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Abstract. A additive-free copper catalytic system was 
used to perform the addition of (hetero)aryl nucleophiles 
to N-allenyl derivatives. This intermolecular C-C bond 
formation occurs with both complete regio- and 
stereoselectivity to afford the linear (E) allylic product 
with moderate to excellent yields. This atom economical 
method is the first example of hydroarylation of allenes 
catalyzed by copper.   

Keywords: allenes; copper; hydroarylation; allylic 
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Allylic or vinylic molecules are highly valuable 
intermediates[1] which are easy-to-prepare through 
transition metal-catalyzed hydrofunctionalization of 
monosubstituted allenes.[2–4] This atom economical 
strategy usually occurs without any 
prefunctionalization and with very high chemo-, regio- 
and stereospecificity. Hydrofunctionalization of 
allenes mainly allowed the selective formation of C-N, 
C-O and C-C bond.[2,3,5–8] The latter being performed 
through the addition of pronucleophiles such as 
malonates,[9–12] nitriles,[13–16] alkynes,[17–19] alkenes[20–

22] and aryl derivatives. The reaction of aromatic 
compounds with allenes, known as hydroarylation 
reaction, consists in adding an aryl moiety to a C-C 
double bond, and constitutes a powerful tool to form a 
Csp3-Csp2 bond in regio- and stereoselective manner. 

 
The first example of hydroarylation of allenes with 

ArH catalyzed by a transition metal was  described by 
the group of Panunzi with a platinum(II) catalyst.[23] 
Since then, a lot of different transition metals (Sc,[24,25] 
Pd,[26] Rh,[27–30] Ir,[31] Co,[32] Ru,[33] Ni,[34] Mn[35,36] and 
Fe[37]) have also been used to perform hydroarylation 
of allenes with aryl nucleophiles (Scheme 1), 
especially from cationic gold(I) catalysts that are well 
known as π-acid complexes.[38–43] Most of these 
hydroarylation methods are limited to electron-rich 
aryl nucleophiles and afford the linear product i.e. the 
anti-Markovnikov product (Scheme 1, equation 1). 
Other groups reported hydroarylation reactions with 
various nucleophilic partners such as aryl boronic 
acids ArB(OH)2,[44] aryl boronic esters ArB(OR)2

[45] or 
aryl halides ArX[46] allowing an ipso-arylation. These 
methods allowed the addition of a wide scope of aryl 
partners selectively on the central carbon of the allene, 
affording then either the endo- or the exo-olefinic 
product (Scheme 1, equation 2). These two regio-

divergent pathways are providing interesting products 
that could be further functionalized through either the 
C-C double bond or the (hetero)aryl group.  

 
 
 

 

 

 

 

 

Scheme 1. Metal-catalyzed hydroarylation of allenes: 

known methods and pathway described herein with Cu 

catalysis 

Herein, we report an unprecedented copper-catalyzed 

hydroarylation of allenes illustrated by the addition of 

aryl and heteroaryl derivatives on N-allenyl 

compounds. Based on our previous works on copper-

catalyzed hydrofunctionalization of allenamides,[47–55] 

we began to study the model reaction between N-

allenyl-2-pyrrolidinone 1a with 1,3,5-

trimethoxybenzene 2a under various experimental 

conditions (Table 1).  

 

Table 1. Hydroarylation of 1a with 2a: Selected data for 

reaction parametric study.a 

 

 

 solvent 

(0.5M) 

T 

(°C) 

[Cu]  x  yield 

(%)[b] 

1 1,4-dioxane 25 CuI  20 0 

2 THF 25 CuI  20 10 
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3 DMF 25 CuI  20 17 

4 CH3CN 25 CuI  20 23 

5 CH3CN 25 - 0 0 

6 CH3CN 25 CuOAc  20 13 

7 CH3CN 25 Cu(OTf)2  20 16 

8 CH3CN 25 Cu(OTf)2.PhH 10 41 

9 CH3CN 25 Cu(CH3CN)4PF6  20 51 

10 CH3CN 80 Cu(CH3CN)4PF6  20 76 

11 CH3CN 100 Cu(CH3CN)4PF6  20 90 

12 CH3CN 100 Cu(CH3CN)4PF6  10 88 

13 CH3CN 100 Cu(CH3CN)4PF6  5 49 

14 CH3CN 100 Cu(CH3CN)4PF6  10 57[c] 

15 CH3CN 100 Cu(CH3CN)4PF6  10 >99[d] 

 a Reaction conditions: 1a (0.5 mmol), 2a (1.2 equiv, 0.6 mmol) 

and catalyst (0.025 to 0.1 mmol) were placed in a screw tube under 

argon in 1 mL of solvent for 18h at 25 to 100°C. b NMR yields 

using 4-iodoanisole as internal standard. c The mixture was reacted 

for 10 hours. d Reaction performed with 1 mmol, 2 equiv of 2a. 

We initially tested the reaction at 25 °C with 20 mol% 
of CuI as a catalyst in various solvents: 1,4-dioxane, 
THF, DMF and acetonitrile (entries 1-4, table 1). The 
latter was then considered as our reference solvent as 
it gave the desired product 3aa in 23% yield. A control 
experiment was conducted to prove that no reaction is 
occurring without any copper salts (entry 5, table 1). 
Different copper sources were then investigated, and 
Cu(CH3CN)4PF6 allowed the best rate of formation of 
3aa (entries 6-9, table 1). We observed that the higher 
the temperature, the better the yield up to 100°C 
(entries 9-11, table 1). We then reduced the catalyst 
loading, and observed at this temperature no major 
difference between 10 or 20 mol% of Cu(CH3CN)4PF6 
while the yield significantly decreased with only 5 
mol% of copper (entries 12-13, table 1). Tests 
performed at 100 °C with 10 mol% of Cu(CH3CN)4PF6 
showed that the reaction is not complete after 10 hours 
(entry 14, table 1). Finally, adding 2 equiv instead of 
1.2 equiv of aryl reagent 2a allowed us to further 
increase the yield of 3aa (entry 15, table 1). The 
reaction was found to be totally stereo- (only the (E) 
product was obtained) and regioselective as the 
addition occurred only on the terminal carbon of the 
allene. With these optimized conditions (entry 12 and 
14, table 1) in hand, we first explored the scope of the 
method for the hydroarylation of allenamide 1a with 
various readily available (hetero)aryl compounds 2a-i 
(Scheme 2). Noteworthy that obtained compounds are 
enamide-type molecules which constitute a versatile 
building block for medicinal chemistry and for total 
synthesis of natural products.[56] 

 

 

 

 

 

 

 

 
 

 

 

a Reaction conditions: 1a (0.5 mmol), 2a-i (1.2 equiv, 0.6 mmol, 

unless otherwise notified), Cu(CH3CN)4PF6 (10 mol%, 

0.05 mmol), CH3CN (0.5M, 1mL), argon, 100°C, 18h. Isolated 

yields. b Reaction performed with 2 equiv, 1 mmol of aryl partner 

2. 

Scheme 2. Cu(CH3CN)4PF6-catalyzed hydroarylation of 

various (hetero)aryl compounds 2a-i with allene 1a.a 

The reaction of both 1,3,5-trimethoxybenzene 2a and 

1,2,4-trimethoxybenzene 2b with 1a gave the 

formation of 3aa and 3ab, respectively in quantitative 

(>99%) and in 90% isolated yields. Whereas 1,3-

dimethoxybenzene 2c afforded 3ac with a lower yield 

of 67%, 1,4-dimethoxybenzene and anisole did not 

yield the desired product. Different types of N- 

(pyrrole, indole) or S-containing (thiophenes) 

heteroaromatic compounds were also successfully 

engaged in the reaction with 1a, affording products 

3ad to 3ag in medium to excellent yields. Other 

heteroaromatic substrates did not provided any 

product under these conditions, such as substituted 

pyridines, toluene and 1,3,5-trimethylbenzene. The 

meta-substituted N,N-dimethylanilines 2h and 2i 

afforded the corresponding products 3ah and 3ai in 

moderate yields. It is interesting to notice that 3ah 

could be potentially involved in further cross-coupling 

reaction through its aryl bromide moiety. Noteworthy 

that analysis of 1H NMR spectra clearly showed the 

exclusive formation of one product with the (E) 

configuration of the double bond (see supporting 

information).  
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a Reaction conditions: 1 (0.5 mmol), 2 (2 equiv, 1 mmol), 

Cu(CH3CN)4PF6 (10 mol%, 0.05 mmol), CH3CN (0.5M, 1mL), 

argon, 100°C, 18h. Isolated yields. 

Scheme 3. Extension to other N-allenyl derivatives and 

cross reactivity.a 

Other N-allenyl derivatives bearing either a carbamate 

1b or a sulfonamide moiety 1c were then successfully 

engaged in this copper-catalyzed hydroarylation, 

affording the corresponding products in good to high 

yields (Scheme 3). These substrates 1b and 1c afforded 

the corresponding linear (E) products with electron-

rich arene (3ba, 3ca), thiophene derivatives (3be), N-

phenyl pyrrole (3bf), indole derivatives (3bg, 3cg) and 

aniline derivatives (3bh, 3ch) in moderate to good 

yields with a total control of regio- and 

stereoselectivity. 

Based on our previous studies[49,51] and mechanisms 

described in the literature,[38,43,57] we suggest as the 

first step of the process the coordination of the copper 

to the N-allenyl derivative through the assisting group 

and the central carbon of the allene. We assume that 

the electron rich aryl is then reacting as a nucleophile 

on the terminal position of the allene. This 

electrophilic aromatic substitution (SEAr) leads to the 

formation of a plausible Wheland intermediate, which 

undergoes into protodecupration to afford selectively 

the (E)-product. The need of electron donating groups 

in adequate positions on the (hetero)aryl substrate is 

consistent with this mechanism proposal (Scheme 4). 

 

 

 

 

 

 

 

Scheme 4. Plausible mechanism for the copper-catalyzed 

hydroarylation of N-allenyl derivatives. 

In summary, we reported an unprecedented copper-

catalyzed hydroarylation of allenes illustrated by the 

addition of (hetero)aryl nucleophiles on N-allenyl 

derivatives which afford selectively (E)-allylic 

compounds with medium to excellent yields in a total 

atom economical fashion. Various readily available 

aromatic compounds were successfully engaged in the 

reaction with allene substrates, showing the good 

tolerance of the methodology. Nevertheless, we 

noticed that electron-rich substrates are required for 

the reaction to proceed, which is consistent with the 

literature and SEAr-type mechanism. Further 

investigations on the potential of copper-catalyzed 

systems for hydrofunctionalization of allenes will be 

reported in due course.  

Experimental Section 

Detailed experimental procedures and characterization data 
for all new compounds are provided (PDF).  

General procedure for hydroarylation of N-allenyl 
derivatives: An oven-dried Schlenk flask of appropriate 
size equipped with a magnetic stirring bar is placed under 
vacuum then back-filled with argon. This procedure is 
repeated three times. Under a stream of argon, 
Tetrakis(acetonitrile)copper(I) hexafluorophosphate 
Cu(CH3CN)4PF6 (10 mol%) is added, followed by the 
(hetero)aryl nucleophile (1.2 equiv or 2 equiv as mentionned 
in main text), acetonitrile (0.5M, 1 mL) and the allene (0.5 
mmol, 1 equiv). The Schlenk flask is then sealed under a 
positive pressure of argon, stirred and heated at 100°C for 
18h. After allowing the reaction to cool down to room 
temperature, either 1,3,5-trimethoxybenzene (0.33 equiv, 
0.165 mmol, 27.8 mg) or 4-iodoanisole (0.33 equiv, 0.165 
mmol, 38.6 mg) is added as internal standard. The reaction 
mixture is then diluted in ca. 3 mL of dichloromethane and 
extracted with water. The organic layer is dried over 
anhydrous magnesium sulfate MgSO4 and the solvent is 
removed under vacuum. The residue is then purified by 
triethylamine NEt3 treated silica gel column 
chromatography. 
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FULL PAPER    

Hydroarylation of N-Allenyl Derivatives 
Catalyzed by Copper 

The regio- and stereoselective addition of 
(hetero)aryl nucleophiles to N-allenyl derivatives is 
described under copper catalysis. represents the 
first example of hydroarylation of allenes catalyzed 
by copper. 
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