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Abstract: Silyloxyarenes were utilized as electrophilic cou- A Reactivity and stability of common C-O electrophiles.
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cyclic or acyclic secondary amines, secondary anilines, an R = CF; Me, R=tBuNEt;, R=Me Ar |underutilized C-O
sterically hindered primary anilines. Additionally, a range of p-tol, NMe electrophile

. . . . . . . increasing reactivity of C-O bond
sterically hindered and unhindered primary aliphatic amines - g 4

were employed, which have previously been challenging with Increasing profecting group stability o,

other classes of aryl ether electrophiles. Orthogonal couplings previous work
of silyloxyarenes with aryl methyl ethers are illustrated, where ©/O Me INi] NRz
selectivity between the two C—O electrophiles is determined by HNR,
ligand control, thereby allowing complementary and selective -no primary amines )

. . . . . . -isolated aromatics challenging
late-stage diversification of either electrophile. Finally,
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aryl methyl ethers and silyloxyarenes. o e A oetvatos

B. Amination of inert C-O electrophiles.

C. Orthogonality of aryl electrophilic coupling partners.

Aryl amines are among the most abundant motifs in previous work
biologically active molecules, and methods for aryl C—N ) [Pd], Ly ) [Pd], L, )
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bond formation have revolutionized the synthesis of aniline A A A
derivatives.!! Building on the pioneering work of the Buch- this work
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developed to enable difficult couplings at low catalyst A A N
loadings [4] with recent methods using photoredox Catalysis -orthogonal coupling of aryl methy! ethers and silyloxyarenes determined by ligand

greatly expanding the utility of nickel-catalyzed processes.[*"

Recently, there has been significant interest in developing

reactions complementary to those using aryl halides, thereby  are high yielding and practical, the involvement of more
enabling sequential or orthogonal methods that can eliminate  stable phenol derivatives has also been explored in order to
protecting-group manipulations while utilizing alternative  improve the ability to carry substrates through multiple
feedstocks.’! Phenol derivatives are attractive alternatives to  synthetic steps prior to coupling. In particular, beginning with
aryl halides due to their relative abundance and complemen-  fundamental work from Chatani, aryl methyl ethers have
tary reactivity (Scheme 1A), and those possessing non-  proven to be very practical due to their availability and
activating protecting groups with low reactivity are partic-  masked reactivity, which allows increased stability through
ularly appealing for late-stage diversification due to their high ~ a greater array of synthetic steps.’*!*"? Important recent
stability through earlier synthetic steps. work has allowed even unprotected phenols to be directly

The exploration of using aryl ethers as cross-coupling utilized in C—N bond-forming processes.”*! Despite many
electrophiles began with the seminal work by Wenkert impressive advances in this area, remaining challenges
et al..'! where aryl methyl ether derivatives were used with  include more completely addressing the lower reactivity of
Grignard reagents in Kumada couplings under nickel catal-  isolated aromatic substrates, further expanding substrate
ysis. Since this work, numerous methods have been developed  scope, and identifying strategies for establishing orthogonal
exploring a range of more activating groups for C-O bondsin  reactivity of different substrate classes that possess strong C—
a wide variety of catalytic methods."”! While these methods O bonds.

Silyloxyarenes have rarely been utilized as substrates in
cross-couplings, typically with activated nucleophilic partner-
[¥] Dr. E. M. Wiensch, Prof. ). Montgomery s, 10414 although recent reports have illustrated the con-
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Scheme 1. Aryl electrophiles for amination and orthogonal couplings.
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silyl protecting groups commonly used in organic synthesis
allows the stability and reactivity of the C—O bond to be easily
tuned according to the precise properties desired. The focus
of this study has been to develop nickel-catalyzed carbon-
nitrogen bond-forming processes by coupling silyloxyarenes
with amines (Scheme 1B) and to benchmark the reactivity of
silyloxyarenes in multistep sequences with substrates that
possess other types of C—O bonds (Scheme 1C).

Our efforts to develop a method for efficient catalytic
amination of silyloxyarenes began with an evaluation of
nickel catalysts and silyl protecting groups. Previous work
from our group in evaluating the reactivity of silyloxyarenes
towards nickel catalysts demonstrated that electron-rich
NHC-Ni catalysts promoted reductions of TBS-protected
silyloxyarenes with silanes or titanium reductants."*! Based
on these findings, and building on prior studies of C—O bond
aminations,'>!®) we explored electron-rich phosphines and
NHCs with Ni(COD), to examine the feasibility of silylox-
yarene amination. Using a model substrate and morpholine in
toluene, a wide array of phosphines and NHCs were
examined as ligands, and IPr™* was found to be uniquely
effective in the desired aminations to generate product 1a
(Table 1, see the Supporting Information for optimization
details). Other common aryl electrophiles resulted in inferior
results, with OMe only showing trace product and other
phenol-derived electrophiles, including OPh, OPiv, and OTf,
resulting in decreased yields. Additionally, aryl halides (Br, F)
resulted in low yields due to conversion of the aryl halide to
biphenyl through reduction with the amine.

With optimized conditions in hand, the scope with respect
to the amine component was explored. Several cyclic amines
resulted in good yields, including amines with basic function-
ality such as a piperazine derivatives (Table 1, 1b), or
sterically hindered amines such as 2-methylpiperidine (1c).
However, very sterically hindered cyclic amines, such as 2,6-
dimethylpiperidine, resulted in lower yields (1d). Acyclic
secondary aliphatic amines were then explored, and very
sterically hindered amines such as diisobutylamine (1e) were

Table 1: Amine scope for C-O bond amination of silyloxyarenes.
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Ph (1.5eq.)

toluene, 120 °C, 16 h

Zuschriften

®eHCI (20 mol%) /©/NR2
NaO-t-Bu (2.5 eq.) Ph

dte

Chemie

poor substrates, but other acyclic secondary amines 1f-1g
underwent coupling in high yields. Utilizing secondary aniline
derivative 1h resulted in moderate yields, and sterically
hindered primary anilines 1i-1j reacted in moderate to good
yields. Steric hindrance in couplings of anilines was necessary,
since using unhindered aniline 1k only yielded trace product,
presumably due to C—N reductive elimination being pro-
moted by steric crowding. However, exploring the use of
primary aliphatic amines showed promising results (11-1m).
Primary aliphatic amines have been difficult to couple with
aryl ethers using previously reported methods.'>'”! However,
in this method using silyloxyarenes, unhindered, primary
aliphatic amines such as n-butylamine (1n) provided products
in good yields. A series of increasingly encumbered nucleo-
philic amines was explored with primary aliphatic amines
from n-butyl to cyclobutyl, all resulting in high yields (1n-
1q). Increasing to more sterically hindered tert-butylamine
(1r) gave poor yield, but even l-aminoadamantane (1s)
coupled in high yield, showing good generality in couplings of
primary aliphatic amines.

The scope with respect to the silyloxyarene component
was next explored by utilizing challenging amine or silylox-
yarene coupling partners. Naphthyl substrates substituted at
the 1- or 2-positions resulted in good yields with primary
aliphatic amines (Table 2, 2 and 3). A variety of substitution
patterns were tolerated on the silyloxyarene substrate,
including other silyl groups (4) and ortho substitution (5).
However, large ortho substituents, such as phenyl, resulted in
low reactivity, and for a bis-silylated 2-phenylhydroquinone
derivative, the meta silyloxy group was preferred in a 5.7:1
ratio favoring product 6. A variety of heterocycles are
tolerated, including quinolines, pyridines, and carbazoles (7,
8, and 9). Additionally, substrates with silyloxy groups
substituted on the heterocyclic ring are coupled in high
yield, such as quinoline substrate 10. Other protecting groups
for alcohols or amines, such as aryl methyl ethers or tert-
butyloxycarbonyl (Boc) are tolerated, thereby allowing
further derivatization of complex substrates 11 and 12.
Finallyy, C-O bonds substituted on isolated
phenyl substrates are reactive, including elec-
tron-rich silyloxyarenes 13 and 14, resulting in
good yields. A coupling with acetaminophen
derivative 14 also displays the tolerance of
unprotected amides. High yields are observed

with isolated aromatics that are not as electron-

(\0 wMe C|\ NH HNGBu),  HNG-BU)  HN(r-Bu)Me rich (15), including estradiol derivative 16, which
N HN\) also displays tolerance of alkyl silyl ethers. The
1a, 93%2 1b, 87% 1c, 7% 1d, 23% ,19%C 1, 82%P°  1g,89% high efficiencies with substrates 15 and 16 are
noteworthy given that many methods involving
HN I;/ )t? N, NH, <(—NH2 nickel-catalyzed couplings of aryl' eth'ers require
\© @ O/ naphthyl-type extended conjugation in the sub-

strates.

1h, 43%° 1i, 80% 1j, 55%¢ 1k, trace© 11, 87% 1m, 71%°

NH,
S ANH HzN/\r )N:z/ l NHz

1s, 56%" ©

1n, 69%° 10, 75%° 1p, 67%° 1q, 55%° 1r 15%°

Having found that the silyloxyarene amina-
tion tolerates aryl methyl ethers, an orthogonal
coupling was envisioned to demonstrate the
complementarity of this method to other methods
that activate aryl methyl ethers. Selective activa-

[a] 5 mol% Ni(COD), and 10 mol % IPr.HCl. [b] 15 mol % Ni(COD), and

30 mol % IPrMe.-HCl. [c] 2.5 equiv of amine.

www.angewandte.de

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

tion of one electrophile over another, ideally with
catalyst control over selectivity, is a highly sought-
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Table 2: Silyloxyarene scope for C—O bond amination.
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. edile
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[a] 4 equiv of base. [b] 15 mol% Ni(COD),, 30 mol % IPr"*.HCl, 4 equiv
base, 2.5 equiv amine at 130°C. [c] Reaction gave a 5.7:1 ratio of 6:4-
([1,1"-biphenyl]-3-ylymorpholine. [d] 2.5 equiv of amine. [e] 15 mol %
Ni(COD),, 30 mol % IPrM-HCl and 4 equiv base.

after goal in catalysis. Development of such a method would
be analogous to orthogonal couplings of aryl triflates and aryl
chlorides or bromides with palladium catalysts.!"®! Through
optimization of the silyloxyarene amination, we found that
common ligands utilized in the activation of aryl methyl
ethers (ICy, IAd, PCy;) did not typically activate the C-O
bond of silyloxyarenes.

By utilizing the amination method optimized above,
selective coupling of the silyloxy group, leaving the aryl

Ni(COD), Ni(COD),

deype MeO OTBS IPMesHCI
~Me
AlEt3 | toluene, 120 °C NaO-t-Bu |/\N
(2.0 eq.) (68%) 17 toluene, 120 °c | HN \)
(82%) (15eq.)

Et\“/l l OTBS

19
_Me
HQ Ni(COD), Ni(COD), MEl
IPrMeeHCI Et N doype (2.0eq)
(15eq)
NaO-t-Bu toluene, 120 °C
toluene, 120 °C 20 (94%)

(97%)

Scheme 2. Orthogonal coupling with silyloxyarenes and aryl methyl
ethers.
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methyl ether intact, was illustrated in the conversion of 17
to 18 (Scheme 2). Alternatively, beginning with the same
starting material 17 under similar reaction conditions, but
following the method developed by Rueping,'” produced
19 in high yield, leaving the silyloxyarene functionality
untouched. Next, coupling of the silyloxyarene product
(19), utilizing the silyloxyarene amination method,
resulted in product 20 in high yield. Alternatively, the
same product can be accessed by utilizing the aryl methyl
ether compound 18 and triethylaluminum.

Having explored the orthogonality of silyloxyarenes to
aryl methyl ethers, applications alongside other aryl
electrophiles were also explored in a sequential cou-
pling,? which demonstrated that this method can be used
to conduct chemoselective bond formations without
requiring functional-group manipulations. The sequence
began by protecting 6-bromo-2-naphthol (Scheme 3, 21),
resulting in aryl methyl ether 22. A palladium-catalyzed
Suzuki coupling of 22 with a difunctionalized boronic acid
containing an aryl chloride and silyloxyarene resulted in
24, where boronic acid and bromoaryl functional groups
reacted in the presence of chloro, methoxy, and silyloxy
functionalities. Subsequent Suzuki coupling to install
a pyrazole with boronic acid 25 was then carried out
successfully. Next, utilizing the catalyst selectivity
observed between silyloxyarenes and aryl methyl ethers
(see above), the aryl methyl ether was reacted under
nickel catalysis with triethylaluminum to give 27 in high
yield, without activating the silyloxyarene C—O bond.
Finally, late-stage silyloxyarene amination gave the final
product 28. This sequence displays four sequential cou-
plings without any protecting-group manipulations and
utilizes the catalyst-controlled selectivity between aryl
methyl ethers and silyloxyarenes. These examples further
illustrate how silyloxyarenes can be utilized alongside

Br Me-I, K,CO3 Br
—>
HO DMF MeO'
21 (ss%) 22

cl OTBS|PdCI,(PPhs),
:©/ KsPOj, (23)
(HO),B toluene/H,0O

25) (23) (82%)
MN‘
Pdy(dba)s
_/_ = OTBS PCys, (25) Cl OTBS
C52003 O
D Se—
OO 1,4-dioxane, 80 °C OO
MeO 78%
26 | Ni(COD), (78%)  MeO 24
dcype
AlEt,
toluene
120 °C
(94%)
N= Ni(COD): N
I
_/_"f = OTBS |piearicy _/_"r = NBuMe
O HNBuMe O
—_—
CO o~ I
Et toluene 120 °C Et
27 (75%)

Scheme 3. Sequential coupling of aryl electrophiles with silyloxyarenes.
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known cross-coupling strategies and can be carried through
syntheses as late-stage electrophilic partners.

In summary, this work illustrates the versatility of
silyloxyarenes as coupling partners with nickel catalysts in
the synthesis of aniline derivatives, thus enabling a commonly
employed protecting group class to be directly used in C—N
bond-forming processes. The direct coupling of silyloxyarenes
with a large range of amines enables an increase in complexity
from abundant and robust phenol derivatives. Additionally,
reactivity was observed with primary aliphatic amines, which
have previously proven difficult with other types of aryl ether
electrophiles. Finally, catalyst selectivity between silyloxyar-
enes and aryl methyl ethers was demonstrated in a sequential
coupling, thus illustrating that these findings complement
previously developed strategies for utilizing strong C—O
bonds in nickel catalysis.

Acknowledgements

The authors acknowledge National Science Foundation
(CHE-1565873) for support of this work. David P. Todd,
Janelle K. Kirsch, and Alex J. Nett (University of Michigan)
are thanked for helpful discussions.

Conflict of interest

The authors declare no conflict of interest.

Keywords: amination - homogeneous catalysis -
coupling reactions - nickel - silyloxyarenes

How to cite: Angew. Chem. Int. Ed. 2018, 57, 11045-11049
Angew. Chem. 2018, 130, 11211-11215

[1] P. Ruiz-Castillo, S. L. Buchwald, Chem. Rev. 2016, 116, 12564 —
12649.

[2] A.S. Guram, R. A. Rennels, S. L. Buchwald, Angew. Chem. Int.
Ed. Engl. 1995, 34, 1348 —1350; Angew. Chem. 1995, 107, 1456 —
1459.

[3] J. Louie, J. F. Hartwig, Tetrahedron Lett. 1995, 36, 3609 —3612.

[4] a) J. P. Wolfe, S. L. Buchwald, J. Org. Chem. 2000, 65, 1144 —
1157; b) X. Huang, K. W. Anderson, D. Zim, L. Jiang, A.
Klapars, S. L. Buchwald, J. Am. Chem. Soc. 2003, 125, 6653 —
6655; c) J. F. Hartwig, Acc. Chem. Res. 2008, 41, 15341544,
d) B. P. Fors, D. A. Watson, M. R. Biscoe, S. L. Buchwald, J. Am.
Chem. Soc. 2008, 130, 13552-13554; ¢) G. D. Vo, J. F. Hartwig, J.
Am. Chem. Soc. 2009, 131, 11049-11061; f) D.S. Surry, S. L.
Buchwald, Chem. Sci. 2011, 2, 27-50; g) R.J. Lundgren, M.
Stradiotto, Aldrichimica Acta 2012, 45, 59-65; h) E. B. Cor-
coran, M. T. Pirnot, S. Lin, S. D. Dreher, D. A. DiRocco, 1. W.
Davies, S. L. Buchwald, D. W. C. MacMillan, Science 2016, 353,
279-283; i) C. M. So, Z. Zhou, C. P. Lau, F. Y. Kwong, Angew.
Chem. Int. Ed. 2008, 47, 6402—-6406; Angew. Chem. 2008, 120,
6502 -6506.

[5] H.Zeng, Z. Qiu, A. Dominguez-Huerta, Z. Hearne, Z. Chen, C.-
J. Li, ACS Catal. 2017, 7, 510-519.

[6] E. Wenkert, E. L. Michelotti, C. S. Swindell, J. Am. Chem. Soc.
1979, 101, 2246 -2247.

[7] Reviews of couplings of phenol derivatives: a) D.-G. Yu, B.-J. Li,
Z.-J. Shi, Acc. Chem. Res. 2010, 43, 1486—1495; b) B.-J. Li, D.-G.

(8

—_

[9

—

[10

—_

[11

—_—

(12]

[13]

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Yu, C.-L. Sun, Z.-J. Shi, Chem. Eur. J. 2011, 17, 1728-1759;
¢) 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) E--S. Han, Chem. Soc. Rev. 2013, 42, 5270-5298; ¢) T.
Mesganaw, N. K. Garg, Org. Process Res. Dev. 2013, 17, 29-39;
f) J. Yamaguchi, K. Muto, K. Itami, Eur. J. Org. Chem. 2013, 19—
30; g) J. Cornella, C. Zarate, R. Martin, Chem. Soc. Rev. 2014, 43,
8081 -8097; h) M. Tobisu, N. Chatani, Acc. Chem. Res. 2015, 48,
1717-1726; 1) C. Zarate, M. van Gemmeren, R. J. Somerville, R.
Martin, Phenol Derivatives: Modern Electrophiles in Cross-
Coupling Reactions, Elsevier, Dordrecht, 2016; j) C. M. So, F. Y.
Kwong, Chem. Soc. Rev. 2011, 40, 4963 —4972.

Selected examples of coupling with aryl pivalates and acetates:
a) K. W. Quasdorf, X. Tian, N. K. Garg, J. Am. Chem. Soc. 2008,
130, 14422 -14423; b) B.-T. Guan, Y. Wang, B.-J. Li, D.-G. Yu,
Z.-J. Shi, J. Am. Chem. Soc. 2008, 130, 14468 —14470; c) B. J. Li,
Y. Z.Li, X. Y. Lu, J. Liu, B. T. Guan, Z. J. Shi, Angew. Chem. Int.
Ed. 2008, 47, 10124-10127; Angew. Chem. 2008, 120, 10278—
10281; d) T. Shimasaki, M. Tobisu, N. Chatani, Angew. Chem.
Int. Ed. 2010, 49, 2929-2932; Angew. Chem. 2010, 122, 2991 -
2994; e) M. Tobisu, K. Yamakawa, T. Shimasaki, N. Chatani,
Chem. Commun. 2011, 47, 2946-2948; f) K. Muto, J. Yamagu-
chi, K. Itami, J. Am. Chem. Soc. 2012, 134, 169-172; g) C.
Zarate, R. Martin, J. Am. Chem. Soc. 2014, 136, 2236 —-22309.
Selected examples of coupling with aryl carbamates: a)S.
Sengupta, M. Leite, D. S. Raslan, C. Quesnelle, V. Snieckus, J.
Org. Chem. 1992, 57, 4066 -4068; b) K. W. Quasdorf, M. Riener,
K. V Petrova, N. K. Garg, J. Am. Chem. Soc. 2009, 131, 17748—-
17749; c) A. Antoft-Finch, T. Blackburn, V. Snieckus, J. Am.
Chem. Soc. 2009, 131,17750-17752; d) K. Huang, D.-G. Yu, S.-F.
Zheng, Z.-H. Wu, Z.-J. Shi, Chem. Eur. J. 2011, 17, 786—791,
e) T. Mesganaw, A.L. Silberstein, S.D. Ramgren, N.F.F.
Nathel, X. Hong, P. Liu, N. K. Garg, Chem. Sci. 2011, 2, 1766—
1771.

Selected coupling methods using activated nucleophilic coupling
partners with aryl methyl ethers: a) J. W. Dankwardt, Angew.
Chem. Int. Ed. 2004, 43, 2428 -2432; Angew. Chem. 2004, 116,
2482 -2486; b) 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;
c) L. G. Xie, Z. X. Wang, Chem. Eur. J. 2011, 17, 49724975,
d) Z.-K. Yang, D.-Y. Wang, H. Minami, H. Ogawa, T. Ozaki, T.
Saito, K. Miyamoto, C. Wang, M. Uchiyama, Chem. Eur. J. 2016,
22, 15693-15699; 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; f) M. Tobisu, T.
Takahira, A. Ohtsuki, N. Chatani, Org. Lett. 2015, 17, 680—683;
¢) M. Tobisu, T. Takahira, N. Chatani, Org. Lett. 2015, 17, 4352 -
4355; h) M. Tobisu, T. Takahira, T. Morioka, N. Chatani, J. Am.
Chem. Soc. 2016, 138, 6711-6714; i) C. Zarate, M. Nakajima, R.
Martin, J. Am. Chem. Soc. 2017, 139, 1191-1197; j) G.J.
Harkness, M. L. Clarke, Catal. Sci. Technol. 2018, 8, 328 -334.
Selected coupling methods using milder nucleophilic coupling
partners with aryl methyl ethers: a) M. Tobisu, T. Shimasaki, N.
Chatani, Angew. Chem. Int. Ed. 2008, 47, 4866—4869; Angew.
Chem. 2008, 120, 4944 —4947; b) P. Alvarez-Bercedo, R. Martin,
J. Am. Chem. Soc. 2010, 132, 17352—-17353; c) M. Tobisu, T.
Morioka, A. Ohtsuki, N. Chatani, Chem. Sci. 2015, 6, 3410
3414; d) Z.-C. Cao, Q.-Y. Luo, Z.-J. Shi, Org. Lett. 2016, 18,
5978-5981; ¢) L. Guo, X. Liu, C. Baumann, M. Rueping, Angew.
Chem. Int. Ed. 2016, 55, 15415-15419; Angew. Chem. 2016, 128,
15641 -15645.

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.

Z.W. Chen, H. Y. Zeng, S. A. Girard, F. Wang, N. Chen, C. J. Li,
Angew. Chem. Int. Ed. 2015, 54, 14487 —-14491; Angew. Chem.
2015, 127, 14695 -14699.

Angew. Chem. 2018, 130, 11211-11215


https://doi.org/10.1021/acs.chemrev.6b00512
https://doi.org/10.1021/acs.chemrev.6b00512
https://doi.org/10.1002/anie.199513481
https://doi.org/10.1002/anie.199513481
https://doi.org/10.1002/ange.19951071216
https://doi.org/10.1002/ange.19951071216
https://doi.org/10.1016/0040-4039(95)00605-C
https://doi.org/10.1021/jo9916986
https://doi.org/10.1021/jo9916986
https://doi.org/10.1021/ja035483w
https://doi.org/10.1021/ja035483w
https://doi.org/10.1021/ar800098p
https://doi.org/10.1021/ja8055358
https://doi.org/10.1021/ja8055358
https://doi.org/10.1021/ja903049z
https://doi.org/10.1021/ja903049z
https://doi.org/10.1039/C0SC00331J
https://doi.org/10.1126/science.aag0209
https://doi.org/10.1126/science.aag0209
https://doi.org/10.1002/anie.200802157
https://doi.org/10.1002/anie.200802157
https://doi.org/10.1002/ange.200802157
https://doi.org/10.1002/ange.200802157
https://doi.org/10.1021/acscatal.6b02964
https://doi.org/10.1021/ja00502a074
https://doi.org/10.1021/ja00502a074
https://doi.org/10.1021/ar100082d
https://doi.org/10.1002/chem.201002273
https://doi.org/10.1021/cr100259t
https://doi.org/10.1021/cr100259t
https://doi.org/10.1039/c3cs35521g
https://doi.org/10.1021/op300236f
https://doi.org/10.1002/ejoc.201200914
https://doi.org/10.1002/ejoc.201200914
https://doi.org/10.1039/C4CS00206G
https://doi.org/10.1039/C4CS00206G
https://doi.org/10.1021/acs.accounts.5b00051
https://doi.org/10.1021/acs.accounts.5b00051
https://doi.org/10.1039/c1cs15114b
https://doi.org/10.1021/ja806244b
https://doi.org/10.1021/ja806244b
https://doi.org/10.1021/ja8056503
https://doi.org/10.1002/anie.200803814
https://doi.org/10.1002/anie.200803814
https://doi.org/10.1002/ange.200803814
https://doi.org/10.1002/ange.200803814
https://doi.org/10.1002/anie.200907287
https://doi.org/10.1002/anie.200907287
https://doi.org/10.1002/ange.200907287
https://doi.org/10.1002/ange.200907287
https://doi.org/10.1039/c0cc05169a
https://doi.org/10.1021/ja210249h
https://doi.org/10.1021/ja412107b
https://doi.org/10.1021/jo00041a004
https://doi.org/10.1021/jo00041a004
https://doi.org/10.1021/ja906477r
https://doi.org/10.1021/ja906477r
https://doi.org/10.1021/ja907700e
https://doi.org/10.1021/ja907700e
https://doi.org/10.1002/chem.201001943
https://doi.org/10.1039/c1sc00230a
https://doi.org/10.1039/c1sc00230a
https://doi.org/10.1002/anie.200453765
https://doi.org/10.1002/anie.200453765
https://doi.org/10.1002/ange.200453765
https://doi.org/10.1002/ange.200453765
https://doi.org/10.1039/b718998b
https://doi.org/10.1002/chem.201003731
https://doi.org/10.1002/chem.201603436
https://doi.org/10.1002/chem.201603436
https://doi.org/10.1002/anie.201402922
https://doi.org/10.1002/anie.201402922
https://doi.org/10.1002/ange.201402922
https://doi.org/10.1021/ol503707m
https://doi.org/10.1021/acs.orglett.5b02200
https://doi.org/10.1021/acs.orglett.5b02200
https://doi.org/10.1021/jacs.6b03253
https://doi.org/10.1021/jacs.6b03253
https://doi.org/10.1021/jacs.6b10998
https://doi.org/10.1039/C7CY01205E
https://doi.org/10.1002/anie.200801447
https://doi.org/10.1002/ange.200801447
https://doi.org/10.1002/ange.200801447
https://doi.org/10.1039/C5SC00305A
https://doi.org/10.1039/C5SC00305A
https://doi.org/10.1021/acs.orglett.6b02656
https://doi.org/10.1021/acs.orglett.6b02656
https://doi.org/10.1002/anie.201607646
https://doi.org/10.1002/anie.201607646
https://doi.org/10.1002/ange.201607646
https://doi.org/10.1002/ange.201607646
https://doi.org/10.1246/cl.2009.710
https://doi.org/10.1246/cl.2009.710
https://doi.org/10.1016/j.tet.2012.04.005
https://doi.org/10.1002/anie.201506751
https://doi.org/10.1002/ange.201506751
https://doi.org/10.1002/ange.201506751
http://www.angewandte.de

GDCh
~~

(14]

(15]

[16]

(17]

Angew. Chem. 2018, 130, 11211-11215

a) F. Zhao, D.-G. Yu, R.-Y. Zhu, Z. Xi, Z.-J. Shi, Chem. Lett.
2011, 40,1001 -1003; b) A. Ohgi, Y. Nakao, Chem. Lett. 2016, 45,
45-47;c) E. M. Wiensch, D. P. Todd, J. Montgomery, ACS Catal.
2017, 7, 5568 -5571.

a) M. Lalonde, T. H. Chan, Synthesis 1985, 817-845; b) R. D.
Crouch, Synth. Commun. 2013, 43, 2265-2279; ¢) T. D. Nelson,
R.D. Crouch, Synthesis 1996, 1031-1069; d) R.D. Crouch,
Tetrahedron 2004, 60, 5833 -5871.

a) M.J. Iglesias, J. F. Blandez, M. R. Fructos, A. Prieto, E.
Alvarez, T. R. Belderrain, M. C. Nicasio, Organometallics 2012,
31, 6312-6316; b)S. G. Rull, I. Funes-Ardoiz, C. Maya, F.
Maseras, M. R. Fructos, T. R. Belderrain, M. C. Nicasio, ACS
Catal. 2018, 8, 3733-3742; ¢) M. Marin, R.J. Rama, M. C.
Nicasio, Chem. Rec. 2016, 16, 1819 -1832.

a) P. M. MacQueen, M. Stradiotto, Synlett 2017, 28, 1652 -1656;
For examples of primary amine couplings using more activated
substrates: b) S. Z. Ge, R. A. Green, J. F. Hartwig, J. Am. Chem.
Soc. 2014, 136, 1617-1627; c) C. M. Lavoie, P. M. MacQueen,
N. L. Rotta-Loria, R. S. Sawatzky, A. Borzenko, A. J. Chisholm,
B. K. V. Hargreaves, R. McDonald, M. J. Ferguson, M. Stra-
diotto, Nat. Commun. 2016, 7, 11073-11083; d) J. Schranck, P.
Furer, V. Hartmann, A. Tlili, Eur. J. Org. Chem. 2017, 3496 —
3500.

Zuschriften

(18]

(19]

[20]

Selected examples of palladium-catalyzed orthogonal couplings:
a) T. Kamikawa, T. Hayashi, Tetrahedron Lett. 1997, 38, 7087 —
7090; b) A. F. Littke, C. Dai, G. C. Fu, J. Am. Chem. Soc. 2000,
122, 4020-4028; c) G. Espino, A. Kurbangalieva, J. M. Brown,
Chem. Commun. 2007, 1742-1744; d) F. Schoenebeck, K. N.
Houk, J. Am. Chem. Soc. 2010, 132, 24962497, ¢) F. Proutiere,
F. Schoenebeck, Angew. Chem. Int. Ed. 2011, 50, 8192-8195;
Angew. Chem. 2011, 123, 8342 -8345; f) F. Proutiere, F. Schoe-
nebeck, Synlett 2012, 23, 645-648; g) C. Shen, Z. Wei, H. Jiao,
X.-E. Wu, Chem. Eur. J. 2017, 23, 13369 -13378.

X. Liu, 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.

a) P. Dobrounig, M. Trobe, R. Breinbauer, Monatsh. Chem.
2017, 148,3-35; b) F. Zhao, Y. F. Zhang, J. Wen, D. G. Yu, J. B.
Wei, Z. Xi, Z.J. Shi, Org. Lett. 2013, 15, 3230—3233.

Manuscript received: June 12, 2018
Accepted manuscript online: June 27, 2018
Version of record online: July 18, 2018

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.de

An dte

Chemie

11215


https://doi.org/10.1246/cl.2011.1001
https://doi.org/10.1246/cl.2011.1001
https://doi.org/10.1246/cl.150807
https://doi.org/10.1246/cl.150807
https://doi.org/10.1021/acscatal.7b02025
https://doi.org/10.1021/acscatal.7b02025
https://doi.org/10.1055/s-1985-31361
https://doi.org/10.1080/00397911.2012.717241
https://doi.org/10.1055/s-1996-4350
https://doi.org/10.1021/om300566m
https://doi.org/10.1021/om300566m
https://doi.org/10.1021/acscatal.8b00856
https://doi.org/10.1021/acscatal.8b00856
https://doi.org/10.1002/tcr.201500305
https://doi.org/10.1021/ja411911s
https://doi.org/10.1021/ja411911s
https://doi.org/10.1038/ncomms11073
https://doi.org/10.1002/ejoc.201700660
https://doi.org/10.1002/ejoc.201700660
https://doi.org/10.1016/S0040-4039(97)01655-9
https://doi.org/10.1016/S0040-4039(97)01655-9
https://doi.org/10.1021/ja0002058
https://doi.org/10.1021/ja0002058
https://doi.org/10.1039/B701517H
https://doi.org/10.1021/ja9077528
https://doi.org/10.1002/anie.201101746
https://doi.org/10.1002/ange.201101746
https://doi.org/10.1002/chem.201702015
https://doi.org/10.1002/anie.201510497
https://doi.org/10.1002/anie.201510497
https://doi.org/10.1002/ange.201510497
https://doi.org/10.1007/s00706-016-1883-7
https://doi.org/10.1007/s00706-016-1883-7
https://doi.org/10.1021/ol4011757
http://www.angewandte.de

