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Monday 24.8.2015   

12:15-13:00   Registration 

13:00-13:15  Opening words 

 Kristiina Wähälä (FinMedChem) 
 Hannu Koistinen (Finnish Peptide Society) 
 Ari Koskinen (Finnish Synthetic Chemistry Society) 

13:15-17:30 Synthetic Chemistry (chairs: Ari Koskinen and Anniina Erkkilä) 

13:15-14:00  L-1 Hermen Overkleeft (Leiden University, the Netherlands): “Activity-based glycosidase profiling” 
14:00-14:45  L-2 Per-Ola Norrby (AstraZeneca R&D Mölndal, Sweden): “Predictive modeling of chemical reactivity” 

14:45-15:30  Coffee 

15:30-16:15  L-3 Jan Deska (Aalto University, Finland): “Biocatalytic and enzyme-metal-coupled rearrangement 
strategies for the synthesis of complex heterocycles” 

16:15- 17:30  Short talks 
 OC-1 Esa T.T. Kumpulainen (Orion Corporation, Finland): “Chem21 / IMI project related C-H 

activations at Orion” 
 OC-2 Tom Wirtanen (University of Helsinki, Finland): “Heterogeneous gold and carbocatalysis beyond 

simple oxidation chemistry” 

17:30-19:30  Posters & Get Together 

General assembly of Syn. Chem. (small hall) 

 

Tuesday 25.8.2015 
 

9:00-13:45 CNS Targets and Neuropeptides (chairs: Ale Närvänen and Kristiina Wähälä) 

9:00-9:45  L-4 Alan P. Kozikowski (University of Illinois at Chicago, USA): “Chemistry and Biology of HDAC6 
Inhibitors - from Cancer to CNS Disorders “ 

9:45-10:15  Coffee 

10:15-11:00  Societas biochemica, biophysica et microbiologica Fenniae-lecture: 
 L-5 Jean Martinez (Montpellier University, France): “Characterization of a new peptide targeting brain 

Angiotensin Converting Enzyme and exhibiting in vitro and in vivo stimulation of dopamine release 
within the brain”  

11:00-11:45  L-6 Ilpo Vattulainen (Tampere University of Technology, Finland): “Selective influence of cell 
membranes on synaptic neurotransmission: Paradigm suggested by atomistic simulations “ 

11:45-13:00  Lunch 

13:00-13:45  L-7 André Heeres (SYNCOM Groningen The Netherlands): “Design and synthesis of multiple ligands for 
the treatment of motor and cognitive symptoms of Parkinson's disease” 

13:45-14:45 Medicinal Chemistry (chairs: Adyary Fallarero, Pekka Joensuu and Mikko Oivanen) 

13:45-14:15  L-8 Annamaria Lilienkampf (University of Edinburgh, UK): “Peptide-Based Optical Molecular 
Diagnostics for Pulmonary Function” 

14:15-14:45  Short talks 
 OC-3 Outi Keinänen (University of Helsinki, Finland): “New Highly Reactive and Low Lipophilicity 

Fluorine-18 Labeled Tetrazine Derivative for Pretargeted PET Imaging”  
 OC-4 Alex Bunker (University of Helsinki, Finland): “Molecular dynamics simulation as a tool for 

liposome base delivery system development”  

14:45-15:15  Coffee 

 

 



15:15-17:00 Green Chemistry for Medicinal Chemistry (chairs: Adyary Fallarero, Pekka Joensuu and Mikko 

Oivanen) 

15:15-16:00  L-9 Timo Repo (University of Helsinki, Finland): “Frustrated Lewis Pairs in metal-free catalytic 
hydrogenation” 

16:00-17:00  Short talks 
 OC-5 Mikael Friberg (Sigma Aldrich, Denmark): “Traditional and Greener Alternatives in C-H Activation 

and Late Stage Functionalization”  
 OC-6 Anniina Vesalainen (Orion Corporation, Finland): “Towards Greener Medicinal Chemisty at 

Orion”  
  OC-7 Guy Wilson (Waters Corporation, USA): “Green Chromatography At Every Scale”  

17:00-18:00  Posters 

 

 

Wednesday 26.8.2015 
 

9:00-10:30 Macrocycles (chairs: Josef Messinger, Annamaria Lilienkampf and Krister Wennerberg) 

9:00-9:45  L-10 Mohamed Marahiel (Philipps-Universität Marburg, Germany): “Lasso Peptides: An Intriguing 
Class of Bacterial Natural Products”  

9:45-10:30  L-11 Andreas Kirschning (Leibniz University of Hannover, Germany): “New Ansamycin-derived 
Antitumor Agents: Synthesis, Assay Development and Biological Properties” 

10:30-11:00  Coffee 

11:00-17:00  Medicinal Chemistry (chairs: Josef Messinger, Annamaria Lilienkampf and Krister Wennerberg) 

11:00-11:45  Short talks 
 OC-8 Teppo O. Leino (University of Helsinki, Finland): “Synthesis of 1,3,6-Trisubstituted Azulenes”  
 OC-9 Mira Kuusisto (University of Jyväskylä and University of Eastern Finland): “Prediction of 

cytochrome P450 mediated metabolism”  
 OC-10 Tuomas A. Tolvanen (University of Helsinki, Finland): “A novel mechanism of action of 

metformin to ameliorate peripheral insulin resistance”  

11:45-13:00  Lunch 

13:00-13:45  L-12 Eckhard Ottow (German Chemical Society, GDCh): “Medicinal Chemistry: Challenges and 
Opportunities – An Outlook” 

13:45-14:30  "NordForsk"-lecture: 
 L-13 Mikael Elofsson (Umeå University, Sweden): “Development of chemical probes to study ADP-

ribosylation with focus on the ARTD/PARP family of proteins”  

14:30-15:00  Coffee 

15:00-15:30  L-14 Adyary Fallarero (NordForsk network, University of Helsinki): “Nordic Natural Academic 
Compound Collection (NACC)” 

 
15:30- 17:00  Short talks 
 OC-11 Anders Lindgren (Umeå University, Sweden): “A flexible approach to the synthesis of (±)-

ampelopsin B and (±)-ε-viniferin, oligomers of resveratrol”  
 OC-12 Ari Hietanen (Orion Corporation, Finland): “Engineered monoamine oxidases as catalysts in 

synthetic medicinal chemistry”  
 OC-13 Arjan van Adrichem (Institute of Molecular Medicine Finland, University of Helsinki, Finland): 

“Development of a small molecule inhibitor of MgcRacGAP to identify new potential functions of 
MgcRacGAP in cell division and signaling”  

 OC-14 Jussi Sipilä (University of Helsinki, Finland): “Organic Synthesis in Lignin Structural Elucidation” 

17:10-17:50  General assembly (FIPS, room 20, 5th floor) (FinMedChem, small hall) 

18:00-20:00  University of Helsinki Reception  



Thursday 27.8.2015 
 

9:00-15:15 Peptide Drugs and Natural Peptides (chairs: David Fewer, Hannu Koistinen and Per Saris) 

9:00-9:45  L-15 Marcel Jaspars (University of Aberdeen, UK): “Making Modified Cyclic Peptides Using Enzymes” 
9:45-10:30  L-16 John Sigurd Svendsen (Universitetet i Tromsø, Norway): “Antimicrobial peptides - versatile 

molecules for improved health” 
10:30-10:45      OC-15 Jouni Jokela (University of Helsinki, Finland): “New bioactive peptides in Cyanobacteria” 

10:45-11:15  Coffee 

11:15-12:00 L-17 Tambet Teesalu (University of Tartu, Estonia): “Tumor homing peptides v2.0: streamlined 
discovery and applications for targeted payload delivery” 

12:00-12:30  L-18 Pirjo Laakkonen (University of Helsinki, Finland): ”Peptide-based brain tumor targeting” 

12:30-13:45  Lunch 

13:45-14:30  L-19 Anja Sandström (Uppsala University, Sweden): “Peptides as starting points in drug discovery” 

14:30-15:15 L-20 Mart Saarma (University of Helsinki, Finland): “Novel growth factors and peptides for the 
Parkinson's disease” 

15:15-15:30  Closing Words and Awards 

 Kristiina Wähälä (FinMedChem) 
 Hannu Koistinen (Finnish Peptide Society) 
 Ari Koskinen (Finnish Synthetic Chemistry Society) 

15:45- Organizers’ meeting 

 

 

 

  



L-1 
 

ACTIVITY-BASED GLYCOSIDASE PROFILING 
 

Hermen Overkleeft 
 

 

Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands 

 

 

Activity-based protein profiling has emerged as a powerful discovery tool in chemical biology and medicinal 

chemistry research. Success of activity-based protein profiling hinges on the presence of compounds that can 

covalently and irreversibly bind to enzymes, do so selectively in the context of complex biological samples, 

and subsequently report on the selected pool of proteins. Such tagged molecules featuring an electrophilic 

trap, termed activity-based probes, have been developed with most success for serine hydrolases and various 

protease families (serine proteases, cysteine proteases, proteasomes). In this lecture I will present our current 

progress and future directions in the design of activity-based probes targeting retaining glycosidases, enzymes 

that employ a double displacement mechanism in the hydrolysis of glycosidic bonds with overall retention. In 

contrast to inverting glycosidases, retaining glycosidases form a covalent intermediate with their substrates 

during the catalytic process and are therefore amenable to activity-based protein profiling studies. 

 

References 

 
1. L. I. Willems, J. Jiang, K.-Y. Li, M. D. Witte, W. W. Kallemeijn, T. J. N. Beenakker, S. P. Schröder, J. M. F.  G.  
 Aerts, G. A. van der Marel, J. D. C. Codeee and H. S. Overkleeft, From covalent glycosidase inhibitors  to 

activity-based glycosidase probes, Chem. Eur. J. 2014, 20, 10864 (concept). 

2. M. D. Witte, W. W. Kallemeijn, J. Aten, K.-Y. Li, A. Strijland, W. E. Donker-Koopman, B. Blijlevens, G. 
 Kramer, A. M. C. H. van den Nieuwendijk, B. I. Florea, B. Hooibrink, C. E. M. Hollak, R. Ottenhoff, R. G.  Boot,  
 G. A. van der Marel, H. S. Overkleeft and J. M. F. G. Aerts, Ultrasensitive in situ visualization of  active 

glucocerebrosidase molecules, Nat. Chem. Biol. 2010, 6, 907. 

3. W. W. Kallemeijn, K.-Y. Li, M. D. Witte, A. R. A. Marques, J. Aten, S. Scheij, J.-B. Jiang, L. I. Willems, T. M. Voorn-
Brouwer, C. P. A. A. van Roomen, R. Ottenhoff, R. G. Boot, H. van den Elst, M. T. C. Walvoort, B. I. Florea, J. D. C. 
Codée, G. A. van der Marel, J. M. F. G. Aerts and H. S. Overkleeft, Novel activity-based probes for broad-spectrum 
profiling of retaining beta-exoglucosidases in situ and in vivo, Angew. Chem. Int. Ed. 2012, 51, 12529. 

4. L. I. Willems, T. J. M. Beenakker, B. Murray, S. Scheij, W. W. Kallemeijn, R. G. Boot, M. Verhoek, W. E. Donker-
Koopman, M. J. Ferraz, E. R. van Rijssel, B. I. Florea, J. D. C. Codée, G. A. van der Marel, J. M. F. G. Aerts and H. 
S. Overkleeft, Potent and selective activity-based probes for GH27 human retaining alpha-galactosidases, J. Am. 
Chem. Soc. 2014, 136, 11622. 

5. J. Jiang, W. W. Kallemeijn, D. W. Wright, A. M. C. H. van den Nieuwendijk, V. Coco Rohde, E. C. Folch, H. van den 
Elst, B. I. Florea, S. Scheij, W. E. Donker-Koopman, M. Verhoek, N. Li, M. Schürmann, D. Mink, R. G. Boot, J. D. C. 
Codée, G. A. van der Marel, G. J. Davies, J. M. F. G. Aerts and H. S. Overkleeft, In vitro and in vivo comparative and 
competitive activity-based protein profiling of GH29 alpha-L-fucosidases, Chem. Sci. 2015, 6, 2782. 

 

 
  



L-2 
 

Predictive modeling of chemical reactivity 
 

Per-Ola Norrby 
 

AstraZeneca R&D Mölndal, Sweden 
 
Quantum-based molecular modeling has now reached the level where quantitative predictions can assist in 

drug development. The talk will feature two short stories exemplifying recent additions to the computational 

toolbox within AstraZeneca. Firstly, prediction of bond dissociation energies assists in evaluating both the 

reactivity and regioselectivity of air oxidation of drug substance. Secondly, virtual screening of asymmetric 

catalysts aid in ligand selection for hydrogenation, allowing an efficient focus on a few highly selective 

ligands in the development of the final route to chiral compounds. 

 
  



L-3 
 

Biocatalytic and enzyme-metal-coupled rearrangement 
strategies for the synthesis of complex heterocycles 

 
Jan Deska 

 
Department of Chemistry, Aalto University, Finland 

 
Thanks to unrivalled selectivities and good availability of stable and optimized enzyme preparations, 

biocatalysis is increasingly gaining ground as module in the organic chemist's toolbox for the synthesis of well-

defined building blocks. However, the lack of biosynthetic precedence for numerous synthetically relevant 

reactions and the consequent lack of biocatalysts to promote those reactions needs to be considered a major 

drawback.1 Hence, with regard to an even broader use of enzyme catalysts in synthetic chemistry, both novel 

chemoenzymatic as well as purely biocatalytic methods are required. 

Application of a classical glutarate desymmetrization on ether-functionalized diesters opens up new 

possibilities for subsequent rearrangement reaction. Thus, combination of chirality-generating biocatalytic 

desymmetrizations with complexity-creating oxonium-ylide rearrangements by means of transition metal 

catalysis allow for a quick and elegant way to synthesize densely functionalized tetrahydrofurans in a highly 

enantio- and diastereoselective manner. Herein, we report on the evolution of this synthetic strategy applying 

both Stevens-type shifts of benzylic ethers2 as well as [2,3]-sigmatropic rearrangements of allylic ethers 

according to Kirmse.3 Different aspects of this novel approach, from basic method development to applications 

in natural product synthesis, will be covered. 

 

 
 

Since many years, catalytic promiscuity, the enzymes' capability to catalyze various different interconversions, 

has been in the scientific focus, however, just recently entirely abiotic transformations came within reach by 

means of specialized evolved proteins.4 In our search of biological catalysts with abilities to address 

synthetically important reactions beyond the biosynthetic repertoire, a first breakthrough was achieved in form 

of non-natural ring-closing and ring-expanding transformations, respectively.5 Here, heme-based wild-type 

enzymes are not only qualifying as exquisite alternatives to chemical reagents or catalysts, but moreover, allow 

for the construction of short in vitro metabolisms6 and thus for the stereoselective preparation of highly 

functionalized building blocks on basis of a biological synthetic-organic machinery. 

 

 
 

1. Bornscheuer U T, Kazlauskas R J, Angew. Chem. 2004, 45, 6032. 

2. Skrobo B, Deska J, Org. Lett. 2013, 15, 5998. 

3. Skrobo B, Deska J, manuscript submitted. 

4. Coelho P S, Brustad E M, Kannan A, Arnold F H, Science 2013, 339, 307; (b) Höhne M, Bornscheuer U T, 

Angew. Chem. Int Ed. 2014, 53, 1200; (c) Wang Z J, Peck N E, Arnold F H, Chem. Sci. 2014, 5, 598. 

5. Thiel D, Doknic D, Deska J, Nature Commun. 2014, 5, 5278. 

6. Heim L E, Thiel D, Gedig C, Deska J, Prechtl M H G, Angew. Chem. Int. Ed. 2015, 54, anie.201503737. 
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L-5 
 

Characterization of a new peptide targetting brain Angiotensin 

Converting Enzyme and exhibiting in vitro and in vivo 

stimulation of dopamine release within the brain 
 

Jean Martinez 

 
Institut des Biomolécules Max Mousseron UMR 5247, Université de Montpellier, CNRS, ENSCM, Faculté de 

Pharmacie, 15 Av. C. Flahault, BP 14491, 34093 Montpellier, France 

 

 

The importance of brain ACE, one of the more ubiquitous enzymes, has been highlighted over the last years 

as a possible target for neurodegenerative pathologies including Alzheimer’s and Parkinson’s diseases. 

Although poorly understood, its role has so far been attributed to its peptidase activity that generates various 

peptides including Angiotensin II and derivatives.  

Using a combination of bioinformatics, chemical, biochemical and analytical approaches, we have 

characterized a new peptide, called Acein that binds with specificity and high affinity in the nanomolar range, 

to a single class of binding sites, specifically localized in the Striatum and Substantia Nigra of rodent brains. 

Cross-linking experiments showed that the peptide was able to bind a glycosylated protein of about 150 Kda. 

Using a photoactivable derivative, the striatal protein target of Acein was characterized by a photoaffinity UV 

cross-linking approach combined with subsequent affinity purification of the ligand covalently bound to its 

receptor. We succeeded in purifying a ~151 kDa protein that was identified by MS/MS as Angiotensin 

Converting Enzyme (ACE). We showed that Acein was able to bind with the same high affinity to CHO cells 

overexpressing the human ACE. Acein did not disturb neither the CHO, nor the purified rabbit ACE peptidase 

activities.  

Although the mechanism by which acein stimulates dopamine release is far for being fully understood, these 

unexpected observations let us to suggest that ACE, the target of Acein, might play a role in stimulation of 

dopamine release within the brain through an independent ACE peptidase activity. As an hypothesis, we can 

also suggest the ACE-Acein duo could constitute an attractive new target for the study of these 

neurodegenerative diseases.  

 
 
 
 
 
 
 
 
 
 
 
 



L-6 
 

Selective influence of cell membranes on synaptic 
neurotransmission: Paradigm suggested by atomistic 

simulations 
 

Ilpo Vattulainen 
Department of Physics, Tampere University of Technology, POB 692, FI-33101 Tampere, 

Finland 
 
 

Email: Ilpo.Vattulainen@tut.fi 
Web: www.tut.fi/biophys/ & prolipids.helsinki.fi 

 

Neurotransmission regulates a variety of senses and functions such as motivation, memory and muscle 
contraction. Neurotransmitters play a key role in these functions since the signal transmission takes place 
through the binding of a neurotransmitter with its specific receptor embedded in the postsynaptic membrane. 
Currently, the understanding of the details of NT binding processes is unclear since the role of membranes 
hosting the receptors is not understood, yet understanding the membranes’ contribution to signaling is 
important given that various diseases emerge if the signaling is impaired.  

Currently, neurotransmitters are pictured in neurobiology textbooks as travelling across the synaptic cleft over 
a distance of 20-40 nm and binding on their receptors without interacting with the membrane itself. In this work, 
we show that this paradigm is largely incomplete. We present data based on atomistic molecular dynamics 
simulations for 13 non-peptidic neurotransmitters in several different membrane environments [1]. The results 
show that there are neurotransmitters whose attachment to membranes is a critical step in the binding process 
to their receptors. The simulation results allow us to define criteria that determine how strongly the membranes 
are associated with the neurotransmitters’ binding to their receptors, and the results also allow us to discuss 
how the membrane phospholipid composition, especially with regard to anionic lipids, affects the membrane 
partitioning of neurotransmitters. Overall, the results highlight the importance of cell membranes and specific 
lipids in neurotransmission and may provide new hints for drug development.   

 

[1] P. Postila, I. Vattulainen, T. Rog. Manuscript under review (2015).  
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L-8 
 

Peptide-Based Optical Molecular Diagnostics for Pulmonary 
Function  

 
Annamaria Lilienkampf,a Nicolaos Avlonitis,a Ahsan M. Akram,b Tashfeen Aslam,a  Ana 
M. Pérez-López,a Sunay V. Chankeshwara,a Neil McDonald,b Emma Scholefield,b Marc 

Vendrell,b Christopher Haslett,b Kevin Dhaliwal,b Mark Bradleya 

 

aSchool of Chemistry, EaStCHEM, University of Edinburgh, UK; bPulmonary Optical Molecular Imaging 
Group, MRC Centre for Inflammation Research, Queen's Medical Research Institute, Edinburgh, UK 

 

Optical molecular imaging offers a new dimension in diagnostic imaging in both a preclinical and clinical 

setting. Advantages of the approach include real-time molecular imaging, the absence of radiation, low 

cost and portability. However to date, applications of optical molecular imaging have been mainly limited 

to preclinical oncology. 

Here, we demonstrate the development and application of novel optical imaging probes for the in situ 

immediate evaluation of pulmonary function, enabling stratification of patient treatment. Peptide-based 

fluorescent “smartprobes” have been developed for the detection of bacteria (including Gram-status) and 

neutrophils in the distal human lung, all of which are of significant clinical utility.1 

 

 1. Akram AR, Avlonitis N, Lilienkampf A, Perez-Lopez AM, McDonald N, Chankeshwara SV, 
 Scholefield E, Haslett C, Bradley M, Dhaliwal K. Chemical Science 2015, DOI: 

 10.1039/c5sc00960j 

  



L-9 
 

Frustrated Lewis Pairs in metal-free catalytic hydrogenation 
 

Kostiantyn Chernichenko, Markus Lindqvist, Victor Sumerin, Katja Borre, Martin Nieger 

and Timo Repo 

 

Department of Chemistry, University of Helsinki, P.O. Box 55, FIN-00014 Helsinki, Finland. 

Presenting author: timo.repo@helsinki.fi 
 

Recently, a new approach to activate small molecules known as the frustrated Lewis pairs 
(FLPs) concept has been introduced. In general, FLPs are based on a sterically hindered 
Lewis acid and a Lewis base which cannot interact and form the Lewis adduct. They are, 
therefore, highly reactive and even capable of heterolysis of dihydrogen and thus generate 
onium (for example, phosphonium, ammonium) borohydrides.1,2 This property has led to 
their use in hydrogenation reactions of polarized multiple bonds.  
 
Ansa-aminoboranes are a class of compounds that hold a Lewis acid and a Lewis base 
functionalities in the same molecule and wherein formation of the Lewis adducts is 
structurally prevented.3,4 Holding a FLP like reactivity, ansa-aminoboranes are promising 
catalysts for heterolytic splitting of dihydrogen and for further development of catalytic 
applications. The amine, borane and bridging moiety of the ansa-aminoboranes can be 
greatly varied giving rise to structures with reversible hydrogen activation5 and advanced 
catalytic properties6 including high reactivity in hydrogenation of imines and enamines. In 
the series of ansa-aminoboranes, 2-[bis(pentafluorophenyl)boryl]-N,N-dimethylaniline (BN 
cat) is unique and catalyzes facile, metal-free hydrogenation of alkynes to cis-alkenes under 
mild conditions.7 During hydrogenation the catalyst makes use of several elementary steps 
including hydroboration and heterolytic hydrogen splitting. Mechanistic aspects both in 
hydrogen activation and hydrogenation with ansa-aminoboranes will be also discussed. 

 

Figure 1: A frustrated-Lewis-pair approach to catalytic reduction of alkynes to cis-alkenes.5 
 

References 
1. For review, see D. W. Stephan et al., Angew. Chem., Int. Ed., 49, 46, (2010).  
2. V. Sumerin et al., Angew. Chem., Int. Ed., 47, 6001 (2008). 
3. V. Sumerin et al., J. Am. Chem. Soc., 130, 14117 (2008). 
4. K. Chernichenko, et al., Dalton trans., 41, 9029 (2012). 
5. K. Chernichenko, et al., Angew. Chem., Int. Ed., 54, 1749 (2015) 
6. M. Lindqvist, et al., J. Am. Chem. Soc., 137, 4038 (2015). 
7. K. Chernichenko, et al., Nat. Chem., 5, 718-723 (2013). 
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Lasso Peptides: An Intriguing Class of Bacterial Natural 
Products 

 
Mohamed A. Marahiel 

 
Department of Chemistry/Biochemistry, Philipps-University Marburg, 

Hans-Meerwein-Strasse 4, D-35043 Marburg, Germany 

 
Natural products of peptidic origin often represent a rich source of medically relevant compounds. The 

synthesis of such secondary polypeptides in nature is either initiated by deciphering the genetic code on the 

ribosome or is driven by ribosome-independent ways. In the latter case, highly modified bioactive peptides are 

assembled by multimodular enzymes designated as non-ribosomal peptide synthetases (NRPS) that act as a 

protein-template to generate chemically diverse peptides [1].  On the other hand, the ribosome-dependent 

strategy, although relying strictly on the 20-22 proteinogenic amino acids, generates structural diversity by 

extensive post-translational-modification. One example for this are the lasso peptides, which are an emerging 

class of ribosomally-assembled and post-translationally-modified peptides (RiPPs) of bacterial origin. A wide 

range of interesting biological activities are known for these compounds. Genome mining approaches allowed 

the targeted isolation and characterization of such molecules [2]. Their defining structural feature is a 

macrolactam ring that is threaded by the C-terminal tail and hold in position by sterically demanding residues 

above and below the ring, resulting in a unique topology that is reminiscent of a lariat knot. The ring closure is 

achieved by an isopeptide bond formed between the N-terminal -amino group of a glycine, alanine, serine or 

cysteine and the carboxylic acid side chain of an aspartate or glutamate, which can be located at positions 7, 

8 or 9 of the amino acid sequence [3].  In this talk, biosynthesis [4] , genome mining [2]   and peptide grafting 

[5] will be discussed.  

 

References:  
 
[1] Marahiel, M.A. (2009) Working outside the protein-synthesis rules: insights into non-ribosomal peptide synthesis. J. 

Pept. Sci. 15: 799-807 
[2] Hegemann, J.D., Zimmermann, M., Zhu, S., Klug, D. and Marahiel, M.A. (2013) Lasso peptides from proteobacteria: 

Genome mining employing heterologous expression and mass spectrometry. Biopolymers 100, 527-542. 
[3] Hegemann, J.D., Zimmermann, M., Zhu, S., Steuber, H., Harms, K., Xie, X. and Marahiel, M.A. (2014) Xanthomonins 

I-III: A new class of lasso peptides with a seven-residue macrolactam ring. Angewandte Chemie 126, 2230-2234. 
[4] Yan, K.P., Li, Y., Zirah, S., Goulard, C., Knappe, T.A., Marahiel, M.A. and Rebuffat, S. (2012) Dissecting the maturation 

steps of the lasso peptide microcin J25 in vitro. Chembiochem 13, 1046-1052. 
[5] Hegemann, J.D., De Simone, M., Zimmermann, M., Knappe, T., Xie, X., Di Leva, F.S., Marinelli, L., Novellino, E., Zahler, 

S., Kessler, H. and Marahiel, M.A. (2014) Rational improvement of the affinity and selectivity of integrin binding of 
grafted lasso peptides. J. Med. Chem. 57, 5829-5834 
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New Ansamycin-derived Antitumor Agents: Synthesis, Assay 
Development and Biological Properties 

 
Andreas Kirschning 

 
Institute of Organic Chemistry and Center of Biomolecular Drug Research (BMWZ), Leibniz Universität 

Hannover, Schneiderberg 1B, 30167 Hannover, Germany 
Email: andreas.kirschning@oci.uni-hannover.de 

 
Despite the fact that natural products represent a very important source of drugs in several therapeutic fields, 
such as antiinfectives and cancer therapy, the development of natural product based drugs is often hampered 
by their structural complexity. This fact precludes facile total synthetic access to analogues or the development 
of natural product libraries. How can chemists exploit nature to let her do part of the synthetic job and pursade 
her to prepare new analogues of highly potent natural products?  

 

Besides total- and semisynthesis, mutasynthesis has arrived in the synthetic arena,[1] a technique that is based 
on the combination of organic synthesis and the utilization of the polyketide synthetic apparatus of 
microorganisms.     

It will be demonstrated that large number of highly potent macrolactam ansamycin antibiotics can be generated 
and used for structure-activity-relationship studies.[2] 

 
References 

 
[1] Review: A. Kirschning, F. Hahn, Angew. Chem. 2012, 124, 4086–4096. 

[2] a) S. Eichner, T. Knobloch, H. G. Floss, J. Fohrer, K. Harmrolfs, J. Hermane, A. Schulz, F. Sasse, P. Spiteller, F. Taft,  
     A. Kirschning, Angew. Chem. 2012, 134,1673–1679; b) S. Eichner, T. Eichner, H. G. Floss, J. Fohrer, E. Hofer, F.  
     Sasse, C. Zeilinger, A. Kirschning, J. Am. Chem. Soc. 2012, 134,1673–1679.  

mailto:andreas.kirschning@oci.uni-hannover.de
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Medicinal Chemistry: Challenges and Opportunities – An 

Outlook 
 

Prof. Dr. Eckhard Ottow 

 
Vice President of the German Chemical Society (GDCh) 

 

In the multidisciplinary effort to discover new small molecule drug candidates and eventually drugs Medicinal 

Chemistry has played and will play a key role. In fact, adapting to a rapidly progressing scientific environment 

Medicinal Chemistry has been under constant change during the last decades. 

 

Technological advances in areas like automated synthesis, characterization and assessment of physchem 

parameters, high throughput crystallization and screening, and computational chemistry in combination with 

our steadily increasing understanding of biological pathways and processes up to a molecular level have 

demanded a continuous reorientation.  

 

Many remarkable advances could be observed in the field of Medicinal Chemistry during past decades, but 

nevertheless a lot of future challenges and opportunities remain.  

 

The lecture will provide an overview on latest developments, current challenges and future perspectives.  
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Development of chemical probes to study ADP-ribosylation 
with focus on the ARTD/PARP family of proteins 

 
 

Mikael Elofsson 
 

Umeå University, Department of Chemistry,Umeå, Sweden 
mikael.elofsson@umu.se 

 
 
ADP-ribosylation plays a critical role in cell differentiation, proliferation, genome integrity and cell-survival but 

the exact molecular mechanisms remain elusive. The human diphtheria toxin-like ADP-ribose transferase 

(ARTD also known as poly ADP-ribose polymerase (PARP)) family is composed of 17 members that all share 

a catalytic ART domain. The most common human enzyme ARTD1/PARP1, and its closest relative 

ARTD2/PARP2, are the most studied proteins in the family and ARTD1/PARP1 has been a target for drug 

discovery for more than a decade. Olaparib was recently approved for treatment of advanced ovarian cancer. 

Very little is however known on the biological function of the remaining family members. Our project aims to 

develop small molecules, chemical probes, to study ADP-ribosylation and its potential roles in epigenetic 

signaling. We have adopted a structure-based approach to develop potent chemical probes that show 

specificity towards individual members of the ARTD family. As a basis for this program we assembled a 

collection of compounds based on known ART inhibitors, and characterized their interactions with the catalytic 

domains across the entire family. In addition, we solved crystal structures of ART catalytic domains in complex 

with compounds identified as hits from this collection. Collectively these data provide insights into the structural 

determinants of inhibitor specificity, and has been used as starting points in a structure-guided medicinal 

chemistry program to generate selective and potent inhibitors of human ARTDs with focus on ARTD1/PARP1, 

ARTD3/PARP3, ARTD15/PARP14, ARTD8/PARP14, and ARTD10/PARP10. 
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Nordic Chemical Biology Consortium: a NordForsk-funded 
initiative 

 

Adyary Fallarero 
(on behalf of the Nordic Chemical Biology Consortium; PI: Prof. Mikael Elofsson) 

 
Faculty of Pharmacy, University of Helsinki, Finland 

adyary.fallarero@helsinki.fi 
 
There is a strong tradition of chemical biology research in the Nordic countries and it has been a vital part of 

driving both academic research and important commercial sectors such as the pharmaceutical industry. The 

Nordic dedication to this research field is apparent in the fact that all countries in the region have established 

state-of-the-art local and national chemical biology research infrastructures, such as the Drug Discovery and 

Chemical Biology network (DDCB) in Finland. The goal of the Nordic Chemical Biology Consortium (NCBC) 

initiative funded by NordForsk, is to coordinate and further integrate the significant infrastructure and expertise 

in the areas of drug discovery and chemical biology that exist in Nordic countries and make it available to the 

scientific community. Another goal includes the construction of a Nordic Academic Compound Collection. Such 

collection will include academic compounds prepared by organic, bioorganic, and medicinal chemists in the 

Nordic countries as part of their research as well as compounds purified from natural sources. These 

compounds populate unique regions of the chemical space that in many cases have not yet been explored. 

Incorporation of such compounds in screening collections would thus be of high value. Importantly this would 

also result in new partnerships between chemists behind the compounds and biologists performing the actual 

screens.  

 

mailto:adyary.fallarero@helsinki.fi


L-15 
 

Making Modified Cyclic Peptides Using Enzymes 
 

Marcel Jaspars*1, Wael E. Houssen1, Andrew R. McEwan1, Louise Thomas1, Jioji 
Tabudravu1, Rosemary Adaba1, Ada Nneoyegbe1, Laurent Trembleau1, James H. 

Naismith2, Jesko Koehnke2, Andrew F. Bent2, Greg Mann2. 
 

1.) Marine Biodiscovery Centre, Department of Chemistry, University of Aberdeen, Old Aberdeen, AB24 
3UE, Scotland, UK. 

2.) Biomedical Sciences Research Complex, The North Haugh, The University, St Andrews, Fife, KY16 
9ST U.K.       

*m.jaspars@abdn.ac.uk 

Cyanobactins are a group of post-translationally modified ribosomal peptides of which the patellamides are 

the most complex examples. These modified cyclic peptides contain heterocycles and have epimerised 

stereocentres. The patellamides were originally obtained from the seasquirt Lissoclinum patella, but were later 

shown to be produced by its cyanobacterial symbiont Prochloron sp.1 The patellamide biosynthesis is effected 

by tailoring enzymes acting on a prepropeptide and includes heterocyclisation, oxidation, and macrocyclisation 

steps (Figure 1). It is important to build a structural appreciation of these unique enzymes and we have been 

successful in obtaining crystal structures of the key enzymes in the pathway. From these, and additional 

biochemical studies, we have gained a clear understanding of how the post-translational modifications on the 

prepropeptide are achieved.2,3 We have used synthetic genes to optimised production of the processing 

enzymes in E coli. We have made site directed mutations to optimise processing enzyme activity, in addition 

to replacing one enzyme in the pathway to effect a high yielding chemoenzymatic synthesis to generate 

milligram quantities of highly modified cyclic peptides. The pathway is flexible and a number of unusual 

modifications are possible such as the formation of selenazoline heterocycles.4 This flexibility relies on the 

promiscuous nature of the heterocyclase PatD and the macrocyclase PatG. We have developed this system 

to generate a range of highly modified cyclic peptides with a range of ring sizes for biomedicinal applications.5  

  

Figure 1. The enzymes involved in formation of the patellamides. 

References 
[1] Houssen and Jaspars, 2010, Chembiochem, 11, 1803-15. 
[2] Koehnke, Bent, Houssen et al., 2012, Nat. Struct Mol. Bio., 19, 767 
[3] Koehnke, Bent, Houssen et al., 2013, Angew Chem Int Ed, 52, 13991 
[4] Koehnke, Bent, Houssen et al., 2013, ChemBioChem, 14, 564 
[5] Houssen, Bent et al, 2014, Angew Chem Int Ed, 53, 14171 
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Antimicrobial peptides – versatile molecules for improved 

health 
 

John Sigurd Svendsen 
 

Universitetet i Tromsø, Norway 

 

The antimicrobial crisis is more imminent than ever. By the end of 2014 a report created for the British 

government by the investor banker Jim O’Neill concluded with grim outlooks; in 2050 more people will die of 

infection than of cancer! The world is in a quite desperate need of novel antibiotics, with improved properties 

regarding effect on resistant bacteria and a profile that discourages further resistance development. 

Antimicrobial peptides are a major part of our innate immune system, an ancient barrier towards infections that 

has served multicellular organisms for many hundred of million years. In this lecture I will present how a 

naturally occurring peptide with antimicrobial activities was transferred into a antibiotic drug that is now in 

clinical phase 2. The lecture encompasses techniques of reverse engineering, and how we can design more 

powerful, stable and clinically useful peptides based on Synthetic AntiMicrobial Peptidomimetic  (SAMP)-

technology. 
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Tumor homing peptides v2.0: streamlined discovery and 

applications for targeted payload delivery 
 

Tambet Teesalu 

 
1- Laboratory of Cancer Biology, Institute of Biomedicine, Centre of Excellence for Translational 

Medicine, University of Tartu, Ravila 14b, 50411 Tartu, Estonia. 

2- Cancer Research Center, Sanford-Burnham-Prebys Medical Discovery Institute, 10901 North Torrey 

Pines Road, La Jolla, 92037 California, USA. 

Our laboratories develop homing peptides that bind to specific targets in the blood vessels. Our interdisciplinary 

team of biologists, chemists and material scientists uses the homing peptides for targeting drugs, biologicals, 

and nanoparticles into target tissues. Our scope includes understanding the molecular interactions involved in 

driving the specificity and activity of the homing peptides and optimizing the drug/imaging agent carriers for 

homing peptide-mediated delivery.  

This presentation is intended to provide a broad overview of our ongoing research on vascular homing peptide 

development, with emphasis on recently developed tools that allow improved development of vascular homing 

peptides and peptidomimetics.    

First, we will discuss an improved version of the in vivo peptide phage display technology. We introduced a 

strain of T7 bacteriophage that is not taken up by reticuloendothelial system and has greatly increased blood 

circulation time compared to wild-type phage. By using this phage and in-house optimized deep sequencing 

and bioinformatics tools the reproducibility of in vivo biopanning has been greatly improved.  

Second, we will provide an example on how vascular homing peptides can serve as starting points for 

identification of stable low molecular weight peptideomimetic compounds that can be used for affinity targeting. 

Finally, we will discuss recent progress in development of tumor penetrating peptides for systemic and 

locoregional delivery of anticancer drugs. 
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Peptide-based brain tumor targeting 
 

Pirjo Laakkonen 

 

University of Helsinki, Research Programs Unit, Translational Cancer Biology, Helsinki, 00014, Finland 

 

Malignant gliomas are associated with disproportionately high mortality due to infiltrative growth, recurrence 

and malignant transformation. Even with the most efficient therapy combination median survival of the patients 

diagnosed with glioblastoma multiforme (GBM, grade IV) is less than 15 months. Therefore, new approaches 

to treat patients with malignant brain tumors are urgently needed. Recently, we identified a novel homing 

peptide that recognizes invasive brain tumor satellites. Peptide-targeted delivery of chemotherapeutics 

prolonged lifespan of invasive glioma-bearing mice and significantly reduced the number of tumor satellites 

compared to the free drug. We also demonstrated successful glioma imaging using the radiolabeled peptide 

in the SPECT/CT1. We identified mammary-derived growth inhibitor, MDGI/H-FABP/FABP3, as the interacting 

protein for our peptide on brain tumor cells and tumor-associated vasculature1. Recently, we used our homing 

peptide to deliver porous silicon nanoparticles to the MDGI overexpressing subcutaneous tumors in mice2. 

Currently, we are developing targeted peptide-based delivery of siRNA and/or drug loaded nanoparticles to 

treat malignant gliomas.  
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Peptides as Starting Points in Drug Discovery   

Anja Sandström 

Department of Medicinal Chemistry, Uppsala University, Sweden 

The interest in peptide-based drug discovery is steadily increasing in line with the comparatively high success-

rate of peptide therapeutics. Many different factors have contributed to the renewed attentiveness of bioactive 

peptides; e.g. the high attrition rate of traditional small molecule drugs within the Lipinski rule-of-five and the 

vast number of potential and important peptide related drug targets. Approaches to handle the challenges with 

peptide-based pharmaceuticals such as poor metabolic stability and oral bioavailability extend between 

multiple disciplines; including chemical modifications of peptides to dedicated formulations.  

    In this research program we have been particularly interested in rational design of drug-like pseudopeptides 

and peptidomimetics starting from short peptide ligands as lead compounds, including the study of both 

structure-activity and structure-property relationships. Rational design has proven to be particularly successful 

for certain drug targets, such as proteases, and can be seen as an alternative and a complementary approach 

to the high throughput screening (HTS) procedures that have come to dominate industrial drug discovery 

strategies for hit and lead identification. Herein, major focus has been devoted to hepatitis C virus (HCV) 

protease inhibitors derived from the important part of the natural peptide substrate and the neuropeptide 

Substance P 1-7 (SP1-7), which is a bioactive metabolite to the well-known neurotransmitter Substance P. Thus, 

development of linear, macrocyclic, and achiral pyrazinone-based peptidomimetic HCV protease inhibitors with 

promising resistance profiles will be demonstrated.1 In addition, development of modified peptides and 

dipeptidomimetics based on the heptapeptide SP1-7, with improved stability and cell-permeability, active 

against neuropathic pain in in vivo models, will be shown.2,3 Both project will highlight how small structural 

modifications can change pharmacokinetic properties significantly. In parallel to this work we have aimed at 

development of efficient protocols for organic synthesis of modified peptides, peptidomimetic scaffolds and 

related bioisosteres. This will be exemplified with demonstration of synthesis and characterization of acyl 

sulfonimidamides as novel acidic isosters showing possibilities for fine-tuning of physicochemical and 

pharmacokinetic properties.4 Furthermore, a new synthetic approach for introducing novel N-capping groups 

onto peptides attached to solid support will be presented. 
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Novel growth factors and peptides for the Parkinson's disease 
 

Mart Saarma 
 

Institute of Biotechnology, University of Helsinki, Helsinki, Finland 

 

In Parkinson’s disease (PD) dopamine (DA) neurons located in the substantia nigra (SN) and projecting to the 

caudate putamen degenerate and die. Unfortunately all current therapies are symptomatic and unable to slow 

down or stop neurodegeneration in PD. Therefore we try to find novel proteins, peptides and small molecular 

weight drugs that could slow down or even stop neuronal death, induce neuroregeneration and enhance the 

functional activity of DA neurons. Our attempt is to develop novel disease modifying therapies for PD to stop 

the degeneration and death, and induce restoration of DA neurons. Neurotrophic factors (NTFs) are small 

secretory proteins maintaining adult neurons and protecting them from injury and trauma. Glial cell line-derived 

neurotrophic factor GDNF and its homologous protein neurturin (NRTN) are able to protect and also repair DA 

neurons in various animal models of PD, but the results of their Phase 2 clinical trials with Parkinson’s patients 

have given controversial results. We have recently discovered a new NTF - cerebral dopamine neurotrophic 

factors (CDNF). CDNF and its homologous factor MANF form a novel evolutionarily conserved family of NTFs. 

We have found that CDNF and MANF proteins differ from other known NTFs both by structure, expression 

pattern and mode of action. We have demonstrated that CDNF can protect and repair midbrain DA neurons in 

rodent 6-OHDA and MPTP models of PD more efficiently than other known NTFs. They act like regular NTFs 

promoting cell survival by activating conventional signalling pathways, but at the same time differently from 

other NTFs, CDNF and MANF that are mainly located in the endoplasmic reticulum (ER) are regulating ER 

stress and unfolded protein response (UPR) pathways intracellularly. In collaboration with Dr. J. L. Cameron 

laboratory we tested CDNF for the first time in rhesus monkeys using a low-dose unilateral MPTP model of 

PD. Monkeys treated with CDNF had a significant improvement of rating scale scores after NTF infusions, 

increased physical activity, and showed improved fine motor function with the left hand compared to vehicle-

treated monkeys. Monkeys treated with GDNF only had a trend toward improved rating scale scores. Post-

mortem analysis showed that the CDNF infusion increased the survival of DA neurons in the SN compared to 

vehicle-treated animals. These findings suggest that CDNF may be more useful than GDNF to stop or slow 

down the progression of PD in the clinic.  
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Chem21 / IMI project related C-H activations at Orion 

Esa T. T. Kumpulainena  

aMedicinal Chemistry, Orion Corporation, Finland 

Direct C-H activation / functionalization has recently emerged as a useful new tool for synthetic chemists. The 

technology allows new type of transformations which enable easier access useful building blocks or 

pharmaceutically active target molecules. Orion is a part of Chem21 / Innotive Medicines Initiative program 

which looks at new technologies for sustainable methods for manufacturing of active pharmaceutical 

ingredients. A part of this program is to research C-H activation technologies which might benefit future drug 

molecule development. We have studied direct C-H arylations of pyrazoles, electron deficient benzenes and 

other aryl systems. These methods allow fairly selective functionalization of unactivated aryl C-H bond which 

previously required metalation with pyrophoric reagent followed by classical coupling strategy. 

 

 

 

1. Kumpulainen ETT, Pohjakallio A. Adv. Synth. Catal. 2014, 356, 1555. 

2. Ihanainen N., Kumpulainen ETT. Eur. J. Org. Chem. 2015, 3226. 

3. http://www.imi.europa.eu/content/chem21 

4. http://www.chem21.eu/ 
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A New Highly Reactive and Low Lipophilicity Fluorine-18 

Labeled Tetrazine Derivative for Pretargeted PET Imaging 

Outi Keinänen,a Xiang-Guo Li,b Naveen K. Chenna,c Dave Lumen,a Jennifer Ott,a Carla 

F.M. Molthoff,d Mirkka Sarparanta,a,e Kerttuli Helariutta,a Tapani Vuorinen,c Albert D. 

Windhorst,d and Anu J. Airaksinena 

aLaboratory of Radiochemistry, Department of Chemistry, University of Helsinki, Finland; bTurku Positron 

Emission Tomography (PET) Centre, University of Turku and Turku University Hospital, Turku, Finland; 
cDepartment of Forest Products Technology, Aalto University School of Chemical Technology, Espoo, 

Finland; dDepartment of Radiology and Nuclear Medicine, VU University Medical Center, Amsterdam, The 

Netherlands; eDepartment of Radiology, Memorial Sloan Kettering Cancer Center, New York, New York, 

USA 

Phenyl substituted 1,2,4,5-tetrazines have exhibited the fastest reaction kinetics towards the most commonly 

used dienophiles in bioorthogonal reactions. We have developed an efficient synthesis method for preparation 

of a new 18F-labelled phenyl tetrazine ([18F]1 in Fig. 1). [18F]1 was synthesized in high radiochemical yield and 

purity (50.5±1.7%, >99%, respectively) and with a specific activity up to 809 GBq/μmol. The new glycosylated 

tetrazine analogue showed fast reaction kinetics towards the most commonly used dienophiles in inverse 

electron-demand Diels-Alder cycloaddition. Biodistribution of [18F]1 exhibited sufficient blood circulation time 

and favorable elimination characteristics considering its intended use as an in vivo biorthogonal reagent 

(Figure 1). The tracer showed favorable fast elimination into urine. This was accompanied by lower level of 

excretion via the hepatobiliary route. Some accumulation in liver was observed at the early time points, but it 

was quickly washed out within the first hour.  In conclusion, these results warrant the use of [18F]1 for in vivo 

bioorthogonal chemistry. Performance of [18F]1 in pretargeted PET imaging is currently under investigation. 

 
Fig. 1. Representative summed (40-60 min) PET-CT image and ex vivo biodistribution of [18F]1 in BALB/c male 

mice at four time points after i.v. administration of 3.0±1.2 MBq. Values represent mean ± s.d. (n=3).  
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Molecular dynamics simulation as a tool for liposome base 

delivery system development 

Alex Bunker,a  

aDivision of pharmaceutical bioscience, Faculty of Pharmacy, University of Helsinki, Finland;  

The liposome based delivery system (LDS), a phospholipid membrane formed into an enclosed sack, 
represents the most mature application of nanomedicine. The LDS can either carry hydrophilic drugs in the 
interior pocket or hydrophobic drugs within the membrane, thus is a versatile carrier. The properties of the DDL 
can be fine tuned through formulation. Lipids functionalized with a protective polymer can be included to form 
a protective corona. The current gold standard for the protective polymer is poly(ethylene) glycol (PEG), and 
the inclusion of such a PEG corona in the DDL is known as “PEGylation”. Additionally, it is possible to 
incorporate cosurfactant molecules, like cholesterol, to alter the properties of the liposome membrane. Also, it 
is possible to attach targeting ligands to the outside of liposomes to direct drug delivery to the targeted tissue. 
While many avenues are available to manipulate the properties of DDLs, the investigation of the effect of 
formulation on the surface structure remains limited. Molecular dynamics simulation with all atom resolution 
can provide a unique window on a section of the LDS membrane capable of providing precisely this insight. 
Over several years our research group has investigated a number of issues relating to LDS structure and 
function using precisely this methodology. A specific focus, which has been the subject of a number of 
publications, is PEGylation and we have gained significant insight that would be impossible to obtain through 
other means. This includes the mechanism through which PEGylation inhibits calcium induced liposome 
fusion, the reason for the optimum PEGylated lipid density of ~5 molar % and the cause of the failure of a new 
hydrophobic targeting ligand. More recently we have studied the effect of inclusion of cholesterol into the DDL 
and the interaction between cholesterol and PEG. We have also studied DDLs composed of novel synthetic 
lipids and novel liposomes designed to treat liver cancer. The presentation covers work described in a number 
of publication1-8. 
 

 
1. Stepniewski M. et al. Langmuir  2011, 27(12),  7788-7798  
2. Lehtinen J.  et al. Eur. J. Pharm. Sci. 2012 46(3), 121-130  
3. Magarkar A. et al. J. Phys. Chem. B 2012 116(14), 4212-4219  

4. Li Y-C. et al. J. Phys. Chem. B 2012 116 (24), 7334-7341  
5. Bunker A. Physics Procedia 2012 34, 24-33  
6. Magarkar A. et al. Sci. Rep. 2014 4, 5005  
7. Magarkar A., Róg T. and Bunker A. J. Phys. Chem. C. 2014 118, 15541-15549  
8. Magarkar A., Róg T. and Bunker A. J. Phys. Chem. C. 2014 118, 19444-19449  
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Towards Greener Medicinal Chemisty at Orion 

Anniina Vesalainen, Mikko Passiniemi 

Research and Development, Medicinal Chemistry, Orion Corporation, Finland 

  

Green Chemistry has become a highly valued practice in the pharmaceutical industry. Where big pharma 

companies have their own Green Chemistry –departments, also Orion has started to work towards more 

sustainable practices in Medicinal Chemistry. As a part of the process Orion has taken part in the Innovative 

Medicines Initiative (IMI) CHEM21 consortium, which aims to develop a broad based portfolio of sustainable 

technologies for green chemical intermediate manufacture aimed at the pharmaceutical industry.1 Even if the 

synthesis will be done in very small scale, it can have disproportionately large influence over the chemistry of 

compounds that progress into development.2  

We now at Orion have started to analyse our work in the Medicinal Chemistry department and gathered ideas 

with the aim to change our attitudes and practices towards greener medicinal chemistry.  

 

1. http://www.chem21.eu/ 

2. Bryan, Marian C.; Dillon, Barry; Hamann, Lawrence G.; Hughes, Gregory J.; Kopach, Michael E. J. Med. Chem. 

2013, 56, 6007-6021.  
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Green Chromatography At Every Scale 

Guy Wilsona, Michael D. Jonesa 

aWaters Corporation, 34 Maple Street, Milford, MA 01757 

Modern synthetic chemistry relies on many types of analytical and purification technologies to optimise 

synthetic pathways and the achievable yield. Chromatography in all its forms; thin layer chromatography, 

column chromatography, flash chromatography and high pressure liquid chromatography (both normal and 

reverse phase); has been the bedrock of analytics and purification for many years. There is increasing desire 

to reduce the environmental impact of synthetic chemistry and this applies to the processing of samples as 

well as reaction media. For this reason supercritical fluid chromatography (SFC) is becoming increasingly 

popular. Supercritical fluid chromatography utilises CO2 as the predominant mobile phase displacing the use 

of organic (Normal Phase) or Aqueous (Reverse Phase) solvents, which have a significant and detrimental 

environmental footprint in both their manufacture and disposal. In this talk the principles of Supercritical Fluid 

Chromatography are introduced. By undertaking the optimisation of the synthesis of Imatnib the application of 

novel Ultra High Performance SFC (UHPSFC) to reaction monitoring is demonstrated. Optimised purification 

scale up strategies which minimise the time and solvents consumed in the process are discussed and 

examples from a medicinal chemistry separations sciences laboratory demonstrate the benefits of SFC in 

reducing the environmental impact of operations that support synthetic chemistry. 
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Synthesis of 1,3,6-Trisubstituted Azulenes 

Teppo O. Leino,a Marcus Baumann,b Jari Yli-Kauhaluoma,a Ian R. Baxendaleb and Erik 

A.A. Walléna 

aDivision of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki, Finland; 
bDepartment of Chemistry, Durham University, United Kingdom 

Bicyclic aromatics like naphthalene and indole are commonly encountered cyclic structures in drug molecules. 

Azulene, which is an isomer of naphthalene, has a similar dipole moment as indole. Azulene can be considered 

an isostere to indole as both aromatic structures have an electron rich five-membered ring fused to an electron 

deficient larger ring. The antiulcer agent egualen sodium is the only azulene-based drug on the market and 

azulene has not been extensively studied as a scaffold in medicinal chemistry. Currently, there are only very 

few synthetic routes to access azulenes with three or more substituents, which has limited the study of azulene-

based compounds in medicinal chemistry. 

 

 

 

In an effort to extent the current knowledge, we have developed an efficient synthetic route for accessing 1,3,6-

trisubstituted azulenes starting from 4-methylpyridine (1) with 6-methylazulene (2) as a key intermediate. The 

trisubstituted azulene (3) bears useful synthetic handles in the 1- and 3-positions and can be prepared in five 

synthetic steps with a good overall yield. The substituent in the 6-position can also be varied during the 

synthetic route. The described route is advantageous, as the starting materials and reagents are readily 

available and inexpensive.  
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Prediction of cytochrome P450 mediated metabolism 

Mira Kuusistoabc, Sakari Lättiac, Sanna P. Niinivehmasab, Risto O. Juvonenc, Hannu Raunioc 

and Olli T. Pentikäinenab 

aNanoscience center, University of Jyväskylä, Finland;  
bDepartment of Biological and Environmental Sciences, University of Jyväskylä, Finland;  

cSchool of Pharmacy, University of Eastern Finland, Finland 

Cytochromes P450 (CYPs) is a superfamily of mono-oxygenase enzymes which are the main catalysts in 
mammalian phase I metabolism. Since metabolism reactions of xenobiotics in the body can result in active 
drugs or toxic metabolites1, prediction of CYP-mediated metabolism is an important field in drug and chemical 
development2. We have used molecular dynamics simulations and binding energy estimation for prediction of 
isoform-specific active conformations and sites of metabolism (SOMs) for CYP substrates. This approach 
allows accurate analysis of substrate stability in the CYP active site, resulting in reliable SOM prediction. Our 
SOM prediction approach was proven effective on a set of enzyme-substrate combinations3. Recently, we 
have successfully utilized this approach in the development of subtype-selective tools for several CYP 
subtypes. Accordingly, the combination of molecular dynamics and binding energy estimation is a promising 
tool for SOM prediction, and a method to lay ground on future development of metabolism assessment in drug 
development. 

1. Neber DW, Russell DW. Clinical importance of the cytochromes P450. Lancet. 2002, 360(9340):1155-1162. 

2. Raunio H, Kuusisto M, Juvonen RO, Pentikäinen OT. Modeling of interactions between xenobiotics and 

cytochrome P450 (CYP) enzymes. Front. Pharmacol. 2015, 6:123, doi: 10.3389/fphar.2015.00123 

3. Juvonen RO, Kuusisto M, Fohrgrup C, Pitkänen MH, Nevalainen TJ, Auriola S, Raunio H, Pasanen M, 

Pentikäinen OT. Inhibitory effects and oxidation of 6-methylcoumarin, 7-methylcoumarin and 7-formylcoumarin 

via human CYP2A6 and its mouse and pig othologous enzymes. Xenobiotica. 2015, doi: 

10.3109/00498254.2015.1048327 
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A novel mechanism of action of metformin to ameliorate 
peripheral insulin resistance 

 
Tuomas A. Tolvanen1, Zydrune Polianskyte-Prause1, Sonja Lindfors1, Kristiina Wähälä2, 

Sanna Lehtonen1 

 
1) Department of Pathology, University of Helsinki, Helsinki, Finland; 2) Department of Chemistry, University 

of Helsinki, Helsinki, Finland 

 
Type 2 diabetes (T2D) is a progressive metabolic disorder contributing to the development of cardiovascular 

diseases and diabetic nephropathy (DN). T2D is characterized by insulin resistance that may result from 

altered insulin signaling pathway or impaired trafficking of insulin-responsive glucose transporters in peripheral 

insulin sensitive tissues. The need for safe and effective hyperglycemic control in T2D to prevent further 

progression of metabolic disorders presents a challenge to discover new drug targets and drug candidates. 

 

Lipid phosphatase SHIP2 (SH2 domain-containing inositol 5´-phoshatase 2), a negative regulator of insulin 

signaling pathway, is a potential therapeutic target molecule for the treatment of insulin resistance in T2D and 

DN. To date only three chemical compounds and derivatives of two of them possessing an inhibitory effect on 

SHIP2 are known. To identify new small molecules that inhibit SHIP2 more efficiently than the known inhibitors 

we performed virtual screening of chemical libraries containing 88680 molecules (High Throughput Center 

Helsinki, University of Helsinki, Finland). Interestingly, virtual screening, confirmed by biological screening, 

revealed among other molecules metformin, a well-known anti-diabetic drug, as a potential SHIP2 inhibitor. 

Metformin is a biguanine drug, which has been used over 50 years to treat T2D. However, the exact molecular 

mechanism of action of metformin to enhance peripheral insulin sensitivity has remained elusive. 

 

To demonstrate that metformin ameliorates peripheral insulin resistance by acting as a SHIP2 inhibitor in vitro 

and in vivo, we used purified fusion proteins, cultured cells and mice as models. We found that metformin 

inhibits the catalytic activity of SHIP2 phosphatase domain. Metformin also inhibited the activity of SHIP2 

immunoprecipitated from rat skeletal muscle cells and glomerular epithelial cells or podocytes. Furthermore, 

metformin-enhanced glucose uptake was blunted by SHIP2 overexpression in these cells. In vivo, metformin 

reduced the activity of SHIP2 immunoprecipitated from skeletal muscle and kidney tissue of metformin-treated 

mice compared to control mice. In summary, our data indicate that metformin inhibits the activity of SHIP2 

further supporting the potential of SHIP2 inhibitors to ameliorate peripheral insulin resistance. The potential of 

SHIP2 as a drug target provides an avenue to identify and design novel molecules, such as the ones identified 

in our virtual screening, which can be used to develop new insulin sensitizers for future clinical trials. 
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Engineered monoamine oxidases as catalysts in synthetic 

medicinal chemistry 

Ari Hietanena  

aResearch and Development, Medicinal Chemistry, Orion Corporation, Finland 

 
 
Genetically engineered microbial monoamine oxidases (MAO-N) have emerged as powerful tools for 
stereoselective amine dehydrogenation to afford amines of high enantiopurity.1 Monoamine oxidase variants 
obtained by directed evolution display wide substrate scope accepting primary, secondary and even tertiary 
amines as substrates.2 The oxidation product (imine or iminium ion) can be used in further synthesis as such 
or a reducing agent can be introduced to the same pot to effect a deracemization of chiral amines. For example, 
the variant MAO-N D11 accepts bulky amines as substrates while still retains high stereoselectivity. The variant 
has found utility in the deracemization of benzylic amines as part of chemoenzymatic synthesis of chiral drugs 
and natural products.3 
 

 
 
In collaboration within the Innovative Medicines Initiative Chem21, we became motivated to evaluate the 

substrate scope and the practical applicability of the MAO-N variant D11 in more detail with respect to 

medicinal chemistry –oriented synthesis. The substrate scope of MAO-N D11 was tested with a diverse 

selection of drug-like (hetero)benzylic amines. The data were then used in the building a QSAR model of the 

enzyme substrate scope. In addition, substituted 1,2,3,4-tetrahydroisoquinolines (THIQs) were assayed and 

the results were used in the design of new MAO-N variants. Overall, the study identifies limitations in the 

substrate scope of MAO-N D11 and indicates the possibility for the generation of new MAO variants of wider 

substrate scope by semi-rational directed evolution. 

 

1. Alexeeva M et al. Angew. Chem. Int. Ed. 2002, 41, 3177-3180. 

2. Dunsmore CJ et al. J. Am. Chem. Soc. 2006, 128, 2224-2225. 

3. Ghislieri D et al. J. Am. Chem. Soc. 2013, 135, 10863-10869. 
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Development of a small molecule inhibitor of MgcRacGAP to 

identify new potential functions of MgcRacGAP in cell division 

and signaling  

Arjan van Adrichem,a Annika Fagelholmb, Laura Turunena, Anna Lehtoa, Ari Koskinenb, 

Gretchen Repaskya, Krister Wennerberga  

aInstitute of Molecular Medicine Finland, University of Helsinki, Helsinki, Finland; bLaboratary of Organic 

Chemistry, Department of Chemistry, School of Chemical Technology, Aalto University, Espoo, Finland 

 

The MKLP1/MgcRacGAP/Ect2 protein complex is well-established as a core regulator for initiation and 

progression of cytokinesis. Interestingly, it also appears to be involved in oncogenesis through a cytokinesis-

independent mechanism where overexpression drives invasiveness, epithelial-to-mesenchymal transition and 

chromosomal segregation aberrations. Furthermore, MgcRacGAP is reported to be essential for nuclear 

translocation of STAT transcription factors, including STAT3, which is a well-known promoter of oncogenesis and 

cancer drug resistance. Having small molecule modulators of MgcRacGAP would allow us to better test the biology 

of MgcRacGAP and to define whether it might be a good drug target. Because of this, we developed and validated 

a biochemical high-throughput screening assay utilizing a fast-cycling mutant of Rac1 (F28L) for identification of 

inhibitors of MgcRacGAP. From a screening campaign of 20,000 compounds, we identified the first publicly 

described small molecule RhoGAP inhibitor that shows selective biochemical inhibition of MgcRacGAP in low 

micromolar concentrations. In cells the compound (MINC1) induced decreased proliferation, multinucleation and 

loss of cell motility consistent with an MgcRacGAP inhibition-mediated cytokinetic failure as well as a mitotic failure 

phenotype in a smaller subpopulation of cells with a collapsed mitotic spindle. Based on previous published reports 

proposing that the MgcRacGAP-Rac1 complex plays a vital role in STAT family transcription factor nuclear 

translocation, we examined the capability of MINC1 to disrupt STAT signaling. Surprisingly, we instead found that 

both MINC1 treatment and siRNA-mediated knockdown of MgcRacGAP caused an activation of STAT3 and 

STAT5B signaling in several cell lines, suggesting that the proposed role of MgcRacGAP in STAT family 

transcription factor function may not be generally applicable. In conclusion, we have identified MINC1, a small 

molecule inhibitor of MgcRacGAP, which is the first described inhibitor of a small G-protein GTPase activating 

protein and utilized it to study MgcRacGAP in cell division and other biological contexts with both expected and 

unexpected results. 
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Organic Synthesis in Lignin Structural Elucidation 
 

Paula Nousiainen, Ulisse Montanari and Jussi Sipilä 
 

University of Helsinki, Department of Chemistry 
A.I.Virtasen Aukio 1, P.O.Box 55,  FIN-00014 University of Helsinki 

 
 

Lignin, a plant polyphenol, is the second most abundant biopolymer on earth. In plant cell wall lignin is 
formed in oxidative radical coupling process, without direct enzymatic assistance, always in the presence of 
carbohydrates. After more than 100 years of investigation, general agreement have been obtained on the 
mail building blocks of lignin polymer, arylglycerol -ether structures ( -O-4), phenyl coumarans ( -5) and 
resinols ( - ) as the most abundant structural patterns. However, the 3-D nature of lignin macromolecule is 
still far from being well understood. It is known that coniferous lignin contain significant amount of biphenyl 
structures (5-5’) but how these structures affect the structural outcome of lignin is not known. In this field we 
succeeded to find a new 5-5’ type of lignin structure 20 years ago at Helsinki University.  In light that 3-D 
nature of lignin polymer might have a significant role both in wood biochemistry and in technical behavior of 
plant well walls, we have recently studied the possible formation of dendrimer-like structures in lignin. For 
these purpose we studied two multidental phenols (1 and 2) and one synthesized derivative (3), and studied 
their oxidative polymerization with coniferyl alcohol (4). Spects on lignin brancing/polydispersity will be 
discussed. 
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New bioactive peptides in Cyanobacteria 

Jouni Jokela, Niina Leikoski, Tânia K Shishido, David P Fewer, Liwei Liu, Johanna 

Vestola, Matti Wahlsten, Kaarina Sivonen 

Division of Microbiogy and Biotechnology, Department of Food and Environmental Sciences, University of 

Helsinki, Finland  

Cyanobacteria produce many kinds of secondary metabolites such as polyketides, alkaloids etc. but the 

overwhelmingly dominant group is lipopeptides. Most of these metabolites are cytotoxic but also antibiotic, 

anticancer, antifungal compounds, enzyme inhibitors (proteases, protein phosphatases) and compounds with 

no recognized activity are common. 

We have described several novel peptide families and new variants of already described families from 

cyanobacteria by using LC-MS and NMR as the main spectrometric methods. 

 

Previously ribosomally synthetized cyanobacterial peptides cyanobactins were defined as cyclic peptides 

which contain heterocyclized amino acids or isoprenoid amino acid derivatives. This definition was first 

broadened by us to include cyclic peptides anacyclamides which consist solely of proteinogenic amino acids 

and further by aeruginosamide B and C and viridisamide A which were proven to be linear cyanobactins1, 2. 

New antifungal hassallidin and scytophycin variants were described from many cyanobacterial genera showing 

that hassallidins and scytophycins are much more widespread among cyanobacteria as previously thought3,4. 

Pseudoaeruginosins from Baltic Sea Nodularia spumigena are novel linear tetrapeptidic trypsin inhibitors as 

are the smaller tripeptidic nostosins from terrestrial Nostoc sp5,6. Also new linear tetrapeptidic trypsin inhibiting 

aeruginosin variants were described from Baltic Sea N. spumigena7. By screening 4-methylproline (4-mPro) 

biosynthetic genes we identified with LC and NMR 4-methylproline containing cyclic peptides, nostopeptolides 

L1-L4 and novel nostoweipeptins W1-W7 from two Nostoc species. These peptides block the action of 

hepatotoxic microcystins8. 

 

Members of cyclic anabaenolysin lipopeptide family from Anabaena are cytolytic against cholesterol 

membrane containing cells but together with cyclodextrin derivatives identified from the same Anabaena 

strains they are antifungal9,10. 

 

1 Leikoski N. et al., Appl Environ Microbiol 76, 2010, 701-709. 

2 Leikoski N. et al., Chem & Biol 20, 2013, 1-11. 

3 Vestola J. et al., PNAS 111(18), 2014, E1909-17. 

4 Shishido T. et al., Marine Drugs 13, 2015, 2124-2140. 

5 Liu L. et al., ACS Chem Biol 2014, DOI: 10.1021/cb5004306. 

6 Liu L. et al., J Nat Prod 77 (8), 2014, 1784-1790. 

7 Fewer D. et al., PloS ONE 8 (9), 2013, e73618. 

8 Liu L. et al., ACS Chem Biol 9 (11), 2014, 2646-2655. 

9 Jokela J. et al., PloS ONE 7 (7), 2012, e41222. 

10 Shishido T. et al., Unpublished result. 
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Supercritical Fluid Chromatography: Green Technology in a 
Separation Science lab 

 
Victoria Coulthard 

 
Reach Separations 

 
The ‘green’ credentials of SFC for the purification of chiral molecules are well documented. 

This poster will outline the developments in our laboratory to increase the use of the technology. 

 

How the use of mixed modifiers for chiral separations can be employed to maximise chiral separations and to 

find the most solvent and time efficient method. Automating the use of mixed modifiers allows the minimum 

amount of solvent to be used as opposed to wasting litres of manually premixed solvent.  

 

Whilst SFC has long been used for the separation of chiral molecules it is yet to be extensively used for 

achiral purifications. The second half of this poster will detail an achiral SFC project from our laboratory 

looking at the choice of stationary phases available for the technique. This approach could limit the amount 

of MeCN required for traditional RP-HPLC separations and the decrease the energy required for post 

processing. 
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An Efficient and Green Ribosylation of 2,6-Dichloropurine in 
the Synthesis of Novel Purine Nucleosides as Cytotoxic 

Agents 
 

Meral Tuncbilek,a Asligul Kucukdumlu,a Ebru Bilget Guven,b Rengul Cetin-Atalayc 

aDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Ankara University, Turkey; bDepartment of 

Molecular Biology and Genetics, Bilkent University, Turkey;                                      cBioinformatics 

Department, Graduate School of Informatics, Middle East Technical University, Turkey 

 

Nucleobase and nucleoside analogs are significant drugs used in chemotherapy for the treatment of solid 

tumors and hematological malignancies.1 These groups of compounds are considered antimetabolites 

because nucleobases and nucleosides are the metabolic precursors of nucleotides. Nucleotides and their 

derivatives are involved in a large number of cellular processes, including cell growth and division, and for this 

reason nucleobase and nucleoside analogs have been exploited as anticancer agents.2 Currently, the purine 

nucleoside analogues fludarabine, cladribine, and pentostatin are used for treating hematological 

malignancies.3 

In this study, we synthesized novel purine nucleoside analogs (I, II) containing a 4-substituted piperazine, (2-

substituted ethyl)amino  in the substituent at N6, as putative cytotoxic agents. An environmentally benign and 

highly efficient preparation of 2,6-dichloro-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-9H-purine under microwave 

irradiation conditions was developed. This reaction gave significantly higher yields than the previously 

published method. Displacement of the 6-chloro was accomplished by nucleophilic substitution with substituted 

amines. Removal of the acetyl-protecting groups was performed with NaOMe to produce nucleosides.   
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1. Karran, P. Br. Med. Bull. 2006, 79−80, 153−170. 

2. Bosch, L, Harber E, Heidelberger C. Cancer Res. 1958, 18, 335−343. 

3. Lech-Maranda E, Korycka A, Robak T. Mini-Rev. Med. Chem. 2006, 6, 575−581. 
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Modeling of the OX1R–Orexin-A complex suggests two 

alternative binding modes 

Lasse Karhu, Ainoleena Turku, Henri Xhaard 

Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki, Finland 

Peptides orexin-A and B and their cognate receptors OX1 and OX2 form the orexinergic system, which acts as 

a gatekeeper in the regulation of sleep and feeding patterns.1 The molecular mechanisms of orexin peptide 

binding and receptor activation remain unknown. Furthermore, potent small molecular agonists are 

unavailable, which hampers the further biochemical and physiological characterization of the receptors. An 

agonist could also provide a useful drug against narcolepsy. Small molecular antagonists are known, and the 

first one, suvorexant, has recently reached the market for treatment of insomnia.  

The recently published crystal structure of the OX2R2 provides a solid framework for modeling orexin receptors 

and their interactions. These interactions have previously been studied by site-directed mutagenesis, but the 

suboptimal templates for receptor modeling have hindered the efforts to merge the mutational data into a 

binding mode.3 Prior to publication of the OX2R crystal structure, we had built homology models of OX1R using 

the neurotensin receptor 1 and chemokine receptor CXCR4 as templates4,5, and conducted an exhaustive 

docking of orexin A15-33. The OX2R structure enabled us to construct a more reliable model of OX1R to support 

our previous work. 

Our top-ranking docking poses fall into two distinctive binding modes, which are common for both OX2R- and 

NTSR1 based models. In the light of previous mutation studies, it is difficult to select between these two binding 

modes, as both have their merits. The binding modes we propose can be used to design new mutation studies, 

and they will contribute to the understanding of orexin receptor activation. 

1. Sakurai T et al. Cell, 1998, 92(4), 573–585. 

2. Yin J, Mobarec JC, Kolb P, Rosenbaum DM. Nature, 2015, 519, 247–250. 

3. Heifetz A, Barker O, Morris GB, Law RJ, Slack M, Biggin PC. Biochemistry, 2013, 52(46), 8246–8260. 

4. White J et al. Nature, 2012, 490, 508–513. 

5. Wu B et al. Science, 2010, 330, 1066–1071. 
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An Integrated Screening Procedure to Discover Orexin 

Receptor Agonists  

Ainoleena Turkua, Lasse Karhua, Jyrki P. Kukkonenb, Henri Xhaarda 

aDivision of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki, Finland; 

bDepartment of Veterinary Biosciences, Faculty of Veterinary Medicine, University of Helsinki, Finland 

G protein-coupled orexin receptors (OX1R and OX2R) and their activating peptide ligands (orexin-A and -B) 

regulate sleep and arousal states, serving as a clinical target for orexin receptor blockade and activation.1, 2 

To date, all effective orexin receptor activators (agonists) are peptides, which are well known to be unsuitable 

as therapeutic molecules. Several non-peptide orexin receptor blockers (antagonists), developed to treat 

insomnia, exist. However, the knowledge of non-peptide agonists, to be used in narcolepsy treatment, is 

sparser. Patent literature offers two sets of OX2R selective orexin agonists3, 4, but no pharmacological 

verification of their efficacy. In conclusion, the lack of effective non-peptide orexin agonist is a major therapeutic 

pitfall. 

Here, we developed an integrated screening procedure to discover non-peptide orexin receptor agonists. The 

procedure consists of two phases: a pharmacophore-model-based virtual pre-screening and a cell-based in 

vitro screening (Ca2+ elevation). Our pharmacophore model combines previously reported orexin ligands and 

a docked orexin-A5, and it is employed as a virtual screening filter. The filtered compounds undergo a 

subsequent functional screening, designed to detect their agonistic and antagonistic properties. After 

screening, we validate the possible hits using (1) a functional assay, in which the Ca2+ response to the studied 

compounds is abolished by a known orexin antagonist, and (2) an orthogonal method, such as a competition 

binding assay with radiolabeled orexin-A. The former method verifies the signal to be orexin receptor mediated, 

whereas the latter confirms the receptor binding. 

1. Sakurai T et al. Cell, 1998, 92, 573-585 

2. Gotter AL et al. Progress in brain research, 2012, 198, 163-188 

3. Yanagisawa M. Patent: US 2010/0150840 A1, 2010  

4. Cano et al. Patent: WO2014198880, 2014 

5. Karhu L, Turku A, Xhaard H. BMC Structural Biology, 2015, 15:9  
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Conformational study of homoallylic polyol 

derived from D-mannose  

Tiina Saloranta,a Anssi Peuronen,b Johannes Dieterich,c Manu Lahtinen,b Reko Leino a  

a Laboratory of Organic Chemistry, Åbo Akademi University, Turku, Finland 

 b Department of Chemistry, University of Jyväskylä, Finland 
c Institut für Physikalische Chemie, Univestität Göttingen, Göttingen, Germany  

 

Terminally unsaturated and diastereomerically pure polyol derived from D-mannose shows spontaneous 

aggregation behavior in water solution. In order to clarify this unforeseen phenomenon, conformational study 

based on NMR spectroscopic studies was pursued. Ab initio geometry optimizations using the COSMO-

solvation model were used to quantify the conformational effects observed in the NMR analysis. The recently 

performed X-ray diffraction studies provided new insights into the conformation and aggregation behavior. In 

this poster, we will describe our twisting path with polyol 1 from visual observation in the laboratory towards 

detailed conformational analysis.  

 

Figure 1. Synthesis of diastereomerically pure polyol 1 from D-mannose 

 

 

Figure 2. Left: asymmetric unit of crystal structure of 1. Right: intermolecular hydrogen bonding pattern (dotted 

lines) observed in crystal structure of 1 and viewed along crystallographic c-axis. 
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Catalytic depolymerization of -O-4 lignin model compounds 

H. Eemil P. Salonen, Pekka M. Joensuu, Ari M. P. Koskinen 

Department of Chemistry, Aalto University, P.O. Box 16100, 00076 Aalto, Finland 

 
The realization of biorenewable chemicals and fuels from nonfood plant sources is of great importance 

because of the escalating global demand for energy, diminishing petroleum reserves, and a concern over 

rising CO2 emissions.1 Lignocellulosic biomass has recently received great interest as a renewable source of 

fuel and chemicals. Lignocellulose in woods consist of cellulose (40-50%), hemicellulose (20-40%) and lignin 

(20-30%).2 Lignin is a complex plant-derived biopolymer that accounts for ca. 20% of all terrestrial biomass, 

30% of all non-fossil carbon, and up to 40% of the energy content of the lignocellulosic material.3 While major 

improvements have been achieved in the conversion of cellulose to ethanol using advanced enzyme 

technology, effective depolymerization of lignin remains challenging. Rational utilization of this resource 

requires simple, highly efficient, selective, and preferably catalytic chemical transformations. 

Dimeric lignin models containing a -O-4 linkage that represents the most common substructure in lignin are 

useful compounds for the purpose of reaction development. Using a Cu/air oxidation protocol similar to 

previously developed by Koskinen group4, we have managed to cleave the Cα-Cβ bond within the system 

observing aromatic aldehyde as the main product, which is believed to arise from the oxidation of the primary 

alcohol followed by retro-aldol cleavage. 

 
 
Moving from copper to iron provided also a catalyst system independent of the need of oxygen as an oxidant 

and thus allowed a redox-neutral protocol that caused the cleavage of the -O-4 bond. Now also guaiacol was 

formed (others yet to be identified) while only a trace amounts of aromatic aldehyde was observed. Further 

studies focus on reaction mechanisms and the challenge is to develop a selective catalyst with a high turnover 

number and frequency. Finally, the improved protocol will be tested to actual lignin samples derived from willow 

biomass. 

1. Chan, J. M. W.; Bauer, S.; Sorek, H.; Sreekumar, S.; Wang, K.; Toste, F. D. ACS Catal. 2013, 3, 1369–1377.  
2. Kobayashi, H.; Ohta, H.; Fukuoka, A. Catal. Sci. Technol. 2012, 2, 869−883. 
3. Nguyen, J. D.; Matsuura, B. S.; Stephenson. C. R. J. J. Am. Chem. Soc. 2014, 136, 1218−1221. 
4. Kumpulainen, E. T. T; Koskinen A. M. P. Chem. Eur. J. 2009, 15, 10901–10911 
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Efficient tool for organic reactions: preparation of building 

blocks  

Petri A. Turhanen,a  Jouko J. Vepsäläinena 

School of Pharmacy, Biocenter Kuopio, University of Eastern Finland, Kuopio, Finland.  

 

We have recently reported a powerful tool to perform organic addition and substitution reactions.1 The reported 

tool enables e.g. effective esterifications in very mild conditions, transesterification of used cooking oil to 

produce biodiesel and selective substitution of primary HO-group over secondary HO-groups in sugar 

(mannose) without any protection steps. The tool is based on the use of dried Dowex® (A) and NaI.1  

 

The reported tool also enables to prepare highly interesting building blocks for e.g. medicinal chemistry 

purposes. Ethylene glycols of different sizes are highly important linkers to optimize the properties of 

molecules.2,3 Here we describe some examples of preparation of haloalkanols from cyclic ethers, like 1,4-

dioxane or even 12-Crown-4 ether. 

 

 

 

1. Turhanen PA, Vepsäläinen JJ. RSC Adv. 2015, 5, 26218-26222. 

2. Poutiainen PK, Rönkkö T, Hinkkanen AE, Palvimo JJ, Närvänen A.,Turhanen P, Laatikainen R, Weisell J, 

Pulkkinen J. Bioconjugate Chem. 2014, 25, 4−10. 

3. Banerjee SS, Aher N, Patil R, Khandare J. J. Drug Delivery. 2012, No. 103973. 
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CHEMISTRY AT C-2 OF 1,3-DIALKYLIMIDAZOLIUM SALTS 

Daniel Rico del Cerro, Tapio Hase and Kristiina Wähälä 
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University of Helsinki, Finland. 

E-mail: daniel.ricodelcerro@helsinki.fi 

 
N,N’-Dialkylimidazolium salts (I-H) are one of the most common group of materials among the “ionic liquid” 

solvents1, an emerging concept of great promise in synthetic organic chemistry. The acidic nature at C-2 of 

certain 1,3-dialkylimidazolium salts (I-H) has been frequently invoked in the chemical literature, to explain the 

formation of so-called Arduengo carbenes2 (IIa or IIb) on treatment with a strong base involving deprotonation 

of the 2-CH (Scheme 1). Less obviously, 2-CH acidity has also been suggested3 to explain the very ready H/D 

exchange occurring at C-2 (I-D) in a D2O (or EtOD) solution of the salt (I-H) at ambient temperature, without 

the use of any added base in catalytic or larger quantities (Scheme 2). 

 

A comparison of the respective pKa values (in aqueous solution) shows that the imidazolium salts (I-H) (pKa 

ca. 23) are much less acidic than water itself (pKa 16), while the carbenes (IIa or IIb) are very strongly basic 

(pKa 21.2-34.0) depending on the substituents, for instance pKa ca. 27.4 for 1,3-dimethylimidazol-2-ylidene4. 

It is thus hard to see how a carbene intermediate could arise under essentially neutral conditions; an 

imidazolium salt in just plenty of D2O or EtOD. 

 

In our opinion, more plausible explanations are in order to understand the surprising H/D exchange reactivity 

of the imidazolium salts at C-2. We present here our recent efforts towards elucidating this problem. 

 

 
References: 

 
1 A. Stark, Top. Curr. Chem. 2009, 128, 43 

2 A.J. Arduengo, III, R.L. Harlow and M. Kline, J. Am. Chem. Soc, 1991, 113, 361 

3 S.T. Handy and M. Okello, J. Org. Chem. 2005, 70, 1915 

4 T.L. Amyes, S.T. Diver, J.P. Richard, F.M. Rivas and K. Toth, J. Am. Chem. Soc. 2004, 126, 4366 
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Synthesis of betulin derivatives with new bioactivities 

Raisa Haavikkoa, Abedelmajeed Nasereddinb, Charles L. Jaffeb, Teija Parkkaric, Jarmo T. 
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aDivision of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki, Finland; 
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Jerusalem, Israel; cSchool of Pharmacy, Faculty of Health Sciences, University of Eastern Finland, Kuopio, 

Finland; dIndustrial Biotechnology, VTT Technical Research Centre of Finland, Turku, Finland. 
 

The pentacyclic triterpene, betulin, is a secondary metabolite found in the bark of white birches, which are 
common trees at northern latitudes. Betulin can be oxidized to betulinic acid, which has diverse biological 
activities. Betulin and betulinic acid can be easily modified at three positions; C-3 secondary hydroxy group, 
C-20 double bond, and C-28 primary hydroxy group or carboxyl group in betulin and betulinic acid, respectively. 
In our studies we focused on the synthesis of fused heterocyclic betulin derivatives, and exploration of their 
bioactivity on prostate cancer, leishmania parasites, and a serine hydrolase enzyme.1-3 Compounds were also 
modified from C-28 as well as from the C-20 double bond. Structure-activity relationships were studied based 
on the bioactivity results. 
In general, heterocyclic betulin derivatives showed better bioactivity than the parent betulin or betulinic acid. 

The carboxyl group at C-28 seems to be important for many bioactivities of betulin derivatives. In some cases, 

a single bond at C-20 improved the bioactivity. Structure-activity relationships on different targets are 

presented in detail on the poster. 

 

 

1. V. Härmä, R. Haavikko, J. Virtanen, I. Ahonen, H.-P. Schukov, S. Alakurtti, E. Purev, H. Rischer, J. Yli-

Kauhaluoma, V. M. Moreira, M. Nees, and K.-M. Oksman-Caldentey, “Optimization of Invasion-Specific Effects 

of Betulin Derivatives on Prostate Cancer Cells through Lead Development,” PLoS One, vol. 10, no. 5, p. 

e0126111, May 2015. 

2. R. Haavikko, A. Nasereddin, N. Sacerdoti-Sierra, D. Kopelyanskiy, S. Alakurtti, M. Tikka, C. L. Jaffe, and J. Yli-

Kauhaluoma, “Heterocycle-fused lupane triterpenoids inhibit Leishmania donovani amastigotes,” 

MedChemComm, vol. 5, no. 4, p. 445, 2014. 

3. T. Parkkari, R. Haavikko, T. Laitinen, D. Navia-Paldanius, R. Rytilahti, M. Vaara, M. Lehtonen, S. Alakurtti, J. 

Yli-Kauhaluoma, T. Nevalainen, J. R. Savinainen, and J. T. Laitinen, “Discovery of Triterpenoids as Reversible 

Inhibitors of α/β-hydrolase Domain Containing 12 (ABHD12),” PLoS One, vol. 9, no. 5, pp. 1–12, May 2014. 
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Protein kinase C: synthesis of a C1-domain binding compound 

as an immobilizable tool for affinity chromatography 

Riccardo Provenzani1, Maria Jäntti2, Virpi Talman2, Raimo Tuominen2, Jari Yli-

Kauhaluoma1, Gustav Boije af Gennäs1 

1Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki, Finland; 
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Protein kinase C (PKC) is a family of serine/threonine kinases which are activated by phospholipid-derived 

second messengers and phosphorylate specific substrate proteins. PKCs regulate several cellular responses 

including proliferation, differentiation, metabolism and apoptosis, and play a role in various human diseases 

including cancer and Alzheimer’s disease.1,2 Therefore, PKCs represent a suitable target for drug development 

and new therapeutic approaches. 

Our team, adopting a structure-based approach on the crystal structure of the PKCδ C1B domain, developed 

isophthalic acid derivatives that modify PKC functions by binding the C1 domain of the enzyme.3 We selected 

bis[3-(trifluoromethyl)benzyl] 5-(hydroxymethyl)isophthalate (HMI-1a3) for further studies due to its high affinity 

for the C1 domains of PKCα and –δ and its antiproliferative activity in cancer cell-lines.4,5 

Six other families of proteins contain a DAG-responsive C1 domain: the protein kinase D (PKD), the 

chimaerins, the Ras guanyl nucleotide-releasing proteins (RasGRPs), the DAG kinases (DGKs) β and γ, 

myotonic dystrophy kinase-related Cdc42-binding kinases (MRCKs) and the Munc-13 scaffolding proteins.6 

Since our results suggest that the isophthalates also bind the C1-domains of other DAG effectors including at 

least β2-chimaerin, PKD and MRCK,7 understanding the mechanism of action (MOA) of these compounds 

represents a new exciting challenge. 

We re-designed and synthesized HMI-1a3 to function as a probe immobilized on an affinity chromatography 

surface, in order to identify target proteins from cell lysates and clarify the MOA of the ligand. The first probe 

tested exhibited high unspecific binding, therefore, the method still needs further development. 

1. Mochly-Rosen, D.; Das, K; Grimes, K.V. Nature Reviews Drug Discovery 2012, 937-57. 

2. Antal, C.E.; Hudson, A.M.; Kang, E.; Zanca, C.; Wirth, C.; Stephenson, N.L.; Trotter, E.W.; Gallegos, L.L.; 

Miller, C.J.; Furnari, F.B.; Hunter, T.; Brognard, J.; Newton, A.C. Cell 2015, 160:489–502 

3. Boije af Gennäs, G.; Talman, V.; Aitio, O.; Ekokoski, E.; Finel, M.; Tuominen, R.K.; Yli-Kauhaluoma, J. Journal 

of Medicinal Chemistry 2009, 52(13):3969-81. 

4. Talman, V.; Tuominen, R.K.; Boije af Gennäs, G.; Yli-Kauhaluoma, J.; Ekokoski, E. PLoS One 2011, 

6(5):e20053 

5. Talman, V.; Amadio, M.; Osera, C.; Sorvari, S.; Boije af Gennäs, G.; Yli-Kauhaluoma , J.; Rossi, D.; Govoni, S.; 

Collina, S; Ekokoski, E.; Tuominen, R.K.; Pascale, A. Pharmacological Research 2013, 73:44-54. 

6. Blumberg, P.M.; Kedei, N.; Lewin, N.E.; Yang, D.; Czifra, G.; Pu1, Y.; Peach, M.L.; Marquez V.E. Current Drug 

Targets 2008, 9:641-652 

7. Talman, V.; Gateva, G.; Ahti, M.; Ekokoski, E.; Lappalainen, P, Tuominen, R.K. European Journal of 

Pharmaceutical Sciences 2014, 55:46–57 
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Recently it has been shown that naturally occurring isoflavones, especially daidzein, may prevent diseases 

such as obesity1 and also have other health benefits. Isoflavones in general are present in all soy-containing 

food2. Daidzein is metabolized by an intestinal anaerobic bacterium to equol, O-demethylangolensin (ODMA) 

and dihydrodaidzein (DHD). These metabolites have been isolated from human urine and blood plasma. In 

contrast to daidzein its metabolites have one stereogenic centre each and therefore exists as two enantiomers.  

 

Enantiomers can have widely varying properties and effects in biological surroundings. Therefore much 

research have been carried out to find out which of the two enantiomers of the metabolites is the biologically 

active one and present in the human body. It is known that (S)-equol is the dominant enantiomer but the 

stereochemistry of ODMA or DHD has been unknown until 2014, when Gardana3 et al. verified that (R)-ODMA 

and both enantiomers of DHD are present.  

 

So far no syntheses of enantiomerically pure (R)- and (S)-ODMA are on record. We describe here three 

different alternative synthetic routes for the preparation of (R)- and (S)-ODMA using a chiral auxiliary.  

 

1. Frankenfeld CL, Atkinson C, Wähälä K, Lampe JW. Eur. J. Clin. Nutr. 2014, 68, 526-530. 

2. Niwa T, Yokoyama S-I, Matsugasaki N, Inomata E, Taira A, Osawa T. Food Chemistry 2015, 171, 153-156. 

3. Gardana C, Canzi E, Simonetti P. J. Chromatogr. B 2014, 953-954, 30-37. 
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Transformation of carbonyl compounds to three distinct groups of products, catalyzed by Fe(III), has been 

developed. From similar starting materials and reagents, the reactions can be directed to desired direction by 

proper choice of solvent, catalyst and temperature, or by manipulating the amount of chlorotrimethylsilane 

used. The products obtained are either diaryl alkanes,1 benzylic halides2 or ethers.3 While FeCl3 can be 

employed as the catalyst for each transformation, the use of oxidized iron(II) acetate was in some cases 

adapted in order to suppress side reactions. Recent progress and scope of these transformations are 

discussed in the presentation. 

1. Savela, R.; Majewski, M.; Leino, R. Eur. J. Org. Chem. 2014, 4137-4147. 

2. Savela, R.; Wärnå, J.; Murzin, D.; Leino, R. Catal. Sci. Technol. 2015, 5, 2406-2417. 

3. Savela, R.; Leino R. Synthesis, 2015, 47, 1749-1760.  
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Novel oxidations of opioid derivatives 

Tiina Ahonen,a Maiju Rinne,a Henri Xhaard,a Jari Yli-Kauhaluomaa  

and Vânia M. Moreiraa 
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Opioids are a group of well-known pain relieving medicines most commonly used to treat severe pain 

conditions, such as cancer-related pain, chronic low-back pain and chronic pain associated to diseases such 

as osteoarthritis.1 Morphine is a classic example of opioid analgesics, relieving pain with mu opioid receptor 

agonism.2 Existing opioid receptor agonists have several disadvantages, like tolerance and hyperalgesia, 

especially in long-term clinical use.1 

Oxidation products of opioids, like the 7,8-epoxide derivatives of morphine, have been suggested to bear less 

liability to dependence, with activity comparable to the parent compounds both in vitro and in vivo.3 However, 

their synthesis suffers from the need for multiple steps and contamination with by-products. Indeed, direct 

oxidations of opioid substrates are challenging and thus scarcely reported in the literature. Oxidation protocols 

have mostly focused on optimizing the production of 14-hydroxyl derivatives from thebaine and oripavine, in 

route to the preparation of drugs such as naloxone and naltrexone.4 

In continuation of our research with opioid derivatives5, we are currently exploring oxidation reactions on 

several opioid derivatives in search for novel compounds with improved potency and fewer side effects.6 Our 

synthetic efforts are being supported by molecular modelling methods to help to focus the synthesis on the 

most promising modifications. Docking simulations are conducted to the major three crystallized opioid 

receptors2,7 (mu, kappa and delta) to prioritize the synthesis, and later on bioactivity testing of the synthesized 

compounds will be performed on these opioid receptors. 

 

1. (a) Moore, A.; Derry, S.; Eccleston, C.; Kalso, E. Brit. Med. J. 2013, 346, f2690. (b) Kalso, E.; Edwards, J.E.; 

Moore, R.A.; McQuay, H.J. Pain 2004, 112, 372. (c) Hanks, G.W.; de Conno, F.; Cherny, N.; Hanna, M.; Kalso, 

E.; McQuay, H.J.; Mercandente, S.; Meynadier, J.; Poulain, P.; Ripamonti, C.; Radbruch, L.; Roca i Casas, J.; 

Sawe, J.; Twycross, R.G..; Ventafridda, V. Brit. J. Cancer 2001, 84, 587. 

2. Manglik, A.; Kruse, A.C.; Kobilka, T.S.; Thian, F.S.; Mathiesen, J.M.; Sunahara, R.K.; Pardo, L.; Weis, W.I.; 

Kobilka, B.K.; Granier, S. Nature 2012, 485, 321. 

3. (a) Miyata, N.; Uba, K.; Watanabe, K.; Hirobe, M. Chem. Pharm. Bull. 1980, 28, 3722. (b) Takayanagi, I.; 

Miyata, N.; Uba, K.; Watanabe, K.; Hirobe, M. Jpn. J. Pharmacol. 1981, 31, 573. 

4. (a) Endoma-Arias, M.A.A; Cox, D.P.; Hudlicky, T. Adv. Synth. Catal. 2013, 355, 1869. (b) Kok, G.B.; 

Scammells, P.J. RSC Advances 2012, 2, 11318. 

5. (a) Lemberg, K.K., Siiskonen, A.O., Kontinen, V.K., Yli-Kauhaluoma, J.T., Kalso, E.A. Anesth. Analg. 2008, 106, 

463. (b) Lemberg, K.; Kontinen, V.K.; Viljakka, K.; Kylänlahti, I.; Yli-Kauhaluoma J.; Kalso, E. Anesth. Analg. 

2006, 102, 1768. (c) Lemberg, K.K.; Kontinen, V.K.; Siiskonen, A.O.; Viljakka, K.M.; Yli-Kauhaluoma, J.T.; 

Korpi, E.R.; Kalso, E.A. Anesthesiology 2006, 105, 801. 

6. GLORIA-project website: http://gloria.helsinki.fi/ 

7. (a) Granier, S.; Manglik, A.; Kruse, A.C.; Kobilka, T.S.; Thian, F.S.; Weis, W.I.; Kobilka, B.K. Nature 2012, 485, 

400. (b) Wu, H.; Wacker, D.; Mileni, M.; Katritch, V.; Han, G.W.; Vardy, E.; Liu, W.; Thompson, A.A.; Huang, 

X.P.; Carroll, F.I.; Mascarella, S.W.; Westkaemper, R.B.; Mosier, P.D.; Roth, B.L.; Cherezov, V.; Stevens, R.C. 

Nature 2012, 485, 327. 
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Practical synthesis of 1-deoxynojirimycins 

Saara A.-M. Tiuri,a Ari M. P. Koskinena  
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Naturally occurring iminosugars, also known as azasugars, are monosaccharides with the heterocyclic oxygen 

replaced with nitrogen. Several of them exhibit important therapeutic properties through selectively inhibiting 

carbohydrate degrading enzymes, such as glycosidases.1 Nojirimycin 1, isolated from several Streptomyces 

species and first characterized in the 1960’s, was the first member of this class of compounds.1 

Later it was discovered that the more stable 1-deoxy derivatives of nojirimycin 5 also demonstrated similar 

biological activity as nojirimycin itself.2-3 For a more thorough, systematic investigation into the bioactive 

properties and potential of 1-deoxynojirimycins, a general, straightforward method for making larger quantities 

of all eight of its diastereomers is needed. Our goal is to develop a synthetic strategy for this purpose based 

on common intermediates 34 and 4. 

The chiral-pool-utilizing synthesis for anti-intermediate 3, starting form Garner’s aldehyde 2, has previously 

been reported in our research group. Progress in the utilization of this intermediate is described. 

 

1. Inoue, S.; Tsuruoka, T.; Niida, T. J., Antibiot. 1966, 19, 288. 

2. Iminosugars as Glycosidase Inhibitors: Nojirimycin and Beyond; Stütz, A.E., Ed.; Wiley.VCH: New York, 1999. 

3. Watson, A. A.; Fleet, G. W. J.; Asano, N.; Molyneux, R. J.; Nash, R. J., Phytochemistry 2001, 56, 265-295. 

4. Karjalainen, O. K., Koskinen, A. M. P., Tetrahedron 2014, 70, 2444-2448. 
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We have synthesised a series of 4-quinolone-based compounds in order to investigate their properties as 

privileged compounds. Privileged structures contain elements or scaffolds that can be identified in  large 

numbers of bioactive compounds. These structures are typically cyclic and in many cases heterocyclic. 

 

 
 

In order to explore the possibilities for using 4-quinolone-based compounds as potential drug candidates, we 

decided to make a small series of different tri-substituted 4-quinolones based on the generalised structure 1. 

The side chain in the R2-position is introduced in the initial step where the quinolone core itself is formed, after 

this the R8 and R1-side chains are added in succesive reaction steps. An additional chlorine substituent in the 

R6-position should make it possible to add another substituent regioselectively. 

 

So far, the 4-quinolone compounds have been tested as inhibitors of the histone deacetylase SIRT2. In the 

future we hope to test the already synthesised compounds for activity agaisnst different targets. We also aim 

to further diversify the syntjetic protocol used by both making new compounds and adding further substituents 

to other positions than the ones already used. 
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Ischemic heart disease, stroke, traumatic brain injury and degenerative brain diseases, such as Parkinson’s 

disease, all lead to irreversible cell loss and are today major global causes of death and characterized by 

significant unmet medical needs. Vision of the 3iRegeneration project is to create new cardiac and neural cells 

locally in the heart and brain in order to treat associated diseases. This could be accomplished by the induction 

of cell proliferation; differentiation of stem cells; or cellular reprogramming, through the use of novel drugs.  

Basis for adult heart and brain regeneration lies on processes and regulatory mechanisms involved in their 

growth and development.1,2 Pathways active in embryogenesis can be “reawakened” by using gene therapy 

or small molecules.1 Advantages of using small molecules over gene therapy are: often reversible binding, cell 

permeability, non-immunogenicity, cost-efficiency. In addition, small molecular compounds are more easily 

synthesized, preserved and standardized than the biomolecules used in gene therapy.3 Novel compounds are 

synthesized based on biological and computational studies.  

1. Xin, M.; Olson, E. N.; Bassel-Duby, R. Mending Broken Hearts: Cardiac Development as a Basis for Adult Heart 

Regeneration and Repair. Nat. Rev. Mol. Cell Biol. 2013, 14 (8), 529–541. 

2. Horner, P. J.; Gage, F. H. Regenerating the Damaged Central Nervous System. Nature 2000, 407 (6807), 963–

970. 

3. Hou, P.; Li, Y.; Zhang, X.; Liu, C.; Guan, J.; Li, H.; Zhao, T.; Ye, J.; Yang, W.; Liu, K.; Ge, J.; Xu, J.; Zhang, Q.; 

Zhao, Y.; Deng, H. Pluripotent Stem Cells Induced from Mouse Somatic Cells by Small-Molecule Compounds. 

Sci. 2013, 341 (6146), 651–654. 
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The MKLP1/MgcRacGAP/Ect2 protein complex is well-established as a core regulator for initiation and 
progression of cytokinesis. Interestingly, it also appears to be involved in oncogenesis through a cytokinesis-
independent mechanism where overexpression drives invasiveness, epithelial-to-mesenchymal transition and 
chromosomal segregation aberrations. Furthermore, MgcRacGAP is reported to be essential for nuclear 
translocation of STAT transcription factors, including STAT3, which is a well-known promoter of oncogenesis and 
cancer drug resistance. Having small molecule modulators of MgcRacGAP would allow us to better test the biology 
of MgcRacGAP and to define whether it might be a good drug target. Because of this, we developed and validated 
a biochemical high-throughput screening assay utilizing a fast-cycling mutant of Rac1 (F28L) for identification of 
inhibitors of MgcRacGAP. From a screening campaign of 20,000 compounds, we identified the first publicly 
described small molecule RhoGAP inhibitor that shows selective biochemical inhibition of MgcRacGAP in low 
micromolar concentrations. In cells the compound (MINC1) induced decreased proliferation, multinucleation and 
loss of cell motility consistent with an MgcRacGAP inhibition-mediated cytokinetic failure as well as a mitotic failure 
phenotype in a smaller subpopulation of cells with a collapsed mitotic spindle. Based on previous published reports 
proposing that the MgcRacGAP-Rac1 complex plays a vital role in STAT family transcription factor nuclear 
translocation, we examined the capability of MINC1 to disrupt STAT signaling. Surprisingly, we instead found that 
both MINC1 treatment and siRNA-mediated knockdown of MgcRacGAP caused an activation of STAT3 and 
STAT5B signaling in several cell lines, suggesting that the proposed role of MgcRacGAP in STAT family 
transcription factor function may not be generally applicable. In conclusion, we have identified MINC1, a small 
molecule inhibitor of MgcRacGAP, which is the first described inhibitor of a small G-protein GTPase activating 
protein and utilized it to study MgcRacGAP in cell division and other biological contexts with both expected and 
unexpected results. 
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Psoralens are linear furocoumarins, a family of natural coumarin 

derivatives presented in plants such as Orchidaceae, Umbelliferae and Rutaceae. Plants rich in coumarins 

have been used in traditional medicine as anti-inflammatory remedies and plant-derived and synthetic 

coumarins are used in biochemical, agricultural and pharmaceutical industry. However, not much is known 

about the anti-inflammatory effects and mechanisms of synthetic psoralen derivatives. We showed in our 

previous studies that substituted 7-hydroxycoumarins (ref. 1) and 7-(2-oxopropoxy)coumarins (ref. 2) possess 

anti-inflammatory properties. In the present study, we aimed to synthesize a series of substituted psoralen 

derivatives and investigate their anti-inflammatory properties. 

Twenty-two psoralen derivatives were synthesized in a ring formation reaction of 7-(2-oxopropoxy)coumarin. 

Seventeen of the compounds were sufficiently soluble to be investigated in cell culture. Effects of the 17 

psoralens were first screened at 10M concentrations on the production of inflammatory mediators interleukin-

6 (IL-6), nitric oxide (NO) and on the expression of inducible NO synthase (iNOS) in activated macrophages. 

The two most potent psoralen derivatives (compounds 1 and 2) were selected for further studies. Both 

compounds inhibited iNOS expression as well as NO and IL-6 production in a dose-dependent manner with 

IC50-values of 4.9 µM and 6.5 µM for iNOS, 17.8 µM and 30 µM (48.2%) for NO and 5.4 µM and 8.7 µM for 

IL-6, respectively. Next, the effects of these compounds on iNOS mRNA expression were measured at two 

different time points. Compound 1 inhibited iNOS mRNA expression when measured at 3 h and 8 h after LPS-

stimulation, while compound 2 reduced iNOS mRNA levels only at the 8 h time point. NF-kB is a major 

transcription factor for iNOS; therefore the effects of the two active compounds were measured on NF-kB 

mediated transcription in HEK cells transfected with NF-kB responsive reporter. Compound 1 inhibited NF-kB 

mediated transcription, while compound 2 had no effect. 

The results suggest that the synthesized psoralen derivatives have anti-inflammatory properties, but their 

mechanism of action is dependent on the substitution. Compound 1 with propyl side chain inhibited NF-kB 

mediated transcription, while compound 2 with phenyl substituent down-regulated iNOS expression in a post-

transcriptional manner. Further studies are needed to pinpoint the mechanisms of action in detail. Compounds 

that inhibit the expression of iNOS possess anti-inflammatory properties and may be beneficial in the treatment 

of inflammatory diseases. The present results may be utilized in the development of novel anti-inflammatory 

compounds. 

1. Timonen JM, Nieminen RM, Sareila O, Goulas A, Moilanen LJ, Haukka M, Vainiotalo P, Moilanen E, 

Aulaskari PH. Eur. J. Med. Chem. 2011, 46, 3845–3850. 

2. Timonen J, Vuolteenaho K, Leppänen T, Nieminen R, Moilanen E, Aulaskari P, Jänis J. J.Heterocyclic 

Chem. 2014. Early view. 
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Natural products are excellent lead compounds in drug design and their chemical modification provides a 

sound strategy for finding new drugs with enhanced biological activities.1 Abietane-type diterpenoids exist in 

the rosin of coniferous trees, widely available in the Finnish forests, and possess anti-biofilm,2 antimicrobial, 

anti-leishmanial, anticancer and anti-inflammatory activities, among many others.3 

Inflammation has a major role in the pathogenesis of many diseases including cancer.4 Immune cells, such as 

macrophages, neutrophils and lymphocytes not only exist in the tumor microenvironment and affect the 

process of carcinogenesis but also produce mediators such as highly reactive species of oxygen and nitrogen 

that can directly damage DNA. Furthermore, they stimulate tumor cells to produce cytokines and various 

inflammatory and angiogenesis-enhancing factors, including inducible nitric oxide synthase (iNOS). iNOS 

produces nitric oxide (NO) that further exacerbates oxidative stress.5  

As part of our ongoing research which focuses on the functionalization of natural products aiming to produce 

potent and selective compounds with targeted biological activities,2,6 we have synthesized new dehydroabietic 

acid derivatives bearing anti-inflammatory and antitumoral properties. Our best compound is 2.6-fold more 

potent than the parent compound dehydroabietic acid in inhibiting the NO production and is active at low 

micromolar concentrations against human pancreatic and prostate cancer cells. We are currently working 

towards establishing the mechanism of action of the compounds and further optimizing their 

potency/selectivity. 

1. Clardy, J. et al. Nature 2004, 432: 829. Newman, D. J.; Cragg, G. M. J. Nat. Prod. 2012, 75: 311. 

2. Fallarero, A.; Skogman, M. Kujala, J.; Rajaratnam, M.; Moreira, V. M.; Yli-Kauhaluoma, J.; Vuorela, P. Int. J. 

Mol. Sci. 2013, 14: 12054. Manner, S.; Vahermo, M.; Skogman, M. E.; Krogerus, S.; Vuorela, P. M.; Yli-

Kauhaluoma J.; Fallarero, A. Moreira, V. M. Eur. J. Med. Chem. 2015, 102: 68. 

3. González, M. A. Eur. J. Med. Chem. 2014, 87: 834. Jang H. J.; Yang K. S. Arch Pharm Res. 2011, 34: 913. 

Kang M. S,; Hirai S. Biochem Biophys Res Commun. 2008, 369: 333. Xing, Y.; Zhang, W. et al. Bioorg. Med. 

Chem. Lett. 2013, 23: 3868. 

4. Liby, K. T.; Sporn, M. B. Pharmacol Rev. 2012, 64: 972. 

5. Tran, K.; Risingsong, R. et al. Carcinogenesis 2013, 34: 199. Sporn, M. B.; Liby, K. T. et al. J. Nat. Prod. 2011, 

74: 537 

6. Vasaitis, T. S. et al. Steroids, 2008, 73: 1217. Moreira, V. M.; Vasaitis, T. S. et al. Steroids 2007, 72: 939. 

Moreira, V. M.; Salvador, J. A. R. et al. Eur. J. Med. Chem. 2013, 63: 46. Haavikko R., Nasereddin A.; 

Sacerdoti-Sierra N.; Kopelyanskiy D.; Alakurtti S.; Tikka M., Jaffe C. L.; Yli-Kauhaluoma J. MedChemComm, 

2014, 5: 445. Alakurtti S.; Heiska T.; Kiriazis A.; Sacerdoti-Sierra N.; Jaffe C. L.; Yli-Kauhaluoma J. Bioorg. Med. 

Chem., 2010, 18: 1573.  
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Malaria affects more than 200 million cases per year. Due to the Plasmodium falciparum resistance to 

antimalarial drugs novel chemotypes are needed. In 2010 the Open Lab Foundation was launched to support 

projects that may contribute to the finding of new medicines for diseases of the developing world. Here in, we 

present an Open Lab funded project aimed at identifying a new antimalarial scaffold containing a 

benzimidazole core. GSK has put interest to benzimidazoles as they have published 47 starting points to 

antimalarial work, and from these 5 contain benzimidazole structure.1 In addition, our group has extensively 

worked in this scaffold for other parasitic diseases Leishmania donovani2 and Chlamydia pneumoniae.3 

We will present our Open Lab work4 to improve both antimalarial potency as well as developability profile of 

novel benzimidazole-derived compounds. Also their structure-activity relationships will be shortly reviewed. 

The most potent and promising compound of the study was 2-aminobenzimidazole derivative 1, which showed 

in vivo potency in P. falciparum mouse model.  

 

1. Calderón et al. ACS Med. Chem. Lett., 2011, 2, 741-46. 

2. Keurulainen et al. Bioorg. Med. Chem. Lett. 2015, 25, 1933-37. 

3. Keurulainen et al. J. Med. Chem. 2010, 53, 7664-74. 

4. Keurulainen et al. J. Med. Chem. 2015, 58, 4573-4580. 
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Cytochromes P450 (CYPs) is a superfamily of mono-oxygenase enzymes which are the main catalysts in 
mammalian phase I metabolism. Since metabolism reactions of xenobiotics in the body can result in active 
drugs or toxic metabolites1, prediction of CYP-mediated metabolism is an important field in drug and chemical 
development2. We have used molecular dynamics simulations and binding energy estimation for prediction of 
isoform-specific active conformations and sites of metabolism (SOMs) for CYP substrates. This approach 
allows accurate analysis of substrate stability in the CYP active site, resulting in reliable SOM prediction. Our 
SOM prediction approach was proven effective on a set of enzyme-substrate combinations3. Recently, we 
have successfully utilized this approach in the development of subtype-selective tools for several CYP 
subtypes. Accordingly, the combination of molecular dynamics and binding energy estimation is a promising 
tool for SOM prediction, and a method to lay ground on future development of metabolism assessment in drug 
development. 

1. Neber DW, Russell DW. Clinical importance of the cytochromes P450. Lancet. 2002, 360(9340):1155-1162. 

2. Raunio H, Kuusisto M, Juvonen RO, Pentikäinen OT. Modeling of interactions between xenobiotics and 

cytochrome P450 (CYP) enzymes. Front. Pharmacol. 2015, 6:123, doi: 10.3389/fphar.2015.00123 

3. Juvonen RO, Kuusisto M, Fohrgrup C, Pitkänen MH, Nevalainen TJ, Auriola S, Raunio H, Pasanen M, 

Pentikäinen OT. Inhibitory effects and oxidation of 6-methylcoumarin, 7-methylcoumarin and 7-formylcoumarin 

via human CYP2A6 and its mouse and pig othologous enzymes. Xenobiotica. 2015, doi: 

10.3109/00498254.2015.1048327 
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Biodiversity in the sea is a potential source for novel drug candidates.1 Two bromotyrosine alkaloids 

purpurealidin I and J were isolated from the marine sponge Pseudoceratina (Psammaplysilla) purpurea by the 

National Institute of Oceanography, Goa, India in 2012.2 In this study simplified dispyrin-like3 bromotyramine 

analogs 1 of purpurealidin I were synthesised via purpurealidin E. Five of these analogs were tested against a 

hepatitis C virus (HCV) replicon cell model showing activity but also high cytotoxicity. Due to the toxic 

properties, the compounds are currently being studied for their potential anticancer effects. 

 

 

 

 

1. Tilvi S, D'Souza L.  Identifying the related compounds using electrospray ionization tandem mass spectrometry: 

Bromotyrosine alkaloids from marine sponge Psammaplysilla purpurea. Eur. J. Mass Spectrom. 2012, 18, 333-

343. 

2. Mayer AMS, Glaser KB, Cuevas C, Jacobs RS, Kem W, Little RD, McIntosh, J. M., Newman, D. J., Potts, B. C., 

Shuster, D. E. The odyssey of marine pharmaceuticals: a current pipeline perspective. Trends Pharmacol. Sci. 

2010, 31, 255-265.  

3. Piña IC, White KN, Cabrera G, Rivero E, Crews P. Bromopyrrole carboxamide biosynthetic products from the 

Caribbean sponge Agelas dispar. J. Nat. Prod. 2007, 70: 613-617. 
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Towards the Total Synthesis of Calyculin C 

Annakaisa A. Heikinheimo, Ari M. P. Koskinen 
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The total synthesis of the highly cytotoxic natural product calyculin C and its structurally simpler 

natural product congeners has been extensively studied in our group. We are striving at producing a 

substantial amount of these molecules for interesting biological studies. These biological studies 

concern most importantly protein phosphatases 2A (PP2A) that calyculins have been shown to 

inhibit.1 The PP2A enzymes, in turn, have been implied to have a role in several disease states, such 

as tumorigenesis2 and Alzheimer’s Disease3. Calyculins and related structures could be a valuable 

tool in deciphering cell’s mechanisms involving PP2A. 

 

 
Figure 1. Structure of Calyculin C and its fragmentation in our synthetic strategy. 

 

Much of the work towards the subunits has already been done in the Koskinen group.4 The current 

focus is at improving the synthesis of the lower part, fragments C and D. The final assembly of the 

molecule should then be achieved through the bond formations depicted in Figure 1. 

 

 
1. 1a) Sheppeck, II, J.E.; Gauss, C.-M.; Chamberlin, A.R. Bioorganic & Medicinal Chemistry 1997, 5, 1739; b) 

Warabi, K:, Williams, D.E.; Patrick, B.O.; Roberge, M.; Andersen, R.J. J. Am. Chem. Soc. 2007, 129, 508. 

2. Sontag, E. Cellular Signalling 2001, 13, 7. 

3. Gong, C.-X.; Shaikh, S.; Wang, J.-Z.; Zaidi, T.; Grundke-Iqbal, I.; Iqbal K. J. Neurochem. 1995, 65, 732. 

4. a) Passiniemi, M.; Koskinen, A.M.P. Synthesis, 2010, 2816; b) Koskinen, A.M.P.; Pihko, P. Tetrahedron Lett. 

1994, 35, 7417; c) Pihko, P.M.; Koskinen, A.M.P. J. Org. Chem. 1998, 63, 92; d) Habrant, D.; Stewart, A.J.W.; 

Koskinen, A.M.P Tetrahedron 2009, 65, 7927; e) Habrant, D.; Koskinen, A.M.P. Org. Biomol. Chem. 2010, 8, 

4364; f) Pihko, P.M.; Koskinen, A.M.P. Synlett 1999, 1966. 
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Many diseases are associated with oxidative stress caused by free radicals. Fungal endophytes are microbes 

that inhabit host plants without causing disease and have been recognized as potential sources of 

pharmaceutically valuable compounds. The extract of the endophytic fungi, Phialophora lignicola found in roots 

of Pinus sylvestris (Scots pine) seedlings has revealed protective bioactivity on human retinal pigment 

epithelial cells (hRPE) against oxidative stress which can lead to obtain compounds for the treatment or 

prevention of Age-related macular degeneration (AMD). The current research was directed towards finding the 

naturally-occurring antioxidant(s) in P. lignicola and to characterize and identify them by NMR spectroscopy 

and MS analysis.  

The bioactive aqueous extract of P. lignicola was fractionated by preparative HPLC and the antioxidant activity 

of each sample was evaluated by H2O2 scavenging test and bioassay with model cells of hRPE cells. The 

bioactive fractions were characterized by  500 Mhz NMR spectroscopy, performing both one- and two-

dimensional NMR experiments, including 1H NMR, COSY, TOCSY, HSQC, ROESY, 31P-NMR and 31P-1H 

correlation. ESI-TOF MS in the positive mode was used for the determination of molecular weights found in 

the fractions. Additionally, LC-MSn was used for the separation of compounds and mass analysis to 

complement the information given by ESI-TOF MS.  

The present study provided evidence that two bioactive fractions of P. lignicola possessed the presence of 

antioxidative activity. The NMR experiments suggested arginine and saccharides and polysaccharides. ESI-

TOF MS results established the presence of arginine, a hexose-arginine conjugate and other compounds that 

based on NMR and mass spectrometry literature they could be chitin oligomers. Furthermore, LC-MSn 

identified fragments typical of L-arginine and the presence of the hexose-arginine conjugate, which based on 

the literature might be the bioactive compound that provides antioxidative protection to the model cells.1,2 

 

1. Kenjiro Ryu, Nagatoshi Ide, Hiromichi Matsuura and Yoichi Itakura.  J.Nutr. 131 (2001) 3: 9725. 

2. Yoshida, N., Takatsuka, K., Katsuragi, T., and Tani Y. Biosci. Biotechnol. Biochem. 69 (2005) 258. 
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Cyanobacteria are a prolific source of bioactive secondary metabolites. Several compounds with anticancer 
activities have been discovered from cyanobacteria and some of these have succeeded to enter the clinical 
trials. Varying anticancer agents are needed to overcome increasing challenges in cancer treatments. 
Cyanobacterial bioactive compounds as agents against acute myeloid leukemia are not well studied. Here we 
screened anti-leukemic compounds from cyanobacteria with emphasis to reveal common features in strains 
producing such activity. We report that cyanobacteria harbour specific anti-leukemic compounds since several 
studied strains induced apoptosis against AML cells but were inactive against non-malignant cells like 
hepatocytes. We noted that particularly benthic strains from the Baltic Sea, such as Anabaena sp., were 
especially potential AML apoptosis inducers. These results demonstrates the power of maintaining large 
culture collections for the search of novel bioactivities, and also how anti-AML activity in cyanobacteria can be 
revealed by relatively simple and low-cost assays1. 
 

1. Humisto et al. Current Pharmaceutical Biotechnology. 2015, In press.  
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Genome mining brings new insights into the chemical diversity 

of cyanobactins 

Niina Leikoski, Jouni Jokela, Matti Wahlsten, Muriel Gugger, Alexandra Calteau and 

Kaarina Sivonen, David P. Fewer 

Cyanobactins are a family of linear and cyclic ribosomal peptides produced by a diverse selection of 

cyanobacteria. They are produced through the post-translation modification of short precursor proteins. These 

modifications include hetercyclization, methylation, prenylation and macrocyclization. The chemical diversity 

of cyanobactins was broadened to include linear peptides by genome mining approach. The cyanobactin 

genes were widespread and present in 31 of 126 cyanobacterial genomes. Two of these pathways were shown 

to produce novel linear cyanobactins consisting from 3-5 amino acids, a thiazole, prenylated N-terminus and 

methylated C-terminus. These novel peptides were named aeruginosamides B, C and viridisamide A. Genome 

mining suggests that the cyanobactin pathway is encoded in all available Planktothrix genomes  and suggests 

that that trypsin inhibitor, oscillatorin, which is tryptophan C-prenylated decapeptide, is the product of the 

cyanobactin pathway. The cyanobactin biosynthetic genes are nearly identical in all Planktothrix genomes but 

the number and amino acid content of the precursor peptides varies substantially. Prenyltransferases are 

encoded in almost all cyanobactin gene clusters across the entire cyanobacterial phylum, however, only a few 

of the cyanobactins are actually prenylated. Phylogenetic analysis of cyanobactin prenyltransferases 

demonstrates a complex evolutionary history but shows that the prenyltransferase could be grouped based on 

their substrate amino acids.  
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Bisphosphonates in solid phase peptide synthesis 
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Bisphosphonates are synthetic molecules that can selectively bind to bone mineral. They are used in the 

treatment of osteoporosis and other bone related diseases. Bisphosphonates’ ability to bind to bone has also 

been exploited to deliver small molecules to bone by combining bisphosphonate moiety with the desired 

molecule.1 

Some protein-bisphosphonate conjugates have been developed to target different proteins to bone.2,3 

However, the use of bisphosphonates in solid phase peptide synthesis has been quite limited and mainly 

amino-bisphosphonates have been utilized for this purpose.4  

Our goal was to find new synthetic methods to attach bisphosphonates to amino acids in solid phase peptide 

synthesis. These methods could be utilized when developing small peptides with bone binding abilities.  

 

1. Uludag H. Curr. Pharm. Design. 2002, 8, 1929-1944.  

2. Bansal G, Gittens SA, Uludag H. J. Pharm. Sci. 2004, 93, 2788-2799. 

3. Wright JEI, Gittens SA, Bansal G, Kitov PI, Sindrey D, Kucharski C, Uludag H. Biomaterials. 2006, 27, 769-784.  

4. Murphy MB, Hartgerink JD, Goepferich A, Mikos AG. Biomacromolecules. 2007, 8, 2237-2243. 
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(+)-Dehydroabietylamine (Fig. 1 (A)) is known to have chiral recognition ability towards carboxylic acids [1]. 
We have used it as a starting material for chiral ionic liquid (CIL) synthesis, by building a suitable functionality, 
to be converted in an ionic form.  
 
Our attention is presently focused on synthesising new chiral ammonium ionic liquids (Fig. 1(B)) derived from 
(+)-dehydroabietylamine. Promising chiral recognition abilities of several novel CILs were observed. For 
instance, one of our novel CILs was able to resolve the model compound Mosher’s acid efficiently  (0.03 ppm, 
15 Hz in 1H spectrum and 0.12 ppm, 54 Hz in 19F spectrum) (Fig. 1 (C)). After chiral recognition ability screening 
the best performing CIL was further studied, and its ability to be used in NMR e.e. measurements was 
examined.  
 
 
 

 

 
 

 

 
(A) (B) (C) 

 

Figure 1. (A) (+)-Dehydroabietylamine, (B) the structure of new chiral ammonium ionic liquids and (C) 
separation of the enantiomers of Mosher’s acid in 1H NMR. 
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Hydroxylated stilbene derivatives (stilbenoids), are secondary metabolites of plants and act as phytoalexins. 

Stilbenoids consist of a 1,2-diarylethene structure with different oxygen-containing functional groups and they 

are naturally mainly in the trans form. They are synthesised in plants for protection against external threats 

such as microbial infection or UV radiation, which may cause damage (e.g. oxidation) to the plants. In general, 

stilbenoids have shown a variety of photoactive, antioxidative and antimicrobial properties, which could be 

utilised in commercial applications for example in the field of chemistry, medicine, cosmetics and material 

science.     

 

With a growing interest in plant polyphenolics, there is a need to find alternative sources of these compounds 

in reasonable amounts for commercial utilization. Forest biomass is a promising source for polyphenolics. 

Stilbenoids, found from the root bark of Norway spruce are mainly in glucosidic form (1, 2). However, stilbene 

glucosides can be hydrolysed to their aglycones. 

 

The photosensitivity studies of stilbenoids have given contradictory results and been concentrated mainly on 

resveratrol and its glucoside piceid (3, 4). The objective of our work has been to study the photostability of 

other biologically interesting and readily available stilbenoids such as astringin and isorhapontin and their 

aglucones piceatannol and isorhapontigenin, which are found in spruce bark but have not yet been studied. 

Stilbenoids were isolated from the bark by solvent extraction and purified from the extract by preparative HPLC. 

The analyses and identification of compounds derived from trans-stilbenoids were performed by HPLC-UV, 

GC-MS, MS and 2D NMR techniques. 

 

According to our results, stilbenoids mainly isomerise from trans to cis form by fluorescent light. Stilbenoids 

also rapidly isomerised after exposure to the UV light, but continued UV irradiation resulted in the generation 

of new compounds from stilbenoids. According to MS and NMR studies these new compounds were 

hydroxylated phenanthrenes. It is suggested that the intramolecular cyclisation and phenanthrene formation 

of stilbenes takes place on more intense and extended UV irradiation. — Natural phenanthrenes have shown 

a variety of biological activities (5). The chemical and bioactive properties of these newly identified 

phenanthrenes from bark stilbenoids (isorhapontin, astringin, isorhapontigenin and piceatannol) will be 

interesting subjects for further studies and may lead to the utilisation of photoactive stilbenoids in new 

applications.      
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Prostate cancer is a considerable health care problem, affecting the life of one in every eight men in Western 

countries. In order to reduce the costs and side effects of treatment and to avoid unnecessary treatment, it is 

desirable to develop alternative noninvasive therapies and improve the diagnostic methods. The prostate 

produces highly prostate specific proteases, of which a kallikrein family protease, PSA (KLK3) is the most 

abundant. In cancer there is increased leakage of PSA into circulation, which makes PSA the best currently 

available serum cancer marker. However, PSA expression is lower in malignant than in normal prostatic 

epithelium and it is further reduced in poorly differentiated tumors. We hypothesize that PSA has functional 

role in prostate cancer growth. Indeed, we have found that PSA reduce angiogenesis, which is dependent on 

its proteolytic activity [1]. By phage display technology we identified peptides, which selectively stimulate the 

proteolytic activity of PSA and enhance the antiangiogenic function of PSA in cell culture model [2,3]. These 

peptides are not stable in circulation and are rapidly excreted. Therefore, we have modified the peptides and 

created pseudopeptides, which have better stability [4-6]. Furthermore, the screening of a library of ~50 000 

small molecule compounds resulted identification of some inhibitors, but no stimulators [7]. However, by 

molecular modeling and pharmacophore-based virtual screening we were able to identify some small 

molecules that stimulate PSA activity [8 and unpublished]. We hypothesize that the compounds we are 

developing can be used for imaging and treatment of prostate cancer. Because PSA is highly prostate specific, 

the treatment should be possible without causing side effects outside the prostate. Currently, there are no 

drugs on market based on modulation of PSA activity [9]. 
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