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Abstract: The first example of metal-free hydrosilylation
polymerization between dienes and disilanes is developed by
using a borane catalyst, B(C6F5)3 to replace precious transition-
metal-based systems. Under the easy-to-handle and mild
conditions, a step-growth polymerization of two readily
available diene and disilane units was achieved with high
degrees of polymerization. Various combinations of dienes and
disilanes produced polycarbosilanes with a broad range of
structures and properties.

Hydrosilylation, the insertion of Si¢H bond across unsatu-
rated bonds, such as in alkenes, alkynes, carbonyls, and imines,
is one of the most versatile reactions in chemical synthesis.[1]

The commercial hydrosilylation processes provide various
kinds of organosilicon compounds and polymers for
the applications of fluids, moldings, paper release
coatings, adhesives, paints, and ceramics.[2] The hydro-
silylation reactions have also played an important role
in the synthesis of complex functional molecules.[3]

Since the first hydrosilylation was reported in 1947,[4]

various transition-metal-based catalytic systems,
mostly platinum complexes such as KarstedtÏs and
SpeierÏs catalysts, have been utilized.[5, 6]

However, concerns on low abundance, cost, tox-
icity, and undesirable side reactions from the precious-
metal systems have been driving forces for chemists to
search for the next generation catalysts, desirably
metal-free reactions.[7, 8] This would be particularly
beneficial for high molecular weight organosilicon products,
because the metallic residue is often hard to remove from the
polymeric materials.[9] The residual metals frequently bring
complications for the applications in biology, electronics, and
optics. In addition, considering that a wide range of polymeric
products are being manufactured or fabricated under harsh

process conditions, such as extrusion, molding, etching, and
curing, the residual metals could be a cause of undesirable
polymer degradations or structural alternations.[10] While
extensive research efforts resulted promising metal-free
methods in controlled radical, ring-opening metathesis, ring-
opening polymerizations, and polysiloxane synthesis,[11] no
significant studies have been reported so far on the hydro-
silylation polymerization. In this context, continuing our
efforts on borane-catalyzed hydrosilylative reactions,[12] we
have explored transition-metal-free hydrosilylation polymer-
izations, and present herein our results on a highly efficient
B(C6F5)3-catalyzed step-growth polymerizations between
dienes and disilanes (Scheme 1).

Extensive efforts to replace precious-metal-based cata-
lysts have resulted in the development of metal-free catalytic
hydrosilylations along with earth-abundant metal catalysts.[13]

After the initial finding of B(C6F5)3-catalyzed hydrosilylative
reduction of aldehydes pioneered by Piers and Parks,[14]

several Lewis acidic main-group compounds, such as
boranes,[13a–d] silanes,[13e] and organophosphonium cations[13f]

have been reported to catalyze hydrosilylations.[15] Unlike
transition-metal catalysts which trigger the reaction by an
oxidative insertion into a Si¢H bond (Chalk–Harrold mech-
anism),[16] the electron-deficient Lewis acids, representatively
B(C6F5)3, activate a Si¢H bond via h1-coordination to add
across unsaturated bonds (Scheme 2). The difference in
activation pathways has brought distinctive reactivity and
synthetic utility between these two types of activators.[17]

The elegant independent studies of Gevorgyan et al.[13a]

and Oestreich et al.[13b] on the Lewis acidic borane-catalyzed
hydrosilylation of carbon–carbon multiple bonds and our own
investigations on the B(C6F5)3-catalyzed silylative reduction
of quinolines, nitriles, and other functionalities,[12] presup-
posed us to envision that this highly reactive catalytic system

Scheme 1. Metal-free hydrosilylation polymerization.
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could bring out a metal-free step-growth hydrosilylation
polymerization.[18] After a promising observation of quanti-
tative hydrosilylation of alkene 1a (1,4-diisopropenylben-
zene) with dimethylphenylsilane at room temperature by
B(C6F5)3 catalyst (Scheme 3 a), we started to study the
polymerization between 1a and disilane (2a) as a model
system (Scheme 3b and Table 1).

Tris(pentafluorophenyl)borane catalyst (5 mol%) in
chloroform successfully produced the desired polycarbosilane
(3a) with a high degree of polymerization from a stoichio-

metrically balanced monomer mixture, which is, to our
knowledge, the first metal-free hydrosilylation polymeri-
zation with a high molecular weight (Mn = 14.1 kg mol¢1;
Table 1, entry 1).[19] The polydispersity index (Mw/Mn = 1.90)
was close to 2.0, which is expected in a well-controlled step-
growth polymerization based on the Carothers equation.[20]

The moderate yields were due to the formation of low
molecular weight cyclic products (ca. 40%), which were
efficiently removed during the precipitation steps.[21]

While polymerization efficiency was proportional to the
catalyst loadings, molecular weight stayed in a similar range
with more than 5 mol % of B(C6F5)3 catalyst (entries 1–4).
Effects of altering the monomer ratio on the polymerization
were scrutinized (entries 5–8). Tuning of stoichiometry gave
a control of molecular weights. In addition, the resulting
productions of alkene or silane end telechelic polymers[22] are
anticipated to be useful for the construction of functional
macrostructures. In terms of reactivity, note that B(C6F5)3 is
known to promote a cationic polymerization of styrene
derivatives.[23] When B(C6F5)3 (5 mol %) was mixed with
diene 1 a solely, highly cross-linked product was quickly

formed within 5 min at room temperature
(Figure 1, left). However, when diene was
added to the solution of B(C6F5)3 and silane, the
homopolymerization of diene was fully sup-
pressed (Figure 1, right). It is believed that the
unique h1-coordination of silane to B(C6F5)3

completely prevented alkene polymerization,
while other Lewis acids, such as AlCl3, furnished
hydrosilylation products with a notable amount
of alkene polymerization byproducts.[7d, 13a]

Upon the preliminary observation that highly
reactive hydrosilylation polymerization can be
achieved by the action of B(C6F5)3 catalyst,
a series of dienes and disilanes were subjected
to the optimized conditions to furnish polycarbo-
silanes with controllable structures and proper-
ties (Table 2). Structural alternations of dienes
were first explored with 1,4-bis(dimethylsilyl)-
benzene 2a (entries 1–4). Changes of the linker

shape between double bonds in dienes did not hamper the
polymerization efficiency (entries 1–3).

However, the change of double-bond character was found
to affect the polymerization efficiency. For instance, whereas
2,2’-dialkyl substituted diene monomers are highly reactive
towards polymerizations, a non-substituted terminal diene,
1,8-nonadiene 1d, furnished only low molecular weight
oligomers with disilane 2a (entry 4). Considering the mech-
anism of the B(C6F5)3-mediated alkene hydrosilylation
(Scheme 2), the stabilization of b-silylium cation intermediate
is important to attain high reaction efficiency. Tertiary
carbocations will be formed in situ more favorably from
2,2’-dialkyl substituted dienes than secondary carbocations
from non-substituted terminal dienes, which would be
reflected in the difference in the degree of polymerization.

Assorted silanes were subsequently examined under the
borane-catalyzed polymerization conditions (entries 1 and 5–
8). 1,4-Diisopropenylbenzene (1a) was efficiently polymer-
ized with a range of disilanes or dihydrosilanes largely

Scheme 2. B(C6F5)3-catalyzed alkene hydrosilylation.

Scheme 3. a) Highly reactive B(C6F5)3-catalyzed hydrosilylation and b) hydrosilylation
polymerization.

Table 1: Optimization of the B(C6F5)3-catalyzed hydrosilylation polymer-
ization.[a]

Entry 2a
[equiv]

B(C6F5)3

[mol%]
Mn

[b]

[kgmol¢1]
Mw/Mn

[b] Yield[c]

[%]

1 1.00 5 14.1 1.90 54
2 1.00 1 11.7 2.00 54
3 1.00 3 13.4 2.01 54
4 1.00 10 14.1 1.88 50
5 0.90 5 5.9 1.99 49
6 0.95 5 7.2 1.83 41
7 1.05 5 8.9 1.77 54
8 1.10 5 6.4 1.61 49

[a] Polymerization conditions: 1a (1.00 mmol), 2a, and B(C6F5)3 in
CHCl3 (1.0 mL). [b] Determined by gel permeation chromatography
(GPC) calibrated with polystyrene standards in chloroform at 35 88C.
[c] Yield of isolated product.
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irrespective of their structural variations. Disilanes, placed
either at the para- or meta-position in the benzene backbone,
were almost equally effective for the polymerization
(entries 1 and 5). Dihydrosilanes were also successfully

applied to the current polymerization condi-
tions, and the expected polycarbosilanes were
obtained (entries 6–8). However, the polymer-
ization efficiency was slightly lower in case of
phenylsilanes (entries 7 and 8).

As shown in Table 2, a variety of polycarbo-
silanes were obtained with attractive structural
diversity simply by altering the type of dienes
and silanes under the convenient-to-perform
conditions.[2a] Glass transition temperatures
(Tg) of the obtained polymers in this study
ranged from ¢36 to 59 88C, but all products
exhibited high decomposition temperatures
(Td5) above 350 88C, thereby expecting tunable
process windows and high thermal stabilities.

Step-growth polymerization of a single mo-
nomer bearing bifunctional groups is also of
high interest.[18c] A monomer having both
olefinic and silyl groups could eliminate the
requirement of stoichiometric balance for
a high degree of polymerization. We synthe-
sized (4-isopropenyl phenyl)dimethylsilane (4)

and subjected it to the B(C6F5)3 catalytic system
(Scheme 4). We were pleased to observe that the
desired hydrosilylation polymerization furnished the

corresponding polycarbosilane 5 with high molecular
weight. It was noteworthy that even though the
B(C6F5)3 catalyst was not treated with silane before
the polymerization, no trace of poly(a-methyl sty-
rene) was observed. This result implies that the
borane, B(C6F5)3, has a higher coordination propen-
sity to silanes than to alkenes.

In conclusion, for the first time, the highly
reactive hydrosilylation of olefins by a B(C6F5)3

catalyst was successfully applied to the polymeri-
zation between dienes and disilanes, which was
previously carried out only by transition-metal
catalysts. Various dialkenes and disilanes underwent
the step-growth polymerization to produce poly-
carbosilanes with high molecular weight, excellent
thermal stability, and adjustable thermal properties.
In addition to the established merits of metal-free
catalysis, such as cost effectiveness and low toxicity,
the unique reactivity of the B(C6F5)3 catalyst dem-

onstrated expands the realm of hydrosilylation polymeri-
zations. Further studies on the expanding the diene and silane
scope as well as applications of polymers obtained are in
progress.

Figure 1. B(C6F5)3-catalyzed formation of poly(1,4-diisopropenylbenzene) (left) and B-
(C6F5)3-catalyzed hydrosilylation polymerization (right).

Table 2: Scope of dienes and silanes in the hydrosilylation polymerization.[a]

Entry Diene Silane Product Mn
[b]

[kgmol¢1]
Mw/
Mn

[b]
Tg

[c]

[88C]
Td5

[d]

[88C]

1 3a 14.1 1.90 14 391

2 2a 3b 11.5 1.96 0 361

3 2a 3c 6.8 1.78 ¢36 351

4 2a 3d 1.3 1.63 N.D. N.D.

5 3e 9.0 1.89 ¢2 412

6 1a Et2SiH2 2c 3 f 6.5 3.39 ¢22 354
7 1a MePhSiH2 2d 3g 4.0 1.84 24 375
8 1a Ph2SiH2 2e 3h 4.2 3.53 59 381

[a] Polymerization conditions: 1 (1.0 mmol), 2 (1.0 mmol), and B(C6F5)3 (5 mol%)
in CHCl3. [b] Determined by GPC calibrated with polystyrene standards in chloro-
form at 35 88C. [c] Tg was measured using differential scanning calorimeter (DSC).
[d] Td was measured by thermogravimetric analysis (TGA) and indicates the 5%
weight-loss temperature.

Scheme 4. Hydrosilylation polymerization of a bifunctional
monomer (4) bearing both olefinic and silyl groups in the
same molecule.

Angewandte
Chemie

14807Angew. Chem. Int. Ed. 2015, 54, 14805 –14809 Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


Experimental Section
Representative hydrosilylation polymerization between 1a and 2a
(Table 1, entry 1): In a 5 mL vial equipped with a Teflon coated stir
bar, 1,4-bis(dimethylsilyl)benzene (194 mg, 1.00 mmol) was added to
a solution of B(C6F5)3 (25.6 mg, 0.0500 mmol) in chloroform (1.0 mL)
and the resulting solution was stirred briefly. 1,4-Diisopropenylben-
zene (158 mg, 1.00 mmol) was then added. The reaction mixture was
stirred at room temperature for 24 h. The resulting mixture was
diluted with 2.0 mL of chloroform and polymeric product was
precipitated upon the addition of methanol. Additional precipitation
procedures were performed twice in chloroform and methanol. The
final precipitate was isolated and dried in a vacuum oven (60 88C) to
give polycarbosilane 3a (190 mg, 54%).

Acknowledgements

We thank Prof. Myungeun Seo (KAIST) for valuable com-
ments and sharing gel permeation chromatography analysis
equipment. This work was supported financially by the
Institute for Basic Science (IBS-R010-D1). Dedicated to
Professor Yoon Sup Lee (KAIST) on the occasion of his
retirement.

Keywords: borane catalyst · hydrosilylation ·
metal-free catalysis · polycarbosilanes · polymerization

How to cite: Angew. Chem. Int. Ed. 2015, 54, 14805–14809
Angew. Chem. 2015, 127, 15018–15022

[1] a) I. Ojima, Z. Li, J. Zhu in The Chemistry of Organosilicon
Compounds, Vol. 2 (Eds.: Z. Rappoport, Y. Apeloig), Wiley,
New York, 1998, p. 1687; b) B. Marciniec in Hydrosilylation,
Advances in Silicon Science, Vol. 1 (Ed: B. Marciniec), Springer,
New York, 2009, pp. 3 – 51; c) Y. Nakajima, S. Shimada, RSC
Adv. 2015, 5, 20603 – 20616.

[2] a) M. Birot, J.-P. Pillot, J. DunoguÀs, Chem. Rev. 1995, 95, 1443 –
1477; b) S. Putzien, O. Nuyken, F. E. Kîhn, Prog. Polym. Sci.
2010, 35, 687 – 713; c) J. M. Buriak, Chem. Mater. 2014, 26, 763 –
772; d) L. V. Interrante, Q. Shen in Silicon-Containing Polymers
(Eds.: R. G. Jones, W. Ando, J. Chojnowski), Kluwer, Dordrecht,
2000, pp. 247 – 321.

[3] a) B. M. Trost, Z. T. Ball, J. Am. Chem. Soc. 2003, 125, 30 – 31;
b) B. M. Trost, Z. T. Ball, J. Am. Chem. Soc. 2005, 127, 17644 –
17655; c) Y. Na, S. Chang, Org. Lett. 2000, 2, 1887 – 1889.

[4] L. H. Sommer, E. W. Pietrusza, F. C. Whitmore, J. Am. Chem.
Soc. 1947, 69, 188.

[5] General Reviews on transition-metal-catalyzed hydrosilylations:
a) L. N. Lewis, J. Stein, Y. Gao, R. E. Colborn, G. Hutchins,
Platinum Met. Rev. 1997, 41, 66 – 75; b) D. Troegel, J. Stohrer,
Coord. Chem. Rev. 2011, 255, 1440 – 1459; c) B. Marciniec,
Coord. Chem. Rev. 2005, 249, 2374 – 2390.

[6] Selected examples using precious-metal catalyzed hydrosilyla-
tions: a) J. L. Speier, J. A. Webster, G. H. Barnes, J. Am. Chem.
Soc. 1957, 79, 974 – 979; b) B. D. Karstedt, (General Electric
Company), US3775452A, 1973 ; c) W.-G. Zhao, R. Hua, Eur. J.
Org. Chem. 2006, 5495 – 5498; d) S. D�ez-Gonz�lez, S. P. Nolan,
Acc. Chem. Res. 2008, 41, 349 – 358; e) P. B. Glaser, T. D. Tilley, J.
Am. Chem. Soc. 2003, 125, 13640 – 13641; f) M. Xue, J. Li, J.
Peng, Y. Bai, G. Zhang, W. Xiao, G. Lai, Appl. Organomet.
Chem. 2014, 28, 120 – 126; g) J. A. Muchnij, F. B. Kwaramba,
R. J. Rahaim, Org. Lett. 2014, 16, 1330 – 1333.

[7] Representative examples on non-precious-metal catalyzed
hydrosilylations: a) K. Revunova, G. I. Nikonov, Dalton Trans.
2015, 44, 840 – 866; b) A. M. Tondreau, C. C. H. Atienza, K. J.

Weller, S. A. Nye, K. M. Lewis, J. G. P. Delis, P. J. Chirik, Science
2012, 335, 567 – 570; c) F. Buch, J. Brettar, S. Harder, Angew.
Chem. Int. Ed. 2006, 45, 2741 – 2745; Angew. Chem. 2006, 118,
2807 – 2811; d) Y.-S. Song, B. R. Yoo, G.-H. Lee, I. N. Jung,
Organometallics 1999, 18, 3109 – 3115; e) T. Sudo, N. Asao, V.
Gevorgyan, Y. Yamamoto, J. Org. Chem. 1999, 64, 2494 – 2499;
f) V. Leich, T. P. Spaniol, L. Maron, J. Okuda, Chem. Commun.
2014, 50, 2311 – 2314; g) N. Kato, Y. Tamura, T. Kashiwabara, T.
Sanji, M. Tanaka, Organometallics 2010, 29, 5274 – 5282.

[8] a) I. McCort-Tranchepain, M. Petit, P. I. Dalko in Handbook of
Green Chemistry, Vol. 1 (Ed.: R. H. Crabtree), Wiley-VCH,
Weinheim, 2009, pp. 255 – 318; b) C.-L. Sun, Z.-J. Shi, Chem.
Rev. 2014, 114, 9219 – 9280.

[9] a) D. P. Curran, Angew. Chem. Int. Ed. 1998, 37, 1174 – 1196;
Angew. Chem. 1998, 110, 1230 – 1255; b) G. Vougioukalakis,
Chem. Eur. J. 2012, 18, 8868 – 8880; c) N. V. Tsarevsky, K.
Matyjaszewski, Chem. Rev. 2007, 107, 2270 – 2299; d) Y. Shen, H.
Tang, S. Ding, Prog. Polym. Sci. 2004, 29, 1053 – 1078; e) K.
Matyjaszewski, T. Pintauer, S. Gaynor, Macromolecules 2000, 33,
1476 – 1478; f) S. Munirasu, R. Aggarwal, D. Baskaran, Chem.
Commun. 2009, 4518 – 4520; g) Y. Shen, S. Zhu, Macromolecules
2001, 34, 8603 – 8609.

[10] a) A. Nachtergael, O. Coulembier, P. Dubois, M. Helvenstein, P.
Duez, B. Blankert, L. Mespouille, Biomacromolecules 2015, 16,
507 – 514; b) K. J. Kim, Y. Doi, H. Abe, Polym. Degrad. Stab.
2006, 91, 769 – 777; c) M. C. Haag, J. H. Z. dos Santos, F. C.
Stedile, J. Dupont, J. Appl. Polym. Sci. 1999, 74, 1997 – 2003.

[11] a) N. E. Kamber, W. Jeong, R. M. Waymouth, R. C. Pratt,
B. G. G. Lohmeijer, J. L. Hedrick, Chem. Rev. 2007, 107, 5813 –
5840; b) H. Sardon, A. Pascual, D. Mecerreyes, D. Taton, H.
Cramail, J. L. Hedrick, Macromolecules 2015, 48, 3153 – 3165;
c) K. A. Ogawa, A. E. Goetz, A. J. Boydston, J. Am. Chem. Soc.
2015, 137, 1400 – 1403; d) E. F. Connor, G. W. Nyce, M. Myers,
A. Mçck, J. L. Hedrick, J. Am. Chem. Soc. 2002, 124, 914 – 915;
e) G. W. Nyce, T. Glauser, E. F. Connor, A. Mçck, R. M.
Waymouth, J. L. Hedrick, J. Am. Chem. Soc. 2003, 125, 3046 –
3056; f) N. J. Treat, H. Sprafke, J. W. Kramer, P. G. Clark, B. E.
Barton, J. R. de Alaniz, B. P. Fors, C. J. Hawker, J. Am. Chem.
Soc. 2014, 136, 16096 – 16101; g) T. Sanji, T. Iyoda, J. Am. Chem.
Soc. 2014, 136, 10238 – 10241; h) S. Rubinsztajn, J. A. Cella,
Macromolecules 2005, 38, 1061 – 1063; i) D. B. Thompson, M. A.
Brook, J. Am. Chem. Soc. 2008, 130, 32 – 33; j) M. A. Tapsak, T.
Grailer, D. Miller, M. E. Benz, E. DiDomenico, J. Inorg.
Organomet. Polym. 1999, 9, 35 – 53; k) B. Yactine, F. Ganachaud,
O. Senhaji, B. Boutevin, Macromolecules 2005, 38, 2230 – 2236.

[12] a) N. Gandhamsetty, S. Joung, S.-W. Park, S. Park, S. Chang, J.
Am. Chem. Soc. 2014, 136, 16780 – 16783; b) N. Gandhamsetty, J.
Park, J. Jeong, S.-W. Park, S. Park, S. Chang, Angew. Chem. Int.
Ed. 2015, 54, 6832 – 6836; Angew. Chem. 2015, 127, 6936 – 6940;
c) N. Gandhamsetty, J. Jeong, J. Park, S. Park, S. Chang, J. Org.
Chem. 2015, 80, 7281 – 7287.

[13] a) M. Rubin, T. Schwier, V. Gevorgyan, J. Org. Chem. 2002, 67,
1936 – 1940; b) S. Keess, A. Simonneau, M. Oestreich, Organo-
metallics 2015, 34, 790 – 799; c) A. Simonneau, M. Oestreich,
Angew. Chem. Int. Ed. 2013, 52, 11905 – 11907; Angew. Chem.
2013, 125, 12121 – 12124; d) S. Tamke, C.-G. Daniliuc, J. Paradies,
Org. Biomol. Chem. 2014, 12, 9139 – 9144; e) A. L. Liberman-
Martin, R. G. Bergman, T. D. Tilley, J. Am. Chem. Soc. 2015, 137,
5328 – 5331; f) M. H. Holthausen, M. Mehta, D. W. Stephan,
Angew. Chem. Int. Ed. 2014, 53, 6538 – 6541; Angew. Chem. 2014,
126, 6656 – 6659; g) Q. Zhao, D. P. Curran, M. Malacria, L.
Fensterbank, J.-P. Goddard, E. Lacüte, Chem. Eur. J. 2011, 17,
9911 – 9914.

[14] D. J. Parks, W. E. Piers, J. Am. Chem. Soc. 1996, 118, 9440 – 9441.
[15] N-Heterocyclic carbenes are also one class of the organocata-

lysts for hydrosilylation, but they have a different reaction
pathway from Lewis acidic compounds. See Ref. [13g].

..Angewandte
Communications

14808 www.angewandte.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2015, 54, 14805 –14809

http://dx.doi.org/10.1039/C4RA17281G
http://dx.doi.org/10.1039/C4RA17281G
http://dx.doi.org/10.1021/cr00037a014
http://dx.doi.org/10.1021/cr00037a014
http://dx.doi.org/10.1016/j.progpolymsci.2010.01.007
http://dx.doi.org/10.1016/j.progpolymsci.2010.01.007
http://dx.doi.org/10.1021/cm402120f
http://dx.doi.org/10.1021/cm402120f
http://dx.doi.org/10.1021/ja028766h
http://dx.doi.org/10.1021/ja0528580
http://dx.doi.org/10.1021/ja0528580
http://dx.doi.org/10.1021/ol0059697
http://dx.doi.org/10.1021/ja01193a508
http://dx.doi.org/10.1021/ja01193a508
http://dx.doi.org/10.1016/j.ccr.2010.12.025
http://dx.doi.org/10.1016/j.ccr.2005.02.025
http://dx.doi.org/10.1021/ja01561a054
http://dx.doi.org/10.1021/ja01561a054
http://dx.doi.org/10.1002/ejoc.200600555
http://dx.doi.org/10.1002/ejoc.200600555
http://dx.doi.org/10.1021/ar7001655
http://dx.doi.org/10.1021/ja037620v
http://dx.doi.org/10.1021/ja037620v
http://dx.doi.org/10.1002/aoc.3092
http://dx.doi.org/10.1002/aoc.3092
http://dx.doi.org/10.1021/ol5000549
http://dx.doi.org/10.1039/C4DT02024C
http://dx.doi.org/10.1039/C4DT02024C
http://dx.doi.org/10.1126/science.1214451
http://dx.doi.org/10.1126/science.1214451
http://dx.doi.org/10.1002/anie.200504164
http://dx.doi.org/10.1002/anie.200504164
http://dx.doi.org/10.1002/ange.200504164
http://dx.doi.org/10.1002/ange.200504164
http://dx.doi.org/10.1021/om990220p
http://dx.doi.org/10.1021/jo9824293
http://dx.doi.org/10.1039/c3cc49308c
http://dx.doi.org/10.1039/c3cc49308c
http://dx.doi.org/10.1021/om100376d
http://dx.doi.org/10.1021/cr400274j
http://dx.doi.org/10.1021/cr400274j
http://dx.doi.org/10.1002/(SICI)1521-3773(19980518)37:9%3C1174::AID-ANIE1174%3E3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1521-3757(19980504)110:9%3C1230::AID-ANGE1230%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/chem.201200600
http://dx.doi.org/10.1021/cr050947p
http://dx.doi.org/10.1016/j.progpolymsci.2004.08.002
http://dx.doi.org/10.1021/ma9911445
http://dx.doi.org/10.1021/ma9911445
http://dx.doi.org/10.1039/b908118f
http://dx.doi.org/10.1039/b908118f
http://dx.doi.org/10.1021/ma010996d
http://dx.doi.org/10.1021/ma010996d
http://dx.doi.org/10.1021/bm5015443
http://dx.doi.org/10.1021/bm5015443
http://dx.doi.org/10.1016/j.polymdegradstab.2005.06.004
http://dx.doi.org/10.1016/j.polymdegradstab.2005.06.004
http://dx.doi.org/10.1002/(SICI)1097-4628(19991121)74:8%3C1997::AID-APP14%3E3.0.CO;2-7
http://dx.doi.org/10.1021/cr068415b
http://dx.doi.org/10.1021/cr068415b
http://dx.doi.org/10.1021/acs.macromol.5b00384
http://dx.doi.org/10.1021/ja512073m
http://dx.doi.org/10.1021/ja512073m
http://dx.doi.org/10.1021/ja0173324
http://dx.doi.org/10.1021/ja021084+
http://dx.doi.org/10.1021/ja021084+
http://dx.doi.org/10.1021/ja510389m
http://dx.doi.org/10.1021/ja510389m
http://dx.doi.org/10.1021/ja505282z
http://dx.doi.org/10.1021/ja505282z
http://dx.doi.org/10.1021/ma047984n
http://dx.doi.org/10.1021/ja0778491
http://dx.doi.org/10.1023/A:1021481404153
http://dx.doi.org/10.1023/A:1021481404153
http://dx.doi.org/10.1021/ma047912w
http://dx.doi.org/10.1021/ja510674u
http://dx.doi.org/10.1021/ja510674u
http://dx.doi.org/10.1002/anie.201502366
http://dx.doi.org/10.1002/anie.201502366
http://dx.doi.org/10.1002/ange.201502366
http://dx.doi.org/10.1021/acs.joc.5b00941
http://dx.doi.org/10.1021/acs.joc.5b00941
http://dx.doi.org/10.1021/jo016279z
http://dx.doi.org/10.1021/jo016279z
http://dx.doi.org/10.1021/om501284a
http://dx.doi.org/10.1021/om501284a
http://dx.doi.org/10.1002/anie.201305584
http://dx.doi.org/10.1002/ange.201305584
http://dx.doi.org/10.1002/ange.201305584
http://dx.doi.org/10.1039/C4OB01346H
http://dx.doi.org/10.1021/jacs.5b02807
http://dx.doi.org/10.1021/jacs.5b02807
http://dx.doi.org/10.1002/anie.201403693
http://dx.doi.org/10.1002/ange.201403693
http://dx.doi.org/10.1002/ange.201403693
http://dx.doi.org/10.1002/chem.201101822
http://dx.doi.org/10.1002/chem.201101822
http://dx.doi.org/10.1021/ja961536g
http://www.angewandte.org


[16] a) A. J. Chalk, J. F. Harrod, J. Am. Chem. Soc. 1965, 87, 16 – 21;
b) S. Sakaki, N. Mizoe, M. Sugimoto, Organometallics 1998, 17,
2510 – 2523.

[17] a) D. J. Parks, J. M. Blackwell, W. E. Piers, J. Org. Chem. 2000,
65, 3090 – 3098; b) A. Y. Houghton, J. Hurmalainen, A. Man-
sikkam�ki, W. E. Piers, H. M. Tuononen, Nat. Chem. 2014, 6,
983 – 988; c) M. Oestreich, J. Hermeke, J. Mohr, Chem. Soc. Rev.
2015, 44, 2202 – 2220; d) W. E. Piers, A. J. V. Marwitz, L. G.
Mercier, Inorg. Chem. 2011, 50, 12252 – 12262; e) S. Rendler, M.
Oestreich, Angew. Chem. Int. Ed. 2008, 47, 5997 – 6000; Angew.
Chem. 2008, 120, 6086 – 6089; f) S. Shinke, T. Tsuchimoto, Y.
Kawakami, Silicon Chem. 2007, 3, 243 – 249; g) K. Sakata, H.
Fujimoto, J. Org. Chem. 2013, 78, 12505 – 12512.

[18] a) B. Marciniec in Hydrosilylation, Advances in Silicon Science,
Vol. 1 (Ed.: B. Marciniec), Springer, New York, 2009, pp. 191 –
214; b) J. W. Curry, J. Am. Chem. Soc. 1956, 78, 1686 – 1689; c) S.
Itsuno, D. Chao, K. Ito, J. Polym. Sci. Part A 1993, 31, 287 – 291;
d) P. R. Dvornic, V. V. Gerov, Macromolecules 1994, 27, 1068 –

1070; e) P. R. Dvornic, V. V. Gerov, M. N. Govedarica, Macro-
molecules 1994, 27, 7575 – 7580; f) T. Maehara, J. Ohshita, R.
Taketsugu, K. Hino, A. Kunai, Polym. J. 2009, 41, 973 – 977.

[19] An example of the hydrosilylation polymerization of dialkyne
and disilane was reported using AlCl3 with molecular weight
(Mn) of 3300. See Ref. [7g].

[20] W. H. Carothers, Trans. Faraday Soc. 1936, 32, 39 – 49.
[21] Low molecular weight cyclic products were isolated and

characterized. See the supporting information for details.
[22] The detailed analyses on end groups are available in the

Supporting Information.
[23] a) S. V. Kostjuk, F. Ganachaud, Macromolecules 2006, 39, 3110 –

3113; b) S. V. Kostjuk, A. V. Radchenko, F. Ganachaud, Macro-
molecules 2007, 40, 482 – 490.

Received: August 22, 2015
Published online: October 16, 2015

Angewandte
Chemie

14809Angew. Chem. Int. Ed. 2015, 54, 14805 –14809 Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1021/ja01079a004
http://dx.doi.org/10.1021/om980190a
http://dx.doi.org/10.1021/om980190a
http://dx.doi.org/10.1021/jo991828a
http://dx.doi.org/10.1021/jo991828a
http://dx.doi.org/10.1038/nchem.2063
http://dx.doi.org/10.1038/nchem.2063
http://dx.doi.org/10.1039/C4CS00451E
http://dx.doi.org/10.1039/C4CS00451E
http://dx.doi.org/10.1021/ic2006474
http://dx.doi.org/10.1002/anie.200801675
http://dx.doi.org/10.1002/ange.200801675
http://dx.doi.org/10.1002/ange.200801675
http://dx.doi.org/10.1007/s11201-007-9026-y
http://dx.doi.org/10.1021/jo402195x
http://dx.doi.org/10.1021/ja01589a054
http://dx.doi.org/10.1002/pola.1993.080310135
http://dx.doi.org/10.1021/ma00082a031
http://dx.doi.org/10.1021/ma00082a031
http://dx.doi.org/10.1021/ma00104a011
http://dx.doi.org/10.1021/ma00104a011
http://dx.doi.org/10.1295/polymj.PJ2009128
http://dx.doi.org/10.1039/tf9363200039
http://dx.doi.org/10.1021/ma052650z
http://dx.doi.org/10.1021/ma052650z
http://dx.doi.org/10.1021/ma062261k
http://dx.doi.org/10.1021/ma062261k
http://www.angewandte.org

