
Annual Report 2010 Institute of Chemical Process Fundamentals 

Department of Organic Synthesis and Analytical Chemistry 
 
 
HEAD 
JAN SÝKORA 

DEPUTY 
JAN ČERMÁK 

 
RESEARCH STAFF 
MILENA BÁRTLOVÁ, VRATISLAV BLECHTA, PETRA CUŘÍNOVÁ, LUCIE ČERVENKOVÁ ŠŤASTNÁ, 
JINDŘICH KARBAN, ALENA KRUPKOVÁ, GABRIELA KUNCOVÁ, MILAN KURFÜRST, EVA 

MACHÁČKOVÁ, LUCIE MAIXNEROVÁ, JAN STORCH, STANISLAV ŠABATA 
Part time: JIŘÍ HETFLEJŠ, JAN HORÁČEK, JAN SCHRAML, LUDMILA SOUKUPOVÁ 
 
PHD STUDENTS 
JURAJ. BOLYÓ, RENATA RYCHTÁRIKOVÁ, ANDREY SOLOVYEV, TOMÁŠ STRAŠÁK, HANA 

VRBOVÁ 
 
TECHNICAL STAFF 
JARMILA KUBEŠOVÁ 
 
 
Fields of research 
 
 Bioremediation of organic pollutants in soil and sewage 
 Immobilization of biocatalysts, living cells or enzymes, into organic or organic-inorganic 

matrices by sol-gel process 
 Application of immobilized biocatalysts in optical sensors 
 Polymeric antidegradants immobilized on poly(siloxanes) 
 Structure, reactivity, and catalytic properties of azine diphosphine complexes of 

transition metals 
 Catalysts for fluorous biphase media 
 Carbosilane dendrimers 
 NMR spectroscopy 
 
 
Applied research 
 
 Complex dehalogenation of PCB contaminated soils, waste water and oils 
 Development of new analytical methods 
 Analytical services to the research departments of ICPF 
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Research projects 
 
Dehydrocoupling reactions catalyzed by titanium complexes 
(J. Sýkora, joint project with JH IPC, and ICT, supported by GACR, grant No. 
GA203/09/1574) 

Products of dehydrocoupling polymerization reactions were monitored by on-flow LC-
NMR and GPC-NMR experiments. Several modifications of the 29Si{1H} INEPT experiment 
were implemented to probe the polymer microstructure. The 2D heteronuclear NMR 
experiments (1H → 29Si-29Si INEPT-INADEQUATE and 1H → 29Si DOSY) provide valuable 
information about the branching and length of the oligosilanes. [Refs. 36, 48, 49] 
 

 
 

1H → 29Si-29Si INEPT-INADEQUATE experiment 
 
The structure and synthetic applications of transition metal complexes 
(J. Čermák, joint project with JH IPC, CU, and ICT, supported by MYES, project No. 
LC06070) 
 Two ways of immobilization of dichlorotitanocene units to carbosilane dendrimers were 
studied, the so called inverse and normal hydrosilylations. The normal hydrosilylation, i.e. 
hydrosilylation of an alkene terminated dendrimer with Si-H-bond-substituted complex gave 
better results provided that dendrimers were terminated by vinyl instead of allyl terminal 
groups. Complete analysis of defects in carbosilane dendrimers using combination of 
MALDI-TOF mass spectrometry and multinuclear NMR spectroscopy was also finished as a 
knowledge base for future design of dendrimeric structures. Coordination properties of heavy 
fluorous cyclopentadienes were studied as well. [Refs. 4, 5, 9, 21-25, 32, 47] 
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Structural defects in polyallylcarbosilane dendrimers 
 
Synthesis of helicenes via cycloizomerization of biphenylyl-naphthalene and 1,8-
diarylnaphthalene derivatives 
(J. Čermák, J. Storch, supported by GACR, grant No. P207/10/1124) 
 The new approach leading to 2-aza[6]helicene was developed being an extension of our 
previous work published in 2009. It focused on double cycloisomerization of biphenylyl-
naphthalene derivatives leading to formation of two aromatic rings in one step. During the last 
period we have found out a novel tandem cycloisomerization method giving rise to four new 
aromatic or heteroaromatic rings, yielding various benzo[c]phenanthrene and 6H-
naphtho[2,1-c]chromene derivatives. This atom-economic isomerization is now being 
developed to the synthesis of extended [8]helicene-like molecules. [Refs. 15, 45, 46] 
 

 
 

Synthesis of 2-aza[6]helicene utilizing metal-catalyzed cycloisomerization 
 
Reactivity of asymmetrically substituted epimino pyranoses 
(J. Karban, joint project with CU, supported by ICPF) 

We have finished our work on aziridine-ring cleavage of 4-deoxy-2,3-epimino 
derivatives of 1,6-anhydro-β-D-hexopyranoses. The regioselectivity of the cleavage was 
found to be governed by interplay of SN2 and SN2-borderline mechanism depending on the 
type of the nucleophile (hard versus soft) and conditions (acidic versus basic). To further 
investigate the cleavage mechanism we have prepared the full series of all configurational 
isomers of 4-fluoro-2,3-epimino-1,6-anhydro-β-D-hexopyranoses. These fluoro compounds 
were prepared by reaction of suitable azido sulfonates containing a free 4-hydroxyl with 
diethylaminosulfur trifluoride and subsequent reductive cyclization. The study of their 
reactivity is now in progress. [Refs. 7, 12, 13, 16, 30, 31, 37, 42, 43, 51] 
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Synthesis of 1,6-anhydro-2,3,4-trideoxy-4-fluoro-2,3-epimino-β-D-hexopyranoses 
 
Monitoring and remediation of environmental pollution with advanced organic-
inorganic materials – MOREPIM 
(G. Kuncová, supported by MEYS, KONTAKT project No. ME 892) 

The research has been focused on utilization of inorganic and organic-inorganic 
nanoparticles in design of optical fibre sensors for monitoring of environmental pollution 
[Ref. 11, 17, 29, 34, 52]. 
 

 
 

Fixation of bioluminescent biorepoters with silica nanoparticles 
 
Whole cell optical sensors (WOCOS) 
(G. Kuncová, supported by MEYS, KONTAKT project No. ME 893) 

Bioluminescent bioreporters were immobilized on front faces of optical fibres with aim to 
prepare optical fibre sensors for in situ monitoring in remote localities. We calculated that 
only 3.5% of all photons, produced by one bacterium placed on the front end of the optical 
fibre are coupled and guided. Up to six times higher intensity of detected light was calculated 
and measured by enlargement of an area covered with bacteria using the front face of optical 
fibre with appropriate shape. [Refs. 2, 33, 40, 52] 
 

 
 
 
 
 
The tip of tappered quartz optical fibre (Ø=10 mm) 
coated with Pseudomonas putida TVA8 
encapsulated in silica gel 
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Enzymatically catalyzed synthesis of alkyd resins (ENZALKYD) 
(G. Kuncová, joint project with SYNPO Pardubice a.s., supported by MIT, project No. MPO 
2A-3TP1/108) 

The research has been focused on continuous glycerolysis of soybean oil catalyzed with 
immobilized enzyme in column reactor. [Refs. 19, 20] 
 

 
 

Column reactor for continuous glycerolysis of vegetable oils 
catalyzed with immobilized lipase 

 
29Si-NMR structural analysis of branched organosilicon polymers and its application in 
LC-NMR 
(J. Kurfürst, supported by GACR, grant No. GP203/08/P412) 

29Si-O-29Si coupling constants were determined for a series of 56 siloxanes and empirical 
correlations were found between these couplings and number of oxygen atoms attached or the 
sum of 29Si chemical shift. The correlation with the product of 1J(29Si-13C) couplings was put 
on a theoretical basis. [Ref. 3] 
 

 
 

Correlation between geminal two-bond coupling 2J(29Si-O-29Si) and one-bond 
couplings 1J(29Si-13C) in methylsiloxanes 
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Structure of silyl moieties through J(29Si-13C) couplings as determined by triple  
{1H, 13C}29Si NMR experiment 
(J. Schraml, supported by ASCR, grant No. IAA400720706) 

New methods for measurement of signs of spin-spin couplings between 29Si and 13C or 
1H nuclei in solutions utilize instrumental possibilities of triple resonance of 1H-13C-29Si 
nuclei. Using these experiments model series of compounds have been measured [Refs. 1, 10, 
18, 44]. 
 

 
 

NMR Pulse sequence for determination of the signs of heteronuclear coupling constants 
 
Novel inorganic-organic hybrid nanomaterials 
(S. Šabata, joint project with ICT Prague, IMC, University of West Bohemia Plzeň, supported 
by ASCR, grant No. IAAX08240901) 

Na+ montmorillonite was silanized with methoxy- and ethoxy- organosilanes having 
functional groups; -C3H7NH2, -CH2CH=CH2, -C8H17, -C18H37, -C3H7C≡N. The products were 
characterized with X-Ray. Enzyme lipase was adsorbed on modified montmorillonites. The 
highest catalytic activity, in esterification of steraic acid with propanol, performed biocatalyst 
prepared by adsorption of Lipolase 100L on montmorillonite with -C18H37 .[Ref. 6, 8, 26-28, 
33, 50] 

 
 

The SEM micrographs of cross sections of lipase catalyst (cloisite modified 
with octadecyltrimethoxysilane) formed by ice-templating processes 
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Calixarene-porphyrin conjugates for selective complexation and separation of fullerenes 
(S. Šabata, joint project with ICT, IIC, supported by GACR, grant No. 203/09/0691) 

Novel technique of silanization of aminoporphyrines and thiacalixarenes was developed. 
The silanization products of tetraaminoporphyrine and thiacalixarene were characterized with 
1H-NMR and 13C-NMR spectroscopy. Silanized tetraaminoporphyrine was immobilized on 
silica carrier and this material has been tested as filling of HPLC column. [Ref. 50] 
 

 
 

Silanized tetraaminoporphyrine 
 
 
International co-operations 

Centre for Environmental Biotechnology, University of Tennessee, Knoxville, TN, USA: 
Improved biomaterials for the encapsulation of living cells 

Environmental Sciences Division Oak Ridge National Laboratories, Oak Ridge, TN, USA: 
Application of nanomaterials and novel organic-inorganic materials in optical sensors 

Graz University of Technology, Graz, Austria: 29Si and 119Sn NMR 
Instituto Supérior Técnico, Lisbon, Portugal: Chemistry of transition metal complexes with 

azine ligands 
 
 
Teaching 

J. Čermák: UJEP, Faculty of Science, courses “Organic chemistry I and II”, “Chemistry of 
heterocyclic and organometallic compounds”, “Introduction to the spectral methods in 
organic chemistry” 

G. Kuncová: ICT, Faculty of Chemical Engineering, postgraduate course “Optical sensors for 
measurement in chemical and biological reactors” 

 
 
Publications 
 
Original papers 
 
[1] Blechta V., Schraml J.: SQSQh: 1H-detected SQ-SQ Experiment for Determination of Signed Silicon-

Carbon Coupling Constants. (Eng) Magn. Reson. Chem. 48(6), 464-470 (2010). 
[2] Bolyó J., Mair T., Kuncová G., Hauser M.J.B.: Spatiotemporal Dynamics of Glycolytic Waves Provides 

New Insights into the Interactions Between Immobilized Yeast Cells and Gels. (Eng) Biophys. Chem. 
153(1), 54-60 (2010). 
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[3] Cahlíková L., Macáková K., Kuneš J., Kurfürst M., Opletal L., Cvačka J., Chlebek J., Blunden G: 
Acetylcholinesterase and Butyrylcholinesterase Inhibitory Compounds from Eschscholzia californica 
(Papaveraceae). (Eng) Nat. Prod. Commun. 5(7), 1035-1038 (2010). 

[4] Čermák J., Krupková A., Auerová K., Zamrzla M., Nguyen Thi T.H., Vojtíšek P., Císařová I.: 
Tetramethyl(perfluoroalkyl)cyclopentadienyl Rhodium(I) Complexes with Ethylene or Diene Ligands. 
Crystal Structure of [(η5-C5Me4C6F13)Rh(CO)2]. (Eng) J. Organomet. Chem. 695(3), 375-381 (2010). 

[5] Červenková Šťastná L., Čermák J., Cuřínová P., Sýkora J.: Synthesis and Fluxional Behavior of New 
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(Eng) Polym. Degrad. Stabil. 95(4), 579-586 (2010). 

[7] Karban J., Sýkora J., Kroutil J., Císařová I., Padělková Z., Buděšínský M.: Synthesis of All 
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Org. Chem. 75(10), 3443-3446 (2010). 

[8] Kaštánek F., Šabata S., Šolcová O., Maléterová Y., Kaštánek P., Brányiková I., Hetflejš , Zachleder V.: In-
Field Experimental Verification of Cultivation of Microalgae Chlorella sp. Using the Flue Gas from a 
Cogeneration Unit as a Source of Carbon Dioxide. (Eng) Waste Manage. Res. 28(11), 961-966 (2010). 

[9] Krupková A., Čermák J., Walterová Z., Horský J.: Structural Defects in Polyallylcarbosilane Dendrimers 
and Their Polyol Derivatives Characterized by NMR and MALDI-TOF Mass Spectrometry. (Eng) 
Macromolecules 43(10), 4511-4519 (2010). 

[10] Kubec R., Cody R.B., Dane A.J., Musah R.A., Schraml J., Vattekkatte A., Block E.: Applications of Direct 
Analysis in Real Time-Mass Spectrometry (DART-MS) in Allium Chemistry. (Z)-Butanethial S-Oxide and 
1-Butenyl Thiosulfinates and Their S-(E)-1-Butenylcysteine S-Oxide Precursor from Allium siculum. 
(Eng) J. Agric. Food Chem. 58(2), 1121-1128 (2010).  

[11] Kuncová G., Pazlarová J., Hlavatá A., Ripp S., Sayler G.S.: Bioluminescent Bioreporter Pseudomonas 
putida TVA8 as a Detector of Water Pollution. Operational Conditions and Selectivity of Free Cells 
Sensor. (Eng) Ecol. Indic. 11(3), 882-887 (2011). 

[12] Lachman J., Hejtmánková A., Sýkora J., Karban J., Orsák M., Rygerová B.: Contents of Major Phenolic 
and Flavonoid Antioxidants in Selected Czech Honey. (Eng) Czech J. Food Sci. 28(5), 412-426 (2010). 

[13] Pavela R., Sajfrtová M., Sovová H., Bárnet M., Karban J.: The Insecticidal Activity of Tanacetum 
parthenium (L.) Schultz Bip. Extracts Obtained by Supercritical Fluid Extraction and Hydrodistillation. 
(Eng) Ind. Crop. Prod. 31(3), 449-454 (2010). 

[14] Sovová H., Galushko A.A., Stateva R.P., Rochová K., Sajfrtová M., Bártlová M.: Supercritical Fluid 
Extraction of Minor Components of Vegetable Oils: β-Sitosterol. (Eng) J. Food Eng. 101(2), 201-209 
(2010). 

[15] Storch J., Čermák J., Karban J., Císařová I., Sýkora J.: Synthesis of 2-Aza[6]helicene and Attempts to 
Synthesize 2,14-Diaza[6]helicene Utilizing Metal Catalyzed Cycloisomerization. (Eng) J. Org. Chem. 
75(9), 3137-3140 (2010). 

[16] Topka P., Karban J., Soukup K., Jirátová K., Šolcová O.: Preparation of Al-SBA-15 Pellets with Low 
Amount of Additives: Effect of Binder Content on Texture and Mechanical Properties. Application to 
Friedel-Crafts alkylation. (Eng) Chem. Eng. J. 168(1), 433-440 (2011). 

 
Chapters in books 
 
[17] Kuncová G., Trögl J.: Chapter 2: Physiology of Microorganisms Immobilized into Inorganic Polymers. 

(Eng) In: Handbook of Inorganic Chemistry Research. (Morrison, D.A., Ed.), pp. 53-101, Nova Science 
Publishers, New York 2010. 

 
International conferences 
 
[18] Blechta V., Schraml J.: 1H Detected SQSQ Experiment. (Eng) 25th NMR Valtice, Book of Abstracts, p. C-

6, Valtice, Czech Republic, 25-28 April 2010.  
[19] Čech J., Schrott W., Přibyl M., Kuncová G.: Development of Slug-Flow Microfluidic Devices for Lipase 

Catylyzed Reactions. (Eng) 2010 AIChE Annual Meeting Conference Proceedings, Program Book, pp. 1-
7, Salt Lake City, USA, 07-12 November 2010. 

[20] Čech J., Slouka Z., Schrott W., Přibyl M., Kuncová G.: Enzyme Hydrolysis of Triglycerides in Segmented 
Flow Microdevices. (Eng) 19th International Congress of Chemical and Process Engineering CHISA 2010 
and 7th European Congress of Chemical Engineering ECCE-7, Summaries 5, p. 1739, Prague, Czech 
Republic, 28 August - 01 September 2010. 
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