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An expedient route to structurally diverse indenamine 
derivatives through condensation of the readily accessible 
substituted cinnamylaldehydes and sulfonylamines under the 
catalysis of FeCl3 has been developed, featuring the high 
efficiency in generation of two bonds and one ring in a single-
step and water as the only by-product.  

Iminium ions are reactive intermediates in organic chemistry that 
play an important role in both laboratory and industry for the 
construction of carbon-carbon and carbon-heteroatom bonds, 
especially for the synthesis of nitrogen-containing heterocycles.1 
Representative examples of these transformations are N-
acyliminium ion cyclization and Pictet-Spengler reaction which 
have become powerful synthetic tools for the synthesis of many 
alkaloids.2,3 However, in contrast with heterocycles, very few 
examples exist on the use of this strategy for the construction of 
all-carbon ring skeletons.4 Indenes are important core structures 
presented in many biologically active compounds,5 functional 
materials,6 and chemical catalysts,7 which hold a special appeal to 
synthetic chemists and provide an ideal target for developing and 
testing new synthetic strategies, particularly those are directed 
toward carbocyclic ring construction.8 We reasoned that this class 
of carbocycles might be accessed in one step by condensation of 
a cinnamaldehyde with an amine under the catalysis of Lewis 
acid through an in situ formed iminium ion initiated 
intramolecular cyclization (Scheme 1). To our knowledge, this 
approach to indene frameworks has not been reported previously. 
As one of our continuous interests in carbocyclic compounds 
synthesis,9 recently we launched a study to verify this hypothesis. 
The preliminary results are reported herein. 

Initial examination was carried out on the reaction of (E)-2-
methyl-3-phenylacrylaldehyde (1a, 1.0 equiv) with benzamide 
(2a, 1.2 equiv) in toluene. FeCl3 (15 mol%) was selected as the 
Lewis acid catalyst because iron is an abundant, economical, and 
environmentally benign metal on earth and shows increasing and 
promising catalytic abilities for the C-C and C-N bond 
formations.10 To our disappointment, the reaction failed to 
produce the designed cyclization product at room temperature as  
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Scheme 1. Design of intramolecular cyclization reaction via an in situ 
formed iminium ion. 45 

well as under reflux conditions, whereas a small amount of 
intractable mixture was obtained along with the recovery of 
unreacted aldehyde 1a. To implement our strategy, a number of 
other amines (e.g., aniline 2b, 4-nitroaniline 2c, piperidine 2d, 
and p-toluenesulfonamide 2e) were subsequently evaluated to this 50 

model reaction. Despite 2b-d were completely immune to this 
transformation at various conditions, we were pleased to find that 
our protocol was successfully performed upon using TsNH2 (2e) 
as the amine component and gave the desired cyclization product 
3a in 89% isolated yield (Table 1, entry 1). These results indicate 55 

that this cyclization reaction is facilitated with the amines bearing 
a relatively strong electron-withdrawing group. Encouraged by 
above results, a variety of solvents and Lewis acids were then 
systematically investigated to the reaction of 1a with 2e (Table 1, 
entries 2-13). These examinations revealed that treating 1a (1.0 60 

equiv) with 1.2 equiv of 2e in toluene at 40 °C for 4 h in the 
presence of 20 mol% FeCl3 gave the best result (98%, Table 1, 
entry 2). Other Lewis acids such as FeCl3·6H2O, BF3·OEt2, TiCl4, 
and CuI were found to be less effective or ineffective to promote 
this transformation (Table 1, entries 10-13). Among the examined 65 

Brønsted acids (e.g., TfOH, TsOH, and HCl), only triflic acid 
showed catalytic activity to this reaction (Table 1, entries 14-16), 
and a moderate yield of 3a was obtained. Further investigation of 
this reaction under argon atmosphere (Table 1, entries 17-18) 
reveals that the present reaction is catalyzed by Fe(III) species 70 

and trace amount of water can accelerate this reaction.11 Note that 
when (Z)-1a was subjected to this reaction, an almost quantitative 
yield of 3a was obtained after 2.5 h at 40 °C. This suggests that 
the substituted cinnamaldehyde in Z configuration is more 
favorable for this transformation.12 

75 

80 

Subsequently, several other sulfonylamines such as methane-
sulfonamide (2f), benzenesulfonamide (2g), 4-chlorobenzene- 
sulfonamide (2h), and 4-nitrobenzenesulfonamide (2i) were 
examined for this reaction (Scheme 2). Under the optimal 
reaction conditions, 2f-h reacted smoothly with 1a to afford the 
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Table 1. Optimization of the reaction conditionsa 

 

cyclization products 3af-ah in 91%, 82%, and 87% yields, 
respectively. In contrast, 2i was found to be an unsuitable amine 
source for this transformation.13 

5 

 

Scheme 2. Reaction 1a with other sulfonylamines. 

With the optimized reaction conditions established, the scope 
of the reaction between various cinnamylaldehydes (E isomers) 
and p-toluenesulfonamide was investigated. As shown in Table 2, 10 

most of the α-substituted cinnamylaldehydes can smoothly react 
with TsNH2 in high efficiency to give the corresponding 
indenamine derivatives in good to excellent yields (Table 2, 3a-p). 
However, cyclization failed to occur upon using simple (E)- or 
(Z)-cinnamaldehyde as the substrates. Further employment of β-15 

substituted cinnamylaldehyde 1q as the substrate also failed to 
give the desired cyclization product 3q.14 These results reveal that 
the starting aldehyde has a α-substituent is essential for this 
transformation. The only exception to this structural requirement 
is 3,3-diphenylacrylaldehyde (1f), which can carry out this 20 

cyclization without additional α-substituent, presumably because 
of its special structure leading the carbonyl group and one of the 
phenyl rings in a cis fashion. Moreover, the electronic property of 
the phenyl ring also had an obvious impact on the outcome of the 
reaction. The presence of electron-withdrawing groups on the 25 

phenyl ring would prevent the reaction occurring (Table 2, 3r).15 
With respect to the aldehydes bearing an electron-donating group 
on the phenyl ring, the results were more complicated. Despite 
either alkyl or methoxy group substituted aldehydes, e.g., 1b and 
1d, proceeded this cyclization reaction smoothly, however, alkyl 30 

substituted substrate is more favorable for this transformation 
(Table 2, 3b-d). The reason for such differences in reactivity is 

Table 2. Reaction 2e with various cinnamylaldehydesa 

a Reaction conditions: 1a-u (0.2 mmol), 2e (0.24 mmol), toluene (3 mL),
20 mol% FeCl3. b Isolated yield.

NHTs
3a: 98% (40 °C / 4 h)

NHTs NHTs

NHTs
MeO

NHTs

OMe NHTs

nC6H13

NHTs

Ph

NHTs

NHTs NHTs

Et

NHTs

Cl
NHTs

O

NHTs

Ph

NHTs

Ph

NHTs

NHTs

O
R1

R2

R3 + TsNH2

20 mol% FeCl3

toluene, 40-100 °C
NHTs

R2

R1R3

1a-u
3a-u: yieldb (T °C / t h)

2e

3b: 92% (60 °C / 6 h) 3c: 98% (60 °C / 6 h)

3d: 65% (40 °C / 7 h) 3e: 81% (40 °C / 6 h) 3f: 67% (40 °C / 9 h)

3g: 81% (60 °C / 8 h) 3h: 92% (40 °C / 5 h) 3i: 86% (60 °C / 5 h)

3j: 85% (40 °C / 6 h) 3k: 75% (40 °C / 6 h) 3l: 83% (60 °C / 8 h)

3o: 73% (60 °C / 6 h)

3p: 90% (60 °C / 7 h) 3r: 0% (100 °C / 12 h)

S

NHTs

3s: 0% (100 °C / 12 h) 3t: 0% (100 °C / 12 h)

NHTs

NHTs NHTs

NHTs

+

3m + 3n: 90% (60 °C / 6 h; 3m/3n = 2.3/1)

3q: 0% (100 °C / 12 h)

3u: 0% (100 °C / 12 h)

3m 3n

 

unclear at this stage, the electronic properties and coordination 35 

abilities of these substituents should be responsible for the 
observed results. Upon submitting (E)-2-methyl-3-m-tolylacryl-
aldehyde (1m) to this reaction, the sterically favorable product 
3m together with its regioisomeric product 3n was obtained in 
90% yield as an unseparated mixture. Furthermore, naphthyl 40 

substituted cinnamylaldehydes 1o and 1p can also be applied to 
this reaction, providing a useful method for the construction of 
indene-containing polycarbocycles (Table 2, 3o-p). Interestingly, 
the crystal growth of 3o in the mixing solution of ether and 
petroleum ether resulted in obtaining its C-C double bond 45 

regioisomeric single crystal 3o’ exclusively.16 The structures of 
compounds 3o’ and 3p were confirmed by X-ray crystallographic 
analysis.17 Notably, thiophene and furan can not be used as the 
heteroaromatic nucleophiles in this reaction, continued efforts 
geared to conversion of 1s or 1t to its cyclization product resulted 50 

in an intractable mixture. In addition, cinnamic ketone such as 
(E)-3-methyl-4-phenylbut-3-en-2-one (1u) was also found to be 
an unsuitable substrate for this reaction, which might be 
attributed to the difficulty in the formation of an iminium ion  
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CH3

NTs CH3

NHTs
20 mol% FeCl3

toluene
4a

96% (40 °C, 1 h)
97% (25 °C, 1 h)

3a

catalyst

5 mol% TfOH  
Scheme 3. Control experiments. 

intermediate from the ketone. 
To gain some understanding of the mechanism, the imine 4a 

was tested to this reaction (Scheme 3).18 Under the catalysis of 
FeCl3 or TfOH, 4a was smoothly transformed into the cyclization 
product 3a in 96% and 97% yields, respectively. In the absence 
of the catalyst, 4a could not be converted into 3a. Therefore, we 
preferred that the iminium ion might be the reactive intermediate 
in this reaction. 

5 

10 

 
Scheme 4. Plausible mechanism. 

Based on the above results, a plausible mechanism for this 
reaction is proposed in Scheme 4. The first step is the 
nucleophilic addition of a sulfonylamine to the carbonyl group of 
the α-substituted aldehyde with the aid of FeCl3 to give the 
intermediate A, which then loses a Fe¯Cl3(OH) group to afford 
the electrophilic iminium ion C. The iminium ion C can be 
transformed to the corresponding imine D or its tautomer E 
through a deprotonation or C-C double bond rearrangement 
process. Subsequently, further isomerization of intermediate E to 
its geometrical isomer F and G followed by an intramolecular 
Friedel-Crafts alkylation reaction would give rise to the 
corresponding indenamine derivatives. In this ring closure 
reaction, we speculate that the isomerizations of intermediate C 
to its less stable resonance structure E and E to its sterically 
unfavorable rotamer F are facilitated by the substrates bearing a 
α-substituent, upon the aldehydes without a α-substituent, the 
formation of intermediate E or F is totally inhibited, which 
results in no cyclization product being obtained. 
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In summary, a convenient and expeditious route to structurally 
diverse indenamine derivatives via an in-situ formed N-sulfonyl-
iminum ion initiated cyclization protocol has been developed. 
This methodology features using economical and readily 
available substituted cinnamylaldehydes and sulfonylamines as 
the starting materials, and generation water as the only by-
product. It displays high efficiency in construction of two bonds 
and one ring in a single-step. Efforts are currently underway in 
our laboratory to further refine this method in organic synthesis 
and will be reported in due course. 

We thank the Natural Science Foundation of China (21162013) 
and Beijing National Laboratory for Molecular Sciences 
(BNLMS) for financial support, Prof. Zhi-Xiang Yu for helpful 
discussions. 
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