
 
 
 
 

 

VABILO NA SERIJO PREDAVANJ LJUBLJANA - BENETKE (UL FKKT - 
Dipartimento di Scienze Molecolari e Nanosistemi, Università Ca' 

Foscari, Venezia) 

 

“Pure and applied organic synthesis: a greener and more 
sustainable approach” 

 

Predavanja bodo potekala 9. in 10. 4. 2015 v predavalnici P4 (3. 
nadstropje) na UL FKKT, Večna pot 113, po sledečem razporedu: 

 

Četrtek, 9. 4. 2015: 

14:00: Prof. Oreste Piccolo: Innovation and sustainability in the synthesis of 
fine chemicals: issues, strategy and process evaluation. 

15:00: Marko Krivec and Marijan Kočevar: Darco KB as a green catalyst for 
dehydrogenation. 

15:25: Aljoša Bolje and Janez Košmrlj: Transition metal complexes with 
chelating triazolium N-hetorocyclic carbene ligands and their application in 
catalysis. 

15:50: General discussion 

 

Petek, 10. 4. 2015: 

10:00: Prof. Stefano Paganelli: Hydrogenation and hydroformylation in water 
or in aqueous two-phase conditions: research contribution at Ca’Foscari 
Venice University. 

11:00: Jure Vajs and Janez Košmrlj: Antibacterial activity of triazenes against 
Methicillin Resistant Staphylococcus Aureus and Mycobacterium Smegmatis. 

11:25: Luka Rejc and Andrej Petrič: Cross-coupling reactions in the synthesis 
of molecular probes. 

11.50—14:00: Informal discussion, lunch time. 



 

14:00: Prof. Oreste Piccolo: More than thirty years of research and consulting 
activity for a sustainable synthesis of "Fine Chemicals": some examples of 
industrial realizations and new paths to explore. 

15:00: Gregor Strle and Janez Cerkovnik: Simple and efficient catalytic 
generation of pure solution of hydrogen trioxide (HOOOH). 

15:25: Martin Gazvoda and Janez Košmrlj: Recent advances in a selected 
carbon-carbon bond formation reaction. 

15:50: General discussion; concluding remarks. 

 

Working group meeting and further plans for cooperation:  

16:15: Vikas D. Rathod, Oreste Piccolo and Stefano Paganelli: Synthesis of 
fine chemicals, such as pharmaceuticals, agrochemicals, fragrances, by using 
catalytic reactions under homogeneous, heterogeneous and biphasic reaction 
conditions.  

Vikas D. Rathod and Marko Krivec: Application of microwaves for the 
synthesis of pharmaceutical products: Preliminary results of cooperation 
Ljubljana – Venice. 

     

Vljudno vabljeni! 

 

Prof. Marijan Kočevar (contact person)  Prof. Matjaž Krajnc, Dean 

 

 

Ljubljana, 30. 3. 2015  

 
 
 
 
 
 

 
  
 
 

 
 



Professor Stefano Paganelli 
Università Ca' Foscari, Venezia, Italy 
 
“Hydrogenation and hydroformylation in water or in aqueous two-phase conditions: research contribution at 
Ca’Foscari Venice University”. 
 

Abstract: 

Homogeneous catalysis is an efficient tool to carry out hydroformylation and hydrogenation processes but the 
major drawback is represented by the separation of the expensive catalyst from the product mixture. Processes 
involving environmentally benign solvents, as water for instance, and easily recyclable water soluble catalysts are 
highly desirable for the realization of a more green sustainable chemistry [1-2]. Besides phosphines as TPPTS, many 
other new ligands and/or surfactants having different hydrophilic groups such as –COOH, NR3, -OH, etc. have been 
designed to prepare new water-soluble catalytic precursors [3]. It is known that also natural compounds, such as 
aminoacids, peptides, proteins and sugars are able to bind metallic species and maintain them soluble and active 
in water [4, 5]. 
The presentation will discuss the results obtained in the hydroformylation and hydrogenation reactions catalyzed 
by new water soluble Rhodium- and Iridium-based complexes containing ligands as the protein Human Serum 
Albumin (HSA) [6, 7], thioaminoacids [8], the oligopeptitede [(S)-1-[(S)-3-mercapto-2-methylpropanoyl]pyrrolidine-
2-carboxylic acid] (an ACE inhibitor named Captopril®) [9]  and a very simple molecule as the  dihydrothioctic acid 
(DHTA) [10]. 
 
References: 
1. B. Cornils, W.A. Herrmann, I.T. Horvath, W. Leitner, S. Mecking, H. Olivier-Bourbigou, D. Vogt (Eds.), Multiphase 
Homogeneous Catalysis, Wiley-VCH, Weinheim, 2005. 
2. D. Cole-Hamilton, R. Tooze (Eds.), Catalyst Separation, Recovery and Recycling, Springer, Dordrecht, 2006. 
3. B. Cornils, W. A. Herrmann (Eds.), Aqueous-Phase Organometallic Catalysis, 2nd ed., Wiley-VCH, Weinheim 2004. 
4.  E. Guibal, Prog. Polym. Sci. 30 (2005) 71–109. 
5.  J. Steinreiber, T.R. Ward, Coord. Chem. Rev. 252 (2008) 751–766. 
6. C. Bertucci, C. Botteghi, D. Giunta, M. Marchetti, S. Paganelli, Adv. Synth. & Catal., 344 (2002) 556. 
7. M. Marchetti, F. Minello, S. Paganelli, O. Piccolo, Appl. Catal. A: General, 373 (2010) 76-80. 
8. S. Paganelli, M. Marchetti, M. Bianchin, C. Bertucci, J. Mol. Catal. A: Chem. 269 (2007) 234-239. 
9. S. Di Dio, M. Marchetti, S. Paganelli, O. Piccolo, Appl. Catal. A: General, 399 (2011) 205-210. 
10. S. Paganelli, O. Piccolo, P. Pontini, R. Tassini, V.D. Rathod, Catalysis Today, 247 (2015) 64-69. 
 
 
 
  



Professor Oreste Piccolo  
Studio di Consulenza Scientifica, 23896 Sirtori (LC), Italy 
 
“Innovation and sustainability in the synthesis of fine chemicals: issues, strategy and process evaluation”.  
 
Abstract:  
A possible simplified strategy to adopt when you want to transform a project from the idea to the industrial 
realization is presented. It is based either on the state of art [1,2] or own direct experience of consulting activity 
with many fine chemicals companies. The analysis includes general considerations in the field of fine chemicals (in 
particular active pharmaceutical ingredients), process cost evaluation, relevance of IP issues and marketing 
requests, possibility of technological innovation and waste minimization,…. Some case studies of industrial 
preparations of enantiopure API or intermediates [3-6], such as for example Carnitine [7], Tolterodine [8], 
Pregabalin [9],… taken by the literature  or by my work, with comparison of different stereotechnological 
approaches, are shown and discussed.  
 
Some references: 
[1] Neal G. Anderson, “Practical Process Research and Development - A Guide For Organic Chemists”, 2nd ed., 
Academic Press: New York, 2012.                                                                                                                           
[2] A. J. Blacker and M. T. Williams eds., “Pharmaceutical Process Development”, RSC Publishing: Cambridge, 2011.                                                                                                                                                                             
[3] J. Tao and R. Kazlauskas eds., “Biocatalysis for Green Chemistry and Chemical Process Development”,    J. Wiley 
& Sons: Hoboken, 2010.                                                                                                                                                  
[4] P. J. Dunn, A. S. Wells and M. T. Williams eds., “Green Chemistry in the Pharmaceutical Industry”, Wiley-VCH: 
Weinheim, 2010.                                                                                                                                                              
[5] H-U Blaser and H-J Federsel eds., “Asymmetric Catalysis on industrial scale”, 2nd ed., Wiley-VCH: Weinheim, 
2010.                                                                                                                                                                                  
[6] Stefan G. Koenig ed., “Scalable Green Chemistry. Case Studies from the Pharmaceutical Industry”, Pan Stanford 
Publishing: Singapore, 2013.                                                                                                                                          
[7] a) Th.P.Zimmerman et al. “Biotransformation in the production of L-carnitine”, cap 14, pages 287-308 in 
“Chirality in Industry II Developments in the Manufacture and Applications of Optically Active Compounds”, A. 
N.Colins , G. N. Sheldrake and J. Crosby Eds., Wiley: New York. 1995; b) Pallavicini, M., Piccolo, O., Valoti, E. et al., 
“Entrainment resolution of carnitinamide chloride”, Tetrahedron: Asymmetry  (2008),  19,  1637; c) Piccolo, O., et 
al., “Industrial process for the production of  L- carnitine” US6451972 (2002); d) Noyori,R. et al. “A practical 
asymmetric synthesis of carnitine”,Tetrahedron Letters(1988),29, 1555; e) Cavazza,C., “Process for manufacturing 
D camphorate of L-carnitinamide and D-carnitinamide”,  BE877609(1978); f) Piccolo, O.,  et al., “Nitriloxy derivatives 
of (R) and (S)- carnitine”,  US6548693 (2003); g); Hwang, S. O., “Process for L- carnitine and acetyl L- carnitine 
hydrochloride WO2007139238 (2006).                                                                                                                                  
[8] a) Botteghi,C., Paganelli,S., Piccolo, O.,  et al., “A new efficient route to Tolterodine”, Org. Process Res. Dev., 
2002, 6, 379; b) Srinivas, K., et al., An improved, scalable, and impurity-free process for Tolterodine Tartrate, Org. 
Process Res. Dev., 2005, 9, 314; c) Ulgheri,F., Marchetti, M., Piccolo, O.,  “Enantioselective synthesis of (S)- and (R)-
Tolterodine by asymmetric hydrogenation of a coumarin derivative obtained by a Heck reaction”, J. Org. Chem., 
2007, 72, 6056; d) Piccolo, O.,  et al., “Process for the preparation of N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-
3-phenyl propylamine and its salts starting from a novel intermediate”, WO2012098044 (2012).                                                                         
[9] a) Hoge, G., et al., “Highly Selective Asymmetric Hydrogenation Using a Three Hindered Quadrant Bisphosphine 
Rhodium Catalyst”, J. Am. Chem. Soc., 2004, 126 , 5966; b) Martinez, C.A. et al., “Development of a chemoenzymatic 
manufacturing process for Pregabalin”, Org. Process Res. Dev., 2008, 12, 392; c) Chavan, A.B., et al, “An efficient 
process of racemization of 3-(carbamoylmethyl)-5-methylhexanoic acid: a Pregabalin intermediate”, Org. Process 
Res. Dev., 2009, 13 , 812; d) Pallavicini, M., Piccolo, O., Valoti, E. et al., “From pregabalin to rac-3-cyano-5-
methylhexanoic acid: an easy conversion which valorizes waste pregabalin enantiomer”, Tetrahedron Letters, 2012, 
53, 6075; e) Debarge, S., et al., “Evaluation of Several Routes to Advanced Pregabalin Intermediates: Synthesis and 
Enantioselective Enzymatic Reduction Using Ene-Reductases”, Org. Process Res. Dev., 2014, 18 , 109. 
  
  



“More than thirty years of research and consulting activity for a sustainable synthesis of "Fine Chemicals": 
some examples of industrial realizations and new paths to explore”. 
 
Abstract: 
Catalysis is an important tool to produce very often chemicals in a more sustainable way, in agreement with the 
principles of Green Chemistry [1-3]. My contribution and experience in some homogeneous and heterogeneous 
chemo- and bio-catalysis, working with many colleagues and co-workers, are here shown and exemplified [3-17]. 
Other examples are reported in the lecture of prof. Paganelli, during this meeting.  In detail, very efficient 
enantioselective industrial applications are described, in particular some hydrogenations with [Ru](TMBTP), where 
TMBTP is a member of the family of atropisomeric bis-heterocyclic diphosphine [5]. Then, the comparison between  
commercial  and home-made , easily prepared and with a low content of precious metal, heterogeneous catalysts 
is made; 0.18% Rh/alumina was prepared and used in the synthesis of an non-steroidal anti-inflammatory drug , 
Nabumetone, on multi-ton scale[6]; very recent, not yet published, results with this catalyst and similar metallic 
species are also presented.  Later, some interesting applications of base [3,7] and acid [8-10,17] catalysts as well as 
advantages and issues working with some free [4] or immobilized [16] enzymes are described. Finally a new 
laboratory approach to use microorganisms to prepare and use biogenerated metallic species, embedded in a 
polysaccharidic structure, with catalytic [12,13] and biological properties, to implement in the next future for 
scaling-up is also presented. The main purpose of this lecture is to encourage, if possible, discussions and future 
collaborations in the field of applied catalysis.  
 
Some references: 
[1] P. J. Dunn, K.K. (Mimi) Hii, M. J. Krische, M T. Williams eds., “Sustainable catalysis : challenges and practices for 
the pharmaceutical and fine chemical industries”, J. Wiley & Sons: Hoboken, 2013. 
[2] R. A. Sheldon, I. Arends, U. Hanefeld “Green Chemistry and Catalysis” Wiley-VCH: Weinheim, 2007.    
[3] L. De Ferra, O. Piccolo, et al., “Process for the preparation of glycerophospholipids” US5315023 (1992).                                                                                                                                                  
[4] L. De Ferra, P. Massardo, O. Piccolo , S. Servi “Process for the industrial preparation of phosphatidylserine”, 
US5700668 (1995).                                                                                                                       
[5] O.Piccolo, “TMBTP: a very efficient chiral ligand for Ru-catalyzed asymmetric hydrogenation on the Multi-
Kilograms scale” cap.17, pages 291-300 in “Asymmetric Catalysis on industrial scale”, 2nd ed., H-U Blaser and H-J 
Federsel eds., “ Wiley-VCH: Weinheim, 2010. 
[6] O. Piccolo, A. Verrazzani, “Preparation and use of a heterogeneous rhodium catalyst for the hydrogenation of a 
double bond of an alpha-beta-unsaturated carbonyl compound”, US7087548 (2001). 
[7] L. De Ferra, P. Massardo, O. Piccolo, G. Cignarella, “Process for the preparation of 3-substituted 4-phenyl-
piperidine derivative” US6444822 (1999).                                                                                     
[8] a)O. Piccolo, A. Vaccari, M. Campanati, P. Massardo, “Procedimento per preparare composti indolici”, IT1303260 
(1998); b) O. Piccolo, A. Vaccari, et al., “Reaction pathway in the vapor-phase synthesis of indole and alkylindoles”, 
J. Catal.  (2005), 232, 1.                                                                                                                                       
[9] a) M.Campanati, A.Vaccari, O.Piccolo, “Environment-friendly synthesis of nitrogen-containing heterocyclic 
compounds”,  Catal.Today (2000), 60,  289; b) M. Campanati, A. Vaccari, O. Piccolo, et al., “Environmentally friendly 
vapor phase synthesis of alkylquinolines”, Catal. Lett.  (1997),  47,  247. 
[10] A.Vaccari, O.Piccolo , et al., “An eco-friendly synthesis of 1,2-methylenedioxybenzene in vapour phase” Applied 
Catalysis, B: Environmental  (2010), 98(1-2),  72.                                                                   
[11] R.Tassini, D.Montin, S. Paganelli, O. Piccolo, et al., “Sintesi sostenibili con CO”  La Chimica e l'Industria, 
(2012),94(9), 157.                                                                                                                      
[12] F.Baldi, S. Paganelli, O. Piccolo, et al.“A bio-generated Fe(III)-binding exopolysaccharide used as new catalyst 
for phenol hydroxylation”, Green Chemistry(2010), 12,1405.                                                                
[13] S. Paganelli, O. Piccolo, R.Tassini, F. Baldi, et al., “Aqueous biphasic hydrogenations catalyzed by new 
biogenerated Pd-polysaccharide species”, Applied Catalysis A: General  (2013), 451, 14.                          
[14] J.Archer, J. Fotheringham, N.J. Turner, O.Piccolo, et al. “Synthesis of enantiopure aminoacids and amines: 
concerted use of a biocatalyst and a chemocatalyst”. La Chimica e l'Industria (2005), 87(6), 98. 
[15] O.Piccolo, et al.,“Use of enoate reductases and a Janus-faced behaviour of glucose dehydrogenases”, in 
preparation.                                                                                                                         
[16]G.Tofani, A.Petri, O.Piccolo, “Preparation of enantiomerically pure N-heterocyclic amino alcohols by enzymatic 
kinetic resolution”, submitted.                                                                                                                                                               
[17] O.Piccolo, S. Paganelli, R.Tassini, V.Rathod, “Novel iron and gallium salts of Aquivion® PFSA: synthesis, 
characterization and some catalytic applications”, in preparation.  


