
CLUSTER 1235

Enantioselective Brønsted Acid Catalysis in the Friedel–Crafts Reaction of 
Indoles with Secondary ortho-Hydroxybenzylic Alcohols
Enantioselective Friedel–Crafts ReactionDavid Wilcke, Eberhardt Herdtweck, Thorsten Bach*
Department Chemie and Catalysis Research Center (CRC), Technische Universität München, Lichtenbergstr. 4, 85747 Garching, Germany
Fax +49(89)28913315; E-mail: thorsten.bach@ch.tum.de
Received 28 January 2011

SYNLETT 2011, No. 9, pp 1235–1238xx.xx.2011
Advanced online publication: 18.04.2011
DOI: 10.1055/s-0030-1259939; Art ID: Y03111ST
© Georg Thieme Verlag Stuttgart · New York

Abstract: The reaction of indole and various methyl-substituted in-
doles with the title compounds was studied in the presence of chiral
phosphoric acids, which act as Brønsted acid catalysts. While yields
were generally high (>90%), significant enantioselectivities (up to
77% ee) were only achieved for certain substrate–catalyst combina-
tions. In addition, a kinetic resolution of the starting material was
observed, which led to an enrichment of one chiral alcohol to up to
68% ee after 76% conversion. The Friedel–Crafts reaction is not
stereospecific (no direct SN2-type substitution), but rather is likely
to proceed via a cation, which is bound to the chiral Brønsted acid
or its anion in a close contact ion pair.

Key words: carbocations, stereoselective synthesis, electrophilic
aromatic substitutions, alkylations, enantioselectivity, organocatal-
ysis

The cationic carbon atom of benzylic cations is frequently
prostereogenic and can be attacked by suitable carbon nu-
cleophiles to form new carbon–carbon bonds.1 If arenes
are employed as nucleophiles, products of a Friedel–
Crafts reaction are obtained.2 Studies with a-chiral ben-
zylic carbocations of general structure A have revealed
that the Friedel–Crafts reactions of these electrophiles can
be highly diastereoselective leading to the respective syn-
or anti-products (Figure 1).3 Facial stereocontrol is exert-
ed by the adjacent stereogenic center (*) due to 1,3-allylic
strain.4 In continuation of this work we wondered whether
facial stereocontrol could also be possible by a chiral
counterion *X– of a benzylic cation B thus rendering the
reaction of this cation with a given nucleophile enantiose-
lective. Inspired by the tremendous success of chiral 1,1¢-
bi-2-naphthol (BINOL) based phosphoric acids,5 which
have been introduced into enantioselective organocataly-
sis by M. Terada et al.6 and by T. Akiyama et al.,7 we ini-
tiated a study, in which the asymmetric induction of chiral
phosphoric acids was probed in Friedel–Crafts reactions
of secondary alcohols. Our preliminary results are dis-
closed in this Letter.

Previous work on the generation of cations related to B
with chiral phosphoric acids has been mostly concerned
with 3-indolyl-substituted cations.8 It has been postulated
that the phosphate counterion forms close ion pairs with
these cations, which are in turn responsible for the ob-
served enantioselectivities. Other relevant work, in which

3-indolyl-substituted cations have been postulated to form
ion pairs with chiral phosphoric acids, include enantiose-
lective alkylation9 and rearrangement10 reactions.11 Initial
studies in our laboratories were conducted with 1-phenyl-
2,2-dimethyl-1-propanol as immediate precursor for the
parent cation B (R = H) and with standard arenes previ-
ously employed.3,4 However, no reactions were observed
in the presence of chiral phosphoric acids or the related
more acidic N-triflyl phosphoramides.12 We therefore
turned to precursor alcohols, which were suspected to
form more stable cations capable of coordination to chiral
phosphate counterions. To this end, the para-substituted
aldehydes 1 (Y = OMe) and 2 (Y = NMe2)

13 were treated
with tert-butyllithium generating the 1-aryl-2,2-dimethyl-
1-propanols 3 and 4 in high yields. The known secondary
alcohols 514 and 615 (vide infra) were prepared for com-
parison (Scheme 1).

Figure 1 Structure of benzylic cations A and B with different ele-
ments of chirality present either in the cation (A) or in the counterion
(B)

Scheme 1 Preparation of starting materials 3 and 4 from the respec-
tive aldehydes 1 and 2 and structures of the known alcohols 5 and 6

The phosphoric acids 7 (Figure 2) employed as catalysts
in this study were synthesized according to literature
procedures6,16 starting from commercially available (R)-
BINOL. The phosphoric acids were washed with HCl be-
fore use to ensure that they were present in their free acid
form.17 Compound 7g was purchased from a commercial
supplier.
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Figure 2 Structures of phosphoric acids 7 used in this study

We were pleased to note that compound 3 indeed under-
went a reaction in the presence of chiral phosphoric acid
7a. N-Methylindole18 was used as the electrophile, and the
respective Friedel–Crafts alkylation product at substrate
carbon atom C3 was obtained. Other regioisomers were
not detected. The reaction was complete upon stirring the
reagents for 72 hours in the presence of 5 mol% catalyst
and 4 Å molecular sieves in CH2Cl2 as the solvent. In
CH2Cl2, there was no enantioselectivity, however. Im-
proved selectivities were obtained in toluene and most no-
tably in trifluorotoluene (vide infra). A screening of
different phosphoric acids 7 was performed for the reac-
tion of substrate 3 with indole in trifluorotoluene as the
solvent (Table 1). It revealed that the 2,4,6-tris(isopro-
pyl)phenyl-substituted acid 7g was the best catalyst in
terms of product ee (Table 1, entry 7). All phosphoric ac-
ids 7b–g (Table 1, entries 2–7) except for the parent com-
pound 7a (Table 1, entry 1) led to the preferred formation
of the levorotatory product (–)-8.19 A reaction conducted
at –15 °C with 20 mol% of catalyst 7g delivered product
(–)-8 in a yield of 87% and with 57% ee.

The absolute configuration of the major enantiomer (–)-8
could be elucidated by single-crystal X-ray analysis. The
quality of the anomalous X-ray diffraction data was suffi-
cient to assign the absolute configuration at the stereogen-
ic center as shown in Figure 3.20

Figure 3 Structure of enantiomerically pure product (–)-8 in the
crystal and molecular formula

In experiments, which were not run to completion, it was
noted that the recovered starting material was optically ac-
tive.21 Regarding enantioselectivity, the best result was re-
corded when using chiral phosphoric acid 7b. In this case
the starting material was recovered after 76% conversion
in a yield of 24% and with 68% ee. The absolute configu-
ration of the major enantiomer (+)-3 was elucidated by
anomalous X-ray diffraction (see Supporting Informa-
tion).22 In the very same experiment, which resulted in the
formation of (+)-3, the respective indole derivative (–)-8
was produced as major enantiomer (17% ee after 76%
conversion).

Scheme 2 Kinetic resolution of compound 3 in the course of the
enantioselective Friedel–Crafts reaction with indole

The enantiomerically pure substrate (+)-3 when employed
in the reaction with indole in the presence of a racemic
phosphoric acid delivered the substitution product 8 as a
racemate (Scheme 2). The latter result proves that the sub-
stitution is not stereospecific and that the resolution is not
due to the selective reaction of one substrate enantiomer
in a SN2-type fashion.

When attempting the enantioselective Friedel–Crafts-type
reaction with other indole nucleophiles and with substrate
4, it was found that there was no consistently superior
phosphoric acid for all reactions (Table 2).

N-Methylindole delivered with substrate 3 the best ee if
the reaction was catalyzed by phosphoric acid 7e (Table 2,
entry 1) indicating that an interaction of the phosphate an-
ion with the indole NH is not crucial for the success of the
reaction. The reaction with phosphoric acids 7a and 7g

Table 1 Enantioselective Friedel–Crafts Reaction of Indole with 
Substrate 3 Catalyzed by the Chiral Brønsted Acids 7

Entrya Catalyst Yield (%)b (–)-8/(+)-8c ee (%)d

1 7a quant. 39:61 22

2 7b 91 67:33 34

3 7c quant. 60:40 20

4 7d quant. 62:38 24

5 7e quant. 58:42 16

6 7f quant. 63:37 26

7 7g quant. 75:25 50

a All reactions were conducted at r.t. with 4 equiv of indole and 10 
mol% of the catalyst at a substrate concentration of 0.07 M in trifluo-
rotoluene as the solvent.
b Yield of isolated product.
c The er of (–)-8/(+)-8 was determined by HPLC (Daicel Chiralcel 
OD, 250 × 4.6, hexane–i-PrOH = 70:30).
d The ee was calculated from the er.
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under otherwise identical conditions turned out to lead to
the opposite enantiomer of product 9 (15% and 22% ee,
respectively). The introduction of a methyl group at C2
atom of indole resulted in a complete loss of enantioselec-
tivity in the Friedel–Crafts reactions. With phosphoric ac-
ids 7a–f only racemic product 10 was formed. The use of
acid 7g gave a low, but detectable ee (Table 2, entry 2).
Not surprisingly, it was observed that the influence of a
distal methyl group at C5 of the indole is marginal. The
best selectivity was recorded with chiral phosphoric acid
7g (Table 2, entry 3), which delivered the enantiomerical-
ly enriched product 11 in 53% ee. The reactions of indoles
with the N,N-dimethylamino-substituted substrate 4 were
significantly slower than with the methoxy-substituted
benzylic alcohol 3. Even after a prolonged reaction time
of 72 hours the conversion to substitution product 12 was
incomplete, irrespective what phosphoric acid was em-
ployed. The best results were obtained with acid 7c
(Table 2, entry 4) and with acid 7g (Table 2, entry 5). A
similar trend was recorded in the reaction with N-meth-
ylindole. The reaction catalyzed by phosphoric acid 7a
was complete after five days delivering product 13 in 95%
yield and with 28% ee (Table 2, entry 6). Reactions per-
formed in other solvents but trifluorotoluene delivered
lower enantioselectivities under otherwise identical con-
ditions. In CH2Cl2 product 13 was isolated with 11% ee,
in toluene with 14% ee.

Mechanistically, there is no observation that contradicts
the formation of cations B and their association to the
chiral counterion. Both the para- and the ortho-substitu-
ent are mandatory to achieve an enantioselective reaction.
With substrate 5 there was no conversion and with sub-

strate 6 there was no enantioselectivity in all reactions we
attempted with phosphoric acids and the respective N-tri-
flyl phosphoramides. Future work is directed towards a
better understanding of the parameters governing the se-
lectivity of this process. In addition, it is planned to extend
the scope of potential nucleophiles, which react with cat-
ions of type B.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett. Included are
procedures and analytical data for all new compounds, selected
HPLC traces, and crystal structure data.

Primary Data for this article are available online at http://
www.thieme-connect.com/ejournals/toc/synthesis and can be cited
using the following DOI: 10.4125/pd0011th. FIDs and associated
files for the 1H and 13C NMR spectra for compounds 3, 4, 8, 9, 10,
11, 12, and 13 are summarized.
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