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Abstract 

Olefination is the most important class of reaction in synthetic organic chemistry due to its wide range of 

applicability. Furthermore, zinc oxide nanoparticles (nano ZnO) serve as highly efficient catalysts. The 

current protocol offers an efficient method for the olefination of various aldehydes utilizing ZnO 

nanoparticles as catalysts in distilled water, providing a green reaction medium. Additionally, ultrasonication 

(US) is used as a green source of energy to accelerate the reaction. 
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Introduction 

Formations of olefins are the most important class 

of reactions since olefins are precursors of various 

biologically active natural and synthetic products.1 

In the literature, several methods and reactions 

have been developed for olefinations.2 Some of 

the methods are Horner-Wadsworth-Emmons 

reaction, McMurry Coupling Reaction, Wittig 

reaction, Julia-Kocienski olefnation, Tebbe 

olefnation, Heck reaction, etc.3-9 During 

olefination, the formation of carbon-carbon bonds 

is key to producing a wide variety of advanced 

products with great societal importance. In the 

literature, the Knoevenagel reaction entailed a big 

part of these reactions. Knoevenagel reactions are 

catalyzed by nitrogen-based catalysts.11 These 

catalysts operate through different reaction 

conditions and paths with different reaction 

intermediates.12-15 A simplified and greener 

approach to olefinations is always needed. 

The present protocol is a successful attempt to fill 

this gap using sonochemistry and 

nanochemistry.16-19 The application of 

sonochemistry or ultrasound in chemistry has 

wide applications in chemical transformations. It 

is a green technique for chemical activation and 

synthesis a variety of organic molecules. The most 

important beneficial effects of ultrasound is 

shorter reaction time, clean-green, and economic. 

Similar to sonochemistry, nanochemistry is 

another interesting area of research that needs to 

be explored, so researchers are focusing on the 

application of nanoparticles as nanocatalysts in 

organic synthesis as well as various chemical 

transformation reactions.20 Present protocol is an 

efficient protocol for the olefination of various 

aldehydes using zinc oxide nanoparticles (nano 

ZnO) as a catalyst21-23 in distilled water, avoiding 

the use of volatile organic solvents. Additionally, 

ultrasound (US) is used here as a green source of 

energy to accelerate the reaction. This protocol is 

operationally simple and has wide applications to 

generate a wide range of olefins (Scheme 1). 
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Scheme 1: Nano ZnO catalysed green olefination in water using US. 

 

The chromone moiety is a subunit of various 

natural and synthetic bioactive molecules24-25 and 

the chemical modification of Chromone-3-

carbaldehyde scaffold is a very difficult, because, 

organic bases and strong acids open the pyrone 

ring.26-27 The present protocol is effective and 

efficient in converting chromone-3-carbaldehyde 

into olefins by condensing them with active 

methylene compounds using nano ZnO as a 

catalyst in distilled water using ultrasonication. 

 

Results and Discussion 

Zinc oxide nanoparticles (nano ZnO) is prepared 

by using literature chemical precipitation method 

(zinc acetate in absolute ethyl alcohol) and further 

obtained ZnO nanoparticles were characterized 

using spectroscopic techniques. In a pilot 

experiment, aldehyde (benzaldehyde) 1a (10 

mmol), active methylene compound 

(malononitrile) 2a (10 mmol), 10 ml distilled 

water, and a catalytic amount of ZnO nanoparticle 

(0.50 mmol) were sonicated at 70°C on 

ultrasonicator for 6 minutes, and olefine 3a is 

formed with a 98% yield (Scheme 2). By 

following the above procedure, a variety of 

aldehydes 1a-d were condensed with active 

methylene compounds (such as malononitrile and 

cyanoactamide) in the presence of a catalytic 

amount of nano ZnO (for temperature, see Table 

1) in distilled water. Olefination time is very short, 

and the reaction completes in minutes and gives a 

variety of olefines 3a-h in very good to excellent 

yields (Scheme 2, Table 1). 
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Scheme 2: Nano ZnO catalysed green olefination in water using US. 
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Here it is also observed that an increased amount 

of catalyst (nano ZnO) up to 1.50 mmol does not 

significantly change reaction time and olefins. 

While an amount less than 0.50 mmol nano ZnO 

drastically decreased product yields and also 

increase reaction time, 0.50 mmol is sufficient to 

catalyze this green olefination reaction. 

 

Table 1 : Nano ZnO catalysed green olefination in water using US. 
Entry R X Product Temp. oC Time (min) Yield (%)a 
1 H CN 3a 70 6 98 
2 Cl CN 3b 70 8 96 
3 Br CN 3c 75 10 94 
4 NO2 CN 3d 75 12 93 
5 H CONH2 3e 75 7 97 
6 Cl CONH2 3f 75 9 98 
7 Br CONH2 3g 80 13 93 
8 NO2 CONH2 3h 80 15 92 
aIsolated yields after recrystallization. 

 

This protocol is further applied to heterocyclic 

aldehydes, i.e., Chromone-3-carbaldehydes, and it 

was observed that this protocol is also efficient in 

generating olefins based on the condensation of 

Chromone-3-carbaldehydes (4a–d) and active 

methylene compounds (2a–b) (malononitrile and 

cyanoactamide) in the presence of a catalytic 

amount of nano ZnO (for temperature see table 2) 

in distilled water to provide a variety of olefins 

(5a–h) in very good yields (Scheme 3). 

Aromatic aldehydes 1a-h afforded excellent yields 

in a comparatively shorter reaction time than 

heterocyclic aldehydes 4a-d (see Table 1 and 

Table 2). It is also observed that heterocyclic 

aldehydes 4a-d take a slightly longer reaction time 

to complete olefination. It is also noted that all the 

reactions yield selectively olefins without any 

side-products (Scheme 2 and 3). Further electron 

withdrawing and donating groups present on 

aldehydes 1a-h as well as heterocyclic aldehydes 

4a-d do not affect the course reaction and are 

applicable to generate a wide range of olefins. 
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Scheme 3: Nano ZnO catalysed green olefination in water using US. 

 

Table 2 : ZnO nanoparticle catalysed Knoevenagel reaction of 4 and 2. 
Entry R1 X Product Temp. oC Time (min) Yield (%)a 
1 H CN 5a 75 15.0 93 
2 CH3 CN 5b 75 18.0 94 
3 Cl CN 5c 75 18.0 95 
4 NO2 CN 5d 80 20.0 92 
5 H CONH2 5e 80 16.0 95 
6 CH3 CONH2 5f 80 18.0 92 
7 Cl CONH2 5g 80 17.0 94 
8 NO2 CONH2 5h 80 20.0 91 
aIsolated yields after recrystallization. 

 

Experimental Section 

General 

Reagent-grade chemicals were purchased from a 

commercial source and used without further 

purification. Melting points were determined in 

labotech melting point apparatus MPA350. 

Sonication done in a Phoenix digital 

ultrasonicator. Infrared (IR) spectra were 

recorded in KBr discs on a Perkin-Elmer 240C 

analyzer. 1H NMR spectra were recorded on a 
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BRUKER AVANCE II 400 NMR spectrometer in 

CDCl3/DMSO-d6 using tetramethylsilane (TMS) 

as internal standard. The progress of the reaction 

was monitored by thin-layer chromatography 

(TLC) using silica gel G (Merck). Yields refer to 

yield of the isolated products. 

 

General procedure for the synthesis of olefines: 

A mixture of aldehyde (1a-e or 4a-d) (10.0 

mmol), active methylene compound (2a-b) (10.0 

mmol), nano ZnO (0.50 mmol) in 10.0 ml distilled 

water were sonicated at temperature (see table 1 

and table 2) on ultrasonicator (for appropriate 

time see table 1 and table 2). The progress of the 

reaction was monitored via thin-layer 

chromatography. After the completion of the 

reaction, the reaction mass was cooled to room 

temperature, and the isolated olefins were filtered. 

The obtained products were further recrystallized 

in DMF:ethanol to get pure olefins. ZnO 

nanoparticle was isolated from the reaction mass, 

which was further dried in the oven at 100 °C for 

reuse. The obtained olefines were further 

confirmed by their melting points and spectral 

analysis data (IR, 1H NMR, mass spectra). 

 

Physical and spectral data of selected 

compounds: 

p-chlorobenzylidenemalononitrile (3b): mp 161-

162 °C; IR (KBr): 3032, 2229, 1584 cm-1 ; 1H 

NMR (CDCl3): δ 8.54 (s, lH), 8.0-7.64 (AA'BB' 

system, 4H). 

Benzylidenecyanoacetamide (3e): mp 122-123°C; 

IR (KBr) 3401, 3165, 2219, 1693, 1597 cm-1; 1H 

NMR (DMSO-): δ 8.21 (s, l), 7.95 (d, J= 8.1, 2H). 

7.85 (br d, 2H), 7.56 (m, 3H). 

p-nitrobenzylidenecyanoacetamide (3h): mp 236-

238 °C; IR (KBr): 3438, 3197, 2225, 1692, 1600 

cm-1; 1H NMR (DMSO-d6): δ 8.3 (AA'BB' 

system, 4H), 8.32 (s, IH), 8.10-7.90 (br d, 1H). 

[(4-oxo-4H-chromen-3-

yl)methylidene]propanedinitrile (5a): mp: 217-218 

ºC; IR (KBr): 3076,3028, 2225, 1649, 1590, 1458 

cm−1; 1H NMR (CDCl3) δ: 8.17-7.49 (m, 4H, 

ArH), 8.01 (s, 1H), 9.06 (s, 1H); Mass (m/z): 222 

(M+). 

[(6-chloro-4-oxo-4H-chromen-3-

yl)methylidene]propanedinitrile (5c): mp: 206-208 

ºC; IR (KBr): 3170,3031, 2227, 1660, 1609, 1553, 

1465 cm−1; 1H NMR (CDCl3) δ: 8.11-7.72 (m, 

3H), 8.20 (s, 1H), 9.12 (s, 1H); Mass (m/z): 256 

(M+). 

(2Z)-2-cyano-3-(4-oxo-4H-chromen-3-yl)prop-2-

enamide (5e): mp: 201-202 ºC; IR (KBr): 3399, 

3168, 3060, 2227, 1681, 1628, 1561, 1460 cm−1; 
1H NMR (CDCl3) δ: 7.63 (br-s, 1H, N-H), 7.75 

(br-s, 1H, N-H), 8.13-7.44 (m, 4H, Ar-H), 8.25 (s, 

1H), 9.00 (s, 1H); Mass (m/z): 240 (M+). 

(2Z)-3-(6-chloro-4-oxo-4H-chromen-3-yl)-2-

cyanoprop-2-enamide (5g): mp: 219-220 ºC. 

IR (KBr): 3402, 3312, 3190, 3036, 2799, 2213, 

1686, 1658, 1591, 1464 cm−1; 1H NMR (CDCl3) δ: 

7.51 (br-s, 1H, N-H), 7.59 (br-s, 1H, N-H), 8.07-

7.56 (m, 3H, Ar-H), 8.26 (s, 1H), 8.97 (s, 1H); 

Mass (m/z): 274 (M+). 

 

Conclusion 

In summary, we have developed a green, simple, 

and rapid protocol for the synthesis of olefins via 

condensation of aldehydes (aromatic and 

heterocyclic) with active methylene compounds 

(malononitrile and cyanoactamide) using nano 

ZnO (zinc oxide) as an efficient catalyst. Another 

merit of this procedure is the avoidance of volatile 

organic solvents and the use of distilled water as a 

green solvent. A variety of aldehydes (aromatic 

and heterocyclic) is employed here. Nano ZnO has 

shown excellent catalytic activity for this protocol 

and generates olefins without forming any by-

products. Using ultrasonication, shorter reaction 

times, and very good to excellent yields are other 

merits of this procedure. Further catalysts can be 

recovered and reused without purification. In 

short, this procedure is highly efficient in 

generating olefins using green reaction media and 

green source of energy. 
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