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the Synthesis of Isoquinolin-3-ones
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Abstract: A facile route toward the synthesis of isoquinolin-3-
ones through a cooperative B(C6F5)3- and Cp*CoIII-catalyzed
C¢H bond activation of imines with diazo compounds is
presented. The inclusion of a catalytic amount of B(C6F5)3

results in a highly efficient reaction, thus enabling unstable NH
imines to serve as substrates.

Transition-metal-catalyzed C¢H bond activation strategies
have emerged as powerful tools for the assembly of complex
molecules.[1] From both an environmental and economic point
of view, catalysts consisting of the earth-abundant metal
cobalt have gained attention as alternatives to those of second
-row transition metals such as Pd, Ru, and Rh.[2] Although
remarkable progress in the field of cobalt-catalyzed C¢H
bond activation has been made in the past few years,
significant challenges still remain, such as achieving efficient
catalyst turnover and the development of novel transforma-
tions.[2a] C¢H bond-activation reactions using high-valent
Cp*CoIII catalysts are generally limited in substrate scope due
to the requirement of strong directing groups.[2c] Thus,
efficient catalyst systems and new directing groups, specifi-
cally non-azacyclic compounds, need to be explored.

Isoquinolin-3-ones are prevalent structural motifs in
a wide variety of natural[3] and biologically active com-
pounds.[4] The basic framework of quinolinones has several
regioisomers: 2-quinolinones, isoquinolin-1-ones, and -3-ones.
In the last decade, many elegant methods toward the synthesis
of isoquinolinones have been developed through C¢H
activation reactions. However, most of these studies are
focused on the synthesis of isoquinolin-1-ones[5] and 2-
quinolinones[6] (Scheme 1 a,b). Conversely, despite their
broad utility, no general methods have been reported to
access isoquinoline-3-ones, an important structural class
present in natural compounds (Figure 1),[3] cardiotonic drug
candidates,[4] as well as heteroacenes as a result of the unique
feature of equilibrium with the tautomeric hydroxyisoquino-
lines.[7] Traditionally, isoquinolin-3-ones are prepared in
multistep syntheses under harsh reaction conditions and
exhibit limited substitution patterns.[8] Therefore, the devel-
opment of an efficient one-pot method to give isoquinoline-3-
ones is highly desirable.

As part of our ongoing research on Cp*CoIII-catalyzed
C¢H activation[9] and considering the interest in isoquinolin-
3-ones as an important structural motif, we proposed that
imines may serve as competent directing groups for Cp*CoIII-
catalyzed C¢H activation reactions with diazo esters[10] to
provide isoquinoline-3-ones (Scheme 1c). To facilitate this
transformation, it was first necessary to develop an efficient
Cp*CoIII catalyst system to enable unstable NH imines to act
as directing groups. Transformations with NH imine directing
groups would be the most atom-economic way to access
N-unsubstituted isoquinoline-3-ones, as no prefunctionaliza-
tion or additional deprotection would be required. However,
NH imines are not widely used as a directing group in C¢H
activation reactions for the following considerations:[11]

1) Imines are mildly basic and can form iminium salts which
are easily hydrolyzed to the ketone or can undergo
nucleophilic addition to the electrophilic carbon
atom.[11, 12]

2) The relatively weak N¢H bond could generate a metal–
iminyl bond, which can lead to competing, undesired
reactions.[13,14]

Scheme 1. Synthetic methods for the preparation of isoquinolinones
and quinolinones based on C¢H activation strategies.

Figure 1. Naturally occurring compounds containing isoquinolin-3-one
motifs.
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3) Primary aryl alkyl imines could undergo imine/enamine
tautomerization,[14] which may alter the chelation ability.
In this regard, few transformations that utilize primary
aryl alkyl imines as directing groups have been reported in
C¢H activation reactions.[15]

In the last few years, cooperative catalytic systems have
attracted attention to enable C¢H bond activations that could
not previously be achieved by first-row transition-metal
catalysts.[16] Interestingly, we found that the addition of
catalytic amounts of B(C6F5)3 dramatically accelerates the
reaction rates and facilitates C¢H bond activation. Herein, we
report the first Lewis acid promoted Cp*CoIII-catalyzed C¢H
bond activation of imines with diazo compounds. Arguably,
this approach represents the first synthetic method toward
isoquinoline-3-ones through C¢H bond activation.

To examine whether NH imines are competent directing
groups for Cp*CoIII-catayzed C¢H activation with diazo
compounds, we selected 1-(p-tolyl)pentan-1-imine (1b) and
dimethyl 2-diazomalonate (2 a) as model substrates. In an
initial set of experiments, silver salts and acetate bases were
investigated with a Cp*CoIII catalyst.[2, 17] To our delight, the
desired product 3b and its transesterification derivative 3b’’,
derived from the solvent, were formed in the presence of
CsOAc (10 mol %) and AgSbF6 (10 mol %) in 29% yield
(Table S1 in the Supporting Information). We suspected that
the reactivity could be improved by the presence of a Lewis
acid.[16] After extensive screening, we were pleased to find
that the yield of 3b/3b’’ improves significantly up to 80% on
introduction of B(C6F5)3 (20 mol%), while other Lewis acids,
including Zn(OTf)2, Sc(OTf)3 and BF3·OEt2 were less effec-
tive (Table S1). Finally, it was found that the addition of silver
was not required for the reaction (Table S1). Structurally
similar substrates, including a range of ketoximes (N-OH, N-
OMe, N-OPiv) and N-PMP-substituted imines (PMP = N-p-
methoxyphenyl) did not give any desired product
(Table S1).[18]

With the optimized conditions in hand, the substrate
scope was investigated with various NH imines and diazo
compounds (Scheme 2). Electron-donating and -withdrawing
substituents on the aryl moiety were tolerated. The reaction
proceeded regioselectively when functional groups were
located at the meta and ortho positions. In a similar fashion,
m-naphthyl-substituted substrate 1 i and heteroarene 1j were
also tolerated. Variation of the R1 substituents and alteration
of the diazo ester had little effect on the reaction efficiency.

Next, a variety of N-substituted imines were examined
under the optimized reaction conditions (Scheme 3). Pleas-
ingly, the reaction of N-methyl-1-phenylethan-1-imine (1’’a)
proceeded smoothly to give 4a in 83 % yield. Electronic
variation of the para- and meta-substituents on the aryl group
did not affect the reaction efficiency and afforded 4b–4 f. The
structure of 4c was confirmed by X-ray crystallographic
analysis.[19] The N-phenyl-substituted imine 1’’g as well as the
aldimine 1’’h were also competent substrates. Notably, product
4h is an important scaffold in natural compounds (Figure 1).
Other diazo compounds were also tolerated.

For a better understanding of the role of the reaction
additives, we conducted a series of experiments (Scheme 4).

First, the stability of NH imine 1a was tested. Significant
decomposition (27%) of 1a was observed within 1 h in the
absence of a diazo compound under the optimized conditions
(see the Supporting Information). Previous conditions with
AgSbF6 gave 62 % decomposition in the same time. It was,
therefore, concluded that an increased reaction rate was the

Scheme 2. Substrate scope of primary ketimines and diazo com-
pounds. For the reaction conditions, see the Supporting Information.
TFE =2,2,2-trifluoroethanol.

Scheme 3. Substrate scope of secondary ketimines, aldimines, and
diazo compounds. For the reaction conditions, see the Supporting
Information.
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key to achieving high yields. Hence, we investigated the initial
rate for the reaction between imine 1a and diazo compound
2a in the presence of different additives [Eq. (1) in
Scheme 4]. The experiments showed that the addition of
B(C6F5)3 clearly resulted in a significant rate enhancement
compared to AgSbF6. The origin of the high reactivity and the
role of B(C6F5)3 are ambiguous, and further comprehensive
mechanistic studies are required. However, a number of
experimental observations are noteworthy:
1) When parallel reactions of imine 1’’a with different

additives were performed in deuterated co-solvent for
10 min, D1 incorporation in 1’’a was 32% under the
optimized conditions, while only 11% with AgSbF6

[Eq. (2) in Scheme 4].
2) 1H NMR experiments of the diazo compound 2a with

different additives indicated that the formation of the
carbene on extrusion of nitrogen is accelerated in the
presence of B(C6F5)3 [Eq. (3) in Scheme 4].

3) When B(C6F5)3 was treated with stoichiometric amounts
of [Cp*Co(CO)I2], the 11B NMR spectra showed that the
borate anion A is formed readily even at room temper-
ature by iodide abstraction from the cobalt catalyst
precursor [Eq. (4) in Scheme 4].

Combining the above pieces of information, it is plausible
that B(C6F5)3 plays a dual role:
1) The generation of a catalytically active cationic CoIII

species might be facilitated by the strong Lewis acid
B(C6F5)3, which forms a noncoordinating borate anion
such as [I(C6F5)3B]¢ . The cationic CoIII species would be
stabilized by this borate anion.[20]

2) The inclusion of B(C6F5)3 may accelerates the rate of the
C¢H activation step and subsequent formation of the
CoIII–carbene intermediate III.

Additional preliminary experiments were carried out to
gain insight into the mechanism (see the Supporting Infor-
mation). Two competition experiments were performed. First,
a competition between p-CH3-substituted imine 1’’b and imine
1’’a with diazo ester 2a. In the second experiment, p-Cl-
substituted imine 1’’d and imine 1’’a were mixed with diazo
ester 2a. Both experiments suggested that this transformation
is more favorable for electron-rich imines. Next, a series of
deuterium labeling experiments were carried out. The use of
a deuterated cosolvent demonstrated that the C¢H activation
was reversible (see the Supporting Information). Kinetic
studies from parallel reactions revealed a KIE value (kH/kD)
of 1.1, thus suggesting that the C¢H bond cleavage of the
imine is probably not the rate-limiting step.

Based on the above results and previous reports,[9, 10,14]

a plausible reaction mechanism is proposed (Scheme 5). First,
the reactive cationic Cp*CoIII species I is generated with the

assistance of B(C6F5)3. Subsequently, Cp*CoIII species I
coordinates to substrate 1, and a reversible C¢H bond
cleavage forms cobaltacycle II. The reaction with the diazo
compound might then occur to give the metal–carbene
intermediate III by extrusion of N2. After migratory insertion
to provide IV, rearrangement gives V. Nucleophilic addition
to the ester carbonyl group occurs in the presence of Lewis
acidic CoIII to give VI. Finally, elimination of the methoxy
group from VI and proton transfer gives the desired products
with regeneration of the catalyst.

In summary, we have successfully developed a Cp*CoIII-
catalyzed C¢H activation of imines with diazo compounds to
provide the first example of an expedient method to access
highly substituted isoquinolin-3-ones with broad substrate
scope and good functional-group tolerance. In this reaction,
the addition of catalytic amounts of B(C6F5)3 results in high
reaction efficiency, thus unstable NH imines could serve as
the directing groups. Given the high reactivity, the newly

Scheme 4. Studies on the role of B(C6F5)3.

Scheme 5. Proposed reaction mechanism.
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developed Cp*CoIII/B(C6F5)3 cooperative catalytic system
could allow new transformations.

Acknowledgements

Financial support by the Deutsche Forschungsgemeinschaft
(Leibniz Award) and the Alfried Krupp von Bohlen und
Halbach-Foundation is gratefully acknowledged. We thank
Prof. Dr. G. Erker for a generous donation of B(C6F5)3. We
also thank Dr. Constantin G. Daniliuc for X-ray crystallo-
graphic analysis, Dr. Klaus Bergander for NMR analysis, and
Dr. Lisa Candish, Tobias Gensch, Suhelen V�squez-C¦s-
pedes, and Adrian Tlahuext (all WWU Mînster) for helpful
discussions.

Keywords: carbenes · C¢H activation · cobalt ·
cooperative catalysis · isoquinolinones

How to cite: Angew. Chem. Int. Ed. 2016, 55, 5577–5581
Angew. Chem. 2016, 128, 5667–5671

[1] For recent reviews and book, see a) Z. Chen, B. Wang, J. Zhang,
W. Yu, Z. Liu, Y. Zhang, Org. Chem. Front. 2015, 2, 1107; b) L.
Ackermann, Acc. Chem. Res. 2014, 47, 281; c) P. Gandeepan, C.-
H. Cheng, Chem. Asian J. 2016, 11, 448; d) J. J. Li, C-H Bond
Activation in Organic Synthesis, CRS Press, New York, London,
2015 ; e) P. L. Arnold, M. W. McMullon, J. Rieb, F. E. Kîhn,
Angew. Chem. Int. Ed. 2015, 54, 82 – 100; Angew. Chem. 2015,
127, 84 – 103.

[2] For recent reviews and papers, see a) M. Moselage, J. Li, L.
Ackermann, ACS Catal. 2016, 6, 498; b) J. R. Hummel, J. A.
Ellman, J. Am. Chem. Soc. 2015, 137, 490; c) S. Prakash, K.
Muralirajan, C.-H. Cheng, Angew. Chem. Int. Ed. 2016, 55, 1844;
Angew. Chem. 2016, 128, 1876; d) J. Park, S. Chang, Angew.
Chem. Int. Ed. 2015, 54, 14103; Angew. Chem. 2015, 127, 14309;
e) J. Li, L. Ackermann, Angew. Chem. Int. Ed. 2015, 54, 3635;
Angew. Chem. 2015, 127, 3706; f) L. Ackermann, J. Org. Chem.
2014, 79, 8948.

[3] a) M. Shamma, J. L. Moniot, Isoquinolinone Alkaloid Research,
Plenum Press, New York, London, 1978 ; b) B. Kesteleyn, N. D.
Kimpe, J. Org. Chem. 2000, 65, 635; c) A. M. Echavarren, J. K.
Stille, J. Am. Chem. Soc. 1988, 110, 4051; d) I. M. Khalil, D.
Barker, B. R. Copp, J. Org. Chem. 2016, 81, 282.

[4] Selected articles: a) R. M. Kanojia, J. B. Press, O. W. Lever, L.
Williams, J. J. McNally, A. J. Tobia, R. Falotico, J. B. Moore, J.
Med. Chem. 1988, 31, 1363; b) R. M. Kanojia, O. W. Lever, J. B.
Press, L. Williams, H. M. Werblood, E. C. Giardino, R. Falotico,
A. J. Tobia, J. Med. Chem. 1989, 32, 990; c) N. Micale, R. Ettari,
T. Schirmeister, A. Evers, C. Gelhaus, M. Leippe, M. Zappala, S.
Grasso, Bioorg. Med. Chem. 2009, 17, 6505.

[5] Selected articles: a) L. Ackermann, A. V. Lygin, N. Hofmann,
Angew. Chem. Int. Ed. 2011, 50, 6379; Angew. Chem. 2011, 123,
6503; b) N. Guimond, S. I. Gorelsky, K. Fagnou, J. Am. Chem.
Soc. 2011, 133, 6449; c) T. K. Hyster, T. Rovis, J. Am. Chem. Soc.
2010, 132, 10565; d) B. Li, H. Feng, S. Xu, B. Wang, Chem. Eur. J.
2011, 17, 12573; e) H. Zhong, D. Yang, S. Wang, J. Huang, Chem.
Commun. 2012, 48, 3236.

[6] Selected papers articles: a) X. Li, X. Li, N. Jiao, J. Am. Chem.
Soc. 2015, 137, 9246; b) Y. Deng, W. Gong, J. He, J.-Q. Yu,
Angew. Chem. Int. Ed. 2014, 53, 6692; Angew. Chem. 2014, 126,
6810; c) J. Wu, S. Xiang, J. Zeng, M. Leow, X.-W. Liu, Org. Lett.
2015, 17, 222; d) K. Inamoto, T. Saito, K. Hiroya, T. Doi, J. Org.
Chem. 2010, 75, 3900.

[7] Selected papers articles: a) J. Li, J. Gao, G. Li, W. Xiong, Q.
Zhang, J. Org. Chem. 2013, 78, 12760; b) I. M. Craig, H. M.
Duong, F. Wudl, B. J. Schwartz, Chem. Phys. Lett. 2009, 477, 319;
c) G. Li, H.-M. Duong, Z.-H. Zhang, J.-C. Xiao, L. Liu, Y.-L.
Zhao, H. Zhang, H.-W. Huo, S.-Z. Li, J. Ma, F. Wudl, Q. Zhang,
Chem. Commun. 2012, 48, 5974; d) L. Moni, M. Denißen, G.
Valentini, T. J. J. Mîller, R. Riva, Chem. Eur. J. 2015, 21, 753; for
the tautomeric form of isoquinolinones, see e) N. Bodor, M. J. S.
Dewer, A. J. Harget, J. Am. Chem. Soc. 1970, 92, 2929.

[8] a) H. Suzuki, H. Abe, J. Org. Chem. 1994, 59, 6116; b) L. J.
M¦ndez, A. S. Canepa, M. G. Gonz�lez, R. D. Bravo, Tetrahe-
dron Lett. 2012, 53, 688; c) K. M. Allan, B. D. Hong, B. M. Stoltz,
Org. Biomol. Chem. 2009, 7, 4960; d) R. Ferraccioli, A. Forni,
Eur. J. Org. Chem. 2009, 3161; e) H. Hussain, E. Kianmehr, T.
Durst, Tetrahedron Lett. 2001, 42, 2245; f) A. S. C�nepa, R. D.
Bravo, J. Heterocycl. Chem. 2004, 41, 979; g) A. U. Borse, N. L.
Patil, M. N. Patil, S. R. Tetgure, A. P. Nikum, U. D. Patil, R. S.
Mali, J. Pharm. Res. 2012, 5, 3223.

[9] a) A. Lerchen, S. V�squez-C¦spedes, F. Glorius, Angew. Chem.
Int. Ed. 2016, 55, 3208; Angew. Chem. 2016, 128, 3261; b) D.
Zhao, J. H. Kim, L. Stegemann, C. A. Strassert, F. Glorius,
Angew. Chem. Int. Ed. 2015, 54, 4508; Angew. Chem. 2015, 127,
4591; c) T. Gensch, S. V�squez-C¦spedes, D.-G. Yu, F. Glorius,
Org. Lett. 2015, 17, 3714; d) D.-G. Yu, T. Gensch, F. de Azam-
buja, S. V�squez-C¦spedes, F. Glorius, J. Am. Chem. Soc. 2014,
136, 17722.

[10] For the function of diazo compounds as C2 sources, see a) J. H.
Kim, T. Gensch, D. Zhao, L. Stegemann, C. A. Strassert, F.
Glorius, Angew. Chem. Int. Ed. 2015, 54, 10975; Angew. Chem.
2015, 127, 11126; b) G.-D. Tang, C.-L. Pan, X. Li, Org. Chem.
Front. 2016, 3, 87; c) Y. Cheng, C. Bolm, Angew. Chem. Int. Ed.
2015, 54, 12349; Angew. Chem. 2015, 127, 12526; d) L. Shi, K. Yu,
B. Wang, Chem. Commun. 2015, 51, 17277; e) Z. Shi, D. C.
Koester, M. Boultadakis-Arapinis, F. Glorius, J. Am. Chem. Soc.
2013, 135, 12204.

[11] Z.-M. Sun, S.-P. Chen, P. Zhao, Chem. Eur. J. 2010, 16, 2619.
[12] For the nucleophilic addition to electrophilic carbon atom of

imines, see a) T. Yoshino, H. Ikemoto, S. Matsunaga, M. Kanai,
Angew. Chem. Int. Ed. 2013, 52, 2207; Angew. Chem. 2013, 125,
2263; b) K. Gao, N. Yoshikai, Chem. Commun. 2012, 48, 4305;
for the stability issue of imines in cobalt-catalyzed C¢H
activations, see c) K. Gao, N. Yoshikai, Acc. Chem. Res. 2014,
47, 1208.

[13] Selected article: J. Barluenga, F. Aznar, C. Valdes, Angew. Chem.
Int. Ed. 2004, 43, 343; Angew. Chem. 2004, 116, 347.

[14] An undesired reaction was observed: When the reaction of
imine 1b with diazo compound 2a was employed with MnI

catalyst, B was formed as the major product (see the Supporting
Information). This result clearly showed that formation of
a metal–iminyl bond and imine/enamine tautomerization oc-
curred under the reaction conditions [Eq. (5); DCE = 1,2-
dichloroethane].

[15] a) R. He, Z.-T. Huang, Q.-Y. Zheng, C. Wang, Angew. Chem. Int.
Ed. 2014, 53, 4950; Angew. Chem. 2014, 126, 5050; b) D. N. Tran,
N. Cramer, Angew. Chem. Int. Ed. 2013, 52, 10630; Angew.
Chem. 2013, 125, 10824; c) D. N. Tran, N. Cramer, Angew. Chem.
Int. Ed. 2011, 50, 11098; Angew. Chem. 2011, 123, 11294; d) D. N.
Tran, N. Cramer, Angew. Chem. Int. Ed. 2010, 49, 8181; Angew.
Chem. 2010, 122, 8357.

Angewandte
ChemieCommunications

5580 www.angewandte.org Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2016, 55, 5577 –5581

http://dx.doi.org/10.1039/C5QO00004A
http://dx.doi.org/10.1021/ar3002798
http://dx.doi.org/10.1002/asia.201501186
http://dx.doi.org/10.1002/anie.201404613
http://dx.doi.org/10.1002/ange.201404613
http://dx.doi.org/10.1002/ange.201404613
http://dx.doi.org/10.1021/acscatal.5b02344
http://dx.doi.org/10.1021/ja5116452
http://dx.doi.org/10.1002/anie.201509316
http://dx.doi.org/10.1002/ange.201509316
http://dx.doi.org/10.1002/anie.201505820
http://dx.doi.org/10.1002/anie.201505820
http://dx.doi.org/10.1002/ange.201505820
http://dx.doi.org/10.1002/anie.201409247
http://dx.doi.org/10.1002/ange.201409247
http://dx.doi.org/10.1021/jo501361k
http://dx.doi.org/10.1021/jo501361k
http://dx.doi.org/10.1021/jo990767d
http://dx.doi.org/10.1021/ja00220a062
http://dx.doi.org/10.1021/acs.joc.5b02312
http://dx.doi.org/10.1021/jm00402a020
http://dx.doi.org/10.1021/jm00402a020
http://dx.doi.org/10.1021/jm00125a011
http://dx.doi.org/10.1016/j.bmc.2009.08.013
http://dx.doi.org/10.1002/anie.201101943
http://dx.doi.org/10.1002/ange.201101943
http://dx.doi.org/10.1002/ange.201101943
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja103776u
http://dx.doi.org/10.1021/ja103776u
http://dx.doi.org/10.1002/chem.201102445
http://dx.doi.org/10.1002/chem.201102445
http://dx.doi.org/10.1039/c2cc17859a
http://dx.doi.org/10.1039/c2cc17859a
http://dx.doi.org/10.1021/jacs.5b05843
http://dx.doi.org/10.1021/jacs.5b05843
http://dx.doi.org/10.1002/anie.201403878
http://dx.doi.org/10.1002/ange.201403878
http://dx.doi.org/10.1002/ange.201403878
http://dx.doi.org/10.1021/ol503292p
http://dx.doi.org/10.1021/ol503292p
http://dx.doi.org/10.1021/jo100557s
http://dx.doi.org/10.1021/jo100557s
http://dx.doi.org/10.1021/jo402338n
http://dx.doi.org/10.1016/j.cplett.2009.07.041
http://dx.doi.org/10.1039/c2cc32048g
http://dx.doi.org/10.1002/chem.201404209
http://dx.doi.org/10.1021/ja00713a001
http://dx.doi.org/10.1021/jo00099a056
http://dx.doi.org/10.1016/j.tetlet.2011.11.128
http://dx.doi.org/10.1016/j.tetlet.2011.11.128
http://dx.doi.org/10.1039/b913336d
http://dx.doi.org/10.1002/ejoc.200900255
http://dx.doi.org/10.1016/S0040-4039(01)00130-7
http://dx.doi.org/10.1002/jhet.5570410620
http://dx.doi.org/10.1002/anie.201510705
http://dx.doi.org/10.1002/anie.201510705
http://dx.doi.org/10.1002/ange.201510705
http://dx.doi.org/10.1002/anie.201411994
http://dx.doi.org/10.1002/ange.201411994
http://dx.doi.org/10.1002/ange.201411994
http://dx.doi.org/10.1021/acs.orglett.5b01701
http://dx.doi.org/10.1021/ja511011m
http://dx.doi.org/10.1021/ja511011m
http://dx.doi.org/10.1002/anie.201504757
http://dx.doi.org/10.1002/ange.201504757
http://dx.doi.org/10.1002/ange.201504757
http://dx.doi.org/10.1039/C5QO00316D
http://dx.doi.org/10.1039/C5QO00316D
http://dx.doi.org/10.1002/anie.201501583
http://dx.doi.org/10.1002/anie.201501583
http://dx.doi.org/10.1002/ange.201501583
http://dx.doi.org/10.1039/C5CC05977A
http://dx.doi.org/10.1021/ja406338r
http://dx.doi.org/10.1021/ja406338r
http://dx.doi.org/10.1002/chem.200902814
http://dx.doi.org/10.1002/anie.201209226
http://dx.doi.org/10.1002/ange.201209226
http://dx.doi.org/10.1002/ange.201209226
http://dx.doi.org/10.1039/c2cc31114c
http://dx.doi.org/10.1021/ar400270x
http://dx.doi.org/10.1021/ar400270x
http://dx.doi.org/10.1002/anie.200352808
http://dx.doi.org/10.1002/anie.200352808
http://dx.doi.org/10.1002/ange.200352808
http://dx.doi.org/10.1002/anie.201402575
http://dx.doi.org/10.1002/anie.201402575
http://dx.doi.org/10.1002/ange.201402575
http://dx.doi.org/10.1002/anie.201304919
http://dx.doi.org/10.1002/ange.201304919
http://dx.doi.org/10.1002/ange.201304919
http://dx.doi.org/10.1002/anie.201105766
http://dx.doi.org/10.1002/anie.201105766
http://dx.doi.org/10.1002/ange.201105766
http://dx.doi.org/10.1002/anie.201004179
http://dx.doi.org/10.1002/ange.201004179
http://dx.doi.org/10.1002/ange.201004179
http://www.angewandte.org


[16] Selected articles: a) S. Sueki, Z. Wang, Y. Kuninobu, Org. Lett.
2016, 18, 304; b) X. Wu, Y. Zhao, H. Ge, J. Am. Chem. Soc. 2015,
137, 4924; c) L. Shi, X. Zhong, H. She, Z. Lei, F. Li, Chem.
Commun. 2015, 51, 7136; d) C.-C. Tsai, W.-C. Shih, C.-H. Fang,
C.-Y. Li, T.-G. Ong, G. P. A. Yap, J. Am. Chem. Soc. 2010, 132,
11887; e) Y. Nakao, Y. Yamada, N. Kashihara, T. Hiyama, J. Am.
Chem. Soc. 2010, 132, 13666; f) Y. Nakao, K. S. Kanyiva, T.
Hiyama, J. Am. Chem. Soc. 2008, 130, 2448.

[17] For selected articles on the positive effect of acetate sources, see
a) B. Sun, T. Yoshino, S. Matsunaga, M. Kanai, Adv. Synth. Catal.
2014, 356, 1491; b) H. Ikemoto, T. Yoshino, K. Sakata, S.
Matsunaga, M. Kanai, J. Am. Chem. Soc. 2014, 136, 5424; c) T.
Yoshino, H. Ikemoto, S. Matsunaga, M. Kanai, Chem. Eur. J.
2013, 19, 9142.

[18] Examples with oximes: a) H. Wang, J. Kpeller, W. Liu, W.
Ackermann, Chem. Eur. J. 2015, 21, 15525; b) M. Sen, D. Kalsi,
B. Sundararaju, Chem. Eur. J. 2015, 21, 15529; c) B. Sun, T.
Yoshino, M. Kanai, S. Matsunaga, Angew. Chem. Int. Ed. 2015,
54, 12968; Angew. Chem. 2015, 127, 13160; for examples of N-
PMP-substituted imines, see d) P.-S. Lee, T. Fujita, N. Yoshikai, J.

Am. Chem. Soc. 2011, 133, 17283; e) B.-H. Tan, J. Dong, N.
Yoshikai, Angew. Chem. Int. Ed. 2012, 51, 9610; Angew. Chem.
2012, 124, 9748; f) B.-H. Tan, N. Yoshikai, Org. Lett. 2014, 16,
3392; g) B. J. Fallon, F. Derat, M. Amatore, C. Aubert, F.
Chemla, F. Ferreira, A. Perez-Luna, M. Petit, J. Am. Chem. Soc.
2015, 137, 2448; h) T. Yamakawa, N. Yoshikai, Org. Lett. 2013,
15, 196.

[19] CCDC 1449953 (4c) contains the supplementary crystallo-
graphic data. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre.

[20] Selected review and articles: a) T. Beringhelli, D. Donghi, D.
Maggioni, G. D’Alfonso, Coord. Chem. Rev. 2008, 252, 2292;
b) X. Yang, C. L. Stern, T. J. Marks, J. Am. Chem. Soc. 1994, 116,
10015; c) H. Fuhrmann, S. Brenner, P. Arndt, R. Kempe, Inorg.
Chem. 1996, 35, 6742; d) I. Krossing, I. Raabe, Angew. Chem. Int.
Ed. 2004, 43, 2066; Angew. Chem. 2004, 116, 2116.

Received: January 28, 2016
Published online: March 24, 2016

Angewandte
ChemieCommunications

5581Angew. Chem. Int. Ed. 2016, 55, 5577 –5581 Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1021/acs.orglett.5b03474
http://dx.doi.org/10.1021/acs.orglett.5b03474
http://dx.doi.org/10.1021/jacs.5b01671
http://dx.doi.org/10.1021/jacs.5b01671
http://dx.doi.org/10.1039/C5CC00249D
http://dx.doi.org/10.1039/C5CC00249D
http://dx.doi.org/10.1021/ja1061246
http://dx.doi.org/10.1021/ja1061246
http://dx.doi.org/10.1021/ja106514b
http://dx.doi.org/10.1021/ja106514b
http://dx.doi.org/10.1021/ja710766j
http://dx.doi.org/10.1002/adsc.201301110
http://dx.doi.org/10.1002/adsc.201301110
http://dx.doi.org/10.1021/ja5008432
http://dx.doi.org/10.1002/chem.201301505
http://dx.doi.org/10.1002/chem.201301505
http://dx.doi.org/10.1002/chem.201503624
http://dx.doi.org/10.1002/chem.201503643
http://dx.doi.org/10.1002/anie.201507744
http://dx.doi.org/10.1002/anie.201507744
http://dx.doi.org/10.1002/ange.201507744
http://dx.doi.org/10.1021/ja2047073
http://dx.doi.org/10.1021/ja2047073
http://dx.doi.org/10.1002/anie.201204388
http://dx.doi.org/10.1002/ange.201204388
http://dx.doi.org/10.1002/ange.201204388
http://dx.doi.org/10.1021/ol501449j
http://dx.doi.org/10.1021/ol501449j
http://dx.doi.org/10.1021/ja512728f
http://dx.doi.org/10.1021/ja512728f
http://dx.doi.org/10.1021/ol303259m
http://dx.doi.org/10.1021/ol303259m
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/anie.201601003
http://www.ccdc.cam.ac.uk/
http://dx.doi.org/10.1016/j.ccr.2008.01.018
http://dx.doi.org/10.1021/ja00101a022
http://dx.doi.org/10.1021/ja00101a022
http://dx.doi.org/10.1021/ic960182r
http://dx.doi.org/10.1021/ic960182r
http://dx.doi.org/10.1002/anie.200300620
http://dx.doi.org/10.1002/anie.200300620
http://dx.doi.org/10.1002/ange.200300620
http://www.angewandte.org

