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Copper-Catalyzed Hydroxyl-Directed Aminoarylation of Alkynes 

Jiaqiong Sun, Guangfan Zheng, Tao Xiong, Qiao Zhang, Jinbo Zhao, Yan Li* and Qian Zhang 

Department of Chemistry, Northeast Normal University, Changchun 130024, China. 

ABSTRACT: A facile, copper-catalyzed aminoarylation reaction of various aryl/alkyl alkynes was realized by utilizing N-

fluoroarylsulfonimides (NFSI) as aminoarylation or amination reagent with hydroxyl as directing group. With this methodology, 

various -unsaturated carbonyl compounds and indenones were efficiently constructed and the synthetic application for indole 

derivatives was also provided. The aminoarylation reactions operate via a regiospecific addition of copper coordinated nitrogen 

radical to C–C triple bond/Cvinyl–Caryl bond formation followed by other series of radical processes. 

Amines are ubiquitous functionality of overarching signifi-

cance for a number of important research areas, including me-

dicinal chemistry, total synthesis and material science.
1
 Evolu-

tion of mild and highly selective C–N bond formation methods 

from readily available precursors is a long-standing goal of 

chemical research. Metal-catalyzed amino-difunctionalization 

reaction of alkynes represents a highly attractive amination 

method since various functional groups could be introduced to 

readily available starting materials besides the formation of a 

versatile enamine moiety.
2
 Although metal-catalyzed hy-

droamination reaction of alkynes had made great achieve-

ment,
3
 their amino-difunctionalization reactions have re-

mained largely unexplored. Up to now, a reliable and predict-

able amino-difunctionalization methodology of internal al-

kynes to access tri-substituted enamine
3c

 without forming N-

heterocycles,
4
 remains a formidable challenge.  

Aminoarylation of alkynes can install nitrogen and aryl 

sources simultaneously to C–C triple bonds. To date, only one 

intermolecular aminoarylation example has been reported via 

rhodium-catalyzed alkyne arylation followed by intramolecu-

lar amination reaction (Scheme 1, a).
5
 Recently, we realized an 

interesting amino-multi-functionalization reaction of alkynes 

for the synthesis of -amino--aryl ketones,
6
 although the 

regioselectivity for unsymmetric alkynes remains elusive in 

some examples. Based on the powerful selectivity control 

strategy utilizing directing group to coordinate with metal,
7
 

and our previous works of amination reaction based on nitro-

gen-centered radical,
8
 we envision that by choosing a suitable 

directing group, the in-situ generated metal-coordinated nitro-

gen radical could be utilized to perform a highly regio-

selective amination reaction of unbiased alkynes (Scheme 1, 

b). In this communication, a novel hydroxyl group directed 

aminoarylation of alkynes with N-fluoroarylsulfonimides 

(NFSI) initiated by regiospecific addition of nitrogen radical to 

C–C triple bond, followed by radical Cvinyl–Caryl bond for-

mation to provide -unsaturated carbonyl compounds was 

realized (Scheme 1, b). Notably, although amination based on 

metal-coordinated nitrogen radical has attracted much atten-

tion and some significant progress has been made,
9
 so far, to 

our knowledge, amination reaction utilizing the double role of 

metal to coordinate with both nitrogen radical and directing 

group for site selectivity has never been demonstrated. 

 

Scheme 1. Metal Catalyzed Aminoarylation of Alkynes 

Radical reaction could be efficiently directed by alcohols 

and masked alcohols,
10

 therefore, propargylic alcohols, which 

are among the most useful bifunctional building blocks availa-

ble to the synthetic chemists,
11

 are chosen for our synthetic 

design (Scheme 1, b). Initially, the reaction of propargylic 

alcohol 1aa (0.3 mmol) with NFSI (1.2 equiv.) was investigat-

ed in the presence of CuCN (10 mol%). When the reaction 

was performed at 40 
o
C for 24 hours with anhydrous di-

chloromethane (DCM) as the solvent, only oxidation product 

2aa (11%) was formed and 82% of 1aa was recovered (Table 

1, entry 1). When 1.5 equiv. of pyridine was added to the 

above reaction, aminoarylation product 3aa, containing an 

enamine moiety, was generated in 35%, along with 56% yield 

of 2aa (Table 1, entry 2). There are some interesting features 

for above reactions: 1) a well known Meyer-Schuster rear-

rangement of propargylic alcohols through hydroxyl group 

migration
11a,11d

 could also afford unsaturated carbonyl 

compounds, however, carbonyl group in 3aa was formed by 

direct oxidation; 2) the common substitution reaction of hy-

droxyl group to form propargylic amide was not observed;
12

 3) 

the reaction of oxidation product 2aa and NFSI under the 

same conditions (Table 1, entry 2) did not afford 3aa.
13 

Further carefully investigation of the amazing aminoaryla-

tion reaction was next performed (to see Table S1). The yield 

of 3aa could be increased to 53% under nitrogen atmosphere 

(Table 1, entry 3). With Et3N or DBU as the additive, no de-

sired aminoarylation product 3aa was detected (Table 1, en-

tries 4 and 5). In the absence of the copper catalyst, no reac-

tion occurred (Table 1, entry 6). Other copper salts, such as 

CuCl and CuOTf did not improve the yields of 3aa (Table 1, 

entries 7 and 8). Solvent screening showed that reactions in 

chloroform and dichloroethane (DCE) gave 3aa in 30% and 

35% yields, respectively (Table 1, entries 9 and 10); while no 
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desired 3aa was detected in CH3CN (Table 1, entry 11). To 

our delight, upon adding 0.3 g 4Å molecular sieves to the re-

action, 83% of 3aa was isolated (Table 1, entry 12). It should 

be noted that this aminoarylation reaction provides a facile and 

efficient access to enamides which are widely encountered in 

the scaffolds of natural products and functional materials.
14 

Table 1. Optimization of Reaction Conditions of 1aa with 

NFSI
a
 

 

Entry Catalyst Additive Solvent 2aa (%) 3aa (%) 

1b CuCN None DCM 11 0 

2b CuCN Py DCM 56 35 

3 CuCN Py DCM 28 53 

4 CuCN Et3N DCM 0 0 

5 CuCN DBU DCM 0 0 

6 None Py DCM 0 0 

7 CuCl Py DCM 0 46 

8 CuOTf Py DCM 0 20 

9 CuCN Py CHCl3 0 30 

10 CuCN Py DCE 0 35 

11 CuCN Py CH3CN 0 0 

12c CuCN Py DCM 0 83 

aGeneral reaction conditions: 1aa (0.3 mmol), NFSI (1.2 equiv.), 

catalyst (10 mol%), additive (1.5 equiv.), solvent (3 mL), 40 oC 

for 24 h under nitrogen atmosphere. Yields were determined after 

isolation of products by column chromatography. bThe reaction 

was conducted under air. c0.3 g 4Å Molecular sieves were used. 

With the optimized reaction conditions in hand (Table 1, en-

try 12), we turned to examine the generality of this alkyne 

aminoarylation reaction. As shown in Table 2, the te  3-

phenyl propargylic alcohol derivatives 1aa-am with electron-

donating group or electron-withdrawing group on aromatic 

ring reacted smoothly with NFSI to afford 3aa-am in moder-

ate to good yields. The structure of 3ai was confirmed by X-

ray diffraction analysis.
15

 Aliphatic groups at C1 of propar-

gylic alcohols, such as n-butyl (1an) and cyclopropyl (1ao) 

were compatible and the corresponding -amino--aryl 

enones 3an and 3ao were obtained in a same yield. We also 

found that a primary propargylic alcohol (1ap) also proceeded 

under the optimal conditions to give the corresponding -

unsaturated aldehyde 3ap in a reasonable yield (39%). Starting 

from 3-aryl substituted propargylic alcohols 1ba-bj, the de-

sired aminoarylative products 3ba-bj were smoothly formed. 

In addition, we found that E/Z-isomerization of the C–C dou-

ble bond in 3ba-bj readily takes place,
16

 even at room temper-

ature in CDCl3. The isomeric mixtures of 3ba-bj in ratios 

ranging from 1:1 to 1:6.7 were obtained in total yields of 51-

91%. Electron-rich aromatic substituted propargylic alcohols 

1ba-be and 1bj gave much higher yields than electron-

deficient aryl substituted 1bf-bh. Aryl substituted 1bk and 1bl 

with strong electron-withdrawing group on the aromatic ring 

could not form the desired products. In addition, some other 

NFSI derivatives were used instead of NFSI to further explore 

the scope of this alkyne aminoarylation reaction. For NFR1 

(N-fluoro-4-methyl-N-tosylbenzenesulfonamide) and NFR2 

(N-fluoro-4-tert-butyl-N-tosylbenzenesulfonamide), the de-

sired aminoaylation products 3ca and 3cb were obtained in 

73% and 94% yields, respectively. For NFR3 (4-chloro-N-((4-

chlorophenyl)sulfonyl)-N-fluorobenzenesulfonamide), product 

3cc was formed in a yield of 65%. These results showed that 

the transformation is more efficient for electron-rich aromatic 

rings than electron-poor ones in NFSI derivatives. In addition, 

the reaction between a masked alcohol, propargylic ether 1b 

and NFSI provided aminoaylation product 3ap in 29% yield 

(eq. 1). Under the same conditions, starting from propargylic 

ester 1c, only a trace amount of 3ap was detected (eq. 1). 

Table 2. The Synthesis of -Amino--aryl Unsaturated 

Carbonyl Compounds 3
a
 

 

 

aConditions: 1 (0.3 mmol), NFSI (1.2 equiv.), CuCN (10 mol%), 

pyridine (1.5 equiv.), DCM (3 mL), 40 oC for 24 h under nitrogen 

atmosphere. Yields were determined after isolation of products by 

column chromatography. The ration of isomers was determined by 
1H NMR analysis. NFSI: Ar' = C6H5, NFR1: Ar' = 4-MeC6H4, 

NFR2: Ar' = 4-tBuC6H4, NFR3: Ar' = 4-ClC6H4. 
bThe ratio of iso-

mers in parentheses. 

 

Given tha  -amino--aryl enone 3 contains enamine 

motif, we assumed that intramolecular dehydrogen cross cou-

pling between C–H and N–H bonds of 3 might provide 2,3-

disubsituted indoles (Scheme 2), a frequently encountered 

moiety in various natural products that exhibit a broad spec-

trum of biological activities.
17

 To our delight, in the presence 

of Pd(OAc)2 (10 mol%) and Cu(OAc)2 (1.0 equiv.), the reac-

tion of 3aa afforded N-phenylsulfonyl-2,3-disubstituted indole 
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4a (80%), which gave N-free indole 5a through hydrolysis in 

82% yield. 

 
Scheme 2. Application of -Amino--aryl Enone 3aa for 

Synthesizing 2,3-Disubstituted Indoles 4a and 5a 

In order to expand the scope of alkynes aminoarylation, the 

reaction of 3-alkyl substituted propargylic alcohol 6a (0.3 

mmol) and NFSI (2.0 equiv.) was performed. Interestingly, a 

aminoarylation cyclization reaction occurred, providing in-

denone product 2-amino-1H-inden-1-one 7a in 51% yield, 

along with hydroamination product 8a in 30% yield (eq. 2). 

Notably, aminoarylation and hydroamination showed opposite 

regioselectivity. In the absence of pyridine, the reaction of 6a 

and NFSI only formed hydroamination product 8a in 53% 

yield. Without adding CuCl and pyridine, 8a could also be 

obtained in 58% yield, albeit at a slightly higher temperature 

(90 
o
C). These results might indicate that for hydroamination 

reaction, OH group did not play as a directing group. As a 

result, different regio-selectivity from employing OH as di-

recting group was observed in the aminoarylation cyclization 

reaction. Indeones exist in a number of naturally occurring 

compounds
18

 and synthetic materials,
19

 whose efficient syn-

thetic methods are highly desirable. Therefore, we paid atten-

tion to the aminoarylation cyclization reaction for their con-

struction. After scanning the reaction conditions carefully (to 

see Table S2), we were pleased to find that 76% of 7a was 

obtained with 1.5 equiv 4-acetylpridine and 10 mol% ZnCl2 as 

additives (SI Table S2, entry 21).
20 

 

To investigate the scope of this aminoarylation cyclization, 

the reaction of NFSI with various 1-aryl-3-alkyl propargylic 

alcohols were subsequently conducted. As summarized in 

Table 3, the ortho- and para-substituted 1-aryl-3-alkyl propar-

gylic alcohols afforded the desired 2-amino-1H-inden-1-ones 

7a-j in moderate to good yields (42-74%). For meta-

substituted substrates 6k and 6l, the isomeric mixture (ortho- 

and meta-cyclization) 7k/7k’ and 7l/7l’ were obtained in a 

total yields of 80% (7k:7k’=2:1) and 84% (7l:7l’=1.5:1), re-

spectively. Halo-substituted propargylic alcohols were tolerat-

ed in the aminoarylation reaction, thus affording the corre-

sponding products (7d, 7g-j, 7l and 7l’) in good yields, which 

could be used for additional transformations. Other alkyl 

groups at C3-position, especially tetra-butyl (6m) and cyclo-

propyl (6n) group were intact during this transformation and 

the 2-amino-1H-inden-1-ones 7m and 7n were formed in 53% 

and 56% yields, respectively. Recently, Rh-catalyzed amino-

arylation cyclization of alkyne has become a useful strategy 

for constructing nitrogen-containing cyclic compounds.
21

 On 

the other hand, instead of the formation of nitrogen-containing 

cyclic compounds, this copper-catalyzed aminoarylation reac-

tion provides a facile access to amino-substituted indenone 

derivatives. 

Table 3. The Synthesis of 2-Amino-1H-Inden-1-one 7
 a
 

 

 

aGeneral reaction conditions: 6 (0.3 mmol), NFSI (2.0 equiv.), 

CuCl (10 mol%), 4-acetyl pyridine (1.5 equiv.), ZnCl2 (10 mol%), 

DCM (3 mL), 70 oC for 24 h under nitrogen atmosphere. Yields 

of isolated products. The ratio of isomerization was determined by 
1H NMR analysis. b8a was isolated in 10% yield. c8c was isolated 

in 11% yield. 

Taking the present experimental results together,
22

 and 

based on our previous works,
5,8,23

 a possible mechanism was 

proposed as depicted in Scheme 3. Initially, the oxidation of 

Cu(I) with NFSI provided a copper(II)-coordinated benzene-

sulfonimide radical A. In the presence of pyridine, a Cu–O 

complex intermediate B was formed, releasing HF which is 

captured by pyridine. Next, the intramolecular regiospecific 

addition of nitrogen radical to alkyne took place, producing 

vinyl radical, whose geometry depends on the substitutent. For 

substrate 1ae with aryl substituent, the in-situ generated vinyl 

radical intermediate C prefered a sp like linear configuration.
22

 

The following sequential 1,4-aryl migration 

/desulfonylation/1,3-hydrogen shift produced carbon radical E. 

Finally, the homolysis of Cu(II)–O bond furnished -amino--

aryl enones 3ae, regenerating Cu(I) species for the next cata-

lytic cycle. For 6e, the vinyl radical F took a sp
2
 bent configu-

ration.
24

 The highly reactive σ radical F was quickly trapped 

by aryl groups of substrates to construct carbon cyclic inter-

mediate G. The following oxidation/hydrogen atom ab-

stract/homolysis of Cu(II)–O bond finally provided 2-amino-

1H-inden-1-one 7e. As we can see here, engaging directing 

groups could grant access to regiosepecific alkyne aminoaryla-

tion. The rare radical nature of the aminoarylation reaction of 
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propargylic alcohol exhibits complementary reactivity pattern 

to its traditional ion type reaction.
11 

 
Scheme 3. The Possible Mechanism of Aminoarylation 

Reaction 

In summary, utilizing NFSI as aminoarylation or amination 

reagent, we have developed a mild, copper-catalyzed amino-

arylation reaction of various aryl/alkyl alkynes with hydroxyl 

as directing group. The protocol for direct conversion of inter-

nal alkynes to tetrasubstituted simple alkenes with a versatile 

enamide moiety is especially notable. With this methodology, 

various-unsaturated carbonyl compounds and indenones 

were efficiently constructed and the synthetic application for 

indole derivatives was also provided. The aminoarylation reac-

tions operate via a regiospecific addition of copper coordinat-

ed nitrogen radical to C–C triple bond/Cvinyl–Caryl bond for-

mation followed by other series of radical processes. We antic-

ipate that this novel aminoarylation strategy of alkynes will 

play an important role for designing more types of aminodi-

functionalization reaction of internal alkynes, and motivate 

rapid development of radical amination reaction.
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Scheme 1. Metal Catalyzed Aminoarylation of Alkynes 

 

 

 

 

Table 1. Optimization of Reaction Conditions of 1aa with NFSI
a
 

 

Entry Catalyst Additive Solvent 2aa (%) 3aa (%) 

1b CuCN None DCM 11 0 

2b CuCN Py DCM 56 35 

3 CuCN Py DCM 28 53 

4 CuCN Et3N DCM 0 0 

5 CuCN DBU DCM 0 0 

6 None Py DCM 0 0 

7 CuCl Py DCM 0 46 

8 CuOTf Py DCM 0 20 

9 CuCN Py CHCl3 0 30 

10 CuCN Py DCE 0 35 

11 CuCN Py CH3CN 0 0 

12c CuCN Py DCM 0 83 

aGeneral reaction conditions: 1aa (0.3 mmol), NFSI (1.2 equiv.), catalyst (10 mol%), additive (1.5 equiv.), solvent (3 mL), 40 oC for 24 h 

under nitrogen atmosphere. Yields were determined after isolation of products by column chromatography. bThe reaction was conducted 

under air. c0.3 g 4Å Molecular sieves were used. 
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Table 2. The Synthesis of -Amino--aryl Unsaturated Carbonyl Compounds 3
a
 

 

 

aConditions: 1 (0.3 mmol), NFSI (1.2 equiv.), CuCN (10 mol%), 

pyridine (1.5 equiv.), DCM (3 mL), 40 oC for 24 h under nitrogen 

atmosphere. Yields were determined after isolation of products by 

column chromatography. The ration of isomers was determined by 
1H NMR analysis. NFSI: Ar' = C6H5, NFR1: Ar' = 4-MeC6H4, 

NFR2: Ar' = 4-tBuC6H4, NFR3: Ar' = 4-ClC6H4. 
bThe ratio of iso-

mers in parentheses. 

 

 

 

 

 
Scheme 2. Application of -Amino--aryl Enone 3aa for Synthesizing 2,3-Disubstituted Indoles 4a and 5a 
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Table 3. The Synthesis of 2-Amino-1H-Inden-1-one 7
 a
 

 

 

aGeneral reaction conditions: 6 (0.3 mmol), NFSI (2.0 equiv.), CuCl (10 mol%), 4-acetyl pyridine (1.5 equiv.), ZnCl2 (10 mol%), DCM (3 

mL), 70 oC for 24 h under nitrogen atmosphere. Yields of isolated products. The ratio of isomerization was determined by 1H NMR analy-

sis. b8a was isolated in 10% yield. c8c was isolated in 11% yield. 

 

 
Scheme 3. The Possible Mechanism of Aminoarylation Reaction 
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