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C–C-bond formation reactions are one of the important reac-
tions in synthesis. The classical Knoevenagel reaction,1 which is a
modification of the Aldol reaction, is a well-known example for
C–C-bond formation reaction wherein the end products are gener-
ally the trisubstituted alkenes, that is, a,b-unsaturated carbonyl
compounds or a,b-unsaturated esters. These adducts are good Mi-
chael acceptors and can be used directly in the Diels–Alder reac-
tions for further transformations and thus find wide applications
in pharmaceuticals.2 Base-promoted Knoevenagel condensation is
well known,3 also, the importance of Knoevenagel adducts has
led to an exploration of several other reagents to promote Knoeve-
nagel condensation. Examples include protocols involving ionic
liquids,4 heterogenous catalysts such as clays,5 hydrotalcites,6 zeo-
lities,7 and also acid catalysts such as CeCl3�7H2O/NaI,8 HClO4–
SiO2,9 TiCl4,10 and ZnCl2.11 Reports are also present wherein high
temperatures12 or microwave irradiation13 has been used for this
transformation without any catalysts. Very often, prolonged reac-
tion conditions or high temperatures become a barrier, and hence
an efficient procedure is always desirable.

The oxophilicity of high valence Nb(V) has enabled it to act as
the reagent/catalyst for several Lewis acid-mediated reactions such
as the intramolecular oxidation–reduction process,14 the Diels–Al-
der reaction,15 allylation of aldehydes and imines,16 and complex
formations as Lewis acids17. Our own interest with this metal ha-
lide has resulted in achieving organic transformations such as Prins
type cyclization,18 C–H insertion reactions of alpha-diazoesters,19

synthesis of 3,4-dihydropyrimidinones20 and recently C-, N-, O-,
and S-nucleophilic substitution reactions of benzylic alcohols.21

In continuation of our investigations with NbCl5 as a Lewis acid
catalyst, we herein report a mild protocol for Knoevenagel conden-
sation (Scheme 1).

Initially, benzaldehyde was treated with ethyl acetoacetate in
the presence of NbCl5 (10 mol %) in DCM at rt. We found that the
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reaction proceeds well within 2 h and results in a single product.
This product was isolated and characterized as a trisubstituted ole-
fin. Interestingly, the reaction also worked in the absence of DCM
leading only to the desired product. Also, when the efficiency of
the catalyst was investigated by studying the reaction with differ-
ent concentrations (5%, 10%, and 20%), we found that 20 mol %
NbCl5 was the best in terms of yield and duration. Thus, after opti-
mizing the reaction conditions, a few other combinations were
tested to evaluate the scope of this transformation (Table 1, entries
1–3). Even the diethyl malanoate (Table 1, entry 4) worked well
under the present protocol to yield the trisubstituted olefin in
86% yield.

Gratified with the results obtained from condensation of b-
ketoesters and aldehydes, we wondered whether NbCl5 would
facilitate the condensation reaction of b-diketones and aldehydes,
since b-diketones are relatively less reactive due to the formation
of a stable six-membered enolate.

Towards these studies, the reaction of acetylacetone with benz-
aldehyde in the presence of 20 mol % NbCl5 was investigated (Table
1, entry 5). We were delighted to see that the reaction worked well
producing the Knoevenagel adduct within 1 h in 85% yield. In con-
trast, Sambri and co-workers22 recently used magnesium perchlo-
rate for Knovenagel condensation, and reported that a similar
transformation took a longer time (70 h) with 65% yield at room
temperature.

Impressed with the result obtained, a few more examples were
investigated for the generality of the reaction. Several aromatic and
R = Me, Ph, OEt
R' = Me, Ph, OEt, OMe
R''' = Ph, n-heptyl, cyclohexyl, pClC6H4-, pOMeC6H4-, pMeC6H4-, oNO2C6H4- 

Scheme 1.



Table 1
Knoevenagal condensation of b-ketoesters with aromatic aldehydes

Entry b-Ketoester Aldehyde Producta Time (h) Yield (%)
b-Diketone

1
O O

OEt

CHO

O O

OEt

1a

1.5 73

2
O O

OEt

CHO

Cl

O O

Cl

OEt

2a

1.5 80

3
O O

OMe

CHO

Cl

O O

Cl

OMe

3a

1.5 80

4
O O

OEtEtO

CHO

O O

OEtEtO

4a

3.0 86

5
O O CHO

O O

5a
1.0 85

6
O O

CHO

Cl

O O

Cl
6a

1.0 84

7
O O

CHO

MeO

O O

MeO
7a

1.5 80

8
O O

CHO

Me

O O

Me
8a

1.5 78

9
O O

CHO

NO2

O O

NO2

9a

0.75 90

(continued on next page)
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Table 1 (continued)

Entry b-Ketoester Aldehyde Producta Time (h) Yield (%)
b-Diketone

10
O O CHO

O O

10a

4.0 62

11
O O CHO

5

O O

5 11a

2.0 70

12
O O CHO

O O

12a
3.0 65

13

O O
CHO

O O

13a

1.5 85

14
O O

CHO

Me

OMe

O O

Me

OMe
14a

1.5 87

a The products were isolated and characterized by 1H NMR, 13C NMR, and mass spectroscopy.
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aliphatic aldehydes were treated with b-diketones to yield the cor-
responding condensation products.23 It was found that the ali-
phatic aldehydes took longer time compared to aromatic
aldehydes (Table 1, entries 10–12), took longer durations com-
pared to aromatic aldehydes (Table 1, entries 5–9), and that aro-
matic aldehydes with electron-withdrawing groups (Table 1,
entries 6 and 9) afforded slightly higher yields compared to aro-
matic aldehydes bearing electron-donating groups (Table 1, entries
7 and 8). All the products were isolated and characterized by
1HNMR, 13CNMR, and mass spectroscopy analysis.24

In conclusion, NbCl5 has been used efficiently to catalyze the
condensation reaction between b-diketones/b-keto esters and
aldehydes. A solvent-free reaction with a shorter time and mild
reaction conditions involving room temperature and single prod-
uct formation are the key features involved in the present protocol.
These features will enable this protocol to find wide applications in
the field of organic synthesis.
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