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Abstract

The reaction of 2hydroxyacetophenone with benzaldehyde was studied over H-ZSM-5, Mg-ZSM-5 and Ba-ZSM-5 catalyst€aTh40
products were2hydroxychalcone and flavanone. The conversiori-dfy2iroxyacetophenone increased with time and attained a maximum of
40-50% conversion over all the catalysts. Though the yield of chalcone and flavanone increased with increase in time, the yield of flavanone
was less than’zhydroxychalcone over all the catalysts. The order of activity of the catalysts was Mg-ZSM-5 > Ba-ZSM-5 > H-ZSM-5. The
influence of temperature in the range of 100-16®n conversion and products yield was studied over Mg-ZSM-5. The increase in conversion
was small between 100 and 12D, but above 120C there was a marked increase in conversion. The optimal catalyst loading was found to be
0.75 g for 10 mmol reactants. Study of influence of time on Mg-ZSM-5 at Ca@vealed a rapid increase in conversion and products yield
up to 3h and a steady state afterwards. The role of solvent in this reaction was studied with DMSO, nitrobenzene and a mixture of DMSO
and nitrobenzene. High conversion was observed with DMSO.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction heterogeneous catalysis is considered as an eco-friendly al-
ternative. The feasibility of utilising heterogeneous catalysts
The members of flavanoid family are attracting in- for the production of flavanone was demonstrated by Corma
creasing attention due to their applications as anticancer,et al.[6] and Blanco et al[12]. But there is no report in the
anti-inflammatory, antibacterial and anti-AIDS pharma- literature for the use of H-ZSM-5 zeolite as a catalyst for this
cological activities[1-4]. Flavanone, a member of this reaction.
family, is an important intermediate in the synthesis of  Solvents play an important role in fine chemical and phar-
many pharmaceuticals. Flavanoids are commonly syn- maceutical synthesid3]. While the ultimate goal of many
thesised via the Claisen—Schmidt condensation betweenheterogeneous catalytic processes is to eliminate the use of
2'-hydroxyacetophenone and benzaldehyde and subsequergolvent, it is equally important to understand the role of sol-
isomerisation of 2hydroxychalcone intermediatg5,6]. vents in these syntheses. Solvents are used to facilitate lig-
Both the reactions are catalysed by acids and bases undeuid phase reactions by improving the heat and mass transfer
homogeneous conditions. There are many drawbacks forcharacteristics of the system. They also extend the catalyst
reactions under homogeneous conditions such as catalystife by preventing coke build-up on the catalyst surfgicé.
recovery and waste disposal problefms11] In this respect ~ Variations in the solvent polarity, solubility, reactivity and
chemisorption property can influence the chemo-, regio-, and
in some cases, stereo-selectivity of the products. Recently,
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for the reactants in the presence of DMSO. Bofa%], ©
Al>03 [16], and zeolite$17] were also used as catalysts for

the synthesis of chalcones, but the solvent influence was not
investigated. Since the reaction is both acid and base catal-
ysed, in the present study acid catalyst H-ZSM-5 and baseg
catalysts Mg-ZSM-5 and Ba-ZSM-5 were examined for the
activity. In addition, the influence of solvents such as DMSO
and nitrobenzene on the yield of flavanone was also inves-
tigated.

Kubelka-Munk

2. Experimental

. ) ) 1600 1400
NH4-ZSM-5 zeolite with SiAl = 40 purchased from Wavenumbers (cm-1)

United Catalysis India Ltd., Baroda, was subjected to ion ex-
change with barium nitrate and magnesium nitrate, respec-
tively, by the following procedure: 15ml of 0.1 M agueous
solution of metal nitrate was added to 1g of NASM-5
zeolite. The mixture was stirred at 80 for 6h, cooled to 4. Results and discussion
room temperature, filtered and dried at°8@for 6 h. The
same procedure was repeated thrice in order to get maxi- The in situ DRIFT spectra of pyridine-adsorbed catalysts
mum ion-exchange. The ion-exchanged materials were cal-are shown irfig. 1 The characteristic band due to pyridine
cined at 550C in air for 6 h. The ion-exchanged catalysts adsorbed on Brgnsted acid sites (pyridinium ions) appears
were activated prior to use. at 1545 cnt! while the band due to pyridine coordinated
The in situ DRIFT spectra were recorded in a Nicolet to Lewis acid sites appears at 1450¢hf18]. The peak at
Avatar 360 FTIR spectrophotometer equipped with a high 1450cnT? is more intense for Mg-ZSM-5 and Ba-ZSM-5
temperature vacuum chamber. About 15 mg of the powderedthan for H-ZSM-5 thus confirming coordination of pyri-
catalyst sample was dehydrated at 500under vacuum  dine with Mg+ and B&* ions. Desorption study was per-
(10-°mbar) and then cooled to room temperature. Pyri- formed for pyridine adsorbed Mg-ZSM-5 at 150, 200, 300
dine was adsorbed at the same temperature and allowednd 400°C and the spectrum was recorded at each temper-
to equilibrate. The catalyst was then evacuated at°’C50 ature Fig. 2). The intensity of the peak at 1450 cide-
under vacuum (10° mbar) for 30min. The sample was creases gradually with increasing temperature. The intensity
then cooled to room temperature and the spectrum wasof the peak at 1545 crt does not vary upto 30@C but a
recorded. major decrease in intensity for the same peak is observed
at 400°C. These observations demonstrate strong bonding
of pyridine with Brgnsted acid sites and weak bonding with

Fig. 1. In situ DRIFT spectra of pyridine adsorbed catalysts: (a) H-ZSM-5;
(b) Ba-ZSM-5; (c) Mg-ZSM-5.

3. Catalytic reaction

The title reaction was carried out in the liquid phase
in a batch reactor consisting of a three-necked round
bottomed flask fitted with a condenser, a connector for
nitrogen purge, and sampling apparatus. The reaction mix- __
ture, 2-hydroxyacetophenone (10mmol), benzaldehyde =
(20 mmol) and solvent (5ml) was heated in an oil bath to
the requisite temperature and stirred simultaneously with a
magnetic stirrer. Prior to each experiment the empty reac-
tor was purged with nitrogen to remove oxygen to avoid
oxidation of benzaldehyde to benzoic a¢8]. Aliquots of
the reaction mixture were withdrawn at regular intervals
and subjected to GC analysis (Shimazdu 17A; cross-linked
5% phenylmethyl siloxane capillary column, FID detec-
tor). The products were also identified by GC-MS using a ' 1600 1400
Perkin-Elmer Auto System XL Gas Chromatograph with Wavenumbers (cm-1)

Turb_o Mass Spectrometer (El, 70eV) using helium as fig 2. DRIFT spectra of pyridine desorbed over Mg-ZSM-5 at: (2)°T50
carrier gas. (b) 200°C; (c) 300°C: (d) 400°C.

Kubelka-Munk (a.
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Lewis acid sites. Further the gradual decrease in intensity
of the peak at 1450 cnt indicates presence of Lewis acid
sites of varying strength.

The synthesis of flavanone from benzaldehyde and
2'-hydroxyacetophenone at 140 over H-ZSM-5, Mg-
ZSM-5 and Ba-ZSM-5 involves two steps as illustrated in
the reaction$cheme L The Claisen—Schmidt condensation
of benzaldehyde with’zhydroxyacetophenone takes place
in the first step to yield 2hydroxychalcone. In the second
step, 2-hydroxychalcone undergoes intramolecular cycli-
sation to yield flavanone. Steps one and two are both acid

'-Hydroxychalcone

e
O Step 2

I
(0]

Flavanone

1.

ditional driving force for intramolecular cyclisation. As the
yield of 2-hydroxychalcone and flavanone increases with
increase in time, there must be attainment of steady state
in the formation 2hydroxychalcone and its cyclisation to
flavanone.

In order to study the influence of Lewis acid sites ion on
conversion and products yield, the reaction was also carried
over Mg-ZSM-5. There is a linear increase in conversion
with time (Fig. 4). The overall conversion over Mg-ZSM-5 is
about 8-10% higher than over H-ZSM-5 with slight increase
in the yield of 2-hydroxychalcone and flavanone. This sug-

and base catalysed reactions. Protonation of the carbonylgests nearly same influence of the Brgnsted and Lewis acid

oxygen of the aldehyde by acids in step one making it more
susceptible to nucleophilic attack. Similarly, protonation of
2'-hydroxyacetophenone makes the —Cikydrogens more
acidic to provide nucleophilicity for the resulting —Glibn.
The step 2 is catalysed by protonation of the carbonyl oxygen
of the chalcone permitting the distant methine carbon more
susceptible to nucleophilic attack by the phenolic oxygen.
The results of 2hydroxyacetophenone conversion and
the yields of chalcone and flavanone over H-ZSM-5 are
illustrated inFig. 3. Conversion increases with time and
reaches a maximum of 40% at the end of 3h. The yield of
2'-hydroxychalcone and flavanone increases with increase
in time and the yield of 2hydroxychalcone is larger than
that of flavanone. Since the catalyst contains more strong
Brgnsted acidic sites;-hydroxyacetophenone might be pro-
tonated at the carbonyl carbon thus providing greater mobil-
ity to CH3 hydrogens. When the GHhydrogens are close to
protonated benzaldehyde, the dipole—dipole interaction be-
tween the protonated carbonyl group of benzaldehyde and
methyl hydrogens of’2hydroxyacetophenone would facili-

tate condensation. The expected decrease in entropy of the

process, and increase in resonance 'Hny2iroxychalcone
may be the driving forces for this intermolecular condensa-
tion. The intramolecular cyclisation of-Bydroxychalcone

sites. The yield of 2hydroxychalcone is higher and the yield
of flavanone is lower over Ba-ZSM-5 at 140 (Fig. 5).
This observation illustrates steric hindrance to the diffusion
of 2’-hydroxychalcone into the pores of the catalyst due to
the size of the cation. In addition, flavanone may not easily
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Fig. 3. Conversion and products yield as a function of reaction time in
DMSO over H-ZSM-5 (M) conversion of 2hydroxyacetophenone@®)

to ﬂavanone_ is further_ favoured by de_:crgase in enth_ale- AS yield of 2-hydroxychalcone: A) yield of flavanone); (catalyst weight,
the catalyst is of medium pore type, it will also provide ad- 0.5g; temperature, 14; reaction time, 3h).
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Fig. 4. Conversion and products yield as a function of reaction time in P 8

DMSO over Mg-ZSM-5 (M) conversion of 2hydroxyacetophenonef)
yield of 2-hydroxychalcone; A) yield of flavanone); (catalyst weight,
0.59; temperature, 14@; reaction time, 3h).

Fig. 6. Effect of temperature on conversion and products yield in DMSO
over Mg-ZSM-5 (@) conversion of 2hydroxyacetophenone@®) yield

of 2-hydroxychalcone; A) yield of flavanone); (catalyst weight, 0.5g;
reaction time, 3h).

diffuse out of the catalyst due to the large?Baon [19].

While the yield of chalcone increases with increase in time,  The influence of temperature on conversion and products
the yield of flavanone increases up to 2 h and attains a steadyield was studied between 100 and 26Jover Mg-ZSM-5
state afterwards. This indicates steric congestion due to largecatalyst. The results are illustratedfig. 6. Conversion as
size of B&" for cyclisation of 2-hydroxychalcone to fla-  well as yield of 2-hydroxychalcone increase with increas-
vanone within the pores. In order to confirm that of the reac- ing temperature, whereas the yield of flavanone does not in-
tion occurs mostly inside the pore, the reaction was carried crease significantly between 100 and 120 The increase in
out over surface passivated Ba-ZSM-5 catalyst. The surfacethe yields of both products is almost parallel with further in-
passivation was carried out using tetraethyl orthosilicate by crease of temperature. The effect of catalyst loading on con-
the reported proceduf20]. The conversionis 36.8% for sur-  version and products yield was studied over Mg-ZSM-5 at
face passivated Ba-ZSM-5, which is by only 8% lower than 160°C (Fig. 7). Conversion and products yield increase with

the unpassivated Ba-ZSM-5. This observation clearly con- increase in the catalyst loading upto 0.75g and thereafter
firms the occurrence of the reaction mostly in side the pore.
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Fig. 5. Conversion and products yield as a function of reaction time in Fig. 7. Effect of catalyst loading on conversion and products yield in
DMSO over Ba-ZSM-5 (@) conversion of 2hydroxyacetophenonef@) DMSO over Mg-ZSM-5 (M) conversion of 2hydroxyacetophenone;

yield of 2-hydroxychalcone; A) yield of flavanone); (catalyst weight, (@) yield of 2-hydroxychalcone; A) yield of flavanone); (temperature,
0.59; temperature, 14@; reaction time, 3h). 160°C; reaction time, 3h).
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Table 1
804 -/l Effect of solvent on conversion and selectivity of products
/./ Solvent Conversion of Selectivity of products (%)
- 2'-hydroxy >-hvd |
S 60l acetophenone (%) -Hydroxy Flavanone
; chalcone
S ,/‘ DMSO 70.06 60.5 39.5
~ -« o Nitrobenzene 6.21 30.9 69.1
g 407 {d o Nitrobenzeng  18.70 46.3 53.7
§ /‘/ /A———A aA———4 Reaction temperature: 16QC; catalyst weight: 0.75g; time: 3h.
g 204 -/' A @ Few drops DMSO was added to nitrobenzene system.
@] j‘ ‘/A
/
o A
04 ¥ ered. Nitrobenzene does not lead to such protonation and
hence formation of flavanone is more favourable. As ex-
T T T T T T T T T T T H ; H ;
0 100 200 300 400 500 pected, nitrobenzene-DMSO mixture increases the selectiv-

Reaction Time (min) ity of flavanone.

Fig. 8. Effect of reaction time on conversion and products yield in DMSO
over Mg-ZSM-5 (@) conversion of 2hydroxyacetophenone®) yield

of 2-hydroxychalcone; &) yield of flavanone); (catalyst weight, 0.75g;
temperature, 16%C; reaction time, 8h).

5. Conclusion

H-ZSM-5, Mg-ZSM-5 and Ba-ZSM-5 are found to
be active catalysts for the formation of flavanone from
decrease in both conversion and products yield. MvaUa”iez’—hydroxyacetophenone and benzaldehyde through the
et al.[21] reported similar observation in the synthesis of cjaisen—Schmidt condensation. Increase in temperature in-
flavanones and'zhydroxychalcones using KF/natural phos-  ¢creases both conversion and products yield. The catalytic
phate catalysts. In order to attain equilibrium, the reaction study with passivated Ba-ZSM-5 confirms the occurrence
time was extended upto 480 min. There was a gradual in- of the reaction inside the pores. The study shows higher

crease in conversion and products yield even upto 180 minonyersion with DMSO than with either nitrobenzene or a

The role of solvent in this reaction was studied with
DMSO, nitrobenzene and a mixture of DMSO and ni-
trobenzene and the results are presentetiaile 1 High
conversion with DMSO s attributed to the chemisorption

of DMSO on the Brgnsted acid sites of the catalyst which  the authors thank the University Grants Commission

may provide enhanced polarisation of the carbonyl group of New Delhi, for financial support (Sanction no. F.12-78/2001)
| ; -y

2-hydroxycacetophenone. The ultimate aim is to increase o this sponsored project. S.S. is thankful to the University

the acidity of —~CH hydrogens which can easily condense Grants Commission, New Delhi, for the fellowship.
with benzaldehyde to yield chalcone. In addition, it can also
bring benzaldehyde on its surface as its positive charge is
well dispersed and simultaneously permits both benzalde-
hyde and 2hydroxyacetophenone to condense on its sur-
face to yield 2-hydroxychalcone. Thus, protonated DMSO el _ A
could act as a matchmaker with which intermolecular con- [} S- Makela, M. Poutamen, M.L. Kostain, N. Lehtimaki, L. Strauss,
. . . . R. Santi, R. Vihko, Proc. Soc. Exp. Biol. Med. 217 (1998)

densation of aldehyde and ketone is more facile. The kind of 3,
modified adsorption in the presence of DMSO as suggested [2] H.k. Hsieh, T.H. Lee, J.P. Wang, C.N. Lin, Pharm. Res. 15 (1998)
by previous workers prompted us to propose this pathway 39.
[13]. The conversion decreases with nitrobenzene suggesting [3] M.D. Ankhiwala, J. Indian Chem. Soc. 67 (1990) 913. _
that it is incapable of activating/éhydroxyacetophenone. [4] A. Mantas, E. Deretey, F.H. Ferretti, M.R. Estrada, 1.G. Csizmadia,
The additi faf d £ DM itrob THEOCHEM 504 (2000) 171.

€ a ItIOﬂ Of a Tew drops o ) S_O FO nltr_o en- [5] D.N. Dahr, The Chemistry of Chalcone and Related Compounds,
zene has increased the conversion in line with our Cambridge University Press, London, 1973.
expectations. [6] M.J. Climent, A. Corma, S. Iborra, J. Primo, J. Catal. 151 (1995) 60.

The selectivity to Zhydroxychalcone is high in DMSO [7] KJ. Rovig, US Patent 2,755,299 (1956).
while the selectivity for flavanone is high in nitrobenzene. As  [8] N-O. Calloway, 1.D. Green, J. Am. Chem. Soc. 59 (1937) 809.
int | | lisati f/2hvd hal d d [9] J.L. Guthire, N. Rabjohn, J. Org. Chem. 22 (1957) 176.
Intramolecular cyclisation ot 'zhydroxychaicone depends 1) rochus, R. Kickuth, German Patent 1,095,832 (1957).
on the acid sites, such free sites is less in DMSO due to pro-[11] p.N. Dahr, The Chemistry of Chalcone and Related Compounds,
tonation and hence the selectivity for the flavanone is low- Wiley, New York, 1981.
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