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ABSTRACT: A Cinchona-derived squaramide catalyzes the reaction between hydroxyindoles and isatins leading to enantioenriched 
indoles substituted in the carbocyclic ring. The reaction proceeds efficiently with differently substituted isatins, yielding the desired 
products with excellent regioselectivity, good yields and high enantiocontrol. Moreover, every position of the carbocyclic ring of the 
indole can be functionalize by using the appropriate starting hydroxyindole. The OH group was removed smoothly upon hydrogen-
olysis of the corresponding triflate. 

The ubiquitous presence of the indole moiety, in biologically 
active molecules and natural occurring compounds, confers this 
scaffold a distinguished position in organic chemistry.1 Accord-
ingly, the enantioselective functionalization of indoles has been 
one of the most studied reactions in asymmetric catalysis.2 De-
spite the great achievements reached to date, there are still some 
limitations that must be addressed. One of these limitations is 
the regioselectivity of the Friedel-Crafts reaction. Indoles show 
a high nucleophilic reactivity in the azole ring, which is em-
ployed in most of the cases to carry out functionalizations in the 
C-3 position.2 Additionally, we can also find different ap-
proaches to obtain indoles substituted in the C-2 position, such 
as the employment of 4,7-dihydroindole and subsequent oxida-
tion.3 Finally, under certain reaction conditions, the asymmetric 
N-1 functionalization of indoles can also be easily achieved.4 

However, the functionalization of the carbocyclic ring is 
more difficult. A few methodologies have shown to be success-
ful, although almost exclusively in non-enantioselective proce-
dures. For instance, Iwao and coworkers described in the 90's 
the directed lithiation of gramines in the C-4 position followed 
by treatment with nucleophiles such as enals.5a,5b Protected tryp-
tophane derivatives can also be selectively functionalized in the 
C-4 position using a Pd-catalyzed oxidative coupling, as re-
ported by Jia.5c In a similar way, 3-formyl-N-protected indoles 
were alkenylated in the C-4 position employing a Ru catalyst.5d 
The metal-catalyzed borylation of indoles in the C-7 position 
has also been studied, either using the directed lithiation ap-
proach or late-transition metal-catalyzed reactions.5e-g Alterna-
tively, if position C-2 and C-3 are occupied, acid-catalyzed 

Friedel-Crafts reactions can take place in the C-6 position, ac-
cording to the examples described by You and Shi.5h, 5i Finally, 
indolines can be used as indole surrogates in C-5 functionaliza-
tion reactions, as reported by Jørgensen in the enantioselective 
Friedel-Crafts reactions with glyoxylates and the corresponding 
imines.6a-c Yu, Movassaghi and coworkers also described the 
functionalization of indolines in the C-6 positions using a U-
shaped directing group in the nitrogen.6d These products can 
easily be converted in the corresponding indoles upon oxida-
tion. In summary, most of these non-asymmetric methods re-
quire the presence of directing or blocking group in the azole 
ring and employ transition metals as catalysts. 

Scheme 1. Different approaches for the functionalization of 
indoles in the carbocyclic ring. 

 

On the other hand, we presented recently an alternative strat-
egy for the functionalization of the carbocyclic ring of indoles 



 

using an activating/directing group based approach to achieve 
such a goal, using hydroxyindoles and isatin-derived ketimines 
as reaction partners.7 Hydroxyindoles reacted as phenols under 
organocatalytic conditions, even when the positions in the azole 
ring remained unsubstituted. Despite hydroxyindoles have been 
used to functionalize the carbocyclic ring of indoles in Mannich 
reactions,8 this strategy has been scarcely applied to enantiose-
lective processes.9 In fact, few examples of hydroxyindoles re-
acting enantioselectively in the C-3 have been reported. Taking 
into account the success of our methodology, we aimed to ex-
pand the substrate scope. So, we present herein the organocata-
lytic asymmetric reaction between different hydroxyindoles 
with isatins, leading to the corresponding enantioenriched 3-hy-
droxy-3-substituted-2-oxindoles. This scaffold is present in a 
wide range of natural products and biologically active com-
pounds.10 Therefore, several enantioselective arylation reac-
tions have been described using isatins as electrophiles.11 

We initiated our optimization process screening different bi-
functional catalysts in the reaction between 4-hydroxyindole 
(1a) and N-benzylisatin (2a). We were able to obtain the desired 
5-alkylated indole 3aa using simple quinine (I) with excellent 
regioselectivity although in low yield and enantioselectivity 
(Table 1, entry 1). We could improve the enantiocontrol using 
differently substituted cupreines (II-IV) (Table 1, entries 2-4), 
especially when cupreine II, with a benzylic ether in the C-9 
position, was used (58% yield, 88% ee). Then, we studied re-
lated bifunctional catalyst with different H bond donor groups, 
such as thiourea V and squaramide VI (Table 1, entries 5 and 
6). These two catalysts gave comparable results, improving the 
reactivity observed with cupreine II, without compromising the 
enantioselectivity. We continued by screening different sol-
vents (Table 1, entries 7-12), and Et2O led to a slightly better 
reactivity and enantioselectivity (Table 1, entry 7). With the op-
timum solvent in hand, we carried out the reaction at different 
temperatures, obtaining similar results to those obtained at 
room temperature (Table 1, entries 13-14). Finally, we reduced 
the catalyst loading to a 5 mol % for both catalysts V and VI 
(Table 1, entries 15 and 16, respectively). With squaramide VI12 
we reached 90% ee with excellent selectivity for the desired 
product 3aa. Further catalyst loading decrease was detrimental 
for both yield and enantiocontrol (Table 1, entry 17). 

Table 1. Optimization of the reaction conditions.a 

 

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

1 I THF 24 31 15 

2 II THF 16 58 88 

3 III THF 8 36 57 

4 IV THF 8 41 65 

5 V THF 6 85 86 

6 VI THF 5 76 87 

7 V Et2O 1 83 87 

8 V toluene 2 96 66 

9 V CH2Cl2 2 67 73 

10 V EtOAc 3 79 84 

11 V iPr2O 3 91 60 

12 V dioxane 18 63 81 

13d V Et2O 5 94 87 

14e V Et2O 1 96 88 

15f V Et2O 4 80 89 

16f VI Et2O 4 91 90 

17g VI Et2O 7 86 85 

Reaction conditions: 1a (0.1 mmol), 2a (0.1 mmol), catalyst (10 
mol %) and solvent (1.5 mL) at 20-25 °C.b Isolated yields after col-
umn chromatography. >20:1 regioselectivity determined by 1H 
NMR.c Enantiomeric excess (ee) was determined by chiral HPLC.d 
Reaction performed at 0°C. e Reaction performed at 35°C. f 5 mol 
% cat. loading. g 2 mol % cat. loading.  

Next, we applied these conditions to the reaction between 4-
hydroxyindole (1a) and different isatins (2, 4 and 6). Differently 
substituted isatins in the aromatic ring can be used under our 
conditions with excellent regioselectivity and high enantiocon-
trol. Isatin with a free NH group can be also used providing the 
desired alkylated products in moderate13 to good yields and 
good enantioselectivities (50-70% yield and 78-85% ee), alt-
hough the regioselectivity is slightly lower. N-Methylisatin is a 
suitable electrophile for this transformation and compound 7aa 
was obtained with good results. 

Scheme 2. Scope for the enantioselective Friedel-Crafts re-
action between hydroxyindole 1a and differently substi-
tuted isatinsa 

 
a Reaction conditions: 1a (0.1 mmol), 2, 4 or 6 (0.1 mmol), VI 

(5 mol %) in Et2O (1.5 mL) at 20-25 °C. Isolated yields after col-
umn chromatography. >20:1 regioselectivity determined by 1H 
NMR. Enantiomeric excess (ee) was determined by chiral HPLC. b 
1 mmol scale reaction. c 14:1 o:p regioselectivity determined by 1H 



 

NMR. d 15:1 o:p regioselectivity determined by 1H NMR. e 10:1 
o:p regioselectivity determined by 1H NMR. 

In order to prove our methodology is useful for the function-
alization of indoles in every position of the carbocyclic ring, we 
continued our research studying the reaction of 5-hydroxyin-
dole (1b) and differently substituted isatins. As we expected, 
the corresponding 4-alkylated indoles were isolated with excel-
lent regioselectivity in all cases. Moderate to high yields (52-
88%) and excellent enantioselectivities (85-96% ee) were 
reached regardless of the position of the substituents in the aro-
matic ring or even in the absence of the benzylic protecting 
group of the isatin. Unfortunately, 6-hydroxyindole showed low 
reactivity under the optimized reaction conditions.13 Despite the 
low yield, 7-alkylated product 3ca was obtained with complete 
regioselectivity and excellent enantioselectivity (91% ee). In 
contrast, when we tried the reaction with 7-hydroxyindole, the 
6-alkylated product 3da was isolated in moderate yield (61%) 
and high enantioselectivity (86% ee). Then, we expanded the 
scope of this transformation to 4-hydroxycarbazole (2e). The 
desired 3-substituted compound 3ea was obtained with com-
plete regioselectivity and moderate yield and enantioselectivity. 

Scheme 3. Scope for the enantioselective Friedel-Crafts re-
action between hydroxyindoles 1 and differently substituted 
isatinsa 

 
a Reaction conditions: 1 (0.1 mmol), 2 or 4 (0.1 mmol), VI (5 

mol %) in Et2O (1.5 mL) at 20-25 °C. Isolated yields after column 
chromatography.  >20:1 regioselectivity determined by 1H NMR. 
Enantiomeric excess (ee) was determined by chiral HPLC. 

In order to study the scope of the reaction, we also applied 
our optimized conditions to the reaction of hydroxyindol and 
carbazole with ethyl trifluoropyruvate (8). This electrophile has 
been extensively studied in enantioselective Friedel-Crafts re-
actions,14 leading to chiral benzylic tertiary alcohols bearing a 
trifluoromehtyl group which are of interest in medicinal chem-
istry. Unfortunately, ethyl trifluoropyruvate showed high reac-
tivity and the C-3 alkylated indole 9a' was isolated as the only 
reaction product in a racemic form. Further attempts to obtain 
compound 9a lowering the temperature were unsuccessful. In 
contrast, 4-hydroxycarbazole reacted with ethyl trifluoropy-
ruvate under our optimized conditions to afford the expected 
product 9e in 70% yield and excellent enantioselectivity (98% 
ee). These results imply that a fine balance between the reactiv-
ity of the three reaction partners is required. 

Scheme 4. Friedel-Crafts reactions with ethyl trifluoropy-
ruvate (8).a 

a Reaction conditions: 1 (0.1 mmol), 8 (0.1 mmol), VI (5 mol %) in 
Et2O (1.5 mL) at 20-25 °C. Isolated yields after column chroma-
tography. Enantiomeric excess (ee) was determined by chiral 
HPLC. 

Regardless of the evident importance of highly substituted 
enantioenriched hydroxyindoles, we performed the removal of 
the OH group under mild conditions. For that, we transformed 
compound 3aa in the corresponding monotriflate and this inter-
mediate product was subjected to Pd-catalyzed hydrogenolysis 
(1 atm) to obtain the free 5-substituted indole 10aa in high over-
all yield and with a slightly erosion of the optical purity.15 

Scheme 5. Removal of the hydroxy group in product 3aa.a 

 
aSee Supporting Information for reaction conditions. 

The absolute configuration of compound 3ac was ascertained 
to be R on the basis of X-ray crystal analysis (See Scheme 2). 
The configuration of the rest of the products were assigned as-
suming a uniform stereochemical mechanism. This absolute 
configuration is the result of an attach of the hydroxyindole to 
the Re face of the isatin and can be explained by a tertiary com-
plex formed by both reactants and the catalyst.16 The stereo-
chemical outcome is in agreement with previously reported en-
antioselective organocatalyzed reactions with hydroxyarenes.17 

In conclusion, we present the first enantio- and regioselective 
hydroxyalkylation in the carbocyclic ring of indoles. We take 
advantage of the directing and activating properties of the OH 
group, by using the four regioisomeric hydroxyindoles as nu-
cleophiles. These hydroxyindoles were reacted with isatins un-
der organocatalytic conditions to afford the corresponding in-
doles bearing a highly substituted tertiary alcohol in the 
homoaromatic ring with good yields and high enantiocontrol. 
We have also varied the substituent in the aromatic ring or the 
nitrogen in the isatin moiety obtaining good results. Moreover, 
by employing the appropriate starting hydroxyindole, we can 
functionalize regioselective every position of the carbocyclic 
ring of the indole. Finally, the OH group can be removed easily 
under mild reductive elimination conditions of the correspond-
ing monotriflate without affecting to the optical purity. 
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