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Figure S1 1H NMR Spectrum for flavanone 

 

Flavanone 1H NMR in acetone (500 MHz): δ (ppm) 7.86 (1H, dd), 7.39-7.60 (6H, m), 7.07-7.10 (2H, 

m), 5.65 (1H, dd), 3.15 (1H, dd), 2.84 (1H, dd) 
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Figure S2 1H NMR Spectrum for 2′-hydroxy chalcone 

 

2'-hydroxy chalcone 1H NMR in acetone (500 MHz): δ (ppm).12.9 (1H, s), 8.29 (1H, dd), 8.06 (1H, 

d), 7.97 (1H, d), 7.9 (2H, m), 7.58 (1H, m), 7.49 (3H, m), 7.01 (2H, t). 
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Figure S3 GCMS result for the reaction mixture of benzaldehyde and 2′-hydroxy chalcone 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

6

  

Fig. S4 2´-hydroxyacetophenone conversion as a function of tine over synthesized MgO catalysts with 
constant catalyst amount 30 mg (a) and surface area (equivalent to 30 mg pure MgO) (b) keeping all 
other parameters constant (8 mmol of 2´-hydroxy acetophenone, 10 mmol of benzaldehyde, 100 mmol 
of DMF and reaction temperature of 140C). 

To understand the synergic effect of medium base site and surface area of the synthesized catalyst 

on the rate of reaction, reactions were performed with (i) constant amount of catalyst (30 mg, used 
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lower than optimized catalyst loading for better clarity) and (ii) constant surface area (equivalent to 30 

mg pure MgO) with 8 mmol 2´-hydroxy acetophenone and 10 mmol benzaldehyde in 100 mmol DMF. 

Similar trained of reaction profile was observed (as Fig. 7a, in main manuscript) with higher constant 

amount of sample (114 mg). No change in trained of progress of reaction (although the conversion was 

decreased with lower amount of catalyst) was observed even after reduction of catalyst amount (Fig. 

S4a). However, the catalytic activity was gradually increased with the increased amount of Cs on MgO 

with constant surface area (Fig. S4b). From this it can be concluded that the catalytic activity of the 

synthesized MgO catalyst is a synergic effect of cesium dispersion and surface area. 

 

 

 

 

Fig. S5. (a) FT-IR spectra of pure DMF (i), DMF adsorbed MgO (ii), in situ flushing of (ii) with N2 for 15 min 

(iii), 30 min(iv) and 60 min (v). (b) FT-IR spectra of pure DMSO (i), DMSO adsorbed MgO (ii), in situ flushing 

of (ii) with N2 for 15 min (iii), 30 min(iv) and 60 min (v). 
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To identify the origin of enhanced promotion effect for DMF, the FTIR experiment of the DMF and 

DMSO adsorbed MgO-0.5 catalyst was performed at140 °C with time under N2 flow (as mentioned in 

the experimental section). In the FT-IR spectra of DMF adsorbed sample, the bands at 1628, 1414, 

1086, 868 and 690 cm-1 associated with C=O stretching, C-N stretching, C-H deformation, C´-N 

symmetric stretching and NCO deformation respectively was identified, which confirms the presence of 

DMF on the surface of catalyst (Fig. S5a). However, the C=O stretching band at 1675 cm-1 of pure 

DMF shifted to 1628 cm-1 in the spectra of DMF adsorbed on the MgO surface and confirms the 

chemisorptions of DMF on the surface of MgO instead of physisorption. In the FT-IR spectra of DMSO 

adsorbed sample the bands at 1088, 1020 cm-1 associated with physisorbed S=O stretching (Fig. S5b). 

The band at 861 cm-1 associated with chemisorbed S=O stretching, whereas S=O stretching of pure 

DMSO appeared at 1066 cm-1, and band at 693 cm-1 associated with C-S stretching. FT-IR results 

indicate that both chemisorbed as well as physisorbed DMSO was present in the catalyst surface. From 

the IR studies it is evident that the vibration band for C=O stretching of DMF shifted ~47 cm-1 whereas 

the band for S=O stretching shifted ~205 cm-1 after chemisorption on MgO surface. The shifting of 

bands for S=O stretching for DMSO was much higher than that of C=O stretching of DMF. The results 

evidenced that the DMSO adsorbed more strongly on the surface of catalyst than DMF.1 To confirm 

this, FT-IR spectra of DMF and DMSO adsorbed samples was recorded after N2 flashing for varying 

time at 140 °C (Fig. S5). It was observed that even after 1 h N2 flashing the band at 861 cm-1 associated 

with chemisorbed S=O stretching was present prominently, whereas band at 1628 cm-1 associated with 

C=O stretching of DMF significantly decreased. Similar observation was also reported by Morito et al.1 

The strong chemical bonding of DMSO with catalyst surface leads to the partial deactivation of catalyst; 

and as a result the promotion effect of DMSO was less pronounced as compare to that of DMF. 

Amiridis and his group 2 reported the formation of sulfate species on the DMSO adsorbed MgO catalyst 

and predicted the generated sulfate species are the responsible for the promotion of reaction. In DMF as 

solvent, probably the promotion effect is originated from free lone pair of nitrogen, which helped the 

proton abstraction step and stabilized the polar intermediate. 
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Fig. S6. (a) FT-IR spectra of pure 2´-hydroxyacetophenone (i) and 2´-hydroxyacetophenone adsorbed MgO at 

140 °C (ii). (b) FT-IR spectra of pure benzaldehyde (i) and benzaldehyde adsorbed MgO at 140 °C (ii). 

We have also performed the FT-IR study of 2´-hydroxyacetophenone and benzaldehyde adsorbed MgO-

0.5 catalyst at 140°C to identify the type of interactions of the reactant with catalyst surface (Fig. S6). In 

the FT-IR spectra of 2´-hydroxyacetophenone adsorbed catalyst, a new band at 1336 cm-1 was observed 

and the respective band of OH stretching vibration at 1321 and 1356 cm-1 along with strong band at 

1302 cm-1 for C-O stretching of pure 2´-hydroxyacetophenone were disappeared. This phenomenon 

suggests a strong interaction of phenolic OH group of 2´-hydroxyacetophenone with catalyst surface 

through “acid-base” interaction. Similar observation was reported by Amiridis and his group 3 and 

confirmed the band at 1336 cm-1 is for C-O stretching. Whereas, two bands at 1641 and 1621 cm-1 of 2´-

hydroxyacetophenone adsorbed catalyst can be assigned to the physisorbed and chemisorbed C=O 

stretching respectively. On interaction of C=O group with catalyst the bond weakened and the wave 

number of corresponding C=O band at 1646 cm-1 decreased. The reduction of wave number of 

chemisorbed C=O was much higher than that of physisorbed C=O. In the FT-IR spectrum of 2´-

hydroxyacetophenone adsorbed catalyst, the appearance of band related to physisorbed OH group was 

not identified, whereas band related to the both physisorbed and chemisorbed C=O was identified. From 

this, it can be concluded that the 2´-hydroxyacetophenone was strongly bound on the catalyst surface 

through phenolic OH group and some carbonyl group was chemically bounded with the surface of 

catalyst, and some are weakly bounded. However, it is difficult to identify the enolate species due to the 

existence of band related to phenolic group in that region (1300-1400 cm-1). 

The strong band at 1703 cm-1 assigned to C=O stretching was present in the FT-IR spectra of the both 

pure benzaldehyde and benzaldehyde adsorbed catalyst, but the intensity in the spectra of benzaldehyde 
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adsorbed catalyst was very less, suggests that the benzaldehyde is bonded weakly on the MgO surface. 

A intense new band was observed in the spectrum of benzaldehyde adsorbed catalyst at 1621 cm-1 

assigned to the stretching vibration of weakened C=O bond, formed through the interaction of 

benzaldehyde and catalyst surface by substitution of aldehydic hydrogen. Absence of band at 1390 cm-1 

of benzaldehyde, for aldehydic C-H bond, supports these observations. The new band at 1266 cm-1 for 

benzaldehyde adsorbed catalyst can be assigned to ring-C (aldehydic carbon) bond stretching vibration 

after substitution of aldehydic hydrogen. Other new bands in the spectrum of benzaldehyde adsorbed 

catalyst at 1564, 1400, 1427 cm-1 can be assigned to the asymmetric and symmetric stretching vibration 

of bridging surface benzoate ion coordinated to the one or two surface metal ions.3 The FT-IR spectra of 

mixed reactants and solvents adsorbed catalyst are very helpful to predict the probable reaction 

mechanism. However, these spectra are too complicated to identify as several overlapped bands 

appeared in the spectrum. 
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