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Abstract: A metal-free, convenient photocatalytic 

approach to chalcones from -nitrostyrenes and 

benzaldehydes via a radical denitrative benzoylation 

pathway is reported. The salient features of the protocol 

include the utilization of visible light as an inexpensive 

and ecosustainable energy source, N-hydroxyphthalimide 

(NHPI) as a reusable organophotocatalyst and acetonitrile 

as an acceptable green solvent to afford chalcones in 

excellent yields at room temperature in a one-pot 

procedure. Notably, this is the first application of -

nitrostyrenes as readily available substrates for chalcone 

synthesis and the first example of photocatalysis in this 

field. 

 
 

Keywords: C-C bond formation; organic catalysis; 
photochemistry; radicals; synthetic methods; visible 
light.  

 

Chalcones constitute a privileged family of 

compounds in the perspectives of medicinal and 

synthetic chemistry. They exhibit various useful 

biological activities such as analgesic, anti-viral, anti-

inflammatory, anti-ulcerative, anti-fungal, anti-

malarial, anti-bacterial and anticancer activities.[1] 

Some chalcone-based drugs are in clinical use, for 

example, metochalcone, a choleretic drug and 

sofalcone as anantiulcer and mucoprotective drug 

(Figure 1). Chalcones incorporate a very good 

synthon, which renders them valuable intermediates 

for the synthesis of flavonoids,[2] flavones[3] and a 

diverse range of heterocycles namely, thiazine, 

oxazine, isoxazole, pyrazole, diazepine, pyridine and 

pyrimidine.[4] 

Owing to their tremendous chemical and 

biological importance, chalcones have been 

extensively studied, which is evident from the 

appearance of numerous reviews5 thoroughly 

covering their synthesis, applications and biological 

significances from various angles. Traditionally, 

acids/bases catalysed homogeneous and heterogenous 

Claisen-Schmidt condensation was used for the 

practical synthesis of chalcones.[6] However, 

drawbacks of non-appositeness for the substrate 

bearing acid/base sensitive groups, slow reaction rate 

and very often generation of complex mixture during 

the condensation reaction, led to the development of 

many superior alternative methods for the synthesis 

of chalcones.  In this context, different catalytic 

systems such as organolithium compounds,[7] 

modified phosphates,[8] zinc oxide,[9] KF-Al2O3,[10] 

phase transfer catalysts,[11] hydrotalcites and 

zeolites[12] have been employed for the synthesis of 

chalcones. Again, these processes suffer from the 

impediment of difficult catalyst recovery and 

purification of the desired products. 
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Figure 1. Chalcone-based drugs in clinical use. 

To overcome the difficulty associated with the 

foregoing routes, highly efficient, pioneering and 

celebrated cross coupling methodologies such as 

Suzuki,[13] Heck[14] and Julia-kocienski[15] cross 

couplings have been recently used for the synthesis of 

chalcones (Scheme 1a). Though these metal-

catalysed couplings are very effective for chalcone 

synthesis, most of them are very expensive and 

hazardous to the environment. Thus, the development 

of a metal-free, environmentally benign, cost 

effective and sustainable method for the synthesis of 

chalcones is of course a welcome move. 
Moreover, nitro-olefins are important building 

blocks for the synthesis of a wide variety of organic 
compounds,[16] possessing various biological and 
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pharmaceutical activities.[17] Among nitroalkenes, -
nitrostyrenes were extensively studied[18] because of 
their easy preparation (by Henry reaction) and 
inherent property to induce different functionalities 

via facile ipso-substitution of the nitro group through 
radical denitrative addition-elimination reaction.[18] 
The literature records very few reports for these 
reactions employing photochemical conditions.[18c,g] 
Therefore, further research for the fruition of this 
stable and easily available intermediate in conjuction 
with photocatalysis is highly desirable in organic 
synthesis. 

In recent years, visible light photocatalysis has 

become a captivating way for designing and realising 

synthetically useful protocols,[19-23] because visible 

light is clean, inexpensive and unending natural 

energy source. The methodology development in this 

area is based on the seminal work of the research 

groups of MacMillan,[19] Yoon[20] and Stephenson,[21] 

who have demonstrated the powerful visible light 

photocatalytic property of Ru(bpy)3Cl2 (bpy = 2,2’-

bipyridine) and Ir(dtbbpy)3Cl2 (dtbbpy = 4,4’-di-tert-

butyl-2,2’-bipyridine). Some organic dyes including 

eosin Y, rose Bengal, nile red, rhodamine B, perylene 

and fluorescein have also emerged as efficient visible 

light photocatalysts.[23] However, the high cost and 

potential toxicity of the transition metal-based 

photocatalysts makes them incompatible with the 

green chemistry demands. Similarly, organic dyes on 

prolonged irradiation undergo decomposition and 

suffer from the drawback of their tedious recovery for 

reuse.[23a] Very recently, our research group has 

disclosed the first utilization of N-

hydroxyphthalimide (NHPI) as an efficient visible 

light organophotocatalyst,[24] which is free from the 

drawbacks of the aforementioned photocatalysts, 

hence we opted to use NHPI in the present study. 

 

Scheme 1. Selected routes to access chalcones. 

Considering the above points and our focus on the 

methodology development employing visible light 

organophotocatalysts,[23a,23b,24,25] we envisioned that 

benzoyl radicals could be easily generated 

photochemically from benzaldehydes using NHPI as 

catalyst and these could undergo cross coupling with 

β-nitrostyrene to afford chalcones (Scheme 1b). 

Notably, this is the first chalcone synthesis 

employing β-nitrostyrenes as coupling partners and 

the work also presents the first application of visible 

light photocatalysis to chalcone synthesis. 

To realise the envisaged synthetic strategy and 

establish the optimal reaction conditions, our study 

began with the model reaction of (E)-β-nitrostyrene 

1a (1 mmol) with benzaldehyde 2a (1 mmol) in 

acetonitrile (3 mL) in the presence of a catalytic 

amount of NHPI (10 mol%) under a nitrogen 

atmosphere and irradiation with 7 W white LEDs 

(White light emitting diodes) at room temperature. To 

our delight, the desired product chalcone 3a was 

isolated in an excellent yield of 89% within 8 h of 

irradiation (Table 1, entry 1). 

Encouraged by this initial success, we performed a 

series of control and screening experiments to 

confirm the requisite reaction parameters. It was 

found that there was no product formation when the 

reaction was conducted in the dark (Table 1, entry 1 

versus 2). Similarly, in the absence of the catalyst 

NHPI, the product 3a could not be obtained (Table 1, 

entry 1 versus 3). These results established that both 

visible light and NHPI are essential to realise the 

present protocol. Further, given the significance to 

the role of solvent for a chemical transformation, a 

series of experiments was performed to choose the 

best solvent for the present reaction and the results 

revealed that acetonitrile was the best among DCE, 

DMF and DMSO (Table 1, entry 1 versus 4, 5 and 6). 

Cumulatively, on decreasing the catalyst loading 

from 10 mol% to 5 mol%, a significant decrease in 

the yield of 3a was observed (Table 1, entry 1 versus 

7), while an increase in the catalyst loading from 10 

mol% to 15 mol% does not affect the yield of the 

product (Table 1, entry 1 versus 8). Moreover, the 

catalyst NHPI also works under thermal conditions, 

but delivers a considerably lower yield of the desired 

product 3a (Table 1, entry 1 versus 9). 

Advantageously, the catalyst could be recovered in 

high yield after the reaction (Table 1, entry 10) and 

reused with the same efficiency (Table 1, entry 11). 

Besides NHPI, the scope of other N-hydroxy catalysts 

was also examined but all of them were far less 

effective than NHPI (Table 1, entry 1 versus 12-14). 

Having established the optimised reaction 

conditions for visible light mediated synthesis of 

chalcones, we continued to survey the generality and 

scope of the present protocol across a wide range of 
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(E)-β-nitrostyrenes and benzaldehydes, incorporating 

various functionalities like Me, OH, OMe, F, NO2 or  

Table 1. Optimisation of reaction conditions a 

O

H

NO2

O

1a 2a 3a

(White LEDs, 7 W)

catalyst (mol%)

solvent, N2, rt, 8-16 h

N OH

O

O

N

N

N

OH

S

N OH

O

N

O

O

OH

O
O

4 5 6 7

NHPI and related catalysts 4-7

(E) (E)

 

 

Entry  Reaction conditions Time 

(h) 

Yield 

(%)b 

  1 

 

  2 

 

  3 

 

  4 

 

  5 

 

  6 

 

  7 

 

  8 

 

  9 

 

10 

 

11 
 

12 

 

13 

 

14 

4 (10 mol%), CH3CN, white 

LEDs 

4 (10 mol%), CH3CN, in the 

dark 

No catalyst, CH3CN, white 

LEDs 

4 (10 mol%), DCE, white 

LEDs 

4 (10 mol%), DMF, white 

LEDs 

4 (10 mol%), DMSO, white 

LEDs 

4 (5 mol%), CH3CN, white 

LEDs 

4 (15 mol%), CH3CN, white 

LEDs 

4 (10 mol%), CH3CN, in the 

dark 

4 (10 mol%), CH3CN, white 

LEDs 

4 (10 mol%), CH3CN, white 

LEDs 

5 (10 mol%), CH3CN, white 

LEDs 

6 (10 mol%), CH3CN, white 

LEDs 

7 (10 mol%), CH3CN, white 

LEDs 

8 

 

16 

 

16 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

89 

 

n.d. 

 

n.d. 

 

58 

 

67 

 

72 

 

53 

 

89 

 

69c 

 

89d 

 

89e 

 

35 

 

21 

 

58 

[a] Reaction conditions: 1a (1.0 mmol), 2a (1.0 mmol), 

NHPI (5-15 mol%), in a 3 mL solvent irradiated under a 

nitrogen atmosphere at rt using high power white LEDs (7 

W) for 8-16 h. 

[b] Isolated yield of the pure product 3a (For general 

procedure, see experimental section); n.d.= not detected. 

[c] Reaction was conducted at 80 oC in the dark. 
[d] Catalyst was recovered in 94% yield. 
[e] Recovered catalyst was used. 

NH2 (Table 2). The study reveals the splendid 

tolerance of both electron-donating and electron-

withdrawing groups and regardless of differences in 

the electronic and steric properties of substrates, they 

produce the desired chalcones 3 in 76-96% yields. 

Electronically, (E)-β-nitrostyrenes 2 bearing an 

electron-withdrawing substituent on the aromatic 

nucleus appear to react faster and afford slightly 

higher yields in comparison to those possessing an 

electron-donating substituent (Table 2, product 3g 

versus 3k). However, benzaldehydes 1 with an 

electron-donating group on aromatic ring appear to 

react faster to afford marginally higher yields than 

those having an electron-withdrawing group (Table 2, 

products 3b, 3c, 3e, 3n versus 3d, 3f, 3o). The 

method also works well with heterocyclic aldehydes 

(Table 2, products 3l, 3m).   

Table 2. Substrate scope for the synthesis of chalcones a 

NO2

1 2 3b

(white LEDs, 7 W)

NHPI (10 mol%)

CH3CN, N2, rt, 8-16 h

Ar
Ar

(E)

OO

H
Ar Ar(E)

(76-96%)c

 

O O O

O
O

O

O OO

O O

O

O

O

H2N NO2H2N OCH3

H3C

H2N

O

S

3a, 89%, 8 h 3b, 92%, 8 h 3c, 90%, 8 h

3d, 79%, 12 h 3e, 94%, 8 h 3f , 76%, 12 h

3g, 87%,12 h 3h, 84%, 12 h 3i, 96%, 8 h

3j, 94%, 8 h 3k, 93%, 8 h 3l, 87%, 12 h

CH3

H3CO

O

H3CO
tBu

H3C
tBu

HO

O2N F H2N

O

H3CO

F

3m, 91%, 12 h 3n, 85%, 16 h 3o, 83%, 16 h

O O

3p, 0%, 16 h 3q, 0%, 16 h 3r, 85%, 12 h

O

H3CO

OCH3

OCH3

 

[a] For general procedure, see Experimental section. 

[b] All compounds are known and were characterised by 

comparison of their spectral data with those reported in the 

literature (see SI). 

[c] Isolated yield of purified products 3. 

Unfortunately, aliphatic nitroalkenes such as (E)-1-

nitro-1-butene and 1-nitrocyclohex-1-ene do not react 
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with an aliphatic aldehyde, butyraldehyde to give the 

desired products (3p and 3q) under the present 

reaction conditions. This is probably due to the 

significantly lower stability of alkyl and aliphatic acyl 

radicals than benzyl and benzoyl radicals. We also 

prepared a choleretic drug, metochalcone (3r) which 

further improves the appeal of our designed protocol. 

On addition of TEMPO (2,2,6,6-tetramethyl-1-

piperidinyloxyl), a traditional radical scavenger, the 

reaction was quenched (Scheme 2a); indicating that it 

might follow a radical pathway. The formation of 

benzoyl-TEMPO adduct during quenching was 

confirmed by its isolation and MS (HRMS (EI) calcd 

for C16H23NO2: 261.1729, found 261.1726). To gain 

O

H

NO2

O

1a 2a

white LEDs, 7 W
NHPI (10 mol%)

CH3CN, N2, rt, 8 h

TEMPO (1 equiv)

a) Trapping Experiment

d) Evidence in support of continuous irradiation

3a was not
observed

b) Electron Paramagnetic Resonance (EPR) Experiment

c) Kinetic Isotope Eff ect (KIE) Experiment

O

H

NO2

O

white LEDs, 7 W

NHPI (10 mol%)

CH3CN, N2, rt, 8 h

O

D OD

D

D

D

D

D

D

D

D

D

1a

1a'

3a

3a'

2a

 

Scheme 2. Preliminary mechanistic investigations. 

further insight into the mechanism of the reaction, 

electron paramagnetic resonance (EPR) experiments 

were also conducted. A complicated spectrum, 

displaying a resonance characteristic of organic 

radical, was recorded on the addition of 5,5-dimethyl-

1-pyrroline N-oxide (DMPO) to the reaction mixture 

of benzaldehyde (1.0 mmol), (E)--nitrostyrene (1.0 

mmol) and NHPI (10 mol%) under the standard 

reaction conditions (Scheme 2b). Both the results 

established the involvement of radical species in the 

reaction. 

Moreover, an intermolecular competing kinetic 

isotope effect (KIE) experiment was also carried out 

which gives a prominent KIE with kH/kD = 5.2, 

suggesting thereby the activation of aldehydic C-H 

bond in the rate determining step (Scheme 2c). In 

addition, an on/off experiment was conducted to 

check the role of visible light in promoting the 

process and the graph thus obtained establishes the 

necessity of continuous irradiation with visible light 

to realise the present protocol (Scheme 2d). The UV-

vis specrtum  

 

Scheme 3. Plausible reaction mechanism for NHPI 

catalysed synthesis of chalcones. 

of the catalyst NHPI is also given in see SI for ready 

reference. 

In accordance with our observations and the 

literature precedents,[18,24,25b] a plausible mechanistic 

pathway for visible light-mediated synthesis of 

chalcones is depicted in Scheme 3. On irradiation 

with visible light using 7 W white LEDs under a 

nitrogen atmosphere, H atoms of NHPI migrate from 

O to the carbonyl groups of the imide chromophore 

and by that process liberate the reactive O radical A 
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for hydrogen transfer from aldehyde 1.  This forms 

acyl radical 8 along with radical B. The radical 8 

reacts with (E)-β-nitrostyrene 2 to generate the 

benzylic radical 9. Subsequently, the radical 9 easily 

eliminates the stable NO2
. radical to afford the desired 

product 3. The NO2
. radical abstracts a hydrogen atom 

from B to give NHPI to complete the catalytic cycle. 

In summary, we have disclosed a convenient, 

metal-free one-pot photocatalytic approach to 

chalcones through visible light activated radical cross  

coupling of β-nitrostyrenes and aromatic aldehydes. 

The protocol presents the first application of 

nitrostyrenes as readily available substrates and the 

first example of photocatalysis in chalcone synthesis. 

Its desirable features include the utilization of visible 

light as a clean, inexpensive and ecosustainable 

energy source and NHPI as a reusable 

organophotocatalyst to afford the desired product in 

excellent yields at room temperature. 

Experimental Section 

General Remarks 

All commercially available reagents were obtained from 

commercial suppliers and used without further purification. 

Solvents were purified by the usual methods and stored 

over molecular sieves. All reactions were performed using 

oven-dried glass ware. Organic solutions were 

concentrated using a Buchi rotary evaporator. Flash 

chromatography was carried out over silica gel (Merck 

200–300 mesh) and TLC was performed using silica gel 

GF254 (Merck) plates. Melting points were determined by 

open glass capillary method and are uncorrected.  1H NMR 

(400 MHz) and 13C NMR (100 MHz) spectra were 

recorded on a Bruker AVII spectrometer in CDCl3 using 

TMS as internal reference with chemical shift values being 

reported in ppm. All coupling constants (J) are reported in 

Hertz (Hz). MS (EI) spectra were recorded on double 

focusing mass spectrometer. Luxeon Rebel high power 

white LEDs (7 W) were used as visible light source. 

General procedure for the synthesis of chalcones 3a-o 

A mixture of an aromatic aldehyde 1 (1 mmol), β-

nitrostyrene 2 (1 mmol) and CH3CN (3 mL) was taken in a 

round bottom flask and stirred under a nitrogen atmosphere 

and irradiation with white LEDs, at rt for 8-16 h (Table 2).  

After the completion of reaction (as indicated by TLC), it 

was quenched with saturated aqueous sodium hydrogen 

carbonate (5 mL) and extracted with ethyl acetate (3 × 10 

mL). The combined organic phases were dried over anhyd. 

MgSO4, filtered and concentrated under reduced pressure 

to yield the crude product, which was purified by silica gel 

column chromatography using a mixture of ethyl acetate-

hexane to afford an analytically pure sample of 3. All the 

products are known compounds and were characterised by 

comparison of their spectral data with those reported in the 

literature. [14c,d,26,27,28] 
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COMMUNICATION    

Visible Light Activated Radical Denitrative 

Benzoylation of -nitrostyrenes: A Photocatalytic 

Approach to Chalcones  
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