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SIMPLE ACCESS TO o, } UNSATURATED KETONES
BY ACID-CATALYZED SOLVENT-FREE REACTIONS

Erwan Le Gall, Francoise Texier-Boullet* and Jack Hamelin

Synthese et Electrosynthese Organiques 3, CNRS et Université de Rennes I, UMR
6510, Campus de Beaulieu, Avenue du Général Leclerc, 35042 Rennes - France.
Fax : (33) 02 99 28 63 74 ; E-mail : Francoise. Texier@univ-rennesl.fr

Abstract : Various chalcones and dibenzylidene cycloalkanones were readily prepared in a few
minutes with good yields by simply mixing aromatic aldehydes with substituted acetophenones or
benzaldehyde with cycloalkanones in the presence of catalytic amounts of p-toluene sulfonic acid
under focused microwave irradiation.

Substituted or unsubstituted chalcones, and their derivatives and more
generally o, unsaturated ketones are important intermediates in organic synthesis
which can be engaged in Michael additions!, oximation? and epoxydation3. They
also exhibit important pharmacological and biological activities4, and are used as
U.V. filters in solar creamsS. Furthermore, symetrical or unsymetrical chalcones
are useful intermediates in the synthesis of mesomorphic heteroaromatic salts as
dithiolium®7 and pyrilium salts8. Heterocyclisation of chalcones with P4S1g leads
to salts which could exhibit liquid cristal properties.

Usually, the preparation of enones or dienones is achieved with NaOH, KOH
or Ba(OH); in hydroalcoholic medium from benzaldehyde and ketones®-12. The
yields are generally excellent but in the case of cycloalkanones, they are very poor.
Alumina and more recently bis(p-ethoxypheny!) telluroxide have also been used!3.

* To whom correspondence should be addressed.
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The literature shows that their preparation could be realized in AcOH/H2S04
mixtures !4,

We report here our results related to the preparation of o, B-unsaturated
ketones, without solvent, catalyzed by solid acids under focused microwave
irradiation!3, which to our knowledge, was not attempted up to now. We first
studied the reaction of benzaldehyde with acetophénone, without solvent, under
microwave irradiation in the presence of a solid acid. The mixture was irradiated
during 7 minutes at 30 watts in a single mode microwave oven (Synthewave
402®). The results are reported in Table I.

Table I : Reaction of benzaldehyde with acetophenone leading to chalcone 3a

Entrya Support Weight YieldP

or catalyst (g) (%)
1 K10 (clay) 3 39
2 K10 (clay) 5 56
3 K10 (clay) 6 51
4 KSF (clay) 3 59
5 KSF (clay) 5 44
6 PTSAC 0.10 65
7 PTSA 0.20 85
8 PTSA 0.25 88

a- All reactions were run with 10 mmoles of benzaldehyde and acetophenone (Final temperature :
105°C).

b- Isolated yield.

¢- p-toluene-sulfonic acid.

In order to compare with conventional heating the reaction was monitored at
105°C during 3 minutes in the microwave oven to give 61% yield. In an oil bath
previously heated tn order to get 105°C in the flask, the yield is 50% after 3 minutes
which is comparable.

If montmorillonite K10 or KSF are able to catalyze the formation of chalcone,
p-toluene sulfonic acid (PTSA) in catalytic amount (13% mol.) prove to be the more
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efficient (entry 8). In all cases, there is an optimal amount of solid acid and for
instance a stoichiometric amount of PTSA leads to the formation of tars.

The work-up is particularly easy : addition of ethanol removes PTSA and
allows the crystallization of chalcone. A power higher than 30 watts leads to the
degradation of the chalcone in some cases. The mechanism of the chalcone
formation is outlined on the following scheme : the enolic acetophenone reacts with
the protonated carbonyl of benzaldehyde and leads to the hydroxylated compound
(which with this method is not isolated) followed by proton loss and dehydration to

generate the chalcone 3a.

Scheme

: b L : (/'S—H " <:> <OH o

3a I

The reaction was extended to various aromatic aldehydes and substituted
acetophenones (Table IT).

On the other hand, we were interested by the reaction of various
cycloalkanones with benzaldehyde. The product of the reaction depends on the size
of the ring. Dicondensation occurs with n = 4, 5, 6 monocondensation when n =
7. The results are reported in Table ITI.

In summary, we have realized a very simple, fast and environmentally benign
preparation of various chalcones and o, B-unsaturated cyclic ketones by simple

mixing of the reactants without solvent and irradiation under focused microwaves.

Experimental

Reactions under microwave irradiation were performed into a Prolabo

Synthewave 40216 apparatus (2.45 GHz) with a focused system.
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Table II : Preparation of chalcone and derivatives 3a-g.

R1
2 PTSA — __
+
MW 30W R2
OO )
7 \_7
3a-g
3a R! R2 Reaction Yieldb mp(°C) mp(°C)
time (min) (%) EtOH lit
a H H 7 88 54 5517
b Cl H 7 80 114 11218
¢ NO, H 7 84 162 1651%
d MeO H 7 73 74 7620
e Me H 8 79 94 9621
f H MeO 7 77 108 10621
g H Me 8 84 78 7721

a- All reactions were run with 30 mmoles of 1 and 2 in presence of PTSA (9% ; 0.50g) except for
chaicone 3a (40 mmoles ; PTSA (13%) ; 1g).
b- Isolated pure product.

General procedure

The inorganic solid (clay) dried in a domestic microwave oven (PHILIPS M
026) during 5 munutes at 400 watts or the acid catalyst (PTSA) were mixed without
solvent with the aromatic aldehydes and substituted acetophenones for the
preparation of 3a-g, or with benzaldehyde and cycloketones for 5, 6, 7, 8 then
placed in a quartz or pyrex tube and introduced into Synthewave 402 Prolabo
microwave reactor, fitted with a stirring device, adjustable power within the range
30-300W and a wave guide (monomode Tp;) for the appropriate time and power
(see tables II, III). After cooling and treatment with CH,Clj, filtration and
concentration in the case of clays, addition of EtOH 95° and cooling at -18° afforded
pure crystals of 3a-g.
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Table III : Reaction of benzaldehyde with cyclic ketones 4

PTSAb Microwavet Reaction Yield mp (°C)

n 4a ) Product
m(g) Power(W) Time % Solvent
(min)
5 0
4 é 0.20 30 7 PhWPh 7810 190/CH,Clp
5
o o)
5 ij 0.50 30 7 Phé\éﬁpn 9110 120/acetone
6
o o
‘ N
6 © 0.25 a5 6 Ph/U\Pn 5910 104/acetone
7
0 o)
7 C) 0.50 30 7 < 489 78/acetone
Ph

8

a- 30 mmoles of cyclic ketones and 30 or 60 mmoles of benzaldehyde were used.
b- The amount of PTSA and the irradiation power must be adjusted for each particular case.
¢- Isolated pure product.
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5 - 8 were crystallized in the appropriate solvent (see table III). All compounds

exhibit data in agreement with literature.

[\ N V. T S o8 |

10.
11.

12.

13.

14.

L5.

16.

17.
18.

References

Bergman, E.D. ; Ginsburg, D. and Pappo, R. Org. React., 1959, {0, 179.

Sandler, S. and Karo, W. in Organic Functional Group Preparations,
Academic Press, New York, 1972 ; 3, p. 372-381.

Straub, T.S. Tetrahedron Lert., 1998, 36, 663.
Bowden. K. ; Pozzo, A.D. ; Duah, C.K. J. Chem. Res. (M), 1990, 2801,
Chem Abstr., 1970, 73, 709 1w.

Strzelecka. H. ; Jallabert, C. ; Veber, M. ; Davidson, P. and Levelut, A.M.
Mol. Cryst. Lig. Cryst., 1988, 156, 355.

Veber, M. ; Jallabert, C. ; Strzelecka, H. ; Julien, O. and Davidson, P. Liq.
Cryst., 1990, 8, 755.

Veber, M. ; Sotta, P. ; Davidson, P. ; Levelut, AM. ; Jallabert, C. and
Strzelecka, H. J . Phys. France, 1990, 51, 1283.

Braude, E.A. ; Forbes, W.F. ; Gofton, B.F. ; Houghton, R.P. and Waigut,
E.S. J. Chem. Soc., 1957, 4711.

Farrell, P.G. and Read, B.A. Can. J. Chem., 1968, 46, 3685.

Fuentes, A. ; Marinas, J. M. and Sinisterra, J.V. Tetrahedron Lett., 1987,
28, 4541.

Gupta, R. ; Gupta, A.K. ; Paul, S. and Kachroo, P.L. Indian J. Chem.,
1995, 34B, 61.

a- Varma, R.S. ; Kabalka, G.W. ; Evans, L.T. and Ragui, R.M. Synth.
Comm., 1985, 15, 279. b- Zheng, M. ; Wang, L. ; Shao, J. and Ziiong Q.
Synth. Comm., 1997, 27, 351.

Noyce, D.S. and Pryor, W.A. J. Am. Chem. Soc., 1958, 31, 1397.

Loupy, A. ; Petit, A. ; Hamelin, J. ; Texier-Boullet, F. ; Jacquault, P. ;
Mathé, D. Synthesis, 1998, 1213 and references cited therein.

Commarnot, R. ; Didenot, R. and Gardais, J.F. Rhone-Poulenc / Prolabo
patent 84/03496, Octobre 27th, 1986.

Huang, Y.Z. ; Chen, C. ; Shen, Y. Synth. Comm., 1989, 19, 501.

Mikolajezyk, M. ; Grzejszczak; S. ; Midura, W. ; Zatorski, A. Synthests,
1976, 396.



Downloaded by [Duke University Libraries] at 14:16 10 October 2012

o, UNSATURATED KETONES 3657

19. Orlov, V.D. ; Kolos, N.N. ; Tueni, M. ; Yu Yur'eva, E. ; Ivkov, S.M.
Chem. Heterocycl. Compd, 1992, 28, 788.

20. Offenhauer, R.D. ; Nelsen, S.F. J. Org. Chem., 1968, 33, 775.

21. Kumar, C.V. ; Ramaiah, D. ; Das, P. K. ; George, M.V. J. Org. Chem.,
1985, 50, 2818 and references cited therein.

Received in Exeter 15 Oct 1998; accepted 20 Nov 1998





