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A mild, regiospecific Brønsted acid-catalyzed hydroarylation 

of activated olefins, capable of the formation of quinone 

methide-like intermediates, has been investigated. Variously 

substituted 2- and 4-vinylphenols, 4-vinylaniline or 6-vinyl-

naphthalen-2-ol were successfully implemented in a sequen-

tial protonation and Friedel-Crafts-type alkylation reaction 

of electronrich arenes.  

Introduction 

A number of metal-catalyzed hydroarylations applying 

palladium,1 cobalt,2 rhodium,3 iridium,4 iron5 and other metal 

catalysts6 have been reported within the past 15 years. Besides 

that, it has been shown that Brønsted-acids are capable to 

promote the coupling of electron-rich arenes with vinyl arenes7 

and allylic and benzylic alcohols.8 However, all these protocols 

make use of strong acids and/or drastic reaction conditions thus 

limiting their applicability in conjunction with functionalized 

reactants.  

We have recognized that hydroarylation of activated olefins, 

capable of forming a quinone methide-like intermediate,9 can 

be catalyzed by a number of mild Brønsted acids (pKa ~3, see 

Table 1) simply by the generation of a stabilized carbocation 

and the following electrophilic substitution on electron-rich 

arenes (Scheme 1).10 The presence of hydroxyl or amino-group 

on the aryl attached to the double bond (the so-called activating 

group) enables application of relatively mild conditions for this 

kind of transformation. These substrates were applied in Pd-

catalyzed hydroarylation by Sigman et al., however high 

catalyst loading, excess of the nucleophile and inert reaction 

conditions were necessary.1c Our strategy allowed for the use of 

2- and 4-vinylphenols (-OH), 4-vinylaniline (-NH2) and 

6-vinylnaphthalen-2-ol. 

  
Scheme 1. Proposed mechanism for the Brønsted acid-mediated hydroarylation 

of activated olefins. 

Results and discussion 

The initial tests of the reaction of 2-vinylphenol with indole 

were performed with racemic phosphoric acid A1 at 80 °C 

(entry 1, Table 1). A quantitative conversion was obtained with 

8 mol% of the acid. The desired product 2-(1-(1H-indol-3-

yl)ethyl)phenol (3aa) was isolated in 80% yield. A decrease in 

yield is correlated with a decrease of the percentage of acid 

used, thus demonstrating its importance in this reaction. 

However, even with only 1 mol% of rac-A1 a decent 

conversion of 58% to the desired product could be achieved 

(entry 3, Table 1) and, interestingly, 27% conversion was 

observed in the absence of the catalyst (entry 10, Table 1). 

Noteworthy, in previous protocols with different substrates, 

usually 10-20 mol% of strong acids (pTsOH,7c H2SO4 or 

CF3SO3H
8a) have been used. Conversely, under the tested 
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reaction conditions, strong acids did not lead to a full 

conversion of the starting materials (entries 5, 8, 9, Table 1). 

Selected acids were also compared at lower temperature 

confirming that diphenyl hydrogen phosphate (A4) provides the 

best results (entries 11, 12, 13, Table 1). The most optimal 

outcome was achieved when 5 mol% of diphenyl hydrogen 

phosphate (A4) was used allowing to isolate 3aa in 88% yield 

(entry 14, Table 1). 

 

Table 1. Hydroarylation of 2-vinylphenol: optimizationa 

 

entry acid (x mol%) T (°C) conv. (%)b yield (%)b,c 

1 rac-A1 (8) 80 quant. 94 (80) 
2 rac-A1 (2) 80 82 76 

3 rac-A1 (1) 80 59 58 

4 rac-A1 (10) 25d 16 16 
5 A2 (2) 80 67 63 

6 A3 (2) 80 38 38 

7 A4 (2) 80 87 86 
8 A5 (2) 80 58 42 

9 A6 (2) 80 71 69 

10 - 80 27 26 
11 A2 (5) 60 37 33 

12 A4 (5) 60 57 57 

13 A5 (5) 60 49 46 
14 A4 (5) 80 94 93 (88) 

aReaction conditions: 1a (60 mg, 0.50 mmol), 2a (64 mg, 0.55 mmol), acid in 

DCM (1 mL), 16 h (with 1a, 2a stock solution). bDetermined by GC with 
isooctane as internal standard. cIsolated yields are given in parantheses. d40 

hours. 

It is well known that protonated 2-vinylphenols can be 

described with its ortho-quinone methide resonance structure. 
This mesomeric form both stabilizes the positive charge and 

reinforces nucleophilic attack on the exocyclic carbon. Pathak 

and Sigman have shown that also 4-vinylphenol yields the 

desired hydroarylation product when reacted with indole 

(15 eq.) under palladium-catalyzed reaction conditions, albeit in 

low yield (38%).1c In the following, we have been interested if 

this mode of stabilization/reactivity can be translated to other 

structures able to form quinone methide-like intermediates 

applying Brønsted-acidic reaction conditions.  

The results depicted in table 2 support that the reaction is 

facilitated through the formation of an quinone methide 

intermediate that can be postulated for ortho- and para-

vinylphenols (3aa and 3ba) and anilines (3ea). The 

corresponding products were obtained in 64-88% yields. The 

presence of a remote OH-group in a vinylnaphtalene derivative 

was also sufficient to promote the acid-catalyzed 

hydroarylation (3da). A substituent on the oxygen of the 

substrate had a disadvantageous influence on the reaction 

outcome, since higher temperature was necessary and several 

side-products were formed (3ca) impeding the isolation. 

Styrene derivatives lacking the possibility of mesomeric 

stabilization show no reactivity under the applied reaction 

conditions (3fa and 3ga). 

 

Table 2. Reactivity in dependence of the accessibility of the quinone methide 

intermediatea 

 

aReaction conditions: 1 (0.50 mmol), 2a (64 mg, 0.55 mmol), A4 (5.0 mol%), 

DCM (1 mL), 80 °C, 16 h. Isolated yields are given. bReaction conditions: A4 

(10 mol%), DCE (1 mL), 100 °C, 16 h. GC-yield. 

Next we investigated the scope of the Brønsted acid catalyzed 

hydroarylation reaction (Table 3). Therein we especially 

concentrated on altering functional groups on the electrophile 1. 

In this respect, we could show that both functional groups 

attached to the phenol core (3ka-na) as well as substitution on 

the vinylic position (3ha, 3ia and 3ja) were well tolerated. To 

our surprise, sterically encumbered 2-(prop-1-en-2-yl)phenol 

1h proved to be an excellent substrate, assumingly due to 

superior stabilization of the α-carbenium species. The 

corresponding product 3ha was isolated in 97% yield. Internal 

alkenes could also be successfully hydroarylated under 

Brønsted-acidic reaction conditions. 2-(buta-1,3-dien-1-

yl)phenol reacted with indole under the formation of 2-(1-(1H-

indol-3-yl)but-2-en-1-yl)phenol (3ia) in a combined yield of 

67%. The E/Z stereoisomers (E/Z = 81:19) of 3ia could be 

separated by column chromatography. Likewise, 2-(prop-1-en-

1-yl)phenol resulted in the formation of 2-(1-(1H-indol-3-

yl)propyl)phenol (3ja) in 90% isolated yield, albeit under more 

forcing conditions. Notworthy, no hydroarylation activity was 
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evident starting from 2-allylphenol underlying the importance 

of the accessibility of a quinone methide intermediate. 

Table 3. Hydroarylation of alkenes with indole.a 

 

aReaction conditions: 1 (0.50 mmol), 2a (64 mg, 0.55 mmol), A4 (5.0 mol%), 

DCM (1 mL), 80 °C, 16 h. bA4 (10 mol%), DCE (1 mL), 100 °C, 16 h. 

Isolated yields are given. 

Table 4. Hydroarylation of 2-Vinylphenol with indole derivatives.a 

 

aReaction conditions: 1 (0.50 mmol), 2a (64 mg, 0.55 mmol), A4 (5.0 mol%), 

DCM (1 mL), 80 °C, 16 h. bA4 (10 mol%), DCE (1 mL), 100 °C, 16 h. 

Isolated yields are given. 

Next, we investigated the scope of nucleophiles. Besides the 

excellent yields and expedient equimolar substrate ratios, in 

contrast to the Pd-catalyzed approach, the Brønsted-acid 

catalyzed hydroarylation tolerates halide substituents on the 

arene moiety (Table 4). 2-(1-(5-halo-1H-indol-3-yl)ethyl)phenol 

derivatives 3ab-3ad were obtained in moderate yields of 52-

63%. 1-Methylindole was converted to the corresponding 

product 3ae in 80% yield. In addition, two 2-substituted 

derivatives of indole were tested and the reaction provided the 

products 3af and 3ag in good yield. Unfortunately, 3-methyl 

indole furnished a mixture of the desired and oxidized compound 

and pyrrole led to a low conversion of a complex mixture. 

Furthermore, we could demonstrate that the scope of the 

Brønsted-acid catalyzed hydroarylation can be further translated 

to common electron rich arenes, such as 1,3,5-

trimethoxybenzene 5 (Table 5). It is noteworthy to mention that 

in this case an excess of the arene (2 equivalents) is required to 

obtain optimal results. Thus, 4-(1-(2,4,6-trimethoxyphenyl)-

ethyl)phenol (6ba) was isolated in 91% on 5 mmol scale.  

Table 5. Hydroarylation of selected alkenes with 1,3,5-trimethoxybenzene 

5.a 

 

aReaction conditions: 1 (0.50 mmol), 5 (0.55 mmol), A4 (5.0 mol%) DCM (1 

mL), 16 h. Isolated yields are given. bWith 2 Equiv. 1b, A4 (10 mol%), DCE 

(1 mL), 100 °C, 16 h. 

Conclusions 

In summary, we could demonstrate that the hydroarylation of 

activated olefins can be conveniently achieved by Brønsted-

acid catalysis in the absence of transition-metal catalysts. The 

reaction follows a simple mechanism based on the formation of 

a stabilized carbocation, which serves as an electrophile in the 

Friedel-Crafts alkylation. The developed methodology does 

neither require the application of inert reaction conditions nor 

protection of the NH group of the indole. The hydroarylation 

products are obtained in moderate to excellent yields by 

applying a nearly equimolar substrate ratio. Compared to 

existing protocol, we extended the scope of the reaction to 

4-vinylanilines and 6-vinylnaphthalene-2-ol and 5-halo indoles. 

Our future endeavor encompasses the development of a 

stereoselective variant of the presented protocol by means of 

asymmetric Brønsted-acid catalysis.11-13 
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