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Aldehyde, homoallylic amine and arene undergo smooth cyclization in the presence of BF3�OEt2 to afford
4-arylpiperidines in good yields and with high trans-selectivity. This is the first report on the preparation
of 4-arylpiperidines via aza-Prins-Friedel–Crafts reaction.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 1. Some biologically active 4-arylpiperidine derivatives.
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The multi-component one-pot synthesis has received great
importance because of its wide application in pharmaceutical chem-
istry for generating combinatorial libraries for drug discovery.1 In
particular, three-component coupling (3CC) reactions have proven
remarkably successful in generating molecular complexities in a sin-
gle-step operation.2 The coupling of aldehyde, homoallylic alcohol
and nucleophile is one of the best examples of such a process and
has received much attention in recent years to produce tetrahydro-
pyran scaffolds.3 Similarly, aza-Prins cyclization is the method of
choice for the synthesis of piperidines.4 They are common subunits
in many biologically relevant molecules5 (Fig. 1) including alkaloids6

and are attractive structural scaffolds for drug discovery. In particu-
lar, they are the most promising therapeutic agents for a wide range
of diseases such as respiratory illnesses which include asthma, bron-
chitis and pneumonia7 and for neurological disorders like Alzhei-
mers and Parkinson disease.8 Consequently, many efforts have
been made in developing efficient protocols for the synthesis of
piperidine scaffolds in a stereo- and enantioselective manner.9 How-
ever, the development of simple, convenient and efficient methods
for aza-Prins cyclization would provide a wide range of piperidine
derivatives for drug-discovery processes.10 Furthermore, to the best
of our knowledge, there have been no report on the synthesis of 4-
arylpiperidines via aza-Prins-Friedel–Crafts reaction sequence.

In continuation of our research programme on Prins-cycliza-
tion,4c,d,11 we herein report a novel method for the synthesis of
4-arylpiperidines from aldehydes and N-tosyl homoallylic amine
by means of aza-Prins-Friedel–Crafts reaction using boron trifluor-
ll rights reserved.
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ide etherate under mild conditions. Initially, we have attempted
the coupling of cyclohexanecarboxaldehyde with N-tosylhomoal-
lylic amine in the presence of 1.2 equiv of boron trifluoride ether-
ate in benzene at room temperature. The reaction was complete in
10 h and the corresponding 4-aryl-2-cyclohexylpiperidine 3a was
obtained in 90% yield with trans-selectivity (Scheme 1).

The structures of products were established by various NMR
experiments. The structure of 3a shown in Figure 2 was deduced
+ benzene,
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Scheme 1. Synthesis of 4-phenyl-2-cyclohexyl-piperidine 3a.
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Figure 2. Characteristic NOE’s of 3a.
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from the NMR data, where the two substituents, aryl and cyclo-
hexyl, are trans to each other. The coupling constants observed
for JHc–Hb, JHc–Hd and JHd–He were all greater than 10.0 Hz clearly
Table 1
BF3�OEt2-promoted three-component synthesis of 4-arylpiperidines

Entry Homoallyl amine Aldehyde Arene

a

NHTs CHO

b

NHTS CHO

c

NHTs CHO

d

NHTs
CHO

e

NHTs CHO

f

NHTs CHO

g

NHTs CHO OM

h

NHTs CHO

Cl

OM

i

NHTs CHO

Br

OM
indicating the anti configuration of these protons. Whereas small
couplings were obtained for Ha with both Hb and Hb1 showing
that Ha is an equatorial proton, and clearly indicating the trans
configuration for Ha and Hc. This was further confirmed by NOE’s
between (He1–Hf), (Hc–Hf) and (Hc–He1). Thus stereochemistry of
the compound 3a is assigned to be trans between the phenyl and
cyclohexyl groups.

This result provided an incentive for the further study of reac-
tions with various aldehydes such as n-butanal, n-hexanal, isoval-
eraldehyde, hydrocinnamaldehyde and benzaldehyde. In all cases,
the corresponding trans-2,4-disubstituted piperidines were ob-
tained in good yields (Table 1, entries b–f). To extend the utility
of this method, various arenes were systematically investigated
under these reaction conditions. Interestingly, anisole gave para
isomer 3g (Table 1, entry g, Scheme 2) as a major product.
Arylpiperidinea Time (h) Yieldb (%)

N

Ph

Ts

10.0 90

N

Ph

Ts

9.5 85

N

Ph

Ts

11.0 86

N

Ph

Ts

10.5 86

N

Ph

Ts

10.0 87

N

Ph

Ts

18.0 80

e

N
Ts

OMe

15.0 79(1:9)c

e

N

Cl
Ts

OMe

16.0 70(1:9)c

e

N

Br
Ts

OMe

16.0 65(1:9)c
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Table 1 (continued)

Entry Homoallyl amine Aldehyde Arene Arylpiperidinea Time (h) Yieldb (%)

j

NHTs CHO OMe

N
Ts

OMe

11.0 88(2:8)c

k

NHTs CHO Me

N
Ts

Me

10.0 84(2:1)c

l

NHTs CHO O

N
Ts

OPh

18.0 83(9:1)c

m

NHTs CHO

Cl

O

N

Cl
Ts

OPh

18.0 79(9:1)c

a All products were characterized by 1H NMR, IR and mass spectroscopy.
b Yield refers to the pure products after chromatography.
c Inseperable mixtures of ortho/para isomers. Ratio was determined by 1H NMR spectroscopy.
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In this reaction, anisole acts as solvent and nucleophile. The
product was obtained as a mixture of ortho and para isomers in a
1:9 ratio. These regioisomers could not be separated by column
chromatography. In case of toluene and diphenyl ether, surpris-
ingly, ortho-isomer was obtained as a major product. The reaction
in toluene gave ortho and para isomers in a 2:1 ratio as an insep-
arable regioisomers. On the other hand the reaction in diphenyl
ether gave ortho and para isomers in a 9:1 ratio as an inseparable
regioisomers. The reactions proceeded effectively with aliphatic as
well as aromatic aldehydes. Both activated and unactivated arenes
also participated well in this reaction. To optimize the reaction
conditions, we have performed the reaction with various amounts
+ anisole,
CHO
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Scheme 2. Synthesis of 4-anisyl-2-phenylpiperidine 3g and 4g.
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of BF3�OEt2 ranging from 10 mol % to stoichiometric. However, the
best results were obtained with 1.2 equiv of BF3�OEt2. In all cases,
the reactions are highly stereoselective affording trans-2,4-disub-
stituted piperidines exclusively. It is important to mention that
no N-tosyl deprotection was observed during the aza-Prins cycliza-
tion. In the absence of boron triflouride etherate, no reaction was
observed even in refluxing arene. The formation of the products
may be explained by initial aminal formation and a subsequent
Prins-type cyclization. The resulting carbocation might be trapped
by arene to afford 4-arylpiperdine (Scheme 3). The scope and gen-
erality of this process is illustrated in Table 1.12

In summary, we have demonstrated for the first time the utility
of aza-Prins-Friedel–Crafts reaction for producing structurally
diversified piperidines. The use of BF3�OEt2 makes this method
simple, convenient and practical. We believe that these piperidine
derivatives may find applications in drug discovery programmes.
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