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CERIUM(III)-CATALYZED SYNTHESIS OF SCHIFF
BASES: A GREEN APPROACH

Lakshmy Ravishankar, Siddhartha A. Patwe, Nehal Gosarani,
and Aparajita Roy
Department of Chemistry, V. G. Vaze College of Arts, Science, and
Commerce, Mumbai, Maharashtra, India

The reaction of primary aromatic amines with aryl aldehydes is found to be catalyzed

by cerium chloride heptahydrate under solvent-free conditions to give the corresponding

Schiff bases in good yields.

Keywords: CeCl3 � 7H2O; green chemistry; Schiff bases; solvent free

INTRODUCTION

Aromatic imines or Schiff bases are nitrogen-containing organic compounds
that are reported to exhibit analgesic, antimicrobial, antibacterial, and anti-
inflammatory activity.[1] They are conventionally prepared by condensation of an
aldehyde=ketone with a primary aromatic amine and with the simultaneous removal
of water using molecular sieves or a Dean–Stark apparatus.[2] Several modified meth-
ods for synthesis of Schiff bases have been reported in the literature, including use of
catalysts such as ZnCl2,

[3] TiCl4,
[4] alumina,[5] P2O5,

[6] and Mg(ClO4)2,
[7] besides acti-

vation of the reaction mixture by infrared (IR) irradiation.[8] Environmentally
friendly methods for the synthesis of imines have been reported in the literature.
Touchelte[9] has reported the solventless synthesis of imines by grinding o-vanillin
and p-toluidine, resulting in quantitative yields of the product. Varma et al.[10] reported
the solvent-free synthesis of imines under microwave conditions using montmorillonite
K10 as a solid support. Recently, Gopalakrishnan et al.[11] reported the synthesis of imi-
nes catalyzed by CaO under microwave conditions. Ethyl lactate as a tunable solvent
recently has been found to be useful in the synthesis of aryl aldimines.[12]

RESULTS AND DISCUSSION

Several Schiff bases were synthesized both in the presence and absence of
CeCl3 � 7H2O, and the results are summarized in Scheme 1 and Table 1. In a typical
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procedure, an equimolar mixture of aldehyde (10mmol) and amine (10mmol) were
taken in a porcelain dish and mixed thoroughly. CeCl3 � 7H2O (1mmol) was added
and the entire reaction mixture was mixed vigorously. The progress of the reaction
was monitored by thin-layer chromatography (TLC). The mixture melted initially
and then solidified, indicating formation of the imine. The product was recrystallized
using absolute alcohol. The procedure for the reaction in the absence of
CeCl3 � 7H2O was the same as before. The products were characterized by IR
(C¼N stretching between 1610 and 1630 cm�1) and comparison of their melting
points with the reported data.

In case of deactivated amines (entries 1 and 2), the reaction does not proceed in
the absence of CeCl3 � 7H2O. However, addition of catalytic amounts of
CeCl3 � 7H2O results in the formation of the Schiff base in a very short time.
Similarly, deactivated aldehydes having electron-releasing substituents (entry 3)
underwent the reaction faster in the presence of the catalyst, probably because of
coordination of the carbonyl oxygen with cerium, which enhanced the electrophili-
city of the carbon. In the case of reactions using anisaldehyde, it was observed that
addition of catalytic amounts of the catalyst reduced the reaction time considerably
from 2 h to a few minutes (entries 4–6). Todd[13] had reported the synthesis of various
Schiff bases derived from anisaldehyde by refluxing amines with aldehydes in etha-
nol. The melting points of the products obtained in the present work compare well
with those reported in the literature. The CeCl3 � 7H2O-catalyzed reaction was found

Scheme 1. Synthesis of Schiff bases 1–6.

Table 1. Synthesis of Schiff bases in the presence and absence of CeCl3 � 7H2O

No. R1 R2 CeCl3 Time (min) Melting point (�C)a Yieldb (%)

1 H 4-NO2 — 120 — No reaction

1:1:0.1 30 144 (138–140)[6] 41

2 H 3-NO2 — 120 — No reaction

1:1:0.1 10 66 (66–68)[6] 88

3 2-OH H — 120 47 (47–49)[15] 68

1:1:0.1 30 47 91

4 4-OCH3 H — 120 59 (57–62)[13] 50

1:1:0.1 5 59 85

5 4-OCH3 4-Cl — 60 92 (93)[13] 82

1:1:0.1 5 92 89

6 4-OCH3 3-NO2 — 120 — No reaction

1:1:0.1 50 109 (109–110)[13] 80

aFigures in parentheses correspond to reported melting points.
bYields of recrystallized product.
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to be effective in the synthesis of 2,3-diphenylquinoxaline, by condensation of
o-phenylenediamine and benzil (Scheme 2). In the absence of the catalyst, the reac-
tion requires refluxing in ethanol for more than 30min.[14] However, addition of
catalytic amounts of the catalyst avoided the use of solvent and refluxing conditions
and gave good yields of the product, albeit in 2 h.

CONCLUSION

In conclusion, we have developed a simple, solvent-free procedure for the
synthesis of Schiff bases, catalyzed by CeCl3 � 7H2O. The method works well with
deactivated amines and aldehydes to give the desired product in good yields. The
present method is advantageous over the conventional procedure, in that it does
not require azeotropic removal of water by using excess of aromatic solvents.

REFERENCES

1. More, S. V.; Dongarkhadejar, D. V.; Chavan, R. N.; Jadhav, W. N.; Bhusare, S. R.;
Pawar, R. P. Synthesis and antibacterial activity of new Schiff bases, 4-thiazolidinones
and 2-azetidinones. J. Ind. Chem. Soc. 2002, 79, 768–769.

2. (a) Kuehne, M. E. The applications of enamines to a new synthesis of b-ketonitriles. J. Am.
Chem. Soc. 1959, 81, 5400–5404; (b) Taguchi, K.; Westheimer, F. H. Catalysis by molecu-

lar sieves in the preparation of ketimines and enamines. J. Org. Chem. 1971, 36, 1570–1572.
3. Billman, J. H.; Tai, K. M. J. Reduction of Schiff bases II: Benzhydrylamines and

structurally related compounds. J. Org. Chem. 1958, 23, 535–539.
4. White, W. A.; Weingarten, H. A versatile new enamine synthesis. J. Org. Chem. 1967, 32,

213–214.
5. Texier-Boullet, F. A simple, convenient, and mild synthesis of imines on alumina surface

without solvent. Synthesis 1985, 679–681.
6. Naeimi, H.; Salimi, F.; Rabiei, K. Mild and convenient one-pot synthesis of Schiff bases in

the presence of P2O5=Al2O3 as new catalyst under solvent-free conditions. J. Mol. Cat. A:
Chem. 2006, 260, 100–104.

7. Chakraborti, A. K.; Bhagat, S.; Rudrawar, S. Magnesium perchlorate as an efficient
catalyst for the synthesis of imines and phenylhydrazones. Tetrahedron Lett. 2004, 45,
7641–7644.

8. Vazquez, M. A.; Landa, M.; Reyes, L.; Miranda, R.; Tamariz, J.; Delgado, F. Infrared
irradiation: Effective promoter in the formation of N-benzylideneanilines in the absence
of solvent. Synth. Commun. 2004, 34, 2705–2718.

9. Touchelte, K. M. Reductive amination: A remarkable experiment for the organic labora-
tory. J. Chem. Educ. 2006, 83, 929–931.

10. Varma, R. S.; Dahiya, R.; Kumar, S. Clay-catalyzed synthesis of imines and enamines
under solvent-free conditions using microwave irradiation. Tetrahedron Lett. 1997, 38,
2039–2042.

Scheme 2. Synthesis of 2,3-diphenylquinoxaline.

CERIUM(III)-CATALYZED SYNTHESIS OF SCHIFF BASES 3179

D
ow

nl
oa

de
d 

by
 [

G
eo

rg
et

ow
n 

U
ni

ve
rs

ity
] 

at
 0

0:
54

 1
2 

M
ay

 2
01

3 



11. Gopalakrishnan, M.; Sureshkumar, P.; Kanagarajan, V.; Thanusu, J. New environmentally
friendly, solvent-free synthesis of imines using calcium oxide under microwave irradiation.
J. Res. Chem., Intermed. 2007, 33, 541–548.

12. Bennett, J. S.; Charles, K. L.; Miner, M. R.; Heuberger, C. F.; Spina, E. J.; Bartels, M. F.;
Foreman, T. Ethyl lactate as a tunable solvent for greener synthesis of arylaldimines.
Green Chem. 2009, 11, 166–168.

13. Todd, D. Schiff base puzzle project. J. Chem. Educ. 1992, 69, 584.
14. Furniss, B. S. Vogel’s Text Book of Practical Organic Chemistry, 5th ed.; ELBS Longman,

London, 1996.
15. Bhat, K.; Chang, K. J.; Aggarwal, M. D.; Wang, W. S.; Penn, B.; Frazier, D. O. Synthesis

and characterization of various Schiff bases for non-linear optical applications.
Mat. Chem. Phy. 1996, 44, 261–266.

3180 L. RAVISHANKAR ET AL.

D
ow

nl
oa

de
d 

by
 [

G
eo

rg
et

ow
n 

U
ni

ve
rs

ity
] 

at
 0

0:
54

 1
2 

M
ay

 2
01

3 


