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ABSTRACT

Knoevenagel condensation of aromatic aldehydes with active methylene

compounds under solvent-free conditions to synthesize arylidene com-

pounds in good to excellent yields using powdered anhydrous K2CO3

and PEG400 as catalysts has been described.
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INTRODUCTION

Developing green chemistry is one of the most important purposes of

organic synthesis at present. Organic synthesis in the absence of solvent is a

powerful tool for the generation of structurally diverse molecules, due to

their special selectivity, the ease of set-up and work-up, arousing great inter-

est.[1 – 3] Moreover, solvent-free reactions sometimes are faster, taking just a

few minutes rather than hours to complete because the reactants are close

contact with each other. This aspect, coupled with the lower overall costs of

running a reaction without solvent and no specially needed equipment,

could become a decisive factor in industry.

Polyethylene glycols (PEGs) have been widely used as PTC in many organic

reactions[4,5] owing to their stability, low cost, environment-friendly, and easy

availability. It has been proved that PEGs incorporating 7–9 units are more effec-

tive in catalyzing the reactions in which Kþ or Naþ salts participate.[6] Especially,

due to their liquid property and the two hydroxy groups, PEG 400–600 was more

suitable for liquid–liquid or solid–liquid phase solvent-free organic reactions.

As a continuance of our study,[7,8] we take a primary investigation on using

PEGs as PTC in condensation catalyzed by alkali without solvent.

Knoevenagel condensation of carbonyl compounds with active methylene

compounds is one of the most important methods for the preparation of sub-

stituted alkenes.[9 – 11] Recently, Knoevenagel reaction under solvent-free con-

ditions carried out by microwave irradiation and by grinding has rapidly

increased.[12 – 14] But microwave irradiation process is difficult to apply in

the industrial process until now and the grinding reaction is only suitable to

some active solid reactants. We wish to report a convenient preparation of

some arylidene derivatives by Knoevenagel condensation of aromatic alde-

hydes with active methylene compounds under solvent-free conditions using

PEG400 and K2CO3 as catalysts (Sch. 1). The results are listed in Table 1.

RESULTS AND DISCUSSION

Anhydrous K2CO3 was more satisfied to obtain excellent yield in short

time than other inorganic alkalies. KOH and NaOH were too strong bases

Scheme 1.
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to result in more by-products. KF and AcONa cannot catalyze effectively this

reaction under the same conditions. Low yield was obtained and long reaction

time is needed using MgO and CaO as base catalysts. Using K2CO3, KOH,

KF, and MgO as catalyst for the condensation of benzaldehyde with ethyl

cyanoacetate, a yield of 84%, 46%, 51%, and 55% was, respectively, obtained

under the same reaction conditions. The appreciable amount of PEG400 was

between 3 and 5 mol% to aromatic aldehydes. A longer reaction time will be

necessary and lower yield obtained with less PEG. The more amount

of PEG400 employed, the more products would be lost during the cause of

washing with water.

From Table 1, it was shown that the condensation of aldehydes with elec-

tron withdrawing groups such as –Cl and –NO2 in the aromatic ring, with

active methylene compounds can be carried out in relatively shorter time

and higher yield than with electron donating groups such as –N(CH3)2 and

–OCH3. A longer reaction time was necessary for the reactants with –OH

owing to –OH can partly react with alkali to form salt and the reaction

resulted in high melting point of the product. The rate would slow down

along with increasing amount of the high melting point of products, so a

high reaction temperature was needed. However, higher temperature will

result in low yield especially for the products containing group –OH and

ester bond due to the oxidation and hydrolysis of some reactant and product

by water generating in reaction. But when nitromethane and nitroethane as

active methylene compounds, arylidene compounds cannot be obtained

under this condition.

In summary, this method was safe, environment-friendly, and working-up

easily. The distinct advantages of this process lie in being easily practiced in

industry without needing special equipment.

EXPERIMENTAL

TLC was GF254 thin layer chromatography with petroleum ether/diethyl

ether (2/1) used as eluent. All the reagents and aromatic aldehydes were

obtained from commercial suppliers and were not purified. Melting points

were determined on a microscopy apparatus and uncorrected.

General Procedure

A mixture of aromatic aldehyde 2 (0.1 mol), active methylene compound

1 (0.1 mol), anhydrous K2CO3 (0.02 mol), and PEG-400 (1.5 mL) were taken

into a 50 mL three-necked, round-bottomed flask equipped with mechanical

Knoevenagel Condensation 2969
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stirrer and drying tube filled with KOH. The reaction was processed with

vigorous stirring and heating at assigned temperature. The completion of

the reaction was monitored by TLC. The reaction mixture was cooled to

room temperature and treated with cool water (acidifying needed for the

products with –OH). The product was filtered, dried, recrystallized from

ethanol, and identified by comparison of physical data and 1H NMR and IR

spectra with those described in the literatures.

REFERENCES

1. Tannaka, K.; Toda, F. Solvent-free organic synthesis. Chem. Rev. 2000,

100, 1025.

2. Villemin, D.; Martin, B. Dry condensation of creatinine with aldehydes

under focused microwave irradiation. Synth. Commun. 1995, 25, 3135.

3. Lonpy, A.; Song, S.J.; Sohn, S.M.; Lee, Y.M.; Kwon, T.W. Solvent-free

bentonite-catalyzed condensation of malonic acid and aromatic aldehydes

under microwave irradiation. J. Chem. Soc., Perkin Trans 1 2001, 1220.

4. Brem, G.; Lowpy, A.; Sansonlet, J. Polythylene glycols as oligomeric host

solvents: Application to oxidation and reduction reactions. Israel J. Chem.

1985, 26, 291.

5. Timok, J.M.; Moore, S.S.; Walba, D.M. Host-guest complexation. 2.

Structural units that control association constants between polyethers

and tert-butylammonium salts. J. Am. Chem. Soc. 1977, 99, 4207.

6. Wang, M.; Chang, K.R. Effects of polyethyleneglycol 400 on the allyl-

ation of phenoxide in a homogenous phase. Ind. Eng. Chem. Res. 1990,

29 (1), 40.

7. Cao, Y.Q.; Chen, B.H. Cyanidation of halogen compounds and esters

catalyzed by PEG400 without solvent. Synth. Commun. 2001, 31, 2202.

8. Cao, Y.Q.; Pei, B.G. Etherification of phenols catalyzed by solid–liquid

phase transfer catalyst PEG400 without solvent. Synth. Commun. 2000,

30, 1759.

9. Trost, B.M. Comprehensive Organic Synthesis; Pergamon Press: Oxford,

1991; Vol. 2, 341.

10. Balalaie, S.; Nemati, N. Ammonium acetate-basic alumina catalyzed

Knoevenagel condensation under microwave irradiation under solvent-

free condition. Synth. Commun. 2000, 30, 869.

11. Fildes, D.; Gaignaert, V.; Villemin, D.; Jaffres, P.A. Potassium exchanged

zirconium hydrogen phosphate Zr(O3POK)2: A heterogenous basic cata-

lyst for Knoevenagel raction without solvent. Green Chem. 2001, 3, 52.

Cao et al.2970

D
ow

nl
oa

de
d 

by
 [

O
hi

o 
St

at
e 

U
ni

ve
rs

ity
 L

ib
ra

ri
es

] 
at

 0
7:

10
 2

9 
Ju

ne
 2

01
2 



12. Mongilaiah, K.; Prashanthi, G. Microwave assisted Knoevenagel conden-

sation using sodium fluoride and lithium chloride as a catalyst under

solvent-free conditions. Synth. Commun. 2003, 33, 2309.

13. Rao, P.S.; Venkataratnam, R.V. Zinc chloride as a new catalyst for Knoe-

venagel condensation. Tetrahedron Lett. 1991, 32, 5821.

14. Bogdal, D. Fast synthesis by Knoevenagel condensation under microwave

irradiation. J. Chem. Res.(s) 1998, 468.

15. Ren, Z.J.; Cao, W.G. The Knoevenagel condensation reaction of aromatic

aldehydes with malononitrile by grinding in the absence of solvents and

catalysts. Synth. Commun. 2002, 32, 3475.

16. Cabello, J.A.; Campelo, J.M. Knoevenagel condensation in the hetero-

genous phase using aluminum phosphate-aluminum oxide as a new cata-

lyst. J. Org. Chem. 1984, 49, 5195.

17. Dai, G.; Shi, P.; Zhou, L. Knoevenagel condensation catalyzed by potas-

sium fluoride/alumina. Yingyong Huaxue (Chin. J.) 1995, 12, 104.

18. Beilstein. Handbuch der Organischen Chemie; Springer Berlin, H; 1926;

Vol. 9, 892.

19. Beilstein. Handbuch der Organischen Chemie; Springer Berlin, H; 1927;

Vol. 10, 731.

Received in Japan February 23, 2004

Knoevenagel Condensation 2971

D
ow

nl
oa

de
d 

by
 [

O
hi

o 
St

at
e 

U
ni

ve
rs

ity
 L

ib
ra

ri
es

] 
at

 0
7:

10
 2

9 
Ju

ne
 2

01
2 


