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in solvent free conditions via aldol condensation�
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bstract

Zirconium chloride has been found to be a new and highly efficient catalyst for the aldol condensation of aldehyde and ketone under solvent free
onditions, at room temperature. The reaction is very fast, clean and environmentally benign for the synthesis of variety of 1,3-diaryl-2-propenones.

irconium chloride also found to be compatible with various solvents and gave the aldol product in acceptable yield (56–70%) but the excellent
ield was obtained in solvent free condition. The higher mol% of the catalyst (zirconium chloride) yielded the 1,4-Michael adduct along with the
ldol product.

2007 Elsevier B.V. All rights reserved.
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. Introduction

1,3-Diaryl-2-propenones (chalcones) belong to flavanoid
amily, have displayed an impressive array of biological
ctivities, among which anti-malarial [1], anti-cancer [2,3],
nti-tuberculosis [4], cardiovascular [5], anti-leishmanial [6],
nti-mitotic [7], anti-hyperglycemic [8], nitric oxide inhibition
9,10], anti-inflammatory [11], tyrosinase inhibition [12], activi-
ies have been reported. Chalcones are also key precursors in the
ynthesis of many biologically important heterocycles such as
enzothiazepine [13], pyrazolines [14], 1,4-diketones [15], and
avones [16]. Thus the synthesis of chalcones has generated
ast interest to organic as well as for medicinal chemists. The
raditional methods for the synthesis of 1,3-diaryl-2-propenones
nvolves the use of strong bases such as NaOH [17,18], KOH
19], Ba(OH)2 [20,21], hydrotalcites [22], LiHMDS [23], cal-
ined NaNO3/natural phosphate [24]. There are also some
eports of acid-catalyzed aldol condensations, e.g. AlCl3 [25],

F3 [26], dry HCl [27], Zn(bpy)(OAc)2 [28], Cp2ZrH2/NiCl2

29] and RuCl3 (for cyclic and acyclic ketones) [30]. Chalcone
ynthesis has also been achieved employing Suzuki reaction
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31]. The previously reported procedures have various disadvan-
ages such as long reaction times (14 h–5 days), special efforts
eeded to prepare the catalysts and starting materials, high tem-
eratures, requirement of special apparatus, use of expensive
eagents, generation of noxious substances, subsequent neutral-
zation process and use of hazardous solvents, necessitate the
evelopment of newer method.

Solvent free reaction are of great importance in organic syn-
hesis as it reduces the environmental pollution and bring down
he handling costs due to simplification of work up technique
32].

Here we wish to report the synthesis of chalcone using zir-
onium chloride as catalyst in solvent free conditions. Recently,
irconium chloride chemistry has attracted much attention
ecause ZrCl4 has emerged as a safe, economical, air and mois-
ure tolerant alternative Lewis acid. To best of our knowledge,
here are no earlier reports for the zirconium chloride catalyzed
ynthesis of 1,3-diaryl propen-2-ones.

. Results and discussion
Chalcones are usually synthesized using the Claisen–
chmidt reaction in basic medium in polar solvent and involves
umbersome purification process as the reaction often led to
complex mixture [17,18]. The aim of present study was to
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0 mol%) and (b) neat/dry DCM at room temperature.
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Table 2
Effect of catalyst loading on the synthesis of 1, 3 -diaryl propen-2-onea,b

Entry ZrCl4 (mol%) Solvent Time (h) Yieldc (%)

1 – DCM 6 nr
2 2–5 DCM 4 45
3 10 DCM 2.5 57
4 15 DCM 1 65
5 20 DCM 1 70
6 15 DCE 2.0 58b

7 20 DCE 1.6 64b

8 5 Neat 1 56
9 10 Neat 1–1.5 80

10 15 Neat 1.2 88
11 20 Neat 1 92

a Reaction conditions: benzaldehyde reacted with acetophenone in presence
o

w
o
w
b
s
(
a
t
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Scheme 1. Reagent and conditions: (a) ZrCl4 (2

evelop an efficient protocol for a zirconium catalyzed aldol
eaction of appropriately substituted aromatic aldehydes (1) with
broad variety of aromatic ketones (2) to obtain the correspond-

ng 1,3-diaryl-2-propenones (3) with good to excellent yields in
hort span of time without the formation of any side product.

Our initial investigations were concerned the zirconium chlo-
ide catalyzed aldol reaction of benzaldehyde with acetophenone
s a model system. We chose this system in order to optimize
he reaction conditions in terms of the yield, time and reaction
emperature (Scheme 1).

A variety of solvents were surveyed to establish the influence
f the reaction medium on zirconium chloride catalyzed reac-
ion (Table 1). The use of relatively less polar solvents furnished
a in moderately good yields (Table 1, entries 1 and 2). We also
erformed zirconium chloride catalyzed reaction in high boil-
ng solvent DCE (Table 1, entry 3) at 50–60 ◦C but no further
mprovement in yield was observed. The use of solvents of rel-
tively higher polarity (MeOH), with the exception of MeCN
Table 1, entry 7), either trace product formation was observed
r no reaction was detected. The poor results in DMF were
btained probably due to the solvation effect, which interferes in
oordinating the zirconium chloride with the carbonyl oxygen.
xcellent yields were obtained under solvent free condition with
0 mol% of zirconium chloride.

In order to establish the best reaction conditions, we
erformed an optimization study using acetophenone and ben-
aldehyde as the model substrate in the presence of varying
mounts of catalyst ZrCl4 (Table 2). The best results were

btained with the use of 20 mol% of catalyst. While three to
ve fold excess in mol% of ZrCl4 (60–80 mol%) was found to

ncrease rate of reaction but some side products like 1,4-Michael
dducts (4) was also obtained (Scheme 2).

able 1
ffect of various solvents on the reaction of (1a) with (2a) in catalytic influence
f zirconium chloride

ntry Solvent Time (h) Yieldc (%)

1 CH2Cl2 2 70
2 CHCl3 2 68
3 DCE 2 67
4 MeOH 1.5 20
5 DMF 1.2 12
6 Toluene 5 25
7 MeCN 2.5 56
8 Neata 1 92

a Conditions: benzaldehyde (1 mmol) and acetophenone (1 m mol) was taken
n solvent free condition and stirred in presence ZrCl4 (20 mol%) at r.t.

c Isolated yield (%).

(
1

p
N
t

f ZrCl4 at room temperature.
b Heated at 50–60 ◦C.
c Isolated yield (%).

We investigated the generality and scope of the method
ith a variety of substituted aceophenones and aldehydes using
ur optimized reaction conditions. We required a methodology,
hich, should be amenable to various substitution patterns on
oth aryl rings of aldehyde as well as on ketone. Reaction under
olvent free condition at room temperature gave excellent yields
Table 3). ZrCl4 was found to be one of the most efficient Lewis
cid catalysts in terms of handling, time, and yield and reaction
emperature.

Zirconium chloride catalyzed synthesis of 1,3-diaryl-
-propenones is attractive since it specifically generates
E)-isomer. This was confirmed with the spectral data (1H NMR,

3C NMR) of the corresponding chalcones and also by com-
aring with the reported literature data. It was found from 1H
MR spectra, all chalcones were geometrically pure and with

rans-configuration (J H�–H� = 15.50–15.60 Hz).

Scheme 2. (a) Neat/dry DCM at room temperature.
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Table 3
ZrCl4 catalyzed synthesis of 1,3-diaryl propen-2-one in solvent free conditiona,b

Entry (1) R1 (2) R2 (3) Yieldc % Time (h) mp (◦C)/lit ref

1 Ph Ph 3a 92 1 56–58 [33]
2 Ph 4-OMe Ph 3b 93 1.2 72–74 [18,28]
3 4-OMe Ph Ph 3c 88 1.2 75–76 [28]
4 3-OMePh Ph 3d 85 1.5 Oily
5 4-OMePh 4-OMe Ph 3e 90 1 102–105
6 2, 6-Cl Ph Ph 3f 87 1 62–65
7 3-Cl Ph 4-Me-Ph 3g 90 1.4 80–82
8 2-C4H3O 4-OMe Ph 3h 68 1.8 42–46
9 2-NO2Ph Ph 3h 83 1.2 133–140

10 3-NO2Ph Ph 3i 86 2 143–144 [28]
11 3-NO2Ph 2-OH Ph 3j 80 2 Oily
12 4-NO2Ph Ph 3k 70 1.5 158–161 [28]
13 Ph 4-OH Ph 3l 92 1 178–179
14 4-OMePh 4-OH Ph 3m 52 2 188–189 [34]
15 2-OH Ph 4-Ph 3n 92 2 152–153 [28]
16 Napthyl Ph 3o 80 2 90–92
17 Napthyl 4-OMe Ph 3p 82 2 148–151
18 Ph 4-OC2H4NC4H8 Ph 3q 87 2.2 89–90
19 Ph 4-OC2H4NC5H10 Ph 3r 86 2.8 77–79
20 Ph 4-OC2H4NC2H6 Ph 3s 86 2.5 Oily

R1CH = CHCOR2 (3).
at roo

o
t
r
i

p
t
k

s
c

g
m

a Reaction conditions aldehyde (1 mmol) acetophenone (1 mmol), and ZrCl4
b Anhydrous DCM was used as a solvent for entry (5, 7, 9, 10, 12 and 14).
c Product characterized by spectroscopic (IR, 1H and 13C NMR, mass) data.

Present methodology works efficiently with a wide variety
f substrates. In most cases the reaction proceeded smoothly
o produce the corresponding 1,3-diphenyl-2-propen-one. The
eaction was found to be clean and the products were obtained
n the excellent yields without the formation of any side products.
The proposed mechanism of ZrCl4 catalyzed reaction may
roceed, through the enolate intermediate generated via the ini-
ial addition of zirconium chloride to the carbonyl carbon of aryl
etone. The plausible role of ZrCl4 in catalyzing the reaction in

u
p
c
t

Scheme 3. ZrCl4 catalyzed synth
m temperature, solvent free, stir.

olvent free condition can be rationalized through the catalytic
ycle depicted in Scheme 3.

It was proposed that Zr4+coordinate with the carbonyl oxy-
en of the ketone and form an orange–violet colored transition
etal complex (this color varied accordingly the aryl ketone was
sed), it generates the enolate intermediate by the abstraction of
roton from the �-carbon of the aryl ketone. This transition metal
omplex further coordinate with the arylaldehyde and increases
he electrophilicity of carbonyl carbon of aldehyde and make

esis of diaryl-2-propenone.
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t susceptible for intramolecular nucleophillic attack of enolate
on. Further dehydration process generates the resultant product
3).

. Conclusions

In conclusion, we have successfully developed a simple and
fficient methodology to prepare a wide variety of 1,3-diaryl-2-
ropenones using zirconium chloride in catalytic amounts. The
owerful catalytic activity of zirconium chloride for these trans-
ormations can be sustained by the less reaction time as well
s high product yields. This is the environmentally acceptable,
conomical, and solvent less process for the synthesis of chal-
ones. However even in solvents like DCM, chloroform yields
re good.

. Experimental

.1. General procedure for the preparation of
,3-diaryl-2-propenones

Method A: Benzaldehyde (106 mg, 1.0 mmol) and acetophe-
one (120 mg, 1 mmol) were mixed together and then anhydrous
rCl4 (46.6 mg, 20 mol%) was added and the solution stirred at

oom temperature under an air atmosphere for 60 min. After
he completion of the reaction (monitored by TLC and IR), the
rude mixture was worked up in ice cold brine solution and
hen extracted with etylacetate solution (3× 10 mL). The com-
ined ethyl acetate extract was dried over anhydrous Na2SO4,
ltered and then concentrated in vacuo, and the resulting product
as purified by simple crystallization in ethyl acetate/n-hexane

1:25) to afford the pure product 3a as a yellow solid (192 mg,
2% yield). The product was recrystallized by methanol.

Method B: In critical case when one or both the reactants are
olid (Table 3, entries 5, 7, 9, 10, 12 and 14), we used 1–2 ml of
ry DCM, i.e. minimal amount of solvent required to dissolve
he solid reactant and make the reaction feasible. Except this all

ethodology used is same as mentioned above.
All the synthesized compounds were properly characterized

y their spectroscopic data (Table 3). The compounds that are
nown are identified by comparison of their spectroscopic data
ith those reported in the literature.

.1.1. Spectral data for selected compounds

.1.1.1. 1,3-Bis-(4-methoxy-phenyl)-propenone (entry 5,
able 3). 1H NMR (200 MHz, CDCl3)—δ: 8.05 (d, J = 8.6 Hz,
H), 7.82(d, J = 15.5Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.47 (d,
= 15.5 Hz, 1H), 7.00 (t, J = 8.6 Hz, 4H), 3.88 (s, 3H), 3.85

s, 3H); 13C NMR (50 MHz, CDCl3)—δ: 189.1, 163.6, 161.9,
44.2, 131.7, 131.1, 130.5, 128.2, 119.9, 114.7, 114.1, 55.8. IR
KBr) 1654, 1594 cm−1. MS (FAB) m/z: 269 (M+H).

.1.1.2. 3-Furan-2-yl-1-(4-methoxy-phenyl)-propenone (entry

, Table 3). 1H NMR (200 MHz, CDCl3)—δ: 8.06 (d, J = 8.6 Hz,
H), 7.63 (d, J = 15.2Hz, 1H), 7.51 (d, J = 2.9 Hz, 1H), 7.49 (d,
= 15.2Hz, 1H), 6.99 (d, J = 8.6 Hz, 2H), 6.70 (d, J = 2.7 Hz,
H), 6.50 (s, 1H), 3.87 (s, 3H); 13C NMR—δ: 188.5, 163.8,

[

[
[
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52.2, 145.1, 131.4, 131.1, 130.3, 119.6, 116.2, 114.2, 113.0,
5.8. IR (KBr) 1656, 1600 cm−1. MS (FAB) m/z: 229 (M+H).

.1.1.3. 1-(4-Hydroxy-phenyl)-3-(4-methoxy-phenyl)-
ropenone (entry 14, Table 3). 1H NMR (200 MHz, CDCl3)—δ:
.99 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 15.6 Hz, 1H), 7.60 (d,
= 8.6 Hz, 2H), 7.41 (d, J = 15.6 Hz, 1H), 6.93(d, J = 7.2 Hz,
H), 5.85 (brs, 1H), 3.86 (s, 3H), IR (KBr) 3371,1654,
583 cm−1. MS (FAB) m/z: 254 (M+H).

.1.1.4. 1-(4-Methoxy-phenyl)-3-napthalene-2-yl-propenone
entry 17, Table 3). 1H NMR (300 MHz, CDCl3)—δ: 8.64 (d,
= 15.4 Hz, 1H), 8.27 (d, J = 8.1 Hz, 1H), 8.09 (d, J = 8.8 Hz,
H), 7.93-7.88 (m, 3H), 7.63 (d, J = 15.4 Hz, 1H), 7.59–7.49 (m,
H), 7.00 (d, J = 8.6 Hz, 2H), 3.89 (s, 3H); 13C NMR (50 MHz,
DCl3)—δ: 187.9, 163.7, 139.6, 133.7, 131.7, 131.4, 131.0,
30.6, 129.1, 127.5, 126.6, 126.1, 125.8, 124.7, 123.2, 114.4,
5.9; IR (KBr) 1654, 1600 cm−1. MS (FAB) m/z: 289 (M+H).

eferences

[1] M. Liu, P. Wilairat, M.-L. Go, J. Med. Chem. 44 (2001) 4433.
[2] M.L. Edwards, D.M. Stemerick, P.S. Sunkara, J. Med. Chem. 33 (1990)

1948.
[3] F. Bois, C. Beney, A. Boumendjel, A.M. Mariotte, G. Conseil, A. Di Pietro,

J. Med. Chem. 41 (1998) 4161.
[4] Y.-M. Lin, Y. Zhou, M.T. Flavin, L.-M. Zhou, W. Nie, F.-C. Chen, Bioorg.

Med. Chem. 10 (2002) 2795.
[5] C. Furman, J. Lebeau, J.-C. Fruchart, J.-L. Duriez, P.N. Cotelle, E.J.

Teissier, Biochem. Mol. Toxicol. 15 (2001) 270.
[6] S.F. Nielsen, S.B. Christensen, G. Cruciani, A. Kharazmi, T.J. Liljefors,

Med. Chem. 41 (1998) 4819.
[7] S. Ducki, R. Forrest, J.A. Hadfield, A. Kendall, N.J. Lawrence, A.T.

McGown, D. Rennison, Bioorg. Med. Chem. Lett. 8 (1998) 1051.
[8] M. Satyanarayana, P. Tiwari, B.K. Tripathi, A.K. Srivastava, R. Pratap,

Bioorg. Med. Chem. 12 (2004) 883.
[9] F. Herencia, M.L. Ferrandiz, A. Ubeda, I. Guillen, J.N. Dominguez,

J.E. Charris, G.M. Lobo, M.J. Alcaraz, Free Rad. Biol. Med. 30 (2001)
43.

10] J. Rojas, M. Paya, J.N. Dominguez, M. Luisa Ferrandiz, Bioorg. Med.
Chem. Lett. 12 (2002) 1951.

11] F. Herencia, M.L. Ferrfandiz, A. Ubeda, J.N. Dominguez, J.E. Charris,
G.M. Lobo, M.J. Alcaraz, Bioorg. Med. Chem. Lett. 8 (1998) 1169.

12] E.B. Yang, Y.J. Guo, K. Zhang, Y.Z. Chen, P. Mack, Biochim. Biophys.
Acta 144–152 (2001) 1550.

13] O. Prakash, A. Kumar, A. Sadana, R. Prakash, P.S. Singh, M.R. Claramunt,
D. Sanz, I. Alkortac, J. Elgueroc, Tetrahedron 61 (2005) 6642.

14] R.Y. Prasad, L.A. Rao, L. Prasoona, K. Murali, R.P. Kumar, Bioorg. Med.
Chem. Lett. 15 (2005) 5030.

15] S. Raghavan, K. Anuradha, Tetrahedron Lett. 43 (2002) 5181.
16] B.A. Bohm, Introduction to Flavonoids, Harwood Academic, Amsterdam,

1998.
17] F. Micheli, F. Degiorgis, A. Feriani, A. Paio, A. Pozzan, P. Zarantonello,

P.J. Seneci, Comb. Chem. 3 (2001) 224.
18] D.G. Powers, D.S. Casebier, D. Fokas, W.J. Ryan, J.R. Troth, D.L. Coffen,

Tetrahedron 54 (1998) 4085.
19] X. Bu, L. Zhao, Y. Li, Synthesis (1997) 1246.
20] J.V. Sinisterra, A.G. Raso, J.A. Cabello, J.M. Marinas, Synthesis (1984)

502.

21] A.R. Alcantara, J.M. Marinas, J.V. Sinisterra, Tetrahedron Lett. 28 (1987)

1515.
22] M.J. Climent, A. Corma, S. Iborra, A. Velty, J. Catal. 221 (2004) 474.
23] J.B. Daskiewicz, G. Comte, D. Barron, A.D. Pietro, F. Thomasson, Tetra-

hedron Lett. 40 (1999) 7095.



2 ar Ca

[
[
[
[
[
[

[
[

16 A. Kumar, Akanksha / Journal of Molecul

24] S. Sebti, A. Solhy, A. Smahi, H.O. Kossir, Catal. Commun. 3 (2002) 335.
25] N.O. Calloway, L.D. Green, J. Am. Chem. Soc. 59 (1937) 809.

26] D.S. Breslow, C.R. Hauser, J. Am. Chem. Soc. 62 (1940) 2385.
27] T. Szell, I. Sohar, Can. J. Chem. 47 (1969) 1254.
28] K. Irie, K. Watanabe, Bull. Chem. Soc. Jpn. 53 (1980) 1366.
29] T. Nakamo, S. Irifune, S. Umano, A. Inada, Ishii, Y.M. Ogawa, J. Org.

Chem. 522 (1987) 239.

[
[
[

talysis A: Chemical 274 (2007) 212–216

30] N. Iranpoor, F. Kazemi, Tetrahedron 54 (1998) 9475.
31] S. Eddarir, N. Cotelle, Y. Bakkoura, C. Rolandoa, Tetrahedron Lett. 44
(2003) 5359.
32] G. Nagendrappa, Resonance 7 (2002) 64.
33] K. Watanabe, A. Imazawa, Bull. Chem. Soc. Jpn. 55 (1982) 3208.
34] J. Buckingham, Dictionary of Natural Products; Chapman & Hall: 2 D-F

(1994) 1574 D-01615.


	Zirconium chloride catalyzed efficient synthesis of 1,3-diaryl-2-propenones in solvent free conditions via aldol condensation
	Introduction
	Results and discussion
	Conclusions
	Experimental
	General procedure for the preparation of 1,3-diaryl-2-propenones
	Spectral data for selected compounds
	1,3-Bis-(4-methoxy-phenyl)-propenone (entry 5, Table 3)
	3-Furan-2-yl-1-(4-methoxy-phenyl)-propenone (entry 8, Table 3)
	1-(4-Hydroxy-phenyl)-3-(4-methoxy-phenyl)-propenone (entry 14, Table 3)
	1-(4-Methoxy-phenyl)-3-napthalene-2-yl-propenone (entry 17, Table 3)



	References


