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A novel protocol for the synthesis of substituted alkenes from 

alcohols and styrenes using ionic liquid has been developed. 

The ionic liquid N-methyl-2-pyrrolidone hydrogensulfate 

[NMP]+HSO4
- acts as a catalyst as well as solvent. The 10 

developed protocol has higher atom efficiency and wider 

substrate applicability. The catalyst was effectively recycled 

up to five consecutive cycles.  

 

Carbon-carbon bond formation reactions are the most useful 15 

methodology for the synthesis of natural products, bioactive 

molecules and agrochemicals.1 Traditionally, various protocols 

for C-C bond formation were developed by using different 

coupling reactions like Stille, Negishi, Hiyama and Heck 

coupling.2 Although, these protocols were efficient for the C-C 20 

bond formation reactions but, they suffer from one or more 

drawbacks such as use of transition metals, formation of 

stoichiometric amounts of salts, multistep reactions, requires 

functionalized starting materials, less atom efficiency and 

produces toxic waste materials. Hence, environmentally benign, 25 

efficient protocol for the C-C bond formation is highly desirable. 

The alternative protocol for the formation of C-C bond involves 

the direct coupling of alcohols with alkenes producing only water 

as green by product.3 In this regard, significant progress have 

been made for the coupling of alcohols with alkenes by using  30 

various catalytic system such as H6P2W18O62,
4 Pd,5 Fe,6 TfOH,7 

NaHSO4/SiO2.
8 However, these protocols requires use of 

transition metals, organic solvents, stoichiometric amount of 

(CF3CO)2O, TsOH, lower selectivity and provides less yield of 

desired products. Thus, the development of highly efficient and 35 

environmentally benign solvent free protocol for the direct 

coupling of alcohols with alkenes is still desired.   

    Recently, different coupling reactions were performed under 

more greener and recyclable reaction media such as ionic liquid, 

glycerol, PEG.9 Ionic liquids (ILs) have attracted considerable 40 

attention as an environmentally benign alternative for various  
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coupling reactions because of its various attractive 

physicochemical properties such as low vapor pressure, non-

volatility, non-flammability and thermal stability over a wide 

temperature range.10  In addition, ionic liquids plays an important 

role such as catalysts and reagents. Ionic liquids also emerged as 55 

a media which have special interactions with the active species 

and make the possibility of enhancing the reaction activity with 

selectivity.11  

 Thus, in continuation of our interest in application of ionic 

liquids for several organic transformations.12 Here, we have 60 

developed a novel, highly efficient, solvent free protocol for the 

synthesise of prop-2-ene-1,1,3-triyltribenzene derivatives from 

styrenes and alcohols by using a Bronsted acidic [NMP]+HSO4
- 

ionic liquid catalyst. 

 65 

 

 

 

 

Scheme 1 Direct coupling of alcohols with styrenes. 70 

Results and discussion 

Initially, we have chosen the cross-coupling reaction of 

benzhydrol (1a) with styrene (2a) as a model reaction to optimise 

the different reaction conditions. The various reaction conditions 

such as catalyst screening, solvent screening, catalyst loading, 75 

substrate mol ratio, reaction time and temperature were studied 

for the coupling of 1a with 2a (Table 1). Initially, various  

catalysts such as montmorillonite K-10, amberlyst 15@, p-

toluene sulfonic acid, -SO3H functionalized ionic liquid, 

Cu(OTf)2, In(OTf)3, [NMP]+HSO4
- and  [HMIM]+HSO4

- were 80 

screened (Table 1, entries 1–8),  It was observed that among 

screened catalysts, [NMP]+HSO4
-  was effective catalyst 

providing desired coupling product prop-2-ene-1,1,3-

triyltribenzene (3a) in 41% yield (Table 1, entry 7). Next, we 

studied the effect of various solvents for the coupling of 1a with 85 

2a. It was found that among the solvent studied, DCE was found 

to be effective solvent providing 3a in 50% (Table 1, entries 9-

13). However, when reaction was performed in the absence of 

solvent, it provided 3a in 61% yield (Table 1, entry 14). Hence, 

further studies were carried out using [NMP]+HSO4
- under 90 

solvent free condition. Furthermore, we have also examined the 
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effect of catalyst loading on the reaction yield. It was observed 

that yield of 3a increases with increasing the catalyst loading 

from 1.5 mmol to 5 mmol (Table 1, entries 15-16). Whereas, on 

further increase in catalyst loading no siganificant increase in the 

yield of 3a was observed. The substrate ratio of 1a/2a was also 5 

studied and it was found that 1:1.1 was the optimum condition for 

this transformation (Table 1, entries 17-18). While on increasing 

the ratio of 2a, the yield of 3a was decreases by providing 

oligomerisation of 2a. Subsequently, the effect of reaction time 

and temperature were  also studied for the synthesis of 3a, it was 10 

observed that 6 h was the minimum time required for the 

completion of reaction (Table 1, entries 19-20). During 

temperature study, it was observed that maximum yield of 3a 

obtained at 80 °C (Table 1, entries 20-21). Whereas, on further 

increase in temperature no profound increase in the yield of 3a 15 

was observed. Subsequently, when reaction was performed in the 

absence of catalyst under the optimum condition, formation of 3a  

Table 1 Optimisation for direct coupling of alcohols with 
styrenesa

 20 

a Reaction conditions: 1a (1 mmol), 2a (1.0 mmol), catalyst (1.5 mmol). b 

GC Yield. c Catalyst (0.75 g). d 10 mol%. e Catalyst (2.5 mmol). f Catalyst 
(5 mmol). g 1a: 2a (1 : 1.1). h 1a: 2a (1 : 1.2). i Catalyst (1.5 g). N.D. (not 

detected). 

Table 2 Direct coupling of alcohols with styrenesa 25 

Entry Alcohol  Styrene  Product  Yield 
(%)b 
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N.D. 

 a Reaction conditions: Alcohols (1 mmol), styrenes (1.1 mmol), catalyst 

(5 mmol), 80˚C, 6 h. b Isolated yield. c 8 h. N.D. (not detected). 

Entry Catalyst Solvent 
Time 

(h) 

Temp 

(˚C) 

Yield 

(%)b 

1c mont. k-10 toluene 8 80 25 

2c amberlyst-15 toluene 8 80 35 

3d p-TSA toluene 8 80 10 

4d Cu(OTf)2 toluene 8 80 N.D. 

5d In(OTf)3 toluene 8 80 N.D. 

6 
-SO3H 

functionalized IL 
toluene 8 80 30 

7 [NMP]+HSO4
- toluene 8 80 41 

8 [HMIM]+HSO4
- toluene 8 80 34 

9 [NMP]+HSO4
- dioxane 8 80 38 

10 [NMP]+HSO4
- 

cylohexan

e 
8 80 28 

11 [NMP]+HSO4
- CH3CN 8 80 trace 

12 [NMP]+HSO4
- CHCl3 8 80 43 

13 [NMP]+HSO4
- DCE 8 80 50 

14 [NMP]+HSO4
- - 8 80 61 

15e [NMP]+HSO4
- - 8 80 76 

16f [NMP]+HSO4
- - 8 80 89 

17g,f [NMP]+HSO4
- - 8 80 92 

18h,f [NMP]+HSO4
- - 8 80 75 

19g,f [NMP]+HSO4
- - 4 80 69 

20g,f [NMP]+HSO4
- - 6 80 92 

21g,f [NMP]+HSO4
- - 6 70 77 

22g - - 8 80 N.D. 

   23i amberlyst-15 - 6 80 N.D. 

   24f 
-SO3H 

functionalized IL 

 

- 

 

6 

 

80 

 

55 
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was not observed (Table 1, entry 22). To compare the catalytic 

activity of [NMP]+HSO4
- IL (Table 1, entry 20) with amberlyst 

15@ and -SO3H functionalized ionic liquid (Table 1, entries 23-

24) at higher loading under solvent free condition, we observed 

that amberlyst 15@ catalyst doesn’t give any convertion while -5 

SO3H functionalized IL gives lower yield (55%) of the desired 

product. Hence, the optimized reaction condition for the synthesis 

of 3a : 1a (1 mmol), 2a (1.1 mmol), [NMP]+HSO4
- IL (5 mmol), 

80 °C, 6 h. While, studing the catalyst amberlyst 15@ and -SO3H 

functionalized ionic liquid at optimized reaction condition the 10 

yieald of desire product 3a was not obesrved   

     With these optimized reaction condition in hand, the scope of 

developed protocol was applied for the coupling of various 

substituted alcohols with styrene derivatives to furnish 

corresponding prop-2-ene-1,1,3-triyltribenzene derivatives (Table 15 

2). The coupling of 1a with 2a provided the desired product prop-

2-ene-1,1,3-triyltribenzene 3a in 90% yield (Table 2, entry 1). It 

was found that direct coupling of benzhydrol with electron 

donating (-Me, -OMe, -C(CH3)3) styrene derivatives furnished 

the corresponding componds 3b, 3c, 3d, 3e in excellent yield 20 

(Table 2, entries 2-5). Furthermore, styrene derivative bearing 

halo substituents (-Cl, -Br) were also furnished good to excellent 

yields of their corresponding products 3f, 3g (Table 2, entries 

6,7). It was observed that the  reaction also worked well with the 

styrene bearing electron-withdrawing group (p-acetoxy) 25 

providing corresponding 4-(3,3-diphenylprop-1-en-1-yl)phenyl 

acetate (3h) in 88% yield (Table 2, entry 8). Hence, electronic 

effect was not observed on the present catalytic system. It was 

observed that alpha-methyl styrene also provided respective 

product but-2-ene-1,1,3-triyltribenzene (3i) in 89% yield (Table 30 

2, entry 9). Next, we have also studied the cross coupling  of 

benzhyrol derivatives with styrene. It was found that benzhydrol 

bearing electron-donating groups (-Me, -OMe) also gave 

excellent yield of desired products 3j, 3k (Table 2, entries 10-11). 

Furthermore, benzhydrol bearing  halo group also furnished the 35 

corresponding 3l in excellent yield (Table 2, entry 12). 

Subequently, 1-Phenylethanol also provided but-1-ene-1,3-

diyldibenzene 3m in 90% yield (Table 2, entry 13). However, 

benzylic and allylic alcohols did not produce the desired products 

under the optimized reaction conditions (Table 2, entries 14-15).  40 

   

       

Fig 1 Catalyst recyclability study. Reaction conditions:  1a (1mmol), 2a 
(1.1 mmol), catalyst (5 mmol), 80 ˚C, 6 h. GC yield. 

In order to craft the greener and economical aspect of the 45 

developed protocol, recyclability of present catalytic system was 

examined for the direct coupling of 1a with 2a (Fig 1). We have 

studied the respective transformation up to five times and 

observed that catalyst was effective for the recyclability study 

without much loss in its activity and the decrease in yield is might 50 

be due to   handling loss as well as deactivation of [NMP]+HSO4
- 

ionic liquid in diethyl ether during work up procedure of 

recyclability study. 

  Based on our experimental observation and literature study.7,14 

Here, we proposed tentative mechanism for present protocol 55 

(Scheme 2). One pathway could be the formation of self coupling 

dimeric ether 4 from alcohol 1 in the presence of ionic liquid 

[NMP]+HSO4
-. We have isolated the intermediate 4 and 

characterized by GCMS. Subsequently, the dimeric ether 4 gets 

activated in the presence of ionic liquid [NMP]+HSO4
- and then 60 

couples with styrene 2, leading to the formation of the 

corresponding alkyl cation 5 with regenration the alcohol 1. 

Finally, the alkyl cation 5 undrgoes deprotonation to provide 

desire product 3. Next, we have performed the reaction of 

intermediate 4 with styrene 2 without ionic liquid, no product 65 

formation was observed. This confirms that ionic liquid plays an 

important role during reaction pathway by protonating 

intermediate 4 and facilitates its coupling with 2 providing the 

corresponding product 3. However, another possible pathway can 

not be ruled out at the present stage, which involves generation of 70 

carbocation 6 from the alcohol 1 in the presence of ionic liquid 

[NMP]+HSO4
-. Next, electrophilic addition of styrene with  6 

provides corresponding methylarylcarbenium ion 5, which 

undergoes deprotonation to provide the desire product 3.   

75 

Scheme 2 Plausible mechanism for direct coupling of alcohol with 

styrene. 

Conclusions 

In conclusion, we have developed a simple, novel, efficient 

methodology for the direct coupling of alcohols with styrenes by 80 

using  [NMP]+HSO4
-  ionic liquid. This is the first metal free, 

solvent free, base free, additive free protocol for the synthesis of 

substituted alkenes from alcohols and styrenes. The present 

catalytic system has greater substrate compatibility and 

effectively recyled upto five consecutive cycles without any 85 

significant loss in its catalytic activity. Hence, the developed 

protocol is highly efficient, greener, economically and 

environmentally more compatible for the direct coupling of 

alcohols with styrenes. 
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Experimental Section 

All chemicals and reagents were purchased from firms of repute 

with their highest purity available and were used without further 

purification. For this study, ionic liquids were synthesized 

according to the procedures reported in the literature.13 
5 

 

Procedure for synthesis of N-methyl-2-pyrrolidone hydrogen 

sulfate [NMP]+HSO4
- ionic liquid: 

In a 100 mL round bottom flask containig magnetic stirrer placed 

a 1-methyl-2-pyrrolidone (0.4 mol). Next, equimolar amount of 10 

concentrated sulphuric acid (98 wt%) was added drop wise 

slowly into the flask at 80 °C for 12 h. The mixture was then 

extensively washed with ether (3 × 10 ml) to remove unreacted 

non-ionic residue and dried under vacuum by a rotary evaporator 

to obtain the viscous clear ionic liquid. 15 

 

A typical experimental procedure for the direct coupling of 

alcohols with styrenes:  

A mixture of benzhydrol 1a (1 mmol), styrene 2a (1.1 mmol), 

and [NMP]+HSO4
- (5 mmol) was stirred at 80 °C in a  sealed 10 20 

mL tube for 6 h. The progress of the reaction was monitored by 

gas chromatography. After the completion of reaction, it was 

cooled to room temperature. In order to separate the ionic liquid, 

a 10 mL of water was added to the reaction mixture and the 

product was extracted with ethyl acetate (3 × 8 mL). Thus, the 25 

residue obtained was dried over annhydrous Na2SO4 and purified 

by column chromatography (silica gel, 60–120 mesh; petroleum 

ether) to give the corresponding product prop-2-ene-1,1,3-

triyltribenzene 3a in 90% yield. The structure of the product was 

confirmed by GC-MS, 1H NMR, 13C NMR spectroscopic 30 

techniques. The purity of the compound was determined by GC-

MS analysis. 

Recyclability study  

The reaction was carried out as mentioned above in typical 

experimental procedure. However, after completion of reaction, 35 

the reaction mixture was extracted with diethyl ether (3 × 10 mL). 

Thus, the ionic liquid layer obtained was dried under reduced 

pressure for 2 h and directly used for next run. 
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