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1. Introdution 

Many molecules in living organisms are chiral, so are our (mostly enantiomerselective) 

catalysts, the enzymes, therefore the enantiomers of the substances that interact with them have 

different effects. That is why enantiomerically pure products have become increasingly 

important in the last half-century. Thus, catalysts have also played a significant role in the 

preparation of enantiomerically pure drugs.  

One of the severe requirements for the purity of active pharmaceutical ingredients is that 

they must not contain heavy metals. Therefore, the use of asymmetric organocatalysts has come 

to the fore instead of the traditional homogeneous catalysts. The name organocatalysis is 

derived from David MacMillan and refers to increasing the rate of chemical reactions with 

small organic molecules that do not contain metal atom in the moiety responsible for the 

activity. The main advantages of organocatalysts over conventional catalysts are their low 

environmental load and toxicity, as well as their low sensitivity to moisture and water.1,2  

Organocatalysts can be categorized according to their mode of activation, of which I 

would like to highlight the multifunctional hydrogen-bond activation. Thiourea, or more 

recently (thio)squaramide are often used as the catalytic unit of hydrogen-bond donor 

multifunctional organocatalysts. Coupling these stable moieties to readily available quinine 

derivatives with multiple chiral centers and basic groups provide efficient multicatalytic 

cinchona squaramide catalysts. 

My research objective was to develop new, cinchona-based organocatalysts that are 

effective in asymmetric reactions widely used in pharmaceutical industries. These reactions are 

Michael addition, conjugate addition, aza-Markovnikov, or (aza-)Diels–Alder reactions, which 

are used to produce active pharmaceutical ingredients. I set a goal to prepare and use new 

hydrogen-bond unit, called thiosquaramide. Considering recyclability, I examined 

homogeneous and heterogeneous recovering methods of cinchona-based organocatalysts. For 

homogeneous recovery, I used organic solvent nanofiltration technique, in which the molecules 

with different sizes can be separated. In heterogeneous one, I immobilized organocatalysts on 

an insoluble polymer called poly(glycidyl methacrylate), and recovered them using 

centrifugation. 

 

 
1 Dalko, P. I.; Moisan, L., Angew. Chem. Int. Ed., 2001, 40, 3726. 
2 MacMillan, D. W. C., Nature, 2008, 455, 304. 
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2. Literature review 

In 1912, Bredig and Fiske described the first enantioselective reaction in which naturally 

occurring alkaloids, quinine and quinidine, were used as catalysts in the production of 

cyanohydrins in the addition reaction of benzaldehyde and hydrogen cyanide.3 In the early 

1970s, the research group of Hajós and Parrish, as well as Wiechert, successfully produced one 

of the key intermediates of sterane-based compounds, the Wieland–Miescher ketone, in 

addition to the substoichiometric presence of L-proline (Scheme 1).4 

 

Scheme 1. Synthesis of Wieland–Miescher ketone using L-proline as a catalyst. 

In 1981, Wynberg and Hiemstra examined the mechanism of the addition of aromatic 

thiols to conjugated cycloalkenones catalyzed by cinchona and ephedra alkaloids. 

Despite the latter reaction having good yield and enantiomeric excess value, another 

breakthrough in the history of organocatalysis occurred only in the early 2000s. The research 

groups of List, Barbas, and MacMillan successfully catalyzed various reactions such as aldol 

reaction, Mannich, Michael or Diels–Alder reactions), using secondary amines (for example 

proline or imidazolidinone derivatives). From this point forward, the preparation, application, 

and better understanding of mechanisms of organocatalyst families made the field an 

independent discipline within the family of enantioselective syntheses. 

The chiral backbone of organocatalysts is often provided by natural compounds due to 

their availability in larger quantities at relatively low cost. Cinchona alkaloids belong to this 

group of asymmetric natural compounds. Their structure can be easily modified, which 

alteration can have an effective influence on catalytic activity. 

Bifunctional hydrogen bonding organocatalysts are catalysts that do not form a covalent 

intermediate but operate only with secondary interactions. Their structure is characterized by 

the simultaneous presence of Lewis acidic and basic groups in the active center, which not only 

 
3 Etzenbach-Effers, K.; Berkessel, A. Noncovalent Organocatalysis Based on Hydrogen Bonding: Elucidation of 

Reaction Paths by Computational Methods. In: List B. (eds) Asymmetric Organocatalysis. Topics in Current 

Chemistry, vol. 291. Springer: Berlin, Heidelberg, 2010. 
4 Hajós, Z. G.; Parrish, D. R., J. Org. Chem., 1974, 39, 1615. 
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activate but also spatially orient the substrates.5 The strength of two hydrogen bonds together 

can have the same strength as a covalent bond.6,7 Typical examples are cinchona thioureas and 

squaramides in which the NH groups can act as hydrogen bond donors, while the basic 

quinuclidine nitrogen atom can act as a base, a hydrogen bond acceptor. 

Today, green chemistry and sustainable chemistry have permeated in the chemical 

industry. Fulfilling the requirements, many methods have been developed for the economical 

and environmentally friendly use of organocatalysts, with a strong emphasis on reuse. 

Recycling can be accomplished by organic solvent nanofiltration, immobilization to a soluble 

or non-soluble support, precipitation methods, or the use of multiphase systems.15-178910 

3. Experimental methods 

During the syntheses we used the methods of preparative organic chemistry. The progress 

of the reactions was monitored by thin layer chromatography and LC-MS. Column 

chromatography, preparative thin layer chromatography and recrystallization were used to 

purify the materials. Thin layer chromatography, melting point measurement, optical rotation 

measurement and HPLC were used to check the purity of the materials. The composition and 

structure of the prepared compounds were confirmed by spectroscopic methods (IR, 1H, 13C, 

and various 2D NMR techniques, MS, HRMS and elemental analysis). Membrane separation 

was performed in collaboration with Dr. György Székely at The University of Manchester. 

When presenting the experimental results, I kept the numbering of the molecules in the 

dissertation, so that the appropriate part could be found easily, if necessary. 

4. Results and discussion 

4.1. Synthesis of three new bifunctional glucose thiourea organocatalysts and their 

application in asymmetric Michael addition reaction 

 During my work, first, I dealt with the synthesis and application of chiral thioureas. I 

prepared three new organocatalysts (Figure 2), in which the hydrogen bond donor units were 

the NH groups of the thiourea. As hydrogen bond acceptors I chose two pyridine derivatives 

and the cinchona moiety. The catalysts contained glucose and cinchona skeletons for the chiral 

induction in the asymmetric reactions. 

 
5 Shibashaki, M.; Yoshikawa, N., Chem. Rev., 2002, 102, 2187. 
6 Kelly, R.; Min, H., J. Am. Chem. Soc., 1994, 116, 7072. 
7 Wilcox, C. S.; Kim, E.; Romano, D.; Kuo, L. H.; Burt, A. L.; Curran, D. P., Tetrahedron, 1995, 51, 621. 
8 Cole-Hamilton, D. J., Science, 2003, 299, 1702. 
9 Marchetti, P.; Jimenez-Solomon, M. F.; Székely, G.; Livingston, A. G., Chem. Rev., 2014, 114, 10735. 
10 Großeheilmann, J.; Kragl, U., ChemSusChem, 2017, 10, 2685. 
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Figure 2. The schematics of the prepared glucose thiourea organocatalysts GTU1–3. 

 The glucose thiourea catalysts GTU1–3 were used in Michael addition of 

pentane-2,4-dione (8) to trans-β-nitrostyrene in three different solvents. Although all the three 

catalysts contain chiral moieties, the results showed that cinchona skeleton is essential for the 

chiral induction, as in other cases a racemate was formed. Since even with the catalyst GTU3 

only a low to medium enantioselectivity could be achieved, further optimization may be needed 

to improve the results. 

4.2 Comparison of cinchona catalysts containing ethyl, vinyl or ethynyl group on their 

quinuclidine ring 

The cinchona catalysts were synthesized starting from the commercially available quinine (Q), 

(Scheme 5).11-15111213,14 

 

Scheme 5. The synthesis of cinchona-based organocatalysts starting from quinine (Q). 

 
11 Braje, W. M.; Frackenpohl, J.; Schrake, O.; Wartchow, R.; Beil, W.; Hoffmann, H. M. R., Helv. Chim. Acta, 

2000, 83, 777. 
12 McCooey, S. H.; Connon, S. J., Org. Lett., 2007, 9, 599. 
13 Vakulya, B.; Varga, S.; Soós, T., J. Org. Chem., 2008, 73, 3475. 
14 Bae, H. Y.; Some, S.; Lee, J. H.; Kim, J. Y.; Song, M. J.; Lee, S.; Zhang, Y. J.; Song, C. E., Adv. Synth. Catal., 

2011, 353, 3196. 
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After their preparation, we studied and interpret the results in more depth by measuring 

their pKa values in eight solvents. This way, both the basicity of the quinuclidine nitrogen atom 

and the acidity of NH groups of double hydrogen bond donor units were quantified. The 

difference between the pKa values of nitrogen in quinuclidine is in a range of 1.6–1.7 in each 

compound class, depending on the substituents. To examine a correlation between the pKa 

values of the catalyst and their effects in asymmetric reactions, the prepared catalysts were 

applied in the Michael addition reaction of pentane-2,4-dione (8) and trans--nitrostyrene (9) 

(Scheme 6).  

 
Scheme 6. Application of the squaramide and thiourea catalysts in the Michael reaction using pentane-2,4-dione 

(8) and trans--nitrostyrene (9) 

Depending on the solvent there are some differences in selectivity between the applied 

catalysts. However, there is no correlation in the results. I have found that although researchers 

can produce „new catalysts” with minor changes, their effect will not necessarily be different 

from the previous ones. Thus, if the only goal is to build in the cinchona skeleton, it is advisable 

to start with the most feasible material. In our case it was quinine, which, also, has the advantage 

of allowing other important transformations through the double bond on the quinuclidine, such 

as polymerization or the modification with a functional group for immobilization. 

4.3. Synthesis and application of new binaphthyl-cinchona (thio)squaramides 

 Squaramide and thiourea organocatalyst units act as hydrogen bond donors. For 

thiosquaramides there are only a few examples in the literature of their application as 

asymmetric organocatalysts in the literature.15-191516171819 

Such units with higher acidity can form stronger hydrogen bonds with the corresponding 

substrates. Thiosquaramides are more lipophilic and have lower pKa values than the 

corresponding squaramides. As a result, it is conceivable that they behave differently when used 

 
15 Rombola, M.; Sumaria, C. S.; Montgomery, T. D.; Rawal, V. H., J. Am. Chem. Soc., 2017, 139, 5297. 
16 Rombola, M.; Rawal, V. H., Org. Lett., 2018, 20, 514. 
17 Yang, M.; Chen, C.; Yi, X.; Li, Y.; Wu, X.; Li, Q.; Ban, S., Org. Biomol. Chem., 2019, 17, 2883. 
18 Chen, C.; Wei, R.; Yi, X.; Gao, L.; Zhang, M.; Liu, H.; Li, Q.; Song, H.; Ban, S., J. Org. Chem., 2019, 84, 

15655. 
19 Rodríguez‐Ferrer, P.; Naharro, D.; Maestro, A.; Andrés, J. M.; Pedrosa, R., Eur. J. Org. Chem., 2019, 38, 

6539. 
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in asymmetric reactions. I wanted to investigate this by preparing and using binaphthyl-

cinchona (thio)squaramides (Figure 4). 

 
Figure 4. The schematics of the prepared binaphthyl-cinchona squaramides and thiosquaramides. 

 First, a solvent screening was performed by testing the catalytic activity of catalysts 

containing (R)-binaphthalene moiety (BS1 and BTS1) in Michael addition reaction using 

trans-β-nitrostyrene (9) and pentane-2,4-dione (8). Following the solvent selection guidelines, 

ethyl acetate was chosen to optimize the amount of catalysts (BS1, BS2, BTS1 and BTS2) and 

to decrease the reaction time of this Michael addition reaction from 48 hours to 24 hours. 

Therefore, I applied the four catalysts in this solvent. High yields (up to 96%) and 

enantioselectivity (up to 98%) were achieved even with 0.2 mol% catalyst loadings. Big 

difference was not found between the catalysts considering the yields and enantioselectivities 

(even if two of these catalysts contain binaphthyl units with different configurations).  

For further investigation of the effects of these catalysts, I applied them in a conjugate 

addition of lawsone (19) and a β,γ-unsaturated α-ketoester (20) (Table 4) and in the aza-Diels‒

Alder reaction between benzylidene aniline (23) and a 2-siloxidene (22) (Scheme 9). 

Table 4. Application of the catalysts in a conjugate addition of lawsone (19) and a β,γ-unsaturated α-ketoester 

(20). 

 

Catalyst Amount of 

catalyst [mol%] 

Yield 

[%] 

ee 

[%] 

BS1 10 93 79 

BS1 5 98 83 

BS1 1 74 83 

BTS1 10 89 91 

BTS1 5 93 92 

BTS1 1 46 88 

Catalyst Amount of catalyst 

[mol%] 

Yield 

[%] 

ee 

[%] 

BS2 10 100 83 

BS2 5 100 84 

BS2 1 73 79 

BTS2 10 100 88 

BTS2 5 100 89 

BTS2 1 100 90 
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In the conjugate addition (Table 4), high yields were achieved by applying oxo-, and 

thiosquaramides, even with 5% catalyst loadings. The presence of only 1 mol% of BTS2 gave 

the product quantitatively with 90% ee. In all cases, thiosquaramides (BTS1 or BTS2) gave the 

product with 5–10% higher enantioselectivity than their dioxo analogs (BS1 or BS2). 

 

Scheme 9. The application of binaphthyl-cinchona (thio)squaramides in aza-Diels–Alder reaction of 2-siloxydiene 

22 and N-benzylideneaniline (23). 

In aza-Diels–Alder reaction only thiosquaramide BTS1 was able to act as Brønsted acid, 

therefore adduct 25 was only afforded in the reaction when it was catalyzed by BTS1. Adduct 

25 was obtained with 80% yield in a diastereomeric ratio of 5.4 to 1 (major diastereomer shown 

in Scheme 9). Using catalysts BS1, BS2 only the unreacted starting materials were detected. 

The reaction occurred when thiosquaramide BTS2 was used, but it gave a different product 

than adduct 25. Based on the results, it can be said that thiosquaramides can be promising 

catalysts for further asymmetric reactions. 

4.4. Cinchona derivatives as sustainable and recyclable homogeneous organocatalysts for 

aza-Markovnikov addition 

 The aza-Markovnikov addition is a carbon–nitrogen bonding reaction that usually occurs 

during the reaction of aromatic amines with olefins containing an electron-withdrawing group 

by base catalysis. The products often have biologically active properties: they are acaricides,20 

antimicrobial,21 or antitumor22 agents. 

 The aza-Markovnikov addition in the literature is often accomplished at elevated 

temperatures, with a large excess of catalyst, and reagent, all in less "green" solvents such as 

dimethylformamide (DMF).23,24 The effect of these parameters on the addition reaction of 

imidazole (26) and benzimidazole (29) and vinyl acetate (27) was investigated (Scheme 10).  

At first, it was observed that decreasing the reaction temperature (from 50 °C to 25 °C) 

had no significant effect on the yield of the reaction, and aza-Markovnikov addition could 

 
20 Wu, W. B.; Wang, N.; Xu, J. M.; Wu, Q.; Lin, X. F., Chem. Commun., 2005, 18, 2348. 
21 Xu, J. M.; Liu, B. K.; Wu, W. B.; Qian, C.; Wu, Q.; Lin, X. F., J. Org. Chem., 2006, 71, 3991. 
22 Lin, S. W.; Sun, Q.; Li, R. T.; Cheng, T. M.; Ge, Z. M., Synthesis, 2007, 13, 1933. 
23 Bodor, N.; Kaminski, J. J.; Selk, S., J. Med. Chem., 1980, 23, 469. 
24 Ozaki, S.; Watanabe, Y.; Hoshiko, T.; Mizuno, H.; Ishikawa, K.; Mori, H., Chem. Pharm. Bull., 1984, 32, 733. 
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proceed at room temperature. Then, the influence of the solvent, the molar ratio of vinyl acetate 

(it was reduced from 8 eq. to 1.2 eq.), and catalyst (K3PO4, decreased from 30 mol% to 5 mol%) 

was investigated. DMF was replaced by a greener alternative solvent, acetonitrile providing a 

less cumbersome work-up process due to its lower boiling point.  

Unfortunately, the yields were also decreased: from 61% to 44% starting from imidazole 

and from 65% to 48% starting from benzimidazole. The optimized process was compared to 

previous ones by calculating the Sheldon's E-factor. They were reduced by more than half, 

consequently the conditions I used could be an environmentally friendly alternative of those 

known in the literature. 

 
Scheme 10. The aza-Markovnikov addition reaction of N-heterocycles 26 or 29 and vinyl acetate 27. 

 I applied three cinchona catalysts (HQ, HQ-N, and HQ-SQ) as homogeneous 

organocatalysts in aza-Markovnikov additions of N-heterocycles to vinyl esters. 

 The best yields were obtained using cinchona amine (HQ-N, (95% for adduct 28, and 

92% for adduct 30). This is nearly twice of the yields obtained using K3PO4 under optimized 

conditions. 

 The aza-Markovnikov addition was also performed with these catalysts using other 

substrates (pyrazole, triazole) and reagent (vinyl tert-butyl benzoate), however, the result 

showed that the substrates I used had no significant effect on the reaction. Unfortunately, the 

products were racemic using cinchona organocatalysts. 

 I applied the organic solvent nanofiltration (OSN) technique to work-up the reactions 

making the aza-Markovnikov reaction more environmentally friendly. In this membrane-

separation technique, nanofiltration of a homogeneous organic solution is carried out applying 

a higher pressure (10-30 bar). During this process, the smaller molecules flow into the permeate 

meanwhile the larger molecules remain in the retentate. 

The membrane retentions for the starting materials, product, and catalysts are shown in 

Figure 6 for the optimized circumstances of the reaction of imidazole (26) and vinyl acetate 

(27). The results show that the retention of these catalysts is close to 100%, consequently they 

can be almost completely recycled using the OSN technique. 
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Figure 6. Retention values for the starting materials, product and catalysts used in aza-Markovnikov reaction. 

4.5. Immobilization of cinchona squaramide organocatalysts on poly(glycidyl 

methacrylate) (PGMA), their application and recovery 

 Poly(glycidyl methacrylate) can act as a catalyst support because it contains reactive 

epoxide functional groups, which is suitable for the immobilization, if the catalyst contains the 

appropriate functional group.25 Epoxides can be easily reacted with nucleophiles such as 

primary amines. For this reason, and because it acts as an inert material in several asymmetric 

reactions, it was a suitable catalyst support. 

One of its great advantages is that it can be produced by dispersion polymerization, in 

which spherical particles with a narrow size distribution (between 1 and 5 microns) can be 

obtained. The size of these microspheres can be easily influenced by changing the 

polymerization conditions. Although these particles are soluble in certain commonly used 

organic solvents. If necessary, this solubility can be greatly reduced by subsequent crosslinking. 

The catalyst attached to these particles can be recovered from the reaction mixture by 

centrifugation or filtration (depending on the particle size) or by using continuous flow systems. 

PGMA polymer support was prepared by dispersion polymerization in methanol 

(Scheme 11). This method led to non-porous monodisperse microspheres (1.36 m) with a 

narrow size distribution (Figure 7). The resulted polymer was crosslinked with ethylene glycol 

dimethacrylate (EGDMA) to reduce its solubility and to increase mechanical stability. 

 

 

 
25 Pandey, S.; Srivastava, A. K., Ind. J. Chem. Technol., 1999, 6, 313. 
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Scheme 11. The preparation of poly(glycidyl methacrylate) (PGMA). 

Figure 7. The size distribution and SEM image of the resulted PGMA particles. 

As epoxides readily react with primary amines, we synthesized three cinchona 

squaramides bearing primary amino groups at different positions of the cinchona skeleton 

(Figure). 

 

Figure 8. The cinchona squaramide precatalysts bearing primary amino groups. 

The primary amino group-containing cinchona derivatives 40, 41, and 42 were 

immobilized on cross-linked PGMA (Scheme 15) in MeOH to gain three new solid-supported 

organocatalysts (C1, C2, and C3). The amount of the immobilized precatalysts on the solid 

support was determined by elemental analysis of the catalysts (C1–C3) using energy dispersive 

X-ray analysis (EDX). 
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Scheme 15. Preparation of the immobilized catalysts (C1–C3). 

The resulted catalysts were applied in the reaction of pentane-2,4-dione (8) and trans-

-nitrostyrene (9). Following the first round, they were recycled four times by centrifugation. 

The best enantiomeric excess value (96%) was obtained with the catalyst C2 at 0 °C. After five 

runs, the enantioselectivity did not change, but a slight decrease in yields was observed 

(Table 5). 

Table 5. Application of catalyst C2 in Michael reaction using trans--nitrostyrene (9) and pentane-2,4-dione (8). 

 

Rounds Yield [%] ee [%] 

1 84 96 

2 80 96 

3 80 96 

4 75 96 

5 76 96 
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5. Thesis points 

1. I prepared three new glucose thiourea derivatives, which were successfully used in the 

asymmetric Michael addition of pentane-2,4-dione to trans--nitrostyrene with low and 

medium yield, furthermore, in the case of cinchona derivative, 37–64% enantioselectivity was 

achieved. [S5] 

2. I prepared eleven cinchona-based organocatalysts starting from the commercially 

available and relatively cheap quinine. I applied these catalysts in Michael addition reaction, 

and I determined their pKa values in eight different solvents. Based on the described 

mechanisms, I determined the correlation between their acid–base properties and the results 

obtained in the asymmetric Michael addition catalyzed by these twelve catalysts. [S2]. 

3. I accomplished the synthesis of asymmetric thiosquaramides more simply and 

efficiently than described so far in the literature. Using my method, avoiding the cumbersome 

purification of decomposable intermediates, I prepared chiral thiosquaramides by the thionation 

of the easily prepared squaramide. [S3] 

4. I prepared two new cinchona squaramide and two new cinchona thiosquaramide 

organocatalysts containing axial and central chirality, as well. They were successfully applied 

in asymmetric Michael addition reaction (98% yield, 99% ee), in asymmetric conjugate addition 

(98% yield, 92% ee), and in aza-Diels‒Alder reaction (80% yield, 5.4: 1 dr). The latter could 

only be catalyzed by thiosquaramide. From the results obtained with thiosquaramides, I 

concluded that it is worthwhile to deal with this family of organocatalysts, since higher 

enantioselectivity can generally be achieved by applying them in asymmetric reactions than 

with their oxo analogs. I proved by quantum chemical calculations that there is no significant 

structural difference between squaramides and thiosquaramides. Hence, thiosquaramides are 

able to catalyze the aza-Diels‒Alder reaction (providing the product with good yield) due to 

their more acidic character. [S3] 

5. I carried out the aza-Markovnikov addition in a more environmentally friendly way 

than performed in the literature, by reducing the temperature and the amount of catalyst and the 

reagent, and by using a less environmentally harmful solvent. Also, I replaced the inorganic 

heterogeneous catalyst (K3PO4) with the homogeneous organocatalyst cinchona amine, at 

which point the yield was almost doubled. I have found that this catalyst showed almost 100% 

retention employing the appropriate membrane in the organic solvent nanofiltration technique. 

[S4] 

6. I prepared three new cinchona squaramides, and successfully immobilized them on 

poly(glycidyl methacrylate) support. With one of the immobilized catalysts, I achieved 

excellent yield and enantioselectivity value in the Michael addition of pentane-2,4-dione to 

trans--nitrostyrene. This catalyst was recycled by centrifugation and was reused in four further 

cycles without loss of the excellent enantioselectivity (96% ee). [S1] 
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6. Possible applications 

The work demonstrated the effect of structural modifications of cinchona-based 

organocatalysts on Michael addition. The results revealed that in the case of homogeneous 

catalysis, small structural modifications on the catalyst do not necessarily give better results. 

Thus, without modification of the starting material (in our case it was quinine) or intermediate, 

bifunctional organocatalysts prepared in a cost-effective manner may already be suitable for 

catalyzing the corresponding reaction to give adequate results. 

With easy, substantial modification, thiosquaramides can be prepared from squaramides. 

These thiosquaramides be used in transformations, in which product was not observed with the 

corresponding squaramides. Based on this example, with such a “small” change, new catalyst 

families can be created (expanding the applicability of the existing ones) and the results already 

obtained can be improved: better yield and selectivity can be achieved in the same reaction. 

The aza-Markovnikov adducts are used in several fields due to their significant biological 

effects. Therefore their synthesis with high yield minimizing the waste is crucial both in 

industrial and environmental point of view. In the dissertation, there is a more environmentally 

friendly alternative to preform this reaction. It requires less energy, material and cost than 

before. Furthermore, an attempt to recover homogeneous catalysts showed that by working up 

the reaction mixture using a membrane separation process, the catalyst could be separated from 

the other components. 

In the area of heterogeneous organocatalyst supports, the number of carriers has been 

increased with poly(glycidyl methacrylate). With cinchona squaramide organocatalysts 

attached to this support excellent yields and enantiomeric excess values can be achieved based 

on this work. These catalysts were recycled and reuse in four other cycles without significant 

decrease of the yield or ee. The resulting mechanically stable catalysts may also be suitable in 

continuous flow systems. 
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