
Journal of Molecular Catalysis A: Chemical 225 (2005) 239–243

The reaction of ketones with benzaldehyde catalyzed by TiCl4·2THF
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Abstract

In the presence of a catalytic amount of TiCl4·2THF, chosen ketones reacted with benzaldehyde to give different kinds of condensation
products in satisfactory yields under mild conditions.
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

Titanium chemistry offers great advantages in organic
ynthesis because titanium derivatives are cheap and non-
oxic [1]. It is well known that titanium(IV) chloride is
idely used in many reactions[2]. There are examples of

he coupling of carbonyl compounds[3], aldol condensa-
ions[4], Michael additions[5], Friedel–Crafts reactions[6]
nd conversion of propargylic alchohols to�,�-acetylenic
ldehydes[7], alkyl azides and ketones to amides[8], ac-
tals and ketals to carbonyl compounds[9] and so on. In

hese reactions, TiCl4 is employed stoichiometrically. There
re also reports on the use of catalytic amount of TiCl4 in
aylis–Hillman reactions[10], pinacol coupling reactions

11], Diels–Alder reactions[12] and Claisen rearrangement
13], etc.

Now, we report the study on the reactions of ketones with
enzaldehyde using a catalytic amount of TiCl4·2THF under
ild condition.

2. Experimental

All reactions were carried out under an atmosphere o
argon using the standard Schlenk techniques. TiCl4·2THF
was prepared by literature procedure[14]. 1H NMR and
13C NMR spectra were recorded on a Bruker ORX-500 M
spectrometer with TMS as an internal standard in CDCl3. IR
spectra were recorded on a Nicolet Magna-550 spectr
ter. Mass spectra were obtained on a HP5989A spectrom
Melting points were obtained in open capillary tubes and
corrected.

2.1. Trans-1,3-diphenyl-2-propen-1-one (2)

To a mixture of acetophenone (1a) (6.12 g, 51.0 mmo
and benzaldehyde (15.6 mL, 153 mmol) in a Schlenk fl
was added TiCl4·2THF (1.70 g, 5.10 mmol) with stirring
The reaction was carried out at 120◦C for 16 h under argo
and then quenched with 20 mL H2O. The superfluous be
zaldehyde was removed by steam distillation and then c
be reclaimed. The rest mixture was extracted with CH2Cl2
∗ Corresponding author. Tel.: +86 2154282375; fax: +86 2154282375.
E-mail address:qianling@online.sh.cn (J. Huang).

(20 mL× 3). The organic phase was washed with saturated
aqueous Na2CO3 solution and brine, dried over MgSO4 and
the solvent was removed under vacuum. The residue was
purified by recrystallization from petroleum ether to give a
pale yellow crystal:trans-1,3-diphenyl-2-propen-1-one (2).
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Yield: 9.40 g, 86.2%; mp 54–56◦C (Ref.[15] mp 53–55◦C);
1H NMR (500 MHz, CDCl3) δ: 7.57 (d,J= 15.8 Hz, 1H), 7.82
(d, J= 15.8 Hz, 1H), 7.43–8.02 (m, 10H).

2.2. 2,5-Di(benzylidene)cyclopetanone (3)

The reaction was run at 120◦C for 4 h starting from
cyclopentanone (1b) (3.65 g, 43.5 mmol) benzaldehyde
(13.3 mL, 130 mmol) and TiCl4·2THF (1.45 g, 4.34 mmol).
The residue was recrystallized from ethyl acetate to give 2,5-
di(benzylidene)cyclopetanone (3). Yield: 9.80 g, 86.7%; mp
187–190◦C (Ref.[16] mp 190–191◦C);1H NMR (500 MHz,
CDCl3) δ: 3.14 (s, 4H), 7.39–7.61 (m, 12H).

2.3. 2,6-Di(benzylidene)cyclohexanone (4)

According to the procedure described in Section2.1,
starting from cyclohexanone (1c) (2.84 g, 29.0 mmol) ben-
zaldehyde (8.9 mL, 87.3 mmol) and TiCl4·2THF (0.97 g,
2.90 mmol), the residue was recrystallized from ethyl acetate
to give 2,6-di(benzylidene)cyclohexanone (4). Yield: 5.92 g,
75.0%; mp 116–118◦C (Ref. [16] mp 118–118.5◦C); 1H
NMR (500 MHz, CDCl3) δ: 1.78 (m, 2H), 2.93 (t,J= 6.2 Hz,
4H), 7.30–7.45 (m, 10H), 7.80 (s, 2H).
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tion mixture was distilled to give 1-phenyl-2-ethyl-1-hexen-
3-one (8). Yield: 7.56 g, 19.0%; bp 90–94◦C/133 Pa;1H
NMR (500 MHz, CDCl3) δ: 0.90 (t,J= 7.4 Hz, 3H), 1.02 (t,
J= 7.4 Hz, 3H), 1.64 (m, 2H), 2.45 (q,J= 7.4 Hz, 2H), 2.68
(t,J= 7.4 Hz, 2H), 7.24–7.33 (m, 5H), 7.37 (s, 1H);13C NMR
(500 MHz, CDCl3) δ: 14.37, 14.47, 19.00, 20.40, 40.38,
128.95, 129.09, 129.75, 136.51, 138.46, 144.53, 202.98; IR
(film): 700, 1200, 1630, 1670 cm−1; HRMS (m/z): Calcd.
For C14H18O: 202.1358. Found: 202.1361. And then the
residue was recrystallized from ether to give 2,5-diethyl-
3,4-diphenyl-2-cyclopenten-1-one (7). Yield: 18.6 g, 47.0%;
mp 89–91◦C (Ref.[17] mp 92–93◦C); 1H NMR (500 MHz,
CDCl3) δ: 1.03 (t,J= 7.5 Hz, 3H), 1.15 (t,J= 7.5 Hz, 3H),
1.70 (m, 1H), 1.93 (m, 1H), 2.40 (m, 3H), 4.05 (s, 1H),
7.05–7.30 (m, 10H).

2.7. 5-Benzylidene-3,4-diphenyl-2-methyl-
2-cyclopenten-1-one (9)

According to the procedure described in Section2.1,
starting from butanone (1g) (3.60 g, 50.0 mmol) ben-
zaldehyde (15.3 mL, 150 mmol) and TiCl4·2THF (1.67 g,
5.00 mmol). The residue was recrystallized from methanol to
give 5-benzylidene-3,4-diphenyl-2-methyl-2-cyclopenten-1-
one (9). Yield: 11.3 g, 65.6%; mp 150–152◦C; 1H NMR
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.4. 2,5-Dimethyl-3,4-diphenyl-2-cyclopenten-1-one (5)

According to the procedure described in Section2.1,
tarting from 3-pentanone (1d) (17.2 g, 200 mmol) ben
aldehyde (61.3 mL, 601 mmol) and TiCl4·2THF (6.69 g
0.3 mmol), the residue was recrystallized from eth

o give 2,5-dimethyl-3,4-diphenyl-2-cyclopenten-1-one5).
ield: 42.1 g, 80.1%; mp 117–119◦C (Ref. [17] mp
16–117◦C); 1H NMR (500 MHz, CDCl3) δ: 1.34 (d,
= 7.3 Hz, 3H), 2.02 (s, 3H), 2.40 (m, 1H), 3.97 (m, 1
.05–7.35 (m, 10H).

.5. 2,3,4,5-Tetraphenyl-2-cyclopenten-1-one (6)

According to the procedure described in Section2.1,
tarting from 1,3-diphenylacetone (1e) (3.68 g, 17.5 mmo
enzaldehyde (5.4 mL, 53.0 mmol) and TiCl4·2THF (0.58 g
.75 mmol), the reaction was carried out at 120◦C for
6 h. The residue was recrystallized from methanol to
,3,4,5-tetraphenyl-2-cyclopenten-1-one (6). Yield: 5.00 g
0.2%; mp 160–163◦C (Ref. [17] mp 162–163◦C); 1H
MR (500 MHz, CDCl3)δ: 3.75 (d,J= 2.4 Hz, 1H), 4.56 (d
= 2.4 Hz, 1H), 7.13–7.36 (m, 20H).

.6. 2,5-Diethyl-3,4-diphenyl-2-cyclopenten-1-one (7)
nd 1-phenyl-2-ethyl-1-hexen-3-one (8)

According to the procedure described in Section2.1, start-
ng from 4-heptanone (1f) (15.5 g, 136 mmol) benzaldehy
41.6 mL, 408 mmol) and TiCl4·2THF (4.55 g, 13.6 mmol
he reaction was carried out at 120◦C for 16 h. The reac
500 MHz, CDCl3) δ: 2.02 (d, J= 1.5 Hz, 3H), 5.16 (d
= 1.5 Hz, 1H), 7.03–7.60 (m, 16H);13C NMR (500 MHz,
DCl3) δ: 10.60, 52.38, 127.43, 128.64, 128.94, 128
29.51, 129.81, 130.27, 131.51, 132.69, 135.03, 13
38.05, 138.33, 139.68, 167.02, 198.51; IR (KBr): 705, 1
620, 1640, 1680 cm−1; HRMS (m/z): Calcd. For C25H20O:
36.1514. Found: 336.1479.

. Results and discussion

.1. The effect of the amount of TiCl4·2THF

Heating the mixture of 3-pentanone (1d), benzaldehyd
nd the catalyst at 120◦C for 16 h, the cyclocondensati
roduct 2,5-dimethyl-3,4-diphenyl-2-cyclopenten-1-one5)
as mainly obtained (Scheme 1).
The results of the set of experiments carried out with

erent amount of TiCl4·2THF are summarized inTable 1. As
an be seen, increase in the amount of TiCl4·2THF from 2 to

able 1
he effect of the amount of the catalyst

ntry TiCl4·2THF (mol%) Yield (%)

2 45.0
5 56.5

10 80.1
20 81.4
50 82.5

eaction conditions: molar ratio of 3-pentanone:benzaldehyde = 1:3, 1◦C,
6 h.
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Scheme 1.

Scheme 2.

10 mol% equivalent greatly increased the yield of the prod-
uct. But further increase in the amount of TiCl4·2THF did not
increase the yield significantly. So 10 mol% of the catalyst as
the optimum amount was chosen in this reaction.

3.2. The reactions of different kinds of ketones with
benzaldehyde catalyzed by TiCl4·2THF

We studied the reactions of ketones with benzaldehyde
catalyzed by 10 mol% TiCl4·2THF (Scheme 2). The results
are presented inTable 2.

The condensation of acetophenone (1a) with benzalde-
hyde gave (E)-chalcone (trans-1,3-diphenyl-2-propen-1-
one) (2). Cyclic ketones such as cyclopentanone (1b) and
cyclohexanone (1c) gave 2,5-di(benzylidene)cyclopetanone

Table 2
The reactions of ketones and benzaldehyde catalyzed by TiCl4·2THF

Entry Ketone Product Yield (%)

1 1a 2 86.2
2a 1b 3 86.7
3 1c 4 75.0
4 1d 5 80.1
5 1e 6 80.2
6 1f 7 47.0

8 19.0
7 1g 9 65.6

Reaction conditions: molar ratio of ketone:benzaldehyde:TiCl4·2THF =
1:3:0.1, 120◦C, 16 h.

a Reaction time was 4 h.
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Scheme 3.

(3) and 2,6-di(benzyliene)cyclohexanone (4), respectively.
These�,�-unsaturated ketones are important intermediates
in the synthesis of the heterocyclic compounds[18]. Our
method may provide a useful route for their preparation
[16,19]. It is generally accepted that TiCl4·2THF, as a strong
Lewis acid, complexes with the ketones and benzaldehyde
and then forms the titanium enolate[20]. The benzaldehyde
carbonyl group is activated for the nucleophilic addition by
complexation with TiCl4 [20].

It is interesting to note that when acyclic ketones were
used, polysubstituted cyclopentenones could be isolated
in satisfactory yields. The condensation of 3-pentanone
(1d) or diphenylacetone (1e) with benzaldehyde gave
2,5-dimethyl-3,4-diphenyl-2-cyclopenten-1-one (5) or
2,3,4,5-tetraphenyl-2-cyclopenten-1-one (6), respectively. It
was easy to obtain these recrystallized products from alcohol
in high yields after an excess amount of benzaldehyde was
removed by steam distillation. Similarly, the reaction of
4-heptanone (1f) with benzaldehyde produced 2,5-diethyl-
3,4-diphenyl-2-cyclopenten-1-one (7) in a comparatively
lower yield together with a small amount of 1-phenyl-2-
ethyl-1-hexen-3-one (8). During further study of the reaction
conditions, we found that8 always existed and when using
it to react with benzaldehyde under the conditions described
in Section 2.1 2,5-diethyl-3,4-diphenyl-2-cyclopenten-1-
o the
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Here we have developed a simple and general method for
the synthesis of polysubstituted cyclopentenones using the in-
expensive and easily available TiCl4·2THF as catalyst. The
method offered several advantages including high yields and
a simple experimental workup procedure, which made it a
useful process for the synthesis of polysubstituted cyclopen-
tenones.
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