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ABSTRACT: Catalytic enantioselective propargylic amination represents a valuable method toward the synthesis of functionalized
amines. Current methods are mostly restricted to the use of sterically unhindered propargylic esters, thus yielding N-a-secondary
chiral amines. Reported herein is a copper-catalyzed asymmetric propargylic amination of oxazolidine-2,4-diones, enabling eflicient
access to enantioenriched a-quaternary amides bearing terminal alkyne and amino groups. The mild conditions are amenable to a
broad range of oxazolidine-2,4-diones and aryl amines in good yields with high enantioselectivity.
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as propargylic precursors further made this propargylic
amination strategy very attractive for accessing more
challenging chiral N-a-quaternary propargylamines bearing
synthetically useful hydroxy, carboxylic acid, and carboxylate
groups. Most recently, the Zhou group developed an
asymmetric copper-catalyzed propargylic amination of simple
ketone-derived propargylic carbonates to give a-quaternary
propargyl amines as well as azacycles via metal-catalyzed
sequential cyclization.”” Despite these enlightening advances,
the novel substrate scaffold still awaits exploration to furnish
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compounds bearing structurally diverse functional groups. For
instance, the synthesis of enantioenriched a-quaternary a-
amino amides via this methodology remains underdeveloped.
This challenge in methodologic development underscores the
continued need for innovative substrate design in propargylic
amination reactions to enrich the arsenal of chiral function-
alized amine synthesis.

Besides acyclic terminal propargylic acetates, cyclic prop-
argyl carbonates/carbamates such as ethynyl ethylene carbo-
nate’®*°7** and ethynyl indoloxazolidone,**"** among
others,"” > have also been widely used as versatile electro-
philic copper-allenylidene precursors through a CO, extrusion
process, delivering a range of enantioenriched functionalized
cyclic scaffolds. However, as an important cyclic propargylic
precursor, S-ethynyloxazolidine-2,4-dione remained unex-
plored for such enantioselective transformations, although
the Guo group reported a copper-catalyzed asymmetric [3 + 2]
annulation with benzoylacetonitriles to afford 2,3-dihydrofuran
derivatives with low enantioselectivity (<31% ee, Scheme
1b).>* We hypothesized that S-ethynyloxazolidine-2,4-diones
could generate reactive copper-allenylidene intermediates
bearing an amide moiety upon decarboxylation. Crucially,
the resulting amide moiety could engage in hydrogen-bonding
interactions with an incoming amine, potentially enabling
highly enantioselective transformations. Building on this
concept, we now report our findings on the copper-catalyzed
asymmetric propargylic amination of S-ethynyloxazolidine-2,4-
diones with anilines, affording a-quaternary a-amino amides
with excellent enantioselectivity (Scheme 1c).

Our investigation commenced with a model reaction
between oxazolidine-2,4-dione la and an aryl amine 2a
(Table 1). Initial screening revealed that the combination of
Cu(MeCN),PF, and chiral pyridinebisoxazoline (PyBox)
ligand L1 gave the desired propargylic amine 3 in 65% yield
and 51% ee when the reaction was conducted in MeOH with
DIPEA as a base at 25 °C for 12 h (entry 1). Systematic
evaluation of PyBox ligands demonstrated that both the
bisoxazoline scaffold and the phenyl substituent on the
oxazoline ring are crucial for the enantioselectivity control
(entries 2—4). Subsequent screenings were conducted using
other commercially available chiral ligands, including bisoxazo-
lines (LS and L6), bisoxazolinephosphine (L7), and
diphosphine (L8). Unfortunately, no improved enantioselec-
tivity was realized using these chiral ligands (entries 5—8).
Solvent optimization studies identified THF as the optimal
media, providing both improved yield and enantioselectivity
(entries 9—13). Further examination of bases showed that
trimethylamine (Me;N) significantly enhanced the stereo-
selectivity to 95% ee (entry 15). Finally, the stereoselectivity
was further improved to 98% when the reaction was performed
at a temperature of 20 °C (entry 16).

Having established the optimal conditions, we embarked on
investigating the generality of this propargylic amination
(Scheme 2). We first evaluated the scope with respect to the
arylamines. The enantioselective propargylic aminations
accommodated an array of substituents on the phenyl rings,
including both halogen (chloro, fluoro, bromo, and iodo) and
electron-donating (methyl and methoxy) groups at the para,
meta, and ortho positions, affording the corresponding a-
quaternary a-amino amide products 3—13 in yields ranging
from 43% to 98% and up to 98% ee. The absolute
configuration of 6 was determined by X-ray crystallography
(CCDC 2409171). Of note, substituents such as p-bromo (6)

Table 1. Optimization Studies”

H
Cu(MeCN)4PFg (10 mol%)

NH,
\ o L1 (12 mol%)
P =g *
N MeOH, DIPEA (1.5 equiv), 25 °C

iDh Cl

N
"X 7@\
O™ “NH Cl
\

Ph “Ph J S{
Bn
L1 Ph L4
o o Me_ Me ;P\ /;P
Pesel Q)‘r ° i ngtii:z
gy
‘Bu‘Bu
L5 L6
Entry Variation from conditions Yield, % (ee, %)°

1 none 65 (51)
2 L2 60 (9)
3 L3 65 (50)
4 L4 35 (7)
S LS 40 (3)
6 L6 51 (15)
7 L7 25 (<5)
8 L8 <5 (=)
9 L1, DCM 77 (65)
10 L1, PhMe 69 (71)
11 L1, MTBE 75 (70)
12 L1, 1,4-dioxane 59 (79)
13 L1, THF 79 (83)
14 L1, THF, TEA 80 (78)
15 L1, THF, Me;N 81 (95)
16 L1, THF, Me;N, 20 °C 85 (98)

“Reaction conditions: 5-ethynyl-3,5-diphenyloxazolidine-2,4-dione 1a
(0.1 mmol), 4-chloroaniline 2a (0.12 mmol), Cu(MeCN),PF, (10
mol %), chiral ligand (12 mol %), and base (0 15 mmol) in solvent (1
mL) under N, for 12 h. “Isolated yield. “ee determined by HPLC
analysis on a chiral stationary phase.

and p-iodo (7) groups were compatible with the catalytic
system, giving the corresponding products valuable handles for
further synthetic transformations. Disubstituted arylamines,
including naphthalene and 3-chloro-4-morpholinobezene, were
also investigated, leading to the corresponding products (14
and 15) in good yields with outstanding enantioselectivities.
Additionally, the phenyl ring equipped with phenylethynyl and
ethynyl groups at the para position tolerated the reaction well,
affording the diethynyne-substituted products (16 and 17,
respectively) efficiently. However, aliphatic amines failed to
give any corresponding product under the current reaction
conditions.

After the establishment of the optimal reaction conditions,
we next explored the scope of 5-ethynyloxazolidine-2,4-diones
with 4-chloroaniline as the model nucleophile. The catalytic
system exhibited remarkable tolerance toward diverse N-aryl
substituents on the oxazolidinedione scaffold. A series of para-
halogenated (F, Cl, Br, and I) aryl groups, as well as those
bearing strong electron-withdrawing trifluoromethyl and
trifluoromethoxy substituents, all participated effectively in
the transformation, furnishing the corresponding propargylic
amines (18—23) with excellent enantioselectivities (98% ee).
Installation of electron-rich phenyl rings such as p-methyl-
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Scheme 2. Substrate Scope”
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“Reaction conditions: 1 (0.1 mmol), 2 (0.12 mmol), Cu(MeCN),PF¢ (10 mol %), L1 (12 mol %), and Me;N (75 uL, 2 M in THF) in THF (1
mL) at 20 °C under N, for 12 h. Isolated yield. The ee was determined by HPLC analysis on a chiral stationary phase.

phenyl, m-methoxyphenyl, o-methylphenyl, and 3,5-dimethyl-
phenyl substituents to the nitrogen atom was also tolerated.
These substrates afforded the desired products (24—28) in
53—91% vyields with excellent enantioselectivities. Notably,
extended z-systems such as naphthyl and quinoline derivatives
(29 and 30) also worked well under the optimized conditions.
Finally, the influence of the propargylic aryl groups was
evaluated. We found that electron-rich and electron-deficient
aryl substitutions at the para and meta positions yielded good
to excellent results with high levels of enantioselectivity (31-
3S).

A large-scale synthesis of chiral propargylic amine 3 was
performed without a loss of yield or enantioselectivity (Scheme
3). To further substantiate the synthetic utility of this
propargylic amination system, a series of derivatization
experiments were carried out to exploit the multiple potential

modification sites of the products. Palladium-catalyzed semi-
hydrogenation of the alkynyl moiety gave allylic amine 36 in
78% yield with 99% ee. The terminal alkyne of product 3 was
readily transformed to an internal alkyne (37) in high yield
with high enantioselectivity via Sonogashira coupling. In
addition, copper-catalyzed cycloaddition between an azide
and product 3 afforded triazole 38.

To investigate the mode of substrate activation, we first
examined an oxazolidine-2,4-dione bearing an internal alkyne
as the substrate. However, no desired product was observed
(Scheme 4, top). When a perdeuterated aniline was employed,
propargylic amination proceeded to furnish the corresponding
product with 49% deuterium incorporation at the terminal
alkynyl position. These experimental results suggest that the
oxazolidine-2,4-dione activation likely proceeds through an
alkynylcopper intermediate that undergoes further protonol-
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Scheme 3. Product Transformations
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ysis. Based on these preliminary experimental results and
previous work,”">> we proposed a mechanism as depicted in
Scheme 4 (bottom). Initial base-assisted deprotonation of the
terminal alkyne generates alkynylcopper intermediate A, which
undergoes ring opening of oxazolidinedione upon decarbox-
ylation to give electrophilic copper allenylidene species B.
Enantioselective nucleophilic addition of an aniline yields an
alkynyl copper intermediate C. Finally, protonation of the
copper acetylide species furnishes the desired chiral product
and regenerates the copper(I) catalyst.

In summary, we have developed a copper-catalyzed
enantioselective propargylic amination of oxazolidine-2,4-
diones. This method exhibits a broad substrate scope in
terms of arylamines and oxazolidinediones, high functional-
group tolerance, and excellent enantioselectivity, allowing
straightforward access to structurally diverse N-a-quaternary
chiral amines bearing terminal alkyne and amide groups as
post-transform handles for further derivatization. Given the
synthetic flexibility of these scaffolds, significant utility is
anticipated for rapid assembly of highly functionalized
structures.

B ASSOCIATED CONTENT
Data Availability Statement

The data underlying this study are available in the published
article and its Supporting Information.

® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307.

Experimental details, characterization of all new
compounds, the X-ray crystal structure, and NMR
spectra (PDF)

Accession Codes

Deposition Numbers 2409170—2409171 contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge via the joint Cambridge Crystallo-
graphic Data Centre (CCDC) and Fachinformationszentrum
Karlsruhe Access Structures service.

B AUTHOR INFORMATION
Corresponding Author

Xingwei Li — School of Chemistry and Chemical Engineering,
Shaanxi Normal University, Xi'an 710062, China; Institute
of Chemistry Frontier, School of Chemistry and Chemical
Engineering, Shandong University, Qingdao 266237, China;

orcid.org/0000-0002-1153-1558; Email: lixw@
snnu.edu.cn

Authors

Huilai Liu — School of Chemistry and Chemical Engineering,
Shaanxi Normal University, Xi’an 710062, China

Songjie Yu — Institute of Chemistry Frontier, School of
Chemistry and Chemical Engineering, Shandong University,
Qingdao 266237, China; ® orcid.org/0000-0001-9156-
8774

Zisong Qi — School of Chemistry and Chemical Engineering,
Shaanxi Normal University, Xi’an 710062, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.5c02307

https://doi.org/10.1021/acs.orglett.5c02307
Org. Lett. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.5c02307/suppl_file/ol5c02307_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.5c02307/suppl_file/ol5c02307_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2409170&id=doi:10.1021/acs.orglett.5c02307
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2409171&id=doi:10.1021/acs.orglett.5c02307
http://www.ccdc.cam.ac.uk/structures
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="Huilai+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Songjie+Yu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9156-8774
https://orcid.org/0000-0001-9156-8774
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zisong+Qi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.5c02307?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.5c02307?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrglLett

Author Contributions

All authors have given approval to the final version of the
manuscript.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

Financial support from the National Natural Science
Foundation of China (Nos. 22371175) and the SNNU is
acknowledged.

B REFERENCES

(1) Lockwood, R. F.; Nicholas, K. M. Transition Metal-Stabilized
Carbenium Ions as Synthetic Intermediates. I. a-[(Alkynyl)Dicobalt
Hexacarbonyl] Carbenium Ions as Propargylating Agents. Tetrahedron
Lett. 1977, 18 (48), 4163—4165.

(2) Lauder, K; Toscani, A.; Scalacci, N.; Castagnolo, D. Synthesis
and Reactivity of Propargylamines in Organic Chemistry. Chem. Rev.
2017, 117 (24), 14091—14200.

(3) Ji, P.; Liu, X; Xu, J.; Zhang, X;; Guo, J.; Chen, W.-W.; Zhao, B.
Direct Asymmetric a-C—H Addition of N-Unprotected Propargylic
Amines to Trifluoromethyl Ketones by Carbonyl Catalysis. Angew.
Chem,, Int. Ed. 2022, 61 (48), No. €202206111.

(4) Chen, Y.-B,; Liu, L.-G.; Wang, Z.-Q; Chang, R;; Lu, X;; Zhou,
B.; Ye, L.-W. Enantioselective Functionalization of Unactivated
C(Sp3)—H Bonds through Copper-Catalyzed Diyne Cyclization by
Kinetic Resolution. Nat. Commun. 2024, 15, 2232.

(5) Zhang, R;; Xu, J; Liu, S;; Si, S.; Chen, J.; Wang, L.; Chen, W.-
W.; Zhao, B. Direct Enantioselective a-C—H Conjugate Addition of
Propargylamines to @,f-Unsaturated Ketones via Carbonyl Catalysis.
J. Am. Chem. Soc. 2024, 146 (38), 25927—25933.

(6) Jankowski, N.; Krause, N. Efficient and Stereoselective Synthesis
of (Z)-2-Oxazolines by Transition Metal-Free Cycloisomerization of
Internal Propargylic Amides in Hexafluoroisopropanol (HFIP). Asian
J. Org. Chem. 2025, No. €202500262.

(7) Olanow, C. W.; Rascol, O.; Hauser, R.; Feigin, P. D.; Jankovic, J.;
Lang, A.; Langston, W.; Melamed, E.; Poewe, W.; Stocchi, F.; Tolosa,
E. A Double-Blind, Delayed-Start Trial of Rasagiline in Parkinson’s
Disease. N. Engl. J. M. 2009, 361 (13), 1268—1278.

(8) Huang, W.-S.; Metcalf, C. A.; Sundaramoorthi, R.; Wang, Y,;
Zou, D.; Thomas, R. M,; Zhu, X,; Cai, L.; Wen, D.; Liu, S.; Romero,
J; Qi, J; Chen, L; Banda, G.; Lentini, S. P.; Das, S.; Xu, Q.; Keats, J.;
Wang, F; Wardwell, S.; Ning, Y.; Snodgrass, J. T.; Broudy, M. I;
Russian, K.; Zhou, T.; Commodore, L.; Narasimhan, N. L;
Mohemmad, Q. K; Iuliucci, J; Rivera, V. M.; Dalgarno, D. C,;
Sawyer, T. K.; Clackson, T.; Shakespeare, W. C. Discovery of 3-[2-
(Imidazo[1,2-b]Pyridazin-3-Y1)Ethynyl]-4-Methyl-N-{4-[ (4-Methyl-
piperazin-1-Y1)Methyl]-3-(Trifluoromethyl) Phenyl}benzamide
(AP24534), a Potent, Orally Active Pan-Inhibitor of Breakpoint
Cluster Region-Abelson (BCR-ABL) Kinase Including the T31SI
Gatekeeper Mutant. J. Med. Chem. 2010, 53 (12), 4701—4719.

(9) Youdim, M. B. H; Gross, A.; Finberg, J. P. M. Rasagiline [N-
Propargyl-1R(+)-Aminoindan], a Selective and Potent Inhibitor of
Mitochondrial Monoamine Oxidase B. Br. J. Pharmacol. 2001, 132
(2), 500—506.

(10) Veber, D. F.; Johnson, S. R.; Cheng, H.-Y.; Smith, B. R.; Ward,
K. W.; Kopple, K. D. Molecular Properties That Influence the Oral
Bioavailability of Drug Candidates. J. Med. Chem. 2002, 45 (12),
2615-2623.

(11) Mei, F; Fancy, S. P. J.; Shen, Y.-A. A; Niu, J; Zhao, C;
Presley, B.; Miao, E.; Lee, S.; Mayoral, S. R; Redmond, S. A;
Etxeberria, A.; Xiao, L.; Franklin, R. J. M,; Green, A.; Hauser, S. L.;
Chan, J. R. Micropillar Arrays as a High-Throughput Screening
Platform for Therapeutics in Multiple Sclerosis. Nat. Med. 2014, 20
(8), 954—960.

(12) Zhang, D.-Y.; Hu, X.-P. Recent Advances in Copper-Catalyzed
Propargylic Substitution. Tetrahedron Lett. 2015, S6 (2), 283—295.

(13) Sakata, K.; Nishibayashi, Y. Mechanism and Reactivity of
Catalytic Propargylic Substitution Reactions via Metal—Allenylidene
Intermediates: A Theoretical Perspective. Catal. Sci. Technol. 2018, 8
(1), 12-25.

(14) Roh, S. W.; Choi, K; Lee, C. Transition Metal Vinylidene- and
Allenylidene-Mediated Catalysis in Organic Synthesis. Chem. Rev.
2019, 119 (6), 4293—4356.

(15) You, Y,; Zhang, Y.-P.; Wang, Z.-H.; Zhao, J.-Q.; Yin, J.-Q;
Yuan, W.-C. Recent Advances in Copper-Catalyzed Decarboxylative
Reactions of Propargylic Cyclic Carbonates/Carbamates. Chem.
Commun. 2023, 59 (49), 7483—7505.

(16) Li, M.-D.; Wang, X.-R; Lin, T.-Y. Recent Advances in Copper-
Catalyzed Asymmetric Propargylic Substitution. Tetrahedron Chem.
2024, 11, 100082.

(17) Marshall, J. A.; Wolf, M. A. Amination, Aminocarbonylation,
and Alkoxycarbonylation of Allenic/Propargylic Pd Intermediates
Derived from Nonracemic Propargylic Mesylates: Synthesis of
Nonracemic Propargyl Amines, Allenic Amides, and Butenolides. J.
Org. Chem. 1996, 61 (10), 3238—3239.

(18) Detz, R. J.; Delville, M. M. E.; Hiemstra, H.; van Maarseveen, J.
H. Enantioselective Copper-Catalyzed Propargylic Amination. Angew.
Chem., Int. Ed. 2008, 47 (20), 3777—3780.

(19) Hattori, G.; Matsuzawa, H.; Miyake, Y.; Nishibayashi, Y.
Copper-Catalyzed Asymmetric Propargylic Substitution Reactions of
Propargylic Acetates with Amines. Angew. Chem., Int. Ed. 2008, 47
(20), 3781—3783.

(20) Hattori, G.; Yoshida, A.; Miyake, Y.; Nishibayashi, Y.
Enantioselective Ring-Opening Reactions of Racemic Ethynyl
Epoxides via Copper—Allenylidene Intermediates: Efficient Approach
to Chiral #-Amino Alcohols. J. Org. Chem. 2009, 74 (20), 7603—7607.

(21) Hattori, G.; Sakata, K.; Matsuzawa, H.; Tanabe, Y.; Miyake, Y.;
Nishibayashi, Y. Copper-Catalyzed Enantioselective Propargylic
Amination of Propargylic Esters with Amines: Copper—Allenylidene
Complexes as Key Intermediates. J. Am. Chem. Soc. 2010, 132 (30),
10592—10608.

(22) Yoshida, A.; Hattori, G.; Miyake, Y.; Nishibayashi, Y. Copper-
Catalyzed Enantioselective Propargylic Amination of Nonaromatic
Propargylic Esters with Amines. Org. Lett. 2011, 13 (9), 2460—2463.

(23) Zhang, C.; Wang, Y.; Hu, X;; Zheng, Z.; Xu, J.; Hu, X. Chiral
Tridentate PN,N Ligands for Highly Enantioselective Copper-
Catalyzed Propargylic Amination with Both Primary and Secondary
Amines as Nucleophiles. Adv. Synth. Catal. 2012, 354 (14-15),
2854—2858.

(24) Shibata, M.; Nakajima, K.; Nishibayashi, Y. Enantioselective
Intramolecular Propargylic Amination Using Chiral Copper—Pybox
Complexes as Catalysts. Chem. Commun. 2014, 50 (58), 7874—7877.

(25) Zou, Y.; Zhu, F.-L; Duan, Z.-C.; Wang, Y.-H.; Zhang, D.-Y;
Cao, Z.; Zheng, Z.; Hu, X.-P. Enantioselective Cu-Catalyzed
Decarboxylative Propargylic Amination of Propargyl Carbamates.
Tetrahedron Lett. 2014, 55 (12), 2033—2036.

(26) Goémez, J. E; Guo, W, Gaspa, S,; Kleij, A. W. Copper-
Catalyzed Synthesis of y-Amino Acids Featuring Quaternary Stereo-
centers. Angew. Chem., Int. Ed. 2017, 56 (47), 15035—15038.

(27) Tian, L; Gong, L; Zhang, X. Copper-Catalyzed Enantiose-
lective Synthesis of f-Amino Alcohols Featuring Tetrasubstituted
Tertiary Carbons. Adv. Synth. Catal. 2018, 360 (10), 2055—2059.

(28) Watanabe, K.; Miyazaki, Y.; Okubo, M.; Zhou, B.; Tsuji, H.;
Kawatsura, M. Nickel-Catalyzed Asymmetric Propargylic Amination
of Propargylic Carbonates Bearing an Internal Alkyne Group. Org.
Lett. 2018, 20 (17), 5448—5451.

(29) Li, S.-J; Huang, J.; He, J.-Y.; Zhang, R.-J.; Qian, H.-D.; Dai, X.-
L.; Kong, H.-H.; Xu, H. Highly Enantioselective Copper-Catalyzed
Propargylic Amination to Access N-Tethered 1,6-Enynes. RSC Adv.
2020, 10 (63), 38478—38483.

(30) Guo, W,; Zuo, L; Cui, M; Yan, B; Ni, S. Propargylic
Amination Enabled the Access to Enantioenriched Acyclic a-
Quaternary a-Amino Ketones. J. Am. Chem. Soc. 2021, 143 (20),
7629—7634.

https://doi.org/10.1021/acs.orglett.5c02307
Org. Lett. XXXX, XXX, XXX—XXX


https://doi.org/10.1016/S0040-4039(01)83455-9
https://doi.org/10.1016/S0040-4039(01)83455-9
https://doi.org/10.1016/S0040-4039(01)83455-9
https://doi.org/10.1021/acs.chemrev.7b00343?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.7b00343?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202206111
https://doi.org/10.1002/anie.202206111
https://doi.org/10.1038/s41467-024-46288-7
https://doi.org/10.1038/s41467-024-46288-7
https://doi.org/10.1038/s41467-024-46288-7
https://doi.org/10.1021/jacs.4c09840?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c09840?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ajoc.202500262
https://doi.org/10.1002/ajoc.202500262
https://doi.org/10.1002/ajoc.202500262
https://doi.org/10.1056/NEJMoa0809335
https://doi.org/10.1056/NEJMoa0809335
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm100395q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/sj.bjp.0703826
https://doi.org/10.1038/sj.bjp.0703826
https://doi.org/10.1038/sj.bjp.0703826
https://doi.org/10.1021/jm020017n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm020017n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/nm.3618
https://doi.org/10.1038/nm.3618
https://doi.org/10.1016/j.tetlet.2014.11.112
https://doi.org/10.1016/j.tetlet.2014.11.112
https://doi.org/10.1039/C7CY01382E
https://doi.org/10.1039/C7CY01382E
https://doi.org/10.1039/C7CY01382E
https://doi.org/10.1021/acs.chemrev.8b00568?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.8b00568?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D3CC01401K
https://doi.org/10.1039/D3CC01401K
https://doi.org/10.1016/j.tchem.2024.100082
https://doi.org/10.1016/j.tchem.2024.100082
https://doi.org/10.1021/jo960442m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo960442m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo960442m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo960442m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200705264
https://doi.org/10.1002/anie.200800276
https://doi.org/10.1002/anie.200800276
https://doi.org/10.1021/jo901064n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901064n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901064n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja1047494?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja1047494?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja1047494?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol200703g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol200703g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol200703g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/adsc.201200589
https://doi.org/10.1002/adsc.201200589
https://doi.org/10.1002/adsc.201200589
https://doi.org/10.1002/adsc.201200589
https://doi.org/10.1039/C4CC01676A
https://doi.org/10.1039/C4CC01676A
https://doi.org/10.1039/C4CC01676A
https://doi.org/10.1016/j.tetlet.2014.02.030
https://doi.org/10.1016/j.tetlet.2014.02.030
https://doi.org/10.1002/anie.201709511
https://doi.org/10.1002/anie.201709511
https://doi.org/10.1002/anie.201709511
https://doi.org/10.1002/adsc.201701613
https://doi.org/10.1002/adsc.201701613
https://doi.org/10.1002/adsc.201701613
https://doi.org/10.1021/acs.orglett.8b02325?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b02325?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0RA07698H
https://doi.org/10.1039/D0RA07698H
https://doi.org/10.1021/jacs.1c03182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c03182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c03182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.5c02307?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrglLett

(31) Huang, J.; Kong, H-H.; Li, S.-J.; Zhang, R.-J.; Qian, H.-D.; L,
D.-R;; He, J.-Y.; Zheng, Y.-N.; Xu, H. Asymmetric Copper-Catalyzed
Propargylic Amination with Amine Hydrochloride Salts. Chem.
Commun. 2021, 57 (38), 4674—4677.

(32) Liu, S.; Tanabe, Y.; Kuriyama, S.; Sakata, K.; Nishibayashi, Y.
Ruthenium- and Copper-Catalyzed Propargylic Substitution Reac-
tions of Propargylic Alcohol Derivatives with Hydrazones. Chem.-Eur.
J. 2021, 27 (63), 15650—15659.

(33) Liu, T; Ni, S;; Guo, W. Practical Asymmetric Amine
Nucleophilic Approach for the Modular Construction of Protected
a-Quaternary Amino Acids. Chem. Sci. 2022, 13 (23), 6806—6812.

(34) Ma, J; Wang, X; Liu, Z; Hu, X. Highly Diastereo- and
Enantioselective Copper-Catalyzed Dipropargylic Amination to
Access Bispropargylic Diamines. Asian J. Org. Chem. 2022, 11 (10),
No. €202200385.

(35) Chen, P; Zhang, M.-M,; Rao, L.; Li, Y.-H; Jia, Y;; Tan, Y,;
Xiao, W.-J; Lu, L.-Q. Access to N-a-Quaternary Chiral Morpholines
via Cu-Catalyzed Asymmetric Propargylic Amination/Desymmetriza-
tion Strategy. Sci. Bull. 2024, 69 (22), 3516—3524.

(36) Delgado, A; Orlando, P.; Lanzi, M; Benet-Buchholz, J;
Passarella, D.; Kleij, A. W. Cu-Catalyzed Asymmetric Synthesis of y-
Amino Alcohols Featuring Tertiary Carbon Stereocenters. Org. Lett.
2024, 26 (36), 7596—7600.

(37) Zhang, Z.; Sun, Y.; Gong, Y.; Tang, D.-L.; Luo, H.; Zhao, Z.-P.;
Zhou, F.; Wang, X; Zhou, J. Enantioselective Propargylic Amination
and Related Tandem Sequences to a-Tertiary Ethynylamines and
Azacycles. Nat. Chem. 2024, 16 (4), 521—532.

(38) Lan, S.; Cui, Q.; Luo, D.; Shi, S.; He, C.; Huang, S.; Xu, C,;
Zhao, L; Liu, J; Gu, C.-Z; Yang, S.; Fang, X. Copper-Catalyzed
Asymmetric Nucleophilic Opening of 1,1,2,2-Tetrasubstituted
Donor—Acceptor Cyclopropanes for the Synthesis of a-Tertiary
Amines. J. Am. Chem. Soc. 2025, 147 (1), 1172—118S.

(39) Gong, Y,; Zhang, Z.; Liu, H; Wang, T.; Jiang, M.; Feng, N,;
Peng, P.; Wang, H.,; Zhou, F.; Wang, X.; Zhou, J. Trifluoroethanol-
Assisted Asymmetric Propargylic Hydrazination to a-Tertiary
Ethynylhydrazines Enabled by Sterically Confined Pyridinebisoxazo-
lines. Nat. Commun. 2028, 16, 4571.

(40) Goémez, J. E.; Cristofol, A,; Kleij, A. W. Copper-Catalyzed
Enantioselective Construction of Tertiary Propargylic Sulfones.
Angew. Chem., Int. Ed. 2019, 58 (12), 3903—3907.

(41) Gong, F; Meng, X; Lan, S; Liu, J; Yang, S, Fang, X.
Asymmetric Semipinacol Rearrangement Enabled by Copper-
Catalyzed Propargylic Alkylation. ACS Catal. 2022, 12 (19),
12036—12044.

(42) You, Y.; Li, T.-T.; Sun, T.-J,; Zhang, Y.-P.; Wang, Z.-H.; Zhao,
J.-Q.; Yuan, W.-C. Enantioselective Construction of Vicinal
Quaternary-Tetrasubstituted Carbon Stereocenters by Copper-Cata-
lyzed Decarboxylative Propargylic Substitution. Org. Lett. 2022, 24
(41), 7671-7676.

(43) Zhang, J; Ni, T; Yang, W.-L; Deng, W.-P. Catalytic
Asymmetric [3 + 2] Annulation via Indolyl Copper—Allenylidene
Intermediates: Diastereo- and Enantioselective Assembly of Pyrrolo-
[1,2-a]Indoles. Org. Lett. 2020, 22 (11), 4547—4552.

(44) Shen, J.-H.; Tian, F,; Yang, W.-L.; Deng, W.-P. Synergistic
Copper and Chiral Lewis Base Catalysis for the Asymmetric Synthesis
of Pyrrolo[1,2-a]Indoles. Chin. J. Chem. 2021, 39 (12), 3292—3296.

(45) Wang, Q; Li, T.-R,; Lu, L.-Q,; Li, M.-M.; Zhang, K.; Xiao, W.-J.
Catalytic Asymmetric [4 + 1] Annulation of Sulfur Ylides with
Copper—Allenylidene Intermediates. J. Am. Chem. Soc. 2016, 138
(27), 8360—8363.

(46) Song, J; Zhang, Z.J; Gong, L.-Z. Asymmetric [4 + 2]
Annulation of C1 Ammonium Enolates with Copper-Allenylidenes.
Angew. Chem., Int. Ed. 2017, 56 (19), 5212—5216.

(47) Shao, W.; You, S.-L. Highly Diastereo- and Enantioselective
Synthesis of Tetrahydro-SH-Indolo[2,3-b]Quinolines through Cop-
per-Catalyzed Propargylic Dearomatization of Indoles. Chem.-Eur. .
2017, 23 (51), 12489—12493.

(48) Simlandy, A. K.; Ghosh, B.; Mukherjee, S. Enantioselective [4 +
2]-Annulation of Azlactones with Copper-Allenylidenes under

Cooperative Catalysis: Synthesis of a-Quaternary a-Acylaminoa-
mides. Org. Lett. 2019, 21 (9), 3361—3366.

(49) Chen, H,; Lu, X; Xia, X.; Zhu, Q; Song, Y.; Chen, J.; Cao, W,;
Wu, X. Asymmetric Catalytic [4 + 2] Cycloaddition via Cu—
Allenylidene Intermediate: Stereoselective Synthesis of Tetrahydro-
quinolines Fused with a y-Lactone Moiety. Org. Lett. 2018, 20 (7),
1760—1763.

(50) Ghosh, S.; Mukherjee, S. Ligand-Controlled Diastereodiver-
gency in Propargylic Alkylation of Vinylogous Aza-Enamines:
Construction of 1,3-Stereocenters. Org. Lett. 2023, 25 (40), 7304—
7309.

(51) Ji, D.; Wang, C.; Sun, J. Asymmetric [4 + 2]-Cycloaddition of
Copper—Allenylidenes with Hexahydro-1,3,5-Triazines: Access to
Chiral Tetrahydroquinazolines. Org. Lett. 2018, 20 (12), 3710—3713.

(52) Wang, Y.; Zhy, L.; Wang, M.; Xiong, J.; Chen, N.; Feng, X.; Xu,
Z.; Jiang, X. Catalytic Asymmetric [4 + 3] Annulation of C,N-Cyclic
Azomethine Imines with Copper Allenylidenes. Org. Lett. 2018, 20
(20), 6506—6510.

(53) Zhang, Z.J; Zhang, L.; Geng, R.-L.; Song, J; Chen, X.-H,;
Gong, L.-Z. N-Heterocyclic Carbene/Copper Cooperative Catalysis
for the Asymmetric Synthesis of Spirooxindoles. Angew. Chem., Int. Ed.
2019, 58 (35), 12190—12194.

(54) Dy, J; Qu, S;; Yu, Z.; Duan, Z; Yu, S; Wy, Y,; Zheng, B.; Guo,
H. Copper-Catalyzed (3 + 2) Annulation of 5-Ethynyloxazolidine-2,4-
Diones with Benzoylacetonitriles: Synthesis of Dihydrofuran De-
rivatives. ChemistrySelect 2023, 8 (39), No. €202303126.

(55) Gémez, J. E.; Cristofol, A,; Kleij, A. W. Copper-Catalyzed
Enantioselective Construction of Tertiary Propargylic Sulfones.
Angew. Chem., Int. Ed. 2019, 58 (12), 3903—3907.

https://doi.org/10.1021/acs.orglett.5c02307
Org. Lett. XXXX, XXX, XXX—XXX


https://doi.org/10.1039/D1CC00663K
https://doi.org/10.1039/D1CC00663K
https://doi.org/10.1002/chem.202103287
https://doi.org/10.1002/chem.202103287
https://doi.org/10.1039/D2SC02318K
https://doi.org/10.1039/D2SC02318K
https://doi.org/10.1039/D2SC02318K
https://doi.org/10.1002/ajoc.202200385
https://doi.org/10.1002/ajoc.202200385
https://doi.org/10.1002/ajoc.202200385
https://doi.org/10.1016/j.scib.2024.08.005
https://doi.org/10.1016/j.scib.2024.08.005
https://doi.org/10.1016/j.scib.2024.08.005
https://doi.org/10.1021/acs.orglett.4c02682?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.4c02682?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41557-024-01479-z
https://doi.org/10.1038/s41557-024-01479-z
https://doi.org/10.1038/s41557-024-01479-z
https://doi.org/10.1021/jacs.4c14944?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c14944?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c14944?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c14944?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41467-025-59845-5
https://doi.org/10.1038/s41467-025-59845-5
https://doi.org/10.1038/s41467-025-59845-5
https://doi.org/10.1038/s41467-025-59845-5
https://doi.org/10.1002/anie.201814242
https://doi.org/10.1002/anie.201814242
https://doi.org/10.1021/acscatal.2c03623?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.2c03623?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c03244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c03244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c03244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/cjoc.202100476
https://doi.org/10.1002/cjoc.202100476
https://doi.org/10.1002/cjoc.202100476
https://doi.org/10.1021/jacs.6b04414?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.6b04414?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201700105
https://doi.org/10.1002/anie.201700105
https://doi.org/10.1002/chem.201703443
https://doi.org/10.1002/chem.201703443
https://doi.org/10.1002/chem.201703443
https://doi.org/10.1021/acs.orglett.9b01103?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01103?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01103?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01103?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00253?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00253?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00253?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.3c02614?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.3c02614?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.3c02614?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01584?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01584?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01584?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b02828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b02828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201907188
https://doi.org/10.1002/anie.201907188
https://doi.org/10.1002/slct.202303126
https://doi.org/10.1002/slct.202303126
https://doi.org/10.1002/slct.202303126
https://doi.org/10.1002/anie.201814242
https://doi.org/10.1002/anie.201814242
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.5c02307?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

