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Reagents through C�O Bond Activation of Aryl and Enol Ethers
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Abstract: A nickel-catalyzed alkylation of polycyclic aromatic
methyl ethers as well as methyl enol ethers with B-alkyl 9-BBN
and trialkylborane reagents that involves the cleavage of stable
C(sp2)�OMe bonds is described. The transformation has
a wide substrate scope and good chemoselectivity profile
while proceeding under mild reaction conditions; it provides
a versatile way to form C(sp2)�C(sp3) bonds that does not
suffer from b-hydride elimination. Furthermore, a selective
and sequential alkylation process by cleavage of inert C�O
bonds is presented to demonstrate the advantage of this
method.

In recent years, CAr�O electrophiles have emerged as
powerful alternatives to the commonly used aryl halide
coupling partners mainly owing to the environmentally
benign nature, natural abundance, and ready availability of
phenols and derivatives thereof.[1] Compared with aryl
tosylates, esters, carbamates, and sulfonates, aryl ethers, and
in particular aryl methyl ethers, are the simplest derivatives in
the phenol series. Nevertheless, they have only been scarcely
used as substrates in metal-catalyzed cross-coupling reactions.
The key challenges are associated with the high activation
energy required for C�OMe bond scission and the low
propensity of methoxy residues to act as leaving groups.[1i]

Since Wenkert and co-workers reported the first Ni-catalyzed
alkylation reaction of aryl methyl ethers with aromatic
Grignard reagents,[2] the scope of metal-catalyzed cross-
couplings of aryl ethers has been expanded considerably,
and now includes a wide range of nucleophilic coupling
partners. Whereas various nucleophiles were successfully
applied for the arylation,[3] amination,[4] borylation,[5] alkyny-
lation,[6] and reductive deoxygenation[7] of methoxyarenes, an
efficient and general method for replacing the alkoxy with an
alkyl group is still missing.

Shi, Chatani, and our group have independently devel-
oped methods for the metal-catalyzed alkylation of alkoxyar-
enes with alkylmagnesium,[8] alkyllithium,[9] and alkylalumi-

num reagents.[10] However, these methods have serious
restrictions in terms of the alkyl group that can be introduced.
In general, none of these approaches features a high tolerance
to functional groups, and good yields were obtained only for
methylation, where no competing b-hydride elimination can
take place. The high reactivity of the organometallic nucle-
ophiles enables the use of substrates bearing less reactive
functional groups whereas it is not compatible with deriva-
tives containing carbonyl (esters/ketones), silyl, or amino
groups.

Therefore, the disclosure of new methods within this field
is still a highly desirable goal. With these considerations in
mind, we began to search for a more general catalytic system
and nucleophiles that can be used for the efficient alkylation
of aromatic ethers. Owing to their environmentally friendly
nature, operational simplicity, and superior functional group
tolerance, alkylboranes are widely used in the synthesis of
natural products and bioactive molecules.[11, 12] Hence, the use
of alkylboranes as coupling partners in cross-coupling reac-
tions with C(sp2)�O electrophiles, in particular methoxy-
naphthalene derivatives, seemed advantageous. In addition,
the limitations associated with undesired side reactions,
including the often observed b-hydride elimination, might
be overcome. Furthermore, alkylboranes can act as Lewis
acids, and coordination to the alkoxy group should have
a positive effect on the oxidative addition of the naphthyl
ether C�O bond (Scheme 1).

Herein, we describe the development of a new method for
the direct nickel-catalyzed alkylation[13] of naphthyl ethers
and related polyaromatic systems with alkylboranes, which
exhibits high reactivity and wide substrate scope. In addition,
the transformation is applicable to a range of methyl enol
ethers, providing access to alkylated vinylarenes.

We began our investigations by examining the reactivity
of 2-methoxynaphthalene (1 a) with B-alkyl 9-BBN 2a in the
presence of Ni(COD)2 (10 mol%) and IPr·HCl (20 mol%) in
diisopropyl ether (Table 1). As expected, the nature of the

Scheme 1. Considerations for the alkylation of naphthyl ethers by
C�OMe bond activation.
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base played a critical role for the success of the reaction.[14] As
shown in entries 1–5, the alkylated product 3a was obtained in
18% yield when cesium fluoride was employed as the base
whereas the use of other bases could not improve the yield
further. Furthermore, the ligand plays a crucial role in the
C�O bond-cleaving reaction. Therefore, the replacement of
IPr·HCl by PCy3 under otherwise identical reaction condi-
tions significantly improved the yield (entry 8), whereas the
use of other phosphine and N-heterocyclic carbene ligands
was unsatisfactory (entries 6 and 7).[15] Pleasingly, extending
the reaction time led to better results (entries 9–11). Interest-
ingly, the ratio of Ni(cod)2 and PCy3 ligand had a dramatic
effect on the reactivity, and 3a was obtained in 91% yield
when the ratio was changed from 1:2 to 1:4 (entry 10 vs.
12).[3b, 16] Furthermore, a slight decrease in temperature
enabled the isolation of 3a in 93% yield (entry 13). The
yield of the reaction decreased dramatically when the
reaction was performed at 100 8C (entry 14). Furthermore,
control experiments revealed that the reaction did not
occur in the absence of nickel catalyst or ligand (entries 15
and 16).

Encouraged by our initial results, we next focused on the
preparative scope and generality of our nickel-catalyzed
alkylation reaction. As shown in Table 2, a range of polycyclic
aromatic methyl ethers 1a–j with different substitution
patterns could be easily converted into the desired products
3a–j by employing B-alkyl 9-BBN 2a as the coupling partner.

Notably, the chemoselectivity profile of this method was
nicely illustrated by the fact that functional groups such as
silyl, ester, and amine groups (1e–g) were tolerated under the
present conditions. It was further demonstrated that nitrogen-
containing heterocycles, including quinoline (1h), pyrrole
(1 i), and morpholine (1j), did not interfere with the C(sp2)�
C(sp3) bond formation, giving the desired products in good
yields. Phenyl methyl ethers were also tested under the
optimized conditions; however, only traces of the alkylated
products were formed probably owing to their higher
aromaticity and slightly lower propensity to undergo C�O
bond cleavage.[17]

We subsequently turned our attention to the preparative
scope of our reaction with respect to various B-alkyl 9-BBN
nucleophiles 2a–o in combination with 2-methoxynaphtha-
lene (1a) as the coupling partner. As shown in Table 3, two
B-alkyl 9-BBN derivatives bearing short and long phenyl-
substituted alkyl chains underwent this reaction in excellent
yields (4a, 4b). The use of methyl-substituted alkylboranes
smoothly provided the corresponding cross-coupling products
(4c, 4d), whereas the use of a benzodioxole-substituted
alkylborane gave 4e in 88% yield. Aliphatic substituents (4 f–
i) are also perfectly suitable for the alkylation, which further
enhances the utility and applicability of this method. With
2-methyl-substituted B-alkyl 9-BBN 2j as the coupling
partner, the yield was only moderate, probably owing to
steric hindrance. Furthermore, the chemoselectivity profile of
this method was illustrated by the fact that substrates with
olefin (2 k), dioxolane (2 l), boronic ester (2m), silyl (2n), and
ester groups (2 o) all afforded the corresponding products in
good to high yields.

Table 1: Optimization of the nickel-catalyzed alkylation of 2-methoxy-
naphthalene.[a]

Entry Base Ligand (x mol%) Time [h] Yield [%][b]

1 Cs2CO3 IPr·HCl (20) 12 2
2 K3PO4 IPr·HCl (20) 12 0
3 Na2CO3 IPr·HCl (20) 12 trace
4 CsCl IPr·HCl (20) 12 5
5 CsF IPr·HCl (20) 12 18
6 CsF PPh3 (20) 12 0
7 CsF dcype (10) 12 0
8 CsF PCy3 (20) 12 28
9 CsF PCy3 (20) 36 53
10 CsF PCy3 (20) 60 61
11 CsF PCy3 (20) 84 56
12 CsF PCy3 (40) 60 91
13[c] CsF PCy3 (40) 60 95 (93)[d]

14[e] CsF PCy3 (40) 60 31
15[f ] CsF PCy3 (40) 60 0
16 CsF – 60 0

[a] Reaction conditions: 1a (0.20 mmol), 2a (0.32 mmol, 1.6 equiv),
Ni(COD)2 (10 mol%), ligand (x mol%), base (1.5 equiv), iPr2O (0.2m),
130 8C. [b] Yields determined by NMR analysis using 1,3,5-(OMe)3C6H3

as the internal standard. [c] 110 8C. [d] Yield of isolated product.
[e] 100 8C. [f ] Without Ni(cod)2. 9-BBN =9-borabicyclo[3.3.1]nonane,
COD = cyclooctadiene, dcype= 1,2-bis(dicyclohexylphosphino)ethane,
IPr·HCl= 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride,
PMP= para-methoxyphenyl.

Table 2: Substrate scope for polycyclic aromatic methyl ethers.[a,b]

[a] Reaction conditions: 1 (0.20 mmol), 2a (0.32 mmol, 1.6 equiv),
Ni(COD)2 (10 mol%), PCy3 (40 mol%), CsF (1.5 equiv) in iPr2O (0.2m)
at 110 8C for 60 h. [b] Yields of isolated products are given. [c] Ni(COD)2

(20 mol%), PCy3 (80 mol%).

Angewandte
ChemieCommunications

2 www.angewandte.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2016, 55, 1 – 6
� �

These are not the final page numbers!

http://www.angewandte.org


Subsequently, our attention was drawn to enol ethers[16a]

as potential substrates for the alkylation process. With (E)-2-
(2-methoxyvinyl)naphthalene (5 a) and B-alkyl 9-BBN 2a as
the coupling partner, we searched for suitable reaction
conditions (see the Supporting Information, Table S9). With
the optimized reaction conditions in hand, the scope with
respect to enol ethers was investigated (Table 4). Not only
extended aromatic substrates, but also simple aryl alkenes
were suitable for this transformation (6a–f). It should be
noted that when a 1:1 E/Z mixture of a substrate was exposed
to the reaction conditions, the desired product was isolated
with high stereoselectivity (E/Z> 10:1) as isomerization takes
place under the reaction conditions.[16a] Furthermore, the
alkylation protocol could be extended to alkenyl silyl ethers
with slightly modified coupling conditions (6 g–i).

Next, we examined the preparative scope and generality
of our cross-coupling reaction with various B-alkyl 9-BBN
derivatives. As shown in Table 5, a broad range of B-alkyl
9-BBN reagents bearing different substituents reacted with

high efficiency. Different aromatic and aliphatic groups were
compatible with our coupling reaction, and the corresponding
products 7a–h were obtained in high yields. The Suzuki–
Miyaura alkylation was also suitable for sensitive functional
groups that are usually not compatible with organometallic
reagents, such as ester, amide, acetal, and boronic ester
moieties, providing products 7 i–m in very high yields.

We then decided to examine the reactivity of other
alkylboron species. Although B-alkyl 9-BBNs are the most
efficient and commonly used Suzuki-type alkylating reagents,
the use of commercially available alkylating reagents such as
trialkylboranes could simplify the transformation. Gratify-
ingly, we observed that polycyclic aromatic methyl ethers
bearing various functional groups could be cross-coupled with
triethylborane 8 in good yields (Table 6).

Overall, we believe that the results shown in Tables 2–6
nicely illustrate the good reactivity and applicability of our
method for using B-alkyl 9-BBN and trialkylborane reagents
as coupling partners. This approach is attractive owing to its
substrate scope and chemoselectivity profile as aryl methyl
ethers and methyl enol ethers bearing various functional
groups can be used in an alkylative cross-coupling for the first
time.

To demonstrate the usefulness of our method, a selective
and sequential C�O bond activation process was attempted
(Scheme 2). For this purpose, the pivalate group in compound
10 was first alkylated in a cross-coupling reaction developed
in our group[18] that involves the use of an N-heterocyclic
carbene ligand and cesium carbonate and left the methoxy
group intact. Subsequently, the stable C�OMe bond could be

Table 3: Substrate scope for B-alkyl 9-BBN derivatives.[a,b]

[a] Reaction conditions: 1a (0.20 mmol), 2 (0.32 mmol, 1.6 equiv),
Ni(COD)2 (10 mol%), PCy3 (40 mol%), CsF (1.5 equiv) in iPr2O (0.2m)
at 110 8C for 60 h. [b] Yields of isolated products are given. [c] Ni(COD)2

(20 mol%), PCy3 (80 mol%).

Table 4: Substrate scope for enol ethers.[a,b]

[a] Reaction conditions: 5 (0.25 mmol), 2a (0.5 mmol), Ni(COD)2

(5 mol%), PCy3 (10 mol%), Cs2CO3 (2.0 equiv) in iPr2O (1.5 mL) at
100 8C for 18 h. [b] Yields of isolated products are given. [c] 48 h. [d] 5
(0.25 mmol), 2a (0.5 mmol), Ni(COD)2, (10 mol%), PCy3 (20 mol%),
Cs2CO3 (2.0 equiv) in iPr2O (1.5 mL) at 70 8C for 18 h.
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activated and functionalized with B-alkyl 9-BBN with the
Ni(cod)2/PCy3 catalyst system to furnish 12. The reactivity
differences between naphthyl carboxylates and naphthyl
methyl ethers for C�O bond cleavage are crucial for efficient
sequential C�O bond activation and the functionalization of
aromatic frameworks.

In conclusion, we have developed the first alkylation
reaction of polycyclic aromatic methyl ethers, which is based
on the use of alkylboron reagents as coupling partners and
involves the cleavage of highly inert C�OMe bonds. This
reaction shows broad functional group tolerance, providing

a practical and versatile way to form various C(sp2)�C(sp3)
bonds that does not suffer from b-hydride elimination. This
enables the synthesis of various products in high yields.
Diverse synthetically readily accessible and naturally occur-
ring methoxy arenes were efficiently transformed into
a variety of alkyl-substituted molecules. As such, this process
will be of interest for the replacement of methoxy groups, for
example, after their use as directing groups in Friedel–Crafts
reactions, ortho lithiations, or metal-catalyzed C�H function-
alizations. In retrosynthesis planning, methoxy groups can
thus be considered as directing groups and, at the same time,
as placeholders for alkyl groups. Furthermore, this method is
applicable to a range of methyl enol ethers, providing access
to valuable alkyl vinylarenes.

Acknowledgements

L.G. and X.L. were supported by the China Scholarship
Council.

Keywords: alkylation · alkylboron reagents ·
aromatic methyl ethers · C�O activation · nickel catalysis

[1] For reviews on the use of C�O electrophiles, see: a) D. G. Yu,
B. J. Li, Z. J. Shi, Acc. Chem. Res. 2010, 43, 1486 – 1495; b) B. J.
Li, D. G. Yu, C. L. Sun, Z. J. Shi, Chem. Eur. J. 2011, 17, 1728 –
1759; c) B. M. Rosen, K. W. Quasdorf, D. A. Wilson, N. Zhang,
A. M. Resmerita, N. K. Garg, V. Percec, Chem. Rev. 2011, 111,
1346 – 1416; d) T. Mesganaw, N. K. Garg, Org. Process Res. Dev.
2013, 17, 29 – 39; e) M. Tobisu, N. Chatani, Top. Organomet.
Chem. 2013, 44, 35 – 54; f) W.-N. Li, Z.-L. Wang, RSC Adv. 2013,
3, 25565 – 25575; g) S. I. Kozhushkov, H. K. Potukuchiw, L.
Ackermann, Catal. Sci. Technol. 2013, 3, 562 – 571; h) J. Cornella,
C. Zarate, R. Martin, Chem. Soc. Rev. 2014, 43, 8081 – 8097; for
reviews on C�OMe bond cleavage, see: i) M. Tobisu, N. Chatani,
Acc. Chem. Res. 2015, 48, 1717 – 1726; j) Homogeneous Catalysis
for Unreactive Bond Activation (Ed.: Z. J. Shi), Wiley, New York,
2014.

[2] a) E. Wenkert, E. L. Michelotti, C. S. Swindell, J. Am. Chem.
Soc. 1979, 101, 2246 – 2247; b) E. Wenkert, E. L. Michelotti, C. S.
Swindell, M. Tingoli, J. Org. Chem. 1984, 49, 4894 – 4899.

Table 5: Substrate scope for B-alkyl 9-BBNs.[a]

[a] Reaction conditions: 5a (0.25 mmol), 2 (0.5 mmol), Ni(COD)2

(5 mol%), PCy3 (10 mol%), Cs2CO3 (2.0 equiv) in iPr2O (1.5 mL) at
100 8C for 18 h.

Table 6: Substrate scope for the reaction of aromatic methyl ethers with
triethylborane as the coupling partner.[a,b]

[a] Reaction conditions: 1 (0.20 mmol), 8 (0.40 mmol, 2 equiv), 1.0m in
hexanes), Ni(COD)2 (10 mol%), PCy3 (40 mol%), CsF (1.5 equiv) in
iPr2O (0.2m) at 110 8C for 60 h. [b] Yields of isolated products are given.

Scheme 2. Sequential alkylation of two different inert C�O bonds.

Angewandte
ChemieCommunications

4 www.angewandte.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2016, 55, 1 – 6
� �

These are not the final page numbers!

http://dx.doi.org/10.1021/ar100082d
http://dx.doi.org/10.1002/chem.201002273
http://dx.doi.org/10.1002/chem.201002273
http://dx.doi.org/10.1021/cr100259t
http://dx.doi.org/10.1021/cr100259t
http://dx.doi.org/10.1021/op300236f
http://dx.doi.org/10.1021/op300236f
http://dx.doi.org/10.1039/c3ra44884c
http://dx.doi.org/10.1039/c3ra44884c
http://dx.doi.org/10.1039/C2CY20505J
http://dx.doi.org/10.1039/C4CS00206G
http://dx.doi.org/10.1021/acs.accounts.5b00051
http://dx.doi.org/10.1021/ja00502a074
http://dx.doi.org/10.1021/ja00502a074
http://dx.doi.org/10.1021/jo00199a030
http://www.angewandte.org


[3] a) J. W. Dankwardt, Angew. Chem. Int. Ed. 2004, 43, 2428 – 2432;
Angew. Chem. 2004, 116, 2482 – 2486; b) M. Tobisu, T. Shima-
saki, N. Chatani, Angew. Chem. Int. Ed. 2008, 47, 4866 – 4869;
Angew. Chem. 2008, 120, 4944 – 4947; c) C. Wang, T. Ozaki, R.
Takita, M. Uchiyama, Chem. Eur. J. 2012, 18, 3482 – 3485; d) M.
Tobisu, A. Yasutome, H. Kinuta, K. Nakamura, N. Chatani, Org.
Lett. 2014, 16, 5572 – 5575.

[4] a) M. Tobisu, T. Shimasaki, N. Chatani, Chem. Lett. 2009, 38,
710 – 711; b) M. Tobisu, A. Yasutome, K. Yamakawa, T. Shima-
saki, N. Chatani, Tetrahedron 2012, 68, 5157 – 5161.

[5] C. Zarate, R. Manzano, R. Martin, J. Am. Chem. Soc. 2015, 137,
6754 – 6757.

[6] M. Tobisu, T. Takahira, A. Ohtsuki, N. Chatani, Org. Lett. 2015,
17, 680 – 683.

[7] a) P. �lvarez-Bercedo, R. Martin, J. Am. Chem. Soc. 2010, 132,
17352 – 17353; b) M. Tobisu, K. Yamakawa, T. Shimasakia, N.
Chatani, Chem. Commun. 2011, 47, 2946 – 2948; c) A. G. Ser-
geev, J. F. Hartwig, Science 2011, 332, 439 – 443; d) J. Cornella, E.
G�mez-Bengoa, R. Martin, J. Am. Chem. Soc. 2013, 135, 1997 –
2009; e) B. Sawatlon, T. Wititsuwannakul, Y. Tantirungrotechai,
P. Surawatanawong, Dalton Trans. 2014, 43, 18123 – 18133; f) M.
Tobisu, T. Morioka, A. Ohtsukib, N. Chatani, Chem. Sci. 2015, 6,
3410 – 3414.

[8] a) B. T. Guan, S. K. Xiang, T. Wu, Z. P. Sun, B. Q. Wang, K. Q.
Zhao, Z. J. Shi, Chem. Commun. 2008, 1437 – 1439; b) M. Tobisu,
T. Takahira, N. Chatani, Org. Lett. 2015, 17, 4352 – 4355; during
the revision process of this manuscript, a nickel-catalyzed
alkylation of anisoles with Grignard reagents was reported;
see: c) M. Tobisu, T. Takahira, T. Morioka, N. Chatani, J. Am.
Chem. Soc. 2016, 138, 6711 – 6714.

[9] a) 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; b) L. Guo, M. Leien-
decker, C. C. Hsiao, C. Baumann, M. Rueping, Chem. Commun.
2015, 51, 1937 – 1940; c) M. Leiendecker, A. Chatupheeraphat,
M. Rueping, Org. Chem. Front. 2015, 2, 350 – 353.

[10] a) T. Morioka, A. Nishizawa, K. Nakamura, M. Tobisu, N.
Chatani, Chem. Lett. 2015, 44, 1729 – 1731; 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.

[11] a) S. R. Chemler, D. Trauner, S. J. Danishefsky, Angew. Chem.
Int. Ed. 2001, 40, 4544 – 4568; Angew. Chem. 2001, 113, 4676 –
4701; b) K. C. Nicolaou, P. G. Bulger, D. Sarlah, Angew. Chem.
Int. Ed. 2005, 44, 4442 – 4489; Angew. Chem. 2005, 117, 4516 –
4563.

[12] For reviews on Suzuki–Miyaura cross-couplings, see: a) N.
Miyaura, A. Suzuki, Chem. Rev. 1995, 95, 2457 – 2483; b) A.

Suzuki, J. Organomet. Chem. 1999, 576, 147 – 168; c) N. Miyaura,
Top. Curr. Chem. 2002, 219, 11 – 59; d) S. Kotha, K. Lahiri, D.
Kashinath, Tetrahedron 2002, 58, 9633 – 9695.

[13] For selected reviews with examples of nickel-catalyzed cross-
couplings involving the formation of C(sp2)�C(sp3) bonds, see:
a) “Nickel-catalyzed cross-coupling reactions”: A. Adhikary, H.
Guan in Pincer and Pincer-Type Complexes (Eds.: K. J. Szabo, O.
Wendt), Wiley, New York, 2014, pp. 117 – 147; b) “Coupling
reactions between sp3-carbon centers. Nickel Catalysts”: T.
Iwasaki, N. Kambe in Comprehensive Organic Synthesis,
Vol. 3, 2nd ed. (Eds.: P. Knochel, G. A. Molander), Elsevier,
Oxford, 2014, pp. 358 – 371; c) “Coupling reactions between sp3

and sp2 carbon centers. Nickel-Catalyzed Coupling Reactions”:
G. Manolikakes in Comprehensive Organic Synthesis, Vol. 3,
2nd ed. (Eds.: P. Knochel, G. A. Molander), Elsevier, Oxford,
2014, pp. 430 – 442; d) Metal-Catalyzed Cross-Coupling Reac-
tions and More (Eds.: A. de Meijere, S. Br�se, M. Oestreich),
Wiley-VCH, Weinheim, 2014 ; e) New Trends in Cross-Coupling
Theory and Applications, RSC Catalysis Series (Ed.: T. J.
Colacot), 2015.

[14] For the role of base in Suzuki – Miyaura cross-couplings, see: K.
Matos, J. A. Soderquist, J. Org. Chem. 1998, 63, 461 – 470.

[15] For optimization details, see the Supporting Information.
[16] The best result was obtained with a Ni/PCy3 ratio of 1:4. Our

observation is in analogy with previous reports from the Chatani,
Shi, and Martin groups; see: a) T. Shimasaki, Y. Konno, M.
Tobisu, N. Chatani, Org. Lett. 2009, 11, 4890 – 4892; b) D. G. Yu,
Z. J. Shi, Angew. Chem. Int. Ed. 2011, 50, 7097 – 7100; Angew.
Chem. 2011, 123, 7235 – 7238; c) M. Tobisu, T. Xu, T. Shimasaki,
N. Chatani, J. Am. Chem. Soc. 2011, 133, 19505 – 19511; d) X. W.
Liu, J. Echavarren, C. Zarate, R. Martin, J. Am. Chem. Soc. 2015,
137, 12470 – 12473.

[17] For the reaction of phenyl derivatives, see Table S8 in the
Supporting Information.

[18] For nickel-catalyzed cross-couplings developed by our group,
see: a) L. Guo, C.-C. Hsiao, H. Yue, X. Liu, M. Rueping, ACS
Catal. 2016, 6, 4438 – 4442; b) L. Guo, A. Chatupheeraphat, M.
Rueping, Angew. Chem. Int. Ed. 2016, 55, 11810 – 11813; Angew.
Chem. 2016, 128, 11989 – 11992; c) L. Fan, J. Jia, H. Hou, Q.
Lefebvre, M. Rueping, Chem. Eur. J. 2016, 22 ; DOI: 10.1002/
chem.201604452; d) L. Guo, M. Rueping, Chem. Eur. J. 2016, 22,
DOI: 10.1002/chem.201604504.

Received: August 6, 2016
Published online: && &&, &&&&

Angewandte
ChemieCommunications

5Angew. Chem. Int. Ed. 2016, 55, 1 – 6 � 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.200453765
http://dx.doi.org/10.1002/ange.200453765
http://dx.doi.org/10.1002/anie.200801447
http://dx.doi.org/10.1002/ange.200801447
http://dx.doi.org/10.1002/chem.201103784
http://dx.doi.org/10.1021/ol502583h
http://dx.doi.org/10.1021/ol502583h
http://dx.doi.org/10.1246/cl.2009.710
http://dx.doi.org/10.1246/cl.2009.710
http://dx.doi.org/10.1016/j.tet.2012.04.005
http://dx.doi.org/10.1021/jacs.5b03955
http://dx.doi.org/10.1021/jacs.5b03955
http://dx.doi.org/10.1021/ol503707m
http://dx.doi.org/10.1021/ol503707m
http://dx.doi.org/10.1039/c0cc05169a
http://dx.doi.org/10.1126/science.1200437
http://dx.doi.org/10.1021/ja311940s
http://dx.doi.org/10.1021/ja311940s
http://dx.doi.org/10.1039/C4DT02374A
http://dx.doi.org/10.1039/C5SC00305A
http://dx.doi.org/10.1039/C5SC00305A
http://dx.doi.org/10.1039/b718998b
http://dx.doi.org/10.1021/acs.orglett.5b02200
http://dx.doi.org/10.1021/jacs.6b03253
http://dx.doi.org/10.1021/jacs.6b03253
http://dx.doi.org/10.1002/anie.201402922
http://dx.doi.org/10.1002/ange.201402922
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/10.1246/cl.150936
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/10.1002/1521-3773(20011217)40:24%3C4544::AID-ANIE4544%3E3.0.CO;2-N
http://dx.doi.org/10.1002/1521-3773(20011217)40:24%3C4544::AID-ANIE4544%3E3.0.CO;2-N
http://dx.doi.org/10.1002/1521-3757(20011217)113:24%3C4676::AID-ANGE4676%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3757(20011217)113:24%3C4676::AID-ANGE4676%3E3.0.CO;2-B
http://dx.doi.org/10.1002/anie.200500368
http://dx.doi.org/10.1002/anie.200500368
http://dx.doi.org/10.1002/ange.200500368
http://dx.doi.org/10.1002/ange.200500368
http://dx.doi.org/10.1021/cr00039a007
http://dx.doi.org/10.1016/S0022-328X(98)01055-9
http://dx.doi.org/10.1007/3-540-45313-X_2
http://dx.doi.org/10.1016/S0040-4020(02)01188-2
http://dx.doi.org/10.1021/jo971681s
http://dx.doi.org/10.1021/ol901978e
http://dx.doi.org/10.1002/anie.201101461
http://dx.doi.org/10.1002/ange.201101461
http://dx.doi.org/10.1002/ange.201101461
http://dx.doi.org/10.1021/ja207759e
http://dx.doi.org/10.1021/jacs.5b08103
http://dx.doi.org/10.1021/jacs.5b08103
http://dx.doi.org/10.1021/acscatal.6b00801
http://dx.doi.org/10.1021/acscatal.6b00801
http://dx.doi.org/10.1002/anie.201604696
http://dx.doi.org/10.1002/ange.201604696
http://dx.doi.org/10.1002/ange.201604696
http://dx.doi.org/10.1002/chem.201604452
http://dx.doi.org/10.1002/chem.201604452
http://dx.doi.org/10.1002/chem.201604504
http://www.angewandte.org


Communications
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Nickel-Catalyzed Alkoxy–Alkyl
Interconversion with Alkylborane
Reagents through C�O Bond Activation
of Aryl and Enol Ethers

No side reactions : A nickel-catalyzed
Suzuki-type alkylation of aryl methyl
ethers and methyl enol ethers with B-alkyl
9-BBN and trialkylborane reagents has
been developed, which involves the

cleavage of highly inert C(sp2)�OMe
bonds. This transformation provides
a versatile way to build C(sp2)�C(sp3)
bonds that does not suffer from b-hydride
elimination.
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