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Abstract

Commercially available LiOHH,0O was found to be a highly efficient dual activation catalyst for Claisen—Schmidt condensation of various
aryl methyl ketones with aryl/heteroaryl aldehydes providing an easy synthesis of 1,3-diaryl-2-propenones under mild conditions. The reaction:
were carried out at room temperature and in short times affording high yields. Excellent chemoselectivity was observed with carbonyl substrate
bearing halogen atom and nitro group without any competitive aromatic nucleophilic substitution. The resultant chalcones did not undergo Michae
addition with the ketone enolate. The rate of Claisen—Schmidt condensation was found to be dependent on the steric and electronic factors of tl
carbonyl substrates.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Claisen—Schmidt condensation; Aldehydes; Ketones; 1,3-Diaryl-2-propenones; Lithium hydroxide; Dual activation catalyst

1. Introduction nientapproach for synthesis of 1,3-diaryl-2-propenones involves

Claisen—Schmidt condensation of aryl methyl ketones with
The 1,3-diaryl-2-propenone moiety has earned the statualdehydes. The reaction is catalysed by various bases such as

of a privileged pharmacophore as compounds bearing thislaOH[2—-4,11,12,19,22,26,27,32-3&OH [13,19,20,37,38]

moiety (chalcones) possess a broad spectrum of biologic&a(OH), [10,39-41] hydrotalcites[42], LIHMDS [43] and

activity [1]. Recent studies on biological evaluation of chal-calcined NaNG/natural phosphat@4,45] The acid-catalysed

cones revealed them to be anti-malarfat-4], anti-cancer methodologies include the use of AJH6], BF3 [47], dry HCI

[5,6], anti-leishmanial[7,8], anti-inflammatory[9-11], anti-  [48,49] Zn(bpy)(OAc} [50], TiCl4 [51], CpZrH2/NiCl; [52],

mitotic [12], anti-tuberculosid13], cardiovasculaf14], cell  zeolites[42] and RuC4 [53]. Recently chalcone synthesis has

differentiation inducing[15], nitric oxide regulation modula- been achieved employing Suzuki reactj64].

tory [16,17] and anti-hyperglycemi¢18] agents. 1,3-Diaryl- The reported procedures have various disadvantages such as

2-propenones inhibit various enzymes such as CydlP], long reaction times (14 h-5 dayg)0,13,19,20,37-41,46,48—

COX/5-LOX [20], EGFR tyrosine kinas§1] and tyrosinase 53], special efforts needed to prepare the catalifs44,45]

[22] that play crucial role in the biochemical pathways of differ- and starting materiaf89,52], high temperaturegl2,50,52,53]

ent diseases. Chalcones are key precursors in the synthesis akguirement of special appara{d®,52], use of costly reagents

large array of biologically important heterocycl@8—-30]and  [39,43,54] etc. The high temperatures and long reaction times

1,4-diketoneq31]. Thus, the synthesis of chalcones has gen+equired in the reported methodologies led to impure products

erated vast interest to organic/medicinal chemists. The convelue to side reactions and necessitated elaborative work up and
purification procedures. Thus, there is a need to develop a better

method.
* Corresponding author. Tel.: +91 172 2214683/686; fax: +91 172 2214692. SINCe MOst of the acid-catalyzed reactions required high tem-
E-mail address: akchakraborti@niper.ac.in (A.K. Chakraborti). peratures, responsible for generating side products, we focused
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our attention to the base-catalyzed reaction. However, long reac- Li.
tion times were needed for the reported base-catalyzed synthesis Q Q

of chalcones and became detrimental to purity of the desired 2 %"‘)L\ J\

product due to side reactions such as degradd&&h and ) Ar ’ m
Michael addition56-58]under basic medium. We felt that the LiOH O’L' | o Li_
use of catalytic quantities of a base should minimize the side 1 /J\

reactions and the activation of the aldehyde carbonyl group by Ar CH, A
coordination with the metal counter cation help in carrying out I

r
i
the reaction in short times. Earlier we have demonstrated the | Ar = 4-OMeCgH, I >—<
use of LIOHH>O for synthesis of aryl methyl ethefs9] and

(@)

methyl ester§s0]. We report herein for the first time LiOH,0 @] OH 1
as a dual activation catalyst for Claisen—Schmidt condensation /U\)\ 3
of aryl methyl ketones with aryl/heteroaryl aldehydes for easy Ar v U

synthesis of 1,3-diaryl-2-propenones under mild conditions. H-0

2. Results and discussion Scheme 1. LiOH-catalyzed Claisen—Schmidt reaction.

In a model study, we carried out Claisen—Schmidt con-
densation of 4-methoxyacetophenonB (vith 4-methoxy- to form the aldolate anioHI. The aldolate anion subsequently
benzaldehyde2) in the presence of LiOHH,O (10 mol%) and  abstracted the-proton ofl and generated the enoldt® com-
were delighted to observe that a quantitative formation (GCMSplete the catalytic cycle. The aldbV on dehydration resulted
of 4,4-dimethoxychalcone3) took place after 45 min in EtOH. in the formation oB.
Use of NaOH, KOH, CsOH, Mg(OH) Ba(OH), Ca(OH) To establish generality, Claisen—Schmidt condensation of
and MgNOH under similar conditions afforded poor yields various aryl methyl ketones with different aromatic and het-
(0-27%) TTable 1. The fact that the use of stronger bases sucteroaromatic aldehydes was carried out in the presence of
as NaOH, KOH and CsOH afforded inferior results suggested-iOH-H2O (Table 9. Excellent results were obtained in each
that LIOH-H,O plays the dual role, i.e. generates the enolat€ase. The reactions were carried out in short times (2 min—4h)
from the aryl methyl ketone and activate the aldehyde carbonyand were monitored by GCMS, IR and TLC (in cases where
by coordination with Lt (Scheme L the product formation was very fast, e.g. 2—5 min). We observed

Proton abstraction frorhby LiIOH-H»O (present in catalytic ~ that after the completion of the reaction a yellow/orange precip-
amount) generated the lithium enoldteCoordination of the itate appeared and this could be used as indicator for monitoring
Li* cation ofI with the aldehyde carbonyl oxygen formed the the reaction visually. The reactions were easy to perform and
six-membered cyclic transition stafeand increased the elec- did not require elaborative work up. The products were isolated
trophilicity of the aldehyde carbonyl group and made it moreby filtration. However, for small-scale reactions (1-2 mmol), in
susceptible to nucleophile attack in an intramolecular fashiosome instances the product recovery was less due to loss during

filtration. In general, the reactions were clean and the isolated

Table 1 products were obtained in pure form (IR, NMR and GCMS)
Claisen—Schmidt condensationlokith 2 to form3 under the catalyticinfluence ~ Without further purification. The chalcone formation took place
of various metal hydroxidés with excellent chemoselectivity. No competitive side reactions
Entry  MOH Solvent Time(h) Conversion Yield  Such as product decomposition, aromatic nucleophilic substitu-
(%)P (w)ed  tion, Michael addition, etc. were observed (GCMS). Substrates
1 LIOH-H0 Neat 4 20 s with .halogen atom (entr!es 5, 11, 13, 26-29) and nltr.o group
2 LIOH-H,0 EtOH 0.66 100 26 (entries 6, 14, 24, 25) did not experience any aromatic nucle-
3 NaOH EtOH 0.66 31 27 ophilic substitution. It has been reported that decomposition of
4 KOH EtOH 0.66 5 - chalcone took place in the presence of K{BH]. The reaction of
5 CsOHH0 EtOH 0.66 20 17 acetophenone with 2-pyridylcarboxaldehyde, in ethanolic KOH
6 Ba(OHp-8H,O0  EtOH 0.66 39 36 : "
led to Michael addition of acetophenone enolate to the chal-
7 Ba(OH)-8H,0  EtOH 24 69 60 . X '
8 Ba(OH)-8H,0  Neat o Nil NiE cone and provided the Michael adduct as the final proghfit
9 Ca(OH) EtOH 24 Nil Nil Under the present study, exclusive formation of chalcone took
10 Mg(OH), EtOH 24 Nil Nil place during the reaction of 4-methoxyacetophenone with 2-
1 Me;NOH EtOH 24 30 25 pyridylcarboxaldehyde (entry 17). The reaction rate was found

2 The ketonel (1 mmol) was treated with the metal hydroxide (10 mol%) t0 be dependent on the steric and electronic factors. The reac-
in EtOH (0.5mL) (except for entries 1 and 8) at room temperature for 10 mintions of aldehydes bearing electron-donating groups such as Me,
fotl)lowed byg (2 mmol) for the indicated time at room temperature. OMe and NMe took Ionger time than the Corresponding reac-

. Determined by GCMS. o o tions of benzaldehyde (compare entry 1 with entries 2—4; entry

Isolated yield o3 obtained after purification by recrystallization. . . . .

d The product was characterized by & and*3C NMR and MS. 9 with entries 10, 12, 15 and 16; entry 27 with entries 28 and 29;

€ GCMS indicated 8% conversion Soafter 24 at 100C. entry 31 with entry 34). The presence of electron-withdrawing
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Table 2

LiOH-H,O-catalysed Claisen—Schmidt reaction of@OCHs with Ar2CHO?
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of acetophenone enolate anion towards the aldehyde carbonyl.
Similar effect was observed during the reaction of 1- and

Entry Art Ar? Time  Yield 2-naphthaldehydes with 4-methoxyacetophenone (entries 22
(min)  (%)>¢¢  and 23).
1 CoHs CeHs 5 85 The following representative examples compared the
2 CeHs 4-OMe-GsHy 15 88 efficiency of the present method with that of the reported proce-
3 CeHs 4-NMez-CeHg 10 85 dures. Condensation of benzaldehyde, 4-methoxybenzaldehyde,
4 CoHs 4-Me-GsH, 30 91 4-dimethylaminobenzaldehyde, 4-methylbenzaldehyde,
> Gt 4-ClGoHa 15 %0 4-chlorobenzaldehyde and 4-nitrobenzaldehyde with ace-
6  CoHs 4-NOp-CgHa 2 80 Y y _
7 CoHs 1-Naphthy! 25 69 tophenone afforded 81, 96, 77, 88, 72 and 86% yields,
8 CeHs 2-Naphthy! 5 91 respectively, after 18h at 8C in DMF in the presence of
9 4-OMe-GHq CeHs 15 80 Zn(bpy)(OAc) [50]. The corresponding Claisen—Schmidt
10 4-OMe-GH, 4-Me-GsH, 15 72 condensations, catalysed by LiGM0, afforded 85, 88,
11 4-OMe-GH, 4-Cl-GoHa 0 % 85, 91, 90 and 80% vyields after 5, 15, 10, 30, 15 and
12 4-OMe-GHg 4-OMe-GsHg 45 96 roT _ Lo T T )
13 4-OMe-GH., 4-F-CgHgy 15 92 2min, respectively, at room temperature in EtOH (entries
14 4-OMe-GHy 4-NOy-CgHa 2 95 1-6). The Zn(bpy)(OAc)catalysed condensation of 2-
15 4-OMe-GHq 3,4-Di-OMe-GHs 180 91 pyridylcarboxaldehyde with acetophenone provided 31%
16 4-OMe-GHy 2,4,6-Tri-OMe-GH, 240 82 chalcone after 16 h at 8@ in DMF [50] in comparison to
i; j:gmg:éﬂi gg:gi: g ?g 88% vyield of the chalcone when 2-pyridylcarboxaldehyde
19 4-OMe-GHg 4-Pyridyl 10 70 was treated with 4-methoxyacetophenone for 5min at room
20 4-OMe-GHy 2-Furyl 4 66 temperature in EtOH under the catalytic influence of LiBIED
21 4-OMe-GHq 2-Thienyl 5 86 (entry 17). The Ba(OHp}catalysed reaction of benzoylmethyl-
22 4-OMe-GH, 1-Naphthy! 15 87 triphenylphsophonium bromide with 4-methylbenzaldehyde,
23 4-OMeGH, 2-Naphthyl T 9% 4-methoxybenzaldehyde,  4-chlorobenzaldehyde and  4-
24 4-NO-CgHg CeHs 1 82 . ' i )
25 4-NOy-CgHa 4-OMe-GsH 1 95 nitrobenzaldehyde afforded 20, 36, 49 and 80% vyields in
26 4-Br-GsHy 4-OMe-GsHy 60 90 60, 120, 90 and 90 min, respectively, at “Td [61]. The
27 4-Cl-GsHa 4-OMe-GsHq 15 73 corresponding chalcones were obtained in 91, 88, 90, 80%
;g j:g::g:“ 2'2-2;?-'\3)?;&2% ;ig 25 yields in 30, 15, 15 and 2 min, respectively, at room temperature
30 2,4-Di-0gz-QH3 CoHs 2 150 84 under the present study (entries 4, 2, 5 and 6). The RuCl
31 3,4-Di-OMe-GHs 4-OMe-GsH 60 87 catalysed condensation of acetophenone with benzaldehyde,
32 3,4-Di-OMe-GH3 2,4,6-Tri-OMe-GH, 180 75 4-methylbenzaldehyde and 4-methoxybenzaldehyde afforded
33 3,4-Di-OMe-GH3 3,4,5-Tri-OMe-GHz 240 86 the corresponding chalcone in 90, 92 and 94% vyields, respec-
34 3,4,5-Tri-OMe-GH, ~ 4-OMe-GsHg 120 88

tively, after 72 h under heating at 120 in sealed glass tubes.

a The ketone in EtOH (0.5-1mL/mmol) was treated with Li®Ho  Comparable yields of these chalcones were obtained after 5, 30,
(10 mol%) for 10 min at room temperature followed by the aldehyde (1equiv.)15 and 2 min in carrying out the reaction at room temperature
for ﬁ};ilgf:c;reideﬁje;ot?]:tcg?en;ti:;iraf;l::;}; e under the catalytic influence of LIOH,O. The reaction of

¢ All ofthe%roducts were chaﬁacterigzled by spectral datalfRand*>C NMR 4_m?th0Xyacet0phenone Wl,th 4-methoxybenzaldehyde carried
and MS). out in the presence of calcined Naf@atural phosphate for

d Al new compounds gave satisfactory elemental analysis. 48h, afforded 70% vyield of the chalcorid4]. Compared

to this observation, 96% vyield of the chalcone was obtained

after 45 min when the corresponding condensation was carried

out under the catalytic influence of LIOH,O. The recently
group such as F and NGn the aldehyde allowed the reaction reported Suzuki coupling afforded 81% vyield of,434-
to be carried out in shorter times (compare entry 1 with entry 6frimethoxychalcone by the treatment of 3,4-dimethoxybenzoyl
entry 9 with entries 13 and 14). The presence of an electronicchloride (2 equiv.) with 4-methoxyphenylvinylboronic acid
withdrawing group in the aryl methyl ketone accelerated thg1 equiv.) in the presence of (PHhPPd(0) (3mol%) and
rate of Claisen—Schmidt condensation presumably because G5 CO;3 (5 equiv.) in toluene under reflux for 4[B4]. A 87%
ease of formation of the corresponding enolate anion (comparngeld of 3,4,4-trimethoxychalcone was obtained after 1h
entry 1 with entry 24 and entry 2 with entry 25). Comparisonat room temperature under the present investigation (entry
of the results of entries 1, 9 and 31 and those of entries 2, 131). The reaction of 2,4-di-benzyloxyacetophenone with
31 and 34 revealed that the presence of electron-donating subenzaldehyde (entry 30) exemplified the advantage of the
stituents (e.g. OMe) on the aryl methyl ketone increased theresent methodology over the LIHMDS protoddi3]. The
reaction time probably due to sluggishness in proton abstractiodesired chalcone was obtained in 40% vyield in carrying out
from aryl methyl ketones bearing electron-donating groups. Théhe condensation in the presence of stoichiometric amount of
influence of steric factor on the rate of the reaction was exemkiHMDS at —78°C for 12 h[43]. In comparison to this, a 90%
plified by the results of entries 7 and 8. The peri hydrogen in 1lyield was obtained after 2.5h at room temperature following
naphthaldehyde (entry 7) exerted steric hindrance for approadhe present method.
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3. Conclusion 4.2. Spectral data of respresentative compound (entry 12,
Table 2)

In conclusion, we have described LiGH#O as a novel
dual activation catalyst for Claisen—Schmidt condensation of IR (KBr) cm~1: 2932, 1655, 1592, 1566, 1508, 1253, 1165,
aryl methyl ketones with aryl/heteroaryl aldehydes for easy and014, 983, 810fH NMR (300 MHz, CDCb): 8.03 (d, 2H,
highly efficient synthesis of 1,3-diaryl-2-propenones under mild/=8.7 Hz), 7.78 (d, 1HJ=15.5Hz), 7.60 (d, 2H/=8.6 Hz),
conditions. The advantages include (i) the use of cheap, easy43 (d, 1H,J=15.5Hz), 6.98 (d, 2H/=8.8 Hz), 6.93 (d, 2H,
to handle and commercially available catalyst, room tempers = 8.6 Hz), 3.88 (s, 3H), 3.85 (s, 3H}3C NMR (300 MHz,
ature and non-anhydrous reaction conditions, (ii) short reac€DCl3): §=188.6, 163.2, 161.4, 143.7, 131.3, 130.6, 130.0,
tion times, (iii) excellent chemoselectivity, (iv) high yields and 127.7, 115.5, 114.3, 113.7, 55.4, 55.3; MS (&l}: 268 (M")
purity. identical with an authentic sample {44].

Appendix A. Supplementary data
4. Experimental
Supplementary data associated with this article can be found,

The 'H and *3C NMR spectra were recorded on Bruker in the online version, afoi:10.1016/j.molcata.2005.08.039
Avance DPX 300 (300 MHz) spectrometer in CRGking TMS

as internal standard. The IR spectra were recorded on NiCOI‘ﬂeferences

Impact 400 spectrometer as KBr pellets for solid and neat for
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Chem. 36 (2001) 555.
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Lett. 10 (2000) 2159.
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(0.5mL) was treated with LiOHH,O (4mg, 0.1 mmol, [6] I; Bms,JCl.ngn%yr,] A. B;):tjrzggg)el‘,lgli/l. Mariotte, G. Conseil, A.J. Di
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