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GREEN AND ENVIRONMENTALLY BENIGN2

ORGANIC SYNTHESIS: RELEVANCE TO FRUIT3

JUICE AS A BIOCATALYST4

ABSTRACT: Facile and green synthetic approaches are important issues in organic5

synthesis. Green chemistry has become a motivational and inspirational tool for organic6

chemists to develop mild and benign pathways for the synthesis of biologically active7

compounds. The naturally available fruit juice as a biocatalyst in synthesis fulfills almost all8

the terms and conditions of green chemistry and attracted the interest of researchers. The best9

thing is that most of fruits are easily available, cheap and can be easily extracted. The purpose10

of this review is to look out present aspects of fruit juice in organic transformations.11
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1. INTRODUCTION13

With the start of twenty-first century, the public is much more aware of the hazardous14

substances used and produced during the chemical reactions, and hence the ‘concept of green15

and sustainable chemistry’ has been evolved. The main aim of this concept is to develop the16

smooth and nonpolluting pathways and to find creative ways to reduce the use of toxic17

reagents, solvents, harsh reaction conditions and expensive catalysts [1-3]. The experimental18

trials of new catalyst in an environmentally benign manner has become much more important19

in recent years [4]. The conventional synthesis of chemicals produces large amount of toxic20

wastes and by-products [5]. These threats indicate that it must be important to develop21

methods which satisfy green principles [6-7]. Among various green chemistry aspects,22

selection of catalysts for mild running of chemical reaction with optimum yield is most23

important part of the reaction procedure. Fruit juice plays an important role as a biocatalyst in24

many of the chemical reactions and this biocatalyst follows all the parameters of green25

chemistry. The multicomponent reactions are the most important tools in organic26

transformations and pharmaceuticals. The concept of “Green Chemistry” has been widely27

accepted to complete the basic scientific challenges of protecting human health and28

environment [8]. In order to complete these needs, chemical reactions are proceeds in29

solvent-free [9-10], water as a solvent [11], ionic liquids [12], biobased chemicals [13] and30

supercritical fluids [14] as green solvents. The increasing interest in fruit juice because these31
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are available at low cost and non-toxic agents that can carry out an organic transformation in32

an environmentally benign manner. Fruit juice acts as homogenous catalyst for various33

organic reactions in easy and smooth way. The main motive of the present review is to34

represent the environmentally healthy use of fruit juice in organic transformations.35

2. FRUIT JUICE AS A BIOCATALYST IN ORGANIC SYNTHESIS36

37

2.1 Sachdeva et al., 2013 reported the multi-component synthesis of substituted -2H-1,2,3-38

triazoles derivatives using lemon juice in  ethanol by the reaction of 4-chloro-2-nitro aniline39

and 4-methoxy aldehyde with thiosemicarbazide in maximum yield. They found that lemon40

juice plays a role of biocatalyst which provides non hazardous and mild conditions which are41

basic principles of green chemistry (Scheme-1).42
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R= OH, OCH3, CH3, Cl45

Scheme - 146

2.2 Dihydropyrimidinone have been synthesized by Patil et al (2011). These derivatives47

synthesized by reacting aldehydes, 1,3-dicarbonyl compounds with urea at room temperature48

under solvent free conditions. This is a one-pot multi-component system reaction where49

lemon juice or pineapple acts as a green catalyst (Scheme - 2).50
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Scheme – 253

2.3 Patil et al (2012) reported the synthesis of Schiff Base by using lemon juice (Citrus54

limonium) as an effective and mild acid catalyst for condensation reaction. This synthesis55

shows the formation of selective imine by the reaction of aryl aldehyde and aromatic primary56

amine. This method provides a cost effective idea and benefits from the elimination of57

production of acidic waste (Scheme - 3).58

CHO

+

NH2

R R
1 R

Lemon Juice
rt, 15-180 min

N

R
1

59

R= H, OH, OMe, NO2, NMe260

R1= H, Me, OMe, Br, NO261

Scheme - 362

2.4 A green procedure for Knoevenagel condensation was reported by Deshmukh et al63

(2012). They showed that lemon juice (Citrus limonium) act as environmentally benign acid64

catalyst for the reaction between aldehydes and malanonitriles. The mixture were stirred at65

room temperature for 30-120 minutes. This is new procedure by lemon juice qualifying it is a66

green method (Scheme - 4).67
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Scheme- 469

2.5 Pal et al (2013) reported the biocondensation of indoles and aldehydes for the synthesis of70

bis-, and tris (indoyl) methanes. This reaction proceeds indoles and aldehydes were treated in71

lemon juice (Citrus limonium) mixture at pH 3 in stirring at room temperature for 5-6 hour.72

This method is suitable in term of short reaction time, reaction procedure is very simple and73

attained better yield of product (Scheme - 5).74
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N
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75

R= H, Me76

R1= aryl, heteroaryl, alkyl77

Scheme - 578

2.6 Petronijevic et al (2017) reported ecofriendly and clean one-pot synthesis of 3,4-dihydro-79

2(1H)-quinoxalinones and 3,4-dihydro-1,4-benzoxazine-2-ones. Lemon juice (Citrus80

limonium) acts as an alternative to toxic solvents and catalysts. This reaction proceeds by81

substituted ester keto ester and substituted amines with lemon juice and reflux for 24h. After82

simple work up the newly synthesized products were isolated (Scheme - 6).83
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O86
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Scheme - 688

2.7 Morbale et al (2015) reported green and economic method for the synthesis of89

benzopyran synthesis. They found that lemon juice (Citrus limonium) act as acid catalyst for90

cyclocondensation of salicylaldehyde and cyclic 1,3-diketones for benzopyran formation91

(Scheme-7).92
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93

R= CH3, H94

Scheme-795

2.8 Patil et al (2017) reported the multi-component synthesis of substituted benzthiazole and96

benzoxazole derivatives using lemon juice in water by the reaction of 2-aminothiophenol or97

2-amonophenol, aryl aldehyde and lemon water mixture (1:1) was added in reaction vessel.98

They found that lemon juice plays a role of biocatalyst which provides non hazardous and99
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mild conditions which are basic principle of green chemistry (Scheme-8).100

NH2
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N
H
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Water

101

X=S, O102

Scheme- 8103

2.9 An efficient and greener approach has been developed for the synthesis of 6-arylamino-5-104

cyano-2,3-dihydro-1,3-thiazin-4(1H)-ones, using Lemon juice (Citrus limonium) as a natural105

catalyst by Ishak et al (2017). It was prepared via condensation of 3-arylamino-2-cyano-3-106

mercaptoacrylamides with several of aldehydes. The reaction proceeded in ecofriendly107

manner with excellent yields (Scheme-9). Most of the synthesized compounds were reprents108

effective promising antimicrobial activity.109
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R1= Ph, Ph-CH2111

R2= Ph, Ph-CH3, Ph-Cl, Ph-NO2, Ph-OCH3112

Scheme-9113

114

2.10 Chavhan et al (2016) reported the acetylation of different amines and salicylic acid by115

using lemon juice (Citrus limonium) and acetic anhydride as an acetylating agent. This116

reaction proceeds under normal reaction condition with formation of product in high yield.117

This method reduce the chemical wastage and more convenient than other reported methods118

(Scheme - 10).119
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R2, R3, R4 =NH2, NO2, CH3, OH123

Scheme – 10124

2.11 Bakhat (2015) reported a lemon juice catalysed ultrasound assisted, ecofriendly125

synthesis of schiff’s base. A mixture of o-benzoic acid and 4-hydroxy-3-methoxy126

benzaldehyde was taken in sonication flask and then 2ml lemon juice was added drop wise127

under sonication probe (ACE probe, 20KHz) at 40% amplitude for 2min. After complete128

addition of lemon juice, the reaction mixture was again exposed to acoustic cavitation for129

further 10 min, by keeping all the parameter constant. The completion of reaction was130

measured by TLC. The recrystallization was done by ethanol and a white solid pure product131

was obtained (Scheme - 11).132

O
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OH
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133
134

Scheme - 11135

2.12 Tamarind (Tamarindus indica) fruit act as a biocatalyst for synthesis of bis-, and tris136

(indoyl) methanes and tetraindolyl compounds. This novel pathway of synthesis was first137

time reported by Pal (2013). Excellent yield of product have been obtained by reaction of138

indoles with aldehydes by using microwave irradiation under solvent free conditions139

(Scheme - 12).140
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Scheme - 12144

2.13 Nazeruddin et al (2014) reported the synthesized the dihydropyrimidinone derivatives145

by reacting between aldehyde, ethylacetoacetate, urea/thiourea and 1ml tamarind juice146

(Tamarindus indica) was irradiated in an ultrasound at 100W for few minutes. Microwave147

synthesis shows advantage over conventional heating by time, extent of chemicals used and148

by yield (Scheme - 13)149

R CHO + R1 CH3

O O

+ NH2 NH2

X

NH

N
H

X

RO

R1

CH3

Tamarind juice

    Heat

150

X= O,151

S152

R= Ph, Ph-OMe, Ph-OH, Ph-NO2, Ph-Cl,153

R1= OEt154

Scheme – 13155

2.14 Yadav and Mani (2015) reported the green synthesis of Schiff bases with grape juice156

(Vitis Linata), sweet lemon juice (Citrus Limetta) and extract of unripe mango (Mangifera157

indica) under solvent free conditions. This reaction proceeds by stirring method, when the158

equimolar amount of benzaldehyde and aniline was taken in different beakers. In those159

reaction mixtures natural acid catalyst i.e. grapes juice were added in variable amounts (0.5160

ml, 1 ml, 1.5 ml, 2.0 ml, 2.5 ml) and then kept for 5-10 minutes. Further each reaction161

mixture was stired for 2 - 4 minutes at room temperature pale yellow solid crude product was162

appear after completion of reaction which was washed with distilled water and purified by163

recrystallization with minimum amount of ethanol. The same procedure is repeated with164

sweet lemon juice and aqueous extract of mango (Scheme - 14).165
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CHO

+

NH2

R R
1 R

N

R
1

1. Grape juice/ stirr for 5min
2. Sweet lime juice/ stirr for 5min

3. aq. extract of unripe mango/
stirr for 10-15min

166

Scheme - 14167

2.15 An ecofriendly and cost effective protocol was reported by Mote et al (2010) for the168

synthesis of acetanilide. The reaction proceeds by reacting aromatic primary amines and169

acetic anhydride, catalysed by aqueous extract of pods of acacia concinna fruit as a green170

catalyst. This catalyst shows highly acidic nature (pH 2.1) and high solubility of reactant by171

hydrogen bond formation in aqueous solution. This type of unique protocol shows the172

economic and green pathways (Scheme - 15).173

NH2

+ CH3 O CH3

O O

NH

CH3

O
 aq. extract of Acacia concinna
 rt, 5-20min, 80-96%

174

Scheme-15175

2.16 An aqueous extract of Acacia concinna pods has been reported as a biocatalyst by176

Shafqat et al (2017) for Knoevenagel Condensation. A equimolar mixture of salicylaldehyde177

and malonic ester and aqueous extact of Acacia conccina were taken in a round bottom flask178

and heated along with stirring at boiling water bath for 2h. After completion of the reaction,179

the reaction mixture as cooled at room temperature, the solid product was filtered off and180

recrystallized to get pure product (Scheme - 16).181

CHO

OH

+ EtO OEt

O O O O

OEt

O

 aq. extract of Acacia concinna
 room temperature

182
183

Scheme - 16184

2.17 The aqueous extract of the pericarp of Sapindus trifoliatus acts as a biocatalyst in the185

synthesis of al-damines in a chemoselective manner. This reaction occurs by stirring the186

mixture of aromatic aldehydes and aromatic amines in presence of this fruit extract (Scheme187
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- 17). This method provides a valuable reaction pathway against conventional method188

reported by Pore et al (2010).189

190

CHO

+

NH2

N
aq. extract of Sapindus trifoliatus
rt, 90min, 91-98%

191

Scheme - 17192

2.18 Fonseca et al (2009) reported the most sustainable reduction of aliphatic and aromatic193

aldehydes and ketones by using coconut juice (Cocos nucifera) as a biocatalyst. Thus, when194

the various carbonyl compounds were treated with freshly prepared coconut and the mixture195

was shaken at room temperature for 72 h, produced alcohols (Scheme – 18a), (Scheme –196

18b), (Scheme – 18c), (Scheme – 18d). Fonseca and co-workers also reported the hydrolysis197

of ester (Scheme – 19a), amide (Scheme – 19b) and anilides (Scheme – 19c) by using198

coconut juice. This bioconversion provides a significant role of green chemistry.199

CH3

O
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CH3

OH

R

Coconut water,
 rt, 72h

200

R= H, OCH3201

Scheme – 18a202
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Scheme – 18b204
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Scheme – 19c217

2.19 Misra et al (2012) reported a new greener alternatives for bioreduction of aromatic218

aldehydes (Scheme – 20a). and decarboxylation of substituted aromatic acids (Scheme –219

20b) using coconut water as a biocatalyst. This is an effort towards the energy efficient, eco-220

friendly transformation of interesting organic molecule.221

H

O

R

H

OH

R

Coconut Water
 room temperature

222

R= H, OH, OMe, Me223

Scheme – 20a224

225
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 rt, 72h
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O
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-
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226

Scheme – 20b227

2.20 Hajite (2017) reported the synthesis of vanillin derivative using coconut water as a green228

catalyst. Thus, when equimolar amount of vaniline, ethylacetoacetate, thiourea and 5ml229

coconut water and carried out the reaction in microwave for 120 seconds by using minimum230

power 180 watts. After a simple work up and recrystaliztion is done by proper solvent, the231

pure product with a good yield was obtained (Scheme – 21). This method is very simple,232

economical, mild and environmentally benign as compared to classical reactions.233
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2.21 Pal (2016) reported the synthesis of arylidene malononitrile by Knoevenagel237

condensation reaction of aldehydes and malanonitrile under visible light produced by238

tungsten bulb. Aqueous extract of keora fruit can catalyze the Knoevenenagel condensation239

with a good yield of products. Aqueous extract of keora is acidic and hence it could be work240

as acid catalyst for reaction (Scheme-22).241

Ar
-

H

O

+
CN

CN

aq. keora juice
tungsten bulb light
2-10 min

Ar
-

CN

CN

H242

Scheme-22243

2.22 A mild and environmentally benign synthesis of 3,4,5- substituted furan-2(5)-ones was244

reported by Hazeri et al (2016) employing aqueous extract of seedless barberry (Berberis245

integerrima) as a biocatalyst. The equimolar amount of substituted aldehyde, substituted246

amine and dialkylacetylene dicarboxylate and 5ml of barberry juice were stirred at room247

temperature. This method prevents the generation of waste rather than the conventional248

chemical reagent (Scheme-23).249
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Scheme-23252

2.23 Adrom et al (2016) reported an efficient multicomponent synthesis of 3,4,5- substituted253

Furan-2(5H)-ones catallysed by watermelon juice. The equimolar amount of substituted254

aldehyde, substituted amine and dialkylacetylene dicarboxylate and 5ml of water melon juice255

of watermelon were stirred at room temperature. The completion of reaction was checked by256

TLC, after that the reaction products were collected by filtration. Thus, the products were257
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washed with water/ethanol (50:50) to give the pure compound. The catalyst remained in the258

water/ethanol filtrate ( Scheme 24).259
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O
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1
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1

R
3

Watermelon juice
Room temperature

260
261

Scheme- 24262

2.24 Xie et al., 2012 reported a simplified green chemistry approaches in organic263

transformation. Grape fruit which is an efficient and mild biocatalyst for some selected264

organic reactions in solvent-free conditions. This catalyst is stereoselective in the265

biotransformation of chloro-polycyclic aromatic compounds (Scheme – 25).266

Cl
O

Cl
OH

 Grape Fruit
 Room Temperature

267

268

Scheme – 25269

2.25 Assymetric reduction of Ketones by using Tomato juice (Lycopersicumesculentum) as a270

biocatalyst is reported by Phukan and Devi (2012). Thus, this reaction provides a biocatalytic271

preparative method of asymmetric alcohols (Scheme – 26a), (Scheme – 26b) and (Scheme –272

26c). This technique is more ecofriendly and provides an important approach towards green273

chemistry.274

Ph COOEt

O

Lycopersicumesculentum

89%, (92 ee)

Ph COOEt

OH275

Scheme – 26a276
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Cl COOEt

O
Lycopersicumesculentum

 86%, (97 ee)
Cl COOEt

OH

277

Scheme – 26b278
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H

CH3 Ph
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O NH

N
H

CH3 Ph

OHCH3

OLycopersicumesculentum

85%, (94 ee)

279

Scheme – 26c280

2.26 Fast microwave assisted bioreduction of aromatic and aliphatic aldehydes and ketones281

by using Aloe vera juice (Scheme - 27). Microwave-assisted synthesis was used in the282

biotransformation of these organic compounds which acts as a very useful intermediates in283

various organic reactions. This simple, efficient and ecofriendly method was reported by284

Leyva et al (2012).285

R1 R2

O

R1 R2

OH

R1 R2

OH

Aloe- Vera Juice
Or

286

R1, R2 = H, Aliphatic, Aromatic, Saturated, Unsaturated, Cyclic etc287

Scheme-27288

289

2.27 Pranamik and Pathan (2014) reported the synthesis of Dihydropyrimidinone (DHPM)290

derivatives via one-pot multicomponent cyclocondensation namely Biginelli reaction291

employing urea, ethylacetoacetate with a series of different derivatives of benzaldehyde in292

fruit juice (viz. orange juice, lime juice, amla juice) at room temperature (Scheme-28). They293

found that all the fruit juices are totally non-polluting, inexpensive and 100% biodegradable.294

OC2H5CH3

O O

+
NH2 NH2

O

+ Ar
-

CHO NH

N
H

O

Ar
-

O

H5C2OFruit juice
room temp.

295
296

Ar = Ph-CH3, Ph-Cl, Ph-OCH3297
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Scheme-28298

2.28 Fiorito et al (2016) reported a great contribution to the green chemistry by using crop-299

derived products, like juices obtained from edible fruits and vegetables and waste waters300

deriving from agriculture and industrial processing. They described the juices waste water301

promoted synthesis of coumarin-3-carboxylic acid (Scheme-29), and synthesis of cinnamic302

acids (Scheme-30) with high purity. The Knoevenagel condensation have been accomplished303

by using  substituted aldehyde and meldrum’s acid as substrates, both are mixed in the304

aqueous medium represented by lemon, grapefruit, carrot, pomegranate, kiwi, vinegar,305

tomato and buttermilk waste water. The process was carried out for 24h under magnetic306

stirring at room temperature. Pure product have been isolated as solids after filteration in very307

good yields and the biocatalysts were recovered after filteration from all reaction media308

reused without any loss of activity.309

R
1

CH3

R
2

R
3

R
4

O

+ OO

CH3

CH3

OO

O

O

OH

O

R
1

R
2

R
3

R
4

 Fruit Juices or waste water

310
311

Scheme-29 (Table 1)312

Table 1313

S.N

o.

Carbonyl

Compounds

Product

(Scheme-29)

A

%

Y

B

%

Y

C

%

Y

D

%

Y

E

%

Y

F

%

Y

G

%

Y

H

%

Y

I

%

Y

J

%

Y

1 Salicyladehyde R1=R2=R3=

R4=H

99 96 97 96 95 95 95 92 94 99

2 4-(Dimethylamino)

salicyladehyde

R1=R2=R4=H

, R3=N(Et)2

99 99 92 93 94 96 96 97 91 96

3 4-

nitrosalicylaldehyde

R1=R2=R4=H

, R3=NO2

98 97 97 98 99 98 99 98 96 97

4 5-

bromosalicylaldehy

de

R1=R3=R4=H

, R2=Br

99 97 99 99 98 95 97 99 99 98

5 2,4dihydroxybenzal R1=R2=R4=H 97 97 95 98 98 98 99 95 98 99
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dehyde , R3=OH

6 2-hydroxy-5-

nitroacetophenone

R1=Me,R2=

NO2

R3=R4=H

96 95 98 98 98 99 98 99 96 98

7 5-chloro-2-

hydroxyacetopheno

ne

R1=Me,R2=

Cl

R3=R4=H

98 97 99 99 96 98 99 96 97 98

8 2-hydroxy-4-

methoxyacetopheno

ne

R1=Me,R2=

OMe

R3=R4=H

96 95 98 98 98 99 98 99 96 98

9 2,5-

dihydroxyacetophe

none

R1=Me,R2=

OH

R3=R4=H

94 94 98 97 99 97 98 99 97 96

10 2,3,5-

trihydroxyacetophe

none

R1=Me,R2=

OH

R3=H,R4=O

H

95 96 99 96 99 99 96 99 98 95

11 2-

Hydroxyacetopheno

ne

R1=Me,

R2=R3=R4=

H

94 98 98 94 97 98 99 99 97 95

A= lemon juice, B= grapefruit juice, C= carrot juice, D= pomegranate juice, E= kiwi314

juice, F= vinegar, G= tomato juice, H= limencello, I= olive mill waste water, J=315

buttermilk, %Y= Percentage Yield316

317

H

R
1

R
2

O

+ OO

CH3

CH3

OO
O

OH

R
1

R
2

 Fruit Juices or waste water

318
319

320

Scheme-30 (Table 2)321
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Table 2322

S.N

o.

Carbonyl

Compounds

Product

(Scheme-30)

A

%

Y

B

%

Y

C

%

Y

D

%

Y

E

%

Y

F

%

Y

G

%

Y

H

%

Y

I

%

Y

J

%

Y

1 Benzaldehyde R1=R2=H 98 91 96 92 98 92 96 98 95 94

2 Vanillin R1=OH,

R2=OCH3

95 92 94 91 94 93 97 98 93 98

3 p-

hydroxybenzalde

hyde

R1=OH, R2=H 97 97 94 95 96 95 92 97 98 96

4 p-floro-

benzaldehyde

R1=F, R2=H 92 95 94 95 97 97 93 98 97 99

5 p-chloro-

benzaldehyde

R1=Cl,R2=H 93 95 98 95 96 95 98 99 99 95

6 p-bromo-

benzaldehyde

R1=Br,R2=H 95 95 99 98 99 91 99 97 98 97

7 p-iodo-

benzaldehyde

R1=I, R2=H 97 94 94 99 95 94 92 95 99 97

8 3,4-

dihydroxybenzal

dehyde

R1=R2=OH 98 99 96 99 97 98 91 98 96 97

9 p-

nitrobenzaldehyd

e

R1=NO2, R2=H 98 98 96 99 97 99 95 94 99 94

10 p-

aminobenzaldehy

de

R1=NH2 R2=H 99 95 97 93 98 94 97 98 99 97

11 4(3,3,Dimethylal

lyloxy)-

3methoxybenzal

dehyde

R1=3,3,Dimethyl

allyloxy

R2=OCH3

95 99 97 92 99 96 97 97 96 99
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A= lemon juice, B= grapefruit juice, C= carrot juice, D= pomegranate juice, E= kiwi323

juice, F= vinegar, G= tomato juice, H= limencello, I= olive mill waste water, J=324

buttermilk, %Y= Percentage Yield325

3. CONCLUSION326

Natural juices contain various acids act as natural acid catalyst in organic synthesis. These327

reactions were carried out at room temperature and under solvent free conditions. This review328

study provides an alternative for harmful catalysts for organic synthesis. These biocatalyst329

does not harm to environment and economic in nature. This article is dedicated to green330

chemistry and an attempt to suggest ‘Go Green’ for all academic and industrial researchers.331
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