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ABSTRACT 

The organocatalysis is the catalysis with small organic molecules, where an inorganic element is not part of the 

active reaction transition and having facile reaction course, selectivity, environment friendliness. The beginning of 

green chemistry is commonly considered as a reply to the need of reducing the damage of the environment by 

synthetic materials and the processes involved producing them. This review update articulate on recent development 

in organocatalysis in ‗green‘ aspect, and its key trends, challenges and scope in coming days. In this article we have 

tried to discuss recent update in the field on a green chemistry perspective. 
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1. INTRODUCTION 

Organocatalysis - the catalysis with small 

organic molecules, where an inorganic element 

is not part of the active reaction transition and 

having facile reaction course, selectivity, 

environment friendliness, has achieved 

considerable attention over the past years. In 

contrast to many transition metal catalysts which 

are toxic for human health and environment, and 

the removal of metal impurities from reaction 

mixture is quite expensive, organocatalysis being 

another main field in modern organic synthesis 

along with biocatalysis (mainly enzyme 

catalysis) and metal catalysis, leading to green or 

sustainable chemistry because of its stability to 

air and water, easily handled experimentally, 

relatively nontoxic and readily separated from 

the crude reaction mixture and also the 

preparation of the catalysts is much easier as it 

relies on the well-developed synthetic resource 

for tailor-making organic structures. The main 

four types of organocatalysts: Lewis bases [1], 

Lewis acids [2-3], Brønsted bases [1], and 

Brønsted acids [4] initiate their catalytic cycles 

by either providing or removing electrons or 

protons from a substrate or a transition state. 

According to Ostwald [5], ―a catalyst 

accelerates the chemical reaction without 

affecting the position of the equilibrium‖. A 

catalyst usually interacts with reactants to give 

products through the formation of intermediates. 

It affects the rate of approach to equilibrium of a 

reaction but not the position of the equilibrium 

(Figure 1). Again, it also provide suitable control 

of chemical conversions i.e., the selectivity of a 

chemical process; increasing the rate ofa desired 

reaction pathway but not the rates of undesired 

side reactions. 

During the last decade, diverse experimental 

protocols have made organocatalysis even 

greener alternative by using friendlier reaction 

conditions, bythe application of solvent-free 

methodologies [6-10], through the design and 

synthesis of more selective catalysts [11-12], 

developing  multicomponent one-pot 

organocatalytic reactions [13-14], by recycling 

and reusing organocatalysts [15-16], by means 

of the application of more energy-efficient 

activation techniques [17], among other 

approaches. Lindstrom et. al. [18] reported an 

extensive review especially on stereo selective 

organic reactions in water and very recently 

Roymahapatra et.al, [19] reported a short review 

to get a brief status on approach of 
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organocatalysis techniques towards green 

chemistry‘ 

 
Figure-1: Schematic illustration of the effect of a 

catalyst on the transformation of a chemical reaction 

(A+B to C+D). [3] 

 

Keeping in mind the tremendous importance of 

organocatalysis, in this article we have tried to 

report an update on some of the remarkable 

advancements that have made it possible to 

develop even more sustainable (greener) 

organocatalyzed methodologies. 
 

2. WATER IN ORGANOCATALYSIS 

The green aspect of organocatalysis is further 

fulfilled if the other constituents involved in the 

reaction are also user friendly.  

The most important constituent in a reaction is 

the solvent because it is always present in 

excess. Water is one such solvent which satisfies 

this criterion of green chemistry being it low cost 

and environmentally safe [20-22] also it is a 

suitable solvent in various biosynthetic reactions 

[23]. Initially water was not treated as suitable 

solvent because most of the non-polar organic 

compounds are insoluble in water. When 

reaction is carried out in water, there is a 

significance chance of getting water 

contamination. This discharged unwanted water 

will result more pollution than a reaction carried 

out in traditional organic solvents with the 

proper after-treatment work-up. Water possesses 

some unique physical properties such as high 

surface tension, hydrogen bonding capability, 

polarity and the ability to induce the 

hydrophobic effect, which make it an important 

solvent for organic reaction [20-24]. Water as 

solvent in organic reactions was first highlighted 

in the 1980s by Breslow and co-workers in the 

Diels–Alder reactions where strong rate 

acceleration was observed in water relative to 

organic solvents [25-26]. Later S. Narayan et al. 

showed that several uni- and bimolecular 

reactions were greatly accelerated when carried 

out in vigorously stirred aqueous suspensions 

[27]. Sakthivel et.al. [28] reported the use of 

water in an organocatalyzed aldol reaction 

(Scheme-1). It was found that the reaction 

between acetone and 4-nitrobenzaldehyde 

proceeds well in the presence of a small amount 

(less than 4 vol %) of water. Later in an 

illustrative example [29], they found that 

hydrophobic diamine (10 mol %) constitutes an 

efficient bi-functional catalyst in the aldol  
 

Scheme-1.Organocatalyzed aldol reaction in 

water medium by Barbas et al. 

 

reaction of cyclic ketones with aromatic 

aldehydes in water and in the presence of one 

equivalent of TFA, affording the aldol products 

with high diastereo- and enantioselectivity. 

Janda and co-workers [30-33] utilized 

nornicotine to catalyze the aldol reaction of 

acetone and p-chlorobenzaldehyde in water 

getting enantioselectivity of 20%. Nyberg  et al. 

[34-35] observed significantly higher yields on 

addition of water to an intermolecular aldol 

reaction catalyzed by L-proline.  Hayashi and 

co-workers [36-38] reported the aldol reaction 

(Scheme-2) using tertiary butyl diphenyl silicon-

protected hydroxyproline (10 mol %) as 

organocatalyst for the reaction of cyclic ketones 

with aliphatic and aromatic aldehydes in water, 
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obtaining the antialdol adducts with up to 99% 

ee. 

 

Scheme-2. Organocatalyzed aldol reaction in 

water medium by Hyashi et al. 

 

Later a number of works has been published on 

the organocatalysis in water medium. In 2006, 

Chimni and Mahajan reported protonated chiral 

prolinamide catalyzed enantioselective direct 

aldol reaction (Scheme-3). Which only happen 

to occur in water with 50% ee. [39]. 

 

Scheme-3. Organocatalyzed aldol reaction in 

water medium by Chimni and Mahajan. 

 

Raja et al. developed prolinamide catalysts and 

contributed significantly to organocatalyzed 

aldol reaction in water medium (Scheme-4) [40] 

The yield and enantioselectivity of the reaction 

was high in brine compare to water because of 

the salting out effect which increases the 

hydrophobic effect [41-43]. 

 

Scheme-4. Organocatalyzed aldol reaction 

in water medium by Singh et al. 

 
Mase et al. also showed a highly 

enantioselective (97% ee) direct Michael 

addition of aldehydes and ketones to nitro-

olefins catalyzed by a diamine/TFA bifunctional 

organocatalyst [44]. Heterogeneous 

organocatalysis are also been reported using 

water as solvent. Alza et al. [45] reported a 

polymer supported triazole linked organocatalyst 

for Michael addition of ketones to nitro-olefins 

in water with a maximum of 99% 

enantioselectivity. For same type of reaction Zu 

et al. used a recyclable fluorous (S)-

pyrrolidinesulfonamide organocatalyst to get up 

to 93% enantioselectivity [46] and Luo et al. 

synthesized surfactant type asymmetric 

organocatalysts (SATO) and obtained high 

enantioselectivities up to 98% and 

diastereoselectivities up to 99:2 [47]. Later other 

scientists were also synthesized various types of 

catalysts for example bifunctional pyrrolidine-

thiourea catalyst by Cao et al. [48] binaphthyl 

based chiral diamine organocatalysts by Singh 

and Maya [42]; OTMS-substituted diphenyl 

prolinol by D. Ma and group [49-51] TMS-

protected diaryl-prolinol  by Carlone et al. [52] 

prolinol based Organocatalysts by Palamo et al. 

[53] prolinol catalyst by Loh‘s group [54].  

Organocatlysed Mannich reaction are also been 

reported in water [55-59]. Hayashi et al. [55] 

synthesized silyloxytetrazole hybrid catalyst and 

silyloxy proline to carry out asymmetric 

Mannich reactions in water. Other 

Organocatlysed Mannich reactions were also 

done by Tao and co-workers [60] by several 

amphipathic organocatalysts derived from 

isosteviol and proline (Scheme 5).  

 

Scheme-5. Organocatalyzed Mannich reaction 

in water medium by Tao et al. 

 

In the presence of water the reactions proceeded 

efficiently affording the expected products in 

good to excellent yields and high 

stereoselectivity. The formation of a 

hydrophobic chiral pocket induced by the 

presence of the lipophilic isosteviol unit was 

proposed to be the transition state of the addition 

reaction. Additionally due to the formation of 

hydrogen bonding by the free hydroxyl groups 

of water in the interfacial surface leads to the 

observed improvement of the activity and 
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stereoselectivity as a consequence of the more 

rigid transition state. In conclusion, from the 

‗‗green‘‘ chemistry perspective, the use of water 

as a reaction medium offers a number of 

benefits: it obviously avoids the use of toxic, 

volatile and/or corrosive solvents, it usually 

minimizes the amount of catalyst that is required 

for the reaction, it frequently induces a 

significant acceleration of the reaction rate, it 

facilitates the isolation and purification of the 

products. Nevertheless, a frequent criticism 

directed to the treatment of the aqueous phase at 

the end of the reaction consist the lack of a 

general or practical procedure to prevent the 

contamination of clean water sources. 

 

3. ORGANIC CARBONATE SOLVENT 

IN ORGANOCATALYSIS 

During recent years, linear and cyclic organic 

carbonates have been extensively used as 

alternative solvents in organocatalyzed reactions 

[61]. Organic carbonates belong to a class of 

aprotic highly dipolar solvents (AHD) like 

DMSO or DMF. Because of their apparent easy 

availability, low cost, low toxicity and 

biodegradability, organic carbonates have also 

been considered as ‗‗green‘‘ solvents in 

organocatalytic reactions. Also they are widely 

  

Scheme 6. Organocatalyzed aldol reaction in 

organic carbonate medium by North et al. 

 

used in organic synthesis because of their high 

dipole moment and high dielectric constant, 

higher selectivities, rates, yields, limited 

miscibility with water, high polarity, hydrogen-

bond acceptor properties. The lower aliphatic 

carbonates form azeotropic mixtures with 

several organic solvents [62]. Ethylene carbonate 

finds extensive use as a solvent. Five-membered 

cyclic carbonates are polar, for this reason they 

are excellent solvents, e.g., for poly- 

(acrylonitrile) [63]. In 2009 North et al. [64] 

evaluated ethylene and propylene carbonate 

(Scheme 6) as sustainable solvents in the 

asymmetric aldol reaction catalyzed by (S)-

proline (10 mol %).  

The reaction of cyclic and acyclic 

ketones with aromatic aldehydes led to the 

formation of the desired aldol products in good 

chemical yields and good to excellent 

stereoselectivities. In related work North et. al. 

[65] studied the effect of chiral solvent of 

propylene carbonate in organocatalyzed aldol 

reactions. They found that using the appropriate 

combination of carbonate solvent and the 

‗‗matching‘‘ proline enantiomer, the 

stereoselectivity of aldol adducts can be 

improved considerably. North and group also 

showed that propylene carbonate is an 

environmentally friendly and 

sustainablereplacement for dichloromethane and 

acetonitrile in proline-catalysed α-hydrazinations 

ofaldehydes and ketones (Scheme-7) [66]. The 

reaction of aldehyde with diethyl 

azodicarboxylate in presence of 5 mol% of (S)-

proline in cyclic carbonate medium gives 87% 

yield and over 99% ee. In this case, no 

significant difference was observed for yield and 

enantioselectivitywhen the reactions was carried 

out in racemic and enantiomerically pure 

solvent, nor was there a difference between 

reactions carried out using the two enantiomers 

of proline in (R)-propylene carbonate. 

 

Scheme-7. Organocatalyzed  

α-hydrazination of aldehydes in cyclic carbonate 

solvent. 

 

Regarding the actual ‗‗greenness‘‘ of organic 

carbonate solvents, the principal drawback is 

related to their preparation. Traditionally, the 



 

 

 

N. Purkait et. al. / Int.J.HIT.TRANSC:ECCN. Vol.3: Issue 1A (2017) 

ISSN: 0973-6875                                                                                                                                      Page | 132  

 

synthetic routes followed in the industrial scale 

preparation of linear carbonates include the use 

of hazardous phosgene. On the other hand, the 

preparation of cyclic carbonates, despite 

involving 100% atom economical reactions, 

requires as starting material propylene oxide, 

which is highly toxic. Again in organic synthesis 

and catalysis it is more important to solve the 

question of product separation. As cyclic organic 

carbonates having high boiling point, distillative 

removal of the solvent is nearly impossible. In 

some polymer applications it is possible as the 

polymer precipitates out of the solvent. 

Nevertheless, new approaches directed to the 

preparation of organic carbonates using 

‗‗greener‘‘ methodologies have been reported 

recently [67-68]. Ethylene carbonate can be 

utilized as a solvent in the separation of different 

aromatic amines. 

 

4. SOLVENT-FREE 

ORGANOCATALYSIS 

In some organocatalyzed processes, a new 

strategy has been developed to avoid the use of 

auxiliary solvents. In this method, large excess 

of a reagent is used which acts as  

 

(a) Tang et al.[6] 

 

(b) Samanta et al.[7] 

Scheme-8(a, b). Solvent free organocatalytic 

aldol reaction. 

 

reaction medium. For example, in aldol and 

Michael reactions it is possible to employ an 

excess of the nucleophilic component to 

perform the reactions under solvent-free 

conditions. In this regard, Tang et al. [6], 

Samanta et al.[7] and Chen et al.[8] evaluated 

the aldol reaction of aromatic aldehydes using 

an excess of acetone (27–45 equiv.) under 

‗‗solvent-free‘‘ conditions (Scheme-8). For 

example, (S)-proline derivatives catalyzed the 

desired reaction affording the aldol adducts in 

high yields and with excellent 

enantioselectivities. But, the use of a large 

excess of one of the reagents is not a true 

‗‗green‘‘ solution. Rather, the use of 

approximately equimolar amounts of reactants 

(1: 1–1: 10 equiv.), is more real in solvent-free 

green methodologies. In this context, the work 

of Zeng and Zhong [9]have reported that using 

only 3 equivalents of cyclohexanone as 

substrate, the Michael addition to nitro- olefins 

catalyzed by prolinolsulfinyl ester (10 mol %) 

proceeded in excellent yields and with high 

enantio- and diastereo-selectivities, under 

solvent free conditions at room temperature 

(Scheme-9).  

 

Scheme-9. Solvent free organocatalytic 

Michael addition reaction. 

 

Recently, many works under solvent 

free conditions have been done in good to very 

good yields, and with very high diastereo- and 

enantioselectivities [67-68]. The 

implementation of the solvent-free concept in 

organocatalyzed reactions represents a genuine 

advancement towards the goal to make the 

organocatalytic process ‗‗greener‘‘. Indeed, 

reactions performed under highly concentrated 

conditions or in the total absence of solvent 

gives relevant advantages such as 

environmental safety, cost savings, and 

decrease in reaction times. Thus, the attributes 

associated with solvent-free strategies help to 

make the overall organocatalyzed process more 

sustainable. But, it is important to understand 

that although the reactions may take place 

efficiently under solvent free condition, large 
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amounts of volatile solvents are required for 

the work-up and the separation of the 

organocatalyst from the product mixture. 

 

5. ALTERNATIVE REACTION 

TECHNIQUES: HIGH-SPEED BALL 

MILLING 
 

Besides the above methodologies, it is important 

to mention that High-Speed Ball Milling 

(HSBM) is a sustainable mechano-chemical 

technique is being increasingly used in synthetic 

organic chemistry to promote several 

synthetically useful reactions, under solvent free 

conditionstechniques canhelp to reduce the 

amount of undesired hazardous 

chemicals(including solvents), and increase the 

selectivity towards thegiven product/s [69]. 

However, it is important to clarify that mechano-

chemical activation does not necessarily imply a 

solvent-free process, because mechano-

chemistry can occasionally be performed in the 

presence of solvents which facilitate the stirring, 

grinding or milling process. The advantages of 

the HSBM technique have also been applied in 

the area of organocatalysis. The alkaloid-

mediated asymmetric opening of a cyclicmeso 

anhydride (Scheme 10) was studied as the 

 

Scheme 10. Solvent-Free Asymmetric 

Organocatalysis in a Ball Mill. 

 

initial organocatalytic testreaction in the ball mill 

[70-73]. The reaction was performed at low 

temperatures (e.g., -60 ºC) in an organicsolvent, 

e.g. toluene or toluene/carbon 

tetrachloridemixtures, products with high 

enantiomeric excess (up to 99% ee) areformed 

after 24–48 hours in almost quantitative yields. 

In this field, Bolm et al., reported that the 

asymmetric aldol reaction under solvent-free 

conditionsand catalyzed by (S)-proline (10 

mol%) in a ball mill, employing a 1.1 : 1 

ketone/aldehyde ratio, proceeded efficiently to 

give selectively the anti-aldol diastereomeric 

products in high yields and with up to 99% 

enantiomeric excess [74] (Scheme 11).  

 

 
Scheme 11. Solvent-Free Asymmetric 

Organocatalyzed aldol reaction in a Ball Mill. 

 

In this study, Bolm and co-workers [70-72] 

demonstrated that the efficiency of the process 

using High-Speed Ball Milling (HSBM) was 

superior relative to traditional magnetic stirring: 

reaction times were shorter, and chemical yields 

and stereoselectivities were higher. 

 

6. MICROWAVES, ULTRASOUND 

AND HIGH PRESSURE 
 

Besides HSBM, other special techniques which 

have been classified as ‗‗green‘‘ alternatives in 

organic synthesis have also been applied to 

organocatalytic reactions. In particular, 

microwave irradiation, ultrasound or the use of 

high pressure have proved to be most promising. 

But, it is worth commenting that in connection 

with one of the principles of ‗‗green‘‘ chemistry 

(‗the design for energy efficiency‘), ‗‗green‘‘ 

synthetic methods should be preferably 

conducted at ambient temperature and 

atmospheric pressure, with the purpose to 

minimize the amount of energy required to 

increase the temperature or the pressure in the 

reactor. However, in the case of MW irradiation 

one has to recall that the observed enhancement 

of the reaction rate is in part associated with the 

rapid heating caused by MW irradiation relative 

to the same reaction using conventional heating 

methods [75]. It must be said that in addition to 

energy efficiency considerations, organocatalytic 

reactions employing MW, ultrasound or high 

pressure are generally performed in organic 

solvents such as DMF, DMSO, THF, CH3Cl or 

CH2Cl2, which are considered undesired reaction 

media in the ‗‗green‘‘ chemistry field. A real 

improvement in the ‗‗greenness‘‘ of 

organocatalysis using these special techniques 

could be obtained by performing the MW, 
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ultrasound or high pressure reactions in the 

absence of solvent.  

 

Scheme12. Microwave-Assisted Organocatalytic 

Solvent-Free Synthesis. 

 

In this context, in 2010 Procopio and co-workers 

reported the microwave-assisted organocatalytic 

conjugate addition of diethyl malonate to several 

enones, under various conditions. Surprisingly, 

the reaction catalyzed by 15 mol% of (S)-proline 

proved to work well under solvent-free 

conditions, using only a slight excess of diethyl 

malonate (1.2 equiv.) [76]. The Michael adducts 

were obtained in short reaction times with good 

yields and moderate to excellent 

enantioselectivities (40–99% ee) (Scheme 12). 

7. CONCLUSION 

There is no doubt that ‗‗green‘‘ chemistry and 

organocatalysis represent remarkable 

developments in the chemistry of the XXI 

century. All ‗‗green‘‘ contributions in the field 

of organocatalysis are very valuable because in 

addition to the preparation of the desired 

products, chemists implicitly have the social 

compromise to be more creative in the design of 

friendlier methodologies that prevent or at least 

reduce deleterious environmental impact. During 

the last ten years, the progress of organocatalysis 

has been accompanied, in a synergetic 

combination, by ‗‗green‘‘ approaches that have 

made organocatalytic processes even ‗‗greener‘‘. 

The above considerations inspired us to make a 

review and highlight here some recent relevant 

approaches that from our viewpoint show clearly 

how the expansion of a new area can be made in 

a sustainable way.
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