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1. Introduction and Objectives 
 

Protection of the environment is given much attendance in our days, prescient and 

environmentally conscious design of processes in chemical industry is a vital aspect.1 

Development of more efficient syntheses became a fundamental requirement (e. g. by 

evolving selective and ’perfect’ catalysts). In addition, the higher purity of chemical 

products became a fundamental demand to minimize the residual content of 

environmentally hazardous heavy metals. 

Organocatalysis meets these expectations at the same time, so evolution of this field 

is relevant in both theoretical and practical respects.  

Reactions are called organocatalytic if they are accelerated by substochiometric 

amount of metal-free organic molecules as suitable catalysts. Organocatalysts have the 

remarkable advantage in contrast with metal-organic ones: lower toxicity in several cases 

and they are not sensitive to air and moisture which make their usage easier and help 

industrial application. Moreover, unlike enzimes they are readily available, cheaper, can be 

synthesized following combinatorial pathways,2 and frequently show higher stability (can 

efficiently act at increased concentration, not sensitive to elevated tempertaures, pH etc.).  

We wished to join this research trend when we aimed the synthesis of cinchona-

based, bifunctional, organocatalysts and their application in enantioselective Michael-

addition reactions utilizing substrates which can be valuable intermediates for further 

transformations. We have chosen the reaction of nitromethane and chalcone (1) as a model, 

since quinine (3) itself is capable to facilitate this conjugate addition under harsh conditions 

showing moderate enantioselectivity. This alkaloid family has the important property from 

catalytic point of view, that quinine and quinidine are pseudoenantiomers allowing us to 

obtain both enantiomers of desired products. 

 

O O
NO2

catalyst
CH3NO2+

1 2  
Figure 1.  Model reaction for study of catalytic activity 

 

                                                
1 Barta, K.; Csékei, M.; Csihony, S.; Mehdi, H.; Horváth, I. T.; Pusztai, Z.; Vlád, G. Magy. Kém. Lapja 2000, 
   55, 173. 
2 Dalko, P. I.; Moisan, L. Angew. Chem. Int. Ed. 2001, 40, 3726. 
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 An additonal viewpoint was the modification of 9-hydroxyl group of quinine (3) in 

order to build in a group with enhanced  Lewis-acidity resulting increased catalytic activity 

and bifunctional character of molecule. In this wise, instead of the 400 MPa pressure 

published in literature, the reaction may proceed at atmospheric conditions. Boost of 

enantiocontrol was an additional task as well as the exploration of the effect of the 

functionalization at moieties far from catalytic cleft. 

Our last assignment was to expand the group of substrates in order to obtain 

valuable, easily transformable intermediates. Finally we also wished to perform the 

synthesis of a relevant target to demonstrate the value of the organocatalyst. 

  

 

Results 
 
 

Modification of hydroxyl group of quinine at position 9 was the first step towards 

potential catalysts. The aim was to change the OH group to a more Lewis acidic group with 

enhanced catalytic activity and bifunctional property. Based on literature, we have chosen 

substituted thioureas which Lewis acidity, double hydrogen bonding ability, co-crystal 

forming instinct with proton acceptor molecules, strong complexation property is well 

documented.3 

Construction of this thiourea moiety seem plausible with the utilization of 

corresponding 5 amine and commercially available 3,5-bis(trifluoromethyl)phenil-

isothiocyanate (7). As a consequence, our first goal was to produce optically pure amino-

cinchona alkaloids. These compounds are known in chemical literature, synthesized in 

Mitsunobu reaction as a key step in a pure SN2-type reaction. In this one pot protocol, azide 

acid was utilized as a nucleophile, which was followed by the Staudinger reduction of azide 

and a final hydrolysis to corresponding 5 amine.4 

 

 

                                                
3 Etter, M. C. Acc. Chem. Res. 1990, 23, 120. 
4 Brunner, H.; Schmidt, P. Eur. J. Org. Chem. 2000, 2119. 
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Figure 2. Transformation of quinine to 9-amino-(9-deoxi)-epiquinine 

 

The above protocol was applied not only to quinine (3) but extended to quinidine, 

dihydroquinine, didehydroquinine, epiquinine in order to study the structure-catalytic 

activity of potential systems. Having several 9-amino-(9-deoxi)-cinchona derivatives in our 

hands, as a second step, condensation with 7 isocyanate was performed to afford thiourea 

moiety. This protocol allowed us to synthesize several additional catalyst candidates (Figure 

3). 

 
  

Figure 3. The synthesized cinchona based thiourea catalysts 
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The above 9-13 catalyst candidates synthesized were expected to promote 

enantioselective Michael addition of nitomethane to chalcones under mild conditions. In 

order to compare efficiency of our catalysts to known systems described in literature, we 

utilized them in conjugate addition of nitromethane to trans-chalcone (1,3-diphenyl-E-prop-

2-ene-1-on, 1). 

 

 
Figure 4. Enantioslective model reaction for study of catalysts 

 

Reactions were performed in toluene as solvent at room temperature with a 10 mol% 

catalyst load. Yields were determined after column chromatography purification or by GC 

measurements. Enantiomeric excesses were determined by chiral HPLC measurements 

using Chiracel AD column. 

Additional bifunctional organocatalysts were also applied under the same 

conditions: quinine (with poor bifunctional character) and its epimer, epiquinine, as well as 

Takemoto’s cyclohexanediamine based thiourea-type catalyst were also probed (Table 1). 

  

Entry Catalyst t (h) Yield % ee % 
1 quinine 99 4 42 (S) 
2 epiquinine  99 0 - 
3 epi-QT 99 71 95 (R) 
4 epi-DHQT  99 93 96 (R) 
5 QT 99 0 - 
6 epi-QDT 99 59 86 (S) 
7 epi-DDHQT 99 5 93 (R) 
8 Takemoto’s cat.  99 44 91 (S) 
9 epi-QA 99 1 - 
10 epi-QCyT 99 34 89 (R) 

 
Table 1. Application of catalysts in asymmetric Michael-addition 

 

Based on these results,  epi-DHQT (9) proved to be the most efficient (highest 

conversion and enantoselectivity) catalyst. 

Then we turned our attention to study the effect of solvents, temperature dependence 

and catalyst loading (Table 2). 
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Entry Solvent T (oC) epi-DHQT cat. 
(mol %) t (h) Yield % ee % 

1 Toluol 25 10 110 94 96 
2 CH2Cl2 25 10 110 84 93 
3 THF 25 10 110 38 95 
4 MeOH 25 10 110 31 67 
5 CH3CN 25 10 110 35 90 
6 Piridin 25 10 110 41 89 
7 Kinolin 25 10 110 77 93 
8 - 25 10 48 95 94 
9 - 50 5 19 97 91 
10 - 50 3 27 95 91 
11 - 50 2 45 94 92 
12 - 50 1 91 94 93 
13 - 50 0.5 171 82 94 
14 - 75 5 10 94 90 
15 - 100 5 5 68 85 

 
Table 2. Study for conditions of conjugate addition utilizing epi-DHQT catalyst  

 
 

Data in Table 2 shows that toluene is the best solvent for the process, increasing 

polarity of the media lower the conversion significantly, but not affecting the 

enantioselectivity. Hydrogen bond donor property of methanol decreases both yield and 

enantiocontrol. Application of nitromethane as medium without additional solvent makes 

the reaction faster, as well as elevated temperatures. 

After finding optimal conditions for model reaction, we wished to investigate the 

scope of the catalyst in reactions containing different electron donating and withdrawing 

substituents bearing 14a-i chalcones and further α,β-unsaturated carbonyl compounds. 

 

 
Figure 5. Application of further αα,β-unsaturated enones in addition reaction 
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Entry Product R1 R2 R3 R4 T (h) Yield % ee % 

1 15a p-Cl Ph H H 122 94 95 (R) 

2 15b p-F Ph H H 122 94 98 

3 15c o-Me Ph H H 122 93 89 

4 15d H p-MeO-Ph H H 122 80 96 

5 15e H Ph Me H 41 56/38 94/94 
6 15f H Ph Me Me 192 91 92 
7 15g H H H H 0.1 >90 0 
8 15h H OMe H H 122 0 - 
9 15i H Me H H 122 0 - 
 

Table 3. Conditions for addition of nitroalkanes to substituted chalcones and αα,β-unsaturated enones 
 

 

Results detailed in Table 3 gave us an impetus to search for unsaturated enones in 

order to expand the group of applicable substrates beyond chalcones. 

Furthermore, it was desired to find appropriate electrophiles which can be readily 

transformed to valuable intermediates. Preliminary results indicated that aromatic group 

must be attached to the carbonyl group for successful reaction. However, these type of 

substrates are difficult to react further. The only way is the Bayer-Villiger oxidation which 

produces reactive phenyl esters, however, functional group tolerance of the conditions 

needed (peracids, etc.) are rather low. 

Considering the facts, we concluded that it worth to investigate the behaviour of 

α,β-unsaturated N-acylpyrroles. These compounds can act as reactive ester surrogates and 

also having aromatic group attached directly to carbonyl at the same time.5 

The first attempt was succesfull in test reaction since it afforded the desired 17a 

Michael-adduct with good yield and high enantioselectivity. 

 

 
 

Figure 6. Addition of nitromethane to α,β-unsaturated N-acylpyrroles at presence of epi-DHQT catalyst 

 

                                                
5 Matsunaga, S.; Kinoshita, T.; Okada, S.; Harada, S.; Shibasaki, M. J. Am. Chem. Soc., 2004, 126, 7559. 
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These findings triggered us to synthesize a set of α,β-unsaturated 16a-k N-

acylpyrroles following the protocol published Shibasaki and coworkers, and we applied 

them in Michael-addition of nitromethane utilizing epi-DHQT catalyst (9). 

 

Entry Starting 
materials R1 

cat. 
(mol%) 

MeNO 
(ekv.) T  (h) Yield % ee %  

1 16a 
 

10 5 87 93 93 
2 16b  10 5 146 90 93 

3 16c  20 10 64 88 89 
4 16d  10 5 146 81 93 
5 16e  10 5 146 59 92 
6 E-16f  10 5 23 95 93 
7 Z-16g  10 3 65 81 -34 
8 16h  10 5 78 93 94 
9 16i  10 5 22 87 90 

10 16j  10 10 139 54 94 

11 16k 
 

20 10 183 78 93 

12 16l  
N-acylcarbazol 

derivative 

30 100 72 25 82 

 

Table 4. Enantioselective Michael-addition of nitromethane to various αα,β-unsaturated N-acypyrroles 
 

The outlined data in Table 4 shows similar results for N-acylpyrroles as for 

chalcones without the undesired transformation of pyrrolo moiety. It is interesting that 

conversion of alkyl derivatives is much faster than that of aromatic or heteroaromatic ones. 

As we expected, Z-isomer afforded the opposite enantiomer, however with moderate 

enantoselectivity and reaction rate. Because of this, we concluded that nuclephilic attack 

occurs from the same side as in case of E-form, but it is less favored. At the same time, 

catalyst showed remarkable regioselectivity while transforming diene 16j to product 17j 

without the formation of δ−product. 

Finally, in case of 16l N-acylcarbazole, the presence of sterical demanding group 

lowered the reaction rate and also enantioselectivity. 

Furthermore,  we wished to demonstrate the scope of transformations at N-

acylpyrrole moiety in case of our substrates. First we converted our product to an amide: 
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starting compound 17a was heated in a capped vial in the presence of piperidine at 70 °C 

for 24 hours. After concentrating the resulting mixture, solid crystallized from 

methylcyclohexane to afford the corresponding 18 amide derivative with 84% yield. 

  For synthesis of the ester, the starting compound was heated in a sealed tube in 

methanol at 130 °C for 2 hours. After removing the volatiles the 19 residue was pure 

enough without further purification with almost quantitative yield. 

 

N
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Figure 7. Transformation of adduct 12a to amide and ester 

 

 These results prompted us to perform the enantioselective synthesis of (R)-Rolipram 

(21) as a practical application. 

Rolipram ((R,S)-4-(3-cyclopentyloxy-4-methoxyphenyl)pyrrolidin-2-one) was 

initially developed as an antidepressant drug by Schering. It has been shown to be a potent 

and selective inhibitor of phosphodiesterase type IV (PDE IV),15 the main enzyme 

regulating the concentration of cyclic adenosine 3’,5’-monophosphate (cAMP). Inhibition 

of PDE IV has been rapidly recognized as a promising therapeutic target for the treatment 

of a number of disorders such as multiple sclerosis, coronary failure, asthma, pulmonary 

diseases, and diabetes. Both enantiomers are known to be active against PDE IV with the R-

(–)-enantiomer being primarily responsible for the pharmacological effects. The industrial 

synthesis of (R,S)-Rolipram and resolution of the enantiomers either by chromatography or 

by classical (enzymatic) resolution of an intermediate in the synthesis has been reported. 

Due to the importance of rolipram as a drug and as a pharmacological probe, a general 

approach to (R)-Rolipram and new derivatives thereof is desirable and useful. 

Because of its importance, we developed a new, concise route for (R)-Rolipram. The 

corresponding enone was applied in addition of nitromethane to afford adduct 17k. This 

product was converted to 20 ester by treatment with methanol. Somehow it was not 

efficient to heat the 17k N-acylpyrrole adduct in methanol, but addition of water as weak 
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Lewis acid was needed to afford corresponding 20 methyl ester with acceptable yield. 
Finally, the reduction of nitro group and subsequent ring closure was attempted. 

Hydrogention was performed in methanol at 60 °C in presence of Pd/C utilizing 10 bar of 

hydrogen pressure. After 5 h, Pd/C was filtered, followed by concentration and 

chromatographic purification to afford (R)-Rolipram 21 with 95% ee and 39% overall yield. 
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Figure 8.  Enantioselective synthesis of (R)-Rolipram utilizing epi-DHQT catalyst 
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