic strategies are essential to
overcome these obstacles. We postulate that polybutadiene (PB) is an excellent precursor for the
synthesis of functionalized polyolefins due to its low cost resulting from large-scale industrial
production and high content of easily modifiable C=C bonds, which are reactive in a wide range of
various catalytic and stoichiometric reactions [21-27]. Moreover, the microstructure and molar mass
of PB can be precisely controlled through anionic polymerization [28-29]. Therefore, also in this area,
several alternative strategies leading to organofunctionalized polyolefins based on the
transformations of C=C units present in PB have been described in the literature. For example, PB
can be easily functionalized via thiol addition, but it is very difficult to control the reaction due to its
radical mechanism. This usually also leads to the formation of many side products, including the
cyclization of neighboring vinyl groups [22-23]. Barner-Kowollik and co-workers reported the
synthesis of polyolefins equipped with bromine atoms and alkoxyether groups via an electrophilic
functionalization cascade of PB containing predominantly 1,4-addition units [24]. In contrast, Tang’s
group developed a novel protocol leading to halogenated polyhydrocarbons through the addition of
Schwartz’s reagent (Cp2ZrHCI), followed by the halogenolysis of the hydrozirconated
macromolecular intermediate (Scheme 1d). Nonetheless, the efficiency of halogen incorporation into
polymer chains decreases significantly from iodine to chlorine [25]. Recently, we reported the
synthesis of functionalized polymeric precursors bearing high content of side H-Si [26] and HC=C-
Si [27] through one-pot hydrosilylation of PB with chlorodimethylsilane, followed by Red-Al®-
promoted Si-Cl reduction, or a Grignard reaction, respectively. The synthesized precursors were
successfully modified with a wide gamut of functional modifiers via transition metal-catalyzed
reactions. Unfortunately, Pt-mediated hydrosilylation of PB enabled the functionalization of only 1,2-
vinyl groups. Therefore, both the polymeric precursors and the final products still contained

unsaturated C=C units in the backbone [26-27]. Despite this, the synthesis of functionalized



polyolefins through catalytic modification of polybutadienes seems to be a much more functional
group-tolerant process compared to polymerization reaction. Unfortunately, its biggest drawback is
that 1,4-addition moieties show lower reactivity than 1,2-vinyl ones. Hence, the modification of all
unsaturated units present in the polybutadiene chain with simultaneous precise selectivity control still

remains a challenge.

In this work, we present a simple and very efficient synthetic protocol leading to functionalized,
unique polyolefins obtained on the basis of a sequence of two consecutive reactions: hydrosilylation
of polybutadiene and subsequent hydrogenation of the functionalized polymer product (Scheme 1e).
The developed approach, due to its high versatility, enables the incorporation of a wide range of
functional groups into polymer chains with precise control of the functionalization degree. Moreover,
it is particularly worth emphasizing that the presented methodology is tolerant towards the various
organic moieties introduced into the PB structure during catalytic functionalization and its subsequent
hydrogenation. It also provides direct access to novel, previously undescribed materials equipped
with desired functional groups and reactivity, which can be further exploited in tailored applications.
To the best of our knowledge on this subject, such polyolefins are not accessible via the

aforementioned polymerization, copolymerization, and post-polymerization processes.
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Scheme 1. Recent advances in the post-polymerization synthesis of functionalized polyolefins.



Results and discussion

Considering the specific chemical properties of polyolefins (polyethylene, polypropylene) resulting
from the presence of saturated hydrocarbon chains and the application potential of organofunctional
polymers of this type, we undertook work aimed at developing a versatile methodology leading to
novel functionalized polymeric materials in the simplest and the most efficient way. Since the
hydrosilylation reaction itself and the known and commonly used catalytic systems have an
extraordinary tolerance to a wide range of functional groups, it is commonly used in the
functionalization of molecular compounds and macromolecular systems both in laboratory practice
and in large-scale industrial processes (production of silane coupling agents, functionalization of
polysiloxanes, cross-linking of silicone rubbers) [30-34]. Therefore, in this work, hydrosilylation was
also selected as the main synthetic tool, enabling the introduction of organic and organometallic
functional groups into hydrocarbon chains. As a starting polymer, we chose commercially available
polybutadiene containing ~85 % of 1,2-vinyl and 15 % of 1,4-cis/trans moieties. The initial studies
relied on the hydrosilylation of PB with HSiBuMe: (1) in the presence of Pt and Rh-based complexes
(Scheme 2a), whose catalytic activity is well known [30,33,35-37]. Hydrosilylation of PB offers to
control the number of functional groups attached to the main chain by adjusting the stoichiometry
between the vinyl groups and silane, which means a maximum 85 % of the moieties in the case of the
selected starting material. For comparison, modification of polyolefins through C(sp?)-H activation

leads to the functionalization of up to several mol% [6-8, 13-19].
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Scheme 2. One-pot synthesis of polyolefin through hydrosilylation and subsequent hydrogenation.

We therefore decided to use a precise amount of 1, sufficient to functionalize 50 % of all unsaturated
groups present in PB, which is significantly more than can be achieved through C(sp?)-H activation

approaches. The reactions were monitored using real-time FT-IR spectroscopy by observing the band



corresponding to the H-S1 bond to find the most active catalysts for complete hydrosilane conversion.
Exemplary FT-IR spectra are presented in Figure 1, and the results are summarized in Table 1. The
model reaction showed that all the examined rhodium and platinum complexes turned out to be
effective hydrosilylation promoters. However, Pt-based catalysts revealed significantly higher

catalytic activity than Rh(I) complex (reaction profiles are provided in Supporting Information).
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Figure 1. Exemplary FT-IR spectra of starting mixture (PB + 1 in toluene) and postreaction

mixture.

The 'H NMR spectrum recorded for 1a confirmed the complete disappearance of the H-Si signal,
partial conversion of the unsaturated groups, and formation of a characteristic signal originating from
the formed SiCH> units, regardless of the catalyst used. It should be emphasized that only vinyl groups
were functionalized via hydrosilylation, which is consistent with the literature data [26, 27, 33].
Moreover, the ’Si NMR spectrum revealed a significant downfield shift of the peak corresponding
to 1 (from -13.06 ppm to 2.95 ppm). Therefore, NMR analysis clearly confirmed the successful
functionalization of PB with 1. Furthermore, the GPC analysis showed that the Pt-catalyzed reactions
had no influence on the polymer dispersity index () in contrast to the rhodium-promoted reaction,
which was demonstrated by an increase in the D value from 1.44 to 2.29. This indicates that the Rh(I)-
catalyzed hydrosilylation could be accompanied by side processes such as crosslinking or chain
scission. On the other hand, H>PtCls enabled complete silane conversion in the shortest time.

Therefore, Speier’s catalyst was selected for further hydrosilylation reactions.

Table 1. The results of the PB hydrosilylation with 1

Entry Catalyst Silane Reaction M, D
conv. time [g ~mol!]
[%] h:min
1 H,PtCls 99 2:30 5430 1.46
in 2-propanol®




2 Pty(dvds)s® 99 4:20 5480 1.48

3 H,PtCl¢ in 1-octanol/ 99 3:40 5450 1.46
1-octanal®

4 [{Rh(u-C)(COD)} ] 87 24:00 6320 2.29

aSpeier’s catalyst, "Karstedt’s catalyst, ‘Lamoreaux catalyst

After successful hydrosilylation tests, the next stage of the planned synthetic pathway was
hydrogenation. It should be mentioned that we recently reported systematic studies on the transition
metal-catalyzed hydrogenation of nonfunctionalized synthetic rubbers [38]. We found that H2PtCle
can promote very high hydrogenation yields, regardless of the type of PB microstructure and its
molecular weight. Based on our previous findings, HoPtCls seemed to be the best choice for the
hydrogenation reaction of partially-functionalized PBs. Thus, the post-hydrosilylation mixture
containing 1a was subsequently subjected to hydrogenation tests without any isolation procedure.
The hydrogenation trials were carried out under mild conditions, i.e. 80 °C and 10 bars of hydrogen
(Scheme 2b). The previously established hydrogenation conditions were sufficient for the complete
PB hydrogenation [38]. The results of the transition metal-catalyzed hydrogenation of 1la are
summarized in Table 2. Unfortunately, Pt catalysts did not show activity in the second step of the
synthetic route. Therefore, we then decided to increase the Pt content in the reaction system to
5x10™* Pt and 107 mol Pt per remaining C=C units. Nevertheless, in this case, HoPtCls was also found
to be inactive in the hydrogenation of partially silylated rubber. The addition of the Lamoreaux
catalyst also did not bring any positive effect. Considering the above, it seems that the presence of
the incorporated organosilicon groups has a highly unfavorable effect on the hydrogenation process,
which can be explained mainly by steric hindrance around the unsaturated units caused by the
introduced side organosilicon groups. The second reason may be the lowered C=C moieties content
responsible for the stabilization of the metal nanoparticles in the solution, while the scarcity of the
former results in metal aggregation and reduced active area of such catalyst. Therefore, the partially
functionalized PB exhibited a completely different reactivity in the hydrogenation reaction compared
to the raw polybutadiene. In view of the literature data, Rh(I) complexes are commonly known as
efficient hydrogenation catalysts. Consequently, we decided to employ [RhCI(PPh3)s] and [ {Rh(u-

CI)(COD)}2], which have proven to be highly active hydrogenation promoters of polybutadiene



rubbers [38]. Our previous studies revealed that the introduction of additional PPh; equivalents into
the reaction system is necessary to stabilize the complex in the homogeneous phase and promote the
full conversion of unsaturated units. If there is no phosphine in the hydrogenation system, the
heterogeneous metal particles precipitate. Surprisingly, the catalytic hydrogenation of the partially
silylated rubber exhibited the opposite behavior. The presence of a phosphine ligand in the reaction
system led to lower hydrogenation yields compared to the ligand-free processes (Table 2, entries 4-
10). This indicates the higher efficiency of heterogeneously-driven hydrogenation over the
homogeneous one. We postulate that the bulky organosilicon groups were responsible for the
hindered coordination of the C=C units present in the modified polymer to the rhodium center.
Moreover, [ {Rh(u-Cl)(COD)} 2] showed higher catalytic activity than commonly applied Wilkinson’s
complex, and ultimately enabled complete conversion of all unsaturated units present in 1a structure
(Table 2). This was confirmed by NMR (Fig. S7 in ESI) and FT-IR (Fig. S10 in ESI) analyses, as
well as demonstrated by a high NV factor value (Table 2). Considering the above, [ {Rh(u-C1)(COD)} 2]
was selected as most efficient a hydrogenation catalyst precursor for further experiments.
Additionally, Table 2 provides values of the a factor which describes the ratio of protons from the
saturated CH, units to all the protons in the main polymer chain. This parameter precisely
demonstrates the actual degree of polymer saturation, even if hydrogenation has not been completed.

The general formula is presented in Figure 2.

Table 2. The results of the 1a hydrogenation

Entry Catalyst M] : Hydrogenation | Hydrogenation Total N* a’
[C=C] of 1,2-units of 1,4 units hydrogenation | [%)] | [%]
mol : mol [%]" [%]" [%]”

1 H,PtCls 0.0002 - - - 48 77

2 H,PtCls 0.0005 - - - 48 77

3 H,PtCls 0.001 - - - 48 77

4 RhCI(PPh3)s 0.0005 31 13 25 60 85
+ 5eq PPh;

5 RhCI(PPh3)3 0.001 42 15 34 65 86
+ 5eq PPh;

6 RhCI(PPh3)3 0.001 53 50 52 75 90

7 [{Rh(u-C1)(COD)},] 0.0005 31 16 29 61 85
+ 5eq PPh;

8 [{Rh(p-CI)(COD)}] 0.001 99 99 99 99 | >99
+ 5eq PPh;

9 [{Rh(u-C)(COD)},] 0.0005 50 30 44 70 89

10 [{Rh(u-C)(COD)},] 0.001 99 99 99 99 | >99

* calculated on the basis of NMR integrals, N - Total conversion of the unsaturated units after second step, o
— Total saturation of the main polymer chain.
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Figure 2. The structure of the product obtained through one-pot methodology and general formula

for the a factor calculation.

Having the hydrogenation conditions established, the functionalization of PB was carried out using a
wide range of organofunctional hydrosilanes and hydrosiloxanes (Scheme 3). The selected
organosilicon modifiers contained key functional groups whose introduction into the polymer chain
should significantly change the physicochemical properties of obtained macromolecular materials or

enable their further transformations [39-42].
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Scheme 3. One-pot synthesis of polyolefins through hydrosilylation of PB with functional silanes
and subsequent hydrogenation.

Moreover, the high silicon atom content can also provide additional benefits such as flame-retardant
properties and/or increased thermal resistance [43-44]. Hydrosilylations of PB with compounds 2-13
was carried out under the same conditions as in the case of the previously described model reaction.
The results are summarized in Table 3. The data presented therein indicate that the type of functional

group present in the modifier’s structure has a significant effect on the hydrosilylation process.



However, the kinetic curves of the reaction course using real-time FT-IR spectroscopy revealed that
despite the occurring structural effects, under the established conditions full conversion of the most
tested organosilicon modifiers is possible towards their incorporation into the polymer chain within
a relatively short time i.e. less than 10 hours for most compounds. However, a significantly lower
reactivity in this process was observed for compounds 7 and 12. The decreased reactivity of 12 can
be attributed to the coordination properties of the nitrile group and its interaction with the catalyst.
Moreover, a higher platinum content was required to achieve full silane conversion (Table 3, entry
13). On the other hand, a lower reactivity of 7 can be simply explained by steric hinderance caused
by triethoxysilyl groups. In general, from a practical point of view, the established conditions for PB
modification can be considered very favorable due to the relatively low temperature and short reaction
times, except for the aforementioned examples. Based on our previous studies and available literature
data, the bulkiness and electronic properties of substituents directly bonded to the silicon atom have
a significantly greater impact on the hydrosilylation efficiency compared to the substituents separated
from the HSiMe: unit [30, 35-36, 45]. Nevertheless, no universal trend was observed that could
directly describe the influence of the functional group type on reactivity. All reaction profiles
recorded by FT-IR, as well as the NMR, FT-IR, and GPC analyses of the obtained silicon-containing
polymeric intermediates (2a-13a) are available in ESI. After the successful incorporation of silanes
into PB chains, the partially functionalized polymers were subjected to hydrogenation without any
purification procedure. The second step was carried out using the previously selected [{Rh(u-
CI)(COD)}-] at a temperature of 80°C and under 10 bar hydrogen pressure. The results are

summarized in Table 3.

Table 3. One-pot synthesis of functionalized polyolefins

Entry | Silane | Hydrosilylation | Hydrogenation | Hydrogenation Total Isolated N° a’
time* of 1,2-units of 1,4 units hydrogenation yield [%] [%]
[%]” [%]” [%]” [Yo]
1 2 5:20 99 99 99 92 99 >99
2 3 9:15 99 75 93 95 96 >99
3 4 6:50 99 66 90 93 95 99
4 5 13:50 99 75 94 87 97 >99
5 6 7:20 95 75 90 86 95 98
6 7 19:40 17 0 13 - 52 81
7 8 4:15 85 36 70 - 85 95
8 8 4:15 99 68 914 87 96 99




9 9 5:50 53 14 42 - 71 89
10 9 5:50 99 76 944 85 97 >99
11 10 4:50 99 65 90 89 95 98
12 11 13:30 99 62 91 88 95 99
13 12° 20:10 0 0 0 - 48 79
14 12° 20:10 99 19 82¢ 85 91 97
15 13¢ 10:50 80 32 66 - 83 94
16 13 ¢/ 6:00 99 50 86 93 93 98

@ Reaction time required to achieve 99% conversion of silane — determined by real-time FT-IR, “calculated on the basis of NMR
integrals, N - Total conversion of the unsaturated units after one-pot synthesis, o — Total saturation of the main polymer chain, Reaction
conditions: Hydrosilylation 95 °C in toluene, 10 mol H2PtCls / mol silane, [H-Si] : [C=C] = [0.5] : [1], Hydrogenation - 80 °C, 10 bar
Ha, 18h, 0.001 mol [{Rh(u-Cl)(COD)}2]/ mol C=C, ? 5x10-* mol H2PtCls / mol silane, ¢ 2x10* mol H2PtCls / mol silane, ¢ 0.002 mol
[{Rh(u-CI)(COD)}2])/ mol C=C, ¢ 0.002 mol [RuClx(PPh3)3]/ mol C=C,/ reaction performed in o,a,0,-trifluorotoluene.

Spectroscopic analyses of the materials obtained by this protocol revealed successful syntheses of
organosilylfunctionalized polyolefins with a very low content of remaining unsaturated units. It
should be emphasized that in all reactions a total or a nearly complete consumption of 1,2-units was
observed, which was not the case in the hydrogenation efficiency of the 1,4-units. This observation
is consistent with our previous studies [38]. We noticed that only triethoxysilyl-containing
intermediate (Table 3, entry 6) and nitrile-group bearing modifier (Table 3, entry 13) showed poor
hydrogenation progress compared to the others. In contrast, the case of 7a can be explained by the
steric hindrance of the triethoxysilyl groups, which are in close proximity to C=C groups, hindering
their interactions with the catalyst. However, in the case of 8a hydrogenation, also containing a
triethoxysilyl moiety, but bonded to the main polymer chain via a disiloxane spacer, much higher
conversion of C=C units was observed. This confirms the influence of the -Si(OEt); steric effect on
the hydrogenation efficiency of C=C bonds. On the other hand, the presence of nitrile side groups in
the polymer intermediate 12a led to the deactivation of the rhodium catalyst (Table 3, entry 13). It
could be explained by the formation of stable chelates in which polymer chains bearing numerous
side nitrile act as multidonating ligands, ultimately sterically deactivating the metal center toward the
hydrogenation of C=C units. According to the literature, Ru-based catalysts exhibit catalytic activity
in the hydrogenation of nitrile rubbers [46-47]. Therefore, we applied [RuCl(PPh3);] as a
hydrogenation catalyst, which enabled full hydrogenation of 1,2-vinyl units and partial saturation of
the 1,4-moieties, ultimately achieving an 82 % total hydrogenation yield, corresponding to 97 % main
chain saturation (Table 3, entry 14). It should also be noted that the application of polar groups-
bearing modifiers resulted in lower hydrogenation efficiency, which was particularly observed for

the modifiers equipped with -Si(OEt); (8) and glycidyl (9) groups. Such oxygen-rich polymers




required higher rhodium loading to be hydrogenated. The application of 2x10~* mol Rh/C=C led to
the complete conversion of 1,2-vinyl units and higher consumption of 1,4-units, ultimately resulting
in hydrogenation yields of 91 % and 94 % for 8b and 9b, respectively. An issue was encountered in
the case of perfluorinated modifier 13, the incorporation of which resulted in the 13a separation from
toluene during the hydrosilylation. Consequently, the hydrogenation occurred in a biphasic system,
leading to only 66 % total hydrogenation of the C=C bonds. To counteract this, the catalytic test was
repeated with a fluorinated reaction medium, i.e. a,a,0-trifluorotoluene. This simple change allowed
the reaction to be carried out under homogeneous conditions and boosted the overall hydrogenation
yield from 66 to 86 %. Apart from 12a, [{Rh(u-Cl)(COD)}2] proved to be highly effective and
tolerant to functional groups. This must be underlined that the combination of hydrosilylation and
subsequent hydrogenation of PB under one-pot conditions enabled complete or near-total saturation
of the polymer C=C bonds, as evidenced by the very high a factor values (Table 3). As a consequence,
a library of novel organofunctionalized polyolefins was obtained with high isolation yields (85-95%).
All materials were characterized using 'H NMR, 2D HSQC, ¥Si NMR, FT-IR spectroscopy, and
GPC measurements. Figure 3 presents exemplary 'H NMR spectra of the starting PB, Polymer 2a,
and Polymer 2b. The spectrum of 2a showed partial conversion of unsaturated units, along with the
appearance of new characteristic peaks confirming the partial functionalization of PB with silane.
Finally, analysis of 2b (Figure 3c) revealed a complete disappearance of the olefinic peaks and an
increase of proton signals in the aliphatic range, accompanied by the creation of a new signal at ~0.8
ppm corresponding to the formed -CHj3 units. Additionally, 2Si NMR spectra (Figure 4) revealed a
disappearance of the peak located at -4.23 ppm, originating from 2, and the appearance of a new
signal at the lower field, originating from 2a and 2b, respectively. Moreover, the silicon NMR spectra
did not exhibit any additional peaks, clearly indicating a high selectivity of the hydrosilylation process
and the absence of side reactions such as dehydrogenative silylation, formation of siloxanes, or a-
isomer. The NMR spectra of all products (1b-13b) and intermediates (1a-13a) are available in
Supporting Information. The successful transformation of PB into organofunctionalized polyolefins

was also confirmed by GPC measurements. The results of GPC analysis clearly indicate an increase



in both M, and M, values when compared to starting PB, which is manifested by a shift of the
molecular weight distribution curves towards higher molar masses. The molecular weight distribution
plots of PB and selected polymers are presented in Figure 5. Furthermore, no significant change in
value of D index was observed, usually recorded P values were generally close to those of the
reference sample or slightly increased, depending on the type of incorporated functional groups.
Therefore, GPC analysis revealed neither peak multiplication nor the formation of low molecular
weight fractions which clearly confirmed high selectivity of the developed procedure with

simultaneous exclusion side reactions such as chain scission and polymer crosslinking.
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Figure 3. Exemplary '"H NMR spectra of a) PB, b) polymer 2a and c) polymer 2b
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Figure 4. Exemplary Si NMR spectra of a) 2, b) polymer 2a and c) polymer 2b
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Figure 5. Exemplary GPC Molecular weight distribution curves of PB and selected samples.

The main goal of this work was to develop a universal and functional group-tolerant methodology
allowing control of the degree of polyolefin functionalization. Our approach demonstrates the
feasibility of the incorporation of a high content of functional groups, contrary to the direct C(sp*)-H
functionalization. However, most papers on the synthesis of organofunctionalized polyolefins report
the functionalization degree up to several mol%. Therefore, selected organosilicon modifiers were
also tested in the presence of a lower hydrosilane amount than described above, namely 30 % in
relation to all unsaturated units present in the starting PB. The results are listed in Table 4.

Table 4. One-pot synthesis of functionalized polyolefins with 30%-functionalization degree

Entry | Silane | Hydrosilylation Hydrogenation Hydrogenation Total Isolated | N* a’
time* of 1,2-units [%]" of 1,4 units hydrogenation | yield [%] [%]
[%]” [%]” [Yo]
1 1 2:30 99 34 87 95 91 97
2 2 9:00 99 58 92 92 94 98
3 4 6:30 99 12 84 93 88 96
4 10 5:10 99 60 91 89 93 98

Reaction conditions: Hydrosilylation 95 °C, 10 mol H2PtCls per mol silane; [H-Si] : [C=C] = [0.3] : [1] Hydrogenation - 80 °C, 10
bar Ha, 18h, 0.001 mol [ {Rh(u-CI)(COD)}2]/ mol C=C, “ Reaction time required to achieve 99% conversion of silane — determined by
real-time FT-IR, “calculated on the basis of NMR integrals, N - Total conversion of the unsaturated units after one-pot synthesis, a—
Total saturation of the main polymer chain.

The performed experiments revealed that the number of functional groups can be easily controlled
by adjusting the ratio between organosilicon compound and vinyl groups in the PB structure. In all

cases, complete incorporation of the organosilicon modifiers into the polymer chain was observed, as




confirmed by FT-IR and NMR analyses. Additionally, these 30%-functionalized polymers
demonstrated excellent hydrogenation activity for 1,2-vinyl units, further confirming the simplicity
and universality of the developed synthetic protocol. Nevertheless, even the small amount of
remaining 1,4-units had no significant impact on the a values, and the obtained products can still be
classified as organofunctionalized polyolefins. Furthermore, NMR and GPC measurements
confirmed that the developed one-pot procedure is highly selective, as no traces of chain scission,
cross-linking, isomerization, dehydrogenative silylation, were detected.

Conclusions

In summary, an effective one-pot methodology leading to organosilicon-functionalized polyolefins
was developed. The reported synthetic protocol enabled the efficient incorporation of reactive or
specific functional groups, the introduction of which into polyolefin chains is very difficult or even
impossible using conventional and previously described copolymerization or polyolefin post-
modification techniques. This approach is highly versatile and exhibits excellent functional group
tolerance (eg. glycidyl, chloroalkyl, alkoxysilyl, silylamine, nitrile, boronate ester, alkyl, aryl and
perfluorinated chain), which in effect enables designing the properties of this type of macromolecular
materials for specific applications by introducing the desired moieties, e€.g. a combination of reactive
or inert ones. Moreover, it can be easily expanded to a variety of other organic and organometallic
units, due to the wide commercial availability of a variety of organosilicon compounds. Importantly,
the ability to precisely control the degree of polymer functionalization through reaction stoichiometry
was confirmed. We believe that the developed approach will find applications in the synthesis of
materials with precisely tailored properties. The presented methodology is based on well-known
catalysts that are commercially available, which is undoubtedly a significant advantage of the
developed synthetic protocol. Further development of the reported methodology will be focused on
finding more active catalysts simultaneously suitable for their immobilization on solid supports. This
will reduce costs, enabling the technology transfer from the laboratory to industry scale, and
ultimately, reaching the consumer market.
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