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Abstract: We report a perfluorophenylboronic acid catalyzed cross coupling reaction of 

tertiary propargylic alcohols and hetero-areneboronic acids for valuable benzo[b]thiophene 

and cyclopenta[a]indene derivates. This coupling reaction proceeds efficiently with a wide 

array of substrates scope in up to 89% yield and excellent regioselectivity. A significant 

advantage of our protocol is the transition metal catalyst free and mild conditions needed. 

This strategy provides direct and facile access to medicinally important benzo[b]thiophene 

and cyclopenta[a]indene scaffold containing a quaternary carbon center. 

 

Propargylic alcohols are easily available building blocks in organic synthesis. Because 

of their unique bifunctional properties (alkyne and hydroxyl), tertiary propargylic alcohols 

as versatile synthons can undergo cascade or multistep reactions to construct various 

important motif containing quaternary carbon centers[1]. As its reactivities became clear, 

the utility of propargylic alcohols has been greatly extended, and their chemistry has been 

well demonstrated in organic synthesis. Among its splendid chemistry, their combination 

with aryl boronic acids has triggered fruitful reaction in the construction of multi-substituted 

olefins[2,3]. In 2004, Yoshida and co-workers developed a Pd-catalyzed reaction of tertiary 

propargylic alcohols with arylboronic acids for the construction of allenes. Diverse 

tetrasubstituted allenes were successfully obtained in excellent yields with good substrate 

compatibility[4]. Dou and Ma also successfully achieved this type of reaction with Rh- or 

Pd- catalysis (Scheme 1a)[5]. In 2012, Mroken and co-wrokers developed a Pd-catalyzed 

cross-coupling reaction of tertiary propargyl acetates and allyl boronates, 1,5-enynes were 

obtained in good yields with excellent levels of chirality transfer[6]. In 2019, an expeditious 

synthetic route to indenes from tertiary propargyl alcohols and organoboronic acids under 

Rh-catalysis has been reported by Dou and co-workers[7]. Indenes bearing a quaternary 

carbon center were obtained in good yields. In 2020, Ma and Xie independently developed 



a Mn- or Rh-catalyzed syn-hydroarylation of tertiary propargylic alcohols with aromatic 

boronic acids under an air atmosphere and in this reaction, a wide range of stereo-defined 

(E)-3-arylallylic alcohols were afforded 
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Scheme 1. The cross-coupling reaction of tertiary propargylic alcohols with 

(hetero)areneboronic acids. 

under very mild conditions[8]. Similar results were also found in a gold-catalyzed 

hydroarylation of terminal propargylic alcohols with heteroareneboronic acids (Scheme 1a) 

[9]. 

Despite the progress summarized above, there are still limitations to be addressed. 

For example, toxic and precious metal catalysts and/or moisture-sensitive ligand have 

been often utilized and the loading is frequently high. The research on developing of 

complementary strategies and expanding the scope of transformations is imperative. To 



develop the direct coupling reaction of propargylic alcohols and aryl boronic acid, the 

following challenges need to be considered, which involve: 1) the interference and 

competition between multiple reactive functional groups in propargyl alcohols; 2) 

overcomeing the side reactions of substrate, such as dimeration or rearrangement of 

propargylic alcohols; 3) developing simple reaction processes and using cheap catalysts. 

To the best of our knowledge, no reports have been made on the nucleophilic substitution 

between tertiary propargylic alcohols and aryl/alkenylboronic acids under transition-metal-

free conditions. 

Based on our ongoing efforts on organocatalytic reaction of propargylic alcohols,[10] 

we became interested in a Brønsted acid catalyzed cross-coupling reaction of propargylic 

alcohols and aryl/alkenylboronic acids to complement the transition metal catalysis. 

Because of the low intrinsic nucleophilicity, the boronic acid can not be directly add to the 

propargylic alcohol without metal catalysis. We hypothesized whether the substrate design 

could achieve the above coupling reaction. Inspired by the α-hydroxy-group-promoted 

Petasis-borono Mannich reaction[11], we envisioned that using arylboronic acid containing 

another nucleophilc site capable of bridging propargylic alcohols and boronic acid, an 

intramolecular borotropic migration process with boronic acid as the nucleophile could be 

accomplished in the metal free condition (Scheme 1b)[12]. Furthermore, due to the steric 

hindrance, the first nucleophilic addition step can be carried out selectively at the γ-position 

of tertiary propargylic alcohol to ensure the coupled product with high regioselectivity. In 

this sense, the hetero-areneboronic acids could be a suitable substrate for promoting such 

a transformation. Herein, we present our preliminary investigations toward an 

unprecedented perfluorophenylboronic acid [C6F5B(OH)2] catalyzed regioselective cross-

coupling reaction of tertiary propargylic alcohols with arylboronic acids (Scheme 1c). A 

serious of benzothiophenes, benzofuran and indene derivatives were obtained in good 

yields as well as excellent regioselectivities[13]. The application of hetero-areneboronic acid 

as nucleophiles offers an attractive alternative to fused benzo[b]thiophene and 

cyclopenta[a]indene scaffolds, which are the privileged structures in agrochemical 

research, material chemistry and in drug discovery (Scheme 2)[14]. 

 

Scheme 2. Relevant natural products and bioactive molecules. 

To investigate the viability of our hypothesis, we focused on the coupling reaction 

between N-(4-(1-hydroxy-1,3-diphenylprop-2-yn-1-yl)phenyl)acetamide (1a) and 

benzo[b]thiophen-2-ylboronic acid (2a). Initially, we employed C6F5B(OH)2 (4a) as the 

catalyst, which has been demonstrated to be an effective catalyst in the propargylic 



substitution reaction[15]. To our delight, a cyclic product 3a afforded in 72% yield as a single 

isomer (Table 1, entry 1). Encouraged by this result, a series of organoborons were 

screened as catalysts. In the cases of B(C6F5)3 (4b), 46% yield was obtained (entry 2), 

while the reactions employing H3BO3 (4c) and PhB(OH)2 (4d) failed to yield the product 

(entries 3−4). Next, a variety of Brønsted acid, including diphenyl phosphate [(PhO)2PO2H, 

4f], p-toluenesulfonic acid (4g), benzoic acid (4h) and p-nitrobenzoic acid (4i) were tested 

as catalysts for the studied reaction (entries 6-9), no better result was obtained. 

Furthermore, no conversion was observed when Lewis acids Cu(OTf)2 (4j) and AgOTf (4k) 

were utilized as catalysts (entries 10-11). These results demonstrate the unique capability 

of the perfluorophenylboronic acid as catalysts. Subsequently, a brief solvent screening 

was carried out providing better yields (79%) in the case of 1,2-dichlorethane (DCE) as a 

solvent (entries 12−18), and the reaction did not proceed in THF, dioxane and CH3NO2. 

After fine tuning the ratio of two substrates, when boronic acid 2a is slightly excessive (1.2 

eq), the yield of 3a can be up to 90% (entries 19-20). Furthermore, the reaction could still 

afford theproduct in a 90% yield when lowering the catalyst loading to 10 mol% with 

extended reaction time to 36 h (entry 21). 

Table 1. Optimization of the reaction conditions.[a] 

 

Entry Catalyst Solvent Yield [%][b] 

1 C6F5B(OH)2, 4a CH2Cl2 72 

2 B(C6F5)3, 4b CH2Cl2 46 

3 H3BO3, 4c CH2Cl2 N.R. 

4 PhB(OH)2, 4d CH2Cl2 N.R. 

5 4-F-C6H4B(OH)2, 4e CH2Cl2 10 

6 (PhO)2PO2H, 4f CH2Cl2 58 

7 PTSA, 4g CH2Cl2 37 

8 PhCOOH, 4h CH2Cl2 N.R. 

9 4-NO2-C6H4COOH, 4i CH2Cl2 N.R. 

10 Cu(OTf)2, 4j CH2Cl2 N.R. 

11 AgOTf, 4k CH2Cl2 N.R. 



12 C6F5B(OH)2, 4a CHCl3 73 

13 C6F5B(OH)2, 4a ClCH2CH2Cl 79 

14 C6F5B(OH)2, 4a toluene 59 

15 C6F5B(OH)2, 4a C6H5Cl 46 

16 C6F5B(OH)2, 4a THF N.R. 

17 C6F5B(OH)2, 4a Dioxane N.R. 

18 C6F5B(OH)2, 4a CH3NO2 N.R. 

19[c] C6F5B(OH)2, 4a ClCH2CH2Cl 90 

20[d] C6F5B(OH)2, 4a ClCH2CH2Cl 88 

21[c,e] C6F5B(OH)2, 4a ClCH2CH2Cl 90 (86)[f] 

[a] Use of 1a (0.06 mmol), 2a (0.05 mmol), a catalyst (20 mol%) and a solvent (0.5 mL), 35 oC, 20 h. [b] 

Determined by 1H-NMR with tetrabromoethane (chemical shift δ = 5.96 ppm) as internal standard. [c] 1a 

(0.05 mmol), 2a (0.06 mmol). [d] 1a (0.05 mmol), 2a (0.075 mmol). [e] C6F5B(OH)2 (10 mol%) was used 

and extend the reaction time to 36 h. [f] Isolated yield. 

 

With the optimized conditions (Table 1, entry 21), we set out assess the generality of 

boronic acid 4a catalyzed reaction of tertiary propargylic alcohols with heteroarene boronic 

acids. The scope of propargylic alcohols 1 was examined first (Table 2). Alcohols 1 with γ-

aryl and γ-cyclopropyl substitutions worked well, giving the fused benzo[b]thiophene 3a-

3q in 61-89% yield with excellent regioselectivity. The electronic properties of the 

substituents on γ-aryl groups of propargylic alcohols 1 have little effect on the reaction, 

both electron-donating (Me or OMe) and electron-withdrawing (Br or Cl) groups were 

compatible and gave the desired products in moderate to good yields (61-89%). The 

alcohols 1 bearing ortho-substituted phenyl group on the γ-position producing the cyclic-

products 3i and 3l in lower yield (61% and 67%). Propargyl alcohols 1 with different α-aryl 

(4-NHTs-Phenyl, Phenyl) and α-alkyl (Methyl) were well tolerated, giving the cyclic adducts 

3n-3q in good yields (68-84%). The structure of the cyclic product 3p was unambiguously 

confirmed by single-crystal X-ray diffraction analysis[17]. γ-Trimethylsilyl substituted 

propargylic alcohol was also investigated, but allene 3r instead of fused benzo[b]thiophene 

was obtained in 78% yield. Unexpectedly, entirely different regioselectivity was observed 

when γ-alkyl substituted alcohols were employed, an inseparable mixture of allene and 

1,3-diene was obtained.[18] Fortunately, shifting the catalyst from boronic acid 4a to 

diphenyl phosphate 4f, the 1,3-dienes 3s-3v were acquired as main product with moderate 

to good yields. 

 

Table 2. Scope of propargylic alcohols.[a] 
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[a] Use of propylic alcohol 1 (0.2 mmol), boronic acid 2a (0.24 mmol), catalyst 4a or 4f (0.02 mmol) in 

ClCH2CH2Cl (2.0 mL) at 35 oC for 36 h. Yields of isolated products are reported. Ar1 = 4-AcNH-C6H4. Ar2 

= 4-TsNH-C6H4. 

The scope with respect to boronic acids 2 was next investigated (Table 2). 

Heteroarylboronic acids, including (5-methylthiophen-2-yl)boronic acid 2b and benzofuran-

2-ylboronic acid 2c, were tolerated well to obtain cyclic-product 3w and 3x in 80% and 76% 

yield. It is noteworthy that (1H-inden-2-yl)boronic acid 2d was also suitable in this reaction 

to give cyclopenta[a]indene bearing a quaternary carbon 3y and 3z in 70% and 65% yields. 

Furthermore, tetra-substituted allene 5 was obtained in 61% yield when (3-

methylbenzo[b]thiophen-2-yl)boronic acid 2e was reacted with propargylic alcohol 1c. 

Regrettably, phenyboronic acid and styrylboronic acid are not suitable for this reaction 

under standard conditions. 

Table 3. Scope of boronic acids.[a] 

 

[a] Use of propylic alcohol 1 (0.2 mmol), boronic acid 2a (0.24 mmol), catalyst 4a (0.02 mmol) in 

ClCH2CH2Cl (2.0 mL) at 35 oC for 48 h. Yields of isolated products are reported. Ar1 = 4-AcNH-C6H4. Ar2 

= 4-TsNH-C6H4. 

To probe the reaction mechanism, several control experiments were carried out. As 

shown in Scheme 3a, in the presence of 10 mol% or 100 mol% of C6F5B(OH)2, propargylic 

alcohol 1a did not undergo dehydration or rearrangement at 35 oC after reacting for 36h. 

In the absence of C6F5B(OH)2, the reaction mixture of alcohol 1a and boronic acid 2a 



became messy but no cyclic product 3a formed (Scheme 3b), while cyclic adduct 3a 

selectively formed in 90% yield by using 10 mol% C6F5B(OH)2 (Scheme 3c). In addition, 

the reaction using benzo[b]thiophene directly as nucleophile to react with propargylic 

alcohol 1a, no desired product obtained (Scheme 3d, For more details see the Supporting 

Information). These results may indicate that the boronic acid 2a interact strongly with 1a, 

the catalyst C6F5B(OH)2 enhances the selectivity of the reaction and suppresses other side 

reactions. 

 

 

Scheme 3. Control experiments 



On the basis of our experimental results and literature precedence[10d, 19], we proposed 

a plausible reaction mechanism as show in Figure 1. First, the propargylic alcohol and 

boronic acid 2a in situ generation of the boron “ate” complex 7 and arylboronic anhydrides 

in the presence of catalyst C6F5B(OH)2. Boronic acid 2a serves as a nucleophile attacking 

the γ-position of alcohol to give a four-coordinate boron ate complex 8, which then 

undergoes borotropic migration to obtain cyclic product 3 and boronic anhydrides 9. Finally, 

Finally, the catalyst 4a is regenerated via a protodeboronation in 9 to lose B(OH)3. The 

formed boronic acid anhydride of 4a and 2a can stabilize complex 7/8 and make the 

intramolecular borotropic shift relatively facile. For the γ-alkyl/TMS substituted propargyl 

alcohols, the intermediate 7 may first undergoes a [3,3’]hydroxyl group rearrangement to 

furnish the allene 8’. Allene 8’ then undergo a 1,2-aryl shift to yield allene 10, which further 

transformed into 1,3-diene by tandem proton shifts. 

R

Ph
Ph

HO
B

O

OH

S

B OHC6F5

HO
B

O
HO

S

B OHC6F5

Ph

•
Ph

Ph

H

Ph

Ph

R

OH

H2O

7

8

C6F5B(OH)2 +

B(OH)2

S

S

Ph

Ph
Ph

OH
B

O

HO

B OHC6F5

B(OH)3

H2O

4a

2a

3a

9

R =
 P

h

R = Bn

HO B

O
OH

S

B OH
C6F5

Ph
•

Ph

8'
9

S

Ph

•
Ph

S

Ph
Ph

Ph PhPh

3s 10

-H
+ /+

H
+

[3,3]-shift

 

Figure 1. Plausible reaction mechanism. 

In conclusion, we have developed the first examples of transition-metal-free cross-

coupling reaction of tertiary propargylic alcohols with hetero-areneboronic acids. Using 

perfluorophenylboronic acid as catalyst under mild reaction conditions, a variety of fused 

benzothiophenes derivatives bearing a tetrasubstituted carbon stereocenter were 

efficiently constructed in moderate to good yield. In particular, this methodology presents 

a simple alternative for the direct construction of multi-substituted olefins. Further studies 



of this process with respect to other electrophiles are currently underway. 
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