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Aromatization of enamines using the TiCl4/Et3N reagent system†
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Abstract—Aromatization of enamines to the corresponding aniline derivatives using the TiCl4/Et3N reagent system is described.
© 2002 Elsevier Science Ltd. All rights reserved.

TiCl4 is one of the most widely used reagents in organic
synthesis.1 It has been used as a reagent for C�C bond
forming reactions like the aldol condensation,2 pinacol
coupling,3 Baylis–Hillman reactions,4 and oxidative and
reductive coupling reactions.5 It is also useful in func-
tional group transformations like the oxidation of
propargylic alcohols to �,�-acetylenic aldehydes,6 in
conversion of acetals and ketals to carbonyl com-
pounds,7 tetrahydropyranyl ethers to acetates,8 epox-
ides to vicinal halohydrin phosphates9 and alkyl azides
and ketones to amides,10 the synthesis of functionalized
4,5-benzotropones11 and enantiopure �-amino
ketimines and aminoaziridines from 1-aminoalkyl
chloromethyl ketones and different amines,12 and the
diastereoselective reduction of �-nitro ketones to anti-
�-nitro alcohols.13

In recent years, there have been reports from this
laboratory on synthetic applications of the TiCl4/Et3N
reagent system for the conversion of ketimines to
pyrroles,14a trialkylamines and ketones to �,�-unsatu-
rated aldehydes,14b the reductive coupling of aromatic
aldehydes and imines to the corresponding diols and
diamines,14c the conversion of 1-alkynes to diynes,14d

N,N-dialkylarylamines to N,N,N,N-tetraalkylbenzi-
dines,14e the enantioselective oxidative coupling of the
chiral 1,1�-bi-2-naphthyl ester of phenylacetic acid,14f

the synthesis of cyclobutanone derivatives via iminium
ions,14g and the intramolecular reductive coupling of
chiral diimines to chiral 3,4-disubstituted-2,5-diazabicy-
clo[4.4.0]decanes.14h In continuation of these efforts, we

wish to report a simple convenient method for the
conversion of enamines to the corresponding aromatic
aniline derivatives using the TiCl4/Et3N reagent system.

We have observed that enamines react with TiCl4/Et3N
at 0–25°C to give the corresponding aromatized prod-
ucts. (Eq. (1)).15

(1)

This transformation was found to be general for several
enamines obtained from cyclohexanone derivatives and
different secondary amines. The results are summarized
in Table 1.

The enamine 1c prepared from cyclohexanone and
piperidine gave the corresponding aniline derivative 2c
in 75% yield. Also, the enamines obtained from �-tetra-
lone and pyrrolidine 1b, cyclohexanone and pyrrolidine
1e, and 4-t-butyl cyclohexanone and pyrrolidine 1f gave
the corresponding ring aromatized products 2b, 2e and
2f in 67–80% yields. Furthermore, the enamine
obtained from cyclohexanone and N-methylaniline 1g,
yielded the aromatized product 2g in 68% yield.

It was found that 2 equiv. of TiCl4 are required for 1
equiv. of enamine in this transformation. However, the
enamine of cyclohexanone and morpholine 1a, and the
2-carboxycyclohexanone pyrrolidine enamine 1d
required 3 equiv. of TiCl4 for optimum yields.
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Table 1. Reaction of enamines with the Et3N/TiCl4 reagent system

a The products were identified using physical constants and the spectroscopic data16 (IR, 1H and 13C NMR) and comparison with reported data.19

b Yields are based on the amount of enamine used.

There have been reports that the enamines can be
prepared through the reaction of ketones and an excess
of the secondary amine using TiCl4.17 Accordingly, we
have examined these transformations by preparation of
the corresponding enamine in situ using �-tetralone,
N-methylaniline, Et3N and TiCl4 for further conversion
to the aromatic amine using additional amounts of
TiCl4/Et3N. However, in this reaction, only the corre-
sponding enamine was isolated. Presumably, the enam-
ine formed in situ maybe in a complexed form, which
may not exhibit the same reactivity as free enamine
towards TiCl4 and Et3N.

A tentative mechanism for the aromatization is outlined
in Scheme 1. The TiCl4 is expected to form a complex
(A) through coordination of the enamine. Rearrange-
ment of this complex would lead to the � complex (B).
The �-hydride elimination of this complex would give
the �,�-unsaturated iminium ion intermediate (C) that
upon further deprotonation would result in the dien-
amine (D). This intermediate upon a similar deprotona-
tion–oxidation sequence of reactions could give the
aromatized product. As the TiCl4/Et3N reagent system

is known to give the TiCl3 species,18 it was thought that
2 equiv. more of TiCl4/Et3N would be required for
aromatization. However, we have observed that there is
no significant difference in yields when 2 equiv. or 4
equiv. of TiCl4/Et3N are used. Presumably, further
aromatization of the dienamine (D) takes place during
work up via air oxidation.

Very recently, such aromatization of enamines was
reported using palladium(II) salts in stoichiometric
quantities.19 Accordingly, the present transformation
using the TiCl4/Et3N reagent system is an attractive
alternative method for such synthetic applications.
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Scheme 1.
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