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ABSTRACT: The de novo construction of axially chiral 3-
arylindoles bearing a C(3)−C(aryl) chiral axis has been realized
by Pd-catalyzed enantioselective Cacchi reaction between aryl
bromides and o-alkynylanilines. The reaction proceeded under
mild conditions in high yields and excellent enantioselectivities.

Indoles make up an important class of heteroaromatics
featured in a wide range of natural products, pharmaceut-

icals, agrochemicals, and organic materials.1 In particular,
axially chiral arylindoles widely exist in the nature and have
also been used as ligands in asymmetric catalysis.2 Although
great effort has been devoted to the construction of C−C and
C−N axially chiral arylindoles via organocatalysis3 or metal
catalysis,4 the asymmetric synthesis of atropisomeric indoles
remains underexplored partially due to their relatively low
barrier of racemization.3,4

In terms of metal catalysis, direct functionalization of an
existing indole ring is a common method for the synthesis of
axially chiral indoles.5 It is worth noting that the Cacchi
reaction, developed by Cacchi and co-workers in 1992,6 has
become a convenient and important approach for constructing
substituted indoles.7 In 2010, Kitagawa described a palladium-
catalyzed cyclization of 2-alkynylaniline derivatives for the
synthesis of C−N axially chiral 1-arylindoles (Scheme 1a).8

Zhu and co-workers recently developed a palladium-catalyzed
enantioselective oxidative Cacchi reaction of sterically
hindered alkynes for the synthesis of indoles bearing a chiral
C(2)−aryl axis with arylboronic acids as arylating reagents
(Scheme 1b).9 Our group realized Rh(III)-catalyzed oxidative
coupling of indoles and o-alkynylanilines for the asymmetric
synthesis of 2,3′-biindolyls by merging C−H activation and
nucleophilic cyclization (Scheme 1c).10 Very recently, we
reported the Rh(III)-catalyzed C−H activation of anilines
bearing an N-isoquinolyl directing group for oxidative [3+2]
annulation with internal alkynes, affording C−N axially chiral
indoles (Scheme 1d).11 Encouraged by these discoveries and as
a continuation of our interest in nucleophilic cyclization10

toward construction of axially chiral biaryls,12 we now report
construction of indoles bearing a C(3)−C(aryl) chiral axis via
Pd-catalyzed enantioselective Cacchi reaction between steri-
cally hindered aryl bromides and o-alkynylanilines (Scheme
1e). Although indoles with a chiral C(2)−C(aryl) axis have
been accessed via oxidative Cacchi reactions using arylboronic
acids,9 the redox-neutral version, which is the original

definition of the Cacchi reaction, offers indoles with a
complementary C(3)−C chiral axis.
Prior to the development of the asymmetric system, the

racemic version of Pd-catalyzed Cacchi reaction of methyl 1-
bromo-2-naphthoate (1a) and o-alkynylaniline (2a) was
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Scheme 1. Metal-Catalyzed De Novo Construction of Axially
Chiral Indoles
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examined (see Table S1). The desired racemic product was
obtained in 75% yield when the reaction was conducted with
Pd(OAc)2 as the catalyst, 1,2-bis(diphenylphosphenyl)benzene
(dppbz) as the ligand, and Cs2CO3 as the base in toluene at
100 °C. Subsequently, various chiral ligands were investigated
under these initially optimized conditions except at a lower
reaction temperature (see Table S2). An enantioselectivity of
65% ee was achieved when ferrocene-based N,P-ligand SL18
was employed at 70 °C. After an additional series of
experiments had been performed to optimize the solvents,
bases, temperatures, and palladium sources (see Table S3), the
reaction afforded product 3aa in moderate yield with 81% ee
when using Pd(TFA)2 as the catalyst and KO

tBu as the base in
toluene at 35 °C. Inspired by these initial results, we further
applied modified ferrocene-based N,P-ligands for optimization
studies. Thus, ferrocene-based N,P-ligands L1−12 and O,P-
ligand L13 were investigated (Scheme 2). Among all of these
ligands, ligand L9 gave product 3aa in 79% yield with 90% ee.

Further optimization studies have been carried out by
adjusting other reaction parameters (Table 1). The ee value of
3aa was increased to 92%, but the yield was slightly lower
when the reaction was conducted at 25 °C (Table 1, entry 2).
Then, the bases were further explored, and product 3aa was
obtained in 87% yield with 92% ee when Ba(OH)2·8H2O was
employed as a base (Table 1, entry 5). The yield of 3aa was
improved to 94% by adding B(OH)3 (Table 1, entry 6),10

which effectively suppressed the formation of the correspond-
ing 3-unfunctionalized indole. No improvement was made by
changing palladium salts (entries 7−10), and no better results
could be realized by adjusting the loading of palladium
catalysts or the ratio of the substrates (see Table S5). Finally,
the following conditions were eventually established for
subsequent studies: Pd(TFA)2 (15 mol %) as the catalyst,
L9 (15 mol %) as the ligand, Ba(OH)2·8H2O (2.0 equiv) as
the base, and B(OH)3 (1.0 equiv) as the additive in toluene at
25 °C for 48 h.
With the optimized reaction conditions in hand, we next

examined the scope of o-alkynylaniline 2 with 1-naphthyl
bromide 1a as the arylating reagent (Scheme 3). o-Alkynylani-
lines bearing various substituents at positions 4 and 5 reacted
smoothly with 1a in good to excellent yields and 91−94% ee
(3aa−ah). The absolute configuration of 3ah was determined

by X-ray crystallographic analysis (CCDC 2089667), and those
of other products were assigned by analogy. The introduction
of different N-sulfonyl groups gave products 3ai−al in good
yields with ee values ranging from 92% to 96%. Alkynes
bearing diverse substituted phenyls furnished 3am−ar in
moderate to excellent yields with 90−94% ee values.

Scheme 2. Optimization of Chiral Ligandsa

aReaction conditions: 1a (0.05 mmol), 2a (0.1 mmol), Pd(TFA)2 (10
mol %), ligand (15 mol %), and KOtBu (2.0 equiv) in toluene (0.5
mL) under N2 at 35 °C for 18 h. The enantiomeric excess values were
determined by HPLC analysis on a chiral stationary phase. bAt 60 °C.
cAt 50 °C.

Table 1. Optimization of Reaction Conditionsa

entry [Pd] base yield (%) ee (%)

1b Pd(TFA)2 KOtBu 79 90
2 Pd(TFA)2 KOtBu 75 92
3 Pd(TFA)2 K2CO3 52 92
4 Pd(TFA)2 K3PO4 57 92
5 Pd(TFA)2 Ba(OH)2·8H2O 87 92
6c Pd(TFA)2 Ba(OH)2·8H2O 94 92
7c Pd(acac)2 Ba(OH)2·8H2O 70 92
8c Pd(hfac)2 Ba(OH)2·8H2O 83 92
9c Pd(OAc)2 Ba(OH)2·8H2O 85 92
10c [Pd(allyl)Cl]2 Ba(OH)2·8H2O 78 89

aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [Pd] (15 mol
%), ligand (15 mol %), and base (2.0 equiv) in toluene (1.0 mL)
under N2 at 25 °C for 48 h. Isolated yields. The ee values were
determined by HPLC analysis on a chiral stationary phase. bAt 35 °C.
cB(OH)3 (1.0 equiv) was added.

Scheme 3. Scope of 2-Alkynylanilinesa

aReaction conditions: 1a (0.1 mmol), 2 (0.2 mmol), Pd(TFA)2 (15
mol %), L9 (15 mol %), Ba(OH)2·8H2O (2.0 equiv), and B(OH)3
(1.0 equiv) in toluene (1.0 mL) under N2 at 25 °C for 48 h. Isolated
yields.
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Impressively, alkynes bearing a heteroaryl, a primary and
secondary alkyl, and cycloalkyl terminus were also amenable to
the reaction conditions, and the corresponding products (3as−
aw) were obtained in moderate yields with 86−94% ee. In
addition, the ortho nucleophile was extended to a phenol,
affording an axially chiral naphthylbenzofuran 3ax, albeit with a
lower yield and a lower enantioselectivity. Moreover, a larger-
scale (1 mmol) synthesis of 3aa resulted in a 82% yield with a
91% ee. Racemization studies were also carried out to
investigate the stereochemical stability of 3aa (see the
Supporting Information for more details). Product 3aa proved
to be essentially atropomerically stable, and no decay of ee was
detected at 80 °C (DMF). It was found that 3aa has a barrier
of enantiomerization of 34.96 kcal/mol at 120 °C in DMF.
To further demonstrate the generality of this method, the

scope of aryl bromide was investigated with o-alkynylaniline 2a
as the coupling partner (Scheme 4). 7-Fluoro-functionalized

aryl bromide 1b reacted to afford the corresponding product
3ba in high enantioselectivity. Various 1-bromo-2-naphthoic
esters were fully compatible, providing 3ca−ga in moderate to
excellent yields with 91−98% ee values. The substrate was not
limited to 1-bromo-2-naphthoic esters. Employing 1-bromo-2-
acetonaphthone (2h) and methyl 2-bromo-3-methylbenzoate
(2i) allowed smooth isolation of products 3ha and 3ia in 94%
and 53% yields, respectively, and incomparably excellent
enantioselectivities.
To demonstrate the synthetic utility of this coupling system,

derivatization reactions have been briefly carried out for a
representative product (Scheme 5). Treatment of 3aa with
LiAlH4 in THF afforded product 4 in good yield without
erosion of the enantiopurity. Removal of the N-protecting

group of 3aa upon treatment with NaH provided the
corresponding indole 5 in a significantly lower ee, likely due
to a lower barrier of racemization as a result of the electronic
effect of the protic indole.
Control experiments have been briefly conducted to probe

the reaction mechanism. Thus, two reactions between 1a and
cyclization-derived indole 6 under both racemic and
asymmetric reaction conditions were conducted. No desired
product was detected in either case (Scheme 6), indicating that
the cyclization-derived Pd−C bond acts as the active
organopalladium species in the catalytic cycle.

On the basis of these results and literature precedent,13 we
propose a plausible catalytic cycle for this reaction (Scheme 7).

The reaction starts with a Pd(0) active catalyst. Oxidative
addition of 1a leads to an arylpalladium(II) species 7. Then,
coordination of 7 to the triple bond of 2a gives intermediates
8a and 8b. Complex 8a is expected to be more stable than 8b
due to less steric interactions. Subsequently, the metal-
activated alkyne undergoes nucleophilic attack of the nitrogen
atom and provides the major intermediate 9a and minor
intermediate 9b, which would undergo reductive elimination
to produce the major product enantiomeric 3aa and
simultaneously regenerates the catalysts for the next catalytic
cycle.
In conclusion, we have realized efficient and atropisomeric

construction of 2,3-disubstituted indoles by palladium-
catalyzed enantioselective Cacchi reaction between aryl
bromides and o-alkynylanilines. The reaction proceeded
under mild reaction conditions in high yields and excellent
enantioselectivities. This reaction provides a de novo approach
to catalytically access C(3)−C(aryl) axially chiral indoles.

Scheme 4. Scope of Aryl Bromide Substratesa

aReaction conditions: 1 (0.1 mmol), 2a (0.2 mmol), Pd(TFA)2 (15
mol %), L9 (15 mol %), Ba(OH)2·8H2O (2.0 equiv), and B(OH)3
(1.0 equiv) in toluene (1.0 mL) under N2 at 25 °C for 48 h. Isolated
yields.

Scheme 5. Derivatization of Product 3aa

Scheme 6. Mechanism studies

Scheme 7. Proposed Mechanism

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c02012
Org. Lett. XXXX, XXX, XXX−XXX

C

https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02012/suppl_file/ol1c02012_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?fig=sch7&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c02012?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ ASSOCIATED CONTENT
*sı Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012.

Experimental details, characterization data, and HPLC
data (PDF)

Accession Codes

CCDC 2089667 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

■ AUTHOR INFORMATION
Corresponding Authors

Zisong Qi − School of Chemistry and Chemical Engineering,
Shaanxi Normal University (SNNU), Xi’an 710062, China;
orcid.org/0000-0003-2914-4828; Email: qizs@

snnu.edu.cn
Xingwei Li − School of Chemistry and Chemical Engineering,
Shaanxi Normal University (SNNU), Xi’an 710062, China;
orcid.org/0000-0002-1153-1558; Email: lixw@

snnu.edu.cn

Authors

Xiaojiao Li − School of Chemistry and Chemical Engineering,
Shaanxi Normal University (SNNU), Xi’an 710062, China

Liujie Zhao − School of Chemistry and Chemical Engineering,
Shaanxi Normal University (SNNU), Xi’an 710062, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c02012

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
Financial support from the Fundamental Research Funds for
the Central Universities (GK202103040 and 2020CSLZ004)
and SNNU is gratefully acknowledged.

■ REFERENCES
(1) (a) Norton, R. S.; Wells, R. J. A series of chiral polybrominated
biindoles from the marine blue-green alga Rivulariafirma. Application
of carbon-13 NMR spin-lattice relaxation data and carbon-13-proton
coupling constants to structure elucidation. J. Am. Chem. Soc. 1982,
104, 3628−3635. (b) Bringmann, G.; Tasler, S.; Endress, H.; Kraus,
J.; Messer, K.; Wohlfarth, M.; Lobin, W. Murrastifoline-F: First Total
Synthesis, Atropo-Enantiomer Resolution, and Stereoanalysis of an
Axially Chiral N, C-Coupled Biaryl Alkaloid. J. Am. Chem. Soc. 2001,
123, 2703−2711. (c) Kochanowska-Karamyan, A. J.; Hamann, M. T.
Marine Indole Alkaloids: Potential New Drug Leads for the Control
of Depression and Anxiety. Chem. Rev. 2010, 110, 4489−4497.
(d) Baumann, T.; Brückner, R. AtropselectiveDibrominations of a
1,1’-Disubstituted 2,2’-Biindolyl with Diverging Point-to-Axial Asym-
metric Inductions. Deriving 2,2’-Biindolyl-3,3′-diphosphane Ligands
for Asymmetric Catalysis. Angew. Chem., Int. Ed. 2019, 58, 4714−
4719.
(2) (a) Berens, U.; Brown, J. M.; Long, J.; Selke, R. Synthesis and
resolution of 2,2’-bis-diphenylphosphino [3,3′]biindolyl; a new
atropisomeric ligand for transition metal catalysis. Tetrahedron:
Asymmetry 1996, 7, 285−292. (b) Mino, T.; Komatsu, S.; Wakui,

K.; Yamada, H.; Saotome, H.; Sakamoto, M.; Fujita, T. N-Aryl indole-
derived C-N bond axially chiral phosphine ligands: synthesis and
application in palladium-catalyzed asymmetric allylic alkylation.
Tetrahedron: Asymmetry 2010, 21, 711−718.
(3) (a) Parmar, D.; Sugiono, E.; Raja, S.; Rueping, M. Complete
Field Guide to Asymmetric BINOL-Phosphate Derived Brønsted
Acid and Metal Catalysis: History and Classification by Mode of
Activation; Brønsted Acidity, Hydrogen Bonding, Ion Pairing, and
Metal Phosphates. Chem. Rev. 2014, 114, 9047−9153. (b) Wang, Y.-
B.; Tan, B. Construction of Axially Chiral Compounds via
Asymmetric Organocatalysis. Acc. Chem. Res. 2018, 51, 534−547.
(c) Qi, L.-W.; Mao, J.-H.; Zhang, J.; Tan, B. Organocatalytic
asymmetric arylation of indoles enabled by azo groups. Nat. Chem.
2018, 10, 58−64. (d) Hu, Y.-L.; Wang, Z.; Yang, H.; Chen, J.; Wu, Z.-
B.; Lei, Y.; Zhou, L. Conversion of two stereocenters to one or two
chiral axes: atroposelective synthesis of 2,3-diarylbenzoindoles. Chem.
Sci. 2019, 10, 6777−6784. (e) Liu, J.-Y.; Yang, X.-C.; Liu, Z.; Luo, Y.-
C.; Lu, H.; Gu, Y.-C.; Fang, R.; Xu, P.-F. An Atropo-enantioselective
Synthesis of Benzo-Linked Axially Chiral Indoles via Hydrogen-Bond
Catalysis. Org. Lett. 2019, 21, 5219−5224. (f) Peng, L.; Li, K.; Xie, C.;
Li, S.; Xu, D.; Qin, W.; Yan, H. Organocatalytic Asymmetric
Annulation of ortho-Alkynylanilines: Synthesis of Axially Chiral
Naphthyl-C2-indoles. Angew. Chem., Int. Ed. 2019, 58, 17199−
17204. (g) Lu, D.-L.; Chen, Y.-H.; Xiang, S.-H.; Yu, P.; Tan, B.; Li, S.
Atroposelective Construction of Arylindoles by Chiral Phosphoric
Acid-Catalyzed Cross-Coupling of Indoles and Quinones. Org. Lett.
2019, 21, 6000−6004. (h) Ma, C.; Jiang, F.; Sheng, F.-T.; Jiao, Y.;
Mei, G.-J.; Shi, F. Design and Catalytic Asymmetric Construction of
Axially Chiral 3,3′-Bisindole Skeletons. Angew. Chem., Int. Ed. 2019,
58, 3014−3020. (i) Zhang, Y.-C.; Jiang, F.; Shi, F. Organocatalytic
Asymmetric Synthesis of Indole-Based Chiral Heterocycles: Strat-
egies, Reactions, and Outreach. Acc. Chem. Res. 2020, 53, 425−446.
(j) Li, T.-Z.; Liu, S.-J.; Tan, W.; Shi, F. Catalytic Asymmetric
Construction of Axially Chiral Indole-Based Frameworks: An
Emerging Area. Chem. - Eur. J. 2020, 26, 15779−15792. (k) Chen,
Y.-H.; Li, H.-H.; Zhang, X.; Xiang, S.-H.; Li, S.; Tan, B.
Organocatalytic Enantioselective Synthesis of Atropisomeric Aryl-p-
Quinones: Platform Molecules for Diversity-Oriented Synthesis of
Biaryldiols. Angew. Chem., Int. Ed. 2020, 59, 11374−11378. (l) Cheng,
J. K.; Xiang, S.-H.; Li, S.; Ye, L.; Tan, B. Recent Advances in Catalytic
Asymmetric Construction of Atropisomers. Chem. Rev. 2021, 121,
4805−4902.
(4) (a) He, C.; Hou, M.; Zhu, Z.; Gu, Z. Enantioselective Synthesis
of Indole-Based BiarylAtropisomers via Palladium-Catalyzed Dynamic
Kinetic Intramolecular C-H Cyclization. ACS Catal. 2017, 7, 5316−
5320. (b) Zheng, S.-C.; Wang, Q.; Zhu, J. Catalytic Atropenantio-
selectiveHeteroannulation between Isocyanoacetates and Alkynyl
Ketones: Synthesis of Enantioenriched Axially Chiral 3-Arylpyrroles.
Angew. Chem., Int. Ed. 2019, 58, 1494−1498. (c) Zhang, S.; Yao, Q.-J.;
Liao, G.; Li, X.; Li, H.; Chen, H.-M.; Hong, X.; Shi, B.-F.
Enantioselective Synthesis of Atropisomers Featuring Pentatomic
Heteroaromatics by Pd-Catalyzed C-H Alkynylation. ACS Catal.
2019, 9, 1956−1961. (d) He, X.-L.; Zhao, H.-R.; Song, X.; Jiang, B.;
Du, W.; Chen, Y.-C. Asymmetric Barton-Zard Reaction To Access 3-
Pyrrole-Containing Axially Chiral Skeletons. ACS Catal. 2019, 9,
4374−4381.
(5) (a) Zhang, J.; Xu, Q.; Wu, J.; Fan, J.; Xie, M. Construction of N-
C Axial Chirality through Atroposelective C-H Olefination of N-
Arylindoles by Palladium/Amino Acid Cooperative Catalysis. Org.
Lett. 2019, 21, 6361−6365. (b) Xia, W.; An, Q.-J.; Xiang, S.-H.; Li, S.;
Wang, Y.-B.; Tan, B. Chiral Phosphoric Acid Catalyzed Atropose-
lective C-H Amination of Arenes. Angew. Chem., Int. Ed. 2020, 59,
6775−6779. (c) Zhang, H.-H.; Wang, C.-S.; Li, C.; Mei, G.-J.; Li, Y.;
Shi, F. Design and Enantioselective Construction of Axially Chiral
Naphthyl-Indole Skeletons. Angew. Chem., Int. Ed. 2017, 56, 116−121.
(d) Mei, G.-J.; Shi, F. Indolylmethanols as Reactants in Catalytic
Asymmetric Reactions. J. Org. Chem. 2017, 82, 7695−7707.
(6) Arcadi, A.; Cacchi, S.; Marinelli, F. A versatile approach to 2,3-
disubstituted indoles through the palladium-catalysed cyclization of o-

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c02012
Org. Lett. XXXX, XXX, XXX−XXX

D

https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02012/suppl_file/ol1c02012_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2089667&id=doi:10.1021/acs.orglett.1c02012
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zisong+Qi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-2914-4828
https://orcid.org/0000-0003-2914-4828
mailto:qizs@snnu.edu.cn
mailto:qizs@snnu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xingwei+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-1153-1558
https://orcid.org/0000-0002-1153-1558
mailto:lixw@snnu.edu.cn
mailto:lixw@snnu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiaojiao+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Liujie+Zhao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02012?ref=pdf
https://doi.org/10.1021/ja00377a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00377a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00377a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00377a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja003488c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja003488c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja003488c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr900211p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr900211p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201806294
https://doi.org/10.1002/anie.201806294
https://doi.org/10.1002/anie.201806294
https://doi.org/10.1002/anie.201806294
https://doi.org/10.1016/0957-4166(95)00447-5
https://doi.org/10.1016/0957-4166(95)00447-5
https://doi.org/10.1016/0957-4166(95)00447-5
https://doi.org/10.1016/j.tetasy.2010.03.039
https://doi.org/10.1016/j.tetasy.2010.03.039
https://doi.org/10.1016/j.tetasy.2010.03.039
https://doi.org/10.1021/cr5001496?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5001496?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5001496?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5001496?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5001496?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.7b00602?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.7b00602?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/nchem.2866
https://doi.org/10.1038/nchem.2866
https://doi.org/10.1039/C9SC00810A
https://doi.org/10.1039/C9SC00810A
https://doi.org/10.1021/acs.orglett.9b01828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201908961
https://doi.org/10.1002/anie.201908961
https://doi.org/10.1002/anie.201908961
https://doi.org/10.1021/acs.orglett.9b02143?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b02143?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201811177
https://doi.org/10.1002/anie.201811177
https://doi.org/10.1021/acs.accounts.9b00549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.9b00549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.9b00549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.202001397
https://doi.org/10.1002/chem.202001397
https://doi.org/10.1002/chem.202001397
https://doi.org/10.1002/anie.202004671
https://doi.org/10.1002/anie.202004671
https://doi.org/10.1002/anie.202004671
https://doi.org/10.1021/acs.chemrev.0c01306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c01306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b01855?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b01855?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b01855?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201812654
https://doi.org/10.1002/anie.201812654
https://doi.org/10.1002/anie.201812654
https://doi.org/10.1021/acscatal.8b04870?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.8b04870?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.9b00767?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.9b00767?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b02243?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b02243?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b02243?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202000585
https://doi.org/10.1002/anie.202000585
https://doi.org/10.1002/anie.201608150
https://doi.org/10.1002/anie.201608150
https://doi.org/10.1021/acs.joc.7b01458?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b01458?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4039(00)74818-0
https://doi.org/10.1016/S0040-4039(00)74818-0
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c02012?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


alkynyltrifluoroacetanilides with vinyl triflates and aryl halides.
Tetrahedron Lett. 1992, 33, 3915−3918.
(7) (a) Battistuzzi, G.; Cacchi, S.; Fabrizi, G. The Amino-
palladation/Reductive Elimination Domino Reaction in the Con-
struction of Functionalized Indoles Rings. Eur. J. Org. Chem. 2002,
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