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Decarbonylative Silylation of Esters by Combined Nickel and Copper
Catalysis for the Synthesis of Arylsilanes and Heteroarylsilanes
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Abstract: An efficient nickel/copper-catalyzed decarbonyla-
tive silylation reaction of carboxylic acid esters with silylbor-
anes is described. This reaction provides access to structurally
diverse silanes with high efficiency and excellent functional-
group tolerance starting from readily available esters.

Organosilicon compounds constitute an important class of
intermediates in the synthesis of natural products, drug
molecules, and functional materials.[1] They have attracted
increasing attention in view of their high reactivity as useful
synthetic building blocks as well as their unique physical and
chemical properties.[2] The synthesis of organosilicon com-
pounds is traditionally based on the addition of Grignard or
organolithium reagents to chlorosilanes or cyclosiloxanes.[3]

Alternatively, organosilanes can be prepared by transition-
metal-catalyzed cross-couplings of organohalides with hydro-
silanes[4] or disilanes.[5] Recently, catalytic silylation by C�H
bond activation has been achieved. However, the regioselec-
tivity was not always satisfactory or additional directing
groups were needed.[6] Therefore, emphasis is directed on
research aimed at finding new synthetic routes for the
synthesis of organosilicon compounds.

Transition-metal-catalyzed decarboxylative/decarbonyla-
tive cross-coupling reactions have recently attracted consid-
erable attention owing to the availability and natural abun-
dance of carboxylic acids and their derivatives as alternatives
to halides and organometallic reagents.[7] Unlike the direct
decarboxylation of carboxylic acids, decarbonylative cou-
plings can normally be accessed by extrusion of carbon
monoxide from acyl–metal species, which can be generated by
oxidative addition of carboxylic acid derivatives to metal
complexes. Whereas many methods for carbon–carbon bond-
forming reactions have been developed by employing differ-
ent carbonyl precursors, very little is known about carbon–
heteroatom, and in particular carbon–silicon, bond-forming
reactions by decarbonylative processes. Krafft and co-work-
ers reported a palladium-catalyzed decarbonylative coupling
of acyl chlorides with disilanes,[8] and Tsuji and co-workers
developed a palladium-catalyzed 1,4-carbosilylation.[9] Hence

we wondered whether it would be possible to develop a more
convenient approach for building C�Si bonds by a decarbon-
ylative strategy starting from carboxylic acid esters,[10] which,
owing to their ubiquitous nature, are more attractive electro-
philic coupling partners than the more sensitive and less
stable acyl chlorides.

With these considerations in mind, we began to search for
potential catalysts and nucleophiles for the decarbonylative
silylation of esters. Owing to their air stability, facile synthesis,
and environmentally benign nature, silylborane compounds,
which serve as efficient silicon nucleophiles in copper-
catalyzed transmetalation,[11] have shown high efficiency and
remarkable potential in various organic transformations.[12]

Herein, we present the discovery of a new method for the
nickel-[13] and copper-catalyzed decarbonylative silylation of
esters by using silylborane compounds as coupling partners,
which also features a wide substrate scope (Scheme 1).

We started our investigations by examining the reactivity
of phenyl 2-naphthoate (1a) with silylborane 2a in the
presence of nickel and copper catalysts (Table 1).[14] First, we
evaluated various ligands and obtained a promising result
when employing tri-n-butylphosphine as the ligand and
cesium fluoride as the base (entries 1–4). As the nature of
the base plays a critical role for the success of the decarbon-
ylative cross-coupling, various bases were evaluated. Replac-
ing cesium fluoride with potassium fluoride under otherwise
identical reaction conditions slightly improved the yield
(entry 9) whereas the use of other bases or no base gave
rather unsatisfying results (entries 5–8). Although different
co-catalysts could be utilized (entries 10–12), the best result
was obtained with copper(II) fluoride, which confirmed that
the copper-based co-catalyst plays a crucial role in activating
the Si�B bond.[15] Moreover, a slight increase in temperature
gave a dramatic change in reactivity, providing 3a in 83%
yield (entry 13). Further evaluation resulted in the optimized
reaction conditions, which entailed the use of 2.0 equiv of the
silylborane nucleophile (entry 14). A control experiment
further revealed that the reaction did not occur in the
absence of the nickel catalyst (entry 15).

Encouraged by our initial results, we decided to examine
a series of aryl esters as electrophiles to determine the scope

Scheme 1. Nickel/copper-catalyzed decarbonylative silylation of esters.

[*] M. Sc. L. Guo, M. Sc. A. Chatupheeraphat, Prof. Dr. M. Rueping
Institute of Organic Chemistry, RWTH Aachen University
Landoltweg 1, 52074 Aachen (Germany)
E-mail: Magnus.Rueping@rwth-aachen.de

Prof. Dr. M. Rueping
King Abdullah University of Science and Technology (KAUST)
KAUST Catalysis Center (KCC)
Thuwal, 23955-6900 (Saudi Arabia)

Supporting information for this article can be found under:
http://dx.doi.org/10.1002/anie.201604696.

Angewandte
ChemieCommunications

1Angew. Chem. Int. Ed. 2016, 55, 1 – 5 � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! � �

http://dx.doi.org/10.1002/ange.201604696
http://dx.doi.org/10.1002/anie.201604696
http://dx.doi.org/10.1002/anie.201604696


of our decarbonylation method. As shown in Table 2, a wide
range of naphthyl (1a–1d) and phenyl (1e–1r) esters could be
efficiently converted into the corresponding arylsilanes 3a–3r
with silylborane 2a as the coupling partner. Aside from
substrate 1 e, which bears a large conjugated system and gave
3e in 68 % yield, para, meta, and ortho substituents were also
tolerated, as shown by the formation of aryl silanes 3 f–3h.
Furthermore, the chemoselectivity profile of this process was
nicely illustrated by the fact that functional groups such as
methoxy (3c), boronic ester (3 d), alkenyl (3 e), trifluoro-
methyl (3 j), fluoride (3k), methyl (3 l), tert-butyl (3 i, 3m),
dioxole (3n), amine (3 o), and ketone (3p) moieties were
perfectly tolerated under the reaction conditions. It is notable
that substrate 1q with a methyl ester group was compatible
with this method, giving 3q in 86 % yield.[16] Furthermore,
substrate 1r, which contains two phenyl ester moieties, could
be substituted selectively in one position (3r) with 1.0 equiv
of 2a. Furthermore, to show the synthetic applicability of this
process, the reaction of 1a and 2a was carried out on a 5 mmol
scale with a catalyst loading of 5 mol%, and product 3a was
isolated in 59 % yield.

Prompted by our initial results, we next focused our
attention on the preparation of various heteroaryl esters. As
shown in Table 3, esters of heterocycles such as benzofuran
(4a), benzothiophene (4b), and indole (4c and 4d) were
suitable substrate for the decarbonylative silylation reaction.
Notably, unprotected indole derivative 4c could also be
converted into the corresponding silane in moderate yield.
Likewise, a series of esters with heterocyclic moieties such as
quinoline (4e), chromone (4 f), furan (4g and 4h), pyridine
(4 i), and thiophene (4j and 4k) were also tolerated and
showed high reactivity.[17]

Furthermore, several different silylboranes were also
tested as coupling partners under the optimized reaction
conditions. As shown in Table 4, these silylborane nucleo-
philes also reacted to form the corresponding arylsilanes in
good to moderate yields (3a and 3s–3v). Overall, the results
shown in Tables 2–4 nicely illustrate the high reactivity, wide
substrate scope, and excellent chemoselectivity profile of the
new Ni/Cu-catalyzed decarbonylative silylation reaction.

Regarding the reaction mechanism of the decarbonylative
silylation (Scheme 2), we propose that in the first step, the
C(acyl)�O bond of the ester substrate undergoes oxidative
addition to Ni0 species A to form acylnickel(II) complex B,
which undergoes a transmetalation step facilitated by the
in situ generated copper silane complex C. Intermediate D
subsequently undergoes a decarbonylative process to gener-
ate complex E by extrusion of carbon monoxide. Reductive
elimination then releases the organosilane product and
regenerates the active Ni0 species.

Table 1: Optimization of the decarbonylative silylation of esters.[a]

Entry Ligand (mol%) Base Co-catalyst t [h] Yield [%][b]

1 PCy3 (40) CsF CuF2 15 <5
2 dcype (20) CsF CuF2 15 <5
3 PnBu3 (40) CsF CuF2 15 18
4 PnBu3 (40) CsF CuF2 36 33
5 PnBu3 (40) – CuF2 36 16
6 PnBu3 (40) K3PO4 CuF2 36 11
7 PnBu3 (40) Et3N CuF2 36 29
8 PnBu3 (40) Na2CO3 CuF2 36 35
9 PnBu3 (40) KF CuF2 36 45

10 PnBu3 (40) KF – 36 16
11 PnBu3 (40) KF AgF 36 12
12 PnBu3 (40) KF ZnF2 36 13
13[c] PnBu3 (40) KF CuF2 36 83
14[c,d] PnBu3 (40) KF CuF2 36 87
15[e] PnBu3 (40) KF CuF2 36 0

[a] Reaction conditions: 1a (0.20 mmol), 2a (0.30 mmol, 1.5 equiv),
Ni(COD)2 (10 mol%), ligand (x mol%), base (3.0 equiv), co-catalyst
(30 mol%), toluene (0.2m), 150 8C. [b] Yield of isolated product.
[c] 160 8C. [d] Et3SiBpin (2.0 equiv). [e] Without Ni(COD)2.

Table 2: Substrate scope for aryl esters.[a]

[a] Reaction conditions: 1 (0.20 mmol), 2a (0.40 mmol, 2.0 equiv),
Ni(COD)2 (10 mol%), PnBu3 (40 mol%), CuF2 (30 mol%), KF
(3.0 equiv), toluene (0.2m), 160 8C, 36 h. Yields of isolated products are
given. [b] 1a (5.0 mmol), 2a (6.0 mmol), Ni(COD)2 (5 mol%), PnBu3

(20 mol%), CuF2 (30 mol%), KF (3.0 equiv), toluene (20 mL), 160 8C,
62 h. [c] 2a (1.0 equiv).
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In summary, we have developed the first combined nickel
and copper catalyzed decarbonylative silylation reaction of
carboxylic acid esters with silylboranes as the coupling
partners. This ester into silane transformation is characterized
by high efficiency, chemoselectivity, and excellent functional-
group tolerance, providing a practical and versatile approach
to a wide range of aryl and heteroaryl silanes. The mechanism
of this process and other related transformations are currently
studied in our laboratories.
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Luliński, J. Serwatowski, J. Org. Chem. 2003, 68, 9384 – 9388;
d) A. S. Manoso, C. Ahn, A. Soheili, C. J. Handy, R. Correia,
W. M. Seganish, P. DeShong, J. Org. Chem. 2004, 69, 8305 – 8314.

[4] a) M. Murata, K. Suzuki, S. Watanabe, Y. Masuda, J. Org. Chem.
1997, 62, 8569 – 8571; b) K. Ezbiansky, P. I. Djurovich, M.
LaForest, D. J. Sinning, R. Zayes, D. H. Berry, Organometallics
1998, 17, 1455 – 1457; c) Y. Yamanoi, J. Org. Chem. 2005, 70,
9607 – 9609; d) A. Hamze, O. Provot, M. Alami, J. D. Brion, Org.
Lett. 2006, 8, 931 – 934; e) M. Iizuka, Y. Kondo, Eur. J. Org.
Chem. 2008, 1161 – 1163; f) Y. Yamanoi, H. Nishihara, J. Org.
Chem. 2008, 73, 6671 – 6678.

[5] a) S. E. Denmark, J. M. Kallemeyn, Org. Lett. 2003, 5, 3483 –
3486; b) E. McNeill, T. E. Barder, S. L. Buchwald, Org. Lett.
2007, 9, 3785 – 3788.

[6] a) B. Lu, J. R. Falck, Angew. Chem. Int. Ed. 2008, 47, 7508 – 7510;
Angew. Chem. 2008, 120, 7618 – 7620; b) J. R. McAtee, S. E.
Martin, D. T. Ahneman, K. A. Johnson, D. A. Watson, Angew.
Chem. Int. Ed. 2012, 51, 3663 – 3667; Angew. Chem. 2012, 124,
3723 – 3727; c) C. Cheng, J. F. Hartwig, Science 2014, 343, 853 –

Table 3: Substrate scope for heteroaryl esters.[a]

[a] Reaction conditions: 4 (0.20 mmol), 2a (0.40 mmol, 2.0 equiv),
Ni(COD)2 (10 mol%), PnBu3 (40 mol%), CuF2 (30 mol%), KF
(3.0 equiv), toluene (0.2m), 160 8C, 36 h. Yields of isolated products are
given.

Table 4: Substrate scope for the silylborane coupling partner.[a]

[a] Reaction conditions: 1a (0.20 mmol), 2 (0.40 mmol, 2.0 equiv),
Ni(COD)2 (10 mol%), PnBu3 (40 mol%), CuF2 (30 mol%), KF
(3.0 equiv), toluene (0.2m), 160 8C, 36 h. Yields of isolated products are
given.

Scheme 2. Proposed mechanism.

Angewandte
ChemieCommunications

3Angew. Chem. Int. Ed. 2016, 55, 1 – 5 � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

http://dx.doi.org/10.1002/anie.200905657
http://dx.doi.org/10.1002/anie.200905657
http://dx.doi.org/10.1002/ange.200905657
http://dx.doi.org/10.1021/jm3010114
http://dx.doi.org/10.1016/S1359-6446(03)02726-0
http://dx.doi.org/10.1021/jo070968e
http://dx.doi.org/10.1021/jo070968e
http://dx.doi.org/10.1021/cm048719j
http://dx.doi.org/10.1021/cm048719j
http://dx.doi.org/10.1021/cr9701086
http://dx.doi.org/10.1021/ar020001r
http://dx.doi.org/10.1021/ar020001r
http://dx.doi.org/10.1016/j.ccr.2005.02.025
http://dx.doi.org/10.1016/j.ccr.2005.02.025
http://dx.doi.org/10.1039/c1cs15122c
http://dx.doi.org/10.1039/c1cs15122c
http://dx.doi.org/10.1021/cr5006414
http://dx.doi.org/10.1021/cr5006414
http://dx.doi.org/10.1021/ol0064112
http://dx.doi.org/10.1021/ol005565e
http://dx.doi.org/10.1021/jo048667h
http://dx.doi.org/10.1021/jo971143f
http://dx.doi.org/10.1021/jo971143f
http://dx.doi.org/10.1021/om980037g
http://dx.doi.org/10.1021/om980037g
http://dx.doi.org/10.1021/jo051131r
http://dx.doi.org/10.1021/jo051131r
http://dx.doi.org/10.1021/ol052996u
http://dx.doi.org/10.1021/ol052996u
http://dx.doi.org/10.1002/ejoc.200701141
http://dx.doi.org/10.1002/ejoc.200701141
http://dx.doi.org/10.1021/jo8008148
http://dx.doi.org/10.1021/jo8008148
http://dx.doi.org/10.1021/ol035288m
http://dx.doi.org/10.1021/ol035288m
http://dx.doi.org/10.1021/ol701518f
http://dx.doi.org/10.1021/ol701518f
http://dx.doi.org/10.1002/anie.200802456
http://dx.doi.org/10.1002/ange.200802456
http://dx.doi.org/10.1002/anie.201200060
http://dx.doi.org/10.1002/anie.201200060
http://dx.doi.org/10.1002/ange.201200060
http://dx.doi.org/10.1002/ange.201200060
http://dx.doi.org/10.1126/science.1248042
http://www.angewandte.org


857; d) C. Chen, M. Guan, J. Zhang, Z. Wen, Y. Zhao, Org. Lett.
2015, 17, 3646 – 3649; e) N. Gandhamsetty, S. Park, S. Chang, J.
Am. Chem. Soc. 2015, 137, 15176 – 15184; f) M. Murai, K.
Takami, K. Takai, Chem. Eur. J. 2015, 21, 4566 – 4570; g) Q. Yin,
H. F. T. Klare, M. Oestreich, Angew. Chem. Int. Ed. 2016, 55,
3204 – 3207; Angew. Chem. 2016, 128, 3256 – 3260.

[7] New Trends in Cross-Coupling: Theory and Applications (Ed.:
T. J. Colacot), RSC, Cambridge, UK, 2015.

[8] T. E. Krafft, J. D. Rich, P. J. McDermott, J. Org. Chem. 1990, 55,
5430 – 5432.

[9] a) Y. Obora, Y. Tsuji, T. Kawamura, J. Am. Chem. Soc. 1993, 115,
10414 – 10415; b) Y. Obora, Y. Tsuji, T. Kawamura, J. Am. Chem.
Soc. 1995, 117, 9814 – 9821.

[10] a) L. J. Gooßen, J. Paetzold, Angew. Chem. Int. Ed. 2002, 41,
1237 – 1241; Angew. Chem. 2002, 114, 1285 – 1289; b) L. J.
Gooßen, J. Paetzold, Angew. Chem. Int. Ed. 2004, 43, 1095 –
1098; Angew. Chem. 2004, 116, 1115 – 1118; c) K. Amaike, K.
Muto, J. Yamaguchi, K. Itami, J. Am. Chem. Soc. 2012, 134,
13573 – 13576; d) K. Muto, J. Yamaguchi, D. G. Musaev, K.
Itami, Nat. Commun. 2015, 6, 7508.

[11] For reviews on silylboranes, see: a) M. Suginome, Y. Ito, Chem.
Rev. 2000, 100, 3221 – 3256; b) T. Ohmura, M. Suginome, Bull.
Chem. Soc. Jpn. 2009, 82, 29 – 49; c) M. Oestreich, E. Hartmann,
M. Mewald, Chem. Rev. 2013, 113, 402 – 441.

[12] For selected examples of silylation reactions using silylboranes,
see: a) P. Wang, X.-L. Yeo, T.-P. Loh, J. Am. Chem. Soc. 2011,
133, 1254 – 1256; b) D. J. Vyas, R. Frçhlich, M. Oestreich, Org.
Lett. 2011, 13, 2094 – 2097; c) C. Kleeberg, E. Feldmann, E.
Hartmann, D. J. Vyas, M. Oestreich, Chem. Eur. J. 2011, 17,
13538 – 13543; d) V. Cirriez, C. Rasson, T. Hermant, J. Petrignet,
J. D. Alvarez, K. Robeyns, O. Riant, Angew. Chem. Int. Ed. 2013,
52, 1785 – 1788; Angew. Chem. 2013, 125, 1829 – 1832; e) C.
Walter, G. Auer, M. Oestreich, Angew. Chem. Int. Ed. 2006, 45,
5675 – 5677; Angew. Chem. 2006, 118, 5803 – 5805; f) C. Walter,
M. Oestreich, Angew. Chem. Int. Ed. 2008, 47, 3818 – 3820;
Angew. Chem. 2008, 120, 3878 – 3880; g) K.-S. Lee, A. H.
Hoveyda, J. Am. Chem. Soc. 2010, 132, 2898 – 2900; h) C.
Zarate, R. Martin, J. Am. Chem. Soc. 2014, 136, 2236 – 2239;
i) M. Wang, Z.-L. Liu, X. Zhang, P.-P. Tian, Y.-H. Xu, T.-P. Loh, J.
Am. Chem. Soc. 2015, 137, 14830 – 14833.

[13] For our recent work on nickel-catalyzed C�O bond cleavage
reactions, see: a) L. Guo, C.-C. Hsiao, H. Yue, X. Liu, M.
Rueping, ACS Catal. 2016, 6, 4438 – 4442; b) X. Liu, C.-C. Hsiao,
I. Kalvet, M. Leiendecker, L. Guo, F. Schoenebeck, M. Rueping,
Angew. Chem. Int. Ed. 2016, 55, 6093 – 6098; Angew. Chem.
2016, 128, 6198 – 6203; c) L. Guo, M. Leiendecker, C.-C. Hsiao,
C. Baumann, M. Rueping, Chem. Commun. 2015, 51, 1937 –
1940; d) M. Leiendecker, A. Chatupheeraphat, M. Rueping,
Org. Chem. Front. 2015, 2, 350 – 353; e) M. Leiendecker, C.-C.
Hsiao, L. Guo, N. Alandini, M. Rueping, Angew. Chem. Int. Ed.
2014, 53, 12912 – 12915; Angew. Chem. 2014, 126, 13126 – 13129.

[14] a) I. P. Beletskaya, G. V. Latyshev, A. V. Tsvetkov, N. V. Luka-
shev, Tetrahedron Lett. 2003, 44, 5011 – 5013; b) O. Vechorkin, V.
Proust, X. Hu, Angew. Chem. Int. Ed. 2010, 49, 3061 – 3064;
Angew. Chem. 2010, 122, 3125 – 3128; c) O. Vechorkin, D.
Barmaz, V. Proust, X. Hu, J. Am. Chem. Soc. 2009, 131,
12078 – 12079; d) J. Yi, X. Lu, Y.-Y. Sun, B. Xiao, L. Liu, Angew.
Chem. Int. Ed. 2013, 52, 12409 – 12413; Angew. Chem. 2013, 125,
12635 – 12639; e) G. Gallego, A. Br�ck, E. Irran, F. Meier, M.
Kaupp, M. Driess, J. F. Hartwig, J. Am. Chem. Soc. 2013, 135,
15617 – 15626; f) P. M. P�rez Garc�a, P. Ren, R. Scopelliti, X. Hu,
ACS Catal. 2015, 5, 1164 – 1171; g) T. Niwa, H. Ochiai, Y.
Watanabe, T. Hosoya, J. Am. Chem. Soc. 2015, 137, 14313 –
14318.

[15] See the Supporting Information for details.
[16] a) Q. Lu, H. Yu, Y. Fu, J. Am. Chem. Soc. 2014, 136, 8252 – 8260;

b) X. Hong, Y. Liang, K. N. Houk, J. Am. Chem. Soc. 2014, 136,
2017 – 2025; c) L. Hie, N. F. F. Nathel, X. Hong, Y.-F. Yang, K. N.
Houk, N. K. Garg, Angew. Chem. Int. Ed. 2016, 55, 2810 – 2814;
Angew. Chem. 2016, 128, 2860 – 2864.

[17] Primary and even secondary benzylic esters could also be
converted into the corresponding silanes under identical reac-
tion conditions albeit with lower yields. See the Supporting
Information for details.

Received: May 13, 2016
Published online: && &&, &&&&

Angewandte
ChemieCommunications

4 www.angewandte.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2016, 55, 1 – 5
� �

These are not the final page numbers!

http://dx.doi.org/10.1126/science.1248042
http://dx.doi.org/10.1021/acs.orglett.5b01393
http://dx.doi.org/10.1021/acs.orglett.5b01393
http://dx.doi.org/10.1021/jacs.5b09209
http://dx.doi.org/10.1021/jacs.5b09209
http://dx.doi.org/10.1002/chem.201406508
http://dx.doi.org/10.1002/anie.201510469
http://dx.doi.org/10.1002/anie.201510469
http://dx.doi.org/10.1002/ange.201510469
http://dx.doi.org/10.1021/jo00307a005
http://dx.doi.org/10.1021/jo00307a005
http://dx.doi.org/10.1021/ja00075a089
http://dx.doi.org/10.1021/ja00075a089
http://dx.doi.org/10.1021/ja00144a005
http://dx.doi.org/10.1021/ja00144a005
http://dx.doi.org/10.1021/ja306062c
http://dx.doi.org/10.1021/ja306062c
http://dx.doi.org/10.1038/ncomms8508
http://dx.doi.org/10.1021/cr9902805
http://dx.doi.org/10.1021/cr9902805
http://dx.doi.org/10.1246/bcsj.82.29
http://dx.doi.org/10.1246/bcsj.82.29
http://dx.doi.org/10.1021/cr3003517
http://dx.doi.org/10.1021/ja109464u
http://dx.doi.org/10.1021/ja109464u
http://dx.doi.org/10.1021/ol200509c
http://dx.doi.org/10.1021/ol200509c
http://dx.doi.org/10.1002/chem.201102367
http://dx.doi.org/10.1002/chem.201102367
http://dx.doi.org/10.1002/anie.201209020
http://dx.doi.org/10.1002/anie.201209020
http://dx.doi.org/10.1002/ange.201209020
http://dx.doi.org/10.1002/anie.200601747
http://dx.doi.org/10.1002/anie.200601747
http://dx.doi.org/10.1002/ange.200601747
http://dx.doi.org/10.1002/anie.200800361
http://dx.doi.org/10.1002/ange.200800361
http://dx.doi.org/10.1021/ja910989n
http://dx.doi.org/10.1021/ja412107b
http://dx.doi.org/10.1021/jacs.5b08279
http://dx.doi.org/10.1021/jacs.5b08279
http://dx.doi.org/10.1021/acscatal.6b00801
http://dx.doi.org/10.1002/anie.201510497
http://dx.doi.org/10.1002/ange.201510497
http://dx.doi.org/10.1002/ange.201510497
http://dx.doi.org/10.1039/C4CC08187K
http://dx.doi.org/10.1039/C4CC08187K
http://dx.doi.org/10.1039/C5QO00001G
http://dx.doi.org/10.1002/anie.201402922
http://dx.doi.org/10.1002/anie.201402922
http://dx.doi.org/10.1002/ange.201402922
http://dx.doi.org/10.1016/S0040-4039(03)01174-2
http://dx.doi.org/10.1002/anie.200907040
http://dx.doi.org/10.1002/ange.200907040
http://dx.doi.org/10.1021/ja906040t
http://dx.doi.org/10.1021/ja906040t
http://dx.doi.org/10.1002/anie.201307069
http://dx.doi.org/10.1002/anie.201307069
http://dx.doi.org/10.1002/ange.201307069
http://dx.doi.org/10.1002/ange.201307069
http://dx.doi.org/10.1021/ja408137t
http://dx.doi.org/10.1021/ja408137t
http://dx.doi.org/10.1021/cs501502u
http://dx.doi.org/10.1021/jacs.5b10119
http://dx.doi.org/10.1021/jacs.5b10119
http://dx.doi.org/10.1021/ja4127455
http://dx.doi.org/10.1021/ja4118413
http://dx.doi.org/10.1021/ja4118413
http://dx.doi.org/10.1002/anie.201511486
http://dx.doi.org/10.1002/ange.201511486
http://www.angewandte.org


Communications

Cross-Couplings

L. Guo, A. Chatupheeraphat,
M. Rueping* &&&&—&&&&

Decarbonylative Silylation of Esters by
Combined Nickel and Copper Catalysis
for the Synthesis of Arylsilanes and
Heteroarylsilanes

Copper and nickel : An efficient nickel/
copper-catalyzed decarbonylative silyla-
tion reaction of carboxylic acid esters with
silylboranes is described. This process

provides access to structurally diverse
aryl- and heteroarylsilanes directly from
the corresponding esters and benefits
from superior functional-group tolerance.

Angewandte
ChemieCommunications

5Angew. Chem. Int. Ed. 2016, 55, 1 – 5 � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

http://www.angewandte.org

