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The synthesis of indole derivatives with stereogenic centers is a 
challenging process, mainly due to the diverse and complex 
structures of these compounds.1 In recent years, there has been 
an increase in research on the direct alkylation of indoles with 
the goal of producing optically active derivatives for potential 
use in biological and medicinal chemistry.2 Enantioselective 
Friedel–Crafts alkylation of indoles 1 with b-nitrostyrenes 2 is 
an efficient and straightforward synthesis of chiral indole 
derivatives 3 featuring nitro groups (for the structures, see 
Scheme 1).2–6 Typically, the most effective catalysts for this 
reaction are chiral Lewis acids with sophisticated structures 
that require cumbersome steps for the synthesis of chiral 

ligands.7–15 Among them, chiral Niii complexes have a great 
potential as catalysts.16–18 However, the design of simple 
catalytic systems for the asymmetric Friedel–Crafts reaction is 
still desirable.

We have recently introduced novel chiral Cuii and Niii 

complexes 4, 5 based on commercially available (S)- or (R)-(2-
aminomethyl)pyrrolidine and 3,5-di-tert-butyl-2-hydroxybenz
aldehyde as simple catalysts for the asymmetric Henry 
reaction19–21 and kinetic resolution of racemic epoxides with 
CO2.22 In this study, we aimed to expand the use of these chiral 
complexes for other valuable asymmetric reactions.23 We present 
the results of our investigation of Niii complex 6 with basic 
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mmm-(Acetato)nickel(ii) complex with Schiff base of  
(S)-(2-aminomethyl)pyrrolidine and 3,5-di-tert-butyl-2-
hydroxybenzaldehyde as the chiral ligand was tested in 
the asymmetric Friedel–Crafts alkylation of indoles with 
bbb-nitrostyrenes. The reactions catalyzed by 5 mol% of 
the complex provided the corresponding 3-(1-aryl-2-
nitroethyl)indoles with up to 98% yields and up to 69% ee 
values. 
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Scheme  1  Reagents and optimal conditions: i, indole 1 (0.2 mmol, 2 equiv.), b-nitrostyrene 2 (0.1 mmol, 1 equiv.), Niii catalyst 6 (5 mol%), toluene (0.5 ml), 
Ar, room temperature (for 3g,h, 40 °C), 24 h (for 3d, 48 h). For optimization with 1a and 2a as model substrates, see Table 1. Conversions and yields were 
determined by 1H NMR. Enantiomeric purity was determined by chiral HPLC analysis. 
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acetate anion as a catalyst for the enantioselective Friedel–Crafts 
alkylation of indoles with b-nitrostyrenes (see Scheme 1).

The study commenced with the conjugation of indole 1a and 
b-nitrostyrene 2a, which were selected as the model substrates. 
The coupling of two equivalents of 1a with one equivalent of 2a, 
conducted in CH2Cl2 at room temperature, in the presence of 
5 mol% Cuii complex 4 afforded the corresponding (R)-nitro
alkylated indole 3a with 47% enantioselectivity and 56% 
conversion (Table 1, entry 1). We then used the (R)-configured 
Niii complex 5 with iodide anion, which has previously shown 
high stereocontrol in kinetic resolution of epoxides.22 This 
complex gave the desired (S)-product 3a with higher ee (59%) 
and similar conversion (entry 2). Chiral Niii complex 6 with a 
basic acetate anion was found to be more effective providing full 
conversion (99%) and improved enantioselectivity of up to 68% 
(entry 3).

The solvent effect was then investigated (see Table 1, entries 
4–11). Dichloromethane, EtOAc and methyl tert-butyl ether 
gave comparable results (entries 4, 5, 10) while acetonitrile, 
1,4-dioxane, methanol and THF were less effective (entries 6–9). 
Toluene was the optimal solvent providing the formation of 
product 3a with 69% ee (entry 11). The decrease (2 mol%) and 
increase (10 mol%) in catalyst loading did not improve the 
enantioselectivity of the reaction (entry 12). Further optimization 
of reaction conditions, including temperature, reaction time, 
solvent concentration, the ratio of indole 1a to b-nitrostyrene 2a, 
and the use of various additives, as demonstrated their positive 
effect on the enantioselectivity control in our previous work,22 
did not lead to an improvement in ee (see Online Supplementary 
Materials for more details). Expectedly, the reaction did not 
proceed without a catalyst (entry 13).

Next, with optimal conditions in hand, the scope of different 
indoles 1a–i was examined (see Scheme 1). Nickel(ii) catalyst 6 

tolerates electron-acceptor- and electron-donor-substituted 
indoles 1b,d–h, providing the desired products 3 with yields 
ranging from 73 to 98% and ee values between 59 and 68%. 
However, the indoles 1c and 1i with a methyl substituent on the 
C2 and C7 carbon atoms gave the alkylated products with low 
levels of enantiocontrol (15 and 22% ee, respectively). It is 
notable that the indole with a phenyl group at the C2 position was 
inactive.

As for other b-nitrostyrenes 2b–e, ortho-nitro substituted 
b-nitrostyrene 2b gave product 3j with low conversion (34%), 
yield (25%) and ee value (15%). At the same time, the meta- and 
para-isomers 2c,d led to the comparable results to β-nitrostyrene 
2a. 2-(2-Naphthyl)-1-nitroethene 2e yielded product 3m in 52% 
ee. Notably, bulky (E)-9-(2-nitrovinyl)anthracene and aliphatic 
(E)-3-methyl-1-nitrobut-1-ene did not react under our conditions.

In conclusion, we have presented the results of a study on a 
chiral Niii complex derived from (S)-(2-aminomethyl)pyrrolidine 
and 3,5-di-tert-butylsalicylaldehyde with basic acetate anion as a 
catalyst for the asymmetric Friedel–Crafts alkylation of indoles 
with b-nitrostyrenes. The enantioselectivity of the reaction 
varied from 14 to 69% ee, depending on the substituents present 
in the indole and phenyl rings of the nitroalkene.
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Table  1  Screening of reaction condition for the Friedel–Crafts alkylation 
reaction of indole 1a with b-nitrostyrene 2a catalyzed by complexes 4–6.a

Entry Catalyst Solvent Conversion of 2ab (%) ee of 3ac (%)

  1 4 CH2Cl2 56 47 (R)
  2 5 PhCl 56 59 (S)
  3 6 PhCl 99 68 (R)
  4 6 CH2Cl2 99 60 (R)
  5 6 EtOAc 90 62 (R)
  6 6 MeCN 51 40 (R)
  7 6 1,4-dioxane 45 34 (R)
  8 6 MeOH 99 48 (R)
  9 6 THF 23 17 (R)
10 6 MeOBut 99 55 (R)
11 6 toluene 99 69 (R)
12 6 toluene 87d/99e 65d/62e (R)
13 – toluene NRf –
a Reaction conditions: b-nitrostyrene 2a (14.9 mg, 0.1 mmol, 1.0 equiv.), 
catalyst (5 mol%), indole 1a (23.4 mg, 0.2 mmol, 2.0 equiv.), solvent (0.5 ml), 
argon, room temperature, 24 h. b Conversion was determined by 1H NMR 
analysis. c Enantiomeric purity was determined by chiral HPLC analysis 
using the Chiralpak AS-H column. The configuration of the product was 
assigned by comparison of HPLC profiles with literature data. d With 
2 mol% of the catalyst. e With 10 mol% of the catalyst. f No reaction.
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