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Abstract – The bifunctional tertiary amine-squaramide catalyst was synthesized 

with diphenylethylenediamine as the chiral framework and successfully catalyzed 

the asymmetric Friedel-Crafts alkylation reaction between indole and 

trifluoropyruvate. A series of trifluoromethylated indole derivatives were obtained 

with high yield (up to 95%) and moderate to good enantioselectivity (up to 76% 

ee). The reaction proceeds in heterogeneous system, and the catalyst can be 

recovered by simple filtration and recycled.

Fluorine atom, as the biological isostere of hydrogen atom, has a series of special properties, including 

pseudo-mimicking effect, blocking effect, spatial effect and inductive effect, etc. Therefore, fluorinated 

compounds are usually used in pharmaceuticals, agrochemicals, functional materials and other related 

fields.1 Moreover, indoles are the core structure of many natural products and potential drugs, and the 

preparation of chiral indole derivatives continues to be a fascinating subject in organic synthesis. The 

enantioselective Friedel-Crafts alkylation reaction is one of the most convenient and direct methods 

approaches to obtain chiral indole derivatives. In particular, the Friedel–Crafts alkylation of indoles with 

trifluoropyruvate provides a useful pathway to provide tertiary alcohols bearing a neighboring 

trifluoromethyl group and ester derivatives thereof. 

In the past several decades, the Friedel-Crafts alkylation reaction of indoles with trifluoropyruvate has 

attracted much attention.2 The numerous methodologies have been found to be effective in catalyzing the 

enantioselective Friedel-Crafts alkylation reactions: (1) transition-metal, alkaline-earth metal and 

rare-earth metal complexes catalysis,3,4 such as chiral copper,3a-d titanium,3e zinc,3f,g iridium,3h calcium,3i 
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ytterbium,3j and scandium3k complexes, especially C2-symmetric ligands copper complex proved to be an 

extremely effective catalyst; (2) organocatalysis, such as cinchona alkaloids,4a phosphoric acid,4b,c and 

C3-symmetric cinchonine-squaramides,4d etc.4e Despite the many available processes, most existing 

methods rely on the application of chiral metal catalysts, so the development of new, economic and easily 

recycled organocatalyzed methods for the synthesis of trifluoromethylated compounds is still in great 

demand. 

The chiral C3-symmetric cinchonine-squaramides have been demonstrated to be effective by Dong and 

co-workers.4d Nevertheless, the Friedel-Crafts alkylation reaction of 4-hydroxyindole with ethyl 

trifluoropyruvate catalyzed by the single cinchona-derived squaramide only provided reaction product in 

a racemic form.5 To the best of our knowledge, the amine catalysts that catalyze the asymmetric 

Friedel-Crafts alkylation reaction mainly include MacMillan catalysts, cinchona alkaloids, and proline 

derivatives,6 tertiary amine-thiourea/squaramide bifunctional catalysts have not yet been systematically 

researched. Therefore, we attempted the Friedel-Crafts alkylation reaction of indoles with 

trifluoropyruvate using tertiary amine-thiourea/squaramide bifunctional catalysts. 

On the basis of above concept, we synthesized catalysts 1a-h according to the literature.7 Our 

investigation began with the evaluation of the ability of chiral tertiary amine-thiourea/squaramide 

bifunctional catalysts 1a-h to promote the Friedel-Crafts reaction of unprotected indole 2a with methyl 

trifluoropyruvate 3a using n-butyl ether as the solvent. We were able to obtain the desired 3-alkylated 

indole 4a using 10 mol% tertiary amine-thiourea catalyst with (1R, 2R)-cyclohexanediamine skeleton 

(Table 1, entries 1-5) with poor enantioselectivity although in good yield, and only tertiary amine- 

squaramide catalyst obtained a moderate ee value (entry 6). When using tertiary amine catalysts with (1R, 

2R)-diphenylethylenediamine skeleton, the target product has been achieved with moderate to high yields 

and good ee (entries 7-8). Among them, the catalyst 1h gave the best yield and ee value (entry 8).  

In further investigations, variations of the reaction conditions, including catalyst loading, solvent, solvent 

loading, temperature, additive on the yield and enantioselectivity of the Friedel-Crafts reaction between 

methyl trifluoropyruvate and indole. When catalyst loading was increased to 20 mol%, the 

enantioselectivity increased from 58% to 69% (entry 10). Catalyst loading decrease was detrimental for 

both yield and enantiocontrol (entry 11). Several solvents were tested in the presence of 20 mol% catalyst 

at room temperature. Although the catalyst 1h can not dissolve in these solvents, the reaction proceeded 

smoothly in non-protic solvent (n-hexane, toluene, CH2Cl2, Cl2CHCHCl2, and THF) with different 

enantioselectivities (17-67% ee, entries 12-16, respectively), and no product was observed in MeOH 

(entry 17), which may be caused by the hydrogen of the hydroxyl group is easier to lose than the 

hydrogen on the N atom of indole. The catalyst 1h dissolves well in DMF, DMSO and 1,4-dioxane, but 

the reaction proceeded only in 1,4-dioxane (entries 18-20). The results indicated that n-butyl ether was 

268 HETEROCYCLES, Vol. 104, No. 2, 2022



 

effective for the reaction. Due to the enantioselectivity was strongly dependent on the concentration,4c,8 in 

order to suppress the background reaction, we carried out the reaction in dilute solution (0.05 mol/L) and 

found that running the reaction under dilute conditions improved the ee to 73% (entry 21). Unfortunately, 

adding additives or lowering the reaction temperature can not increase the enantioselectivity of the 

reaction.9 

 

Table 1. Optimization of catalysts and reaction conditionsa 

 

 

Entry Catalyst Solvent Yield (%)b ee (%)c 

1 1a n-Bu2O 95 2 

2 1b n-Bu2O 89 6 

3 1c n-Bu2O 90 23 

4 1d n-Bu2O 88 10 

5 1e n-Bu2O 81 5 

6 1f n-Bu2O 72 53 

7 1g n-Bu2O 91 47 

8 1h n-Bu2O 92 58 

9 1h (15 mol%) n-Bu2O 93 66 

10 1h (20 mol%) n-Bu2O 96 69 

11 1h (5 mol%) n-Bu2O 85 57 

12 1h n-hexane 65 67 

13 1h toluene 92 23 

14 1h CH2Cl2 89 17 

15 1h Cl2CHCHCl2 90 53 

16 1h THF 82 58 

17 1h MeOH - - 

18 1h DMF - - 

19 1h DMSO - - 

NH
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R

R

N
H

S

Ar

1a: R = ethyl, Ar = 3,5-bisCF3-Ph
1b: R = propyl, Ar = 3,5-bisCF3-Ph
1c: R = -(CH2)4-, Ar = 3,5-bisCF3-Ph
1d: R = -(CH2)5-, Ar = 3,5-bisCF3-Ph
1e: R = ethyl, Ar = 4-NO2-Ph
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20 1h 1,4-dioxane 38 20 

21d 1h n-Bu2O 95 73 
 

aReaction conditions: 0.1 mmol 2a, 0.12 mmol methyl trifluoropyruvate 3a, 1.0 mL n-Bu2O.  

bIsolated yield.  

cDetermined by HPLC analysis on a chiral stationary phase. 

d2.0 mL n-Bu2O was added. 

 

With the optimized conditions in hand, we tested a variety of substituted indoles under the optimal 

reaction conditions. As summarized in Table 2, the substituted group of indoles played an important role 

in controlling the reaction activity and enantioselectivity. Most indoles bearing different groups furnished 

corresponding products in good yield and good enantioselectivity. Substrates with the electron-donating 

group Me and MeO at 5-position of indole gave good results in terms of an 76% ee (entries 2-3). Of note, 

active group OH was also tolerated (entry 4). Halogen groups (F or Br) on indoles were detrimental to 

this catalytic asymmetric Friedel-Crafts reaction, and most of the desired products were obtained in 

slightly reduced enantioselectivities (entries 5-6). Unfortunately, electron-withdrawing or 

electron-donating substituent on the 7-position of indole, the reaction activity and enantioselectivity were 

decreased (entries 7-9). 2-Methyl substituted indoles were also tested, and the resulting ee values were 

poor (entry 10). The effect of steric hinderance might be responsible for the decrease in enantioselectivity. 

Furthermore, when N-methylindole was treated with methyl trifluoropyruvate under the optimal 

conditions, racemic compound was observed (entry 11). This finding demonstrated that the hydrogen 

atom on the N atom of indole was extremely important to enantioselectivity. Finally, ethyl 

trifluoropyruvate was similar to methyl trifluoropyruvate in reaction activity and enantioselectivity. 

Fortunately, after 4a was crystallized with dichloromethane and n-hexane, the ee value of the crystal 

decreased, but the ee value of the mother liquor increased to 88%. 

 

Table 2. Catalytic asymmetric Friedel-Crafts reaction of various indoles 2 and trifluoropyruvate 

 

Entry R1 R2 R3 Reaction time (h) Yield (%)a ee (%)b 

1 H  H Me 6 95 73 (88)c 

2 5-Me  H Me 12 93 76 

3 5-OMe  H Me 12 92 76 

4 5-OH  H Me 36 82 71 
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5 5-Br  H Me 36 88 70 

6 6-F  H Me 36 89 68 

7 7-Et  H Me 16 92 66 

8 7-Cl  H Me 36 86 52 

9 7-NO2 H Me 106 67 24 

10 2-Me  H Me 106 72 16 

11 1-Me  H Me 36 81 <1 

12 H H Et 6 94 72 
 

aIsolated yield.  

bDetermined by HPLC analysis on a chiral stationary phase. 

cThe value in parentheses indicates the ee after crystallization. 

 

The poor solubility of the catalyst 1h in n-butyl ether allows its recycling. To obtain the information on 

the recycling ability of the catalyst, 1h was recovered in the Friedel-Crafts alkylation of 2a and methyl 

trifluoropyruvate 3a, which was expanded to 2 mmol (20 times). TLC monitoring the disappearance of 

indole, the reaction was simply filtered with a Buchner funnel. After the catalyst (filter cake) was rinsed 

with a small amount of cold n-butyl ether, which was put into the next reaction cycle. As shown in Table 

3, our results indicated catalyst 1h could be reused there times almost no loss of activity and selectivity. 

The state of substrates and catalysts during the reaction was shown in the supporting information as 

photograph. 

 

Table 3. Recycling experiments of catalyst 1h in the Friedel-Crafts alkylation of 2a with methyl 

trifluoropyruvate 3a 

 

Cycle No. Yield (%)a ee (%)b Recovery rate (%) 

1 96 73 85 

2 95 70 91 

3 94 69 93 
 

aIsolated yield.  

bDetermined by HPLC analysis on a chiral stationary phase. 

 

The 1,3,4,9-tetrahydropyrano[3,4-b]indole scaffold is of considerable importance in medicinal chemistry. 

Compounds with this core scaffold exhibit attractive extensive medicinal and biological activities.10 
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Optically active 4a was reduced by LiAlH4 to obtain chiral diol 5. The Pictet-Splengler reaction between 

diol 5 and acetal obtains compound 6 with 1,3,4,9-tetrahydropyrano[3,4-b]indole scaffold (Scheme 1). 

The ee value of the product dropped slightly during the whole reaction process. 

 

 

Scheme 1. Synthesis of 1,3,4,9-tetrahydropyrano[3,4-b]indole derivative 6 

 

In summary, bifunctional tertiary amine-squaramide catalysts were demonstrated to be effective for the 

enantioselective Friedel-Crafts reaction of indoles with trifluoropyruvates. In addition, catalyst 1h can 

also be reused there times almost no loss of activity and selectivity, and trifluoromethylated indole can be 

converted into 1,3,4,9-tetrahydropyrano[3,4-b]indole derivative by simple steps.  
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