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CATALYZED SYNTHESIS OF CHALCONES UNDER INTERFACIAL SOLID-LIQUID CONDITIONS 

WITH ULTRASOUND 

A.FUENTES; J.M.MARINAS and J.V.SINISTERRA* 

Organic Chemistry Department.University of Cordoba.Spain 

SUMMARY.-The sonochemical synthesis of chalcones,catalyzed by an activated barium hydroxide 
catalyst under interfacial solid-liquid conditions, is carried out with very good yields. 
The sonochemical process takes place at room temperature and with a lower catalyst weight 
and reaction time than the thermal process. 

Ultrasound has been used in many organic reactions 
l-3 . It is very useful since 

it diminishes the reaction time and increases the yield. On the other hand, reaction 

products that are not accessible by conventional methods are obtained by this way. 

Recently we have shown that the organic reactions catalyzed by the activated 

barium hydroxide C-200 in interfacial solid-liquid conditions can be favoured by ultrasound 

e.g:yields obtained in the Wittig-Homer reaction under ultrasound are similar to those 

under the sonochemical conditions but in shorter reaction time. On the other hand,C-200 

catalyzes under ultrasound reactions that do not take place under thermal conditions 

such as Cannizzaro reaction 495 . 

In the present paper we describe the synthesis of chalcones by Claisen-Schmidt 

condensation under sonochemical conditions catalyzed by C-200. The chalcones are very 

common in Natural Products Chemistry 
6 . Some chalcones are useful as sweeteners and drugs 738 . 

CHO + CH3-CO-Ar -c R 
1 

Ar 

1 2 3 
4 

The preparation of the C-200 catalyst has been previously describedg. This catalyst 

has only reducing sites titrated by 1,3-dinitrobenzene (DNB) and strong basic sites with 

low steric hindrance titrated by 4-Methyl-2,6-ditercbutyl-phenol (TBMPHE) (pKa=l1.7).The 

number of reducing sites is (3.5+0.4).10-5 eq/g.cat and of basic ones (6.3+0.2).10-6 

eq/g.cat. 
10,ll 

The synthesis of chalcones was carried out by mixing 0.0196mols of aldehyde,l, 
+ 

0.0196mols of acetophenone,2, 1OmL of solvent and O.Olg. of catalyst. Then the mixture 

was sonicate in an ultrasound bath P.Selecta model 513 for 10min. The mixture was left 

standing for 24h. at 0-4eC to produce the sedimentation of the solid. 

The mixture was analyzed by HPLC using a Perkin-Elmer Serie 2 chromatograph using 

a UV-visible detector (X=254nm) and anthracene as the internal standard. MeOH/H20=80/20(v/v) 

was used as the eluent. Flux=O.amL/min. 5@Ylacolumn. 

All the products were from Merck p.a. The pure solvents:THF;EtOH;DMF and the 

1,4-dioxane were from Ferosa S.A. 

The results obtained are shown in Table 1. 'We can observe that the reaction takes 

place slowly without sonication at room temperature (entry 2). It is necessary to heat 
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These active site:: ark the strong basic sites without stprrc hiridrancP titrated 

by TBMPHE according to the data from the selective poisoning exprrlmrnts ITable ?'. This 

agrees with the weak acid character of q-hydrogen from acetophenon? >$hl<-h needs n strong 

base to produce the carbarrlon. On the other hano the bulky molecule <,f chalco!~~~, pr-oduccd 

in the reactlon,can only be, formed ln t.ho active slips of the solid ~xtthout steric hlndrar;ce 

/ill these assumptions are confirmed by the dctectlon of the c~rbarlon fro:! acetophenonc 

and C-200 by If? spectroscopy13. This carhanlon rcrains adsorbed or tl‘c soiid surface 
I? 

becauss it is not trapped by Merrifield's resin Ega Chernle (lmeq Cl/g. reslnj . Therefore 

we can say that the sonochemical synthesis of chalconcs catalyzed by C-XC IS prod:lced 

on the solid surface in the strong basic sites Litrated by TBMFSE. 'Xis general reaction 

14 
way is tqual to that descrlhed for the thcrmochenical process . 

The sonication tlrne is important when very small nmo;ints 0: solid are used 

(w 5Omgj.Nevertheless catalyst wr?ghts rqrial or greater than 0.16. lead to :;ln:lar yields 

(74-79%). This fact can be explained by the activation irf solid cataly?lc :,ites by 111rr- 

sound that could br related to an increasing the vibrat:onnl stztia ~3:‘ :)I~ latrlc? Iwhich 

make:; it laxer. So,the OH- wouid 6" further away !‘ron Ba(li) , In tt!e p“?sc~ncc r2ihc1- 

than in the absence of' ultrasound. Thus the negative charge o?‘ Cl!-!- :~,iluld t:~, rori Irportnnt 

as would its basiclty. This fact favcurs the catalytic ::ct:'vlty of ti;p b&l<- F: if? ,,,crpas1ng 

the turnover number of the catalyst and therefore dulinlshlng ihc r+2actioln time. When 

very small amounts of basic sites are present tcl transi‘orn the sam &niint of’ reagents, 

then , the sonlcation time must he Increased. 

The reaction can be carr-led out with snlall amounts of catalyst (w-2.1~) comparable 

to the thermal process (w=l.Og) (entry 3j. 

The process takes place using solvents with moderate or high dielectric c,onstants 

(entries 6,8,9 and 10) with slxllar yields. Solvents rulth very low diclctrlc constants 

such as 1,4-dlnxane i[=2.21 give small yields (65% entry 7). this can be explained by 

assuming an interfacial Ionic mechanism for the process. 

The presence of water Eli the medium seems not to be important because similar 

yields are obtained with pure EtOH,HO%(entry 9) and with EtOH(96%),76% (entry 4). This 

behavlour is different from that observed in other thermal reactions such as Clalsen-Schmidt 

or Wittig-Homer 
14,15 

where the presence of water dramatically increases the ylrld. From 

this fact we can say that the actlvatlng character of the water in the thermal process 

is not present in this sonochemlcnl process. Therefore the postulated activation of the 

basic site O- by ultrasound would be consistent with this observation. 
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Table 1 

Synthesis of chalcones by Claisen-Schmidt condensation,catalyzed by C-200 

under sonochemical conditions. Room temperature. - 

Entry RJ 

- - 
1 Cl 

2 Cl 

3 Cl 

3 Cl 

5 Cl 

El Cl 

7 Cl 

8 Cl 

9 Cl 

10 H 

11 NO2 

12 CH3 
13 OCH3 

14 H 

R2 catalyst solvent /t a sonication Yield in 3 
CII 

weight(g) time (min) . (%molar) - 
H 

H 

H 

H 

H 

H 

H 

H 

H 

N02 
H 

H 

H 

H 

0.0 EtOH(96%)/26.5 10 (r.T.1 

1.0 1, 0.0(6Omin.r.T) 

1.0 ,I O.O(GOmin.) 
b 

0.10 1) 10-60 

0.05-0.2 !! 10 

0.10 DMF(99%)/37 10 

0.10 1,4-dioxane(99%)/2.2 10 

0.10 THF(99%)/7.9 10 

0.10 EtOH(99.8%)/24.5 10 

0.10 EtOH(96%)/26.5 i0 

0.10 !! 10 

0.10 0 10 

0.10 !! 10 

0.10 ,! 10 

0 

5 

7ob 

76-79 

74-77 

76 

65 

73 

80 

5oc 

52' 

36 

47 

36 
. _ 
aDielectric constant at 25eC 
b 
REflux of EtOH.The obtained yield is at 4h. 94% 

'Recrystallized product from EtOH. a very dark solid is obtained in these cases. 

Table 2 

Active sites selective poisoning experiments in the synthesis of chalcones 

Sonication time=lOmin. 0.0196mol.of l_ and 2. O.lg: of C-200.solvent EtOH(96%) 

Catalyst active sites moles of poison adsorbed yield in 3 

(eq/g.cat) per g. of catalyst (%molar) 

reducing sites DNB - 

c-200 (3.520.4) lo-5 76 

c-200 (3.520.4) lo-5 (1.3iO.5) lo-4 77 

Strong basic sites TBMPHE 

c-200 (6.320.2) lO-6 76 

c-200 (6.3_+0.2) 1O-6 (4.421) lo-5 0 

Solvents such as benzene,toluene and cyclohexane do not lead to appreciable yields 

(45%). this can be explained by their hydrophobic character which impedes the formation 

of a water rich interface between the solid and the solvent. 

The electron-donating groups do not favour the process while the electron-withdra- 

wing groups do.(entries 4,10-14 table 1). Unfortunately,secondary reactions are produced 

in the case of ND2 group and the reported yields (entries 10-11) are obtained for the 

recrystallized product. They must be compared to the 71% obtained from the recrystallized 

product in the case of p-Cl-benzaldehyde. Therefore we must suppose that a carbanionic 
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1 6 
species attacks the aldchyde . 

Cm the other hand we can say that the Cannizzaro reaction was not obs~rvrd.Accor-ding 

to the experlmenta? evidence 'xc could postuiate a catalytic z;echar,lw where the active 

sitr of the ca:alyst is wgenerated in order to esgiain that the rtlactlon takcDs place 

blth low amounts of catalyst and,so ;vith a very sinall number of %T~-IVP :;I?cs. 

0 
II 

H - C -CH2-H 

OH 
acl.ive site 
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