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Abstract: The Passerini adducts of various electron-rich 
aromatic aldehydes with pivalic acid were used as electrophiles 
towards indoles in a Friedel-Crafts type reaction. The Friedel-
Crafts step was performed under microwave conditions using a 
catalytical amount of FeCl3. 

Key words: Passerini, Friedel-Crafts, indoles, iron chloride 
catalyst. 

The coupling of aldehydes, isocyanides and 
carboxylic acids was discovered by Passerini nearly a 
century ago.1 The interest for the reaction was 
renewed after the success of the Ugi reaction in 
promoting multicomponent processes for the 
formation of librairies of heterocycles.2 The 
comparison with the Ugi reaction and its 4-component 
nature is not in favor of the Passerini coupling in 
terms of synthetic potential. However, considering the 
latter reaction, one may take advantage of the 
formation of a rather weak C-O bond in synthetic 
strategies involving subsequent substitution or 
elimination processes.3 We have recently exploited 
this strategy in various Tsuji-Trost reactions of 
cinnamaldehyde Passerini adducts leading to 
reduction or substitution of an acetoxy group by 
malonyl derivatives (Scheme 1),4 we now wish to 
present some further substitutions involving Passerini 
adducts in Friedel-Crafts type reactions with indoles 
(Scheme 1). 

 
Scheme 1 Passerini couplings followed by susbtitution of the 
carboxylate group. 

Electron-rich aromatic aldehydes are known to be 
good partners in Passerini reactions. The generation of 
benzylic cationic intermediates trough elimination of a 
carboxylate group from the resulting adducts is 
expected to be greatly enhanced by the release of 
electron from the aromatic moiety. To test the 

potential trapping of such cationic intermediates by 
indoles, the Passerini adduct 1a was prepared in 71% 
isolated yield from 4-methoxybenzaldehyde, 
cyclohexyl isocyanide and acetic acid (Scheme 2). 
When 1a was heated in toluene under microwave 
conditions with stoechiometric amounts of indole 2a 
and in the presence of 5 mol% of Zn(OTf)2, we were 
delighted to observe the formation of the expected 
Friedel-Craft adduct 3a. However, the latter was only 
obtained in a moderate 51% isolated yield (Scheme 
2). Using FeCl3, LiClO4 or Cu(OTf)2 didn't improve 
much the reaction. The effect of the leaving group was 
also evaluated by replacing acetic acid by pivalic acid 
in the Passerini step. Though adduct 1b was obtained 
in a comparable 70% isolated yields, the elimination 
step proceeds much more efficiently leading to 3a in 
70% isolated yield when using 5 mol % of FeCl3 as 
catalyst (Scheme 2).  

 

 
Scheme 2 Passerini couplings followed by carboxylate group 
elimination. 

Thus, pivalic acid and FeCl3 as catalyst were selected 
for this new Passerini/Friedel-Craft sequence and 
these conditions applied for the various Passerini 
adducts presented in Table 1.5 The need for an 
electron rich aromatic aldehyde was confirmed by the 
lack of reactivity of the 4-chlorobenzaldehyde 
Passerini adduct 1e under these conditions (Table 1, 
entry 3). In contrast, a coupling between indole 2a and 
cinnamaldehyde adduct 1g was observed in moderate 
yield (Table 1, entry 8). This could be explained by an 
increased stabilization a cationic reactive intermediate 
trough further conjugation on the aryl ring and the 
double bond. The sequence is not limited to 
cyclohexyl isocyanide as shown by the formation of 
indoles 3b and 3c using t-butyl and 4-methoxybenzyl   
isocyanides (Table 1, entries 1-2). Finally furfural 
could be used as well in this sequence leading to 
indoles 3g and 3h in moderate yield (Table 1, entries 
6-7). 
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Table 1  

 

Entry 1 Yield  3 Yield 

1 

 

75% 

 

60% 

2 

 

80%  

 

70% 

3 

 

75% 

 

0% 

4 1b 70% 

 

73% 

5 1b 70% 

 

53% 

6 

 

85% 

 

32%  

7 1f 85% 

 

45%  

8 

 

70% 

 

40%  

 

 
Though, this new two-steps preparation of indole 
derivatives is limited to rather electron rich aldehydes, 

it gives a fast access to important medicinally relevant 
scaffolds with a good level of diversity.6 The 
originality of the sequence is further raised by the use 
of a widely available and cheap catalyst in small 
amounts. Related Friedel-Crafts additions of α-
hydroxy amide derivatives on indoles have been 
usually performed with stoechiometric amounts of 
strong Bronsted acids.7   
 

To conclude, we have proposed a new application 
of the Passerini reaction by disclosing Friedel-Craft 
type additions of Passerini adducts on the 3-position 
of indoles. The use of multicomponent reactions to get 
access to indoles derivatives has been the object of 
important research efforts.8 Among the isocyanides 
based MCRs, most synthetic strategies towards these 
scaffolds have displayed a Ugi reaction as the key step 
for diversity.9 We are working further on the 
extension of this Passerini-based strategy to the use of 
less electron-rich aldehydes as well as other families 
of nucleophiles.  
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