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Novel synthesis of cyclobutanone derivatives via dimetalation of
iminium ions with the TiCl4–trialkylamine reagent system†
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Iminium salts are generated in situ, react with TiCl4–
trialkylamines, and diaryl ketones to produce 3,3-diaryl-
cyclobutanones in moderate to good yields.

The TiCl4–R3N combination is well-known to mediate aldol
type condensation reactions1 and oxidative coupling of certain
ester enolates.2 We have reported that the TiCl4–R3N reagent
system is useful for the oxidative coupling of aryl methyl
ketimines to 2,5-diarylpyrroles,3a for the direct metalation of
alk-1-ynes,3b for the reductive coupling of imines and aromatic
aldehydes,3c and for the oxidative coupling of N,N-dialkylaryl-
amines.3d Also, it was observed that trialkylamines are oxidized
to iminium ions by TiCl4 with concomitant formation of
TiCl3.3c,4 Herein, we wish to report that the iminium ions
generated in situ,5 undergo metalation followed by reaction
with diaryl ketones to produce the corresponding 3,3-diarylcy-
clobutanones in moderate to good yields.

Metalation of iminium ions using TiCl4 and its further
reaction with PhCOPh produce a,b-unsaturated aldehydes
(Scheme 1).4

We have examined the reaction of N,N-diisopropyl-N-
ethylamine under these conditions. In this case, an inseparable
mixture of the corresponding a,b-unsaturated aldehyde deriva-
tive and the cyclobutanone derivative was obtained. The use of
N,N-diisopropyl-N-octylamine produced a better yield of the
product mixture (Scheme 2).

Fortunately, the corresponding cyclobutanol could be readily
separated after the reduction of the product mixture with
NaBH4–MeOH–H2O (overall yield 12%). Attempts to optimize
the reaction conditions to obtain better yields of the cyclobutan-
ones using various N,N-diisopropyl-N-alkylamines were not
fruitful. Therefore, we have examined the reactions of iminium
ions prepared in situ using other methods. It was found that the
iminium ions prepared through the oxidation of N,N-diiso-
propyl-N-benzylamine with I2 gave better results. For example,
in the reaction of the iminium ions with TiCl4–N,N-diisopropyl-
N-benzylamine and PhCOPh, the cyclobutanone derivative was
obtained in 76% yield (Scheme 3).6

When benzaldehyde was used as electrophile, the expected
3-arylcyclobutanone was not formed. Instead, only the di-
hydroxy ketone 7a and the divinyl ketone 7b were obtained in
58 and 11% yields respectively, besides some unidentified
products. Earlier, such a reactivity was reported when the
(2-siloxyallyl)silane was used as synthetic equivalent of acetone
a,aA-dianion in the TiCl4 mediated reaction with aromatic
aldehydes.7‡

We have carried out several experiments to examine the
scope and limitations of this transformation (Table 1). It was
observed that the use of TMEDA in the place of N,N-
diisopropyl-N-benzylamine gave the cyclobutanone derivative
in poor yields (6%). Addition of PhCOPh initially or after the
formation of the iminium ion gave no significant change to the
results. Though the reaction works well at 25 °C, the yields of
cyclobutanone are slightly better (10 to 20% more) under
refluxing conditions. Dichloroethane was found to be the best
solvent compared to CH2Cl2 and CHCl3. When acetophenone
was used as substrate, a complex mixture of products was
obtained, possibly due to competing aldol type reactions.8

The formation of a cyclobutanone derivative may be
tentatively explained by a mechanism involving the dimetalated
iminium ion intermediate (Scheme 3). The reaction of 2 eq. of
3° amine and 1 eq. of I2 would give the iminium iodide.5 Depro-
tonation of the b-hydrogen atoms of the iminium ion using N,N-
diisopropyl-N-benzylamine and further metalation with TiCl4
could give the 1,3-dititanated iminium ion intermediate. The
reaction of 1,3-dimetalated species with diarylketone would
give the corresponding cyclobutanone (Scheme 3). However,

† Electronic supplementary information (ESI) available: 13C NMR spectra
of compounds 1a, 2a, 3a, 4a, 5a, 6a, 7a and 7b. See http://www.rsc.org/
suppdata/cc/b1/103112k/
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the possibility of an alternative mechanism involving sequential
metalation–addition reactions cannot be ruled out.

In conclusion, simple one pot methods of conversion of diaryl
ketones to 3,3-diarylcyclobutanones from readily available
starting materials have been developed. Previously, syntheses
of such cyclobutanone derivatives have been reported via
methods such as (i) the 2 + 2 cycloaddition of ketenes to
diazomethane,9 (ii) the 2 + 2 cycloaddition of dichloroketene to
olefins,10 and (iii) the 2 + 2 cycloaddition of ketiminium salts to
olefins.11 The one pot conversions described here involving a
1,3-dimetalated iminium ion intermediate, is a simple alter-
native to hitherto known methods of synthesis of cyclobutanone
derivatives.12 Moreover, it is anticipated that the interesting
reactivity pattern of the titanium intermediates reported here
should stimulate further research activities in this area.
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Table 1 Reaction of iminium ions (Scheme 3) with TiCl4–R3N and
ArCOArA or PhCHO

Entry Substrate Producta Yieldb (%)

1 ArNArANPh 1 1a 76
2 ArNArAN4-MeC6H4 2 2a 71
3 ArNArAN4-ClC6H4 3 3a 86
4 ArNPh 4a 73

ArAN4-MeC6H4

4
5 ArNPh 5a 51

ArANFerrocenyl
5

6 56

7 58

11

a The products were identified by 1H, 13C NMR, mass spectral and physical
constant data and comparison with the reported data.8 b The yields are based
on the amount of ketone/aldehyde used.
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